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1
Introduction

1.1 The educational reform context

The purpose of this chapter 15 to set the context and describe the motivation for the research
study., Efforts in India have been undertaken for over a decade to implement the Mational Cur-
riculum Framewords 2005 (KWCF 2003) that priontizes learmng with undemstanding and child-
centerad teaching (Mational Council of Educational Research & Training [MCERT], 2005), The
MCF 2005 has major implications for preparing both pre-service and in-service teachers to un-
derstand and implement the new vision of education. It advocates a shift away from a textbook
centered rote learning approach, to one that emphasizes the link between school learning and
life outside school. [t stresses that the knowledge that students bring to the classroom from their
life outside, and the diversity of abihior and ways of thinking within the classroom are resources
for teaching and learning and not hindrances. Spectfically wiath regard to mathematics, 1t gives
precedence to the goal of mathematical thinking or mathematization, rather than knowing math-
ematics as 4 set of rules and Facts. Clarity of thought, pusuing assumptions to logical conclu-
sioms, the ability to handle abstractions, and problem solving are considered to be central to
mathematics and worthwhile aims of mathematics teaching and leaming (NCERT, 2006a). The
new curriculum, arguably expects from the teacher a deeper understanding of subject matter as
well as the teaching learming process, rather than merely adopbiing new techmiques. Teachers n
the clementary and middle grades are expected to not only make their students fluent in compu-
tational mathematics but also address process goals in the leaming of mathematics, such as rea-
soning, using multiple ways to solve problems, justifring their solutions, making generaliza-
tions and conjectures, analyzing the mathematical work of others, ete. (MCERT, 2006a). The ef-
forts to focus on the quality of classroom teaching and the pedagogy used for teaching has been
reinforced by policy related efforts to universahze elementary education through strong legisla-

tion in the form of the Right to Education (RTE) Act { Govemment of India[ GOI], 2009),

Although ideas such as child-centered learning are not new, NCF 2005 has been effective in
changing the discourse on education in a system-wide manner. Teachers are now more open to
the idea that their teaching approach needs to undergo fundamental change, However, thers 15

very little elariby about what this change really amounts to in terms of classroom teaching and



Chapter 1

leaming, and schools and teachers continue to look for help as they try to interpret the message
of the new curriculum framework 1n terms of teaching in particular domains. In tenms of imple-
mentation of NCF 2005, besides a significant change in the textbooks, administrators of major

school systems have ried to implement reform measures through directives and circolars.

Circulars have plaved a major role in the implementation of the cumicular reforms after MCF
2005, The directives communicated through the circulars are treated as orders by principals and
teachers and set the expectations for what 15 to be projected and displaved to authonties during
inspections. In the circular dated Jan 3, 2007, by the Central Board of Secondary Education
(CBSE") board, schools were asked to implement the new curriculum package by asking teach-
ers to use the textbooks with “hands on™ and “activity onented leaming™ through following a
“eonstructivist approach™ A series of teleconferences were also held on this theme. The excerpt
from a circular given below illustrates how the main thrust areas of reforms were communi-
cated.

Teachers must understand the pedagogical onentation to the course materials and

organize the children’s classroom experiences in a manner that penmits them to

construct knowledge on their own, There 15 4 great thrust to distinguish knowled ge

from information and o perceive teaching as a4 professional activity, not as

coaching for memorizabion or as transmission of facts. Schools have o make every

attempt to empower the teachers accordingly so that the curnculum transaction

truly reflects the shift in educabional paradigm as envisaged in NCF-20035,

Simultancously schools will have to prepare themselves For implementing new
syllabi and textbooks for classes 1L IV, VI, X and XII during 2007-08, (CBSE,
200073

The measures promoted by NCF 2005 included the thrust on connecting mathematics with daily
life and the use of manipulative. These were consistent with the step of making a mathemancs
laboratory compulsory in all schools affiliated to CBSE board. A circular was also issued For re-
ducing the weight of school bag by “not compelling students to brng textbook™ daily and
“avoid reading from the textbook™ as well as “reducing the dependence™ on the textbook for

teachers { Kendriva vidvalayva Sangathan[K V5], 2009).

These circulars convey the voice of the authorities, who ulomately depend on teachers to imple-
ment the vision of curricular reform. A dependence on authority to effect curricular reform can
result in teachers adopting the discourse of reform while not actually incomporating the changes
in their practice. There is insufficient recognition that as teachers attemnpt to implement the 1deas

inherent in the cumriculum and legislaton reform, they face multiple challenges. The challenges

L The Schools in this study are affiliated to the CESE board.

2



[ntroduction

range from lack of resources and large numbers of students in the classroom, to lack of subject
matter and pedagogical content knowledge, knowledge of how to relate school subjects with the
daily lives and contexts of children. MCF 20035 has been criticized for being silent on how teach-
ers are supposed to bring about the change in their classroom and for not addressing the much
needed teacher development to support curniculum renewal |{ Batra, 200355, Efforts undertaken
like changing textbooks and ssuing directives to schools and teachers sidestep the 1ssue of ad-
dressing beliefs and developing adequate knowledge amongst teachers, which 15 needed to real-
ize the vision portrayed in the new curriculum framework. Although workshops have been con-
ducted to “orient”™ the teachers to the new cumiculum and textbooks, their impact on elassroom
teaching is doubtful. A recent study by NCERT (¥adav, 20121 acknowledged that even after cur-

riculum reform teachers” practice has largely remain unchanged in their classroom.

1.2 The in-service teacher education challenge

A robust infrastructure and well placed programs for in-service teacher education would have
greatly supported the curniculum reform spearheaded by MCF 2005, Several national commit-
tees have over the vears recognized the need for the continuing professional education of teach-
ers and recommended “at least two or three months of in-service education in every five vears
of service™ (Government of India [Gol], 1966, Ch. IV, Para 4.56). The New Educaton Pohcov of
1986 recommended a rapid expansion of the infrastructure for education of teachers at the ele-
mentary level through the setting up of institutions at the district and block levels, which would
deal with both pre-service and in-service teacher education (Gol, 1986). While the teacher edu-
cation infrastructure has indeed expanded vastly, 1ssues of poor quality and low relevance of
teacher preparation remain ( Sharma & Ramachandran, 20090, Further, teacher education institu-
ticns have tended to focus more on pre-service education leading to the neglect of mn-service ad-
ucation { MHED, 2009), Studies have indicated that the present teacher education, pre-service as
well as in-service, fails to address the needs of the teachers as they do not consider the stack re-
alities that teachers face in their schools ke large class size, multilingual students and incom-
plete understanding of the content in the textbook { Ramachandaran et al., 2009), The problems
in the design and mode of teacher education and professional development programs have been
recognized and change has been recommended by several national committees, but Little change

has come over the vears { Batra, 2005,

The Mational Focus Group on Teacher Education remarked on the inadequacy of teacher educa-
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tion and how despite various recommendations of commissions they have remained unchanged
in terms of their “substance, experience offered and modalities adopted™ (MCERT, 2006b, p.3).
It recommended “recognizing the active “agency” in institutionalizing the process of school cur-
riculum renewal™ by creating “reflecove practioners™ {p. 233, The posibon paper by Mational
Focus Group on Teaching of Mathematics recogmzed the problem of inadequate teacher prepa-
ration leading to primary teachers reproducing techniques expenenced in their schooling, the
pedagogy adopted rarely “resonating with findings of children’s psychology™ and inability to

link formal mathematics with experiential leaming (MCERT, 2006¢, p.7).

1.2.1 Recognizing the agency of the teacher in in-service teacher
education
It has been suggested that pro-active engagement of the school teacher in the process of curricu-
lum design nesds to be ensured to make curniculum refonm a success (Batra, 2006, Batra talks
about why teachers are central to the process of educational reform in the following excerpt.
Connecting knowledge to Iife outside the school and ennching the curriculum by
making it less textbook-centered are bao important concerns of the NCF [2005]. In
order to help children move away from rote learning, teachers will need to be
prepared to give children the opportunity o denve meaning from what they read,
see, hear and experience. This 15 possible only when teachers are able to play an
active role in the design of learming matenal, and have the knowledge and skills to
organize meaningful learning experiences and to use evaluation 85 3 means to
improve their own performance and children’s learning. For this to happen, the
teacher needs several support mechanisms, including a pool of leaming resources
to choose from, the skills to dentify developmentally appropriate text materials, a

critical and analytic mind and the opportunity to engage children with leaming
resources outside the classroom (Batra, 2009, p.&)

Most pre and in-service programs view teachers as mere agents of the state, and teachers as im-
plementers of cumicular and reform directives. Hence they do not directly address the teacher™s
own conceptions of teaching, learning and mathematics gained from her expenence. Thus n-
service teacher education modules have over the vears acquired the character of reform focused
“add-ons™ that do not aim at fundamental reflection and awareness in teachers behiefs and athi-
tudes. A more detailed review of in-service teacher development inibiatives 15 presented in the
next chapter. The creation of spaces where teachers as well as other stakeholders articulate and
reflect on the beliefs that they hold 15 soll an unfulfilled need of in-service teachers. Professional
development programs need to include opportunmities to share and discuss views held by teachers

while respecting their identity as professionals. In my view therefore TPD programs need to
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have a broader vision of the needs of a teacher as a developing professional, and must address
issues of knowledge, beliefs, attitudes and practices in & comprehensive manner, rather than in
the namrow context of a paticular reform. An important criteria that in-service TPD programs
need to meet 15 to bring the workshop goals closer to the actual work of teaching and help n de-
veloping teachers @s professionals, creating opportunities to put them in-charge of their own

l[eaming.

1.2.2 The problem of inadequate content knowledge

The tvpical educational expenences of a teacher 1n school or 10 the university do not prepare her
or him o engage with mathematics, to struggle to fnd 8 solubion to 8 problem, o examine a
concept from different points of view, to make connections, to reason and provide justificabions,
all of which are stressed by the new curriculum framework (NCERT, 2006¢), In a typical B.Ed.
program, the focus is almost entirely on pedagogical technique, and content 15 assumed to have
been mastered earher. The fact that such education leads to a grossly inadequate preparation of
the mathematics tescher with regard to her understanding of mathematics 15 well recognized
(Ravindra, 2011). These is consistent with the findings of other studies such as Baneri & King-
don (2010%, Favindra (2007, and Dewan (2009, which have revealed the unsatisfactory status
of knowledge of mathematics of regular school teachers. This state 15 a reflection of the teach-
ers” own education which valued only rote memonzation of procedures on the one hand and
lack of opportunities to re-learn mathematics in a meaningful way during professional education
and during the course of their career on the other hand. A detailed review of the teacher educa-

tion curriculum for preparnng teachers of mathematics 15 presented in the next chapter.

In the present context of cumiculum revision, secondary teachers are faced with content in
which they are not confident and thus unable to make connection within and across mathematics
while relving on notes/guides available in the madcet. The Focus Group recommended that pro-
fessional development have a specific focus on mathematics as opposed o “generic”™ teacher
training. A recommendation was also made for the generation of a large number of freely avail-
able resources and networking among teachers, college teachers and research mathematicians to
enhance their pedagogic competence.

The Justice Verma Commission {GOL, 20125 set up to review the problems in teacher education
pointed out that subject knowledge s not focused in most of the pre-service teacher education

program and that there is urgent need to develop comprehensive programs for the continuing
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professional development of secondary teachers. [t identified up-gradation of the knowledge of
the subject as one of the important goals of in-service teacher education. Subsequent to MCF
2005, an inibative to reform teacher education was undertaken in the form of the new Mational
Cumiculum Framework for Teacher Education (“MCFTE 20097; Mational Council of Teacher
Education [MCTE], 2009, NCFTE 2009 secks to promote a balanced teacher education curricu-

lum that pays attention to not only pedagogy, but to deep understanding of the subject of choice.

While the teacher education policy documents and the curncula of some innovative programs
acknowledge the importance of content know ledge, actual policy measures suggest the opposite.
With the passing of the Right to Education Act, and the consequent pressure to universalize ele-
mentary education, most states are Faced with a shortage of teachers. This sitwabion has led to
multiple cadres of teachers and the appointment of para-teachers without the requisite teacher
qualification (Govinda & Josephine, 2004). This policy measure, which reiterates the assump-
ticn that a primary teacher does not need o know mathematics beyond the level that he'she 15
going to teach, stands i contrast to pohey documents that stress the importance of content
knowledge. Thus, in practice, there are very low expectations by policy makers regarding the

level of content knowledge required of a primary teacher.

1.2.3 Addressing teachers’ beliefs and knowledge to develop practice
In India most teachers” teaching 15 shaped by what 15 expected of them in the svstem as well as
the kind of folk ideas of teaching that teachers as 4 community have a shared understanding of
(Ramachandaran et al., 2009%, The teaching of mathematics n India 15 largely focused on teach-
ing of procedures for solving textbook based tasks. Clarke (2001) found that Indian teachers ex-
pect one right answer, emphasize repetition, listening carefully to examples shown by the
teacher and “explaining™ the steps of the procedure again when a student gives a wrong answer.
The cumiculum review focus group on teaching of mathematics mised concems about the
“tyranny of procedurs and memorization of formulas in school mathematies™ (MCERT, 2006,
p. &) and suggested that mathematics teaching should focus on conceptual aspects and processes
of mathematics like reasoning and communication. A study by Dewan (2009) indicates that be-
liefs held by not enly teachers but even administrators, faculty members and directors of teacher
education institutions are far removed from the ones envisioned in WCF 20035, thereby indicat-
ing the extent of challenge to implement the new framework. & recent study (NCERT, 20137 in-

dicated that mathematics teachers were positive about using problem solving activity (83%5),
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thought that their students understand geometry (74%) and were confident that their students
would be able to explain how they got their answers (58%), However, only 36% were confident
that students can solve the problems on their own, suggesting that they had low expectations

from students for the kind of mathematcal abilites advocated by WCF 20005,

Although research studies across many countries have demonstrated how 1t 15 Important to ad-
dress teachers” beliefs and knowledge to bring about substantive change in teachers” practices,
there have been few Teacher Professional Development (TPDN programs in India, which have
focused on the beliefs and knowledge required to fact htate the kind of teaching as envisioned in
the curriculum reform documents ke MCF 2005 { Kumar, Dewan & Subramaniam, 2002, Stud-
ies elsewhere in the world have indicated that focus on change in teaching strategies without
taking feacher thinking into consideration leads to teachers making superficial changes without
any significant change in student leaming opportunities (Cohen & Ball, 1990). It 15 therefore
impartant o first understand the beliefs and practices that are prevalent among teachers in order
to support reform in teaching that 15 not superficial. Research 15 needed to understand how the
workshop based interventions, typical of in-service programs, support the reflection on beliefs
and building on teachers” knowledge. Studies identifyving teachers” beliefs and how they are held
will help to design TPD programs to allow teachers to engage with reflecting on and question-
ing their beliefs, rather than just superficially adopting the pedagogies proposed. Thus, in the In-
dian context as elsewhere, the goals that TPD programs need to focus on include providing op-
portunities to make teachers” knowledge and beliefs expheoit and building on them through re-
flection and engagement in tasks as well as Fostering communities of practice where spaces for
developing shared understanding for these ssues 15 provided. One needs to understand the be-
liefs, conceptions and practices of teachers as well as understand the contexts in which they are

placed, in order to design a program that would be effective and useful.

1.2.4 Need to redesign in-service teacher education

According to a recent report (Mehta, 20013, 35% of all elementary school teachers in India re-
ceived some form of in-service training in the year 2007-08, However, in-service programs do
not follow a well thought out structure and there 15 no regulatory mechanism that ensures the

relevance, quahty and smitability of the traiming provided.

In India, workshops are an important component of TPD programs on which the greatest ome,

effort and resources of the state are spent. In my experience, and as reported elsewhere, TPD
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workshops are often organized in an ad hoe manner on the basis of expediency, sometimes
driven by the need to utilize funds (MHRD, 2009, p. 2,153-16), There is no clear consensus about
what needs to be done in these workshops and how it 15 to be done. Resource persons, who are
chosen by the coordinators on the basis of availabihity and willingness, design and conduct thear
sessions without considering how their session fits into the workshop as a whole. In structured
large-scale programs, TPD is sought to be achieved through the “cascade model™ of training
(MHRD, 2009, p.15), where master resource teachers are trained first, who in turn train other
teachers, The design and content of the modules, which are used repeatedly at cach tier of the
cascade training, is generally not based on empirical evidence. The vision underlying most of
these programs restrict teachers” agency o implementing a new textbook, o pre-designed peda-

gogy or a prescribed assessment techmque.

The document for curriculum framework for teacher educabion, NCFTE 2009, observed that
there 15 wery hittle research on the effectiveness of in-service teacher programs and the research
that exists does not provide a thorough understanding of the interventions reported. The research
reported has been anecdotal and impressionistic and there has been reporting of even contradic-
tory findings depending on who 15 doing the research (MCTE, 2009%, The pedagogy adopted by
teacher educators in most teacher education institubions 15 mostly the lecture method {Walia
2004, Ravindra, 2007; NCERT, 20165 The recent research on evaluation of in-service teacher
education (Yadav, 2012} describes the strategies adopted in Sarva Shiksha Abhivaan (S8A) in-
service teacher education program and found that in the states where there 15 “adequate planning
and actvity based reflective trmining transacton, and 15 reinforced by further traning in CRC
and with onsite professional help durnng school visits, the transfer of training to classroom prac-
tice 15 evident™ (Parvin Sinclair, Foreword in Yadav, 2012). However, the training is largely de-
seribed in terms of forms of interaction and strategies used for discussion with teachers; the
tasks worked on by teacher and the content Focused 15 not elaborated. The changes observed in
the classrooms of participabng teachers 15 also desernbed through teacher behavior and use of
materials and activibies which keeps the content invisible as also the pedagogical useful ways in
which teachers use their content knowledge for teaching (Yadav, 2002). Further, research s
needed to understand what 1deas from the workshop contexts are taken up by the teachers in the
classroom and what kinds of supports are needed to facilitate teachers in making the intended
changes in their teaching practices.

As mentioned above, a renewed attempt to address the problems of pre-service and in-service



[ntroduction

teacher education was made by the MCFTE 2009, which re-affinms the importance of in-service
teacher development, and puts Forth several principles that need to govem the design of in-ser-
vice teacher education programs (MCTE, 2009). OF these, the following principles are high-
lighted as they are focused in the study:

= Designing programs with clarity about aims and strategies For achieving these aims,

= Allowing teachers to relate the content of the program to their experiences and also to

find opportunitics to reflect on their expenences,

= Meod to respect the professional identity and knowledge of a teacher and to work with

and from it,
*  Creating spaces for shaning of teachers” expenences,
= Addressing teachers” nesds, and
*  Extended interaction with a group of teachers (NCTE, 2009, pp. 66-67).

MCFTE emphasizes that there is 8 nesd to develop clear vision of the goals that programs must
achieve and the means by which they can be achieved. It caubions against compromising inter-
activity especially through the use of electronic media, aiming at quick fixes, over-training, and
routinized and superficial training. The principles highlighted above are especially important for
the focus on in-service teacher professional development (TPD works hops. However, there 1s a
dearth of studies that show the use of these prnciples and their relation to the teachers ™ develop-

ment of beliefs and knowledge or adoption of student-centered practices.

1.2.5 Revisiting the goals of teacher education
It 15 pertinent at this point to draw together the implications of the discussion above for what the
goals of pre or in-service mathematics teacher education must be. Several components of
knowledge that are needed to teach mathematics remain so far inadequately addressed in the ed-
ucational trajectory of teachers. An important nesd 15 strengthening teachers™ knowledge of
mathematics, which includes not only an understanding of the concepts involved but also an ap-
preciation of the nature of the disciphne and its specific nuances, A second aspect that teachers
need to feel assured about is the need for children to learn mathematics, and the kind of mathe-
matics that they need to learn. A third aspect that the teacher nesds o know involves the learn-
ers: what strengths and experiences do they bring to the classroom and how do these shape their

capability to leam? A Fourth aspect 15 understanding how mathematics needs to be addressed
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and engaged with in the classroom keeping in mind the above.

Teachers” beliefs and attitudes are also crucial. They are related to the components of knowledge
deseribed above, but are also independently directed. These attitudes, which may anse from
prejudices, include their notions about the nature of mathematics, about children, their back-
ground and learning capability, about classroom processes and about what the purpose of educa-
tion including of mathematics education can be and should be. It 15 quite commoen for educators
and admimistrators to behieve that children from disadvantaged socio-economic backgrounds are
incapable of learning mathematics, either becavse of an inherent lack of ability or because they
dio not have the cultural preparation and attitude to learning. The teacher also needs to have con-
fidence in her own ability to do mathematics n order to encourage students and to give space

for their thinking.

There 15 4 need to reformulate n-service teacher education programs to address the issues dis-
cussed above including in particular, the capabilities of all children and the strengths specific to
the group, how children learn mathematics and what conceptual understanding of mathematics
means. The challenge of the divorce of pedagogy from mathematical content and mathematical
thinking is one of the deep structural problems that needs to be addressed. Some efforts in this
direction have been made by innovative programs of pre — service teacher education such as the
integrated d-vear programs combining a University degree together with a teacher qualification
and the Bachelor of Elementary Education program of the Delhi University, Several innovative
in-service teacher training programs have also addressed the issues described above such as
those by Widva Bhavan, Eklavva, Digantar and HBCSE. (These programs are discussed in the
next chapter.) What is not addressed in these in-service teacher education initiatives is the sys-
tematic study of what teachers take up as ideas, processes and resources from the programs into
their classrooms which have an impact on the tvpe of opportumbies students get to engage with
mathematics in the classroom. This study aims to address this gap by studying the impact of a
teacher professional development (PDY) intervention on the beliefs and knowledge of participat-
ing n-service teachers and studving what 15 taken up from the workshops into the teachers”

classrooms.

1.3 Overview of the thesis

The study reported in the thesis was located in a project aimed at promoting change n teachers

pracice towards teaching that 15 more responsive to the development of students™ understand-

10
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ing. The broad question that was investigated in the study is:
In the canlext of the classroom feaching, what factors support feachers in adopting leamer cen-

tered practices awd what factors inhibit or constrain them in doing 5o,

This question was inberpreted in terms of a framework that took teachers™ behefs, knowledge
and goals as the core components of teacher learming. The larger study was composed of four
sub-studies having specific research questions arising from this larger question. Following are
the main research questions addressed in each of the Four sub-studies:

Sub-study 1: What are the preforred practices and beliefs held by the participating teachers and

by o these interact with one another?

Sub-study 2: What principles of teacher professional development underlie the design and en-
actment of tasks during the PD workshop? What are the sigmificant features of the participation

fagency) by the teachers and teacher educators in the workshop?

Sub-study 3 What challenges does a responsive teacher face in implementing the intended
change in practice?

Sub-study 4: How does teachers™ participation in regular topic study group meetings support
the development of their topic specific specialized content knowledge and how does it influence
their teaching n classrooms?

The first two sub-studies were located in the setting of a PD workshop and focused respectively
on teachers’ beliefs and design and interaction in the workshop durnng vear 1. Sub-study 3 fo-
cused on one teacher’s attempts to change her practice and was located in the classroom collab-
oration setbing across the two years, Sub-study 4 10 vear 2 mncludes studied teachers™ engage-
ment with behefs and knowledge in a topie study group through use of a framework for mean-

ings and representations of integers, and the take up in their classroom teaching.

This chapter (Chapter 1 of the thesis) introduces the context in which the study was undertaken,
identifies the motivation for the study, the research gap which the study addresses and the himi-

tations of the study.

Chapter 2 reviews relevant research and atternpts to meet mulople goals. Through support from
prior research, it elaborates the philosophy, theory and framework used 0 the study for design-
ing in-service teacher education. It presents a review of the research about the beliefs, knowl-
edge and practice of mathematics teachers and their interaction. Research on strategies used for

effective mathematics teacher professional development and assessing change in teachers™ prac-

11
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tice 15 reviewed, A review 15 also presented of the methodological aspects of investigating in-
service teacher professional development and teachers” beliefs, knowledge and practice.

Chapter 3 discuss the research study and the methodology used in the overall study. The meth-
ods used in the different sub-studies for data collection and analysis are discussed along with the
rale the researcher and the participating teachers plaved in different sub-studies. The method-
ological approach followed was participant observation and the methods of analysis were quali-
tative including case studies, supplemented with quanbitabive analysis for the belief question-
naire. The participants of the study were selected through purposive samphing, and included
mathematics teachers, who participated in the Professional Development { PD) workshop for ten
davs {inclusive of a non working Sundav) in Year 1. A Few additional teacher participants, se-
lected on the basis of convenience and similanty of school system with the main sample, also
responded to the questionnaire. The professional development activities during the tao vears of

the study are summanzed in Table 1.

Table 1: Timeline of the stndy

Sub-study Year of the study Data collected Professional
development activity
Sub-study 1 Year 1 (May-June, Questionnaire and 10 day professional
2009) interviews development
workshop
Sub-study 2 Year 1 (May-June, Wideo records of 10 day professional
2009 workshop sessions development
workshop
Sub-study 3 Year 1and 2 (2009- | Avuciocecords of Collaboration in the
2010 lessons, researcher’s | classmoom
notes of lessons and
post-lesson

discussions

Sub-study 4 Year 2 (2010) YVideo and avdio Topic focused
records of workishop | workshop +
sessions; audio record |collabomtion in the
and researcher’s notes | classmoom

of teaching of integers
Chapter 4 discusses the teachers” preferred practices as well as beliefs at the beginning of the

study, which 15 the focus of Sub-study 1. The findings of this Sub-study serve as a background

to the findings of the other sub-studies, in which teachers engaged in professional development

12
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activibies,
Chapter 5 presents Sub-study 2, which describes teachers” engagement i a professional devel-

opment workshop by analvzing the tasks as well as interactions that ocourred in the workshop.

Sub-study 3 described in Chapter & 15 a case study of a teacher who parbcipated 1in the FD work-
shop and showed inchnation to change her practces towards teaching mathematics with under-
standing. The Sub-study highlights the challenges that anse when a teacher may agree with the
philosophy of curriculum reform but still needs effort and relevant knowledge to engage stu-

dents in developing an understanding of math ematics.

Sub-study 4 in Chapter 7 illustrates the importance and feasibility of developing specialized
content knowledge among a group of four teachers by engaging in topic-focused professional
development on the topic of integers. The teachers developed their knowledge of the meaning of

integers and integer operations to construct and use tasks for teaching integers.

In the concluding chapter, 1 provide a summary of findings from the four sub-studies and draw
conclusions across them about teachers™ practices, beliefs and knowledge as well as the impact
of professional development inibatives on participant teachers” beliefs and practices. Implica-
tions For professional development initiatives of the study are discussed. Recommendations for

further studies are also presented.

1.4 Limitations of the study

This research study being exploratory in nature 15 bound to have limitabons, some of which are

listed below,

1. The sample selected for the study 1s small and primarily from Mumbai citv. For sub-
stuches 2, 3 and 4 smaller samples were selected from the imbal sample as the nature of
the research question required getting an in-depth understanding of the challenges faced
by teachers while teaching and the intervention in the form of a topic focused work-
shop, The qualitative nature of the study as a whole and the sub-studies justifies the

small sample.

]

A large part of the data in this study 15 in Form of audio recordings which required tran-
scribing, To limit the scope of the study and time required to transcobe and analyze,
there were several lessons which had to be dropped from the analyvsis. For Sub-study 3,

only lessons related to fractions were considered since it was one of the topics focused

13
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during Sub-study 2 and the data included lessons on this topic across both vears, For
Sub-study 4, lessons related to integers were selected since they provided information

about the impact of the topic study workshops on teachers” practice.

3. It was not possible to observe the teaching of participating teachers before Sub-study |
and 2 because of the oming of the study and school schedules. The ficst point of contact
with the teachers was during the TPD workshop, Data about the inital preferred prac-
tices of teachers was thus collected through questionnaire and interviews rather than

through lesson observabion.

4. The claims for teachers” learning and changes in practice have been made from observa-
ticns by the researcher and the self-reports of the teachers. Wo standard instrument was
used to assess the development of teachers”™ knowledge. However, in-depth analysis of

teachers” discourse in workshops and their teaching provide evidence for their learning,
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Review of Literature

2.1 Introduction

The objective of this chapter is to set the research context for the study presented in this thesis.
This review provides the background for the four sub-studies reported in this thesis and the con-
structs that have been explored in the sub-studies. Specific hterature related o Sub-study 3 and

4 on the leaming of fractions and mtegers 15 reported in Chapters & and 7.
The review of research hiterature has been guided by following questions:

1. What are the efforts that have been made in India towards improvement in teacher odu-

cation?

[

What are the different theoretical positions that puide the design of professional devel-

opment For teachers” professional growth?

3. How has teachers” professional growth been charactenzed in tenms of development or

revision in their beliefs, knowledge and practice?

4. What mechanisms or processes have been identified in the research hiterature as con-
tributing towards teachers” professional growth in terms of beliefs, knowledge and prac-

tice and interactions between them?

2.2 Policy and efforts to improve teacher education in India
In this section, review of some of the recommendations pertaining to teacher education i India
of the landmark policy documents over the vears has been done. These recommendations form

the background in which current policy debates and measures are undertaken.

The Kothart commission {Government of India[GO1], 1966), which examined at all aspects and
all levels of education in a comprehensive manner, 15 considered one of the most important pol-
icy documents in education in India. Recognizing the importance of teachers in improving the
quality of education in India, the commussion recommended “secunng a sufficient supply of
high quality recruits to the teaching profession™ by increasing the status of teachers, “providing
them with the best possible professional preparation”™ and “creating satisfactory conditions of

work™ (GO, 1966, Ch 3, Sec 3.01) To improve teacher education in the country, the commis-
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sion recommended professionalizaton of teacher education and urged that isolation of teacher
education institutes from university Iife, from schools and from one another be removed. 1t rec-
ommended reorganization of teacher education programs at all levels, including the reorienta-
tion of subject knowledge and improvement in methods of teaching and evaluation. It recog-
nized problems in teacher preparation programs like set pattem and rigid techniques for practice
teaching done for a few isolated lessons, which was unsupervised or il supervised. It recom-
mended inereasing the duration of teacher education programs at primary and secondary levels
from 1 to 2 vears to allow deep study of fundamental concepts in the subject matter. For in-ser-
vice teacher education, the commission called for research based inputs in “the organizabion of a
large scale, systematic and coordinated program of n-service education, so that every teacher
would be able to receive at least two or three months of in-service education in every five vears
of service™ (GO1, 1966, Ch. IV, Para 4.56). hMany of the recommendations of the Kothan com-

mission remained unimplemented untl much later (Natk, 19823,

The Mational Commission on Teachers (GOI, 1983-85), among other recommendations, adveo-
cated 4 4-year integrated course after 12th grade For the professional qualification of teachers,
while for in-service teacher education it recommended establishing school complexes for school
based professional development. These complexes nclude schools within the radius of 5-10
miles having 1-2 higher secondary schools, 6-7 middle schools and 30-35 primary schools,
While acknowledging the woeful inadequacy of in-service education, the commission recom-
mended that classroom and practical needs of teachers should be identified by survevs and stud-
ies. The programs should be announced well in advance and feedback from schools and teachers
should be taken after in-service courses. Resource persons for teacher professional development
were recommended to be from diverse backgrounds — university professors, people from indus-
try and agrculture, practicing teachers and supervisors, The in-service course should be in the
workshop mode for developing matenials that teachers can take with them For directly using in
classrooms. The commission noted that what teachers need most “15 a change in the chimate of
schools, an atmosphere conducive to educational research and enquiry™. Key recommendations
again remaingd unimplemented. For example, very fow 4-vear integrated teacher education pro-

grams exist in the country and attempts are being made now to nitiate them.

The Mew Education Policy of 1986 recommended a rapid expansion of the infrastructure For ed-
ucation of teachers at the elementary level through the setting up of institutions at the distrct
and block levels, which would deal with both pre-service and in-service teacher education (GO,

1986). WNPE 19386 attempted to break the separation between pre and in-service teacher educa-
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ticn by considering both as phases of a continuous process thus acknowledging the need for ca-
reer long professional development of teachers. The MPE led to a rapid and vast expansion of
the number of teacher educabion institutions. However, these were overwhelmingly privately

owned, delivering poor quality education {Batra, 2013).

The Acharva Ramamurthy committes (GOL, 1990) set up to evaluate the progress on Mational
policy of Education, 1986 emphasized the role of actual field experience during internship to
foster professional growth of teachers. The Committes exphoitly stated that “in-service and re-
fresher courses should be related to the specific nesds of the teachers. In-service education
should take due care of the future needs of teacher growth; evaluation and follow up should be
part of the scheme™ {as cited in NCERT, 2006, pp. 43 It recommended adoption of “internship
model™ by having brief theoretical orientation Followed by 3-5 vear supervised teaching under

mentors.

The Yashpal committee report titled “Leaming without burden™ (GO0, 19933, reviewed the
school cumriculum and had a major impact on its revision. With regard to teacher education, it
recommended restructuring of the course content to serve the changing needs of school educa-
tion and making teacher education more practice orented. The Mational curriculum framework
2005, which attempted to implement the recommendations of the “Learning without burden™ re-
port in a systemic manner, acknowledged the problems in teacher preparation as teachers are
prepared For disseminating information rather than fostering reasoning in mathematics. It ac-
knowledged that while the teacher education infrastructure has indeed expanded vastly, 1ssues of
poor quality and low relevance of teacher preparabon remain. Further, teacher education institu-
tions have tended to focus more on pre-service education leading to the neglect of mn-service ed-

Lication,

The Teacher Eligibility Test (TET), now made an essential qualification by the Right to Educa-
tion act of 2009 to secure 4 teaching job in any school, acknowledges the importance of content
knowledge. There are different tests for primary and middle school level aspiring teachers hav-
ing 150 multiple choice questions. Out of the 150 questions in the primary level test, 30 ques-
tions are devoted to hMathematics, of which 13 questions are based on the content n the school
textbooks and the remaining 15 on pedagogical 1ssues hike error analvsis and related aspects of
teaching and leaming, and understanding children™s reasoning and thinking pattems and strate-
gies for making meaning and leaming. For the elementary level mathematics teachers {(Grades &
to &), again 30 questions are devoted to mathematics, of which 20 are devoted to content and 10

to pedagogical 1ssues. (A similar pattern is followed for science.) Teachers need to get 60% cor-
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rect answers to pass the test. The recent results show an extremely low pass percentage of 3.5%
for primary teachers and 6.5% Ffor middle school teachers. The Human resource development
minister ascribed the poor results to the mushrooming of private teacher education institutions
(12689 private institutions as compared to 1178 government teacher training institutes), whose

quality of teacher preparation may be poor (Teacher tests results.. Kapil Sibal, 20120,

2.2.1 Teacher education in India

Pre-service teachers of primary school in India qualify to teach by completing a Diploma in Ed-
ucation (.Ed.), while secondary teachers complete the B.Ed. Degree. The mathematics compo-
nent in the D.Ed. programs, like in school, emphasizes remembernng known solutions to prob-
lems, and does not encourage @ genuine engagement with the content. While recogmizing this
the Wational Curriculum Framework for Teacher Education (NCFTE, mentioned in the previous
chapter, NCTE, 2009) recommended enhancement of entry qualification and duration of train-
ing making the D.Ed. equivalent to a degree program and bringing these 1solated institutions un-
der universities For their management. [t must be noted that the teacher and the teaching profes-
s1on 10 India has a low social status and becoming a teacher 15 the last choice for most entrants

into the profession.

Among the graduates and post-graduates who complete the B.Ed. program, the capability of
even those who have studied mathematics at the University level 15 limited, since most Univer-
sity mathematics programs do not give the learner any confidence in the subject, fostering a
view of mathematics as a limited set of problems that have been already solved { Dewan, 20093,
The tasks that students learn to complete 15 not one of Formulating and solving problems that
cannot be solved by using known principles but of solving problems that can only be solved
with a knowan trick. 1t 1s possible that this attitude to mathematics and learning, and their lack of
confidence in mathematics leads them, s school or college teachers, to shun dialogue in the

classrooms.

2.2.1.1 Teacher education curriculum and its revision

In the post independence era from the 1950°s to the 19700, pre -service teacher education
mainly emphasized theoretical aspects hke discussing aims of mathematics education, inductve
and deductive method, analyvtic and svnthetic method, focus on Herbatian steps of preparation,
and presentation and application for planning lessons (Chel, 2011). The mathematics method pa-
per had a weightage of 10%% of the total marks. The student teachers were expected to make

charts and other teaching aids but there was no emphasis on relating mathematics to out of
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school experience or to other subjects.

The comprehensive curricolum framework for teacher education was released in 1978 which
adopted a task oriented approach to teacher education viewing teaching as a series of concrete
and hierarchically graded tasks. It had practical aspects of teaching as its focus as it suggested
that student teachers should be put through a series of micro teaching situations as simulations
before being pushed into actual classrooms. The weightage of the mathematical component was
raised to 22.5%. The assessment of content was made by asking student teachers to solve prob-
lems from different content arcas of school mathematics up to class 12, In the earher svllabus,
there was no separate evaluation of mathematics content. However in 19905 there was criticism
of this move as teachers and teacher educators Felt that testing of content separately without in-
tegration with methods 15 redundant since teachers have already been tested for it in their under-

graduate degree program ( Chel, 20117,

Following a major revision of the school cumiculum, through the “Mational Curriculum for Ele-
mentary and Secondary Education™ (KCERT, 1988), which recommended integration of theoren-
cal understanding with practical application and recommended more weightage to practical ap-
plication, a revision was also made of the teacher education cumriculum. A major watershed de-
velopment in teacher education was the establishment of the Mational council for Teacher Edu-
cation (MCTE]) as a statutory body in 1993, The MCTE brought out a “*Curriculum Framework
for Quality Teacher Education™ in 1998, which was the first to provide stage specific guidelines
for teacher education. It defined several areas of commitment, competence and performance to
serve as guiding proinciples for teacher education programs ( KCTE, 1998), The competencies for
teachers were established with @ view to supporting the achievement of the mimimum levels of
leaming for students in classrooms as laid down in 8 document on the “Minimum levels of
leaming™ (Gol, 1990). It expected teachers to express learning outcomes in the form of con-
stituent competencies and behaviors that indicated mastery learning, It was assumed that mini-
mum levels of learning are to be achieved uniformly across students. There was focus on devel-
oping diagnostic tests and therefore construction of “Achievement test™ was assigned additional
welghtage in the B Ed. course. The questions in the achievement test were categorized as focus-
ing on knowledge, skills, understanding and application. Remedial teaching was recommended
after diagnosis of mistakes through the test, but it was not clanfied as to how remediation 15 to

be done n order to help students learn.

In the 1998 teacher education curriculum, integration of content with methodology was intro-

duced in the form of “pedagogical analysis of concepts™ having weightage both in theory and
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pracical papers. The purpose of pedagogical analvsis was to make a student teacher “conversant
with the objectives of teaching a unit, the entry behavior of the pupils, the classroom manage-
ment and evaluation strategies™ and thus make him/her more “effective and confident in hisher
interventions n the classroom™ (MCTE, 1993), The total weightage of mathematics in the B.Ed.

Cumiculum was raised to 28,570 of the tomal marks.

The National Curriculum Framework for Teacher Education (NCTE, 2009 is the most recent
attempt at a thorough overhaul of the teacher educabion curnculum. It contains many new pro-
posals, but 15 vet to be implemented across umversities in the country. It advocates teacher edu-
cation to be open and flexible, emphasizing dialogical exploration rather than didactic commu-
nication, diversity of social contexts and learning spaces as sources of inspiration, and teacher
education based on reflective practice rather than on a fixed knowledge base (MNCTE, 2009).
MMajor revisions in curricular areas are recommended and attempts have been made to draw
upon theoretical and empincal knowledge as well as student teachers™ expenential know ledge.
The attempt 15 to focus on the leamer, develop teachers” understanding of self as well as the so-
cial context, eritically examine disciplinary knowledze and develop professional skills and ped-
agogic approaches to address needs of learners. Each curmricular area has a theory and related
“feld based units of study™ (practicum]) in which the student teacher is expected to undertake
projects, field work, clinical interviews, observation and analysis and interpretation of qualita-
tive data to generate knowledge and continually seek clanty of ideas. The teaching of the sub-
ject 1s now concetved as “pedagogic studies™ under which hnkages among leamer, context, sub-
ject disciphine and the pedagogical approach has to be established, The shift in view of what 15
considered as knowledge 15 evident through inclusion of a course like “knowledge as construc-
tion through expenences™ as compared to the earlier focus on disciplinary content in textbooks
as knowledge, Another important aspect 15 the emphasis on research related to student learning
in different areas, studies on addressing learners” misconceptions and engagement with episte-
mological questions. These indicate an important shift in recognizing centrality of the student
and her leaming in teacher education. The practicum course work includes “hands-on exper-
ence at developing curriculum and learning materials, designing appropriate activities and for-

mulating questions to facilitate learning™ (NCTE, 2009, p. 38).

1.2.1.2 Analysis of the B.Ed. curriculum
In an analysis of six B.Ed. course syllab from different colleges across India { Kumar, Dewan &
Subramaniam, 2012, it was found that the mathematics method course 10 the B Ed. Course has

broadly three foci. The first comprises the nature of mathematics, its aims, its connections to
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other subjects and contributions of great mathematicians. The second focus 15 on specific meth-
ods and maxims of teaching like “inductive-deductive method”, which in a few universities in-
clude “models of teaching™ like advanced organizer model, concept attainment model, ete. Out
of school activities for mathematics as well as development of math clubs, math laboratory de-
sign have also been are included in some syllabi. The third focus 5 on content enrichment for
which some universitics prescnbe study from school textbooks, while others expect students to
formulate specific methodologies for teaching a particular topic and n some rare cases fre-
quently ask student teachers to critically analvze school textbooks, To assess content some uni-
versities (for e.g., Mumbai university) have a “content enrichment™ component wherein students
are expected to do self study of the subject they have chosen for the special methods course.
Tests are conducted internally by colleges based on the svllabus of the state board for Grades 9
to 12, This reflects a concern for building proficiency in mathematics at that level. But focus on
school textbooks for developing understanding of content might make it difficult for student
teachers to go bevond textbooks while teaching. As a teacher one needs to have proficiency of
developing problems to enable student learning, which does not find a place in the teacher edu-
cation cumriculum. Also the kind of mathematics that 1s needed for teaching of mathematics is
different from what is tvpically leamt in school as dentified by several researchers (for exam-

ple, Ball, Thames & Phelps, 2008},

Pedagogical content analysis, which includes identification of concepts, listing behavioral out-
comes, lsting actvities and experiences and listing evaluation techmiques, 15 included in 3 of the
6 svllabl., However it 15 not clear how 1t leads to construction of knowledge that 15 useful in
classroom teaching since there is no indication of students teaching a topic after doing pedagog-

ical content analvsis and gettiing some insight about student leaming.

What has not changed over the vears (since perhaps the 1950°s) in the B.Ed. syllabus is discus-
sion of aims and objectives of mathematics education, maxims of teaching, methods of teaching
like “inductive, deductive, analvsis, synthesis™ methods, techniques of teaching like “oral work,
drill work, brain storming, self study™ and preparation of teaching aids like charts, models and
lately “power point presentations™, hMost of these topics adopt a view of teaching without con-
sidering student thinking thereby preparing teachers for transmitting information in different
ways (NCERT, 2006b). Clearly the teaching of methods 15 unlikely to effect a change in the way
mathematics 15 taught in classrooms and developing students” understanding and reasoning in
mathematics as envisioned in MCF 2005, even though though there 15 a substantial component

of practice teaching,
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What 15 lacking in the svllabi 15 a perspective of teaching that makes the child the centre, and
views her conceptions and sense making process as an important part of the teaching and thus
the teacher preparation process. In contrast, teaching is fragmented into its components which
are dealt separately with a hope that this will impact teaching in classrooms. Its not clear if the
B.Ed. program allows opportunity for students to think entically about their own mathematics

leaming, teaching practices prevalent in schools, curmculum and fexthooks,

The NCFTE 2009, in its radical departure from earlier teacher sducation curmricula, has recog-
mized the importance of developing an undemstanding of the learner, and classroom based teach-
ing and research work as important tools to such understanding. The propossd syllabus for
B.Ed. based on MCFTE 2009 has incorporabed many interesting Features. The pedagogy For
teacher education has been proposed o include “focused reading and reflection, observation-
documentation-analysis, seminars, case studies and school based practicals and workshops™ be-
sides lecture-demonstration. The assessment of student teachers has been recommended o in-
clude reflective joumals, products hike lesson plans and observation of student teachers in varl-
ous contexts of teacher sducation. The school based experience has been wimed at preparng
teachers for “understanding and developing meaningful learning sequences appropriate to the
specificity of different levels of learning and also mobilize appropnate learning resources for
them™. Pedagogical analysis of content now includes content analysis, identification of vanous
content categories and skills, task analysis with reference to leaming objectives, student capabil-
ities and learning approaches, leaming resources, possible assessment modes, visualizing leam-
ing situations, orgamizing leaming sequences and contextuahzing leaming. The integration be-
tween theoretical and practical aspects of teaching has been proposed through designing leam-
ing situations which allow teachers to scaffold leaming, clanfy Fallacies and misconceptions,
and reconstruct meaning that teacher has to facilitate in classroom. Comparative textbook analy-
515 has also been proposed. While the major recommendation of increasing the duration of the
B.Ed. program from one to two years has been implemented across the country, the changes in
the curricula and course content are vet o be implemented 0 spirit. At present, many teacher
education institutions are struggling to manage the logistical demands ansing from a doubling

of the duration of the program.

A unique, innovative program Bachelor of elementary education (B.ELEd. ) 15 run by Delhi uni-
versity as 4 4 vear integrated course for preparing elementary teachers. The program is based on
a more wholistic vision of teaching as compared to the B.Ed. program discussed earlier where

different aspects of teaching were dealt with separately and then student teachers were expected
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to incorporate them in their classroom teaching. The aggregation view of teaching in the B.Ed.
syllabi assumes that any method, teaching ai1d can be useful in teaching any concept. There 15 no
scope of exploring how a particular teaching aid helps in concept formation. Undemstanding this
might contribute more towards buillding knowledge for teaching of mathematics rather than
knowing how to make different teaching aids without consideration of content in the teaching
leaming process. Unlike some B.Ed. svllabi which include “dnll work™ in techmiques of teach-
ing, the B.ELEd. syllabus 15 progressive in giving an opportunity to engage student teachers n
critical study of practices like drill but also to critically examine concepts that have 4 propensity
for being used as bure words like “zone of proximal development™. Further, the course attempts
to connect teacher education with research in education, making efforts to bndge the gap be-
tween research and practice. As compared to the B.Ed. Syllabus, this course keeps the child at
the centre of the teaching-learning process and assumes a view of teaching which encourages
construction of knowledge through investigations and using students” 1deas and strategies in

teaching.

2.2.2 In-service programs in India

In-service training 15 provided by a lange network of government owned teacher traming institu-
tions at various levels of hierarchy, The National Council of Educational Research and Training
(MCERT]) along with its six Fegional Institutes of Education undertake design and implementa-
tion of in-service programs For both teachers and teacher educators. At the state level, the state
councils of educational research and training (SCERT) prepare modules for and conduct teacher
training for teachers and teacher educators. The colleges of teacher education and Institutes for
advanced leaming in Education (IASE) provide pre-service (B.Ed) and in-service training to
secondary teachers and teacher educators, develop matenals for teachers and conduct surveys
and Research, The District Institutes of Education and Training ( DIETs) provide in -service and

pre-service education for elementary teachers.

As emphasized in the policy documents, the central and state governments in India have made
efforts to include in-service Teacher Professional Development (TPDY) as an integral part of the
school education system. There have been major initiatives in the in-service training of teachers
over the last few decades, i roughly two phases. The first phase began with bwo programs mmin-
ated n the 19805 at the nabonal level called program of mass onentation of School teachers
(PRIOST) and Special orientation of primary teachers (S0OPT) (MCERT, 1991; 1995), The em-
phasis in these programs was on methodology and how to teach in the classrooms, rather than

on the content of mathematics. The SOPT also saw the beginning of the idea of Minimum Lev-
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els of Learming (MLL) in education, which was further reinforced by the report on MLL pub-
lished by the Ministry of Human Resource Development in 1991 (GO, 1990), The document
viewed learning as occurring in separate small chunks, each of which could be mastered sepa-
rately by repeated practice. In the SOPT and subsequent MLL based programs, teacher training
wias seen merely as a forum where teachers would be given activities and materials that they

could use in the classroom.

In a typical SOPT program of 7 days, 3 sessions would be on mathematics. The raining mod-
ules ncluded detmled descnptions of what kind of activities could be done with children. The
modules assumed that children have similar views and follow similar ways of learning and
therefore suggested how an activity could proceed with a group of children. The emphasis was
on activity and use of materials. The key words were hard spots, MLLs, competencics, asscss-
ment, diagnostic testing and remedy as well as activities, modules and demonstrations (HCERT,

n.d.l.

These efforts were followed 10 the second phase by the capacity building programs under the
District Primary Education program { DPEP) and similar projects supportad by many muli-lat-
eral partnerships. In-service training in these programs centered around “jovful leaming™ and
presentation of activities to teachers. The orientations were marked by an attempt to introduce
games and other interesting devices into classrooms without necessanly looking at the nature of
the concepts to be transacted or the nature of mathematics. The activities that were developed
involved a lot of movement, play, singing and use of materials but there was little thought about
how this could be related to conceptual development in mathematics. The time spent on mathe-
matical thinking n relation to these tasks was much smaller than the total time required for the
activity and most of the effort was spent on ensuring that children had fun. The pattern of train-
ing that was evolved in the DPEP continues to influence newer initiatives such as the Sarva
Shiksha Abhivaan { Education for all mission) and the Rashtriva Madhyvamik Shiksha Abhiyaan
(Mational secondary school mission) (World Bank, 20043, Thus, a continuing influence of these
programs has been the emphasis on technique or activity and a reduced emphasis on mathemat -

cal understanding or thinking.

Some n-service TPD mtiatives have introduced significant and important elements. The Shik-
sha Karmi (Education worker) initiative of the 19905 in the state of Rajasthan emphasized the
autonomy of the teacher in its n -service programs, and developed a critique of the top-down
“transmissionist” model of n-service training (Sharma & Ramachandran, 2009). The main fea-

tures of the program supported by village education committess involved selecting local youths
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to act as “grassroot’” teachers in dysfunctional schools and providing them continuous and inten-
sive training through out the vear, The “Shikshak Samaksha™ (Teachers™ empowenment) project
in Madhya Pradesh involved teachers meeting once a month in the resource centers to discuss
their problems, expenences and suggestions to make their teaching intercsting, The teachers
were provided regular academic support (Mohanty, 19945, The Andhra Pradesh Primary Educa-
ticn project (APPEP) included the use of demonstration lessons given to a group of children to
illustrate new pedagogic techniques and making the classroom interesting by displayving and or-
ganizing children’s work. Teachers planned and generated activities for teaching at the teacher
centers established at sub-district level in 23 districts (Mohanty, 1994). S0 the major departure
in these innovations, In comparson to previous ones, were providing regular academic support
and discussion of teachers” expenences in the classroom. The influence of these and similar ini-
tiatives have led the new Mational Curriculum Framework for Teacher Education to stress the
need to respect the professional identity and knowledge of a teacher and to work with and from

it (NCTE, 2009, p. 66-67).

The Project in Science and Mathematics (PRISM) initiated in yvear 2000 involved collaborabion
of the Homi Bhabha Centre for science Education { HBCSE) with the Bombay Municipal Cor-
poration. The objective was to strengthen teachers” undermstanding of fundamental principles,
creating an environment in the classroom for students to ask questions and helping teachers and
stucents to go bevond the textbook, HBCSE members worked directly with 50 resource teachers
for a vear to develop their capacities to train the larger group of teachers working n about 250
schools, There was focus on developing conceptual understanding through discussing useful-
ness of teaching aids (for ez, bundles of matchsticks of 10 or 100 for place value concepts and
operations). Activities were done with teachers to challenge the belief that all mathematics prob-
lems have only one comrect answer by asking teachers to Formulate open-ended questions, The
approach adopted for the resource teachers included planning of lessons followed by one
teacher teaching students while other colleagues observed the lesson, 1 a manner similar to and
inspired by the Tapanese “lesson study™ model, The lesson would be followed by intensive dis-
cussion focused on the teaching as well as student responses and thinking, followed by planning
for subsequent lessons. “Model lessons™ by HBCSE team members, problem solving, observing
simulated teaching and teaching in schools of patticipant teachers was part of the program

{Burte, 2005).

The “Prashika™ experiment in primary education was an innovative program launched by

Eklavya, a leading voluntary orgamization working 1o the arca of clementary education for many
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decades. This program included a teacher education component, for which the descnption "ori-
entation program” was used instead of “teacher training™. The word “onentation™ reflected the
Prashika standpoint that teacher education cannot be completed in a 20 dav contact period pro-
gram, which serves only as an initiation into engaging with teaching, tryving out things and
"learning from experiences” (Agnihotri, Khanna & Shukla, 1994, p.127). Thus the teacher de-
velopment was conceived as "gradual, ongoing, interactive and collaborative process of change”

{Agmhotr et al., 1994, p.1 225 The major objectivies of the program were to

#  Create an awareness of the learning process and bring about attitudinal changes,

«  Cultivate skill and confidence,

= Help teachers acquire knowledge,

= Develop those operational skills that are needed to put cumriculum in practice, and

# Help teachers in a sense to become their own informal researchers (Agmhotr ot al.

1954, p. 126).

The Prashika approach focused on building teachers™ undemstanding of the child, curmicular un-
derstanding for creating appropriate activities and enhancing creativity of the teacher by over-
coming inhibitions and engaging in activities like drawing, singing and role play. The expecta-
tion was that the teacher will function as a “partial source of information and knowledge™ while
being able to “plan a muloplicity of acovities, observe carefully their implementation and ana-
lvre the foedback to modify and change the actvibes™ { Agmhotrt et al., 1994, p. 120). The ped-
agogy adopted durnng teacher onentation emphasized establishing equality among resource per-
sons and teachers by realizing that much can be learnt from teachers,. The approach emphasized
flexible plans for the program, which could be modified based on the needs of the group and
getting feedback from teachers, resource persons and observers for revising materials for class-

rooms and deciding teacher orientation agenda.

Recogmizing the hmitations of teachers” knowledge of mathematics, Prashika placed emphasis
on enhancing conceptual knowledge of teachers. “A large number of them know rules and for-
mulas, but they are often incapable of handling questions ke why and how a particular algo-
rithm works™ (Agnihotn et al., 1994, p. 133) One of the principles behind teacher orientation
activities was to let teachers enjov mathematics to ensure that at least some of it 15 taken up in
the classroom. The vision of teaching mathematics involved using concrete matenials at early
stages and then moving to abstract concepts, opportunities for children to articulate their under-

standing, opportumibes to make hypothesis and make their own problems, allowing expression
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and exploration of alternatve procedures and an attempt to understand why children make mis-
takes, Owver the course of the engagement, teachers amrived at important realizations Like “recit-
ing numbers upto 100 15 not counting”, students appear to understand and solve sums correctly
in classroom when the topic 15 being done but not later, and students face problems n develop-
ing functional understanding of concepts like place value even when student are able to under-

stand their abstract nature {Agmhotr et al., 1994, p. 131

Another well known voluntary educatonal orgamzation working with teachers, Digantar, offers
a “Certificate course in foundations of education™. The mathematics component of the coumse
emphasizes that teachers must be involved n “doing mathematics™ to understand the nature of
mathematics through emerging patterns and rules. In the contact sessions, teachers engage in
problem solving followed by discussion on how general rules can be denved by comparing the
approaches vsed by participants. Teachers are involved in discussing theoretical aspects of
mathematics teaching through discussing readings and papers (for c.g., absolutist and concep-
tual change view of mathematics discussed in the writings of Paul Ernest (Ernest, 199371
Teachers are encouraged to speak sbout aress of mathematics where their understanding 15
weak, Other colleagues are urged to help their peers in overcoming these weaknesses, Group
work and presentations by groups 1s central to the pedagogy adopted for teacher orientation (Di-

gantar, 20107,

Recent initiatives by MCERT have focused on developing a range of resources useful for teacher
training including the development of an “in-service teacher professional development program™
having 5 dav workshops every vear for in-service teachers and heads of schools, The Traimng
package of the program for mathematics includes mathematics kits, source book for assessment
and ICT Kits { Pattanayak, 2009 WCERT has been promoting Mathematics laboratories for a
number of vears. The need for a maths lab has been mentioned in the school curriculum frame-
works (MCERT, 2000; NCERT, 20053, As a result, the Central Board of Secondary Education
has introduced Maths lab as a part of the cumiculum for secondary school. Maths Lab Manuvals
contaning suggestions for vartous actvities for different concepts and instructions on how to do
them have been developed by NCERT. Some educationists have cautioned against the excessive
promotion of the 1dea of 8 maths lab sinee it may foster an incorrect epistemology of mathemat-
ies {accepting venfication in a few cases as a substitute For proof), and may encourage drawing

a sharp distinction between classroom teaching and “activities™ done in the lab { Dhankar, n.d.).

The Department of Education in Science and mathematics in the NCERT organizes orientation

programs for teachers and master trainers (who teach teachers) to strengthen the teaching of Sci-
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ence and mathematics, for e.g., orientation program on “actvity based teaching™ 1n mathemat-
ics, The draft of a textbook on pedagogy of mathematics has been prepared for use in teacher
preparation in ling with NCF 20035 recommendations for moving from content to process and
“transformation of procedural level understanding to conceptual level understanding™ (NCERT,
20113 1t includes experimentation and activity with low cost materials and teaching of mathe-
matics through games, purzles and visuals along with curmiculum construction in mathematics at
various stages with examples. Enrichment material has been prepared in collaboration with
practicing teachers at the higher secondary stage on themes like conceptual understanding, ap-
plications and misconceptions. A teacher training manual for class 1 and 2 teachers has also
been developed by the “Group anthmetic™ cell established in MCERT for strengthening carly
mathematics development programs (NCERT, 2011). For the promotion of mathematics several
programs have been started at stabe levels ke Metric Melas, hath fesovals, hMath forum, hMath
clubs and even Maths hMarathon, At “Canit Melas™ (hMath Fairs) alternative teaching learning
materials, activities and methods of assessment are presented to participants, 1.e., teachers and
students. The development of self leaming and interactive leaming material by teachers has also

been undertaken by various states {Pattanavak, 20097,

The imibiatives discussed above are transforming the landscape of in-service teacher education in
India. However, systematic frameworks that can guide the design and implementation of TPD
programs for mathematics teachers in India are lacking. Further, the engagement with content
together with pedagogy in the programs for “grassroots™ teachers 15 often hmited by the low
qualifications or nsufficient educational background of the teachers. Where content 15 engaged,
it may not involve a deep and sustained engagement with specific topic areas in the currieulum.
Although these inibatives indicate efforts to focus on developing resources and competency of
teachers to focus on development of concepts, often very little information 15 available of teach-

ers” use of these ideas and research 15 nesded to identify teachers” take up.

2.3 Teachers® professional development: Theories,
frameworks and models

In this section, discussion focuses on the research literature in mathematics education across
countries that focuses on theores and frameworks for teacher professional development.
Cilatthorn (1995) defines professional development as “professional growth a teacher achicves
as a result of gaining increased experience and examining his or her teaching systematically™ (p.
413, “Professional development™ is generally understood as a process that is “intentional, ongo-

ing and systemic™ process (Cuskey, 2000, p.a), which results in teacher empowemment { Peter,
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19937 and change in knowledge, behefs, practices (Clarke, 1994 and professional identty
(Hodgen & Askew, 20070, It includes both Formal and infommal experiences encountered in dif-
ferent professional development settings like workshops, school setting and professional com-
munities, cte, (Borko, 2004) as well as in diverse organizational contexts and culture in which

they are situated (Stigler & Hichert, 1999,

Though the term professional development is used mostly for in-service teachers” development,
it has also been used to designate both pre-service and in-service education {Sowder, 20073, The
coining of this term and extensive usage 0 research and teaching community points to the real-
ization that the teacher™s joumey 15 one of lifelong leaming to develop professional expertise.
However, the in-service teacher education efforts in India ol recent times reflected the assump-
tion that pre-service education is the main focus of learning since in-service “training™ was con-
ceptualized For implementing curricular reforms. On the other hand, countries like Tapan have
developed an integrated svstem of professional leaming for teachers within the school system
by prowiding opportumities to studv and improve their practice through events like lesson study
and encouraging interactions with the university. The term has thus come o represent varous
organized or spontaneous efforts to engage the individual teacher or a group of teachers in leam-
ing about and through practice, while parbcipating in several processes and events held in pro-
fessional development spaces like workshops o in the context of teaching and planning in

schonl,

The debate over teaching as an art versus a skill finds a place in the research Literature (Tarvis,
20061, This debate has impheabions for the way teacher education 15 designed. The wea of
teaching as an art 15 often associated with viewing teaching as a talent restricted to a few and
thus may not account the expertise in teaching as being related to teacher education signifi-
cantly. On the other hand, research in teacher education has helped in identifving the knowledge
and skills which can support the development of a novice teacher into an expert (Shulman,
1987; Borko & Livingston, 198%; Hill, Schilling & Ball, 2004) These studies have contributed
to the image of the teacher as a professional having an expertise in the Aeld of teaching by de-
veloping and integrating knowledge of content, pedagogy, cumiculum and learning. However,
teachers have comparatively less collective autonomy (Hovle, 1993) a5 compared to other pro-
fessions in decision making, rational use of acquired knowledge through training and detenmin-
ing the policies of practice which are considered as one of the important charactenstic for defin-
ing a *profession” (Weiler, 1995). In India, teacher unions have existed for a long time but their

focus has been on collective action to improve for teacher salaries and working conditions rather
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than development of the profession {( Kingdon & Teal, 20100,

In this study, 1 adopt the view of the teacher as an “active learner”™ who 15 in-charge of her own
leaming through professional development opportunities that are meaningful. T acknowledzge the
knowledge and understanding that in-service teachers might have acquired through vears of
teaching, though they might not have thought cotically about their own practices developed
over the vears. Many studies on teacher education have and continue to have a deficit view of
teachers leaving them hittle opportunity in professional development contexts to participate as
aetive learners and o connect what 15 being discussed to what thev think and know. My views
align with the view of professional development as promoting teacher™s change as “growth™ by
recognizing the agency of the teacher (Day, 1999; Hannula, Liljedahl, Kaasila, & Rasken,
2007}, Howewver, this does not mean that efforts to introduce new deas of philosophy and peda-
gogy of teaching should be avoided, rather there 15 need to strike a balance between addressing
teachers needs and introducing new ideas in the education system (Cochran-Smith S Lytle,

2001 Korainer, 2005),

In this study, the approach towards n-service teacher professional development involves re-
specting teachers” identity and focuses on interventions which can support them in developing
their professional wdentity further through a combination of workshops and collaboration in the
classroom. Teachers” engagement in the professional development contexts and interactions in
the classroom has been analyzed to throw light on the way teachers”™ beliefs, knowledge and
practice are influenced by their participation in the study, Chapter 5, & and 7 have frameworks
which were developed and used for design of professional development opportunities of teach-

ers as well as for their analysis.

2.3.1 Theoretical assumptions informing design of teacher professional
development

Theoretical development in teacher education has followed the development of theoretical liter-
ature about “how people leam™. The theoretical perspectives developed across the continuum
from psychological to socio-cultural perspectives. While the psychological perspective focuses
on the behavioral and cognitive changes that occur in an individual teacher leading to change in
practice, the socio-cultural perspective Focuses on how a teacher’s participation in various social
situations hike that of a school micro-culture, a community of practice or learning communities

contributes towards leaming about and For teaching,

In this study, a situative pemspective 15 adopted on teacher learning and professional develop-
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ment, where leaming 15 seen as both a process through which sn individual acovely builds on
his/her knowledge while also acknowledging leaming a5 8 social process of enculturation into
soctal practices of the community (Lave & Wenger, 1991;Borko, 2004; Cobb, 1994; Adler,
2000 Putnam & Borko, 20000, This perspective provide tools For analyzing leaming using mul-
tiple units of analysis. Psychological frameworks inform the analysis taking the individual a5 a
unit of analysis while sociocultural frameworks inform the analvsis of patterns of participation
in the social context, describing how learning 15 mediated 1n @ group by interaction between
members and how knowledge 15 constructed or reified in o8 group through these interactions.
Thus teacher learning can be analyzed in multiple contexts, be it an individual teacher leaming
in the classroom or learning as a result of collegial discussion in a professional development
context. The situative perspective adopts the view that teachers learn best by engaging in activi-
ties “situated” in teaching like analveing teaching hve or records of teaching or through artifacts
of teaching referred to as “records of practice™ { Borko, 20045, Considenng leaming as “encul-
turation”™ of teachers into teaching practice, several researchers have emphasized the use of
practice based tasks or engaging teachers in closely observing and analyzing practice as a road
to teacher learning (Cohen & Ball, 1990; Cochran-Smith & Lvtle, 1999), The use of lesson
stucly, case studies, video analyzes, analyzes of student work, lesson plans, ete. are different
wiys in which teachers” practice 15 opened up for reflection and learning. How the situative per-
spective has influenced the selection of features and tasks for the design of professional devel-
opment actvities for the teachers will be discussed in Section 2.4 on features and factors con-

tributing to professional development.

2.3.2 Models for supporting teacher change in practice

Severnal models for supporting in-service teachers” professional development in the context of
curriculum reform have been proposed across the world which aim to “change™ teachers™ prac-
tices. The training model cumrently used in India assumes that after training teachers can change
their behaviors to adopt new practices proposed by authorities as worthy of replication (Sparks
& Loucks — Horsley, 19900, Tirosh and Gracber (2003) note that “top-down approaches involve
little teacher participation in either selecting the mnovation or in planning how to mmplement 1t
and result in teacher anxiety, anger and frustration leading to hittle change in practice. Curricular
reforms enforced in top down manner fail a5 a result of not involving teachers in making a deci-

sion o change (Ponte, Matos, Guimaraes, Leal & Canavarro, 1994,

In response to the eribicism of “top down™ approaches, different models of “bottom up™ ap-

proaches have been devised and studied. However, the idea of what the bottom up approach in-
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volves are very diverse. Clarke {1994 1dentified addressing teachers” concerns and sohiciting
teachers™ consclous commitment to participate actively as one of the key elements of profes-
sional development. An example of the bottom-up strategy given by Tirosh and Graeber {2003
is the summer math program by Schifter and Fosnot (1993) which was Followed by support in
classrooms in which an alternative wision of the mathematics classroom was shared with the
teachers but the mitiative for change was left to teachers. Similarly, Richardson (1998) found
that 1ssues of teachers changing in practice are related to power 1 terms of who drives the
change. She argues that teachers resist change when enforced by authorities, which they fail to
make sense of, but continuously undergo voluntary change. Thus, she engaged teachers in a col-
laborative study to help develop their identiby as autonomous teachers who make informed deci-
sions and chart their owm trajectory of change. In these studies mentioned above, the implicit
model of professional development involves active teacher participation through shared goals
and collaboration for change in practice. However, some studies assuming teachers in the role of
curriculum designers found that teachers need to be provided with adequate support in the form
of knowledge and strategies to adopt the role, without which teachers perceived this role as a
new set of demands imposed on them through forced autonomy (Skott, 20005, Thus, when there
is lack of adequate support the expectations of teacher autonomy are perceived as imposition
rather than empowerment. Loucks-Horsley, Hewson, Love and Stiles (1998) noted the chal-
lenges faced by teachers who did not get support 0 schools post their professional development
for change in practice. These challenges were in the form of lack of time, activities and develop-
ment of content knowledze to bring meaningful change in practice. They advocate that teachers
should be engaged in meaningful discussions, planning and practice as part of the professional

development itself,

Another way in which “bottom up™ approaches have been visualized is to connect professional
development initiatives to teachers” practice in the classrooms through “practice-based profes-
sicnal development™ (Cohen & Ball, 1990; Cochran-3mith & Lytle, 1999; Matos, Powell, Sz-
tajn, Ejersbo, Hovermill & Matos, 2009), The traiming mode] 15 associated with the ides of “ex-
panding individual repertoire of well defined and skillful classroom practice™ (Little, 1993),
while practice based professional development involves reflection and discussion on the arti-
facts related to teaching to develop specific aspects of the knowledge related to the "work of
teaching™ mathematics (Ball & Forzani, 20090, Building on situated learning theory, Matos et.
al. {2009 elaborate how pracoce based professional development 15 promising as “the text of
teaching serves as the context for teachers to leam about the specific aspects of their labor and

reflection is expected to increase teachers” awareness of practice, allowing them to make
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thoughtful decisions in the immediacy of classroom work™ (p. 169, Thus, lsarning expericnces
which involve activitizs that replicate or resemble teaching practice and all its complexity, help
teachers in identifying the nuances that goes into decision making in teaching (Ball & Bass,
2003; Little, 1993). Silver, Clack, Ghousseini, Charalambous and Sealy (2007) identified the
different tvpes of opportunities that arise when using practice-based professional learning tasks
(Ball & Cohen, 1999) for working and learning about mathematics. The embedded activity seg-
ments in the tasks included opening activity of problem solving followed by individual reading
and analvsis of the case. This individual engagement s followed by collaborative engagement
of case analvsis and discussion followed by collaborative lesson planning and debriefing. They
consider both acquisibon and participation metaphors (Sfard, 1998) a5 complementary in their
project. They discuss how individual leaming is stimulated by reflection and cognitive conflict
while conversations within the group with others mediate the development of shared knowledze
within the group. The authors describe how teachers engaged with problems not only as doers of
mathematics but also as teachers thereby thinking of possible student responses to problems.
The collaborative conversations helped to connect different pedagogical and student related 1s-
sues, while the facilitator helped in Focusing on mathematical aspects in discussing student er-

rors when teachers only expressed pedagogical concerns.

Omne shot workshops have been termed as ineffective for professional development basically be-
cause they are unrelated to needs of teachers and have no follow up Extended workshops of
about one to two weeks have been found to be useful when accompanied by other professional
development opportunities like supporting feedback or mentoring of a collaborative nature from
facilitators in teachers” classrooms. For e.g., Borko and Putnam (1995) had 4 weeks of summer
institute followed by ongoing support in school, which were evaluated by teachers as very valu-
able. However, Markovits and Even (1999 illustrated how even one shot workshops of two
days duration can be helpful in making teachers reflect on the beliefs held by them about stu-
dents” mistakes, although 1t may take time for the 1dea to sink inand to develop into the form of
funcoional pedagogical content knowledge that can be used recognizing that teachers”™ knowl-
edze 15 situated 0 classroom experiences and that teachers need to critically reflect on them in
order to change practices, Putnam and Borko (2000% discuss how combining multiple contexts
like workshop and ongoing support during school vear 15 promising for teacher leaming. They
argue that workshops can promaote “developing different conceptions of mathematics and deeper
understanding of mathematical leaming and teaching™ (p. 73, while teachers”™ own classrooms can
be sites to explore enactment of specific practices. Studies indicate on site teacher professional

development contexts in school vsually grounded teacher’s learning in their own teaching expe-
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riences which were reflected upon { Borko, Mayfield, Marion, Flexer & Combo, 1997). Teach-
ers” selF reports indicated that interactions in the on-site setting helped them specify the Focus of
observations of students” thinking and use them For assessment { Bodko et al., 1997). Many stucd-
tes used summer workshops in universiby institutes as settings for professional development fol-
lowed by on-site support. However, it is challenging For teachers to integrate ideas leamt outside
classrooms into their practce and they need further support. Many discourse communities of
which teachers are participants, may provide confirmatory expenences of behefs held rather
than encouraging critical reflection on practice. However, communities have been successfully
established where each participant is considered to be contnbuting to the knowledge of the com-
munity by bringing in their unique beliefs, expertise, knowledge of subject, pedagogy and stu-
dents ( Thomas, Wineburg, Grossman, Myhre & Woolworth, 1998). In another study Saunders,
Goldenberg and Hamann (1992) used the idea of mstructional conversations to engage teachers
in meaning making discussions and envision it for their student involvement in classroom. In
these studies teachers brought their understanding of their own classrooms and worked on it
The role of teacher educators was pertinent in developing norms of critical and reflective stance
towards teaching. Putnam and Borko (20000 thus suggest multiple settings as promising for
teacher learning since workshops can develop new insights and ideas in teachers while on-site

contexts facilitate enactment of and reflection on specific practices.

Based on the setting where professional development experience 15 provided to teachers, these
stuchies can be categorized as those focusing on out-of-school contexts hke universities or edu-
cational insttutions where workshops for teachers toke place, and those focusing on profes-
sional development experience within school itself The interventions held in out-of-school set-
tings may include examples or artifacts of practice In various ways 4s 15 common in practice
based professional development. There exist several studies in which both out-of-school as well
as follow ups within schools have been designed to support continued teacher professional de-
velopment and implementation of 1deas discussed in workshops, Here, the role of the teacher
can be seen as that of a learner in out of school contexts where teacher educators engage teach-
ers in tasks to promote their leaming about teaching. Within school professional development
contexts, the teacher™s own teaching can become the object of analysis, reflection and learning,
Besides engaging in tasks, teachers are engaged in various practices to promote their profes-
sional development that may include planning, designing tasks, collaboration, exploration, re-

flection and nquiry, etc.

In this study, different frameworks have been integrated for designing and analyvzing teacher
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professional development opportunities. kMainly socio-cultural frameworks have been used to
design professional development opportunities in the workshop along with situative perspective
to design practice based professional development opportunities. This 15 in alignment with the
belief of the workshop design team that reflecting and analyzing practice and artifacts of prac-
tice in social settings helps in eliciting knowledge of in-service teachers while also offering op-
portunities for challenge and revision towards developing practices for conceptual understand-
ing.
Adler, Ball, Kramner, Fou-Lal Lin and Novotna (20035 surveyed the research in mathematics
teacher education from 1999 to 2003 in key joumals and conference procesdings and identified
four important themes for reflection on the current state of the field of mathematics teacher edu-
cation along with commentanes by five experts from across the world. They found that small
scale qualitative research were more in number since it 15 an emerging field and “particulariza-
tion precedes generalization™ (p. 369, Preponderance of case studies was explamed by complex-
ity due to several factors volved, slow and difficult process of change and focus on under-
standing the phenomena by in depth studies of individual teachers. Further, small case studies
are necessary o show the complexity of teacher learning, are more easily related to teachers” ac-
tual practice and for busting the myth of there being some “best practices™ for promoting
teacher learning, These studies help in identifving cotical factors which may constrain or sup-
port teachers’ leaming. Experimental and quasi-experimental studies though few in number pro-
vide msights about conditions and processes which contribute to teacher development along
with school improvement and student learning. However, these studies need to take the knowl -
edze generated from case studies about teachers and their cultural conditions. The authors noted
that few studies report analvsis of “pedagogic discourse™ in teacher education or analvze how
teachers come to learn knowledge and practice in professional development contexts, They
found that research conducted on teachers who have collaborated with teacher educators, play a
rale i improving as well as understanding the phenomenon of teacher education. This type of
research may help bridge the research-practios divide when teachers engage in inquiry about
practices used by them for teaching, while teacher educators study the support and constraints in
teachers” growth and engage in self evaluation. They identified the need For developing theones
and understanding of how mathematics and teaching get integrated in teachers” professional de-

velopment “to constitute both mathematics and teaching identities™ (p. 3780
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2.4 What develops in teacher professional development? —
Characterizing professional growth

Professional development has been charactenized as the development or change in teachers” be-
liefs, knowledge, attitudes and practices and in terms of development of teachers” identity in the
sense of “becoming”™ 4 mathematics teacher. In this study beliefs, knowledge and practices of
teachers have been focused as teachers experience professional development opportunities in
different settings of workshops and collaboration 1 classrooms. More specifically, thefocus s
on the role of beliefs and knowledgze i influencing teachers” practices which are discussed in

the subsequent sections,

2.4.1 The role of beliefs in influencing practice

24.1.1 What are beliefs?

Beliefs about the nature of mathematics and the nature of teaching and learning are among the
most researched beliefs of teachers in relation to their practice. Knowledge, beliefs and emo-
tions have been found to play an important role in shaping teachers™ thinking. Teacher s thinking
influences what happens in the classroom (Wilson & Cooney, 2002; Grootenboer, 20083, This is
further supported by the finding that teacher™s beliefs have been found to influence learning out-
comes | Cockeroft, 19821 Beliefs have been considered as an important construct i studies re-
lated to teacher professional development, sinee they are thought to influence perception, goal
formation and actions taken by teachers in various contexts and thus may serve as a predictive
tool for teacher decisions (Dewey, 1983; Schoenfeld 2005; Timer, Rolka, Rdsken, & Sriraman

2008).

Beliefs research has shown that it 15 important to know what teachers think and why, so as to
suppart them in binging instructional change or educational reform to thewr classroom { Battista,
1994; Cooney, Shealy & Arvold, 19983 Thompson {19847 0 her seminal paper had discussed

the importance of the role that beliefs play in influencing teachers™ behavior,

Failure to recognize the role that the teachers™ conceptions might play in shaping

their behavior 15 likely to result in misgwided efforts to improve the quality of

nstruction in the schools, (p. 106
Thompson™s {19345 classical study revealed how an instrumentalist teacher Lynn demonstrated
rules and procedures while another teacher Kay engaged students in acovities emphasizing
process aspects of mathematics. Stigler and Hiebert (1999) explained the difference in practices

of US and Japanese teachers based on their beliefs about mathematics as procedural or as under-
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standing the relabonship between concepts, facts and procedures. Behef about mathematics as
procedures has been taken up one of the dimensions for analyvsing teacher beliefs in Chapter 4 as
discussed in section 4.5, The importance of understanding and using student thinking for teach-
ing has found place in many reform documents and curnicula across the world including India
(Auvstralian Education Couneil, & Curriculum Corporation ( Australia), 1990; National couneil of
Educational Research and Traiming (Indiaj, 2003; Mabonal council of teachers of mathematics,

20003,
Structure of beliefs

There appears to be general agreement in the mathematics education community that mathemat-
ical belies are “personal philosophies and conception about the nature of mathematics and its
teaching and learning” (Thompson, 1992). Philipp (2007) proposed & working definition of be-
liefs considering them as “lenses that affect one’s view of some aspect of the world or as dispo-
sition towards acton™ (p. 259) borrowing from the notions of Pajares (19921 and Cooney,
Shealy and Arvold (1998 In another definibion, beliefs are regarded as conceptions which an
individual behieves to be true (Ajren & Fishbein, 1977) and are inferred from explicit articula-

tions o individual actions (Pajares, 1992,

Beliefs have been considered as a messy construct (Pajares 1992) and there are number of terms
and notions similar to beliefs which have been used by researchers in mathematics education in-
cluding knowledge, conceptions, attitudes, values, affect, onentations and identity (Philipp,
20071, At one end of the spectrum behefs are seen as connected to cogmitive aspects and used
interchangeably with knowledge and conceptions. At the other end of the spoctrum, the relation-
ship between beliefs and affect have been explored through constructs like values, identity and
orientations. Wilson and Cooney (2002) argue that in spite of multiple terms associated with be-
liefs and failure to achieve consensus among researchers for defining beliefs, teacher thinking
does have an impact on teaching and leaming in classroom. There have been various efforts to
bring theoretical consistency in the use of the term “behef”. In behefs research, one line of of-
fort has been to armve at an agreeable definibon of behiefs. Stll others, have red to define the
characteristics and structure of beliefs with respect to connections among beliefs and their con-
nections with teachers” practice. Efforts to distinguish beliefs from other notions Like knowl-
edge, values, goals and attitudes have also contributed towards clanty over what beliefs are.
Still others have identified different dimensions over which beliefs are analveed. For e.g., the
cultural dimension of beliefs suggests that depending on the community that one 15 member of,

the beliefs held might be considered as true and thus be held with the status of knowledge rather
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than being beliefs. However, the mathematics education community is still to reach a consensus

aver the use of this term.

Distinguishing beliefs from other constructs

Thompson (1992 distinguished belief from knowledge by noting that beliefs can be held with
varving degrees of conviction and may not be consensual as compared to knowledge, which 1s
vahdated by processes amived at by consensus in a commumity. This explains why some beliefs
may be resistant to change since they are held with stronger conviction. Thompson distin-
guished beliefs from affect in terms of the former being more cognitive in nature. However,
Maass and Schloglmann (2009) argued that beliefs serve both cognitive and affective functions
and thus are part of both cognitive as well as affective structure. They are different from values
which are described in terms being desirable or not, while beliefs are classified as being true or
false. Thus, Bishop, Seah and Chin (2003) consider behefs to be more context dependent than
values, Clarkson and Bishop { 1999 view values as beliefs 1 action and one mav have to prior -
tize among competing values in one’s teaching { Bishop et al., 2003}, Térmer, Rolka, Risken and
Sriraman { 2003 consider beliefs and goals as mutually dependent. In articulating a goal, beliefs
are imphcitly applied and conversely one can predict teachers” decisions based on knowing their
beliefs. For e.g. developing mathematical proficiency can be a value held by a teacher which
might be supported by behefs like developing conceptual understanding, undemstanding connec-
tions across concepts and problem solving. On the other hand mathematical fluency can be a
value which may be supported by beliefs that knowing and performing procedures quickly is
important for doing mathematics. It 15 possible for a person to hold incompatible values or in-
compatible beliefs which may function according to the teacher’s poorities or the context in
which she 15 working. For e.g., a teacher may believe that conceptual understanding is important
but just before an exam the teacher may focus her attention on making students remember rules
and typical problems which may come in the exam as she wants her students to pass the exam

and get good grades.

Beliefs as a construct to explain teachers™ behavior have also come under enticism from varous
researchers. One of the reasons for criticism 1s the messiness of vanous tenms and nobions asso-
ciated with beliefs which are directly or indirectly implicated in a number of research reports.
The definitions quoted above are an attempt towards arriving at & common ground with regand
to consensus for what are considered as beliefs in the mathematics education community. How-
ever, the defimitions have been found to be inadequate in descrnbing a complex construct Like be-

liefs and there have been attempts to describe the structure and characteristic of behefs in order
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to clarify what behefs are, how beliefs are connected, how they are held and what their relation
with practice 15 Another strong line of eriticism claims that attempts to explain practice on the
basis of beliefs held by teachers imply circularity in definition as beliefs are inferred from the
very actions which they are used to explain (Lester, 2002). The distinction proposed by re-
searchers, between articulated and attributed beliefs on the one hand and espoused beliefs and
enacted beliefs on the other, 15 an attempt towards differentabng behefs held by teachers and
the actual practice. Research on vanous factors ranging from cognitive to socioculural, which
influence whether and how beliefs held by teachers are enacted in practice, further illustrates the

complexity of the relationship between beliefs and practice as well as their distinction.

There have been also several methodological critiques of beliefs research such as that the ana-
Ivtical framework 15 not empinically grounded (Lester, 2002; Wedege, Skott, Henningsen, &
Waecge, 20063 A ceritique of the distinetion between articulated and attributed belief has been
made by Speer (2005), argwing that all reported beliefs in research are attnbuted since re-
searchers interpret and select the articulations of the teachers when reporting. Also, the termmi-
nology used in questionnaires and interviews may not have unequivocal meanings ( Speer, 2005
between the researchers and teachers. However, one can argue that the context plays a role in
determining whether the practices which are preferred by teachers are actually implemented.
This creates the need for distinguishing beliefs that are only aticulated in teachers”™ talk about
practices they prefer and those which get reflected in practice. Further complexity is added of
behefs and practices preferred or enacted by teachers are considered as dynamic entitics as there
have been evidences of change in behefs and practice as a result of professional development,
although beliefs have been described as being resistant to change. Analysis of articulated be-
licfs, preferred practice and enacted beliefs and practice can contribute towards understanding
which beliefs and practices are stable or central to teachers” identity and which are in a state of

flux.

Severnl researchers have ried to establish characteristics of the beliefs as well as behef soucure
or svstem which are listed below. Green (19713 and Rokeach {1968 have discussed the nature

and organization of the behef system which are discussed below,

1. Imtegratedness’ connectedness: Green (19710 proposed that beliefs exist in rela-
tion to other beliefs and thus may be organized in clusters mather than as 15olated
from each other. Thompson {1992) also proposed that belief system of some teach-
ers are more integrated when there 15 coherence in the belief structure. 1 agree with

Aguime and Speer (2000) that beliefs occur in the form of belief bundles that ““con-
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[

nect particular behiefs from various aspects of entire belief system™ (p.333). There-
fore, it 15 possible that multple conflicting beliefs are activated during teaching and
the decision for action is taken based on the strength of beliefs held, as well as long
or short tenm goals (Schoenfeld, 2003, the context of the teaching situation, unex-
pected occurmrences during teaching and the knowledge held by teacher to deal with

the situations ansing dunng teaching.

Primary/ derivative struciure: Some beliefs can be more primary and others de-
rivative in nature. Thompsan {1992 descrbed how presenting mathematics clearly
to students can be a primary belief which can become the basis of derivative beliefs
held, for e.g., that teachers should be able to answer all the questions asked by the
students since teachers feel that they should know all the content thoroughly to be
ahle to play the role of the teacher. Rokeach (19638) considered primary beliefs as
developing from direct experience and having more influence on behavior while de-

rivative beliefs are learnt indirectly from others.

Central’ periphery straciure: Another feature proposed by Groen (1971 ) was that
some beliefs may be more central in nature while others lie at the penphery, with a
caveat that primary beliefs may not necessarily be more central. Beliefs that are
consistent across me and context in a person’s discourse as well as actions have
been described as more centrally held as compared to others {Rokeach, 1968). Pe-
ripheral beliefs may be more susceptible to change and therefore when beliefs get
re-organized as a result of some expenience or reflection then 1t 15 possible that
some prmary beliefs which are penpherally held may change along with the dernv-
ative behiefs. For e.g., realizing that students can come up with the methods of their
own may change the primary belief that all the material must be presented and the

teacher may allow opportunities for students to share their strategies.

Stable vs. dyvnamic beliefs: Green (1971 distinguished between evidentially held
beliefs and non evidentially held beliefs with the latter being more resistant to
change. Thompson (1992 proposed that behiefs should be considered as dynamic
structures instead of fixed entities which can change in the hght of experience and
that research should focus on the dialectic between belief and practice and the inter-

action between the teacher’s and students” conceptions during teaching,

Confidence: Confidence has been interpreted as self belief and as impacting leam-

ing (Wesson & Derrer-Rendall, 20013 as well as teaching as it influences access and
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use of prior understanding (Hailikari, Nevel, & Komulainen, 2008],

6. Conscious! wnconsciows: An individual may hold beliefs consciously or uncon-
seiously and thus may not be aware of the inconsistency between the beliefs. Am-
brose (2004) discusses how becoming conscious of one’s beliefs can be a stepping
stone towards change in beliefs, Studies have used this distinction to explain the in-
consistency in beliefs held as teachers may indicabe inconsistent beliefs in their talk

and pracbce.

7. Raole of affect: McLeod { 1992) distinguished atbitudes from beliefs by considering
behefs as more cognitive than attitudes while atbtudes might indicate more or less
stable feelings. He explained how belief interacts with affect by giving an example
of a boy who believed that mathematics problems should be solved in a few min-
utes but repeated experience of not being able to solve story problems quickly led to

a negative attitude towards them.

& Truth value: Beliefs have been distinguished by knowledge which is certified to be
truc and justified. However, a person holding certain belief may beheve it to be tue
even when contrary evidences are available. Goldin (2002 has characterized behefs

a5 having a “truth value™ of some kind for the holder (p. 590,

1.4.1.2 Research on beliefs about mathematics, teaching and learning and
students

fost of the studies on teachers” behiefs about mathematics, its teaching and learming and about
students are with preservice teachers and relatively few studies with in-service teachers are re-
portzd. Research 1s needed on similar topics about in-service teachers” beliefs a5 a large majority
of the teachers emploved have not had adequate in-service professional development opportuni-
ties to address the issues of teaching mathematics at various levels. Research on in-service
teachers” beliefs can help in understanding the teachers” views about efforts related to curricular
reform as well as i bringing about improvement and innovation in teaching of mathematics for
understanding in general. This understanding can also aid in designing effective professional de-
velopment programs for in-service teachers that address the concerns and needs of the teachers

to support development of conducive beliefs rather than addressing teachers” beliefs directly.

Forgasz and Leder { 2008) report in their review of research on beliefs that comparatively fewer
stuchies have been reported For middle school and secondary teachers” beliefs as compared to pri-

mary teachers. Also that there 15 more research on beliefs about pedagogy and learning as com-
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pared to teachers” views about mathemabes and equity related beliefs except those on gender.
Most of the analvtical frameworks used by researchers for assessing beliefs were theoretically
driven. Teachers™ beliefs about teaching mathematics and about students 15 further discussed in

Chapter 4 in section 4.4 and 4.6,

1.4.1.3 Relation between belief and practice

Soveral studies have described how behefs serve as a Alter for interpreting directives and sug-
gestions for teaching and noticing aspects of others” practice. Grant, Higbert and Wearne ( 1998)
found that teachers” beliefs about mathematics influenced what they noticed and implemented in
their classroom after observing reform minded teaching, with teachers viewing concepts and
processes as part of mathematics being more open to implementing changes. Many studies have
reported the connection between behefs about mathematics and those about 115 teaching and

leaming or about students ™ ability,

Researchers have categonzed teachers” beliefs about mathematics into different categories.
Emest { 1989 categonzed conceptions of mathematics as (1) Problem solving view considering
mathematics as a dynamic subject that 15 a result of human invention, (1) Platonist view where
mathematics is considered a structured unchanging body of knowledge and (i) Instrumentalist
view when mathematics 15 considerad as collection of procedures, Facts and skills. Rescarchers
have discussed how beliefs held about mathematics and mathematics teaching is shaped by what

teachers™ had expertenced in their cam schooling { Seaman, Szydlik, Szydlik & Beam, 2005).

Beswick (2003 described how certain beliefs about mathematics are connected with particular
behefs about 1ts teaching and learning. For e.g., he considered the instrumentalist view of math-
ematics as theoretically consistent with a view of teaching focused on performance and that of
leaming as being focused on mastery of skills and passive reception of knowledge. On the other
hand, a Platonist or problem solving view of mathematics was considersd to be consistent with
an emphasis on understanding or being learner focused with opportunities for developing under-
standing or autonomous explorabion. Archer {20007 reported marked differences in the views of
primary and secondary school teachers with respect to the nature of mathematics, Primary
teachers believed that mathematics 15 more connected to students” everyday lives as compared to
secondary teachers while noting how the teaching of mathematics at promary Llevels has changed

since they studied maths n school.

However, there have also been contradictory findings about the connection between beliefs

about mathematics and teaching since other beliefs and contextual factors have been found o
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play an important role. For eg., a study by Sztagn ( 20037 collected rich data from two teachers
having the same beliefs but teaching in different contexts in terms of having students from dif-
ferent socio-cconomic backgrounds., The data included interviews of parents and principals
along with teachers” observation, interviews and artifacts like lesson plans and students” work in
the classroom. She concluded that teachers” notions of student needs, influenced by teachers” be-
liefs about children, society and education were important factors i explaining differences in
their instruction rather than their behefs about mathematics which contrasts with the finding that
there 15 a relation between beliefs about mathematics and teaching. Forgasz and Leder (2008)
concluded 1n a review of studies on beliefs from 1997 to 2006 that beliefs held by teachers
about teaching are related to what they think about how students leam and how they perceive
their students™ ability. Beswick (2004) reported through a case study that even when a teacher
may hold & problem solving view of mathematics and constructivist approach to teaching, her
views about students” ability might affect teaching practices. This 15 relevant in the context of
the calls For change in teaching practice towards providing equity to disadvantaged learners in

various research reports and cumriculum documents in countries having diverse learners { Trenta-

costa & Kenny, 1997 Skovsmose & Valero, 2002; Badat, 2009),

Teachers” beliefs about assessment have been Found to influence their beliefs about teaching and
vice versd Anderson, White and Sullivan (2005) surveved primary teachers who acknowledged
the importance of problem solving and considered open ended and unfamiliar questions as more
appropriate for high achieving students. Countries like England, Japan, Korea and India are
cases where teachers” classroom practices have been drven by concems over student perfor-
mances in certain examinations (Mivake & Wagasaki, 1997; Tirosh & Gracber, 2003; Shirali &
Cihosh, 20127,

Beliefs about gender interact with the beliefs and practice for teaching mathematics, Tiedemann
(20000 found from a survey of 32 primary teachers that their views about the case of learning
mathematics and performance were biased towards boyvs and believed that girls need to put in
more effort. Results from a large scale survey of prospective secondary teachers by Forgasz
(20017 indicated that teachers from Australia as well as the USA considered that students view

mathematics to ke a male domain.

Another important relation between beliefs and practice that has been reported in many studies
is the apparent inconsistency between the aticulated behiefs and the practice observed. Several
research studies report dissonances between teachers™ beliefs about mathematics, its teaching

and leaming and actual classroom practices. These discrepancies have been termed as inconsis-
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tency between espoused beliefs and practices intended or used by teachers (Quinn & Wilson,
1997; Timmenman, 2004 or betaeen “articulated beliefs™ and “enacted behefs™ (Even & Ball,
2009). As described earlier, the explanations proposed for these inconsistencies are based on the
proposed structure of bundle of beliefs, that some beliels are held more centrally than others
(Pajares, 1992), or that the constraints and supports available in the teachers” context allow
teachers to enact some behiefs n consonance with their present purpose while assigning lower
pricrty to others. Barkatsas and Malone {2005 reported a case study in which espoused behefs
were less traditional than observed practices. Argyns and Schon (1978) distinguished between
“gspoused theories™ and “theories in action™ categorizing teachers” report of practices through
questionnaire of interview responses as “espoused theories™. Raymond (1997 in her study
found inconsistencies betaeen beliefs held by a teacher and her practice. Beliefs about mathe-
matics were more closely related to practice in her study than beliefs about teaching and learn-
ing. She explained these inconsistencies based on the teachers” concerns about tme constraints,
searcity of resources, standardized tests and students”™ behavior. Lerman (2001) on the other
hand, argued that behefs depend on contexts and thus one to one correspondence can not be
puaranteed between beliefs expressed in interviews and practice. The resemblance in beliefs
aeross contexts s, however, possible, Hovles (1992) concluded on the basis of her work with
teachers that beliefs are co-produced in the context and culture in which teachers are situated;
for e.g.. grade level, textbooks used, teachers™ objective and motivation and students”™ expecta-
ticn in the classroom mav lead to construction of beliefs-in-practice. Laffitte {1993 discussed
the values embedded within the school culture that influence the roles and responsibilities that

teachers perceive as their own, thereby, influencing teaching, thinking and beliefs.

Skott (2001) used the term school mathematios images o descnbe the priorities that arise n
teaching, which can range from developing undermstanding of mathematics to broader i1ssues of
classroom management. He found that while considering multiple motives at the time of deci-
sion making teachers experience conflict between belief and practice and explamned inconsis-
tency by dominant motives that overpower others. He described how a teacher Christopher fo-
cused on mathematical leaming and asked students to do problems on their own in one lesson
while in another lesson concerns for students developing self confidence in mathematics led him
to guide students through solving a problem to arnve at the answer. Thus, although beliefs may
be sitwated, teachers” priorities might change from situation to situation as teachers need to de-
cide between competing “objects™ and “mobves” (p.25). One needs t© be cautious in making
general conclusions about teachers” beliefs without rich data. Skott proposed that practices

emerge “in and through interaction™ in various contexts (Skott, 2009, p.29). Teachers™ actions
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can be explained by their engagement in mulople actual and vintual communibies of practice and

thus teachers” belief may not be the sole determinant of practices.

Thus studies have indicated that teachers” practice 15 influenced by beliefs but in complex ways
since there are other contextual factors at plav and different beliefs might be accorded priority at
different times. This indicates that more research 15 needed to clanfy the issue of relabion be-

tween belief and practice (Da Ponte & Chapman, 2006).

14.14 Study of beliefs in non-Western cultures

Most of the studies on teacher beliefs have been done in Westem cultures and their findings
have been used to make global assumpbions. However, studies in non-Western cultures have re-
vealed the role of culture and context in the formation of teachers” beliefs making us aware that
beliefs can be socially constituted instead of being considerad as only a cognitive entity residing
in the mdividual’s mind. Cai (20047 15 an example of a stdy where behiefs abour effectve
teaching were considered in both Eastern and Western cultures using semistructured interviews.
Wang and Cai {2007) found that Chinese mainland teachers beheve that teachers should be able
to “craft the knowledge from the textbook for teaching by predicting possible students™ difficul-
ties™ (p.287) and that the lesson should be coherent. These beliefs supported teacher directed
and content oriented teaching in China, Bryan, Wang, Perry, Wong and Cai (2007) found several
similarities between teachers from four different regions comprising China, Hongkong, Aus-
tralia and U5, However, some characteristics of effective teachers can be ascobed to their cul-
tures like teachers from Hong kong and China had a more Platonist view of mathematics while
others had a more functional view. Eastem teachers considered that memorizabion can be an in-
termediate step towards understanding and 15 helpful in sutomation and fluency in solving prob-
lems thus valuing the integration of memonzation and understanding. Western teachers consid-
ered only rote memorization which they did not value over understanding. US teachers had con-
cems for classroom management while Chinese and Hong kong teachers considerad teachers
ability to provide clear explanations and stmulatng thinking as necessary. Western teachers be-
lieved in the use of physical manipulative while Eastern teachers emphasized verbal engage-
ment. Bryan et al. {2007, p.339) comment that it 1s impractical to look for a *nabional’ regional
seript” of mathematics teaching. Yet classroom practices are often shaped by cultural, environ-
mental and socictal assumptions™. It was also noted that most papers published in key journals
are from Englhish speaking countries reflecting the 1ssues faced by these countnes while 1ssues
of addressing diverse leamers and teachers in classrooms n low resource systems are not dis-

cussed.,
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In the Indian context, commonly held views include the behef that mathematics 15 a body of
knowledge consisting of known solutions to g well defined set of problems and that not all chil-
dren are capable of learning mathematics. A study by Dewan {2009 indicates that such beliefs,
which are far removed from the ones envisioned in NCF 20035, are held by not only teachers but
even administrators, faculty members and directors of teacher edvucation institutions, thereby in-
dicating the extent of challenge to implement the curnicular refonm. This points to the need to
create spaces where teachers articulate and reflect on the behiefs that they hold while respecting
the identity of the teacher. Such opportunities may include not only expenences of alternative
ways of doing mathematics, but also building an awareness of and sensitivity to students” think-

ing.

24.1.5 Instruments to measure beliefs

The literature reveals that behefs have o complex structure and are influenced by social, contex-
tual and even ideclogical aspects. A major methodological weakness identified among studies
researching behiefs was that very few studies engaged in theoretical discussion on the construct
of beliefs or include a definition of beliefs. Da ponte and Chapman {20068) were cnbical of ex-
ploring teachers” beliefs without simultaneous exploration of practice. The realization of com-
plexity in the nature of beliefs has led to change in the nature of instruments to assess beliefs
from quanbitative to qualitative assessments. Two most common ways i which beliefs are as-
sessed are the case study methodology ncorporating data triangulabion from various sources {1n-
terview, observations, linguwistic analyzes) over a period of ome or using belief assessment in-
struments lke surveys or questionnaires (Philipp, 2007). Forgasz and Leder {2008) found that
maost studies on beliefs had large scale likert type surveys with descoptive statistics along with

stuchies having small scale qualitative studies on teachers” beliefs.

Fennema, Carpenter, Franke, Levi, Jacobs and Empson ( 1996) developed a likert scale survey of
43 1tems and 4 sub-scales to assess teachers™ behefs and changes in them. However, most survey
based studies on beliefs use previously constructed questionnaires {Ambrose, 2004; Scaman,
Srvidlik, Srvdlik & Beam, 20035; Vace & Bright, 1999; Wilkins & Brand, 2004), One of the find-
ings related to surveys 1s that teachers may focus on different aspects of the statement which
may not have been intended as the main Focus, Therefore, Zollman and Mason (1992) after a pi-
lot with teachers, decided that capitalizing select words to Focus teachers” attention might help.
For e.g. “students should share their problem solving thinking and approaches WITH OTHER
STUDENTS™ (Zollman & Mason 1992 as cited i Philipp 2007, p.270) However, concerns

have been maised over the accuracy of teacher self report surveys and susceptibilicy to differ-
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ences I interpretation, hence pointng to ssues of validicy for likert trpe survevs, Also teachers
may decide a position on reading the survey ttem for an issue about which teachers may not
have consciously thought during their practice. Ambrose, Clement, Phillip and Chauvot, {2004)
designed a web based survey asking respondents to interpret a complex situation by taking a
teaching decision and decided whether it gave weak, strong or no evidence For the teacher hold-

ing certain belicfs.

Behefs assessed using interpretations of video cases of teaching, namatives of teachers about
their practice {Ambrose, Philipp, Chauvot & Clement, 2003) have been found to be useful.
Some have questioned the reliability of ascnbing beliefs, since they may depend on the context
in which data 15 gathered (Pemin-Glonan, Deblos, L. & Robert, A, 2008) Some have ques-
tioned the methodologies adopted for belief attnbution suggesting that researchers and teachers
may have different interpretations and meanings (Speer, 2005). This points to the inherent diffi-
culty of descrbing teachers” beliefs despite their centrality in influencing teachers” thinking and
pracice, and the need to draw on mulople sources and use mixed methodologies while ascer-

taining the beliefs of specific teacher groups.

Gresalfi and Coblb (2001) argue that “collective discussions™ are just as vabid as a source of data
about teachers” views and idenbibies as individual interviews since the group context has the

same 1ssue of social interaction and positioning that an interview might have,

The above discussion indicates that a mixed method approach might be more appropriate to as-
sess teachers” beliefs, Given the fact that teachers may have their own interpretations of the
words used in a questionnaire, it might be better to know how teachers” interpret these words at
small scale with diverse samples before implementing large scale survevs. hMoreover, to have an
in-depth understanding of teachers” behefs close interactions in several contexts might be help-
ful to assess them and to understand how contexts affect the beliefs articulated or enacted by the

tenchers,

2.4.2 Relation between teachers’ knowledge and practice

Research studies of teachers” knowledge have pointed to the importance of knowledge that inte-
grates subject matter and pedagogy for effective teaching. Although pedagogical content knowl-
edze and subject matter knowledge have been considered as vseful constructs to describe essen-
tial knowledge for teaching (Shulman, 1986; Ma, 19990, it is rarely the central focus of any

phase of teacher education in India (Kumar, Dewan & Subramaniam, 2012,

Eonowledge held by teachers may play a role in whether or not a teacher 15 motivated to change

47



Chapter 2

her practice. Mathan and Eoedinger {2000) explained that a teacher with high content knowl-
edze may have a low Llevel understanding of students” thinking as they may have an expert biind
spol. Thus content knowledge mav even act as a deterrent in developing teachers” pedagogical
content knowledge, Lack of knowledge of student thinking and how to support development of
understanding without resorting to “telling” may serve as a challenge For teachers in aligning
their practice towards reform agendas (Romagnano, 1994; Chazan & Ball, 1999, Other studies
have indicated that poor math content knowledge also prevented change in behefs about prac-

tice ( Brtt, Irwin & Ritchiz, 2001 as cited in Forgasz & Leder, 2008),

One of the aspects of a teacher’s growth, s the development of knowledge of mathematics in
terms of its prnciples or concepts which is distinguished from mere knowledge of facts and pro-
cedures of mathematics. Spillane, Reiser and Gomez (2006) described poncipled knowledge as
signifving the mathematical ideas and concepts that undergird the mathematical procedures, dis-
tingushing 1t from procedural knowledze. Procedural knowledge has been contrasted wath con-
ceptual knowledge in the lhiterature {Scheffler, 1963; Hicbert & Lefevre, 1986; Long, 20035).
Skemps (1976) distinction between instrumental and relational understanding emphasizes the
importance of understanding the underlyving ideas in procedures and connection with other
mathematical concepts over knowledge of the procedure for solving a problem. Some good ex-
amples of the distinction between these two different types of knowledge are illustrated in work
of Ma (1999}, where most of the US teachers displayed knowledge of the procedure but many
Chinese teachers displaved knowledge of not only alternative procedures, but also explanations
of procedures with relevant conceptual details as well as knowledge of why certan procedures
work for all numbers. Here the contrast of procedural view of mathematics s with “profound
knowledge of mathematics”, which includes connections between and among procedures as well

as related concepts in the form of a network.

1.4.12.1 Frameworks to describe teachers’ knowledge

Shulman’s notion of pedagogical content knowledge 15 based on the notion that mere knowledge
of pedagogical techniques 15 nadequate and also that content knowledge in dself s not suffi-
cient for teaching to be successful. This notion has been further extended through the term
mathematica! Bvowledge for teacking (Ball, 1990b; Ball & Bass, 2000; Thompson & Thomp-
son, 1996) to designate the special way in which teachers need to know mathematics in order to

engage in the wark of teaching.

Teachers” knowledge of student learming and instructional practices has been considered as cen-

tral to teachers™ professional development especially the realization that students are capable of
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salving mathematical problems without explicit direet instruction in procedures {Taworski,
2006; Even & Tirosh, 2002; Mational Research Council, 2001; Fennema et al., [996; Simon &
Schifter, 1991; Cobb, Wood, Yackel & MeMeal, 1993%:; Becker & Pence, 199 Klein, Badoal,
Tirosh & Tsamir, 1998). However, in India these ideas are vet to be explored in classrooms and
integrated into teacher education. There have been attempts towards “joyvful learning™ in the past
and making teaching more student-centered ( NCERT, 20037 in the classrooms by using manipu-
lative and activities but the role of students in using these resources and opportumbies to make
their ideas explicit is still very limited. In several studies, the knowledze of mathematics s fo-
cused by encouraging teachers to despen leaming of school mathematics in integration with
pedagogy or knowledge of students (understanding misconceptions, errors and invented meth-
ods). The assumption behind the focus on students” thinking is that it wall lead to change in
practice by making teachers focus on how students make sense of the content (Swafford, Jones

& Thomton, 1997,

Cochran-Smith and Lytle (1999 croitqued both process-product research and interpretive re-
search on teaching for not viewing teachers as possessors of the knowledge of teaching, since
the enterprise of research on teaching was almost solely engaged by university researchers.
Making a call for practitioners (including teachers, administrators and teacher educators) to
adopt an inguiry stance in teaching, they advocate providing opportunities to teachers to build
and share their knowledge of teaching by providing “compelling insider accounts of the com-
plexities of teaching™ (Cochran-Smith & Lytle, 2009, p. x). [ agree with their thesis that pract-
ticner research i which the researcher 15 involved 1n both practice and research generates local
knowledge of teaching which 15 also available to other practibioners outside the context. The
generation of this knowledge 15 through a dialectic between theorizing and doing which in-

volves experimentation and looking at evidences coitically for indications of student leaming.

There 15 widespread recognition that specialized forms of mathematical content knowledge are
important for effective mathematics teaching (Hill, Ball & Schilling, 2008; Ernest, 1999). Re-
searchers have also shown the relevance of mathematical knowledge for teaching in deternmining
mathematical quabity of mnstruction (Hill, Blunk, Charalambous, Lewis, Phelps, Sleep, & Ball,
2008). Several researchers have proposed frameworks aimed at capturing the outlines of such
knowledge as well as explaining its close connection with the practice of teaching { Ball, Thames
& Phelps, 2008; Petrou & Goulding, 20110, It has been argued that much of this knowledge 15
acquired in and through the practice of teaching (Ma, 1999 and through opportunities created

for professional development { Putnam & Borko, 200005, There 15 & need to understand in detail
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and topic-wise, what constitutes mathematical knowledge nesded for teaching and how profes-

sional development programs can help in building and strengthening such knowledge.

A widely used framework for understanding the specialized knowledge of mathematics needed
for teaching has been proposed by Deborah Ball and her colleagues (Ball, Thames & Phelps,
2008). In this “practice-based theory of mathematical knowledge for teaching (MET)™, the au-
thors distinguish between pedagogical content knowledge (PCK), which is closer to students
and teaching (such as the underlyving thinking behind common errors that students make or
knowledge of how o sequence instruction], and specialized content knowledge (SCK), which 1s
not necessarily connected to students or to teaching, and 15 distinet from both common content
knowledge and PCE. Under SCK, Ball et al., include such clements as knowing why algorithms
work, having a repertoire of representations of a mathematical concept, and knowing the affor-
dances and limits of particular representations (Ball, Thames & Phelps, 2008). Consistent with
their practice-based approach, they wdentifr a set of tasks that are an essenbal part of the work of
teaching, where SCE 15 implicated. Such tasks include finding an example to make a specific
mathematical point, recognizing what 15 involved in using a particular representation, hinking
representations to underlyving ideas and to other representations, and selecting representations

for particular purposes.

Studies on teachers’ conceptions of representation are few and have revealed that teachers gen-
erally view representations as devices to be used in classroom For purpose of communication
( Sty lianow, 20000, Teachers acknowledged both cognitive and social aspects of the use of repre-
sentations, Teachers discussed how they used representations as a tool for communication and
explanation, recording, exploration of problem, monitoring and evaluating and ensuring equity
in classroom by catering to different leaming styles, The study highlighted how it is challenging
for teachers to integrate multifaceted representabion with instruction. It advocated that teachers
should be made aware of multple roles that representation can play in leaming and doing math-
ematics. Cai (2006) found that teachers preferred symbolic representations over visual represen-
tations, Mover (2001) found that manipulative were perceived by teachers as useful for intro-
ducing “fun” rather than leaming mathematical 1deas and were used as diversions when teachers

themselves were not able to generate representations.

Enowledze of the textbook has been recognized as playving an important role in teaching by re-
searchers like Shulman {1986) who proposed that curnicular knowledge helps teachers to con-
nect different topics laterally that are covered in the same grade as well as vertically by building

upon students” previous knowledge and recognizing important mathematical ideas useful for
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leaming mathematics n later grades. Comicular knowledge has also been considered as impor-
tant component of the mathematical knowledge nesded for teaching. However An, Kulm and
W (2004) argue that the knowledge of content, curriculum and teaching interact and become
transformed in the task of teaching to contrbute to pedagogical content knowledge to address
the goal of enhancing students” leaming. This process is also impacted by beliefs held by teach-
ers. Thus there 15 a need to study interactions betacen knowledge of textbooks and other behefs

and knowledge held by teachers.

Rowland, Huckstep and Thwaites {20057 identtfed four dimensions of teachers™ mathematos
subject knowledge from o grounded analysis of wideos of preservice teachers” enactment,
namely, Le., foundation, transformation, connection and contingency. This framework links
teacher knowledge to its enactment. This has implications for how knowledge developed in pro-
fessional development space gets used in teaching and the varous aspects of teaching in which
the knowledge gets reflected. Fowland et al. (2003) contend that “Foundabion™ refers to the
proposittonal knowledge of mathematics along with knowledge of “why™ math ematics works n
specific contexts and appropriate use of vocabulary, It also includes behefs about mathematics,
purpose of math education and about appropriate condibons for learning mathematics. The
transformation component refers to how a teacher transforms the content knowledge in peda-
gogically useful ways including the choice and use of examples for teaching, Connection refers
to the coherence in mathematics teaching by illustrating connections across mathematics and ex-
hibited in the planning of the sequence of instruchon and tasks in teaching. The teacher™s deci-
sion making and response to unexpected events in the classroom like deviating from the plan to

address students” ideas or misconceptions,

The frameworks described above for teachers” knowledze of teaching mathematics discuss the
different types of knowledge that a teacher needs to have to teach mathematics and how this
knowledge 15 used and reflected in the teaching of mathematics, However, one needs a frame-
work which provides a coherent idea of how knowledge held by teachers plays a role in what
tasks and representations get selected for teaching in the classroom and how the teacher man-
ages the classroom interaction to develop understanding of a particular concept. The framework
of meaning of integers proposed in Chapter 7 connects the underlving meanings of integers and

operation with the procedures performed using contexts, models and symbolic repres entations.

1.4.1.2 Assessing teacher’s knowledge
Researchers have tried to assess teachers™ knowledge for teaching using paper and pencil tests,

observational methods, interviews, tasks, card sorts and response to video chps. Leinhardt and
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Smith { 1985 classified teachers” knowledge based on in-class discussions (use of mathemabcs
and their errors) by giving extensive descriptions of the lesson taught. Borko, Eisenhart, Brown,
Underhill, Jones and Agard, { 1992 also used observation of explanations in the classroom along
with teachers” responses (in an interview) to open ended tasks to talk about the content knowl-
edge used in teaching. These studies indicated a move away from considering just subject matter

knowledge of mathematics to analyzing the mathematical knowledge demands in teaching.

Recently more standardized instruments have been developed for judging the quahty of mathe-
matics i instruction aside from pedagogical aspects. These include the Reformed teaching ob-
servation protocol (Pilburn, Sawada, Falconer, Turley, Benford & Bloom, 2000) and the Leam-
ing mathematics for teaching: Quality of mathematics in Instruction (Hill, Blunk, Charalam-
bous, Lewis, Phelps, Sleep & Ball, 2008). However, using these instruments requires the knowl-
edge of specific mathematical topic and consistent interpretation based on protocol through
training. Also a substantial number and variety of lessons necd to be observed before making a
generalization about teachers” mathematical knowledge for teaching (Rowan, Harmson &
Hayes, 20045, As an alternative to tedious observabions, tasks have been developed to assess
knowledge of mathematics for teaching based on specific content areas (Borko et al., 1992; ka,
1999; Tirosh & Gracber, 1990). Researchers have used knowledge denved from studies of chil-
dren and based on situations that might arise in teaching like addressing misconceptions or giv-

ing conceptual just fication.

Barwell (2013) has proposed an alternative way to talk about teachers” knowledge by using dis-
cursive psychology to analvre classroom interaction. He states that the framework of Ball et al.
(2008} assumes a “representational model of knowledge™ (p. 603) and involves making assump-
tions about teachers™ and students”™ knowledge as representations which are not accessible but
are inferred through peoples” action. He offers that focusing on discourse n classrooms and try-
ing to understand how teachers and student “construct each other as knowledgable™ 15 more con-
sistent with sociocultural framework of assuming knowledge as situated and distributed and can
contribute to Ane grain analysis of teaching and leaming n classrooms. 1 agree with this pro-
posal that analysis of classroom discourse as well as discourse in the professional development
space can reveal much about the knowledge that teachers hold and about how they use it in dif-

ferent contexts,
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2.5 Research studies on inservice teacher professional
development

Professional development interventions have been claimed to be effective on the basis of their

success i bringing about change in teachers” charactenistics like practices, knowledge, beliefs,

and identity. Further, curricular reform and student leaming have also been claimed as results of

effective professional development. These aspects define what changes as a result of profes-

sicnal development and thus get treated as a measure of the professional growth of teacher.

2.5.1 Change in beliefs through professional development

Beliefs have been considerad as the clearest measure of teachers” professional growth (Kagan,
19921, How professional development influences the relabonship between behef and prachce
has been studied by many and change in behiefs has been recognized as a complex, difficult and
long term process (Clarke, 1994 Swan, 2006, Many studies have a linear view of change in be-
licfs as a result of engagement in professional development and look for evidences of change in
practice a5 an indication of change in beliefs. However, some studies have claimed that changes
in beliefs may not be reflected in practice (Fernandes & Vale, 1994, as cited in Forgasz & Leder,
20081, Guskey (19863 on the other hand posited that belief change occurs as a result of getting
evidences of students leaming after exploning changed practices in teaching. His model of

change though hnear, was driven by instructional change followed by change in behefs.

Leder, Pehkonnen and Tomer (20027 noted that although research on role of behefs in teacher
change has been piling up, no consistent pattern has yvet merged to inform the process of teacher
change. How certain behefs are activated durnng teaching might depend on long and short term
goals (Schoenfeld, 2003, the context of the teaching situation, unexpected occumences during

teaching and the knowledge held by teacher to deal with the situations arising during teaching,

Several researchers have discussed the process of change of beliefs borrowing from the concep-
tual change hterature which uses the dea of assimilation and accommodation for describing
change in behef structure (Plaget & Cook, 1932, Posner, Strike, Hewson and Gertzog ( 1982)
argued that for teachers to change their behefs, they need to be dissabisfied with their held be-
licfs while the new beliefs seem intelligible and plausible. It 15 possible that teachers might add
unconnected beliefs to their behef structure rather than making a revision in the way beliefs are
held by them leading to inconsistent beliefs being held by same individual. 1t has been argued
that change n beliefs 15 a process which involves a “gestalt shift” rather than being a resule of ar-

gument and reason. Chapman (2002 proposed that change 1 teachers” beliefs could ocour as a
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result of deconstructing the belief structure including the prmary or central behefs or develop-
ing additional beliefs compatible with a reform pemspective. However, teachers may not be will-
ing to bring change easily in central beliefs as thev are part of teachers™ identity. Ambrose
(20047 found that as a result of working closely with students pre-service teachers™ new beliefs
were added to belief structure rather than replacing previously held beliefs. This has implica-
tions for even in-service teachers since 1t indicates that experimentation focusing on student
thinking and reflections are important factors contribubing to teachers” growth n terms of beliefs

and practice.

Franke, Fennema and Carpenter (1997) found no consistent relationship between change in be-
liefs of participating teachers with their change in practice. In consonance, Knapp and Peterson
(19935) found that change in beliefs and practice is interactive rather than one following other.
Others have found that beliefs have an “embedded” nature and teachers “reconstruct” their beliefs
when engaged in mnovative practice (Hovles, 19925 This suggests that a two way relation ex-
ists betwoen beliefs and practice and imphies that a teacher development program engaging
teachers in new kinds of practice and experience might help them develop behefs conducive to
it.

In reviewing the research on teacher change and development, Wilson and Cooney (2002) 1den-
tified that most studies have taken individual teachers as the units of analvsis and studies are
needed where a group of teachers are taken as a unit of analysis while undergoing professional
development. Most studies about change in teachers” beliefs have been reported as case studies
and some have wdentified teachers” personality charactenistics also as a determining factor for
whether o change in beliefs structure occurs as a mesult of professional development or not.
Cooney et al., (1993) found that the teacher Greg having o more reflective stance towards his
teaching was more open to problematizing teaching, exchanging views and reflecting on beliefs
held by others and showed change in beliefs over the course of the study., On the other hand,
Henry, who had a more authoritarian view, was frustrated when challenged, did not engage with
other views and showed little change. The authors conclude that rather than what beliefs teach-
ers hold, the way teachers hold belhiefs has an impact on professional growth, The way a teacher
holds & behef refers to which beliefs are held as central or penpheral, 1solated or connected,
consistent or inconsistent, stable or dynamic and other characteristics of beliefs discussed above.
Thev identified teachers” notion of caring for students and belief about teaching as telling as the
main obstacles in changing beliefs and practice as they contribute to teachers” sense of effective-

NCHS.
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2.5.2 Teachers® growth as change in practices in classroom

Research on teaching practice has been carried out with the intent of understanding the com-
plexity of teaching and to determine the impact of professional development on teaching prac-
tice. Researchers have recogmzed various dimensions across which change in teachers” prachoe
could be charactenized while some have tred to develop frameworks to analyze practice and
identify the practices which are preferred amongst teachers. Some have focused on the kind of
mathematics that gets discussed in the classroom Like procedures or concepts while others have
focused more on pedagogy. Analvsis of teachers” practice have led to conjectures about their be-
liefs and onentation that teachers hold. In this thesis, eachers” growth through changes i prac-
tice 15 explored i Chapter & and Chapter 7. In the next subsection, research literature has been
reviewsd regarding the frameworks that have been used to analvze teaching and knowledge held

by teachers.

1.5.1.1 Analyzing classroom interaction and practices

Students” learming of mathematics in the classroom 15 shaped by the opportunitics provided
through classroom interaction, The most common pattem of interaction discovered in the class-
room has been the IRE pattern in which the teacher dominates the interaction by inibiating a
question, followed by response from students and evaluation by the teacher (Porter, 1989;
Stigler & Hicbert, 1999; Cazden, 2001; Mehan, 1985; Hicbert, & Growws, 20075, Silver, Smith
and Melson (1995) found this type of interaction was more common in schools with & majority
of students from economically disadvantaged backgrounds. Practices that are very different
from the IRE type of interaction have been identified and studied. For e.g., Kazemi and Stipek
(20017 iwdentified the norms estabhished through the pattems of interacton that helped focus on
conceptual understanding. These included explanations backed by mathematical reasons, safe
space to make mistakes and learn from them, identifving mathematics embedded in strategies,

and arriving at consensus through mathematical argumentation.

Researchers have probed deeper into interactions in classrooms by focusing on the teacher’s
questioning practices. Wood (1998) found that teachers tend to uvse fimmeling tvpe questions
wherein they do most of the thinking for the students. Other studies have tried making a distine-
ticn between the lower order questions asked by teachers like factual questions (Brualdi, 1998;
Cotton 1989; Vace, 1993; Myhil & Dunkin, 2002) and higher order questions that engage stu-
dents in analysis, svnthesis and evaluation (Cotton, 1989, Kawanaka & Stigler, 1999 Mew-
mann, 1988}, Sahin and Kulm (2008) studied questioning practices of two middle school teach-

ers (a novice and an experienced teacher) categonizing the questions into factual, probing and
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euiding questions. Thew found that teachers vsed more factual questions n the classroom than
any other category. Although relatively few higher order questions were asked by both teachers,

they recognized that asking “why” questions helps in assessing students” understanding,

Others have also studied teachers” evaluation practices and how teachers respond to students.
Sherin (2002) dentified the filtering approack which was based not on questioning but on how
the teacher reacted to the students” responses to the question by selecting (filtering) from the ap-
proaches shared in the classroom, the ones which should be pursued for mathematical discuos-
sion. heClain and Cobb (2001) discussed how the teacher™s responses to students” strategies
help in establishing the nomms about which representations are elegant or efficient, since stu-
dents had to make judgments about it. Empson and Jacobs {2008) use the notion of directive lis-
tening, observational listening and responsive listening to differentiate the teachers” efforts to
listen and respond effectively to student responses. To develop responsive listening teachers
were engaged during professional development 1 discussion of children™s wntten work and an-
alvzes of videos along with interaction with children and reflecting on it There are studies
which have analvzed change in teachers™ response over a period. Crespo (2000) found that the
practice of prospective teachers changed along two dimensions, Le., from the focus on correct-
ness of answers to "meaning making” and secondly moving from focus on quick and conclusive

answers to thoughtful and tentative ones.

MMany studies have looked at what mathematics 15 focused in the interaction between teachers
and students and have distinguished Ffocus on facts and procedures from to conceptual ap-
proaches to doing mathematics. Thompson, Philipp, Thompson and Bovd (1994 distinguished
teachers having a ealewationa! orfentation from those having a concepnal orientation by look-
ing at their focus on procedures or conceptual connections in classroom talk, Schifter (1995)
identified broad stages that depicted teachers” understanding of “doing mathematics™ and the
role of authonty in determining correct answers. She proposed that in the first stage, mathemat-
ics i5 thought of as “ad hoc accumulation of Facts, definitions and computational routines™ (p.
181, The second and third stages are charactenzed by student-centered activity 1 classroom
with the difference of focusing on “ssues of mathematical structure and vabdite™ 0 the third
stage. In the fourth stage, practice 15 marked by “systematic mathematical inquiry™ around the

big ideas of mathematics (p. 18],

The mathematical explanations given by the teachers and students have also been the focus of
study. Explanation has been described as “the discourse of an individual intending to establish

for somebody else the validity of the mathematical statement™ (Balacheff, 1988). Some re-
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searchers like van Fragssen { 1980) opined that it must answer a “why™ question while Achinstein
(1983) contended that explanation may be a response to any type of question secking under-
standing. Toulmin {1969) identified the wamrants and backing as essential features of a legiti-
mate explanation. Ball et al. { 2008) considered giving and evaluating mathematical explanations
as part of specialized content knowledge. A study by Ma (1999) distinguished between proce-
dural and conceptual explanations given by teachers and discussed the connection between the
two. She found that experiencad teachers in China could give conceptual explanations as a re-
sult of extensive opportunities for professional development in 8 community of teachers wherzin
they analyze the curriculum materials deeply. Among the conceptually based explanations some
stuchics have distinguished between mathematically based explanations which draw from ideas
of mathematics and vse of symbols and patterns in contrast to practically based explanations
which are based on expernienced phenomena. Levenson, Tsamir and Tirosh (20105 found that
teachers penerated more mathematically based explanations i the workshop setting but ended
up using more practically based explanations in the classroom since they Ffelt it would be more

convincing For students.

Other studies have focused on how teachers developed understanding of how students can give
conceptual based explanations. Bowers and Doerr (2001) discussed how prospective teachers
moved from the understanding of conceptual explanations as useful for giving clear explana-
tions to students to the idea that students themselves can armve at these conceptual explanations
through engagement in context based tasks due to affordances that are inbuile in the contexts.
The realization that students are capable of solving mathematical problems without explict di-
rect instruction n procedurss has been considersd an important moment in teachers” profes-
sional development (Fennema et al. 199%; Mational research council, 2001; Tirosh & Gracher
2003). Goldsmith and Schifter (1997) descnbed change in teachers” practices as organized
around transfer of facts and procedures to focusing on building on students” understanding to fi-
nally using knowledge of what students can do to plan ther teaching. They concluded that de-
velopment of pedagogical content knowledge 15 not as orderly as depicted in most research and
indicated the nesd for better understanding of issues faced by teachers when acting on new be-

licfs and undemstanding gained in professional development.

Another dimension of teacher™s growth with respect to explanations is the realization that inter-
pretations of students can vary from what was intended and depend on their poor expeniences.
Trzur, Simon, Heinz and Kinzel (20013 illustrated teachers” growth by movement from a pereep-

tiom based perspective fo conception based perspective, which involves moving from consider-

a7



Chapter 2

ing that everybody sees the same mathematics in o representation to recogmizing that mathemat-
ies 15 4 product of human activity and possibilites of variations in the interpretations of repre-

sentations.

The studies discussed in this section analvze explanations given by the teachers and focus their
attention of kinds of knowledge that teachers may have. Researchers have made inferences
about beliefs held by teachers about mathematics and its teaching based on the analysis of class-
room interaction or report of classroom practices and expheit acknowledgements of beliefs.
Askew, Brown, Rhodes, Willlam and Johnson { 1997) proposed three tvpes of behef onentations
that are relevant to practice, viz., connectionist, transmissionist and discovery, While the trans-
missionist orientation 15 based on beliefs about mathematics as procedures and teaching through
telling, connectionist orientation 15 based on behef about mathematics as a discipline which 15
interconnected and gives importance to students” strategies while teaching mathematics. The
discovery onentation involves believing that mathematics 15 discoverable by students and allow-
ing opportunities to do that, Askew et al. (1997 posit that no teacher mav exactly fit into one
orientation and may combine characteristics of bwo or more orientations, 1 feel that the practices
in Indian classrooms and behefs held by teachers could be charactenzed along the continuum of
transmission orented and student-centered teaching or teaching responsive to students since
connectionist and discovery ideas may not be wadely prevalent among teachers. Rather than
considering transmission oriented and student-centered practice as binary opposites, they may

be construed as opposite ends of continuum.,

2.5.3 Study of interaction between different factors that govern
professional development

Schoenfeld (2010) posited that teachers” behavior in teaching 15 a function of their knowledge
and resources, goals, beliefs and onentations, While these factors have been found important in
the research literature, there are a few studies which analyze the interactions between these fac-
tors governing practice. Schoenfeld (20113 descnbes how these different factors interact during
in-the-moment decision making by teachers. Goals at multiple levels that teachers seb out to
achieve drives them towards selecting some resources. “Orientation™ 15 8 more general term
than behefs, which refers to the way an individual perceives and acts in a social situation de-
pending on what aspects of situation are salient and the number of beliefs held which are con-

nected o each other.,

There are certain other broad frameworks that integrate perspectives of mathematics, student

thinking a5 well as pedagogy to identify what aspects of teaching support or constrain the devel -
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opment of students” understanding. Fennema et al. {19987 used a framework that depicts how
behefs, knowledge and practice interact with each other. They have described the levels at
which teachers progressed in their practice through Focusing on students” thinking during pro-
fessional development using a research based model of children’s thinking. Instruction at Level
1 focused on procedures and was textbook directed while at Level 2 teaching still had fixed rou-
tines although enriched by tasks discussed in the teacher workshops, Level 3 was characterized
by teachers giving opportumibes to children to report their solubion of non textbook based prob-
lems. Level 4 indicated substantial change in teachers” beliefs as teachers based their decisions

on students” capabilities and solution strategies.

The realization that teaching 15 a complex activity has led to the development and use of nte-
grated frameworks that Focus on the aspect of content, pedagogy as well as student thinking,.
Based on the notion of mathematical knowledge For teaching Deborah Ball and her colleagues
have proposed a framework for analvzing classroom instruction and establishing relabion with
mathematical knowledge for teaching (Hill, Blunk, Charalambous, Lewis, Phelps, Sleep & Ball,
2008) called the "Mathematical quality of Instruction’. The themes in the framework are based
on prior research on classroom instruction, some of which reported deficits while others re-
ported affordances of mathematical knowledge held by teachers to develop understanding of
mathematics. Thus it represents both the problematic aspects of mathematics teaching like er-
rors, responding inappropeiately to students and lack of connection of classroom work to mathe-
matics as well as affordances available hke richness of mathematics, mathematical language and
appropriate response o students, By relabing teachers” performance on paper and pencil tests for
mathematical knowledge for teaching and analyzing videotaped lessons of teachers, they have
tricd to establish that there 15 a strong relation between mathematical knowledge For teaching
possessed by teachers and the quality of mathematics instruction. Teachers having high MET
exhibited many examples of rich mathematics and skill in responding to students while ensuring
equitable opportumibes to leam over classroom observations spread throughout the vear on dif-
ferent topics. On the other hand teachers with lower knowledge scores exhibited more vanabal-
ity across lessons and good lessons were generally supported by textbook or professional devel-

opment.

Another framework, which analyzes how knowledge of mathematics impacts classroom teach-
ing has been developed by Adler and Fonda (2015) called “Mathematical discourse in instruc-
tion™. The authors use a sociocultural framework to analyae the object of leaming in lesson

episodes by analvzing the kind of exemphfication used, explanatory talk of teachers and learner
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participation. Exemplification involves both examples as well as tasks which the teacher uses n
the classroom. Similar examples may help in generalizations while a variety of examples may
help in identifying different classes and more powerful generalizations, Tasks can be framed
having low mathematical demand by using known procedures or higher demand through appli-
cation of a concept, establishing connections and problem solving, During the explanatory talk,
the teacher mav use critena which are non-mathematical in nature or rely on authonty, Altema-
tively she may rely on generalizing and proof as mathematical criteria to estabhish an assertion.
In giving explanations, the teacher mav rely on colloquial names or may use mathematically
precise and formal tenms. Leamer participation captures students” responses to the tasks as well
as other instances where learners are invited by the teacher to contribute to classroom discus-
sion. Researchers were able to use these analytical ideas to describe the different mediational
means for mathematical learning that were at work in a teachers™ classroom through her use of

examples and the explanatory talk,

Bray (2011) depicts interactions between behefs, knowledge and practice while considering be-
liefs and knowledge as “evolving cognitive constructs that are constantly reinforced or revised
by the influence of experiences™ (p. 43 She studied teachers” error handling practices during
class discussion and found that practice vaned across three dimensions where the focus of the
teacher can be on flawed solutions o development of conceptual understanding or encouraging
the class a5 a community to engage with emror. She found that some dimensions of practice are
mediated by beliefs held by teachers (e.g., sharing wrong solutions might confuse or embarmrass
students versus mistakes are resources for student learning). Other dimensions hke discussing
concepts to address errors might depend on teachers™ knowledge of the key mathematical idea
underlving the error which help teachers in developing lesson images and premeditated scripts
with conceptual questions and explanations for addressing anticipated emors. She recognized
that teachers need “time, intellectual space and human support”™ (p. 35) to reflect on their beliefs

and practice, deepening their knowledge and fechng the need to adopt reform based teaching.

Besides interacton between behefs, knowledge and practice, interaction between beliefs and
knowledge has been studied relabively to a lesser extent. Ernest (1989 reported how two teach-
ers who have similar knowledge may stll teach differently because of variation in beliefs.
Enowledge held may not be necessarily used by the teachers { Brown & Cooney, 1982) or mav
lead to teachers being *blind” in noticing the difficultics faced by students, Ma (1999 found that
even teachers who hold student-centered beliefs about teaching mathematics, may not be able to

give explanations that are conceptual mn nature in order o develop students” understanding. Thus
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knowledge of concepts underlving procedures and their interconnections 15 important in bring-

ing about any substantive change in pedagogy.

2.54 Frameworks and principles of design of professional
development for teachers

There exists extensive research about different aspects of professional development which have
been reviewed by experts in the feld to identify the key factors that contribute to effective pro-
fessional development. Guskey (1995, p. 1171 wdentified that the “enormous vanability of the ed-
ucational contexts”™ makes it imperative to identify the unique features of the setting and the as-
sortment of elements of professional development which makes it work, Several resecarchers
have tried to identify “principles of design® and frameworks essential to make professional de-
velopment initiative successful either through review of literature or through reflecting on their

own C‘IFICI."il:I'IL!G.

In a review of literature on teacher education, Loucks-Horsley and Matsumoto (1999 have
identified four categories for articulatng the principles of design, such as content, process,

strategies and structures, and context.

1. The principle related to content define what gets focused in the professional develop-
ment initiative which Loucks-Horsley et al. {1999) have identified as “subject matter,

leamers and leaming and teaching methods™ (p. 262).

[

The process prnciple relates to how tasks are enacted and the processes in which the

teachers are engaged. They have identified four processes that contribute to learning i.e.

1. Learner-centered: by building on what learners know,

2. Assessment-centered: by providing opportunmity for feedback and revision to teach-
ers, and

3. Communitv-centerad: by giving teachers™ ime to work together and develop a com-
munity.

4. Enowledge-centered: by getting opportunities to develop knowledge of planning
and strategies for teaching,

3. Thev have identified five different types of strategies which are used to design profes-

sicnal development.

1. The first catcgory of strategies 15 “immersion™ which involves engaging in doing
mathematics through problem solving, nvestigations, ote,

2. The Second strategy 15 to use curriculum materials to develop teachers practice to
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implement the materials.
3. The third 15 examining practice through records or atifacts of practice.
4. The fourth 15 the collaborative strategies like mentorning, working together, ete.
5. Lastly, vehicles and mechanisms like workshops, topic study groups are used to en-
gage teachers.
4. Context for professional development refers to the extent of support and nurturing that
i5 prowided to the teacher to try out ideas learnt through in-service professional develop-
ment in the classroom. This organizational context ranges from schools to school svs-

tem bo state systems to national systems.

Tirosh and Graeber (2003} identified content and process as the two main aspects of effective
professional development which are interactively connected. On the contrary, Some researchers
have argued that a strong focus on process 15 needed in in-service professional development.
However, others have reported that when professional development activities are focused on
how and what 15 to be done in the classroom without discussion about why it should be done or
taking teachers” ideas into consideration, the superficial features of instruction may change, but
the fundamental character of teaching and learning 15 unhikely to be altered {Baker & Smith,
1999). However, an earlier meta analysis of research showed that programs that were too theo-
retical and lacked modeling of techniques were least effective in motivating teachers to use
them, while including the conceptual aspect greatly improved impact as compared to mere
demonstration of techmiques {Showers, 19873 This indicates a need for balance betacen philo-

sophical and practical considerations.

The multiple wavs that professional development efforts influence classroom practce indicate
the need for frameworks that acknowledge the complexity of the process. In many studies pro-
fessional development is characterized as the “change™ (Clarke & Hollingsworth, 20020 that 15
exhibited by the teacher in the contexts of the beliefs or knowledge held and practices executed
in the classroom. Clarke et. al. (2002) proposed an empincally grounded framework For teacher
“change” which 15 non-hinear and descnbes change as a process of reflection and enactment in
“the personal domain (teacher knowledge, behiefs and attitudes), the domain of practice (profes-
sional experimentation), the domain of consequence (salient outcomes), and the external domain
(sources of information, stimulus or support)™ (p. 950). While this framework explains the
process of change that the individual teacher undergoss, one nesds to also consider that the
teacher 15 situated in 8 social context. Professional development occurs through the process of

peer nteraction in a professional development context within schools and outside school set-
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Some of the pronciples found common across vanous studies and reviews of research on teacher

professional development are hsted below:

1.

]

The design should be based on sound theoretical ideas related to learning of stu-

dents as well as of adults (Knapp, 2003; Mewborn, 2003,

The focus of the imbiative should be on critical activities related to teaching { Borasi
& Fonzi, 2002) and providing a diverse set of expenences to teachers. Opportuni-
ties provided for learning collaboratively, both during teaching and through reflec-
ticn on teaching have to be considered (Cladce, 1994; Guskew, 1995; Hawley &
Walli, 1999; Elmore, 2002).

A concrete image of quahty and altemative pracoces for teaching should be pro-
vided through modeling or videos to challenge teachers and engage in reflection

(Knapp, 2003; Corcoran 1995, Borko & Putnam, 1995).

Many researchers have recommended a strong focus on development of content
knowledge along with knowledge of students, culture and of teaching and leaming

(Ball & Cohen 1999, Wilson & Berne, 1999, Borko & Putmam, 1993

Teachers have been viewed as both objects and agents of change (Sowder, 2007},
Researchers have recognized over time that teachers should play an mmportant role
in deciding the fool of the mtative. Recogmition of their needs and respecting them
as professionals by considering them as partners helps develop ownership of the ini-
tative by teachers. Hargreaves ( 1995) observed that teachers may not take up ideas
from professional development efforts if they are imposed or if teachers are not in-
volved in the developmental cvele or when other teachers in the school are not part

of the imitiative.

Continuous on-going engagement is needed based on understanding that change 15 a
gradual and difficult process which requires on-site follow up and support and un-
derstanding of the unique contexts and cultures in which teachers work (Clarke,

1994:; Guskev 1995,

The role and paticipation of other school staff and leaders has been considered 1m-
portant {Fullan, 1987; Clarke, 1994; Elmore, 2002) to develop a “culture of sup-
port” (Villegas-Reimers, 20033, which can contrbute towards integration of the

program with the school life (Guskey, 1995; Garet, Porter, Desimone, Birman &
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100,

Yoon, 20010,

The context also plays an important ole in determining the success of a profes-
sional development imibiative, which includes historical, social, economic and cul-
tural contexts which 15 especially true for thied world countries (Supovite and
Tumer, 2000; Johnson, Monk & Hodges, 20000, Provision of ome for teachers to
engage in professional development activities on a regular basis 15 a challenge for
implementation as time for planning and knowledge development i1s not recognized
and valued n many countries, China, Gemmany and Japan being among the excep-

ELcirs,

Most studies on teacher professional development have elaborated on the connec-
tion between teacher learning and student learning. However, due to reform efforts
often not being in ling with the svstemic change, it was difficult to show student
leaming as an outcome ( Darling-Hammond & Sykes, 1999). Darling-Hammond and
Svkes (1999 recommended that changes in instructional materials, tests, curricu-
lum framework should match the efforts done in teacher professional development,
while teachers should get opportunity to focus on student learning using the curricu-

lum materals.

Materials for teachers, description of Facilitabor roles and teacher outcome measures
(Cohen, Raudenbush & Ball, 2003; Borko, 2004) nead to be well defined for imple-
mentation. Research 15 nesded For understanding professional development of
teacher educators. However, aspects like pedagogy for students and teachers,
knowledge of content, knowledge of classroom as well as schools, insttutions and

also national education svstem 15 necessary.

While the above framewors given by Loucks-Horslew et al. { 1999) and other principles provide

the broad categories to describe professional development, [ believe that one nesds to have a

specific framework based on the underpinning philosophical or mathematical ideas inherent in

the design as well as enactment of the professional development activity, The frameworks used

in the design of workshop and the engagement in the activities in topic study group have been

described in Sub-study 2, 3 and 4 in Chapter 5, 6 and 7 respecovely. The framework in Chapter

5 focuses on the process aspects by illustrating the philosophical and pedagogical 1dess used in

design and enactment of tasks during the professional development workshop, 1 argue that

mathematical content focused in the professional development initiatives nesd to be unpacked

and 1deas that exist in research hiterature need to be integrated in the design of PD activities. In
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Sub-study 3, the sub-construct theory of fractions has been apphed to analvee teaching and
change in teaching over the two vears. In Sub-study 4, a framework was developed for special-
ized content knowledge for teaching integers through a review of literature around meanings of
integers and integer operations used in vanous contexts and models, These topic specific frame-
works Facilitated connecting teacher learning of mathematical ideas to how they were used in
class by the teacher as well as students. These process and content frameworks focus on differ-
ent aspects of professional development imibatives and thus they are considered as complemen-
tary rather than any of them having giving primacy over the others. Integration of topic specific
frameworks of teacher knowledge with the professional development design 1s rarely found in
the literature. One such example 15 the CGI study in which researchers have used a research
based framework to categorize the type of problems for different operations and the strategies

used by students to solve these problems { Carpenter et al., 1999).

2.6 Research studies on key features contributing to effective
professional development

Teachers™ change i behef as a result of professional development efforts 15 a well researched
topic. Researchers have tried to identify different aspects of professional development that con-
tributed to change in beliefs towards educational reform onented teaching, These aspects in-
clude engagement in continuous professional  development, socializabion and  expenience
(Richardson, 1998), opportunities to consider and challenge held beliefs (Wood & Sellers, 1997:
Borko, Mayfield, Manon, Flexer & Combo, 1997), reflection {Clarke, 1997; Raymond, 1997;
Senger, 1998; Artet & Armour-Thomas, 1999, collegial discussion, providing images of alter-
native teaching practices, using student work to understand student thinking ( Sowder, 1998), ac-
tion research collaboration with peers or experts like teacher educators or researchers { Edwards

& Hensein, 1999 and engagement in a community { Ambrose, 2004),

Factors that have constrained teachers’ change of practice include beliefs about student ability
for engaging in mathematics and especially for students from low socio economic background
{ Srtagn 2003, Arbaugh, Lanmin, Jones & Park-Rogers, 2006, school micro-culture, lack of sup-
port 0 classroom, practical constraints i translabon of behefs into prachce {Quinn & Wilson,
1997), limited content knowledge of mathematics (Halai, 1998, Ravmond, 1997; Steele, 2001;
Britt, Irwin & Ritchie, 20017 or even lack of confidence in teaching (Beswick, Watson &
Brown, 2006), Grant, Hicbert and Wearne ( 1998) tried showing teachers altemative instruction
based on student’s thinking and evaluated how those teachers implemented the Features of the

altemative instruction in their own teaching, They found that teachers interpreted the d emonstra-
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tion n accordance with their held behefs failing to understand the intended purpose of using
manipulative and tasks to provide students with opportunities to share their strategies. Instead
they implemented lesson plans without substantial change in their teaching goals of developing
skills of students For learning procedures and the role of teacher being to present solutions or ex-

plain mules.

Analysis and evaluation of studies on teacher professional development has revealed several
factors or elements that contribute towards reshaping teachers” practice through professional de-
velopment. In the following hst, several themes have been identified relevant to this studw
which have been used for designing opportunities and tasks for professional developmentarhich

are discussed in the subsections beloar,

1.  Engaging with mathematics content

2. Using artifacts from practice for teacher learning

3. Learning from designing instruction: Lesson Study

4. Ruole of reflechion in teacher leaming

5. Participation in communities and collaboration with others
6. Role of the teacher educator/facilitatorresearcher

2.6.1 Engaging with mathematics

Content knowledge of the subject 15 an important aspect of professional development of mathe-
matics teachers that needs to be focused. In India and elsewhere, knowledge of mathematics 15
generally assumed durnng preservice teacher education. Thus teachers replicate the same ap-
proach to mathematics that they had experienced during their schooling in their classrooms.
They would typically not have had an opportunity to develop understanding about processes of
mathematics like making representations, problem posing, problem solving and reasoning. In-
service teacher professional development interventions have therefore used varous wavs to en-
gage teachers 1n “doing mathematics™ through problem solving or solving non-standard or real
world problems, engaging in mathematical processes for mathematical abstraction and general-
ization. Thus teachers take up the role of leamers, which they are expected to subsequently re-
enact with students. The knowledge of mathematics focused in most professional development
is deeper learning of school mathematics in integration with pedagogy or knowledge of students
{understanding misconceptions, errors and invented methodsd with an assumption that 1t wall

lead to change in practice {Mational research council, 2001; Swafford, Jones & Thornton, 1997).

A review of literature indicates that such activities are taken up during workshops or summer n-
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stitutes in which teachers are expected to take up the role of a learner. Amit and Hillman { 1999),
in a workshop as part of 4 three week summer institute, engaged teachers in performance based
assessment through tasks based on real world contexts which were open ended and had multiple
solutions. Some studies have focused on teachers” knowledge of processes of mathematics in
professional development context through problem solving (Ball, 19904; Schiftor & Simon,
1992; Borasi, Fonzl, Smith & Rose 1999 followed by adopong the role of a teacher. These
stuches have reported how teachers developed knowledge of alternative ways of doing mathe-
matics. Teachers reported that these experiences motivated them to to rethink their pedagogical
beliefs and practice in not only the instructional unit that was the focus of professional develop-
ment but for other topics of mathematics also. However, studies have also reported how it 15
challenging to bring these ideas into practice as teachers face number of dilemmas and conflicts

while implementing them in the classroom { Brown, Carter & Richards, 1999),

Sowder Philipp, Armstrong, & Schappellz (1993) engaged in-service middle grade teachers in
conceptual discussions on a specific topic (topic study groups) by having regular meetings over
the course of two vears, The study showed how conversations changed during the initial and
later vears along with change in understanding of the content and teachers” comfort level with
the content. The changes during meetings were reflected in changes in classroom discourse,
teachers” beliefs about student capabilities and the curniculum and increased students” leaming,

They argued for extended support to teachers to bring about “meaningful” change in teaching,

Weinzweig (1999 described the use of “problem situations” to engage teachers in experencing
wiys of thinking and doing mathematics in which there can be multiple pathways and solutions
and problem solving becomes an important component of teaching, The workshops were held
over the period of a vear with time in betarcen workshops for teachers to try out 1deas, The 1im-
pact was visible in the form of demands by participating elementary teachers for more such

mathematics focused courses and participation in education research and communities,

Irwin and Britt {1999, who engaged with teachers through regular workshops over tao years,
found that teachers who had deeper and more integrated knowledge of mathematics, had a view
of mathematics as “falhble” and a “product of human inventon” and were more hkely to use a
problem solving approach in the classroom. They found that & teacher who was confident and
had in-depth conceptual and relational knowledge was able to lead the class to construct prob-
lems on their own and was able to relate them for students. However, another teacher Emily,
who had anxicty i1ssues with mathematics was not able o overcome it to engage students in

mathematics embedded in tasks. The authors suggested providing space for such teachers to
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volce their anxiety and working with the curnculum problems starting from their own context

rather than using challenging investigations, which Emily was not confident of mathematically.

2.6.2 Using artifacts from practice for teacher learning

Practice based professional development approaches based on situative philosophy consider us-
ing artifacts from practice as a promising resource for engaging teachers in analysis and reflec-
tion on teaching, besides their being sources for teachers” learning of mathematics, pedagogy,
curriculum as well as student thinking. These artifacts can be in the form of cumiculum materi-
als, classroom situations i form of written cases or video records, student work, blackboard
work, tasks used for teaching and even teachers” reflection on teaching. They can be sourced
from traditional as well as non-traditional classrooms, since both can be used to engage teachers
in thinking about practices used Ffor teaching mathematics. Stein, Smith, Henningsen and Silver
(20000 classified the “cases’ wsed For professional development of teachers into “dilemma
driven” {which encapsulate dilemmas of teaching) or “paradigm’ cases which “embody certain
principles or ideas related to the teaching and learning of mathematics™ (p. 33). Similar catego-
rization can be done for the artifacts used as some 1llustrate the traditional approaches but can be
used to engage teachers in cntical analyvsis or see teaching from different perspectoves, for e.g.,
contrasting teacher perspective to that of the student. On the other hand, artifacts from teaching
can also be llustrative of exemplary work or reform oriented teaching, which can be used for
analysis of elements that contribute to teaching in this manner and the tvpe or evidences of stu-
dent learning as a result of such teaching, Efforts to bring about professional growth by bringing
about change in traditional mathematics teaching, requires the development of an altemative im-
age of teaching mathematics where the focus 15 on understanding rather than memorizing proce-
dures. Studies indicate that it is possible to raise teachers” awareness of altemative approaches to
teaching through using artifacts that have examples of modeling new approaches, but this may
not translate into actual change in teaching practice as teachers need to analyze and critically re-
flect on these artifacts with colleagues to understand embodied principles and may require extra
assistance from teacher educators, support from administrators and time to translate ideas into

pracice { Groldstein, Mnist & Rodwell, 1999; Markovits & Even, 1999).

In a 3 yvear longitudinal study, Sowder and Schapelle (1995 noted the importance of providing
support to teachers for implementing meaningful change in practice through conversations and
questioning in a professional development setting, Teachers and researchers met periodically
over 4 bao vear period and interacted in three hour long seminars focused on understanding the

concepts nvolved based on the content needs of the teachers. The impact was visible through
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change in teachers” conversations, understanding of content, student expectations, role of cur-
riculum and questioning pattem in the class room, which led to improved student learning out-
comes, These studies indicate that it 15 possible to inibate reflection among teachers and motiva-
tion for change in practice through engagement in understanding mathematics in the cumriculum
deeply, perhaps in the role of learners first and then by providing extended support to teachers in

their classroom explorations.

1.6.2.1 Using classroom situations for analysis and professional development

Some studies have also uvsed classroom sitwations as a tool to engage teachers in analyzing
teaching and think about similar situations that may arse in their teaching. This 15 done by using
written cases of classroom events or by using multimedia or videos to show these events in a
professional development setting to a group of teachers and then engaging them in critical anal -
wsis and reflection on these events. These types of resources are extensively used 1n prachce
based professional development since it help in presenting the complex knowledge of teaching
embedded in these situations to teachers to be analyzed and discover similanties and differences
with their own practices. Teachers can relate to video cases, which are believed to be excellent
tools to engage teachers in discussing mathematical as well as pedagogical 1deas, generalize
these ideas and develop a precise language to discuss practice while also providing a “safe

place™ (p.5) to analyse practice carefully {Mumme & Seago, 2002,

Studies have found that case-based resources helps teachers 10 engaging in critical analysis, de-
veloping awareness of student leaming and deep understanding of mathematics, reflection on
teaching, comparing their ieas with peers while attempting to justify their own ideas, develop-
ing pedagogical content knowledge and revising beliefs about teaching {Barnett 1998; Barnett
EFnedman, 1997) Bamett ( 1998) argues that 1t 15 the “collective inguiry and eritical reflection™
(p.92) that really helps teachers in amiving at in-depth understanding of teaching practice and
anticipates that a teacher engaged in such practice will subject her deas to critical examination
and will thereby muake better informed classroom decisions. Barnett and Friedman (1997) argue
that these cases allow teachers to look at classrooms from students” perspective and allow re-

flection on student thinking. Reflection on teaching practice in a group setting has also been en-

dorsed for bringing about change in teacher by others (Walen & Williams, 20000,

Biza, Mardi and Zachanades (2007) used hvpothetical classroom situations that are hkely to oc-
cur in practice, where teachers solved problems and analveed them to identify underlying learn-
ing objectives, examined possible student emrors and wrote feedback. It helped in identification

of mathematical, didactical and pedagogical 1ssues that increased teachers” awareness.
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Using students"work and thinking as a resource for professional development

Analyzing students” work has been identified as promising for developing teachers” knowledge
about students” thinking in general and in relation to specific content. Tt helps to highhght how
stucents think in qualitatively different ways from adults and also individual differences in inter-
preting contexts and sense making. Students can exhibit different levels of understanding as
they continuously try to make sense of their experiences within the classroom and outside
school. In the process they may develop understanding very different from what was intended
by the teacher. Awareness of children’s conceptions helps the teacher in addressing learning dif-
ficulties of students by being able to wdentify the conceptual gap, while also making them aware
of the potential that a student’s meaning or strategy has for encouraging discussion and learning

in the class.

Borko (2004) has pointed out that studies taking individual teachers as units of analysis show
how teacher leaming 15 a “slow and uncertain process™ as teachers find some practces casier to
adopt than others (p.&). She reports how teachers in the Cogmitively Guided Instruction {CG1)
program found eliciting student thinking easier compared to using students” thinking to make
decisions, The CGI program { Carpenter & Fennema, 1988) used students” work to show hoer
stucents can solve problems using different resources without being taught the procedure, They
found that as a result of being aware of different solution strategies that children adopt, teachers
encouraged problem solving and histened to them more while exhibiting changes in their behiefs
about children™s abilities and vsing knowledge developed in workshops., As an extension of the
Corl project, Franke and Karemi (2001) developed a community of practice of teachers in
school by providing on site continuous professional development. Teachers shared, explored and
discussed student work to develop their own mathematical thinking, which lzad to experimenta-
tion and change in classroom practice to support students” thinking, There is strong evidence
from the TGl study that when teachers are engaged in “sense making around children’s think-
ing” {p. 1030, 1t can motivate teachers to lsten more closely to their students and encourage them
to give explanations of their answers and probe their thinking (Franke & Eazemi, 20010, Franke
et al (2001) found that it was easier For teachers to elicit students” thinking than to respond to
students” thinking in appropriate ways to develop undemstanding, They explain that “as teachers
engage in listening to their students” thinking, they learn more about possible problems to pose,
strategies to expect, and relationships that exist between problems and strategies™. Another im-
portant gain in teacher’s learning was the role teachers adopted a5 “learners™ to analyze student
thinking and seeing classrooms as a site for learming about teaching such that their growth was

“generative” in nature by applving the leamt knowledge to newer areas. Classrooms became the
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site for teachers” leaming and workgroups, places for reflection on expenmentation.

Similarly, in Teaching to the Big Ideas project Schifter and colleagues (Schifter, Russel &
Bastable, 1999 used students” work and videos of interviews and classroom discourse to de-
velop practices to engage students in mathematical discourse. Teacher learnt to recognize math-

ematical 1deas embedded in students” worle.

Cohen (2004) while using students” work in the Developing Mathematical Ideas project noted
that rigor and supportiveness of the discussion in the professional community supported teacher
leaming in different topics. In the Integrabing Mathematics Assessment (IMA] project, Gearhart
and Saxe (20047 went a step further by recogmizing that ongoing assessment 15 cribical t©o sup-
port development of undemstanding. They involved teachers as both learners of mathematics and
researchers of children™s mathematics before they implemented the curriculum in their class-

roomm with integrated assessment.

2.6.3 Learning from designing instruction: Lesson study

Lesson study 15 an established cultural practice in Japan for teacher professional development.
The lesson study cvele includes stages of goal setting, curriculum analysis, lesson planning,
teaching the lesson and its observation followed by debriefing and reflection on the lesson. Les-
son study has been used in studies with various purposes momind and have vielded promising
results for bullding communities and producing knowledge and resources for teaching. Ball and
Cohen (1999) have suggested that producing knowledge for teaching through collective reflec-
tion 15 a more worthwhile goal than producing lessons that can be copied. This knowledge can
be produced in 4 community comprising both teachers and teacher educators as 1t allows making
shared knowledge among teachers explicit while “observations and replications across mulbple
trials can produce dependable knowledge™ (Hichert, Gallimore & Stigler, 2002). Lesson study
has been found to be promising for promobing shift in practices { Lewis & Tsuchida, 1998; hu-
rata and Takahashi, 2002), exploring effective teaching practoices (Chokshi & Fernander, 2004
Lewis, Perry & Hurd, 2004; Lewis, Perry & Murata, 20068), developing knowledge of mathe-
matical content and teaching (Fernandez, 2005; Femander, Cannon & Chokshi, 2003 ; Yoshida,

2008) and improvement in everyday practice over time (Murata, 2000, 2011).

Results from studies vsing lesson study have elaborated on how different phases contribute to-
wards teacher learning. Some studies indicate that the phase of collaborative discussion on top-
ics 15 as 1F not more important than the collective observation of lessons. Lesson plans can serve

as “concrete scaffolds for teachers to focus their attention and learn about specific content areas
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under discussion™ { Hart, Alston & Murata, 2001, p. 7). It has been found that col laboratively an-
ticipating and discussing student thinking while making lesson plans leads to teacher learning
and that lack of subject matter knowledge and reasoning skills constrain the opportunities for
leaming during lesson study (Femandez, 20035), Mever and Wilkerson (2011 elaborate on how
opportunities to develop teachers” knowledge anse through the discussion of concepts and in-
structional strategies prior to making a lesson plan rather than through the use of an existing les-
son plan and focusing on s implementation. Eley (2006 found that teachers discussing ther
reasoning behind planning use “contextually localized models™ of what students do instead of
ascribing to general conceptions of teaching focused in teacher education courses. This points to
the potential of using collaborative lesson planning as a tool for professional development as 1t
creates space for aticulation and negotiation of beliefs and building on teachers” situated knowl-

cdge of students.

Analysis of teachers” discourse within interventions has shed hight on both the individuals®
unique beliefs, knowledge and dispositions that they bring to the parbcipabion in the profes-
sional development context but also on how interactions with others shape individuals™ trajec-
tory of leaming within the group interactions while contrbuting to development of shared un-

derstanding and knowledge of the group as a whole

Scholars have found that several challenges exist in adopting lesson study inbo a new culture as
Tapanese lesson study 15 a part of a system where teachers take up control of their own profes-
sional development rather than an exercise planned by others for teachers. Sannino (2010) de-
scribes the case of a teacher whose discourse underwent a shift from showing resistance to ex-
temalizing the tensions and conflicts expenenced by her and facing them. On confronbing her
tensions she experimentsd in her assessment practice by “breaking out of the traditional mold of
individual evaluation™ (p.843) thereby exercising her agency by Anding her oan meaningful
way to address the 1ssue of assessment in her class, Murata, Bofferding, Pothen, Taylor and Wis-
chnia (2012} illustrated how connections were naturally made between craft knowledge
(Ruthven & Goodchild, 2008) and scholarly knowledge while participating in lesson study
while individual tescher tall paths varied within the group path. The craft knowledge was re-
lated to knowledge that teachers have sbout their practice while scholarly knowledge 15 the
knowledge obtained through researching teaching. Connections between two kinds of knowl-
edge occumed as a result of teachers sharing the matenals, representations, content and knowl-
edge about students in a manner accessible to others and fezling the nesd to access scholarly

knowledge to address questions arising in the process of lesson study ke why some methods
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are used in lower grades but not in higher grades.

2.6.4 Role of reflection in teacher learning

The role that reflection plavs in teachers” learning and professional development has been well
recognized over the vears i many theorctical wnbings as well as empirical studies. Dewey
(1910) can be considered as one of the carliest ploneers to talk about the importance of reflec-
tive thinking in teaching. Dewey defined reflection as “active, persistent and carcful considera-
tion of any belief or supposed form of knowledge in the light of grounds that support it and the
further conclusions to which it tends” (italics in onginal, p.9). To him reflection mimrored the
scientific method which he considered as the phase i which an experience 15 spontancously -
terpreted, followed by naming or identifving the problem. Possible explanabions are generated

and then converted to hypotheses, which are established by expenmenting or testing.

In the literature there are vared interpretations and synonymous terms used (ke metacogni-
tion), which has made it difficult to clarify how reflection 15 different from other tvpes of
thought and thus to assess and relate it with teacher professional development. However, re-
searchers like Schon (1983) have argued For reflection as not just a cognitive act but as a prac-
tice, deseribed through his notion of “reflective practice’. Here the distinetion between thought
and action gets erased when he argues that a pracoboner can engage in ‘reflecbon-in-action”
through intwitive wavs of responding to the situation besides engaging in ‘reflection-on-action”.
Schon {1983) introduced the idea of the reflective practiboner, while criticising the dea of
“technical rationality” in which one assumes that the practiboner 15 a technician who uses aca-
demic knowledge for problem solving in practice. He proposed that greater importance nesds to
be given to the problem setting process of identifving the problem in a certain context, in con-
trast to instrumental problem solving. He notes that reflection s mostly a result of coming
aeross an unexpected outcome that makes us think., Below 1s an excerpt about reflective conver-
sation (Schon, 1983), in which Schon highlights the agency of the practitioner in selecting the

problem, constructing the situation in his mind and deciding how to address it

In & practitioner’s reflective conyversalion witlh a sileation that be [or she] treats 88 unigue

and uneertdin, he functions 88 an agent. Throwgh his transaction et the sitoation, e

shapes it and makes himseld a part of it. Hence, the sense he makes of the silnation mus

ircludie his owin eontribution to it Yet he reecognizes that the sitoation, having a life of its

oyl distinet from his intentions, may foil his projeets and reveal new meanings. (p. 163)
MMewborn { 1999) identified the characteristics of reflective thinking in her study as being differ-
ent from recollection or mbonalization and requiring introspection as well as external probing.

She considerad action as an “integral part of the reflective process™ (R 3170 Reflection has also
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been associated with the Inquiry approach and pedagogical theorizing { Barnett, 19987,

In empirical studies, reflection has been considered as both the means to bringing about change
in teachers” practices as well as an indicator of the effectiveness of professional development in
making teachers think. Sowder (2007) noted that the ““degree and kind of reflection 15 often used
to deseribe teacher change™ (p. 198). Avalos (20011) pointed out that reflection 15 used as an in-
strument for change in studies characterizing professional development. Ball and Cohen ( 19940)
contend that teachers leam by analyzng and reflecting on practice rather than learning new
strategios and activibies. Mason (20027 also contends that systematic reflection on students”
leaming and teachers™ interaction in the classroom contributes to teacher learning. However,
Farah-Sarkis {1999 points out that designing in-service program for engaging teachers in re-
flection 15 not easy, since teachers” beliefs and conceptions depend on many factors including
educational background, pedagogical culture in school as well as educational system. Chapman
(1999} reports how focusing on teachers”™ personal expenience and meaning o develop self un-
derstanding through the process of narmative reflection had a posiove impact on their behefs

about problem solving and teaching,

As MMewbom (1999) indicated the need for a social situation for engaging teachers in reflection,
and some researchers have engaged teachers in reflection in collaboration with researchers or
peer teachers, Jaworskl (2003) elaborates how teacher and researcher collaborated together to
analyze interaction in the classroom. Scherer and Steinbring (2006) discuss how “professional
Joint reflection™ (p.157) for planning and analvring teaching between teacher and researcher in a
collaborative project could lead to changes in the teacher™s interaction in the classroom in the
long term. Here the teacher and the researcher plaved the role of both external reflective ob-
servers of practice and of actors involved in the process of interaction. Teachers gained a better
understanding of student leaming and engaged with the challenge of disrupting patterns of es-

tablished teacher centered practice to a more student centered one.

1.6.5 Participation in collaboration and communities

Several studies adopting the sociocultural framework have established that professional commu-
nities contribute towards improvement in instruction and student learning ( Little, 2002; Wineb-
urg & Grossman, 1998; Grossman, Wineburg & Woolworth, 2001; Stein, Silver &Smith, 1998).
In a similar vein, collaboration between teachers and between teachers and researchers! teacher
educators have also been considered promising to bring about change in practice n classrooms

towards developing mathematical understanding,
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Professional leaming communities can comprise teachers, teacher educators and researchers,
who are engaged in the enterprise of mathematics education. They allow bringing varied experi-
ence and situated knowledge of students and contexts of teachers into the discourse of the com-
munity For reflection and developing insights, while the presence of university educators helps
in bringing critical and reflective stance in conversations and bringing research based ideas of
teaching and leaming into the discourse {Goldenberg & Gallimore, 1991; Saunders, Golden-
berg, & Hamann, 1992; Richardson & Anders, 19945, Wescio, Ross and Adams”™ (2008) review
of professional lzarning communitizs indicates that participation in these communities did lead
to change in teaching practice in terms of being more student-centered. However, several re-
searchers (Brodie, 2012; Kazemi & Hubbard, 2008) have argued For developing deeper under-
standing of the interactions within such communities and connecting it to change in practices in

the clossroom.

Several researchers have tried to articulate the features that define a true community as different
from a group of people working together. Borko {2004) notes that *nonms that promote support-
ive vet challenging conversations about teaching are one of the most important features of suc-
cessful learning communities™ (p.7). Features of a true community include sharing a sense of
purpose (Secada & Adapan, 19971, accountability to each other (Brodie, 2013, ownership, n-
tensive and long term professional relationships, snd cribcal review of teachers” practices
among others, Westheimer (1999, p. 73) identified “shared beliefs and understandings, interac-
tion and participation, interdependence, concern for individual and minority views™ as important
features for defining & community, Stoll, Bolam, Mchahon, Wallace and Thomas (2006 identi-
fied the characteristics of professional communities that make them effective — shared values
and vision, collective responsibibicy, reflective professional mnquiry, collaboration as well as pro-

motion of group and individual leaming.

Although the communitics of practice approach has been used 10 many studies to engage teach-
ers, Adler (1998 has criticized the use of Wenger's theory of commumibies of practice {1998)
since the theory 15 based on anthropological data of apprenticeship relationships which 15 not the
kind of relationships which occur in education institutions. Graven (2003) cribcizes Wenger’s
assumption of “minimizing teaching to maximize learning™ which questions the role of the
teacher in the process of learning. Graven presented evidence for the emergence of teachers”
“confidence™ as a result of engaging n & community of practice. The teachers developed the
confidence to admit what they did not know and needed to learn, which helped in sustaining on-

going learning of teachers. However, several research projects have made the use of communi-
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ties of practice 1 the form of professional commumibes, collaboratives, communities for Inguiry

and teacher networks {Grossman, Wineburg & Woolworth, 20017,

A growing number of research studies provide evidence that teacher’s participation and collabo-
ration with others in professional development contexts have an impact on practice. hMost have
found student work, tasks and lesson design as a useful focus for discussion in the community.
Kazemi and Franke (2004 reported shifts in teachers™ participation in work-groups over the
wears as they shared student work generated from the problems decided in the words-group. The
shifts 1mvolved at first attending to the details of student thinking followed by developing possi-
ble leaming trajectories for students. Brodie (2012) uses the term “professional learning com-
munities™ for communities organized to support teacher professional development and argues
that it is a ““sustainable and generative method of professional development™ since communitics
sustained themselves when teacher’s participation in the community and the classroom practice
informed each other as the teacher tned to engage with leamer errors in her teaching. By analvz-
ing sessions where teachers discuss lesson design and reflections on their teaching they amrived
at the notions of challenge and solidarity a5 important in teachers developing accountability for
gach other and their professions. Jaworski and colleagues (Jaworski, Goodehild, Enksen & Da-
land, 2011; Goodehild & Jaworski, 2005; Jaworski & Goodehild, 2008) analyveed how discus-
sion on tasks designed by the team of didacticians enabled building a community to engage in
mathematics together, providing a basis for mising pedagogical issues and generating examples
of the tasks that teachers could use in their classrooms. Though the task were adapted differently
by the teachers in their classrooms, tensions were expenienced for developing teachers” mathe-

matical awarensss and providing opportunity for self- direction.

Another form of social engagement for teacher professional development has been the collabo-
rative partnerships between teacher educators and teachers and among teachers. 1t has taken the
form of collaborative inguiry { Krainer, Goffree & Berger, 1999 Lin & Cooney, 2001; Wood
Scott, Melson & Warfield, 2001; Jaworski, 20100, classroom coaching as collaboration { Becker
& Pence, 2003), collaborative action rescarch (Ravmond & Leinenbach, 20000, and even just di-
alogue between researchers and teachers in a collaborative context. The role of teachers as re-
searchers has been presented as a model of professional development in vanous countries n-
cluding UK. and USA (Hollingsworth, 1995) as it portrays the vision of teacher as a professional
engaging in action research to improve ones’ own practice and context or work while contribut-

ing to developing knowledge about teaching,.

Erickson, Brandes, Mitchell and Mitchell (2005) identified the features that promoted success of

Tt



Feview of literature

the collaboration between classroom teachers and teacher educators as “a mutually held under-
standing of what tvpes of classroom practices nurture good teaching and learning, a setting
where teachers have a strong commitment and control over the project and decide on its direc-
tion, and a structure that allows teachers and teacher educators to meet regularly in an atmos-

phere of trust and mutual understanding.™

2.6.6 Role of the facilitator in professional development
There are few formal programs for professional development of teacher educators along with
dearth of studies which identify strategies used by effective teacher educator or for their own

professional development.

Schifter and Lester {2002 have argued that teacher professional development requires active fa-
cilitaton for pushing teachers to think bevond the tasks that they engage with in professional
development to the actual ssues related to teaching like strategies used in classrooms. They
noted that facilitators need to have deep understanding of subject matter content and students”
thinking, understanding of learning goals of teachers and participants” perspective so as to make
choices about appropriate representations that can make teachers rethink their deeply held ideas.
Remillard and Kave (2002 found that challenges arose for facilitation when the goals of facih-
tator, expectation of the parbicipations and curniculum agenda do not match, They classifed
such instances as “openings in the curriculum™, a5 these moments can lead to desper inguiry and
leaming of teachers. They posit that the facilitabor needs to be able to dentify such openings,
understand the underlving tensions, anticipate consequences and take action. The role of the fa-
cilitator n guiding a lesson study has also been dentified as important in providing guiding
questions and eliciting teachers” pedagogical content knowledge which had not been formally
shared before (Hart & Carriere, 20117

Zaslavsky and Letken (20043 have discussed how engaging in the community of practice can
help in professional development of mathematics teacher educators by engaging n challenging
mathematical tasks to develop deeper understanding of mathematics, developing sensibivity to
students thinking while also becoming sensitive to teachers™ leaming. The argue that engage-
ment within the communities help in understanding the complexities of management of learning

of both students as well as teachers.

2.7 Conclusion
The foregoing discussion points to the complexity and challenge of desigming and implementing

effective PD for mathematies teachers. The discussion of the Indian context reveals the critical
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need to design sound in-service TPD programs. The review of frameworks and principles for
TPD points to the importance of teachers” role and ageney in their professional development.
There 15 a need to understand the forms of expertise that Indian teachers of mathematics bring to
PD interactions and the kind of agency that they exercise, when a space for it exists. Efforts to
“train” teachers without addressing their core beliefs about mathematics, and about the teaching
and learning of mathematics are only hkely to produce superficial change. Thus it 15 essential to
obtain an understanding of the kinds of behefs that are prevalent around Indian mathematcs
teachers, the ways in which they hold, and how these beliefs shape their teaching practice. The
context of reform, vigorously promoted by the NCF 2005, introduces perturbations in teachers”
belief systems, but this may not result In genuine movement towards realizing the new vision of
education. There 15 need therefore to understand the interaction between core, entrenched beliefs

and the “new™ beliefs engenderad in the reform context.

Soarder (2007, p.97) emphasized that change 15 4 “process rather than an event, it must be con-
sidered in terms of continuous growth over iime™. This calls for the need to study the relation-
ship between beliefs, knowledge and practices when teachers are undergoing a transition in the
sense that teachers explore new practices after intending to change Following a professional de-
velopment experience or explore new curriculum matenal after curriculum change. This will
help understand the process by which teachers develop or can be supported to develop the be-
liefs and associated pedagogical content knowledge to sustain the use of practices and helping
students leam. Studies on teachers” learning-in-pracoce can bndge the gap between understand -
ing how change in beliefs and practice 15 supported or constrained by knowledge on one hand
and on the other hand to bridge the gap between theory and practice in teacher sducation { Adler
et al., 2005; Even & Ball, 2009,

Further, the hiterature reviewed indicates how the mathematics education research community
has gained increasing awareness of the specialized knowledge of mathematics to teach effec-
tively, There is need to investigate how the goal of strengthening teachers” specialized mathe-
matical knowledge can be foregrounded in PD interventions. What role does knowledge play n
constraiming or facilitating change in practice, and how does 1t interact with the changing behefs
of a teacher. There 15 thus a need to investigate teachers” professional development in a wholis-
tic manner that takes context, beliefs and knowledge into account. The present research study

takes a step in this direction.
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The Research Study

In this chapter, the design of the research studv as @ whole as well as of the four sub-studies is
discussed. The methodology used in the four sub-studies to collect data and the decisions taken
for data reduction and data analysis are described. In section 3.1,the purpose of the larger study
under which the four sub-studies were constituted is discussed. In section 3.2, the overarching
research question as well as the specific research questions dealt in each of the sub-studies are
presented. Sections 3.3 has details of the research design followed by section 3.4 with details of
the participants n the study. In secton 3.3, the mabonale for the suitabilicy of the methods
adopted for data collection and analysis 15 presented followed by the description of data collec-
tion and data analysis methods used for each of the Sub-study. Finally, in section 3.7, the roles
that the researcher has played in the study and how it bears on data collection and data analysis

has been discussed.

There have been several debates in the past about the design of educational research. The design
of the research study and the methods chosen for data collection and analysis determine the ro-
bustness and the usefulness of the Andings from a studv. The selection of methods should be
euided by the research questions such that they are answered to satisfactory depth and detail
within the scope of the study. The design of educational research itself has undergone several
developments. While, in the past, the experimental designs borrowed from science research pro-
grams were used in education research, based on positivist assumptions, there 15 increasing
awareness among educational researchers about the limitations of these designs For use in edu-
cational research. These hmitations stem from the fact that educational research participants are
“human™ subjects, who have their cam volitton and sgency and display actions based on their

behiefs and assumptions as well as the norms accepted in different social settings.

Another important factor that influences the findings of the educational research 15 the interac-
tion of the researcher with the participants. While earlier research designs attempted to himit the
interactions of the researcher with the participants, tryving to make observations as objective as

possible, now participant observation by the researcher 15 considered as valuable mn developing
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in-depth understanding of the situation through immersion in the research context under study.
The recognition of theory ladenness of the data means that even when the researcher is doing
observations as a non-participant, the observations recorded will be determined by what he/she
considers important and worthy t©o notice. Immersion in a research context thus allows one to
expenence the field from the eves of the msider and to understand parbicipants” perspectives
more closely by interacting with them. In fact, collaboration with the teachers in the classroom
for educational research allows teachers to take ownership and participate in the research on an
equal footing with the researcher. Educational research has also moved from having a fixed re-
search design to having flexible and emergent research design depending on the circumstances
and factors considered important in different phases of the study. This has led to emergence of
the design based research as a very promising field o study the effect of interventions in the
field on the on hand and on the other hand to develop a theoretical understanding based on the
empirical findings thus developing theories grounded in the reality (Cobb, Confrey, diSessa,
Lehrer & Schauble, 2003,

3.1 Purpose of the Study

The main purpose of the study was o analyze how beliefs, knowledge and practices of the
teachers participating in the study are influenced and modified as the result of the participation
in the professional development initiatives across the two vears of the study, The PD) interven-
tions were aimed at collaborating with teachers so as to promote changes in teachers” practice
towards teaching that 1s more responsive to the development of student understanding. Thus, it
wis first important to understand the participating teachers” beliefs, knowledge and preferred
pracices, Such an understanding was developed through the analysis of the teachers™ question-
naire and interview responses durng the teacher professional development workshop in the first
wear at the start of the study. This has been discussed in Chapter 4, which reports Sub-study 1.
Secondly, analvses of the process of professional development within the setting of the work-
shop as well as during the follow up in the classroom in collaboration with the researcher was
done to understand how the process influenced teachers™ behefs, knowledge and practice. This

has been reported 1 Sub-studies 2, 3 and 4 in Chapters 5, 6 and 7 respectively,
Thus the thesis consists of the four Sub-studies hsted below:

Sub-study 1: Beliefs and Practices of teachers in context of curriculum refonm
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Sub-study 2: Professional development Workshop — design and enactment
Sub-study 3: Role of beliefs and knowledge in teaching of fractions: Case study of Mupur

Sub-study 4: Topics focused professional development on the teaching of integers

3.2 Research Questions

The larger question being investigated in the study 1s: In the conlext of the classrooms chosen
for the study, what factors support teackers in adopting learmer centered practices and what

factors imhibit or constrain them in doing so7?

The factors that will be focused upon are those that will be relevant to in-service programs for

teacher professional development and continuing teach er support.
Following are the sets of research questions addressed in each of the four sub-studies:
Sub-stody 1:

1. What are the core and peripheral practices of the teachers in the sample with respect to

the teaching of mathematics?

[

What beliefs are core or peripheral as indicated by the teachers™ articulation and the

practices preferred by the teachers?

3. What is the relabion between beliefs expressed and the practices preferred by the teach-
ersT

4. What 15 indicated about teachers” knowledge from their explanations? What 15 the rela-

ticn between preferred practices and the knowledgze held by teachers?

Sub-stody 2:

1. What aspects of the workshop design and enactment are important from a TPD perspec-
tive?

]

How did the workshop tasks encode the design principles?
3. How was teachers” agency enabled in the course of the enactment of the workshop?

4. What aspects of the teacher educators” enactment of the task and interaction facilitated
engagement by the teachers?

5. What were the learning gains from the PD workshop as perceived by the teachers?

Sub-study 3:
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1. What changes did Nupur try to bring in her classroom practice specifically with regard
to the way in which tasks for students were framed and implemented? How did her be-
liefs and knowledge support and constrain the changes that she tried o implement?

2. What textbook resources were available to her to support her teaching and how did she
make use of these resources?

3. What was the role of the researcher as a collaborator in Mupur’s teaching?

Sub-study 4:

1. What were the teachers’ concerns about the teaching of integers and how are they re-
lated to1ssues of meaning of integers?

2. How did teachers construct Specialized Content knowledge (SCK) for teaching integers
using the framework of integer meanings through the exploration of contexts?

3. How did the critenia used by teachers For judging adequacy of representations evolve in
the course of the topic study workshops?

4. What was the impact of the leamings from the topic study workshops on teaching of in-

tegers us reported and as observed?

3.3 Research Design

The study covered a span of two academic vears. Sub-studies 1 and 2 took place in the first aca-

demic yvear 2009-2010 (June to April), while Sub-studies 3 and 4 took place in the second aca-

demic yvear 2010-2011. These sub-studies collectively build a comprehensive picture of profes-

sional development interventions in the study in varous settings and forms. The details of the

time line, research tools vsed, number of participants, and the role of the teacher in different

sub-studies 15 given in Table 3.1,

Table 3.

Study

Sub-
study 1

1: Professional development interventions during the two vears of the study
Time Mo. of Ressarch Drata Professional  Teachers’
teacher tools used analysis development role
participants setting
May-June | 26: 18 Questionnaire | Quantitativ | Woarkshop Respondent
2009 primary + & [
micldle descriptive
analysis
11: 5 primary | Interviews Qualitative | Woarkshop Respondent
+ G middle thematic of
analysis questionnaire
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May-June |13 (5 primary | Audio and Cualitative | Teacher Learner and
study 2 | 2009 + B middle] | Video data, | codings educator led | community
researcher grounded | workshop member
notes theory
approach
Sub- July-Sept. |1 Primary and | Aucdio data, | Qualitative | Collaborative | Teacher-
study 2 | 2009 1 middle Researcher | coding/ school based | collaborator
2010 school notes grounded | setting
teacher (not theory
reparted) approach
Sub Avgustto |4 middle Audio and Cualitative | Collaborative | Learner,
study 4 | November | school Video data, | coding/ workshops/ designer and
2010 teachers researcher grounded | meetings teacher
notes, lesson | theory educator
plans, approach
presentations
4 middle Audiodata, | Qualitative | Collaborative | Teacher and
school researcher coding/ school based | researcher
teachers (2 notes, student | grounded | setting
reparted) work theory
approach

Sub-study 1 provides the overview of the beliefs held by the participant teachers n the begin-
ning of the study and the preferred practices for the teaching of mathematics. It also illustrates
how teachers” thinking and practice have been informed by the current scenario of curriculum
reform in the education svstem and the kind of inputs required to engage teachers in making
meaning of the new curniculum. Semi-structured interviews and questionnaire about teachers”
beliefs and practices vsing likert type items were used. 26 teachers responded to the question-
naire and 11 teachers were interviewed about the practices engaged by the teachers and For ther

behefs about mathematics, its teaching and leaming and about students.

Sub-study 2 took place in Year | in the setting of a ten dav long workshop (including 4 non
working Sunday) during the summer vacation. 19 teachers participated in the workshop, 13 of
whom belonged to 4 nabionwide school svstem. The goals of the workshop were strengthening
teachers” knowledge relevant to teaching, providing opportunities to articulate and reflect on be-
liefs and practices, developing awareness of alternative practices and resources and developing
a sense of community among teachers, teacher educators and researchers participating in the
stucly. The workshop tasks included observing and reflecting on non-traditional teaching, learn-

ing through solving and analyzing problems, anticipating and reflecting on student responses,
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discussing mathematics education research hiterature, analyzing textbooks, and articulating be-
ligfs about teaching, students and mathematics. More details of the workshop can be found in
Chapter 5. The workshop tasks included a range of topics and concepts in school mathematics
such as whole numbers and operations, fractions, mabio and proportion, and algebra The teachers
who took part in ten day professional development workshop responded to the full questionnaire
before the workshop and once again, on the last day of the workshop, wrote their responses to
parts of the questionnaire dealing with their beliefs about the teaching-leaming of mathematics

and the nature of mathematics and their preferred teaching practices.

Figzure 3.1: Overview of Year 1 and 2 of the study
[Sub-study 1, 2 and part of Sub-shudy 3)

Workshop 1 )
Year 1 Classroom collaboration 1

Sharmg and reflection on belets

Cibsarsing teaching supporting shudaent

Thinkirg RaligCing on Sludenis NEspOnsas
Learning Frough mathematcs Refleciing on bedials and practcs
penblams |demiifying constrainis and chalenges
Wiorkars) on sludanis’ Finking Estabighing interdad changss in
AReading and presening research praclice

Litarature

Anakysing Curnculum maderial

Topic study workshop 2 (Sub-study 4, part of Sub-study 3)

Topic shudy QROUR ON INBQErs "I"EEI' 2 Wnrkshnp 3
& one-day workshops over § months
Analysing axplanations and shudant srors
Explowing maanings of inlegan and theil operatons:
Expioring modeds and conlexls
Dervadogers] 135KE. a0keE & laEson plang
Reflecting on leaching axpensnces and sludenl
FREJCCGAS

Isachars in mlg of MREouncs
pErsen

Sharning insights from studly
SRANNG Measurces of 1Hachng
deveioped in shudy

) Perwaloparg [asks for teachas
Classroom collaboration 2

Faedlecting on sludan] responses

Fefiecang on ballels and practice

Exploning praclices 1o support reasoning
Dasgning and analysing assessmant criscally

Sub study 3 15 a case study of 4 prmary teacher Mupur, who was a participant in Sub-study 1
and Sub-study 2. Data from the classroom observations following the orentation workshop in
the first and the second year have been analyzed. The researcher visited the classroom of the

teacher after the workshop, The purpose was to establish collaboration with the teacher n the
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classroom, to identify the take up from the workshop and the challenges faced by teacher in 1m-
plementing intended changes. During these visits, the researcher frequently reflected on the
lessons together with the teacher and discussed plans for future lessons. The visits revealed that
teachers needed to develop knowledge and resources for specific topics which would facilitate
the change in teachers” practice towards developing student understanding. This was addressed

through the Topic Study Group workshops held in the second year.,

In the second vear, Sub-study 4 involved six one-day meetings of a Topic study group spread
over a period of five months (Julv-Movember 2010% while the teachers were teaching in their
schools. The meetings were held at HBCSE and thus provided an uninterrupted professional de-
velopment space to teachers. The speaific topic of integers was chosen as the focus of the work-
shops by the four middle school teachers, all of whom had attended the professional develop-
ment workshop in the first vear of the study, Four middle school in-service teachers (3 female:
Swatl, Anita and Rajni; 1 Male: Ajay, all pseudonyms) engaged in collaborative investigation on

the sixth Grade topic of integers.

The primary teachers group consisting of 4 primary teachers from Mumbai decided o study the
topic of Multiples and factors, They analveed. the textbook problems and studied problems from
other textbooks and resource books, Dhscussion and sessions to develop content knowledge for
underlving concepts like types of muloplication and division problems were held. However, due
to administrative constraints, the primary teachers were not able to fully use the problems devel-
oped in the topic study groups in the classroom since the topic was included in the September
term exam while they were planning for December term. It was not feasible to transcobe and
analyze the data of both the topic study groups. The middle school teachers were able to imple-
ment some of the 1deas discussed in the workshops 0 the classroom and thus were selected for

detailed analysis which 15 presented in Chapter 7.

In the months when the groups held meetings, the researcher observed classroom teaching of
three teachers Swati, Rajni and Anita, and held post lesson discussion on classroom interactions.
The two teachers Swati and Anita had expressed an intent to change their classroom practice
and had shown more active engagement in the meeting as compared to the other two teachers
and were provided support for classroom teaching. A resource team of five members consisting
of rescarchers (who also played the role of teacher educators) and graduate students planned and

facihtated the meetings of the topic study workshop, Usually, two to three resource team mem-
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bers were present along with the four teachers for each workshop meeting. The aim of the topic
stucly meetings was to focus on a topic that was challenging to teach, to develop a deeper under-
standing of the topic, and to plan for teaching. The teacher educators, who were also re-
searchers, refraned from conveying to the teachers that thev needed to make specific shifts n
their teaching practice, for eg., from teaching rules to teaching for understanding and reasoning.
The focus was more on collaboratively developing mathematical knowledge for teaching and re-
sources, which was expected to facilitate teacher learning and influence teachers” decisions in

selecting and designing tasks.

In parallel to the workshop, classroom visits were made to observe lessons of 3 teachers during
the period in which the Topic study group meetings took place in HEBCSE. The purpose of this
Sub-study was to identify the take up from the topic study meetings in terms of resources used
like tasks, activities and representations, challenges faced by teachers in implementing intended
changes in practice as well as observing the interplay between teachers” knowledge, resources
used and the classroom interaction. Thus in this Sub-study the professional development setting
included both the school and classroom as well as HBCSE as a distinet out of school space for

professional development.

There were majar differences in the approach to professional development in the Year 1 and 2.
In the Year 1 the design considerations took on the objective of bulding awareness of altema-
tive pedagogies through observing non-traditional teaching and reading research texts which
had evidences of student arniving at interesting insights about mathematics on their own. The fo-
cus was not on 4 particular topic and the objective of the school based collaborative work was to
see what altemative pedagogies teachers explored in their teaching and the challenges faced by
them i doing that. The findings from Year 1 informed the design considerations for Year 2. The
majar shifts in Year 2 of professional development ineluded focus on a specific topie of integers
selected by teachers themselves, collaborative nature of workshops, stronger connection be-
tween workshop and school based teaching of the topic and opportunity for teachers to adopt a

more central role of being a resource person in a workshop,

As a result of change in design, the activities that teachers engaged in both the phases were also
different in some aspects as shown in Figure 3.1, More details of these activities are given in the
respective Sub-study chapters. Teachers had varying roles in the four sub-studies. In Sub-study

1, the teachers had the role of respondents to the nterview and questionnaire, which provided
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opportunities to articulate their beliefs and talk about their preferred practice. The teacher edu-
cator led workshop tasks in Sub-study 2 prompted teachers to articulate their knowledge of sub-
ject, teaching as well as students. In doing so the in-service teachers plaved the role of a knowl-
edgeable learner who 15 extending her knowledge through engaging 1n tasks and sooial interac-
tion. In Sub-study 3, the teacher Mupur adopted the role of being a teacher who collaborated
with the researcher to engage with students™ thinking by discussing students™ response in the
classroom. In Sub-study 4, during the meetings, the teachers” role gradually became more cen-
tral to their own learning by engaging in designing, evaluating and using the tasks using the the-
oretical framework provided by researchers plaving the role of teacher educators. The partici-
pating teachers in Sub-study 4 also had the role of teacher collaborator by shanng and analvzing
their experiences of using tasks constructed by them in topic study meetings. Thus, these four
sub stucdies depact the professional growth of participant teachers over these tao vears as they
moved from the role of a knowledgeable leamer to that of a reflective teacher who 15 conscious
of hisher own beliefs, responsive to students and develops knowledge through exploration and

reflection on use of tasks bevond the textbooks.

3.4 Participants

Participants in the study were mathematics teachers teaching primary and middle grades in a na-
tion-wide Govemment school system and were nominated by their principals to participate in
the study. These teachers had many years of experience of teaching ranging from 17 to 23 vears
and were between the age range of 42 to 54 years. Generally all the teachers had bachelor's de-
grees in mathematics or science and 1n education, while some also had & master’s degree n

mathematics. The details of the participants in the varous sub-studies are prosented later.,

Purposive sampling process was adopted to select the participants in each of the sub-studies,
The teachers as participants were selected based on the research questions identified For the
Sub-study and the conjectures about how studving particular teacher will help in understanding
the process of professional development and knowing how it contributes to teacher leaming,.
How participants were selected and thewr characternisoics are described for each of the sub-studies

in the paras that follow,

In Sub-study 1, the questionnaire data analvzed 0 the study 1s from 26 teachers which includes
two groups of teachers from the same nationwide svstem of schools. A group of 13 primary

teachers responded to the questionnaire before attending a one day workshop, Another group of

a7



Chapter 3

13 teachers attended a ten day long PD workshop also responded to the questionnaire before the
workshop, This group had 5 primary teachers and & middle school teachers. Of the & middle
school teachers 3 were male and there was no male primary teacher.' Thus of the 26 respon-
dents, 2 were male and 23 were female. OF the 13 teachers from the system who participated in
the professional development workshop, 4 primary and 4 middle school teachers were local, 1.6
from MMumbai, and participated further in the classroom collaboration and Topic Study Group
phases. Of the 13 teachers who attended the 10 day long PD workshop, interviews of 11 teach-
ers was taken. All of them had a bachelor’s degree along with B.Ed. as professional qualifica-

tion. The age range of these 23 teachers was from 28 to 50 years.

In Sub-study 2, the interactons of the group of 13 teachers who participated in the ten day long
workshop has been analyred during the different sessions of the workshop along with the task
features and articulations of the teacher educator. There were & middle school teachers (5 female
+ 3 male) and 5 primary teachers {all female). Four of the middle school teachers hived out of
MMumbai. All the teachers who paticipated had more than 15 yvears expenence of teaching and

were between the ages of 29 and 30 vears.

In Sub-study 3, the case study of one primary teacher has been reported. Although observations
were done for one middle school teacher, it has not been reported as classes were not tran-
scribed. The primary teacher Mupur was selected for case study as she was a highly mobvated
teacher during the PD workshop and had expressed intent to adopt learner-centered practices in
the classroom. Analvsis of the teaching of fractions by her has been presented from observations
done during the two years of the study, Mupur was a resident of Mumbai and taught in a Mum-

bai school. More details about her are available in Chapter 6.

In Sub-study 4 1 Chapter 7, analvsis of interactions of 4 middle school teachers in the & one
day topic study workshops on integers and of three middle school teachers (female: Swati, Anita
and Rajmi) teaching integers i their class 15 presented. All the 8 local teachers (4 primary and 4
middle school teachers) participated in the & one day topie study workshops in the second vear
(20010 after the Arst workshop, The primary teachers group was not able o implement their

plans properly in classrooms due to constraints of the tmetable and upcoming examinations.

Table 3.2: Background information about participant teachers in Sub-study 4

1 The numbser af rmale imchers & the primary level i much smaller than fzmale teachers in ihis school spstem.
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Teacher Ape and Qualification Teaching experi- Average number of

{Pseudonyms) Gender ence (Primary + students in class
NMiddle! See- | from 2007-09  (sclf
ondary) reported)

Swati 42.F M.Sc, Maths, B.Ed 10+7 45

Anita 47.F B.5¢, Maths, B.Ed 2043 40

Rajm 5L F M.Sc, Maths, B.Ed (23 45

Ajay 54 M B.Sc, Maths, B.Ed (22 40

Figure 2: Flowchart of Participants in Sub-studies 1, 2,3 and 4
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3.5 Suitability of the Research Design and Methods

Eoellv and Lesh (20000 have advocated for the diversity of research methods to be used in re-
search to respond to the need of analveing and describing teaching and learning, The methods
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used in the present study were chosen based on the research questions. The multiple methods
used in the various sub-studies include questionnaire, interviews, discourse analysis, design ex-
periment and case studw. The design of the larger study 15 based on design experiment method-
ology, where the first phase of the study informed the second phase. The methods of data collec-
tion and snalysis in the sub-studies have largely been drawn from the qualitabve research

method paradigm.

Cualitative research is a broad term for interpretive methods based on a phenomenological para-
digm like interviews, participant observations, case studies {Best and Kahn, 2003%, This study
has used qualitative research methods with the exception of vse of quantitative methods in the
form of a belief survey in Sub-study 1. les and Huberman {1994 advocate the use of qualita-
tive rescarch methods to provide in-depth detail about an area or to gain 4 new perspective.
Since the phenomena of change in teachers” beliefs, knowledze and practice and their relation to
cach other has not been extensively researched in the Indian context, qualitative research meth-

ods are approprate to explore these phenomena.

The design of the workshops and its follow up are based broadly on the design experiment
methodology where-in researchers design professional development based on their assumptions
and stabed hvpothesis, Teachers” engagement within the workshop and n the classroom 15 ana-
lvred. o inform the design of the subsequent professional development efforts. Cobb et al.
(2003) argue that design experiments have “both a pragmatic bent — “engineering” particular
forms of learning — and a theoretical orientabion- developing domain specific theories by sys-
tematically studying those forms of leaming and the means of supporting them™ (p. 93 Design
experiments have been used for researching teacher education both to design interventions as
well as to develop theories related to teacher education. Cobb et al. (20035 argues that the rela-
ticn between theories and work in practical education contexts 1s important and worthy of study
through design experiments as 1t allows one to trace the how learning occurs in different con-
texts and the role of the interventions and tools used in that context. The important steps in the
design expenment are designing, putting into practice, observing and analyzing and then revis-

ing the design to be tested again.

Cobb et al. (2003) have identified the cross cutting common features of design experiment that
vary from being classroom expeniment with the teacher as collaborator or design of pre or in-

service education. The frst common feature 15 that design experiment 15 about developing the-
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ory about the process of leaming and the means designed to suppoct that learning, which in the
case of this study is the *learning of teachers’. The second common feature 15 the highly inter-
ventionist nature of methodology. The third feature 15 that all design expeniments have prospec-
tive and reflective phases and thus one should implement the interventon based on a hypothe-
sized leaming process but also capitalize on contingencies as the design unfolds. The fourth
common feature is the terative design of making and testing conjectures which when refuted
leads to design of new conjectures. However, in this study, particular forms of intervention only
had a single iteration. The overall intervention involved successively trving different forms
based on the feedback from the prior interventions. The fifth feature 15 the generation of “hum-
ble theories™ which are domain specific and are specific to the activities designed. In this study,
we (researcher and thesis superisor) have collaboratively amived at frameworks that are soit-
able for designing topic specific professional development interventions For the topic of nte-
gers, and to a mited extent, for the topic of fractions. A local theoretical framework for analvz-
ing teachers” beliefs and practices has been proposed in the thesis that takes into account their

interaction, as well as a framework for design and interaction aspects of a PD workshop.

In this study, the design experiment methodology 15 used i combination with qualitative n-
quiry. The workshops and the classroom are the sites of intervention for teachers” professional
leaming and the effort is to obtain both empirical account of interventions that supported teach-
ers” learning along with theoretical understanding about what and how the aspects within the in-
tervention influenced teacher learning. The design of the study consisted of tao phases in which
the results of the first phase informmed the design in the second phase. The design of these phases
were based on conjectures about what can inform teacher professional development while there
wis leeway for conbingencies which arose in the Aeld. The first phase was designed as a ten day
long teacher professional development workshop along with the follow up based on the assump-
tion that teachers will be able to use the examples and artifacts of teaching shared in the work-
shop to adopt student-centered practices in their teaching, The demands and expectations from
the teachers to request researcher’s participation in the classroom led to the adoption of the role
as a participant in teaching. Identification of challenges (as a case study in Chapter &) faced by
the teacher Mupur (pseudonym) led to the design of topic-specific workshops n the second year

which ocourred 1 parallel with the teaching of the particular topic.

Cobb et al. (2003) suggested documenting the leaming ecologies at multple levels which in-

cludes the tasks, discourse used, nomms established and tools and matenal provided (to name a
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few). The analvsis leads to development of an interpretive framework to understand the com-
plexity of the way design supports participants’ learning. In this study, the goal 15 to develop an
interpretive framework to understand how teachers™ beliefs, knowledge and practice interacts
and nfluences thewr participation and adoption of new ideas and practices in the classroom. As
comparad o naturabistic nquiry, the design expenment draws on previous empirical research to
make design decisions. [t 15 therefore important to distinguish between the elements of interven-
tion and conditions that were present or assumed as the background conditions. Teachers™ be-
liefs and preference for practice has been studied in Sub-study 1 and are assumed as background

conditions on which the effect of the interventions has been studied.

The phenomena of teacher professional development and growth 15 a conbinuous process which
can ocour at various sites ncluding the professional development site during the workshops,
while teaching in the classroom, while talking to researcher or colleagues and even while having
informal conversations with other teachers or teacher educators. The settings where teachers” in-
teraction have been analvzed. can be termed as sites of professional development. The Sub-
stucly 2 explores the site of workshop and the interactions betaeen various elements designed in
the waorkshops as well as the participants. The Sub-study 3 explores the classroom teaching and
discussions with the researcher in the role of collaborator as the site of professional develop-
ment. Sub-study 4 explores both the workshop as well as the classroom teaching as the sites for

professional development and tries to explicitly draw connections between the bwo.

3.6 Data Collection and Data Analysis Procedures

Data collection across the two phases was both in the form of researchers”™ notes of participant
observation and audio records which were laber converted into transcripts, excerpts or notes. Ad-
ditionally, in Sub-study 1, data was collected in the form of responses to questionnaires and in-
terviews for assessing teachers™ beliefs and preferred practices. Written consent { Appendix 3)
wis taken for observation and audio recording from all participants in the study. The rationale
for selecting these data collection methods and theoretical considerations informing the data se-

lection as well as analysis inthe four sub-studies are descnbed in the sub-sections below.,

The data analysis procedures adopted i this study are largely based on those explicated by
Bliles and Huberman {1994). Thev suggest going through the data and performing data reduoc-
tion, data displays and then drawing conclusions and verifying them through comparson. Data

reduction involves working on beld notes and transeripts and then identifying the underlving
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themes and patterns by writing memos about the notes. The themes are identified such that they
reflect participants’ perspectives, ideas and thoughts about the issue or phenomena under study.
Themes are given codes and transcripts are read and re-read again to identify similar themes as
well as the variations, Data displav is also a form of data reduction in which the similar codes
and variations are represented in the form of tables or concept maps and relations are identified
between them to subsume a number of categories under a super category or form two different
categories. These lead to identification of emergent codes and themes which can guide further
data analysis. The final phase of data analvsis involves framing conclusions which are arrived at
through studying and working on the data displays to vernify the themes in similar events and
identifying their trustworthiness, While quantitative results are evaluated on the standards of va-
licity and rehabihty, Lincoln and Guba { 19857 wdenofy the trustworthiness of the results as the
crteria for evaluating qualitative data analysis. This includes several constructs like credibality,

transferability, dependability and confirmabality.

1. Credibility: Credibality 15 similar to the concept of intemal validity for quantitative data
analysis where the researcher has to critically analyze the conclusions to see if they
make sense, describe the participants” perspectves adequately and represent the true
picture of the phenomena (Biles and Huberman, 19940 In this stody, credibilice has
been ensured through deep immemsion of the researcher in the field as a collaborator
with the participants, keeping thick records of interaction in the fizld and discussing the
observabions and conclusion wiath the supervisor and other research colleagues to ex-
clude biases in the conclusions, The two vear long association of the researcher with the
teachers helped in establishing rapport with them so that they were able to frankly ex-
press their views and tensions felt by them dunng teaching. Use of both classroom ob-
servation as well as meetings with the teachers before or after the lesson ensured that
the researcher was able to document teachers” beliefs and knowledge a5 expressed in
these meetings and served as a method of triangulation. Member checks with the partic-
ipants was not possible due to huge gap in the ime of data collection and writing of the
results. Also, the sensitive nature of claims about the beliefs and knowledge are difficult

to ascertain through member checks.

[

Transferability: This construct is stmilar to the concept of extemal vahdity for quanti-
tative analysis where a researcher seeks to determing if the results attained in one con-

text are transferable to other contexts. By providing rich descriptions of the interactions,
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participants’ perspectives and details of the contexts and settings in which the teachers
engaged in different professional development inibatives, readers are expected to make
the decision about what conclusions and aspects are transferable to the contexts thew

chose to study or analyze.

3. Dependabilityv: Similar to reliabihty, dependabilicy 15 about whether the results of the
stucly are consistent over bme or across the researchers (Lincoln and Guba, 1985; Miles
and Huberman, 1994). To facilitate other researchers to replicate the study, it 15 impor-
tant to give the details of the processes and tools vsed in the study. This has been done
by giving the appropriate description of the tasks and frameworks used as well as the
processes used with the teachers dunng the workshops and classroom teaching along

with the efforts done by teacher educators to engage the teachers.

4. Confirmability: In place of objectivity, a qualhitative researcher aims for confirmabality.
The qualitative research paradigm acknowledges that it 15 difficult to ensure objectivity
since tools like questionnaire and interviews are designed by humans and thus re-
searcher bias 15 nevitable (Shenton, 2004, However, to achieve confirmability the re-
searcher has the responsibility to demonstrate that the findings are not based on her oan
assumptions and predispositions but emerged from systematic analysis of the data. One
of the ways to ensure this 15 by the researcher explicating her own assumpbions, biases
and beliefs that guided the decision making during the data collection and data analysis.
The reflective commentary in the chapter along with presentation of evidences from
data in form of excerpts in the chapter wall hopefully ensure the confirmability of the

findings of the thesis.

3.6.1 Sub-study 1: Beliefs and practices of teachers

Sub-study 1 involved research tools n the form of semi-structured interviews and question-
naires. Some of the interview questions and tems i the questionnaire were adapted from previ-

ously published questionnaires from studies done elsewhere.

J.6.1.1 Tool construction : Questionnaire and interview

The purpose of the research tools, namely, interview and questionnaire i Sub-study 1 was 1o

know the behefs and preferred pracoces of teachers. The intention was to develop an under-
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standing of the complex interaction between beliefs and knowledge held, practices preferred as
well as cultural and political aspects influencing teachers’ thinking and decisions. Since the re-
search 15 exploratory in nature, the focus was not on the validabon of the tools but on ascertamn-
ing which tools allow better glimpse of the complexity of the beliefs held by teachers, prevalent
practices and constraints imposed on beliefs held as well as preferred practices. Since there was
g pauvcity of studies related to assessing teachers™ beliefs about mathematics, its teaching-leam-
ing and students in India, it was essential to explore how beliefs are expressed by teachers using
exploratory tools as well as tools used n other studies done elsewhere in the world, Therefore, it
wis decided to use both questionnaire as well as interviews to assess teachers” beliefs and prac-

tloes,

To assess teachers” boliefs about mathematics, teaching-learming process, students and self effi-
cacy a5 well as to know the preferences for practices in teaching of mathematics, a framework
wis developed to identify themes that need to be focused in both interview questions as well as

the questionnaire. The framework 15 given in Table 3.2 below.

Table 3.2: Framework for selecting and constructing questions for interview and
questionnaire

[. Belicfs
L. 1. About mathematics:
I.1.1.Fixed body of knowledge vs. discoverable
[ L2ZMainly isolated pieces of procedural knowledge which 15 handed down vs,
Richly interconnected conceptual knowledge based on reasoming and justifica-
fion
[.1.3. Abstract, esoteric vs, connected with real life
[.2. Teaching and leaming of mathematics: Transmissionist view wvs. Constructivist
View.
Attitudes
2.1 Attitudes to and expectations about students, sensitivity to students
2 About oneself in regand to mathematics: Confidence, Anxiety, Liking for maths,

I

Iad

Autonomy vs, Reliance on authority
3. Practices: It is theorized that practices essentially fall along one dimension represented
by the transmissionist vs constructivist continuum. {Other equivalent pairs are teacher-
centered vs, Student-centered.) Practices that can be considersd near the transmission
teacher-centered continuum are
. Showing and teaching procedures before solving
2. Asking students to practice repeatedly
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Avoiding errors

Focusing on standard algorithms only
Teaching s horbouts

Following the textbook closely

= e

Focusing on speed of solving problems
Practices that can be considered near the Student-Centered continuuwm are:
. Encoumging students to express their ideas, explanations and justfications

I

Use of multiple representations

Connecting school mathematics with students™ daily lives
Encouraging alternative algorithms

Encouraging multiple languages

Using student errors to understand and respond to students” thinking

S

Encouraging reasoning and understanding why procedures work

The above framework was used for designing the questionnaire. However, the analysis of the
questionnaire has been done by comparing the resulis from the questionnaire items with the cat-
cgories that emerged from the analvsis of the interview through open coding. This s described

in more detail in a later sub-section on data analysis and also in Chapter 4.

1.6.1.2  CQuestionnaire

Data about teachers™ behefs and practices were collected through Likert type written question-
naires (having both positive and negative statements). The questionnaire was developed on the
basis of the framework in Table 3.2, Items were adapted from the existing literature [ Swan,
2006; Fenemma and Shemman, 1976) sinee they corresponded to various aspects of the frame-
work. Many items in the frst draft of the questionnaire were adapted from Swan (2006). These
questions and 1tems were discussed n the research group compnsing supervisor, rescarch
scholar and a research assistant. The selected items were reviewed and adapted according to In-
dian context. Further addinonal questions were added based on the framework and prior experi-
ence in teacher education and Indian school system. This draft was shared with experts compris-
ing 3 faculty members who had poor experience in teacher education and research tools con-
struction. The modifications were made in both the tools based on experts” suggestions. The

questionnaire had six parts focusing on
i 13 Background personal data,

(21 Frequency of practices adopted,
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(3 Teachers” beliefs about mathematics,
(41 Beliefs about 1ts teaching and learning,
(57 Beliefs about self and

(67 Beliefs about students.

Pilot survey

The questionnaire tool was piloted, Arst with 20 members of the institute and then with 50
teachers belonging to the same nationwide government school system as the participants. Partic-
ipants attempting the questionnaire were asked to indicate items which seemed unclear to them.
Items were modified based on fecdback received by participants. The objective of the pilot was
to see how participants respond to questions and not o standardhize the questionnaire since 1t
probed teachers” beliefs in an area where little research has been reported in India. Therefore the
purpose and use of these research tools was more for exploration of different ideas that get cap-
tured through these tools to help get a picture of the vanability in teachers™ views related to the

themes selected.

Validity and reliability

Content validity of both questionnaire and interview was done by experts (researchers, teacher
educators) and changes were incorporated as per suggestions, Data were coded and reverse
scores were given to the negatively worded items, Rehability analvsis was carned out using the
R statistical package. Crombach alpha values were obtained for cach part of the questionnaire
and were found to be in the range of 0.75-0.9, except for Part 3 {alpha = 0.53) dealing with
teachers” ideas of mathematics. It was felt that the questionnaire items as perceived by the teach-
ers did not strongly distinguish their ideas of mathematics from effective ways of teaching and
leaming mathematics (Part 4). Henee Parts 3 and 4 of the questionnaire were combined into a
single scale, for which the Cronbach alpha was found to be 0.8 1, which was higher than the
value for the parts taken separately. Efforts were made to describe the scales obtained and to ex-
tract sub-scales. In general, the sub-scales did not vield high alpha values, except for the gender

preference sub-scale consisting of 4 items of Part 6 {cronbach alpha: 0.84).

Participants in the workshop including the 13 teachers from the government school svstem com-

pleted the questionnaire in about an hour, Another group of 10 teachers who paticipated in a
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one day workshop belonging to the same svstem also responded to the questionnaire and their

responses were analyzed. along with the 13 teachers from the earlier workshop.

The final versions of the questionnaire are given in Appendix 1.

1613 Interviews

The interview questions were prepared based on the themes of the framework for assessing be-
liefs of teachers in Table 3.3 (See Appendix 2). Additionally, & question (. 11) was incorpo-
rated through which one can get an idea about teachers” knowledge for teaching mathematics.
Some of the questions in the interview were influenced by the interview used by Ball { 1988),
The draft of the interview schedule was prepared and given to 3 faculty members to obtmin feed-
back and modifications were made based on it. The prompts prepared for the interview are

given in Appendix 2.

Teachers were explained the purpose of interview so as to understand teachers” views about dif-
ferent practices prevalent in the education system for teaching mathematics and reforms in the
education system. The researcher started by introducing herself and asking the teachers to talk
about their personal bio and the reason they chose to become a teacher. Each interview lasted
from about half hour to an hour depending on how much the participants shared. Teachers were
probed to elaborate on the points and give examples from their classrooms if the responses were
not clear. Since the setting of the nterview was an institute, 4 professional development space
away from school, it allowed for teachers to speak at length without facing the 1ssues of taking

classes in school or being overheand by a colleague or a superior.

The researcher’s prior experience in another study of interviewing a teacher about the beliefs
and nteracting wath her helpad in conducting the interview with teachers. The general prachce
wis to ask about preferred practices first and then to probe desper to elicit teachers” beliefs re-
lated to that particular practice. Semistructured interviews were used in this study as this was
the Arst interaction of the researcher with the participants and to allow explomation, one needed
to leave scope For further probes when something interesting was shared by the participants. In
trying to keep the interactions in the interview spontaneous, a particular question was asked at

the point when the participant spontaneously mentoned something related to it

In this study, the interview was chosen as a research instrument to assess beliefs as well as pre-

ferred practices as they provide access to the person’s values, beliefs and knowledge (Tuckman,
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1972). Further, interviews could also lead to dentification of variables and relationships which
the closed responses of a questionnaire may not elucidate. Thus, the interview data in this study
serves to complement the questionnaire data providing alternative and fine grained data to con-
trast and compare with the quesbionnaire responses. The responses from both instruments have
been used in the chapter to gain an understanding of teachers” views and beliefs. However, the
assumption behind using interviews as a source of data 15 that the knowledze is not only expli-
cated through interview but 15 also generated through convemsations (Kwvale, 1996), Thus in
myview, the interview data was generated as a result of interaction between researcher and the
participant. | agree with the Laing’s (1967) position that rather than data being objective, data
from interview 15 intersubjectively created as the participants” viewpoint interacts with the view-
point of the researcher both during the nterview through verbal and non verbal interactions as
well as during the analysis. Therefore, the researcher tried her best to adopt both the teacher as
well as the researcher’s point of view during the collection and analysis of the data. The re-
searcher also shared her own background of being a teacher to put teachers at ease and persuade
them that the researcher understands the issues Faced by the teachers. The interview data elicited
from the interviewee is thus the result of the co-construction that occurs as result of interaction

with the nterviewer,

During the interview about beliefs and practice, respondents had to think and respond about is-
sues that they may have not reflected on or thought about in their course of their teaching career.
In trying to respond to the interview questions, respondents constructed their cam namratives
about their teaching and their teaching carcer. Their responses indicated not only their wan
choices and beliefs but also the factors that influenced their practice such as the role of experi-
ence, schooling, reform context and administrators, Since the participants had responded to the
questionnaire before they were interviewed, the questionnaire items and teachers” responses to 1t
did influence the way teachers responded to the interview questions. The questions also probed
for meanings that participants hold for the key words like “explanation™ and ““reasoning™ that
were used in the questionnaire and thus provided important data to analyze Andings from the
questionnaire. However, due to the teachers” own personality charmacteristics and the inter-
viewer's allegiance to the mstitute, it might have caused some teachers to not divalge their be-
liefs and practices honestly. The data has been analvzed. by contrasting the questionnaire and n-
terview responses and considering the varous issues of power associated with the position of

being a teacher in a reform context. Thus inconsistencies between the data from the question-
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naire and interviews have been treated as an indication of lack of strength in beliefs.

J.6.1.4  Analysis of intérviews and questionnaire responses

Of the 13 teachers participating in the ten day long professional development workshop, 11
were interviewsd, which included 6 middle school teachers (Teachers M1, M2, M3, M4, M5
and M&) and 5 primary school teachers (Teachers P1, P2, P3, P4 and P3). Semi structured inter-
views were done with participant teachers during the first ten davs of the workshop in 2009, The
interviews were fully franscribed. Themes were amived at by first open coding the interview
data to get emergent codes which were subsumed into themes. The transcrpts were open coded
(Whles and Huberman, 1994) for descriptive categonies like “good student- accuracy™, “good
student- thinking™, ete. This was followed by comparing transcripts of different teachers for the
related descriptive categories like “mathematics- as caleulation™ and “mathematics- as reason-
ing”. These related categones were then orgamized and subsumed into a theme. The question-
naire items were categorized into the themes that emerged from the interviews and teachers’ re-
sponse to the questionnaire item was compared with that dunng interviews, Triangulabion was
thus done considering questionnaire responses and nterview data and teachers” response to the
relevant questionnaire items related to the themes were considered. Considering teachers™ inter-
view excerpts related to a descriptive category revealed the variabions among the views held by
the teachers as well as the strength of a view among the group of teachers. The analvsis led to
the emergence of the categories of core and perpheral practices and beliefs to explain the view
held strongly or weakly among the teachers across the interview and questionnaire. These cate-

gories and the important themes that emerged have been descnbed in detail in Chapter 4.

3.6.2 Sub-study 2: Design and enactment of PD workshop

In the first vear, 4 ten day professional development workshop during the summer vacation was
held for 13 teachers belonging to a nationwide government svstem of schools. The goals of the
workshop were strengthening teachers” knowledge relevant to teaching, providing opportunities
to articulate and reflect on behefs and developing a sense of community among teachers,
teacher educators and researchers participating in the study, The workshop tasks included ob-
serving and reflecting on non-traditional teaching, learning through solving and analyzing prob-
lems, anticipating and reflecting on student responses, discussing math education research hiter-

ature, analyzing textbooks, and articulating beliefs about teaching, students and mathematics.
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Teachers were engaged in a collective experience of reflecting on their beliefs and practices that
are common place in teaching of mathematics using the artifacts derived from practice. The de-
tails of the principles of workshop design as well as details of the interachon in the sessions are

provided in Chapter 5.

i.6.2.1 Data collection and analysis

Cobb et al. (2003) discuss design experiments For the purpose of “engineering particular forms
of learning and systematically studying these different forms of leaming within the context by
the means of supporting them™ (p.9). The design of the workshop was undertaken with the pur-
pose of making teachers aware about their own beliefs, making their knowledge of mathematics
teaching explicit through use of situated tasks and make them aware of alternative practices that
can be used for teaching mathematics. The plan of sessions and tasks thus embedded the princi-
ple of situatedness, challenge and developing the sense of community. Data from the workshop
wis collected in the form of video recordings of the sessions which were later transcribed. Addi-
ticnal data in the form of teachers™ work and responses to tasks were also collected. Transcripts
and descriptions of the sessions in the workshop were preparad from the video records of the
sessions, The coding process was adapted from Miles and Huberman (1994) as well as Corbin
and Strauss (2008) to develop emergent codes from the data. Corbin and Stravss have discussed
how analysis of transcription involves interpretation by the researcher and thus the researchers
are “the translators of other persons’ words and actions™ (p49) who reinterpret and revise their
interpretations in the process of analysis. This process was facilitated through bramnstorming and
the discussion of the insights from the data along with evidences from transcription in a group
comprising the researcher, supervisor and another researcher colleague. The discussions helped
in arrving at the principles which seemed to be reflected across sessions and in the actions of

the teacher educator,

The coding was done broadly in three categories: the design features, the facilitation Features
and teachers” explorations and reflections. The descriptive codes identified For the design fea-
tures ncluded coding for the task as asking teachers to ariculate student thinking, analyze stu-
dent error, predict student responses, propose teaching approach, identify conceptual gap, expla-
nation of the procedure, identify key concepts, ete. The desenptive codes for facilitation features
included soliciting teachers”™ responses, revoicing, comparing responses, proposing teaching ap-

proach, making counter-argument, probing meaning, reviving discussion, making inferences,
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making connections, sharing protocol, ete. The descriptive codes for teachers” articulations in-
cluded making conjectures, identifving student emrors, inferences, assertions, challenging asser-
tion, resisting, mibation, supporting, giving example and giving explanation. Thus, mmbally the
coding was at the descripove level. However, through analyvsis of descripoion of different ses-
sions, researchers were able to identifv the conceptual themes Like the role of tasks situated n
practice, teachers agency in engaging with the tasks and interactions in the sessions as well as
the belief goals of the teacher educator in the sessions. The consensus about the coding was es-
tablished by discussion among the coders. After the imibal coding for two different sessions, the

rest of the coding for other sessions was done by the researcher alone,

3.6.2.2 Analysis of questionnaire responses

The 13 teachers who had participated in the professional development workshop, responded to
the questionnaire again on the last day, keeping in mind their views and preferences for their
practice in future. Paired t-test was vsed to find if the difference between the means were signif-
icant for the responses before the workshop and after the workshop. The online too] to calculate
t-test value and significance was used {hitps:eoeow graphpad.com/quick). The items for which

the difference between the means was significant have been presented in Chapter 5.

3.6.3 Sub-study 3: Case study of Nupur

The workshop was followed by visits by the researcher to the classrooms of two teachers — one
primary and one middle school teacher for about one month each. During these visits, the re-
searcher frequently reflected on the lessons together with the teacher and discussed plans For fu-
ture lessons. Chapter & in this thesis reports the Sub-study 3 0 form of a case study of the pn-
mary teacher Wopur (pseudonym) who held positve beliefs for student-centered teaching and
intended to change her practices towards the same but faced challenges in adopting these prac-
tices. The beliefs held by the teacher, the tensions experienced among beliefs while exploring
new practices in the classroom have been discussed in the chapter. The lessons observed in the
first vear were on the topic of fractions, and in the second year on the topic of Arca and frac-
tions. Since the preliminary analysis showed the challenges as being content specific, the
lessons on fractions in both vears have been chosen for analvsis, The observation of the class-
rooms have been analyzed. for the tasks that were designed or used from the textbook as well as

the way the teacher managed the classroom interaction after posing the task. The aspects coded
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for the task framing and task enactment have been described in Chapter 6.

3.6.3.1  Suitability of the Case study method

Yin (2009) acknow ledged that the case study method s determined by the nature of the research
questions where the researcher attempts to gain understanding of “how™ and “why™ questions.
In Sub-study 3, the attempt 15 to understand how the beliefs and knowledge held by the teacher
influenced the ways she selected and implemented the tasks in the classroom and how her par-
ticipation in the study influenced her practices, beliefs and knowledge. Since she had expressed
positive behefs towards adopting student centered practice, she was a suitable case to study the
kind of challenges that anse when the beliefs are conducive for adopting a pracoce. The case
study delves both on her interactions in the classrooms with the students as well as on her dis-
cussions with the researcher outside the classroom. Since the relationship between the re-
searcher and the teacher 15 that of collaboration and the researcher herself was interacting with
students in the classroom, the data related to researchers™ interactions with the students and the
teacher also become the part of the case study. Thus the case of Mupur 15 of a teacher located n
the physical space of the classroom and school and in g social relabions hp with the students and

the researcher.

The context of the case study, the description of the school, Mupur's characteristics and the so-
clogconomic status of the students in the Mupur’s classroom have been described in detail in
Chapter 6. The chapter also includes a summary of the lessons taught by Mupur which have

been analyzed. in detail in terms of task framing and task implementation.

3.6.3.2 Data collection

For the case study, data was collected from different sources which can be categonzed into
background data for the study, data of teaching from the classroom and data of teacher and re-

searchers” mestings.

Background data was collected by ethnographic notes made by researcher during visits to the
school where Mupur worked for around 2 months each in two consecutive vears. The rescarcher
visited the school almost daily and spent ime 1n the staffroom and interacted wath other teachers
along with Mupur. She also interacted with the headmistress and the prncipal and attended a
few official meetings taken by them with the teacher to get a wholistic sense of the working am-

bience in the school. Permission was taken from both the prncipal and the headmistress for
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classroom observation along with consent from the teacher. A note was sent home with the stu-
dents of the class explaining the purpose of the study and that the students” real names will not
be used in the study o ensure that the parents did not have any objections to the study. The cir-
culars given to the teachers to direct their teaching were also studied, although not reported n

the thesis, Interviews were taken with students of Nupur's class to get an idea about their so-
clogconomic status along with the interview of the other tao sections belong to the same grade.

This data 15 reported in Chapter &.

Data about teaching was obtained through audio recording through an audio recorder on teach-
ers” table kept in the front of the class. This made it difficult to clearly audio record students” re-
sponses in the classroom. The researcher took notes in the classroom to record teachers™ ques-
ticns and students” responses, Although the names of the students were not noted 0 the records,
the gender of the students was recorded using the symbol “5g™ for girl and “55™ for boy along
with their responses. The researcher also completed the notes after the class based on her mem-
ory to make the notes comprehensive along with a brief reflection of her own about what as-
pects of teaching were salient to her. Tests were also given by the teacher to students and some
tests were made by researcher and teacher together, This data has not been included as due per-
mission was not taken from the teacher to share this. The teacher and researcher jointly took a
one day workshop with the other primary teachers of the school at the end of the first vear ob-
servation, which was sudio recorded and has been used in the chapter to substantiate the argu-
ments about what Mupur leamt from the collaboration and what challenges she had faced. The
analytical framework used to analvee the data from the classroom has been discussed in detail in

Chapter 6.

Data about teacher and researcher s meeting was obtained through a volce recorder during the
meetings before and after the lesson to discuss students” responses and planning the tasks in the
subsequent lessons, The researcher also made notes of the remarks made by the teacher during
the conversation in the staffroom which were relevant to what was being taught in the class-

[T

3.6.4 Sub-study 4: Topic focused professional development

In the second vear, six one-day topic study workshops on integers were held for the four middle
school teachers spread over a period of five months while the teachers were teaching n their

schools. All the teachers had attended the professional development workshop in the first yvear
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of the study, Out of the four teachers, the researcher visited the classrooms of the thres teachers
(Rajni, Swati and Anita) while they were teaching integers. The fourth teacher did not teach in-
tegers in the sixth grade and thus classroom observation was not possible. At the end of the sec-
ond vear, the teachers”™ group conducted an extended workshop session of three hours on teach-

ing integers for peer teachers from same school system.

The aim of the topic study workshops was to focus on a topic that was challenging to teach, to
develop a deeper understanding of the topic, and to plan for teaching. The teacher educators,
who were also researchers, refrained from conveving to the teachers that they needed to make
specific shifts in their teaching practice, for e.g., from teaching mules to teaching for understand-
ing and reasoning. The focus was more on collaboratively developing mathematical knowledge
for teaching and resources, which was expected to facihitate teacher learming and influence
teachers™ decisions in selecting and designing tasks., The middle school teachers” group chose
the topic of integers to be taught in Grade & as the topic for the collaborative workshop, Meet-
ings were held over six davs spread over a period of 18 weeks. The discussion in the workshop
can be broadly divided into four stages: (1) initial discussion of 1ssues related o the teaching of
integers (Day | and Day 2) (1) engagement with contexts in which integers can be apphed
mearingfully { Dayv 2 and Day 33 (i) planning for teaching (Day 43 and {(1v) reflechon on teach-
ing and preparing 4 workshop session for other teachers { Day 5 and Day 6). The stages are con-

venient divisions with overlaps and elements of cach phase present in the other phases.

The teacher educators” role was to inibally ehcit from the teachers the approaches that they used
in the classroom and the challenges that they faced. On the second day, a workshest (see Appen-
dix 5) on integer meanings designed by the teacher educators based on research on the teaching
and leaming of integers was the focus of an extended discussion on contexts where integers
were used and the associated integer meanings, On subsequent days, the teacher educators sup-
portzd teachers in examining the learning outcomes addressed by the textbook chapter, n de-
signing instruction and in preparing For a workshop session for peer teachers. Such support con-
sisted in helping individual teachers in identifying and preparing learning resources that they
wished to use in their classrooms, and sometimes in designing student tasks around a context

chosen by the teachers.

The data that 15 analvzed in Chapter 7 consists mainly of transcripts of audio recordings of the

workshops, The audio-recording included interactions between teachers and teacher educators
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in the workshop as well as teachers™ reports and reflections on using resources developed in the
workshop for teaching. Additional data was vsed from teachers” individual lesson plans and pre-
sentations made by teachers to their peers in the last meeting of the workshop, The discussion n
all the four stages of the workshop was fully transcribed. The codes used with the transcopts are
described in detall in Chapter 7 along with the framework of integer meanings used for the anal-

WIS,

The researcher and her supervisor independently coded the transcripts. After initial coding,
codes were merged and simplified to remove ambiguities. Differences between the two coders
in coding were resalved through discussion; when they could not be resolved, both codes were
marked together for the particular turn. The codes were used to collect together utterances that
were related o a common theme, that indicated the broad features of the discussion. The codes
were also used as filters to focus on specific aspects of interest, and to validate the claims made.
The discussion in Chapter 7 uses extracts from the transcript guided by the coding scheme to

support the arguments made.

3.6.5 Role of the researcher

According to Burton (2002]) it is important o make clear the grounds on which the decisions
were made to regarding data collection and analysis. Since this study adopted qualhtabve meth-
ods for informing data collections and analvsis, the role of the researcher becomes important as
the researcher is both an instrument for data collection as well as the instrument for data analy-
515 Thus writing 1s informed by the rescarcher’s past experiences and views which need to be
made explicit to the audience. The role of the researcher in the form of 4 collaborator and a par-
ticipant during the classroom observation rather than as an outsider has thus been described. The
choices made during data collection and data analvsis are influenced by both the ideas and pre-
dispositions with which the researcher enters the field as well as the increasingly nuanced un-
derstanding of the situation that the researcher develops through the interactions in the field. To
ensure that authentic data 15 collected a researcher needs to constantly reflect and be aware of
his/her own assumptions and constantly be critical of them in the hght of evidences gained in
the field. Thus, a researcher has to keep his'her mind open to unanticipated leads and relation-
ships which are discovered in the Feld and has to continuously adapt the design towards finding
the answers to the questions he'she was seeking. Thus researcher plays an important role in ehe-

iting, nobicing and interpreting the behaviors/arbculations ocourring in the settings. The “thick”
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deseription of the setting having details and specific helps the researcher to uneath important
themes, categories and inter-relationships providing desper insights into the situation. The as-
sumption behind these methods s that complete objectivity 15 impossible and thus it 15 mpor-
tant for the researcher to make his/her own assumpbions and theoretical understanding exphoit
to allow reader o make sense of the way data 15 presented and interpreted therchy establishing
credibility of the findings. In other words, the researcher 15 the instrument for data collection

and analvsis and she needs to be aware of the role plaved by her in this process,

As a researcher who utilized qualitative research methodology in the design experiment process
for teacher professional development, my role was very complex. I plaved the role of participant
observer in all the settings while the role of teacher educators was playved by faculty members
and other research team members of HBCSE. However, in the classroom [ had to take a more
active role due to the teachers” demand that 1 engage in classroom interactions. by role as a par-
ticipant observer enabled me to notice and analyze the interactions that contributed to teachers”

understanding and understand the process of professional development as a continuous process,

My previous experiences in my Life contrbuted to the way the research study was designed and
data was collected and analyvaed. My own experience of being a govemment school teacher and
teaching maths at primary level contributed to my undemstanding of what students are learning
in the classtoom as well as the challenges and feeling experienced by the participating teachers
in the study. My expenence as a govemment school teacher had made me aware of the 1solabion
faced by the teacher in not having academic support to manage the challenges of student leam-
ing. However, my own efforts in the school made me believe that it 15 possible for a teacher to
work in this setting and use resources to ensure conceptual understanding of mathematics
amongst the students. &y efforts to ntroduce student-centered pedagogy in my lessons while
doing the study for fulfillment of M. Ed. part-time degree also contributed to the understanding
about how students react to the change in pedagogy and ways to engage them as well as the un-
derstanding that these changes take time to be adopted in the classroom as 4 norm. Thus, it
helped me in continuing to be patient and observant of the learning exhibited by the teachers as

well as students.

My participation in teaching in the summer camps organized at HBCSE using the ideas from re-
search for teaching fractions had made me aware how difficult it 15 to make a switch from rely-

ing on the textbook to making decisions about the tasks and to plan teaching based on students

107



Chapter 3

responses and their evolving understanding. These summer camps also taught me classroom
strategies to engage students in explaining their methods and reasoning after working on prob-
lems for which they were not taught or told the procedure to solve. In another pilot study before
this research study, a collaborative research design was adopted instead of an observabion bas ed
study with a practicing teacher to study the learning of fractions. She had discussed how she felt
uncomfortable with me observing her lessons as she felt that her teaching might be evaluated.
She felt that my position as the researcher has the power as 1 was not obliged to take part in the
lessons even when 1 know of strategies that can help students leam fractions, Following this
conversation, a collaborative research design was adopted in the study to study students” re-
sponses and their leaming which she used to prowvide feedback to the students. In this pilot
study, 1 had partcipated as a participant observer and discussed with the teacher what students
are learning about fractions based on their responses and solutions in the classroom and had
planned the future lessons together. Similar expectations were experienced by the researcher
from the participating teachers in the reported research study, Thus the researcher adopted the
rale of the participant observer to work with the teachers in the vanous sub-studies reported in
this thesis. As in the pilot study, 1 decided to collaborate with the teachers and intervene n the

classroom on the invitation of the teachers.
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4
Teachers’ Beliefs and Practices in the
Context of Curriculum Reform

4.1 Introduction

The position paper on the teaching of mathematics, an important paper for the Mabional Curricu-
lum Framework 2005 recognizes that teaching of mathematics has been textbook centered with
the focus on leaming mechanical procedures rather than developing students™ power of math-
ematization and reasoning (NCERT, 2006¢). The document recognizes inadequate teacher
preparation as one of the reasons for the prevalent approach to mathematbics teaching, As de-
scribed in Chapter 2, studies elsewhere in the world have ndicated that focus on change n
teaching strategies without taking feacker thinkfing into consideration results in teachers making
superficial changes which do not lead to any significant change in student learning opportunities
(see Chapter 23, It 15, therefore, important to frst understand the beliefs and practices that are

prevalent among teachers in order to support reform in teaching that 15 not superficial.

As described 1 the previous chapter, this study 15 situated in the context of a project aimed at
collaborating with teachers to develop teaching practices that support the development of stu-
dent understanding. In order to support teachers in inibating change in classroom practice, it
wis important to let teachers articulate and become aware of the beliefs that they held and the
practices that they preferred. It is also important to understand the beliefs held and practices pre-
ferred by teachers, as these throw critical light on the teachers” reflections and actions in subse-

quent phases of the study. Hence the relevance of the Sub-study being reported in this chapter.

In this chapter, an analysis of the questionnaire and interview responses of teachers who partici-
pated 10 the professional development workshop in Year 1 of the study 15 presented. This was
the first interaction that the researcher and the workshop design group had with teachers and the
analysis of questionnaire and interview llustrated the beliefs and practices considered important
to teachers at that point of time. The responses to the questionnaire are from 26 teachers belong-
ing to the same school system from two different events. The first was a workshop conducted in
Year 1 for a period of ten days in which 13 teachers from a nabonwide government school sys-

temn participated. The second event was a short, half g day workshop also held in Year 1 ina
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school belonging to the same school system, in which another set of 13 teachers participated. In-
terview data of 11 teachers who participated in the first ten day workshop has been analvzed for
this chapter. Out of these 11 teachers, 5 are primary school teachers, while the other & are mid-
dle school teachers. The pnmary teachers are designated as Fl to P35 and the middle school
teachers as M1 to Mo, Chapter 6 presents a case study of Wupur, who 15 P1. Chapter 7 discusses
the involvement of Swati (ML), Anita (M2), Rajni (M3) and Ajay (M4 in topic focussd work-
shops, Since these teachers will be discussed in subsequent chapters under different names (all
pseudonyms), reference to them in this chapter 15 made in bold font. Since the ficst point of con-
tact for teachers was during the first workshop held in summer vacation of Year 1, it was not
possible to obtam data about teachers” practices from classroom observations to comoborate the
teachers” responses in questionnaire and interviews. In later chapters, it will be discussed how
the beliefs and practices reported here connect to discussions in teacher development workshops

and to actual classroom practices observed.

4.2 Beliefs and practices of teachers: The underlying
interconnected themes

The most common practice associated with teaching mathematics in Indian classrooms is proba-
bly showing procedures and examples to solve a problem, followed by students solving similar
problems from the textbook. Through repeated practice students are expected to identify the
tvpe of problem and use a smtable memonzed procedure for solving. From experiences shared
during discussions with teachers and teacher educators, it appears that several generations have
gone through similar teaching, indicating that it 15 & common cultural norm for teaching mathe-
matics, Thus the teaching of mathematics 15 mechanical and 15 essentially about teaching and
memoriFing procedures. In the mathematics education research literature, this tvpe of teaching
has been recogmzed as a “transmissiomst” view of teaching, which has been contrasted with a
“student-centered™ view of teaching, The student-centered view describes teaching that involves
EWINE opportunity to students to share their ideas and teaching that 15 responsive to student un-
derstanding. The use of the word “constructivist™ 15 avoided here because in the Indian context
fand in the context of some other countries), the word constructivist has acquired the connota-
tion of a limited role for the teacher. The teacher is supposed to function merely as a “facilita-
tor™ who supports students in their active construction of knowledge, In contrast, 1 belicve that

the teacher has an active and important role in developing students™ understanding and hence 1
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prefer to use the phrase “student-centered teaching™ or “student responsive teaching”™. However,
“transmission” orented teaching or “transmissionist teaching™ captures the practice prevalent in
many Indian school settings well, where the teacher attempts to transmit a “packaged”™ knowl-

cdge of mathematics to students,

Another distinchion that 15 prevalent n the Literature 15 based on the type of mathematical
knowledge that 15 focused in teaching which can be purely procedural or allow for deeper con-
nections between procedural and conceptual knowledge to be explored. The ficst distinetion be-
tween transmissionist and student-centered teaching points to the beliefs that teachers may hold
ahout teaching, whereas the second distinction between procedural and connected nature of
mathematical knowledze indicates the behefs teachers mav hold about the nature of mathemat-
ics, These distinctions are indicated by the fact that some researchers Some have described these
latter distinction as the contrast between “transmissionist™ and “connectionist™ teaching {Swan,
2006). Other beliefs hike the capability of doing mathematics being innate or acquired might

also influence the choice of practice as well as the self efficacy beliefs of the teacher.

These distinctions present in the research literature frame the discussion in this chapter on pre-
ferred practices and beliefs held by the teachers in the study and have helped in arriving at the

framework discussed in the next section on core and peripheral practices and beliefs.

It 15 acknowledged that beliefs and practices reported during the interview are “articulated be-
liefs™ and “preferred practices™. Teachers™ articulations in the interview about what thev prefer
and think as important while teaching has been considered as “beliefs™. These articulated beliefs

may be different from actual practice as discussed in the Chapter 2.

In this chapter, the discussion focuses on how teaching practices described and preferred by
teachers align largely with the “transmission™ view of teaching and procedural view of mathe-
matics although they also appear to be related to “student-centered™ teaching and a focus on rea-
soning. The transmaission view of teaching, leads to a preference for practices hke showing pro-
cedures or solutions on the black-board to students before asking them to copy the solutions in
their notebook and then perhaps asking them to solve a similar problem for practice and memo-
rizing procedures, Teachers aligning closely to a transmission view, generally try to avoid stu-
dents making emors by helping them identify the operation/ formula to be used and in the case

of error repeat the procedure again for the students.

Practices ahgning with the student-centered view may involve providing opportunities for stu-
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dents to exercise their agency while engaging them in tasks and activities. The teachers may en-
courage students” solutions and ideas For solving a problem, asking students to give reasons and
explanations of their answers and make and explore conjectures. Such an approach to teaching
may involve connecting maths to daily hfe and contexts and activites where students make
sense of their experiences while making connections with formal mathematics. Even in student-
centered teaching, the teachers” role 15 important in promoting leaming by making choices and
selections of the contexts and activities; building on students” explanations to dentify and make
connections with key mathematical ideas and helping them in adopting more efficient strategies

for solutions.

The work of Ball, Hill and Bass {2003) and &Ma { 1999) indicates how knowledge of procedures
and concepts are intricately connected and thus one needs to focus on the connechons between
procedures and concepts. For e.g.. knowledze of standard procedures of say subtraction, divi-
sion, ete., nvolves understanding of certain key concepts hike place wvalue. However, when
teachers” give simplified or mathematically inadequate explanations of procedures which do not
take into consideration the key ideas, teaching can be called as essentially procedures Focused.
Procedure focused teaching also Focuses on only the standard algorithm or solution while dis-
cussing a problem, emphasizes the steps of the procedures for memorization, and considers
speod and correctness of a calculation as an indicator of learming, When teachers give conceptu-
allv based explanation of procedures, they use contexts, representations or ideas to develop the
meaning of mathematical concepts, establish connections betareen procedures and concepts, and
use their undemstanding of how and why procedures work to identify and discuss a mathematical
idea in a students” solution. Procedural and conceptually Focused teaching can also be consid-

ered as two ends of 8 continuuwm.,
The questions addressed i this chapter are:

1. What are the core and peripheral practices of the teachers in the sample with respect to

the teaching of mathematics?

[

What is the relabion between beliefs expressed and the practices preferred by the teach-

ers’

3. What beliefs are core or peripheral as indicated by the teachers™ articulation and the
practices preferred by the teachers?

4. What 15 indicated about teachers” knowledge from their explanations? What 15 the rela-
tion between preferred practices and the knowledge held by teachers?
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In the following sections, 1 discuss findings from the interview {Appendix 2) and questionnaire
about practices and behiefs (Appendix 1), In section 4.2, 1 discuss the core and peripheral prac-
tices which teachers reported in the interviews and the questionnaire. In section 4.3, 4.4, 4.5 and
4.6 1 discuss behefs held by teachers about the teaching and learning of mathematics, the nature
of mathematics, belicfs about students and beliefs about self as 8 maths teacher respectively. In
section 4.8, discuss the role of knowledge of concepts and procedurss in influencing the choice
of practice through analyvzing teachers” mathematical explanations. The last section discusses
the framework of how core and peripheral practices are related to the core and peripheral belicfs

as well as knowledge.

4.3 Core and peripheral practices for the teaching of
mathematics

The research hterature on belhiefs indicates that not all practices are used consistently by teach-
ers: teachers consider some practices as more important than others and hence adopt them more
frequently. In the context of educational reform, teachers have been found to change their prac-
tice only superficially or just include new practices in their repertoire, without actually revising
their teaching towards fulfilling the reform goals which are generally directed towards changing
a traditional wav of teaching {Cohen & Ball, 1990}, Research has also mdicated that 1t is teach-
ers” beliefs and values that guide the chowee of practice and decision making in the classroom
and thus it 15 important to study beliefs inrelation to the practces used i the classroom. Green
(1971} identified that beliefs can have varying significance and thus can be classified as core
and penpheral beliels, explaining teachers™ choice of practice. This framework has been ex-
tended to categorize the practices as core and peripheral practices which are guided by core and
peripheral beliefs respectively. It is proposed that the relationship between practices and beliefs
i5 a complex one, influenced by other factors including the teachers” knowledge and sociocul-

tural factors like svstemic expectations in times of educational reform.

“Core” practices are those that teachers relv on and adopt frequently. Thus they are practices to
which teachers ascobe importance and usefulness, of which many instances of classroom use
are cited, and where teachers possess the knowledge to support the practice. These core prac-
tices are supported by component practices that help to maintain their use and frequency and are
consistent with them. The core practices form a coherent cluster and one expects consistency in

the teachers™ arbculation of them across tools like the questionnaire and interview. Teachers dis-
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play and hold knowledge needed to use these core practices. For e.g., teachers will have knowl-
edge of steps of the procedure to support the practice of showing procedures but not necessarily
of how these procedures work, The core practices are guided by the core beliefs held by the
teachers which are either explicitly amiculated in response to the questionnaire or interview or
can be nferred from core practices and its component practces. These core beliefs indicate a
definite view about the nature of mathematics and mathematical leaming which in tum explains
the use of core and component practices. Core beliefs are also indicated by the consistency of
teachers” response to probes about practices as well as beliefs related to teaching and learning,

and mathematics.

In this thesis, some practices have been termed as “peripheral™ when they are given less prionty
by teachers dunng interviews in terms of their importance and usefulness for learming mathe-
matics. Teachers might be using these practices infrequently in the classroom, without clarity
about their use and purpose, and might lack knowledge to support using the practice efficiently.
A practice may also be considered as penipheral when there 15 inconsistency between beliefs ex-
pressed and reported practice or conflicts and tensions expressed by teachers in implementing a
practice. A peripheral practice may be an imposed practice through the education system, which
teachers use to fulfill the demands of the system, but do not foresee its usefulness in the teach-
ing-learning process. Peripheral practice may be supported by a peripheral behief which does not
directly align with the other core beliefs. On the other hand, a peripheral practice may be sup-
ported by core belief if it 1s consistently expressed in both questionnaire and interviews, 15 co-
herent with other core behefs and teachers discuss the factors which constrain the use of the

practice.

The core and peripheral practices have been analvzed for the group of 11 pamticipating teachers,
who responded both to the questionnaire and the interview, as well as who took part 0 the 10-
day professional development workshop (see Chapter 5). The data from the questionnaire and
the interviews of the teachers participating in the workshop taken together indicate that teachers”
views were more aligned to a transmission view of teaching and procedural focus in mathemat-
ics, While the questionnaire responses by themselves indicated a4 more positive alignment to-
wirds student-centered teaching and focus on reasoning, teachers” description and examples
during the interview focus on showing procedures, repeated practice and getting correct answers
and mndicated a lack of knowledge of connections between concepts and procedures. Analysis of

the interview further indicated that showing procedures, repeated practice of problems and Focus
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on specd and correct answers while avoiding emrors are the core practices for teaching maths.
se of activities, connection with dailvy life, engaging in reasoning, giving an opportunity to stu-
dents to voice their thinking remain peripheral practices, which teachers use for the purpose of
making mathematics interesting and not necessarily to develop an understanding of mathemat-
LS,

In the following sections, theevidence from questionnaire and interview 15 desenbed which il-

lustrate the features of the core and peripheral practices as well as beliefs,

4.3.1 Core practices

There were Four core practices that were identified by the analysis of teachers” interview and the

questionnaire, They are:

1. Teaching by showing procedures or solved examples

]

Criving students repeated practice of solving problems
3. Focus on speedy solutions

4. Following the textbook

These four practices were supported by several component practices and together these core
practices and component practices form a coherent view of teaching mathematics by transmit-
ting knowledge to students. The teacher works as the mediator bebween the textbook and the
stucents and helps students in remembering what 15 there in the textbook and solves all the
problems of the type given in the textbook, The function of the teacher 15 to make this package

of knowledge in the textbook easier to learn or more interesting.

4.3.1.1 Teaching by showing procedures or solved examples

Teachers” responses to the questionnaire and interview indicated that teachers focus on telling
the steps of the procedure without giving an opportunity to students to solve or figure out a
problem on their own, Analvsis of interview and questionnaire data of teachers revealed that the
views expressed by toachers indicating a procedural focus in the interviews are consistent with
those expressed in the questionnaire about the frequency of practices uvsed. This indicates that
showing procedure may be one of the core practices. Further analysis of interview indicated that

some component practices supported this core practice, which are listed below
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1. Telling steps of the procedure, considered as an “explanation”, which students are ex-

pected o record comrectly o their notebooks.,

]

Avording students” mistakes by giving engaging the class in a careful explanation of

steps of the procedure.

Showing the procedure as explanation

Teachers” responses to questionnaire tems given in Table 4.1 below indicate that almost all
teachers (96%) considered “explanation™ as telhing the steps of the procedure to students which
thev engaged n most of the tme or almost always (2.23). 30% of the teachers gave this expla-

nation in the beginning of the lesson, most of the time (2.1).

Table 4.1: Questionnaire responses for practices related to showing procedures {All
numbers shown are percentages)

Moo Item Hu Pukome | MuHolf | %uMost HAlm
Almost | of the | of the |of the | ost
Mever | time timne time Always
2.1 |Inthe beginning of the class, 1 show students |15 L9 15 27 23

how to solve a particular problem and then
give similar problems o practice from the
texthook,

223 | To explain the mathematical concept, [ show |0 4 i a8 58
the steps of the procedure to solve the
prohlem.

Description of a “typical lesson” in the interview (Appendix 2, Q. 8) indicated that showing pro-
cedures 15 the main part of the lesson. Teachers showed the general procedure or showed how to
solve an example problem. Sometimes teachers solicited answers from students by posing a

question.

Excerpt 4.1

Ivlv typical mathematics period involves giving explanation by examples, doing
activities from the textbook and then solving questions by students. (P2, personal
interview, May 25, 2009)

First | explain one or two bmes then answer comes out orally, If not [ solve the
question.... T explain on the blackboard and then give some connected problem.
Sometimes 1 solve on the blackboard and then give them. (M3, personal interview,
My 28, 2009)

First | give a chance to students to think and if they don’t get it, then 1 give the
answer. (M2, personal interview, May 27, 2009)

16
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Responding to the question to explain what teachers” meant by explanation, { Appendix 2, 12

teachers considersd showing the procedure as equivalent to giving an explanation.

Excerpt 4.2

Explanation is the explanation of steps of procedure. (P1, personal interview, May
25, 2009

Adfter giving the explanation for 2-3 examples, [I tell them] page number [on
which] activity 15 there, then vou can solve the questions. (M4, personal interview,
May 28, 2009)

Although no direct question was asked about educational reform, teachers talked about the
changes they had to make while using new textbooks and implementing reform directives.
Some teachers acknowledged that as a result of educational reform, expectations are that teach-
ing should become more interactive. The teachers have responded to this expectation by asking
questions to check students” understanding of previously leamt procedures and asking students
to solve the problems on the blackboard with the help of the teacher. 5o, though student partici-

pation had increased, the focus was still on memonzing the steps of the procedure.

Excerpt 4.3

Previously, it was mostly that you solve the problem and give them the method.. ..
Mo children have to come out in the introduction part and children have to be
involved in the blackboard work.... Firstly, [ check if they remember what was
taught in previous period.... While introduction, vou start with what students know.
(I, personal interview, May 27, 2009)

Thus, showing procedures and even asking questions to students resulted in constraining stu-
dents” agency, since it did not allow an opportunity o students to think of their own ideas for
solving a problem. Student agency was further constrained by teachers expecting students to
copy the solutions, which were solved on the blackboard, correctly in their notebooks, The
teachers justified this practice while descnbing their tvpical lessons, as a way of students having
proper records in their notebooks, which the students can refer to later when they are going
through notebooks, From a teacher™s (P3) response 1t seems that notebook record 15 also taken
as a record of what was done in the class and thus teachers insisted on students copying cor-
rectly to avold students’ mistakes, However, P35 insisted that she does not like it when students

copy without thinking,

Excerpt 4.4
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Whatever they write in their notebook should be as per the teacher’s instruction
otherwise teacher gets blamed for teaching — doing wrong on the blackboard. (P3,
personal interview, May 26, 2009)

[1 tell students] those who have done wrong copy — rub and do it again..  [the
mistake] It 15 comected on board. Then 1 tell them to copy it camrectly. If vou make
a mistake... if vou make a mistake the hand by which vou wnte will get beaten.
(P4, personal interview, hMay 26, 2009)

[response that teacher does not like students to copy without understanding]...

children just copy it... [ don’t like that when they are not thinking. (P53, personal
interview, May 30, 2009)

This indicated that teachers considered these solved examples as templates which students
should follow step by step to write a solution to a similar problem. The practice of copying solu-
ticns from the blackboard was found to be quite common among primary teachers and 60% of
the teachers responded to the questonnaire (2.12) that thev engage in it most of the time or al-

most always.

Aveiding student mistakes by shaving procedures

Teachers” responses to the questionnaire reflected a concern with channelling students” thinking
in ways that would prevent them from making errors. 33% of the teachers avoided mistakes by
carefully explaining before asking students to solve themselves while 96% would, most of the
time, tzll the steps again if students make an error (Table 4.2, 217, 220 Although 56% teachers
also agreed to “allowing mistakes and discussing them™ most of the time, the discussion in-
volves focusing on and repeating the steps as indicated in the interviews (2.29), Teachers™ re-
sponses to in the questionnaire show that most teachers most of the time ask students to com-
pare their methods (2.18), while sometimes they may tell the comect answer. The response to
2.1% mav mean that teachers ask students to compare the steps in the procedures to identfy
where the mistake oceurred as few teachers believed that students can solve a problem on their

own without being shown the procedure.

Table 4.2: Practices related to student agency and avoiding mistakes

M. Itern P YulRome | WHalf | %oMost |
Almost | of the |[ofthe | of the  Almost
never tirne tirmne time Always

212 [F ary student does not understand what was | 0 ] 4 a8 58

taught, [ explain to the student onee or twiee
by repeating the steps in detail slowly.
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217 |Tavoid students making mistakes by 26 11 [) a0 23
explaining things carefully First.

218 |When students get ditferent answers then I |8 15 0 42 35
ask them to compare their methods and
decide which one is cormect.

225 | When students get different answers thenl |15 35 4 19 27
tell them at onee which one is cornect.

229 T allow stdents to make mistakes and then |7 15 L9 a0 26
discuss them.

212 JAlter students have solved the problem, | B 23 B 24 27

give them comect solutiom so that they ean

copy it down.
Table 4.3 compares questionnaire and interview responses and indicates that most teachers fo-
cused on the comrect answer, avoided mistakes and showed the procedure when students made
an error. However, all middle school teachers responded to the questionnaire item 2.29 that they
allow students to make mistakes and then discuss them. Two new points emerged during the n-
terview that were not assessed in the questionnaire. The Arst was that the teachers avoided mis-
takes by discussing how to identify the operation/formula to solve the problem. Secondly, they
discussed typical questions likely to come in exams so that students know the comrect solution.
The discussion of interview responses below illustrates how these practices are consistent with
cach other as teachers trv to either avold mistakes by telling procedures or retelling procedures

in case of the mistake.

Table 4.3: Comparison of questionnaire and interview responses of primary and middle
school teachers for the practices related to avoiding student mistakes

WMo | Desription of Qoestion- | Frimary Frimary Middle schonl | Middle schonol
Practice omire teachers” teachers" teachers” teachers”
ltem Moo | interview questionnaire | Interview questinnonire
respon s’ response response” (M= | response®™™ (4=
(M=5) (M=5) G i)
1 Focusing om comrect | 2,25 5 2 4 2
HNSW CT
2 Avoiding mistakes |2.17 4 2 4 4
3 Showing procedure | 2.2 5 5 5 ]
in case of emror
4 Allowing and 2.249 - 2 - ]
discussing mistakes
45 |ldentifving the - 5 - 4 -
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ciperation or method
o solve

=] Typical questions - 1 - 5 -
which come in
EXAITIS
* This eolum gives the nutber of Primary or Middle school teachers whio mentioned the vse of this

practice in the intervise,

** This colummn gives the number of Primary or Middle school teachers who responded to the question-
naine ibem with most of the time or almost always.

When teachers were asked in the interview about how they responded to wrong answers by stu-
dents (Appendix 2, Q. 11), most teachers™ responses indicated that they rarely made efforts to
understand why the student had made the mistake. The strategies that teachers adopted for ad-
dressing student emors was to indicate where the comection had to be done, repeating the steps
of the procedurs and asking students to do repeated practoice. Teachers also asked “good” stu-
dents to “explain’ the steps to the students who have made mistakes, This 15 perhaps what teach-

ers saw as comparing the methods in questionnaire item 218, However, many Felt that errors

had to be rectified immediately by the teacher

Excerpt 4.5

The wrong answer gets comrected on the board only. (P4, personal interview, May
2, 2009

[f somebody gets a wrong answer, 1 ask himvher to do again or 1 tell that vou have
done steps till here correctly. { P3, personal interview, hay 26, 2009)

[f somebody got a wrong answer, [ help by frst looking at their knowledge. If 1t 15
a knowledge problem I tell them what to do, e.g formmula... If they make
calculation mistake 1 tell them. (M4, personal interview, hMay 28, 2009)

Which step they have gone wrong 1will tell.... If wrong in the calculation, then I
tell them to caleulate again carcfully. IF there is a mistake in the method, T will
repeat the statement. For e.g. For heights and distances figure would be wrong or
they would have to take reciprocal for tan theta. Then, [ will ask the definition of
tan theta and they know by themselves what they have done wrong, (M3, personal
interview, hay 28, 2009)

Thus teachers relisd on telling students how to solve the problem and the step that they had
done incorrectly when there was a mistake, rather than using student errors to understand the
conceptual gaps. However, M2 shared her limitations in undemstanding conceptual difficulties
when a student did not understand how to solve, even after repeating the explanation. She
shared that she generally asks students “Why it 15 wrong, why did they do wrong?™ and later

added that her strategy was to ~...cxplain [to] them again whatever 15 done in class™. She ries to
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change the explanation but if they still don™t get it, she said, 1 stop there. May be some other

concept is involved™,

Most teachers deseribed in the interview, how they try to elicit the correct solution from students
by explaining the question, sometimes focusing on textual cues and showing or recalling solu-
ticns to similar problems. The primary teachers focused on identifving the correct operation to
be performed with numbers while middle school teachers focused on methods and specific bypes
of questions and their solubions. P2 descrbed an activity which she designed to develop the un-
derstanding of the words for denoting addition like “total™, “altogether” for class 1 children by
mixing beads from smaller bowl to a bigger bowl and asking students to use these words, She
determined the success of lesson by students being able to identify the correct operabion while
salving problems. While most middle school teachers considered discussion of typical questions
important, this practice was not prevalent among the primary teachers perhaps because of no de-

T . . .
tenbion policy and greater autonomy 0 constructing the question paper.

Excerpt 4.6

[ make students repeat the questions if they are important like linear equations, age
problem, upstream-downstream questions because I want to make them Familiar
with the sentence language. 1 am doing on the blackboard and they are copying so

whether they understood or not, T can know only when thev do it again. (M3,
personal interview, ay 28, 2009)

Students got scared when the language of the problem 1s changed e.g. total,
altogether, more than. . .. They don™t understand what operation 15 to be done. Thus

reading suggestively helps [In identifying the operation. (P2, personal interview,
Ml 26, 2009)

Many teachers indicated that thev are pleased to get correct answers from students and espe-
cially from weaker students when they responded to the question asking them about the kinds of

responses from the students that makes them happy (Appendix 2, Q0 143

Excerpt 4.7

W hat makes me happy — when maximum students are able to answer the question.
[f only 2-3 answer that means that concept 15 not clear. Suppose there 15 very loss
response only bright ones then 1 ask a simpler sum and 1 get a better response.
Then I ask hittle more difficult. (P3, personal interview, bMay 26, 2009)

[f all are giving response then 1 feel that concept 15 clear. (P4, personal interview,

I Mo detention policy: Section 16 of the Right of Children to Free and Compulsory Education (8TE)
At (GO, 200680 stipulabes that 'Wo child admitted in a school shall be eld back in any class or
expelled from sehool il the completion of elementary education'.
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Mlayw 26, 200019)
Inferences about beliefs

The above discussion indicates that showing procedures to students 15 a core practices, which
most teachers engage in, and which 5 supported by component practices. These component
practices reflect how the central idea behind these practices 15 an assumption that students learn
best by showing procedures and thus teachers resort to telling procedures when discussing a
problem or an emror. Opportunities for students to think about their own solutions decrease as

teachers share the procedure to avold emors and ask students to copy the solubions from black-
board.

All these component practices have come into play as teachers considered showing and remem-
bering the procedure as an important part of doing mathematics in school. This indicates that the
belief supporting this core practice, namely that the best way to teach mathematics 1s by showa-
ing procedures, 15 strong and thus a central belief, The other beliefs associated with this core
practice like the practice of procedures and focusing on quick caleulations are discussed in next

subsections.

4.3.1.2 Importance of repeated practice

Repeated practice of mathematical problems has been a common strategy for leaming mathe-
matics. The focus on procedures in teaching 15 consistent with engaging in repeated practice of
similar problems assuming that it will help students in memonzing the procedure as well as
knowing which procedure 15 to be adopted for solving a certain kind of problem. Teachers™ re-
sponses o questionnaire and interview were fairly consistent indicating it to be a core practce

among teachers.

Responses to questionnaire kems (2.1, 2.8 in Table 4.4) show that 507% of the teachers affinmed

that they ask students to practice similar problems after showing the procedure most of the time.

Table 4.4: Questionnaire responses to items related to repeated practice of procedures

Noo Jtem H PuSome | YoHalf of | %Most |
Almost of the the time | of the Almosr
never time tirne Alanys

2.1 | In the beginning of the class, 1 show 15 ] 15 27 23

students lowy to solve a particular
problem and then give similar problems
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o practice from the texthook,

[ ask students to practice the problems
very similar o the one done in class as

Tonime work.
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Analysis of the interview responses revealed that teachers considerad repeated practice of prob-

lems as important for learming of mathematics and adopted several component practices for sup-

porting it, which are hsted below. Evidences about this core and its component pracbces were

obtained from teachers deseription of a typacal lesson in response to Q. B (Appendix 2) and )

15 about engaging students in lot of practice. Table 4.5 depicts the frequency of teachers who

mentioned the use of these practices in the interview.

1.

[

[

4.

Griving similar problems after showing the procedure on the blackboard

Teachers constructing similar questions for practice

Asking students to repeat the problems done in class as homework

Criving problems to practice after activity

Giving easier problems to practice For weak students

Table 4.5: Comparison of questionnaire and interview responses of primary and middle
school teachers for repeated practice of similar problems

Mo

Fractice description

Ciiving similar

problems after
showing procedure on
the hlackboard

Teachers constructing

similar practice

questions

LN

Asking students to
repet the problems
done in class as
homework

Ciiving problems o

practice alfter doing an
nolivity

Crive casier problems

Questionn | Primary

-iire item
aumber

2.1

2.8

teachers™
interview
response’

(N=5)

4

Frimary
teachers”
questinnnaire
response®

(N=5)

Middle school
teachers”
Interview
response® (Y=
G

I

Nlid dle school
teachers”
questionnaire
response” (=
4]
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to practice for weak
students
* Spe explanatory note for Table 4.3 on page 120,

In Table 4.5 above it is evident that most teachers who were interviewed engaged students in
pracicing similar problems after showing a procedure and also after doing the acovity, Wore
middle school teachers engaged in making practice questions. All the middle school teachers se-

lected lower level questions for weak students to practice so that they can pass the examina-

tions, while this practice was absent in primary classes.

What te practice — Same problems vs. constructing similar problems

During the interview, teachers affimmed the importance of practice. Some teachers while re-
sponding to 0. 7 about the textbook (Appendix 23, felt that the textbook did not contain enough
practice questions, so they themselves made practice questions for students or took the help of
some resource books. This was more common among the middle school teachers. The primary
teachers mostly asked students to repeat the work done in class as homework, Responding to Q.
15 {Appendix 2) about engaging students in a lot of practice, most teachers believed that prac-
tice of similar problems has a role to play in leaming mathematics, which will be discussed fur-
ther mn the section on behefs (4.3) of teaching and learning mathematics. However, there were
differences among teachers in the extent to which practice was emphasized. Some teachers ex-
pected students to do 40 similar problems in one go, whereas others Fele that practicing 4-5

times 15 enough.

Excerpt 4.8

[ don’t give homework. T tell them, whatever I did in class, vou do it again in your
rough book. (P4, persomal interview, Moy 26, 2009)

Practice of similar kinds of sums at least needed one or two tmes. Means of once
vou have found a logic of something then vou should apply, vou should see. 30
sums and all are not needed. (P53, personal interview, ay 30, 2009)

They do nesd practice after activity, Minimum 5 sums should be done. If the sums
are of different type then we have to increase the number. (italics mine) (P2,
personal interview, hMay 30, 2009)

Homework 15 similar problems to those done in class, 1 give 50 problems in 2
days...Becavse in one day when they solve [many] problems then only they get it
(M1, personal interview, May 30, 2009)

They should become thorough means that they have to do a lot of questions even
when they know the principle. Along with that whatever 15 there 1n the textbook... 1
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give similar questions for homework by changing the angles, distance, speed to
make them thorough. (M3, personal interview, May 30, 2009

Some teachers like M2 felt that practice would not help in learning geometry as there 15 always
g possibility to make different types of problems. Due to this, she felt she cannot address stu-

dents” leaming adequately as a teacher.

Excerpt 4.9

Other things you can practice, but geometry, yvou can’t. Like, even of vou do many
sums, there can be a different sum to solve, That is where we are facing the
problem, children are facing a problem. That is where we face the problem in
teaching also, (M2, personal interview, May 27, 2008

Repeated practice for weak students

Teachers used repeated practice not only as a method to teach but also as the strategy o prepare
weak students for exams. Their response to Q. 16 {Appendix 2) about students from poor home
background indicated that most of these students were weak in mathematics, Teachers also used
repeated practice as a way to address poor and weak students” difficulties by selecting *knowl-
edge-based” and “typical” questions (requiring memorization) according to the “limit™ of the stu-
dents and engaging in “dnlhng™ to make them pass (M3, ML In hine with this, M1 proposed

that separate question paper of “lower level™ should be there for these students.

Excerpt 4.10

You have to stop at a simple problem. You tell them to practice only this, After they
have practiced, then yvou come to know [that] they can do this, Becavse at home,
there is nobody to help. 5o f I am giving 50 problems, children with no help at
home will be able to do only 20, Only the easier ones. They may not be able to do
all. I want to stop at that, Let them practice these 20 again... | have to bring them to
passing level. Till 10th they have to study maths no other way, They don’t have the
aptitude but T have to bring them to the minimum level and stop. (M2, personal
interview, hay 27, 2009)

First 1s, we classify the chapters, the ones which are basic. Like, I first know what
15 the hmit [of the student]. ... I know these children are not going to take to any
mathematics further. So, it 15 just that they have to pass the exam... questions which
are very casy... first is knowledge based. .. with that, 1 know the least fundamental
requirement they know.... I give them tvpical problems which come in
examinations, My success rabe in doing this, so far 15 good, high. They pass. They
get through and most often the parents understand that their children are not up to
the mark in mathematics... So, they see to it that they go to other branches and they
are more successful, elsewhere. [ don™t discourage, 1tell them that it 15 better that
they avold maths. {ikalics mine) (M3, personal interview, hMay 29, 2009)

Because they don’t have anvbody at home to look for them, they don’t study at
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home. They only study in school.... Easy sums and easy topics we decide for him,

that 15 what he will understand quickly and with ease... because there 1s lacuna

from primary.... Because, there is lot of gap which 1s there in secondary, sohe is

not able to catch the difficulty level. So it is better that we give him easy topics and

quickly.... What topic 15 of his level, that we decide and through drilling we trv to

give him basic education of that level. (M6, personal interview, hMay 29, 2009)
Reflected in these excerpts 15 the expectation that these students will not continue studying
mathematics beyond the point where it 15 compulsory for them to pass in mathematics. Teachers
perceived themselves as bemng unable to help these students, either because of the large gaps n

their understanding, or because of their perceived incapability. Thew felt that thev could fulfill

their responsibility by helping these students pass the examination.

Inferences about beliefs

The above discussion shows how engaging students in the practice of problems can be consid-
ered as @ core practice. This indicates a behief among teachers about mathematics that proce-
dures are an important part of school mathematics. Another belief evident about leaming mathe-
matics 15 that, students learn procedures by repeatedly practicing procedures with similar tvpe of
problems and thus memonzation plays an important cole in learning mathematics. The assess-
ment system also contributed to this practice as teachers “teach to the test™ and focus on making

weak students just pass the exam.

Teachers had low expectations from the students from poor homes, who did not have anyone at
home to help them. This was reflected 10 their practice of selecting “lower level” questions to
work on and giving special attention by engaging them in dnlling. This indicated teachers” be-
ligf that students from poor homes have difficulty in learning mathematics which can be ad-
dressed by memorizing solutions to simpler problems. Thus, belief about leaming mathematics
by memorizing 15 held more strongly in the case of students from disadvantaged backgrounds.
This also reflects an underlying belief about school mathematics being difficult for students,
which will be discussed in the section on “Beliefs about the nature of mathematics™ (Section
4.4, Teachers™ practice 15 also influenced by the kind of future careers that the teachers envision

for these students.

4.3.1.3 Focus on speedy solutions

In India, the competitive examinations after Grade 12 act as gatckeepers to future carcers, and
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include mathematics as an important component. In order to clear these examinations, one is re-
quired to solve many mathematical problems quickly. This has led to a general perception of a
good student of mathematics as being quick in deing calculations and getting correct answers.
Teachers have been teaching shortouts to the students, to help them to perform well in these
competitive examinabions. With the inerease of examinations based competitions at the primary

and middle school levels, has led to a greater emphasis on knowing shorteuts.

Shorteuts are the strategies through which number of steps can be reduced in a procedure, for
2.2, cancellation while dividing whole number or multiplyving fractions, Teachers™ response to
the question about teaching of shortcuts (Appendix 2, Q. 13) in the interview indicated that for-
mulas and procedures which make any lengthy procedure short and convenient are considered
as shortouts. For some teachers hke M4, teaching shorteuts was part and parcel of teaching
mathematics, since he considered that all formulas are shorteuts, For eg., he considered the for-
mula for simple interest { PET/LO0) to be a shorteut which can be derived, but is remembered as

a formula. P2 gave the example of *carryving” in vertical addition as a shortout.

Excerpt 4.11

Generally [ explain ficst, then tell the shorteut method..... Formula is a method
which we have written in shorteut. Everybody uses it eventually. (P2, personal
interview, hay 26, 2009)

In the questionnaire, a few teachers seemed to prefer the pracoce of telling shortcuts and making
students work quickly on problems. Almoest 2670 of the teachers indicated that thev ask students
to work quickly most of the time. Almost 35% of the teachers never taught only one method to
solve a question, indicating that perhaps teachers are open to different methods, However, this
does not necessanly mean that teachers allow students to share methods of their own, since

many teachers shared in interview that they teach shorteuts,

Table 4.6: Questionnaire items related to practice of focusing on speed of solutions

Nos | itern Ha YoSome | SoHalf | HWMosr | %
Almost | of the of the af the Almost
Oever time tirne time Albways

2.2 1each only one method for each question. 35 35 12 15 0l

2.2 |1 ask students to work more quickly on their S 31 12 27 B

[) probilems.
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The interview data indicates that teachers focus on developing speed in solving problems
through component practices like teaching only one method to solve a problem, telling short-
cuts, asking students to work quickly (evidence from desceription of typical lesson) and appreci-
ating students who solve quickly (Response to .14, Appendix 23 Almost all the middle school
teachers told shortcuts to students, whereas three of the primary teachers discussed them. The
other tao primary teachers taught only one method. The summary of 8 number of teachers who
mentioned the use of these component practices 15 given in Table 4.7 below.

Table 4.7: Comparison of questionnaire and interview responses of primary and middle
school teachers for the practice of focusing on speed of solutions

N | Practice description (uestion- | rimary Frimary AMiddle school | Middle school
nwire teachers” teachers" teachers” teachers”
item interview guestionnaine Interview guestionnaine
number | response® respons® (N=5) | respons™ resporse™

{M=5) (=) (M=)

I | Teaching only one 29 2 1 2 2

method

2 | Telling shorteuts - 3 - 5 -

i | Appreciating quick 227 3 1 4 4

solutions

4 | Altemative procedure | - 3 - ] -

other than standard
method

* See cxplanatory note [or Table 4.3 on ]';agn: 120,

There were teachers who believed that students should be allowed the opportunity to think
about their cwn methods or shortcuts. P1 thought that students should not be restncted o follow
a particular method and should be given freedom to follow whatever method they want, B3
agred that students may amive at shorteuts on their own while doing mental maths but was not

able to give an example.

Teaching Shortcuts

In the interview, teachers were asked 1if they directly teach shortcuts, 1F they admitted to telling

shorteuts, then they were asked about how shortcuts help in learning mathematics.

Excerpt 4.12

[ teach shorcuts sometimes. [ will tell, you can do like this also. Whatever way you
understood vou write, On the contrary, 1 don’t ke reducing the steps and writing.....
Writing properly and elaborate... with all the steps only, 1 ke with reasons. (M3,
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personal interview, hMay 28, 2009)
Except for M1 and P3, all teachers felt that shorteuts should be taught. Some teachers, including
primary teachers, admitted to teaching shortcuts and gave the justification on the basis of the
utihity of shortcuts in competibive exams. WS felt teaching shorteuts 15 useful to students o
solve questions I competitve exams where there 15 @ ome hmot but felt that shorteut 15 not for
the average child as many children “skip the steps as shorteuts, and they are not able o domen-
tal calculabion comectly, because of being anxious, and make mistakes™. He believed that short-
cuts should be taught in higher classes, Le., from 9 grade onwards since they help students per-
form in multiple choice questions. He felt that knowing a shorteut s beneficial when students

have to respond to one-mark questions requiring, lengthy steps.

Appreciating guick selutions

There were five teachers out of eleven who believed that a good student of mathematics should
be able to do mathematics problems quickly and accurately. Teachers tavght shorteuts depend-
ing on their estimate of the capability of students. PS5 did not teach shortcuts in her class as most
students belonged to poor homes. P4 considered answenng the question immediately with the
correct answer to be an indicator of being good in mathematics and thus taught shortcuts, She
felt that students “pick up™ the shortouts very Fast, “they are not confused and they do sums with

confidence™.

Inferences about beliefs

Focus on speedy solutions came across as g core practice since almost all teachers tned getting
students to solve problems quickly. Many taught shorteuts and consider them useful in increas-
ing speed though some were aware that they do not aid in understanding maths. Thus 1t 15 a4 core
practice since teachers focused on speed of calculation as it helps students In exams to get better
scores. This was consistent with the belief about mathematics as procedures which need to be
transmitted to students. As discussed in a later section on beliefs about good students of mathe-
matics (4.3.2) while discussing beliefs about teaching and learning mathematics (section 4.3)
students, there were teachers who were eritical of the practice of teaching shortouts and students
responding quickly and not allowing others time to think. However, the importance of speed of
calculabions required in competiive exams motivated these teachers to share shorteuts with stu-

dents, Students getting good scores in examinations strengthens teachers” belief in their self-effi-
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cacy, thus promoting this practice. Teachers” belief about mathematics being an innate ability,
made them believe that only bright students will be able to use shortcuts efficiently. Thus, the
decision to share shorteuts in class depended on the estimated ability of the students in their

class.

4.3.1.4 Following the texthook

Although teachers reported a change in their teaching approaches after the introduction of new
textbooks, there was an indication that not much had changed in terms of learning opportunities
for students. One of the objectives of the new textbooks was to allow children to “gencrate new
knowledge™ through imaginabive actvities and questions (NCERT, 2006d, Foreword ). However,
teachers™ views were not conducive to meeting this objective, Responding to question & and 7 in
the interview {(Appendix 2], they shared that they followed the textbook, but focused on doing
exercises and questions from the textbook, without canng much for the philosophy underlving
the textbook questions. In comparison, the old textbooks included presenting a method, fal-
lowed by exercises with a large number of similar problems. The new textbooks included alter-
native procedures and use of contexts i a more authentic manner, and the use of activibies. Fol-
lowing the textbook s thus a core practice since, teachers followed the sequence given in the
textbook, focused on topics and exercises given in the textbook, but did not necessarily sub-

scribe to the purpose for which those exercises were constructed.

In the questionnaire, 4% of the teachers shared that they follow the sequence of the textbook
mast of the time or almost alwayvsitem 2.19). However, 43% of the teachers also shared that
thev give problems only from the textbook, some of the time. This indicated that thev give prob-
lems apart from those given in the textbook which they either construct themselves or take from

f resource bool,

Table 4.8: Questionnaire responses to practices related to following the textbook

N item o Almost | YeSome of | %uHalfof | %0Most of | % Almost
never the time the rime the time Always
2.19 |1 follow the sequenee givenin - | B 19 B 38 27
the texibook in niv teaching
231 1 give problems only from the |27 43 19 11 0

texthook 10 my students

The analysis of component practices (see Table 4.9 for following the textbook indicate that
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most teachers used the textbook For planning teaching, determining the sequence of teaching
and vsed the problems given in the textbook. However, the problems were not restricted to those

in the texthooks and teachers constructed similar problems.

Table 4.9 Comparison of questionnaire and interview responscs of primary and middle
schonl teachers for the practice of following the textbook

Moo | Practice description Questionn | Primary Prirmary Mlicdle Middle schon
-wire itern | fwachers” teachers® schoal teachers”
number | interview questinonnire teachers” questionnaire

response® response® (M=3) | Interview resporse™
(T=50 response’™ [ M= &)
(=&}
I | Planning on the basis of | - 5 - B -
fhe texthook
2 | Following the sequence | 2.19 4 4 B 4
af the texthoo k

i Doing the problems and | 2.31] 5 0 B ]

activities [rom the
texthook

* See explanatory note for Table 4.3 on page 120,

Teachers indicated in their interviews the extent to which their teaching 15 dependent on or in-
fluenced by the texthook. Most teachers confirmed that they follow the sequence of the textbook
since it 15 mandated by the system. They have to complete the chapters given in the texthook
within the stipulated davs, according to the centrally constructed monthly plan made by authon-
ties. The selection of the chapters to be assessed in the term-wise examination was done by cen-
tral authorties according to the monthly plan. Teachers were held accountable for completing
the syllabus according to the plan, and were asked about the number of chapters completed dur-

ing supervision by administrators ke the headmaster, principal or inspector.

Excerpt 4.13

[ teach by the sequence given in the textbook. 1 follow the textbook completely
while teaching, (M1, personal interview, Bay 27, 2009)

[ follow the textbook completely while teaching. (But) 1am not able to finish the
syllabus if I try all the activibies of the textbook. (ME, personal interview, hay 27,
20055

We have to teach from exam point of view where 2-3 chapters will come in g unit
test set by others, (M1, personal interview, May 27, 2009)

Most teachers said that they refer to the textbook for planning. While planning they decide on

the content and questions using the textbook. Some teachers also considered students” previous
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knowledge or their “ability” for planning. Some teachers said that they tavght according to the
deseription of the chapter given in the textbook and go page by page, engaging class in all the
activities as well as the exercises given in the textbook. However, other teachers fzlt that 1t 15 not

possible for them o do each and every activity or task given since they do not have time.

Excerpt 4.14

[ prepare the lesson then 1 look at the textbook but T don™t look at the texthook
while teaching, (M4, personal interview, hMav 28, 2009)

We take what 15 to be taught from the textbook and plan on the basis of the level of
the child....Sometimes children are low at grasping. Thus some activities [but] not
all can be done, (M2, personal interview, hMay 27, 2009)

[ think about how to express maths to children or which particular problem I have
to explain — that I plan. (P2, personal interview, May 25, 2009)

In the interviews, teachers described the differences between the old and new textbooks, They
also contrasted the old method of teaching with the new method which they felt was influenced
by the nature of new textbooks that they followed. Teachers™ attitude towards the new textbooks
wis based on how they interpreted the expenences of mathematics that they themselves had had
as school students. Teachers who had had negative experiences of learning mathematics by rote
memorization, appreciated the new textbooks. However, those who had expenenced success

with the old method were critical of the new textbooks for having few practice problems.

Excerpt 4.15

[The] Mew textbook has acovities and 15 colorful so all children like it (P2,
personal interview, hay 25, 2009)

[t 15 (new textbook) more explicit. In earlier books many things were hidden.. ..
Before exercises one Do this™ and “Try this™ is there. It is very interesting for
children. (M3, personal interview, hMay 28, 2009

In the earlier textbook of Class 5, there were so many theories and many exercises
with numbers. But in the new textbook, not much numbers, only practice sums. It
15 not given, multiply it, divide it. For the old textbook, we had to teach just the
theory, that 15, how to multiply and not forced to do the activity, Now questions and
the textbook are designed hike that { P3, personal interview, May 26, 2009

We construct our own problems because there are less questions given in the
texthook. (P4, personal interview, hMay 26, 2009)

Some teachers also talked about the change in their thinking, regarding the teaching of mathe-
matics, after going through the new textbooks. M6 shared that, earlier he used to teach by telling
steps for solving problems followed by practice of questions using the old textbook. But now, he

felt that doing only exercises is focusing on “how to solve™ and “rote memorization™ which was
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supported by earlier textbooks which would have “one example followed by 30-40 questions in
exercises”. However, for some teachers” the focus was still on covering the svllabus from the
textbook by covering topics and doing problems given in the textbook rather than engaging stu-

dents in making sense of mathematics,

Excerpt 4.16

Yes | refor textbook because vou have to follow the syllabus and complete this
much portion before July, (P2, personal interview, hMay 25, 2009

When we teach we concentrate more on the concept rather than the book. We clear
the concept through examples and then derive formulas, (M4, personal interview,
May 28, 2009)

Some teachers like B3 considered the textbook to be 8 resource for students also.

Excerpt 4.17

[ tell them before teaching tomomow vou study introduction part at least and come
and 1 will ask questions from it. Then only 1 come to know if they have read and
understood, They will bring so many things they have understood. (M3, personal
interview, hay 28, 2009)

Inferences about beliefs

Teachers” decisions about teaching were largely guided by the textbook as indicated by the
ahove excerpts. This indicate teachers” belief that teaching in classroom has to be heavily guided
by what 15 given in the textbook especially the problems and exercises. This practice restncted
teachers™ agency in using their judgement based on their wan knowledge of what to teach and
how to teach. On the other hand, it served as a resource for teaching. As discussed earlier, the
new textbooks also facilitated reflection on the nature of mathematics and its teaching for some
teachers and provided examples of altemative ways of doing and teaching mathematics, Teach-
ing was also influenced by the type of assessment as teachers focused on improving student per-
formance in exams using typical questions. Thus teachers” behef about following the textbook
wis restricted to the use of problems and not its philosophy. This points to the need to have as-
sessment reforms, aligned with the philosophy of the textbook, o bring about effective educa-

trional reform.

4.3.1.5 Conclusion

The analysis of data from mterview and questionnaire indicate that showing and practicing pro-

cedures are the two core activities which are held with greater strength as compared to other
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proposed core activities like Focusing on speady solutions and followang the textbook. This is
indicated as more teachers have consistently agreed to using the frst tao core practices in their
classroom and there is coherence due to overlap in the component practices that support them.
For e.g.. teachers show procedure and then engage students in practice, tel hng the procedure and
pracice are considered as the remedy for errors as well as for avoiding errors. The primacy of
correct solutions 15 also aided by showing and practicing procedures. The focus on speedy solu-
tions 15 not indicated with similar strength. This could be because teachers perhaps engage with
the practice only for students whom they perceive as *good students”. Teachers having more stu-
dents from poor homes refrain from using it The textbook, being an important tool mandated by
the system, has a great influence on teaching. Teachers consider fimshing the syllabus @5 an im-
portant goal. However, it stll does not ensure that activities and questions given in the textbook
are done in the same way as it was intended by the curriculum makers, as teachers adopt 4 pro-
cedurally focused approach with the new textbooks. This could be the reason for the compara-
tively lower strength of the core practice of following the textbook for teaching, as teachers de-
signed their own practice questions when textbooks lacked them. The lack of practice questions
in the textbook made the practice of using the textbook inconsistent with the core practice of fo-
cusing procedures and repeated practice of similar problems. On the other hand, a mandatory re-

quirament from the svstem meant that teachers need to use the textbook for teaching.

4.3.2 Peripheral practices

Some practices were adopted by the teachers due to educational refonm measures, which were
implemented through circulars, changes in the textbooks and the inputs that teachers received in
in-service workshops aimed at helping them adapt to the new curriculum framework. The use of
activities 15 a peripheral practice that was adopted by teachers as a result of educational refonm
implementation. Other practices that were implemented as part of reform included connecting
mathematics to students” daily Lives, use of manipulative and practices simed at improving eq-
uity of learning opportunities which teachers either engage with lesser frequency or their use is
not central to their goals of mathematics teaching. This led to terming such practices as periph-
eral practices. Focus on explanation and justification 1s another penipheral practice, which teach-
ers said was part of their practice in the questionnaire and interviews but engaged in only infre-
quently, if at all, while teaching since they felt that students are not capable of understanding

and gving reasons.
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4.3.2.1 How teachers used activities m the classroom

Teachers had encountered educational reform through the change n the textbooks, works hops
focused on reform that they had attended and varnous circulars issued by the suthonbes, Teach-
ers had incorporated key slogans into their discourse hke “activity based method™, “play-way
method™, “leaming to learn™, which were used frequently in the school meetings. Teachers felt

that the new textbooks, which had activities, advocated such teaching methods.

Tahle 4. 10 illustrates the frequency with which component practices that made up the practice
of using activities were reported by the teachers. These component practices include the variety
of wavs in which activities were used by the teachers in the class ranging from a demonstration,
calling a few students to the blackboard, engaging the whole class and, using concrete matenals
or manipulative, The interview analvsis indicated that use of activities 15 a frequent practice in
the primary classes, whereas it 1s an infrequent practice in the middle school. Primary teachers
used the activity in all different forms while middle school teachers mostly demonstrated an ac-
tivity in the class. Another aspect which determined whether the activity was used frequently or
not was whether the teacher felt confident enough to design activities on her own for the class or
used the activities from the textbook. The formmer practice was indicative of student responsive
teaching. Again, the primary teachers used activities both from the textbooks and those con-

structed by them, whereas the middle school teachers used activities mostly from the textbook.

Table 4.10: Comparison of interview responses of primary and middle school feachers for
the practice of doing activitics

No. | Practice description Number of primary teachers Number of middle school teachers
mentioning nze in interview (oot of | mentioning wse in interview (oot
5) of ¥}
l Demonstrating the activity |5 4
2 Engaging students in 4
doing e activity
3 Use of conerete and 4 2
pictorin] representations
4 Doing an activity om the |5 4
texthook
5 Designing the activity 4 1

For the teachers, “activity™ meant the vse of a visual or conerete material or a context in the

class to llustrate an example or a task. It bypically involved a demonstration by the teacher fol-
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lowed by the students” repeating what the teacher has demonstrated. For some teachers, any-
thing that was not related to directly teaching procedures or calculation was termed an activity.
In contrast, activity in the textbook was given to engage students in thinking about some aspect
of the concept and coming up with their own wdeas related to the concept. For e.g.. n the Grade
5 textbook (WCERT, 2005, p. 60), there 15 a description of a game in which students color a ar-
cle divided into 12 parts by picking tokens by tum which have fractions as well as equivalent
fractions written on them. The textbook footmote has an instruction for teachers “The coloring
circle game and many more such activities should be done in the class. The follow-up discus-
sion for such activities will play a major role in developing children™s conceptual understanding
ahout fraction™ (WCERT, 20035, paal). This indicates that the game 15 considered as an activity
by the textbook writers and they expect students to use their own knowledge of fractions n
plaving the game and expect the teacher to take up follow-up discussion after the activity. As the
following descriptions of activity given by teachers indicate, the teachers” implementation of ac-

tivities was very different from what textbook developers had imagined.

The teachers reported that they used activities for different purposes, hike an introduction to a
concept, creating interest in students, and for developing the understanding of concepts. Hona-
ever, no teacher elaborated on how activities can help in developing understanding or ehciting
students” ideas although all descrbed how thev use activities in teaching for introducing the
concepts. Some teachers, when they used the phrase “introducing the concept”™ through the use

of activity meant showing the procedure using drawings or manipulative.

Excerpt 4.18

By doing the activity | introduce the concept.... I might show one sum how to do it
and the rest they have to do themselves. (P53, personal interview, May 30, 2009)

Whole class should be deing the activity, Mot that one 15 doing and others are
watching... Thev do activity in groups but they dont talk.... After group waork, they
come to me... The concept gets clearer by activity even if it takes bme.... After
activity, drilling practice 15 needed to be perfect. (P4, personal mterview, May 26,
20055

Most middle school teachers described activities from the textbook (Except M1) while primary
teachers talked about activities designed by them or taken from some resource book. Since pri-
mary teachers have been using activities and manipulative even before the introduction of the

new textbooks, they were more used to designing activibies on their own.

Excerpt 4.19
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So [ tell take page number this and do “do this™ {activity) question. (M3, personal
interview, May 28, 2009)

Doing activity 1 compulsory now. We use resource books to design activities. (P4,
personal interview, May 26, 2009)

Teachers” description of activities indicated that some teachers view demonstration using manip-
ulative or drawings as an acovity, the purpose of which remained showing procedure to solve
the problem. Some teachers did indicate that they involve students in doing the activity after a
demonstration. However, a few teachers spoke about the wdeas or concepts that students arrived
at or shared after doing the activity, P4 described activities that she used to develop the under-
standing of mathematical concepts vsing different representations, for e.g.. making groups of
children of various sizes to understand multiphicaton tables. While teaching place value she felt
happy that students were able to recognize that 2 bundles [of ten] and 2 sticks are 227 She
used pictures and illustrations for making problems, for e.g., multplication based on spiders”

legs, butterflics” wings ete.

Excerpt 4.240

Oince, 1 had ones and tens introduced 10 the first standard. That time also 1 had
made bundles. 1 said in this bundle -10 pencils, 1 took it out and counted . How

many bundles? [They say] “17 Then I say, Can we say 10 ones? [They sav] “Yes,

Ma’am™. Then, | showed them [0 ones and one. They said, “eleven™ Then, 20
[1oe] 2 bundles having 20, (P4, personal interview, hay 26, 2009)

P35 described an acovity in which she encouraged children to come and amrange vegetables in
groups in various patterns and then ask them to make pattems in groups using pencils, pens,
sharpeners, ete., followed by children standing in groups. She had followed this by representing

these pattems on the board using symbols and then engaging students in counting,

Teachers very rarely mentioned the conceptual discussion durning or after the activity, However,
P1 and P3 described how they used contexts for doing an activity with students and then dis-
cussed the concept with students. P3 described an “activity™ which she demonstrated to stu-
dents, using a context of sharing a Guava, for developing the understanding of fractions. She de-
seribed a situation in which a mother gave her 3 children, one Guava each, cut into 4 pieces.
The elder child gave half of the Guava back to the mother, followed by the other two younger
siblings. But then, the mother returns half of what they gave, back to them, so that all of them
have 4% Guava each. Then, she discussed the fractions ¥, ' and 3% mentioned in the story with
the students. Another teacher, P1 shared that she uses the activities and the contexts to introduce

a new concept. She described how the concept of a fraction can be explained using the context

137



Chapter 4

of sharing chapatis (round flat bread) by showing how to make half of chapati and then half of
half of a chapati, using pictures and parts of a paper. P1 claborated on how activities help stu-
dents in remembering, understanding and coming up with different methods to solve the prob-
lem. She appreciated the new textbooks which had plenty of activibies drawing connections with

students”™ daily hves.

Excerpt 4.21

This 15 more practical [new textbook]. Examples are given from hife.... Child will
never forget with this.... In that [old textbook] we used to teach and then student
used o make mistakes.... One method will not do. 2-3 methods will definitely
come. 5o it 15 important to see and understand the method.... We have tomove
ahead from the previous concepts. 5o we will take help of some activities. Some
problems we will give to students and will ask how it will be done. (P1, personal
interview, hay 25, 2009)

flost teachers felt that practice of problems 1s stll needed after doing the activity, Their descop-
tion of 4 typical lesson involved activities for introduction followed by explanation through ex-
ample problems, followed by students solving similar problems. The use of activibies was in-
tended to “clear’ the concept for some teachers and for other teachers it served as means of “in-
troducing the concept™ and making mathematics interesting. Both the primary and the middle
school teachers focused on teaching procedures after doing the activity with students. This could
be because the assessment questions are of the tvpe where students have to perform caleulations

and are not acovity based as indicated by M2 in the excemt below,

Excerpt 4.22

With the help of *Do this™ [activity in the textbook] we will tell. Then, they are
getting standard questions from the textbook. (M3, personal interview, hMav 28,
2004 )

To introduce the chapter, one can use this (activity method)... This method (activity)
if [ use, 1 will not be able to do all the textbook exercises. Within one month
children will have to sit for exams. In the test, we have to give those (exercise)
questions. Only these actvity questions are not there, There we are stuck up, (M2,
personal interview, hay 27, 2009)

Primary teachers” belief that mathematics should be simphified for students made them choose
concrete matenials, contexts and activities For doing mathematics. They indicated their happi-
ness in increased student participation as a result of the use of these resources. Middle school
teachers” focus on the other hand was more on developing fluency in solving different tvpe of
problems and thus some teachers indicated resistance to activities and vse of teaching aids while

others who agreed o use it were not able to describe activities bevond mentioning those n the
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textbook. Some primary teachers also shared that they were happy with the imaginative re-
sponse that they got from students while doing activities. Almost all the teachers mentioned us-
ing activities in the classroom but they also showed solution procedures to students while or af-
ter doing the activity rather than using the actovity to cheit and work on students” 1deas and
mathematics emerging from engagement in the context. It 15 possible that knowledge of only
limited ways of representing mathematical concepts and lack of experience of using it with chil-
dren might be inhibiting teachers from uvsing activities in the way intended by cumiculum de-
signers. This explains why the use of activities 15 a penpheral practice for learning mathematics
especially at middle school level since it does not align well with the view of teaching by trans-
mission. Teachers necd to undemstand and appreciate students™ 1deas as well as contexts that help

generate students” ideas.

Almost all the primary teachers said that they use activities, while middle school teachers were
not as enthusiastic about using activities, citing various reasons like burden of syllabus, comple-
tion, lack of tme to complete activities, ete, While discussing activities in interviews, primary
teachers expressed various ideas of how they view activities as contnbuting to leaming of math-
ematics. For e.g. P5 discussed how mathematics has become simpler becavse of the new text-
books where contexts and games are a part of the chapter. She appreciated how the textbooks al-
low students to engage 1n creative actoivities, although she wished that they had more practice

SLmE.

Excerpt 4.23

P5: it 15 creative and it gives vou jov.....when we started those days mathematics
was complex..now for last 2-3 vears they have made it much simpler and stll
concept oriented...one drawback.. .they lack practice sums becavse maths has
alwavs been practice. its not only concept. (P5, personal interview, May 30, 2009

Teachers were able to recogmze and appreciate how when students are given opportunity to ex-
ercise their agency, it could lead to imaginative and creative problem solving, P2 descnbed how
she was happy because the ““children developed their own imagination without my help™ when
they engaged in the textbook task of arranging different shaped triangles to make other shapes
and many made fish in a vanety of shapes. P4 also felt that her best lesson was using tangram,
where students made different shapes vsing the tangram shapes like house, gun, ete., on their

WL

The description of activitics by teachers had the mntention of transmicting the deas or procedures
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to students using conerete materials, in which some teachers gave leeway to children to arrive at
different solutions. However, the main purpose was to transmit the procedures for solving rather
than eliciting students” ideas or even an attempt to know what student have leamt as the result of
engaging in the activity, Also more freedom was given to children in activibies related o space
and shape For constructing different figures and creating artistic objects rather than to raditonal

topics of teaching algonthms of division.

The responses above suggest that trying out activities by teachers who mav not believe in their
usefulness may lead to new experiences and reflection by teachers and perhaps make them more
open to exploring new activities. 5o, teachers might appreciate good activities and problems in
the curnculum after trying them out. However, this does not mean change in beliefs or method
of teaching since thev stll considered practice as the main method for leaming and thus con-
structed similar problems for practice even after doing the activity, Although some teachers
were able to appreciate creative ideas of students, they was not able to use them centrally in
leaming mathematics. This indicates that there is potential for teachers to develop knowledge
about student thinking through use of activities but may need further support and experience of
working with students’ responses. Thus, as discussed earlier, leaming mathematics through the

use of activities can be termed as a penpheral practice.

Inferences about beliefs

The descriptions of activities indicated that teachers used activities to infroduce concepts using
visual representations or contexts rather than using it to elicit and work on student ideas. Thus,
activities were used in accordance with the transmission view of teaching, Use of activities,
thus, seem to be o more frequent practice for primary teachers since they have been using it be-
fore as compared to middle school teachers. Therefore, it cannot be considered as a core prac-
tice since teachers beliefs and practice are not consistent on one hand and the practice 1s not
held at priority by teachers as compared to other practices like showing procedures and repeated
practice. With the inclusion in the textbook and being made compulsory by the administration,
teachers are compelled to use it However, interview data suggests that they still rely on drilling
pracice of procedures to make students leam mathematics and there was no scope for students
idess to be expressed or discussed. This indicates that although teachers have tred making ac-
tivities central o their practice, their approach towards it is still based on a transmission view of

teaching and focus 15 still on procedures. Only primary teachers gave examples of activities de-
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signed by them. Middle school teachers relied on textbooks for activities and had limited knowl-

edze of using or designing activities. Thus, use of activities 15 termed as peripheral practice.

4.3.2.1 Focus on explanation and justification in mathematics

There were several questions in the questionnaire which probed teachers™ focus on explanation
and justification while teaching mathematics and teachers had responded positvely to them. Al-
though most teachers focused on the teaching of procedures, some teachers did mention the fo-

cus on the explanation and justification in the interview.

Table 4.11: Questionnaire response for foces on cxplanation and justification in teaching

N Item P Almost | uSeme of | YoHalf of | *uMost of | % Almost
Oever the time | the time | the tfime | Always
2.11 |1 ask my students to write explanations 12 35 0 19 35

and justifications through words or
pictures in their notebook,

19 12 42 19

Eﬂ.

2.22 |1 ask students the reason or justification
for using a particular method 1o solvea
problem.

Teachers mostly focused on talking about teaching procedures in the interview, but there were
some instances when teachers recognized the need to focus on explanations and justifications.
This was seen mostly in middle school teachers as most primary school teachers considered en-

gaging in explanations and justifications as beyond the capability of primary students.

M5 discussed how he would discuss the reason for the solution being wrong For “rectification”
of students” emror, calling telling the procedure in response to error as encouraging rote memeo-

rization.

Excerpt 4.24

.means reasons behind 1t (wrong answer) should also be there otherwise it will be
rote memory. (M3, personal interview, hMay 29, 2009)

MG also discussed how everyvthing in mathematics has a reason behind it and thus there are al-
ways explanations and justifications for all the rules in mathematics. However, she felt that
young students of Grade 5 or & will not be able to appreciate these explanations and for them, it
would be fascinating as patterns and discoveries. This indicated that even when teachers know
the explanation and justficabion they may not engage students in such discussion because of

their belhiefs about students” capability for understanding,
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Excerpt 4.15

Anything vou do, have a reason behind it.. We talk of divisibility rules.. you have
an explanation for it. But 15 the explanation necessary for the child. (This) is the
question we have to think of answering. The child may not appreciate the
explanabion. We try to go to his level, reason it out with him but to a Afth class
child 100 tens [means] 10 hundred he 15 not going to appreciate. So for him, 1t 1s
through @ series of pattems and discoveries. And we find that there 15 room for it
(M5, personal interview, May 29, 2009)

Among the primary teachers, only P2 mentionsd the importance of explanation and reasoning in
mathematics. But it was not reflected 1n the descoption of a typical lesson or other examples she
gave from her teaching, She was talking about the “Analysis-Synthesis™ method For teaching
mathematics that she was taught in her B. Ed course. However, this was not reflected in her re-

port of teaching prmary level students.

Excerpt 4.26

When we give theorems, they have data init. 5o fArst we have to discuss “What 15
askod and what 15 given™. You have to take help of other hvpothesis, 5o we have to
give d reason for every step that why vou have wntten this step. Without reasoning,
vou can’t write any step any rule. Analysis-synthesis method involves that through
these small steps vou come to & conclusion. (P2, personal interview, May 25, 20085

The teachers’ response to an interview question about explaining and justifying the division al-
gorithm or the Pythagoras theorem is discussed in a later section on mathematical explanations
i4.83. The responses indicate that teachers themselves had hmited knowledge of how to jusofy

steps 1 mathematical procedures and connecting them to underlving concepts,

Although teachers exhibited a positive attitude for focusing on the explanation and justification
for the teaching of mathematics in the questionnaire, this cannot be corroborated with what
teachers described in their interview in terms of practices preferred or reported. Teachers” belicfs
about students” capability could be one of the reasons for “focus on explanation and justifica-

ticn” being only a peripheral practice.

4.3.2.3 Connections to daily life

In the questionnaire, items 2.5, 2.6, 2.15 (See Table 4.12) probed teachers™ views about using
daily life contexts. The large majority of respondents indicated that they use knowledge of daily
life and common objects from daily life to teach mathematics most of the time or almost always.
However, in response to 010 in the interview {Appendix 23, about giving details about the wav

they establish connections wath daily hfe fewer teachers reported the use of dailv hfe contexts
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apart from textbook examples . Their examples were worthy of the applicabion of mathematics

rather than of using contexts to develop mathematical ideas.

Table 4.12: Questionnaire responses to practices related to connections to daily Hife

Noo | ltem Y Almost | MBome of | W Half of YulMost of | %o Almose
never the time the time the tirne Alwnays
2.5 |Tuse knowledge about & o 15 al 46

students’ daily like and culture
for teaching mathematics.
26 | Students inmy class give B 19 12 46 15
cxamples of the application of
mathematical coneept being
taught fronm their daily life.

an a3

co
=

.2_ 15 .[ use commmonly available .|:|

objects from daily life while
teaching.

In order to draw connections with daily hife, teachers”™ interviews indicate the use of component
practices like applyving maths ideas to daily Life contexts, asking students to give examples and
using daily life contexts to elicit students” knowledze, While teachers gave positive responses to
these practices in the questionnaire, in the interviews, teachers reported that they draw connec-
tions to daily Iife by giving examples of applications and did not mention cther wavs to estab-
lish connections.

Table 4.13: Comparison of questionnaire and interview responses of primary and middle
schonl teachers for the practice of establishing connections with daily life

Nos | Fractioe description Questionn- | Frimary Frimary Middle Middle school
mire iterm | reachers” teachers” school teachers”
number interview guestinnnaire teachers” questinnnnire

response™ response® (=53] Intervicw response®
[ =5 response™ .
(M=) (N=6)
1 Showing the application of | 2.5 4 5 B 4
a mathematical idea in daily
lile
2 Asking students to give 26 0 3 0 3

daily life examples

lad

| Using daily life contexts 0 | 2,15 |© 4 0 &
clicit students knowled ge
*See cxplanatory note for Table 4.3 an Fage 120,
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In the interview, teachers were asked iF they believed in using knowledge of students™ daily life
and culture for teaching mathematics. Most teachers agreed with this and gave examples of the
way they would vse their knowledge of daily life for teaching. However, most examples were
cursary mentions of the phenomena in daily hife where a mathematical concept could be ap-
phied. For some teachers, use of daily life examples was not central to doing mathematics but
wis useful to “create interest™ (P30, M3 felt that connecting mathematics to daily life meant that
one needs to emphasize the importance of mathematical values like punctuality and accuracy in
daily life, for e.g., coming to school on time and finding the accurate amount to be paid to shop-
keeper (M3). Other examples were measuring the heights of all members of the family using a
length scale (P23 and finding the height of the tree using tngonometry (M2). Teacher P1 related
knowing mathematics to proficiency in solving daily hife problems like shopping, cooking, esti-
mating the cloth needed for making a cushion, estimating the distance from the time taken to

reach a place, ete.

Mo teachers talked about how daily life phenomena can be explored to elicit students” knowl-
edge of mathematics gained from their daily expenence or using the contexts in daily hfe for

teaching math ematics.

Some teachers interpreted that connections to daily lives can be estabhshed by giving real hife
examples as representations’ models or as data for mathematical concepts. W& described how,
while teaching graphs to students he asked them to represent events from real life using graphs

as in the excerpt below.

Excerpt 4.27

You went to bithday party some got cake some pastry and some got jce cream so
have to show the percentage on pie chart. .. real life situation like temperature
shown after news. ... So, the temperature 15 given for whole month. .. 5o, they
represent in histogram and frequency polygon. IF temperature very high, may be 1t
was Jun, I low may be Januvary. ... This children comrelate wath life experience.. ..
[1] liked doing all these things. .. children also enjoved. (WG, personal interview,
May 25, 2009)

P2 explained that she 15 not able to use daily life examples always, because of lack of time. She
said, “If [ am teaching one topic, 45 ideas will come and we get only & periods for maths in a
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Inferences about beliefs

Teachers all agreed that mathematics should be connected to daily life but they also had doubts
that 1t might get confusing for students or bme consuming. The examples or contexts shared by
teachers in the interview indicated that very few teachers used contexts to elicit students” knowl-
edge of daily Iife or to discuss key mathematical concepts and meanings. Only a few were able
to provide examples that illustrated meaningful connections between mathematics and daily Life
indicating that it is a peripheral practice which teachers find difficult to align with their focus on

teaching procedures.

4.3.24 Equity in classroom participation

MCF 2005 promotes a vision of teachers engaging “every child™ in doing mathematics, thus un-
derlining equity as an important theme for mathematics teaching. The document identifies the
“fear and failure™ (p.14) for mathematics as one of the central problems that needs to be ad-
dressed. This 1s especially true for the way some students are perceived to be failures because of
the social discrimination based on caste, class or gender. The issues of equity are related not
only to the bias teachers hold against some students which influence their behavior towards
them, but also to the opportunities teachers make available for all the students to participate in
the classroom discussions and the extent of autonomy granted to students while solving prob-
lems. Teachers™ responses to questionnaire items indicate that teachers, at least sometimes, do
give apportunities to students to share their ideas and allow the use of mother tongue o express

their 1deas.

Table 4.14: Questionnaire responses to practices related to equity in classroom

N ltem M Yomome | HHalf of | SulMost | %
Almost of the the time | of the Almost
never time time Alvways

24 Students eome up with interesting ideas of |4 a2 B 23 4

their own o solve o probilem.

.1.1[] IE-lIJdl.‘Ill!-i express their ideas or reply to .ET .31 - 1= . 15 .4
questions using their mother ongue,

211 |1 ask my students to write explanations and | 12 35 0l 19 35
justifications through words or pictures in
their notehook.

216 |1 tell students not to talk among themselves | 12 23 4 3l 3l
but ask their questions © me.
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2200 |1 ask students to discuss problems in 4 12 12 L] 35
EroLps.

The teachers” response to the interview for Q.16 and 17 {Appendix 21 threw light on equity 1s-
sucs 0 the classroom. The analvsis of interviews revealed component practices that either sup-
ported or constrained estabhishing equity in classroom participation. For e.g., giving an opportu-
nity to students to share ideas and giving attention and support to students from a socioeconomi-
cally weak background, supported establishing of equity. On the other hand, practices like la-
belling students, giving lower level questions to weak students to practice so that they pass the

exams constrained the establishment of equity.

Teachers”™ response to questionnaire items indicated that they have a posiove atbtude towards
adopting practices to support students” autonomy. However, interview responses mdicated that
they did not prortize these practices. Only a few teachers were able to give examples of stu-
dents” ideas that came up in the classroom. Those who did give examples believed that the stu-
dents must have got these ideas from somebody older at home or elsewhere, indicating that they
don’t really believe that students can come up with their own ideas. However, 46% of the teach-
ers sharcd that students are able to give examples of the mathematical concept being taught

from daily life (2.6).

72% of the teachers also said that they ask students to work in groups most of the ome (2200 al-
though few teachers reported this in the interview. Working in groups may or mavy not support
equity depending on whether all the students get the opportunity to voice their thoughts but in
comparison o a scenario where students hardly get any opportunity to speak up in whole class
discussion, use of groups might provide more opportunities for sharing their ideas. 63%% of the
teachers reported asking students to show their solution to the class on the blackboard most of
the time (2.24). However, if only brght students are called to the blackboard 1t may go agaimst
establishing equity although this 15 8 better situation than students getting no opportunity o
show their solution as the teacher shows the solution. Teachers™ practices of asking students to
give examples, showing their solutions, working in groups and using the mother tongue wiath the
intention of eliciting students” ideas and giving equal opportunity to all students to share their

ideas may be influencing the extent to which students came up with ideas of their own,

Teachers” practices for how thew pose the problem determine whether students get the chance to

come up with their own ideas. For e.g., 42% of the teachers responded that they give challeng-
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ing problems to students but only some of the time (2,213, 34% of the teachers shared that they
ask students to explain and justify using pictures some of the time, whereas 34% of the teachers

did it most of the time (2,11} In the interview, only primary teachers reported using pictures.

Criven so much focus on showing procedure, teachers were not able to provide an opportunity to
students o share their own ideas or solutions, Teachers M3, M4 and P2, said in the interview
that students could come up with the procedures of their cam. But deeper probing revealed that
they felt that students can come to know different procedures from elsewhere (magazines, par-
ents). They believed that only a Few intelligent students can discover procedures and thus most

stuclents have to be taught.

Excerpt 4.28

Children bring their onginal 1deas, ther world 15 very big. He leams from a ot of
things other than the teacher 10 the school, ¢.g. mternet, father 10 a specific
profession, Very few children able to give justification and explanation on their
can., (P, personal interview, hMay 25, 2009)

Justification and explanation they can amive [at] if the child is bright. (P2, personal
interview, May 25, 2009)

These excempts indicate that teachers™ beliefs about students capability hinder the way in which

teachers conceptualize opportunitics for students to share their ideas or solutions,

Teachers shared how they try to help students from poor homes by giving them special attention
during free peniods, making them sit on first benches. Some primary teachers said that thev give
emphasis on these students having correct records of work done in class in their notebooks by
emphasizing that they copy correctly from the blackboard or from some bright student™s note-
book. Their talk also showed how they believed that these students are not interested in studies

and disturb others.

Excerpt 4.29

[poor students] 1 make them sit on the front bench only, and 1 make them write
things, otherwise they don™t hsten. 1f they are sitting at the back, then they disturb
others. They are least bothersd about maths and any other subject and they don't
want to copy anvthing, So alwavs we used to make them sitin front bench.... They
won't lsten but still 1Ty to [make them] complete the notes at least, so that their
parents or tuition teacher 15 able o help them. About 5-6 children are there in the
class of this tvpe. T used to tell good students to make them copy their notes at
least. They won't write [by] themselves. 5o 1 have to find some students to make
them write, (P2, personal interview, May 25, 2009)

In class work done need to be revised at home. At home too, many distractions for
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the child. When we say the student 15 not learning, they say we have sent them to
tuition. Because of time constraints and too many children, it"s not possible to give
personal attention to each and every child. We expect whatever done on the
blackboard, step by step, the child should follow theose instructions, so that, at least
there is no mistake in the notebook record. The child should also be aware that,
whatever child writes in the notebook, that should be as per teacher™s mnstruction.
That children don™t do. Teachers are blamed that they have taught wrong. The
teacher wrote wrong on the blackboard. IEs not that. Student does it wrong while
copying from the blackboard. The child should copy from blackboard with
attention. (P3, personal interview, hMay 26, 2009)

Inferences ahowr belicfs

Interviews indicated that many teachers were aware of issues faced by students coming from
poor homes like lack of help at home but they hmated their role to help in completing their note-
books. Some teachers also felt that girls find mathematics difficult since they did not talk much
in the class. Teachers talked about how they try to help students whom they perceive o be at
risk for failure by giving special attention and making them practice selected portions of the cur-
riculum. The practices, however, indicated that teachers had biases against these students by
having low expectations and believed that they are not capable of doing “difficult™ mathematics.
Thus brnging about equity in classroom participation was a peripheral practice as teachers” be-

liefs about students” capabi hibes from certain sections of society influenced teachers” behavior,

4.3.3 Conclusion

The change in curriculum did not bring about a significant change in teachers” practice since
teachers had integrated new practices of doing activities and increasing student participation
without moving bevond the focus on procedures. The core practices for teaching mathematics re-
mained the same, with the focus on procedures, repeated practice, focus on speedy solutions,
and following the textbook. Although teachers followed the texthook, thewy did 5o in the terms of
using the content and problems and not necessanly the using the ideas of making sense of math-
ematics using contexts and representations which were imphed by curnculum designers. There
wis hardly any talk by teachers of eliciting students” reasoning or giving them an opportunity to

think independentlv.

These practices indicated that the core beliefs held by teachers about mathematics, teaching and
stucents were more consistent with the transmission view of teaching and procedural view of

mathematics. Teachers™ focus on telling procedures and expectabions for students to hsten care-
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fully indicated that teachers™ believed that knowledge is transmitted. Teachers™ insistence on
practice for learning mathematics also pointed towards the belief of learning mathematics
through memorization. Telling the steps of procedure as an explanation and when students make

SITOrs, again points to the importance teachers gave o teaching procedures.

Teachers” talk about the use of activities and connecoons to daily life to ncrease student interest
and participation indicated the belief that mathematics can be made attractive and simpler
through the use of activities and contexts from daily hives, T have termed these practices as pe-
ripheral since teachers priontized covering of textbook matenal and students™ performance in
the examination as more important goals. They used the core practices of showing procedures
and repeated prachice to achieve these goals. These peripheral practices were used to generate
interest rather than for developing understanding. Some teachers used acovities to demonstrate
procedures or reverted to showing procedures and practice after using activities, Here activities
and contexts served to facilitate memorization rather than engaging students in doing mathemat-
L5,

Teachers did not believe that challenging problems can be given to students right at the begin-
ning. They believed that one should move from simple o complex problems. In tryving to adhere
to this principle they avoided giving challenging problems to students. Another reason could be
that they avoided student emrors and giving challenging problems was considered as a risk which
might create confusion n students” minds, They expected students from poor sociosconomic
sections to perform poorly in mathematics. Although teachers expressed that good students can
come up with solutions, shortcuts or explanations on their own, they believed that students

come to know about them because this has been taught or told to them by other older people

Although efforts have been made through educational reform to influence teachers” practios to
move towards student-centered view of teaching and processes in mathematies, the core prac-
tices and behiefs of teachers remain aligned to transmissiomst view of teaching and focus on
procedures, In the following sections discussions on teachers” beliefs about teaching, and leam-

ing mathematics, nature of mathematics, students”™ capability and self are done.

4.4 Beliefs about teaching and learning mathematics

In the previous sections, it was discussed that the teachers” preferred practice were aligned with

behefs consistent with a transmissiomst view of teaching and leaming mathematics. The inter-
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action between practices and beliefs has also been discussed in the earhier section. The question-
naire and the interview also included the probes that addressed teachers” beliefs directly. In this
section, and in sections 4.5 and 4.6 to follow, teachers” responses to these direct probes concem-
ing their behefs have been analyzed. The discussion of the similantes and differences between
responses obtained in the questionnaire and the interview 15 also included in this section. To an
extent, repetition of the themes already discussed in the sections devoted to practice above 15 un-
avoldable. However, comparing these shghtly different parts of the data is necessary to round

out the picture about teachers” beliefs.

This section discusses specifically responses related to beliefs concerning the teaching and
leaming of mathematics. These beliefs will be discussed with regard to the following themes:

1. Teaching by transmitting procedures

2. Learning through memorization

3. Learning through discussion of 1deas

4. Beliefs about good students

5. Beliefs about tasks
For each theme, comparison of teachers” responses related to practices is related to responses to
questions specifically about teachers” beliefs regarding the teaching and learning of mathemat-
ics, Where there is strong agreement and consistency across beliefs and practices, the beliefs are
inferred to have greater strength and thus as being core beliefs. However, if teachers indicate
strong agreement for a behef but little or no evidence 15 found 0 either reported practices n the

questionnaire or during the interview, then it 15 inferred to be a core belief but supporting a pe-

ripheral practice due to constraints in the system or lack of resources for the teacher.

4.4.1 Teaching by transmitting procedures

Data from the interview and questionnaire show that teaching of mathematics was focused on
showing or explaining procedures and examples to students thus indicating that it is a core prac-
tice. Response to questionnaire items probing behefs related to this practice (See Table 4.15)

about teaching and learning mathematics indicate a varied pattern of responses,

Table 4.15: Belicfs about how to teach mathematics
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N, Itern SATL | AT L% | L = e
4.1 The best way to teach mathematics is to clearly show the | 12 44 B [32 4
procedures (methods) o solve the mathematics
prohlems.
4.3 | Listening carefully to the teacher explain the b A5 la 36 4

miathematics lesson is the most effective way o learn
mathematics,

4.8 | The best way to teach mathemnatics is to show students 16 28 12 36 3
how o solve some exaimple problems.

4.14 | The teacher need not explain how to solve all the b 28 4 S 4
dilferent problem tvpes or problem variations,

4.13 | Ateacher should explain things carefully in the 24 [sh] 0 3 0
beginning so that students can avoid mistakes.

For the first three dtems in Table 4.15, there 15 a spectum of responses of the teachers from
agreement to disagreement. The last two ttems show a more skewed pattern of response. A very
large percentage (92%) of the teachers believed that the teacher should explain evervthing care-
fully in the beginning (4.13) so0 a5 to avold students making mistakes. 607% of them disagreed
that the teacher need not explain all problem vanations. This points to a strong belief that the
teacher must show students the solutions, rather than expect them to solve on their own, despite
the waried response to items 4.1 and 4.9 above, This s consistent with thelr responses concern-
ing practice, which indicated a procedural focus. For example, Table 4,14 shows that 967 con-
sidered the telling procedures as explanation (2.23) and showing procedures as an effective way
to avold students’ mistakes (2.2). In the interview too, most teachers had reported showing pro-
cedures either before solving the problem or after giving students chance to think and respond to

the question.

2 % S8A= Percentage of teachers who sironply agreed to the ibem
% A= Petcentape of teachers who agresd o the item

% U = Pemcentape of feachers who were unsure

Sl = Pereentage of weachers who disagreed o the dem

% 5= Percentape of teachers who grongly disapreed o the item
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4.4.2 Learning through memorization

IF one recalls the analvsis about teachers™ preferred practices, it revealed that most teachers en-
gaged students in repeated practice of solving problems. However, the responses to related be-

liefs showed that some teachers agreed, while others did not.

Table 4.16: Belicls about practice and memorization
N ltem 5AM AN L% 1% bl L]

4.4 | If student practices solving all the problems in the ) 24 12 44 12
texthook two or three times, that is the best way to learn
mathematics.

4.18 | The key o learning mathematics well is to repeat the 4 24 12 44 12
lexthook exercises bwo ot three Himes (or more).

4.200 | The best way to teach mathematics is to explain one ) 40 4 36 4
procedure at a time on the blackboard and then to make
students practice it

.4.11 .“'11l."1'| students make errors, the best remedy is toomake .1[] .4{4 - L& .E-I .E-I
themn rep eatedly practice these types of problemns.

Table 4.16 shows that about 66% of the teachers disagree that practice and repetition are impor-
tant. However, in the context of students making errors, 68% of the teachers thought that re-
peated practice was important. The teachers” response to the practice part of the questionnaire
(2.1, 2.8 in Table 4.4) showed that many teachers (30-6670) agree that they engage students in
the practice of similar problems most of the time. However, the interview responses clearly
showed that teachers thought that practice was very important in learming mathematics, Again,

only one teacher (P1) expressed entical views conceming the memorization of procedures,

For the teachers who emphasized practice, thev believed that it helps in “remembering™ proce-
dures, doing “fast calculation™ and being “thorough™ and developing students™ confidence. For
some teachers, practice of similar problems was a way to ensure marks for students in examina-
tions. They focused on giving the practice of types of problems and the kinds of answers that are
expected In examinabions. Also, 1t was evident that some teachers show the solubons on the

blackboard and then give stmilar problems to check if the students have “understood ™.

Excerpt 4.30

Practice 15 requirsd to keep what 15 leamt in memory so that they don't forget by
the next chapter. (M2, personal interview, hay 27, 2009)

After practice, they understand better e.g. Multiphication table. 1tell them to go
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through the table every moming and before sleeping. (P2, personal interview, hMav
25, 2009)

After doing 3-4 sums you will get confidence and clarity. ... After that student waill
be bored . ..and through practice he knows that 1 can do it successfully... So
practice 15 important to build up student confidence. (P35, personal interview, hay
30, 2009

Omne of the teachers, P3, felt that by practicing several problems of subtraction student can de-
vlop an idea that the result of the subtraction 15 always less than the minuend as a generaliza-

tLon.

Excerpt 4.31

There are 14 toffees and you ate & toffees... . How many of these toffees are left? Its
a subtraction. Out of 14 toffess & are eaten so number of toffees 15 cettainly less of
that... but you cannot just hit upon [the number]...Here the child has to learn
counting from & to 14 or back counting from 14...count six number back...so this
they will get by practice only. | P3, personal interview, hMay 30, 2009)

Howewver, there were teachers like F1, P4 and M5 who were cnbeal of this practice of rote
memaorization through repeated practice. There were, however, subtle differences in teachers”
views about “what” 15 rote memonzed as P4 and M5 talked about doing the same or same type
of problem as rote memorization while P1 talked about doing procedures without undemstanding
conceptual basis as amounting to rote memorization. P4 and M5 shared how students even rote
memorize the numerical aspects of the problem thus failing to solve a similar problem in exam

with different numbsers.

Excerpt 4.32

Practice 15 nesded but the extra practice makes the mind of the student bluntf...]
Many students memorze the question in the textbook. If we change it in exam,
they say that answer of this question in the book 15 this and this answer 1s not
coming so question 15 wrong... This means they have not understood the
question... becavse it is by rote memory.... They have memorized through practice.
That approach is wrong (M3, personal interview, May 29, 2009

Some teachers what they do, they give the same sum given in the class in the test.
There 15 no appheation. That 15 rote learming. Your children wall get 100% mark
and [vou will get] 100% result but what about their future? (P4, personal mterview,
May 26, 2005)

On the other hand, P1 was critical of memorizing the procedure without understanding the con-
ceptual aspects. She termed the practice of teaching mathematics by memorizing the procedure
as “rote memorization”™ while giving the example of “putting a zero™ for multiplving by tens in

column method of multplication without connecting it o the concept of place value.
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Excerpt 4.33

[ don’t repeat problems done in class. This practice 15 there n coaching classes
which emphasize rote leaming. (P1, personal interview, May 25, 2009)

Tens ones were not clear. In our time “put 2 zeros™ when multiplying by 100, This
was not explamed. 1F it 15 the second number [1in column multpheation] then start
after one zero. 1f vou have to start for the third number then put 2 zeros or put a

cross. We were told this, We rote memonzed. We used to blindly follow. (PL1L

personal interview, May 25, 2009 Learning through discussion of students” ideas

Since showing procedures and memorization of the procedures are the core beliefs of the teach-

ers guiding their teaching, it 15 hkely that these beliefs will be inconsistent with the 1dea that stu-

dents can share important mathematical ideas which would be worthy of discussion in the class-

roomm. Teachers” response to beliefs and practice part of the questionnaire related to giving space

and an opportunity to students to share their ideas 15 discussed below.

Table 4.17: Belicfs about siudents finding solutions on their own

N

4.4
4.7

411

4.14
416

421

item SAM

It is essential that sudents express their ideas in 56

classrooms to help them learn mathematics better.,

A teacher should teach each topic from the beginning L&

assuming that the students know nothing,

Students leam best if they figure things out for iz

themselves instead of getting explanations from the
teacher

Only one method should be taught to students for solving | 8
otherwise they pet confused.

Students leam better by discussing their ideas in the iz
classroom.

.Slud-:nl.li gliould be encournged o find different metho ds .4III
tos solve n prohlem.

Ciiven a chance most students can discover correct L&
procedures (methods) for calealation although thess may

b different rom standard procedures.

Students cannot discover procedures (methods) for 4
calculation on their own. They need to be tanght these
procedures, (There may be mre exceptions.)

A

|56

48

L%

12

20

12

¥

24

56

24

bl Lt

Teachers” responses in practices as well as behefs about teaching and learning part of the ques-

tionnaire indicate that teachers believed and gave opportunities to students to share deas, The

majority of the teachers agreed that opportunities to express deas (4.6, 4.16), figuring things out
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i4.113, finding out different methods to solve problems (4.21) help in learning mathematics.
With regand to practice, a majonty of teachers did share that they ask students to give justifica-
tion and explanation of the methods vsed by them (2.11), and discuss in groups (2.200 but did

not allow students talking among themselves (2,167 {See Table 4. 14

Howewver, teachers believed that students rarely come up with interesting 1dess on their own and
maost teachers were not able o give examples of students™ deas. Only 3675 of them disagresd
with this statement. Interview responses, as well as responses to other items, suggested that
teachers did not really believe that students can discover their own procedures. Their response
to item 3.5 and 3. 16 indicate that although 80% believed that given a chance students can dis-
cover procedures, 527 also agreed that they need to be taught these procedures sinee they can-
not discover procedures on their own, This inconsistency betareen responses to these two Thems
indicates that teachers do not beheve strongly about students” capability. This s further con-
firmed by teachers™ responses that 8075 of the teachers taught assuming that students know
nothing (4.7). This indicates that they do not take into consideration students” ideas For planning
or discussion. Most teachers did not allow use of mother tongue by students to answer the ques-
tions, which indicates the Imited opportunities for students to share their ideas in their class-
rooms. The discussion of interview responses n the secton on penipheral pracoces (Section
4.3.2.4% on estabhshing equity in classroom participation further confimms that tensions existed
between giving students” opportunities to share ideas, and considering students capable enough
to have ideas of their own. Teachers” mostly expected students to share the ideas or procedures
that they have come across n class or from elsewhere, This indicated that while majonty of
teachers believed in giving opportunity to students to share their ideas, they do not expect them

to share any original ideas of their own.

4.4.3 Beliefs about good student of mathematics

Some teachers determined a student as being good in mathematics based on their performance
in exams, consistency in performance and giving comrect answers quickly (M3, M4, P2, P4, P5).
[ See section 4.2.1.3: focus on speed and shorteuts.) Although some teachers like P35 admitted
that “all children are good, cach may have weaknesses™, they still thought that a few children
have an innate “ability” to do mathematics due to which they are able to respond with answers

quickly.
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Excerpt 4.34

Some children answer a little bit senselessly... very few only will tell, but they will
tell the correct answer.... [The] method they will take this way that way. 5o
especially this mixed fraction question quickly they will do. T will go and see how
they got... and then applhication problem when you are teaching then howr quickly
they are grasping. (M3, pesonal interview, hay 28, 2009

There were very few teachers who considered reasoning and giving justfications, independent

thinking, correlating with daily life as indicators of being good in mathematics.

In contrast, a few teachers who said that they value reasoning as an indicator of being a good
stucent. M2 shared that as a student she was motivated by being first in class but now thought
that reasoning and thinking were indications of being a good student. M35 felt that being able to
solve the problem does not indicate that a student 15 good in maths but the student should be
ahle to correlate with daily life and give justification. M1 thought “thinking, use of mind™ as the
aspects related to doing maths and a good student was one who, “asked thought provoking ques-
tions”™ and “will not simply accept what we tell them™. P32 considered that besides accuracy, do-
ing solution by different methods and independent thinking were characteristics of a student

who was good in mathematics,

In the questionnaire, in response to [em 3.7, “Being good in mathematics means responding to
a problem quickly and accurately™, 487 of the teachers either agreed or strongly agresd with the
statement. In Section 4.2.1.3, focusing on spesdy solutions was discussed as a core practice. On
the other hand, focus on reasoning was found to be a penpheral practice because teachers did
not believe in students” capability. 5o although a few teachers might have a different conception
of good student of mathematics, the predominant conception seem to be closely aligned to the
capability of solving problems quickly. This indicates that most teachers believed strongly that
salving problem quickly 15 an indicabon of being good in mathematics. However, it s difficult
to categorize the belief about good students being quick as either core or penipheral belief for

the group as a whole due to varabions.

4.4.4 Beliefs about tasks

Some teachers believed that one should move from doing simple to complex tasks in the teach-
ing of mathematics. 30% of the teachers agreed that one should not give difficult and challeng-
ing exercises to students in the beginning (4.12). There were a variety of views regarding asking

probing questions to students that might create uncertainty and confusion among students. In
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general teachers avoided tasks or practices that might confuse students since they tred o avoid
errors,. Their efforts were to make things simpler or easier for students by helping them identify
the operation or what 15 to be done in a problem, and use manipulative’drawings or contexts to
make maths interesting. This 15 related to their sense of being a successful teacher as the one
who 15 able to create interest, explain clearly to students and help students get good marks in the

Examination.

Teachers” belief about moving from simple to complex tasks and avoiding complex tasks in the
beginning was evident in the interview when they discussed activities and questions from the
textbook. For e.g., P4 was purzled as to why 4 digit numbers were used in textbooks for finding
fractions while students are not competent to deal with calculations with four digits numbers at
that level (for e.g., students nesded to find 13 of G000 in the fifth grade textbook). This ndi-
cates that the teacher was not aware that the purpose of such problems in textbook 15 o develop
students” number sense using certain numbers and support development of strategies rather than
teaching caleulation. It indicated a lack of understanding of the purmpose and philosophy on
which new textbooks are written where students are encouraged to explore different numbers
using their reasoning from experience with smaller numbers. This 15 because in the earlier text-
books the sequence for teaching was preseribed as moving from operations with two digit num-
ber to three digit numbers and then to four digit numbers. Since most teachers felt that only
good students can arrive at 8 solubion on their e without being taught, they were not comfort-
able with giving challenging problems without telling students beforchand how they could be

solved,

The above discussion indicates that teachers strongly believed that mathematics should be made
simple and interesting for students to engage with so that confusion and emrors can be avoided.

This can be termed as one of the core beliefs of the teachers.

4.4.5 Conclusion

The analysis of beliefs through responses o questionnaire items on practices and behefs, as well
as to the interview indicated that beliefs hke showing procedures and examples, learning by
memeorization and practice, and solving quickly are the core beliefs of the patticipating group of
teachers. Sometimes teachers” responses to explicit belief statements in the questionnaire may

lead one to think that they espouse student-centered beliefs. However, the broad pattem of re-
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sponses, the emphasis that they placed on certain practices in their interview responses indicate
otherwise, When teachers refermred to “memorization”, they interpreted it in different wavs:
ranging from memorizing the solution of a cetain problem along with the caleulation, or memo-
rizing the procedure to solve certain type of problem, or memonzing the steps of an algonthm
or a formula, all of which were considered important. This affirms that teachers ahgned towards
the transmission view of teaching, Further, a view of mathematics as procedures, discussed in

the next section, also further reinforces these core beliefs and practice,

These core beliefs about teaching through transmission and learning through memonzation had
strong connection with teachers” belief about student capability which includes their perceptions
about students from low socio-gconomic status, gender and perceptions of who they considered
as a good student of mathematics. Teachers™ appreciated correct and quick solutions by stud ents.
It appears that teachers” belief about avoiding emrors among students 15 the main mobivator for
them engaging in the practice of showing procedures. This could be due to teachers™ idea about
being a good teacher might be dependent on their students getting good marks in examination. It
could also be the result of teachers™ feeling of “care” towards students by avoiding putting stu-
dents through the discomfort of perceiving maths to be difficult. This belief of mathematics be-
ing a difficult subject, exists in popular culture. Teachers too expressed that they perceve math-
ematics to be a difficult subject for students and feel responsible for making it simple and nter-
esting for students. Thus beliefs about teaching of mathematics are closely related to the behefs

about mathematics, which 15 discussed bel o,

4.5 Beliefs about nature of mathematics

Teachers” belief about the nature of mathematics can have powerful implications for practice.
Drawing from the rescarch Literature discussed in section 2.4.1 in Chapter 2 about beliefs and
integrabing the themes from the interviews, three dimensions to describe teachers” belief about
nature of mathematics have been recognized. The first dimension refers to considenng mathe-
matics a5 4 body of procedures invalving caleulations as compared to being a body of intercon-
nected conceptual knowledge based on reasoning and justification. The second dimension refers
to considering mathematics as an abstract esoterie subject without any connections to daily Life
Items in part 3 of the questionnaire to probe teachers™ beliefs about mathematics, were designed
keeping these two dimensions in mind. The third dimension which emerged from the analysis of

the responses 15 considering mathematics as casv or a difficult subyject.
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Teachers” ideas about mathematics were indicated through responses to interview questions that
directly probed the teachers” view of “what 15 mathematics? and if there has been any change
in their views since their school education or since they have been working as a teacher. Other
sources of teachers” views about mathematics were their ideas about good students of mathe-
matics, their ideas about important tasks and best ways of teaching mathematics, which emerged

as they described their bypical mathematics lesson or the lesson that they liked the most.

4.5.1 Maths as body of procedures vs. interconnected knowledge

The questionnaire responses indicated that most teachers see school mathematics as based on or
capable of justification, with a focus on reasoning. Their responses to items 3.1 (knowing why
procedure works), 3.3 (maths having proper justifications), 3.9 (student justifying and checking
procedures in case of doubt), 3,14 (undestanding why tools work) indicated agreement by ma-
jority of the teachers. However, a majority of teachers also mdicated in the questionnaire and -
terview that they strongly hold the view that mathematics 15 restricted to doing “4 operations™ in
calculabions. Such views were more common among the pomary school teachers rather than the
middle school teachers. The responses to questionnaire items indicate that 76% of the teachers
agreed or strongly agreed that mathematics is basically the four number operations (3. 100, How-
ever, all teachers also agreed or strongly agreed with statements that “In mathematics, we can
give proper reason or justification for all statements and procedures.™ (3,35 All teachers agreed
with the statement that students nesd to understand why procedures work (3.1, 3.14). However
only 56% believed that if they have a doubt, students can check and fnd justificabions on their
own (3.9, In the interview, however, teachers did not consider “why procedures work™ as part
of their explanation or that such justification of the procedure was needed. Neither did they indi-
cate in their articulation that students can think of justifications and explanations on their own.

This could be because either teachers had lmited knowledge of why the procedure works, or
considered it to be conceptually challenging for students. Teachers™ responses n the interview
on mathematical explanations, discussed in the next section, indicated that they could not give
adequate conceptual explanations.

Table 4.18: Belicls about mathematics as body of procedures vs. interconnected knowledge

Noo | ltem AN AT L ¥ L1

3.1 It is important for students to not only know 6 & 32 0 0 i
procedurss (methods) for calculation but also
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310

(Y]
—
(Y]

114

As discussed earbier, teachers™ focus on caleulabons and procedures was evident i their re-
ported practice, thereby, implyving an underlving belief that they are the important aspects of
mathematics. There were some teachers who considered mathematics as lmited to calculatbion
like M3, M5 and M4, while there were other teachers who had experienced a change in their

views due to higher education or due to change in the curriculum.

why the procedures work.

In mathematics, we can give the proper reason or | 52
Justification for all statements and procedures,

In mathematics, if the student has a doubt about | 4
a mathematical statement or procedurs she or he
can check and justify it on herhis own.

Mathematics 15 basically the four number 16
operations {addition, subtraction, multiplication
and division) and application of these.

Mathematical concepts have to be taught one ata | 12
time, there is not much interconnection between
mathematical concepts,

In school mathematics, students must not only 52
leam mathematical tools but also understand and
be able to justfy why the tools work.

Excerpt 4.35

M2 talked about how she used to think of mathematics as “calculabions™ i her school days and
in fact, had enjoved being the fArst i class to Aind the answer. She talked about how school

mathematics has undergone a change from calculation to focus on mathematical concepts.

52

&0

16

20

a4

i Wathematics) It 15 fun.... It 15 a plain subject which deals with numbers. (M3}

Excerpt 4.36

She described how the change in the curmculum has created tensions for her in the teaching of

Maths 15 not just calculation. It's different concepts. like when vou go higher,
calculation doesn’t come into the picture at all... You start with calculation. But

then that’s not the end. That is just the beginning. (M2, personal interview, hMay 27,

2009

math ematics.

Excerpt 4.37

When we were studying, we used to think if vou are good at calculation you are
good in mathematics, Mow [ think the concepts are to be clear — ke why we are
doing this, why 15 it s0; how the child 1s thinking Like even.... That's why we feel
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too much depth confuses children but maybe it leads to conception. (M2, personal
interview, May 25, 2009)

M3 also affirmed her change in views from caleulation to focus on hows and whys in mathe-
matics and understanding the problems that children are facing. She smd that the change n
views of mathematics happened only after the graduate level education. M4, however, still held

an to the view of mathematics as caleulation with numbers,

Analysis of interview responses revealed that the beliefs held by teachers about mathematics
were more complex and interconnected than what was suggested by the questionnaire re-
sponses, Calculations and procedures were the main aspects of mathematics that teachers had
focused on throughout their carcer and during their education. However, the recent cumriculum
change had introduced tensions in teachers” views about mathematics, as the textbooks now
contained reasoning based tasks, focus on concepts and use of multiple and informal methods
before introducing algorithms. As a result, some teachers exhibited tensions between focusing
on procedure versus concepts, some appreciated the change in mathematics, whereas others re-
sisted this change by emphasizing the usefulness of knowing procedures to get correct answers.
Many teachers expressed the change in cumriculum as a change in “mathematics™, as it radically
differed from the mathematics that they had experienced in their school education. Teachers™ be-
lief about students™ capabihity and ther hmited knowledge of conceptual explanations and just-
fications played a role in the tensions experienced by teachers. They either constrained change
in mathematics teaching practice by sticking to focus on procedures or provided avenues to

teachers for learning and using new ideas in teaching.

4.5.2 Maths as abstract vs. connected to daily life

Teachers” references to mathematics as abstract or being connected to daily life could be
gleancd under themes where teachers tallkked about mathematics as being easy or difficult, use of
concrete manipulative and using contexts from daily hves to talk about mathematics. As dis-
cussed earlier, teachers showed a positive atbtude towards using contexts from daly hife but
used them as desenptions of the problem and carely focused on the mathematical meanings

within contesxts.

Discussions about mathematics being casy or difficult illustrated how teachers make efforts to
use concrete ways or connections to daily lives to teach the abstractions of mathematics. Pri-

mary teachers gave more examples of contexts from daily hves as compared to middle school
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teachers. P1 was critical of her school experience that she was not taught “how to correlate
mathematics with ife™ and thus she Failed in solving real Iife problems like estimating the cloth
needed For stitching a cushion. She said that she uses contexts, concrete materials and pictures
as a regular feature in her teaching. She talked about how her views about mathematics have

changed due to teaching and studying new texthooks.

Excerpt 4.38

[About views of mathematics] there 15 a lot of difference. There [earhier] we used to
think that we have to multiply only numbers and then find the area but howr area 1s

to be used [for estimating cloth] that we did not know.... Whether the area 15 need ed
of perimeter 15 needed all that 1 learnt while T am teaching the students. Every day 1

am learning, [My views have changed] and are changing further.... Earlier 1 just
learnt the formula, learnt how to play with the calculation but T did not know how
to use it in daily Life. (P11, pesonal interview, May 235, 2009)

Howewver, these views were not very common among primary teachers as some teachers insisted
on focusing on caleulations, giving them greater value than the understanding of contexts where
mathematics 15 used. P2 shared that her views that the nature of school mathematics had
changed from Focusing on just caleulations to “it can be applied to daily Life™, However, it was
clear that she valued calculations as she liked the chapter in which there were a lot of practice
sums based on the theme of “fish™ ranging from 4 operations to topics like money, shapes, bank-
ing, speed and even fractions. She made many similar questions based on the questions given in

the texthool.

In the questionnaire, teachers” views were probed for the connection of mathematics with the
real world vs, mathematics being abstract. Most teachers” responses to contradictory items 3.4,
3.6 and 3.8 are in disagreement, indicating that teachers do recognize that real world examples
should be discussed in mathematics class but not to a great extent. Pechaps, teachers held a more
middle ground position regarding this belief Strong disagreement to all three contradictory
items ndicates meconsistency. Thus estabhshing connections between mathematics and the real

world emerges as a peripheral belief as comparad to emphasizing calculations,

Table 4.19: Belicfs about connection of mathematics with real world

No. | Irem SA% A% %% ¥4 ] M
id .Mulh:.'lnuli-.'ﬁ has strong conmections with real world .ﬁ[] .4IZI .[] .[] -[]

applications. These comnections must be emphasized
whenever we teach mathematics.

.3.E- .W:.' should not emplasize real life examples too much .[] . 1z . 1z .4_1 -33
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in mathematics because they distract the students,

18 Mathematies is abstmael; there is not much connection |0 4 12 44 40
hetevesn mathematies and the real world.

4.5.3 Maths as easy vs. difficult

Teachers frequently referred to mathematics as being easy or difficult either in reference to their
stucents or in reference to their oan experience of doing mathematics, Most teachers perceived
mathematics to be a difficult subject and this behef guided their efforts to make the subject s1m-
pler for students. M1 said that in school she used to teach students who used to find maths diffi-
cult and that she tries to make maths “simpler” for students by explaining from “A to Z...even in
& class, 1 will start from primary level™ and thus “laying the foundation™ o proceed to the

topic.

A few teachers considered mathematics up to primary level as easy as it can more easily be rep-
resented using a concrete material as compared to higher mathematics. P3 considered represent-
ing calculations with concrete material as easvy but considered algebra as difficult while M3 con-

sidercd Geometry as difficult

Excerpt 4.39

MMathematics means we used to think about calculation but geometry questions are
hittle difficult ke how to prove [theorems] vourselF. ... What 15 children’s problem

— teachers should know that.... If & teacher knows that and explains children will be
very much interested in maths. (M3, personal interview, May 28, 2009)

She acknowledged that some students considered mathematics as a “fun™ subject “dealing with
numbers™ but some were afraid of mathematics. Teachers like M3, M4 and M3 expected that
students good in mathematics can be good at anvthing, indicating a behef that being good n

maths denotes some innate ability,

4.5.4 Conclusion

Along the dimension of procedural vs. interconnectedness, teachers” beliefs about mathematics
were aligned more towards the procedural view indicating it as a core belief, However, teachers
did experience tensions between these views of mathematics because of the change in curricu-

lum and textbook, which expected students to engage in reasoning and understand interconnec-
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tions between procedures and concepts. The belief that discussion on conceptual aspects and in-

terconnections will confuse students acted as a deterrent.

Regarding the second dimension, primary teachers considered mathematics to be more con-
nected to daily hfe as compared to middle school teachers and gave more examples of it How-
ever, middle school teachers considersd mathematics to be difficult For students and thus tried to

make 1t simpler.,

4.6 Beliefs about students

Decisions about what to teach and how to teach a certain topic are hugely influenced by what
teachers assumed their students to be capable of. Teachers™ beliefs about students from socio-
eeonomically disadvantaged background, girls and students who were weak in mathematics in-
fluenced their behavior and the practices that they adopted. Teachers had lower expectations and
focused on repeated practice and memorization of expected problems in exams to make weak
students pass, They justified this practice saving that these students” understanding i1s hmited as

well as that they do not get much help at their home.

4.6.1 Beliefs about students from socio-economically disadvantaged

background

The questionnaire items in part 6 probed teachers” views about students, among which some
items were related to their attitude and beliefs about the capability of students from a economi-
cally weak background (See Table 4.20, Items 6,10, 611, 6.13%. 38% of the teachers agreed that
students who do not have well-educated parents face the same level of difficulty 0 learning
mathematics as compared to those with well-educated parents. 25% of the teachers felt that
(5.13) students from poor homes can perform well because of being familiar with shopping in
daily life, while 33% of the teachers were unsure and 42% disagreed. The items 6.8 and 6.9
probed how much the teacher perceives her role in helping students face difficulties to do well
in mathematics. 53% of the teachers disagreed or strongly disagreed that some students face so
many difficultics that teachers are unable to help them. 86% agreed that with the teachers” help
students can overcome the negative influence of the home environment and do well in mathe-
matics. These responses indicate positive beliefs towards students from poor homes. Teachers
acknowledged that the students will be needing mathematics in their future careers (86%) and

53% agreed that most of their students are likely to study up to the degree level. However, the
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interview responses to 0 16 and 17 (Appendix 2) showed how teachers had low expectations

from these students.

Table 4.20: Belicfs about students from weak sociocconomic background

Noo | item SAN A% %% ¥4 ] W

.!':.E-! .5-:-|11:.' students fee so many difficulties in .4 .I‘.il .F- .SIII -E-I
mathematics that teachers are unahle to help than.

A8 With the teacher™s help students can overcome the ] o 4 67 29
negative influence of thedr home enviromment and do
weell in mathematics.

G100 | Btudents whose parents are well educated and students | 4 54 21 2] 0
whose parents are not well edvueated face the same
lewel ol difficulty in learning mathematics.

G011 Btudents from poor homes tend 1o struggle in 13 21 17 42 E:
mathematics.

G153 Btudents from poor homes can perform well in 4 21 i3 ELS 4
mathematics because they are used 1o buving things
and doing other such work in their daily life.

In the mterview, teachers were asked whether they have students from a poor financial back-
ground in their classes. Most of the teachers replied that they have a considerable number of stu-
dents from poor financial background and parents of many students are not educated or not well
educated. They considerad it as a disadvantage since these parents are not able to help students

in their work. Many teachers equated poor students with weak students in mathematics.

Excerpt 4.40

Their basics are very poor. Retaining power 15 very less, Even if I want to teach
them right from beginning, they will not retain that. Thewy forget it very fast.
Homework also they don’t do. (M1, personal interview, Moy 27, 2009)

Other children will do, but 10-15 children are from such background that they just
throw the bag when they get home. We wnite in their notebook, note to their
parents, who do not do anvthing, but we have to do it so that we can tell the
principal when she comes for observation. If these children have not done their
homework then [ tell other children to help because | cannot waste time because of
these 5 children... (P2, personal interview, May 25, 2009)

Some teachers thought that one or two students from among such students do well but most of
them don’t. However, there were a fow teachers who belicved in these students based on their
observation or their identificabion with such students. For eg., P1 felt that students from weak

financial backgrounds are better at mental maths.
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Excerpt 4.41

[ don't face many problem in teaching [poor students]. 1t 1s not that they are
coming from such homes, that 15 why they are not able to leam maths, At times
they are better at mental maths. .. (P11, personal interview, May 25, 2009)

Some are very intelligent. They do an achvity and come to the blackboard. (P4,
personal interview, Bay 25, 2009)

[ have a lot of children in my class from a poor Anancial background. 1 show
sympathetic behavior towards them becavse 1 myvself have come through the same
stage, Their parents don’t help them and of T also don’t help them then they will not
get help from anywhere. 1 call them personally, separately and teach or I bring him
in contact with a good student. (M4, personal interview, hMay 25, 2009)

Teachers believed that parental help 15 an important factor contnbuting towards a child’s suc-
cessful performance in school, which students from poor homes do not have access to. Teachers
compensated by giving special attention. But the teachers”™ focus was on avoiding errors and the
pracice of selective content to pass the exam, which indicates teachers” belief about the low ca-
pability of students from poor homes. Such beliefs colored their expectations and hence their ef-

forts to engage these students in doing mathematics.

4.6.2 Beliefs about gender

In the questionnaire in part &, four items probed teachers views about gender: 6.3, 6.6, 6,12 and
. 14, The questionnaire data indicate that more teachers are gender sensitive than not as 66% of
the teachers disagreed or strongly disagreed with the statement that “For some reason, bovs are
better than girls in mathematics™,. More than 60% of the teachers disagresd that boys are more
interested in maths than girls or that girls rote learn maths, However, 66%% disagresd or strongly
disagresd with the statement that “Boys and girls are equally fast in grasping mathematical con-
cepts.” This indicated that while teachers did not perceive any difference in interest or perfor-
mance, still they felt that bowvs grasp maths more quickly than girls. In interviews, however,
teachers acknowledged their biases while agreeing that bovs and girls are to be treated equal lyv.
Thus there were tensions evident among what was expected from them as a teacher and what

they really felt.

Table 4.21: Belicfs about gender differences in Students” capability

L8 itern A% A% [k TR N TR |
6.3 For some reason, boyvs are better at doing mathematies | 0 25 B 42 25
than girls.
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f.6 Bovs are more interested in mathematics than girls. 0l 13 13 63 13

612 | Boys and girls are equally fast in gmasping 0 21 13 54 13
mathematical concepts,

.14 Girls fnd it diffiealt w understand mathematics and so | 0 17 17 50 L7

they rote leam it

Some teachers” views about the performance of students in mathematics and beliefs about their
capability were gendered. Almost all primary teachers {except P43 acknowledged that girls were
doing well at the primary level. However many thought that ulttmately bovs will perform better
at the secondary level. The reason for this difference was given as girls may be hard working

but boys are more intelligent. These views were expressed by middle school teachers also.

Excerpt 4.42

Crenerally, we used to say that boys are good in maths but in my class, it is not like
that... Girls are listening and doing. But in higher class boys will come
up...renerally, nowadays 1 Feel gicls are doing better in maths than bovs at primary
level. (P2, personal interview, Bay 25, 2009)

[t 15 same... girls are industnous... but mostly what happens girls do the same bype
of problems...monotonous.. that they are able to do..but [ think boys have a better
understanding than girls...but not always but sometimes. (P35, personal mterview,

May 300, 2005)

Crirls are more sincere. 1 would say bovs are intelligent but they will not be very
regular in completing their work, [Performance wise] Same only equal (M1,
personal interview, hMay 27, 2009)

[ don’t like the same sort of boys repeating the answer[ 1.¢. speaking up in class]. [
give equal chance to evervone in the class, (M5, personal interview, May 29, 2009)

Crirls are very hardworking, that 15 there. But whatever said and done they lag
behind. (M2, personal interview, ay 27, 2009)

Teachers P1 and P3 however instead of using “intelligence™ as the only explanatory principle
for the difference in performance considersd social aspects. They spoke of differences in the
way girls behave as they grow up because of the influence of expectations communicated to
them directly o indirectly for being a girl or the types of carcer choices that are portrayed as
tvpical for girls. P3 had shared in her interview that she hked maths in school and was success-

ful but did not take it up in college as all her fnends were taking biology.

Teacher W& felt that girls are better in mathematics based on the performance and pass percent-
age of girls in his class and considering results for board exams which genemally show that girls

have performed better than boys,
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Excerpt 4.43

Cracls in my section’ for whom 1 am the class teacher! girls are far better than bovs...
4 or 5 girls are lagging behind somewhat and other girls are very good. (Ma,
personal interview, hMay 29, 2009)

There were only two teachers W4 and B6 (both male middle school teachers) who indicated
that gender had nothing to do with mathematics and indicated “studying™ mathematics was im-
portant for doing well in it. M4 talked about how effort can help in leaming mathematics when

he shared in his interview how he taught his oan daughter.

Excerpt 4.44

[Difference in boys and girls] Mothing like that. Those who study, whether they are
bovs or gicls all are good. (M4, personal interview, May 28, 2009)

My davghter was doing engineering. 5o the first vear there was higher maths....
She told me, papa, I am not able to understand anything. After that 5 vears
continuously we both studied mathematics together. She got 90% marks. (M4,
personal interview, hay 25, 2009)

Plost teachers considered girls as sincere and hard working but attributed innate intelligence in
bows as 4 resson for their being good in mathematics, This 15 related to their perception of a
good student of mathematics which was defined by spesd and accuracy of calculations. Verw
few teachers thought that gender does not play a role in learning mathematics or emphasized the

rale of effort in leaming mathematics.

4.6.3 Conclusion

Teachers indicated that they considered being good in mathematics or “thinking differently™ as
an “mnborn ability™ that only some students have, As a result, they believed that boys and stu-
dents with better socio-cconomic status are more likely o be pood in maths, indicating bias
against students from poor homes and girls. Teachers™ beliels about students capability was
closely connected with their belief about mathematics as procedures and learning as memoriza-
tion since they decided students” “level” of mathematical attainment based on their ability to re-

member procedures,

4.7 Beliefs about self as a maths teacher

Teachers™ beliefs about the self were assessed along several dimensions including their per-
ceived relation with mathematics, relation with the textbook, the role of the assessment system,

confidence in one’s knowledge, relation with administrators and what teachers consider as
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sources For their learning. Part 5 of the questionnaire had 25 items related to the teachers™ behefs
about self along these dimensions. Most teachers responded positively to these items showing
confidence in being mathematics teachers. The more interesting aspects about self were re-

vealed in the interview. These aspects are discussed in detail below,

4.7.1 Role of Teachers’ own experience of school mathematics

Some teachers had negative experiences of mathematics i their own schooling by expectations
placed on them to learn evervthing by heart and had experienced mathematics anxiety like
“dreadful nights just before mathematics examinations™. They appreciated the “activity method™
of teaching as thev felt that it had helped reduced the fear of mathematics among the students
(P4, Pa).

Excerpt 4.45

Mlathematics was taught in such a way that 1t was scary because you have to by
heart things and the teacher used to beat 1f vou forget. ... In our school days maths
was taught “this 1s like this™ only, (P4, personal interview, May 26, 2008

Some teachers (P11, &6, M3) were critical about their school experiences of rote learning proce-
dures without understanding conceptual bases or its connections with daily life. They appreci-
ated the new textbooks for enbghtening them about these aspects. M3 felt that the new text-

books are “more explicit™ while the earlier textbooks had many things “hidden™,

Excerpt 4.46

Tens, ones was not clear, In our tme “put 2 7eros™ when multiplying by 10, This
was not explained.... We were told this. We rote memonzed. We used to blind Ly
follow... (P1, personal interview, ay 26, 2000

However, there were a few teachers who had mostly had positive experiences of mathematics in
their school education and held on to the view of mathematics as caleulation. They recounted
how they experienced success through “learning the rules by heart™ (P23, “doing lot of practice™
(P, M2 and being rewarded For quick and accurate calculations (M1, P&). M4 emphasized that
maths should be taught through examples (solving example problems) thus indicating a prefer-

ence to not use activities,

P2 who had had positive experiences of mathematics and calculations in her school days shared

how she feels pressured to do activities as they are mentioned in the textbook.

Excerpt 4.47
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Some activity we have to do but we are not foreed to do the activity [with the
garlier textbook]. [Mow] Questions and textbooks are designed like that, In earlier
texthbooks, only theory is given so that you do. (P2, personal interview, May 25,
20095

Among the teachers who considered activities as a welcome change was P4, who had talked
about her fear of mathematics due to the earher method of teaching. She shared how it had

helped in getting the students to think that mathematics was an easy subject.

Excerpt 4.48

Mo, no, before that we use to just take chalk and teach it and slow learners and
average learners they didn’t used to like it. They thought maths 1s a difficult
subject. So they would not do so much.. .. Now we teach mathematics in such a
simple way, through activity method, that all children hke it.... We soll have
calculation but the method of teaching has improved. Mow children don’t have to
by heart things. (P4, personal interview, hay 26, 2009)

The interview excerpts indicated that some primary teachers had a negative expenence of leam-
ing mathematics and embraced the ideas in the new textbooks while some teachers with positive
experience of mathematics resisted these ideas. The middle school teachers were not open to use
of activities citing lack of time and pressure of completing the syllabus, although a few of them

(M3, M5, WA shared that they do activities from the textbook some of the tme.

4.7.2 Confidence as a mathematics teacher

Teachers”™ openness to new 1deas depends on the confidence a teacher feels in teaching mathe-
matics using a particular textbook. Many of the teachers who were resistant o new 1deas might
have felt more confident teaching using the old textbooks rather than the new ones, which re-

quirad them to leam new ways of doing mathematics and teaching.

In the questionnaire, Part 5 was about teachers” beliefs about self and the confidence they had in
mathematics and in teaching mathematics, [tems 5.3, 518 and 5.24 probed teachers” confidence
in doing mathematics. Around 37 % of the teachers disagreed or strongly disagreed with a state-
ment that they would give away teaching the subject of mathematics permanently. Around 0%
of the teachers agreed or strongly agreed to finding many mathematics problems interesting and
challenging. 25% of the teachers agresd that they avoided mathematics in their education wher-

ever there was an option.

In Part 5 of the questionnaire, items 5.1, 5,11, 512, 5.16, 520, 523 and 5.25 (see Table 4.22)

probed teachers” dependency on the textbook for teaching. Almost half of the teachers followed
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the textbook closely and felt that textbooks should give all the steps in detail. Half of the teach-

ers said that they do not depend totally on the textbook for explanation. More than 80% of the

teachers agreed or strongly agreed that they were confident to work out solutions to problems on

their own and that while they go through the textbook, they prefer to teach in their own way.

Table 22: Teachers’ response to Part 5 of the questionnaire about their use of the textbook

N

5.1

511

511

516

'5.20|

1523 |

525

ltem

When [ teach mathematics, |

generally follow whatever is given
in the textbook.

[ the maths exthook does not

expluin sormething clearly, it creates

8 serious problem for the teachers.

[T sonmiething is not olear in the
mathematics texthook, 1 am
confident that | can work it out on

1Y 0TI

[ go through the texthook but prefer
o temels inomy own wiy.

[ my view, maths texthook authors
should give all the stepsina
problem without skipping any step.
[ don't depend mueh on the
texthook.

Thers is no point in trying to doubt

what is given in the mathematies
texthook.

Strongly

Apree

)

Agree

46

42

50

5%

42

50

Unsure

I¥isagree

42

Lad
[F¥]

BT

54

Strongly
Nsagpree

4

While describing themselves as mathematics teachers, many teachers described how their stu-

dents, parents, peers, principals and inspectors have evaluated them as good teachers of mathe-

matics. For most teachers the affection showed by students was a dominant part of their descrip-

tions of their identity as a mathematics teacher.

Excerpt 4.49

Teaching maths 15 my passion.... They (students) are not afraid of me . They are
very friendly with me. They would say [ am approachable. They sav they like

maths. This answer shows that they understand. (M1, personal interview, hay 28,

2004

Students like me because sixth class students come and tell that they find maths

very simple and they got 20020 (since she was their primary teacher who had taught
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them in previous vears). (P2, personal interview, hay 25, 2009)

May be because [ am thorough in maths 1 can satisfy the children so when asked
which is interesting subject — they sav mathematics.... by students like me as a
teacher but side by side they will say that she 15 very tough and stroct. (M3,
personal interview, ay 28, 2009)

[ have alwavs got very good during mspection. (V4. personal interview, May 27,
2009 )

As g mathematics teacher, students may not ke me becavse 1 emphasize on
practice, accuracy and neatmess, (P3, personal interview, May 26, 2009)

The above excerpts indicate that teachers” confidence about being a good teacher depended on
external sources of validation ke students or authonty Agures and the academic performance of
their students. It partly explains why teachers focusing on procedures were resistant to new
ideas of teaching mathematics since the assessment syvstem favored teaching of procedures

rather than reasoming skills.

There were several occasions during the interview when teachers indicated that their focus 15 on
students getting good marks in exams despite some teachers feeling that getting good marks in
exams 15 not indicative of knowing mathematics. Some teachers like M6 even described them-

selves as a good teacher on the basis of the pass percentage of students they taught.

Excerpt 4.50

In fact, my pass percentage has increased.. .. It was 9064 last vear. This vear it is
S97.5%. It 15 increasing slowlyv and slow by, Tt was never below 90%, 1t 15 always
above S0% But i last fow vears, it has even been 10075, (WG, personal interview,
My 29, 2005)

M2 described the lesson that she really liked was teaching heights and distances using figures

and identifving the angle of clevation and the angle of depression by calling children to the

board. She elaborated why she hked this lesson.

Excerpt 4.51

Onee student start making the figure they start getting the answer. This question
carres & marks in Board exam. 5o when they are able to do Tam happy that thev
are preparcd for & marks, (M2, personal interview, hay 26, 2009)

M talked about the pressure to get 10075 result and how she perceives it a5 a constraint to fo-
cus on concepts while teaching,
Excerpt 4.52

[f vou want to implement then exams-tests should not be there. After every one
month, unit test is there, It will be common question paper set by others. Then the
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teacher has to get 100% result. 1t°s a rat race. (M1, personal interview, May 26,
200E

Although textbooks guide what gets done in classrooms, assessment plays a huge role in defin-
ing teachers’ prionties and goals for teaching and thus affecting the leaming opportunities that
students get in the class. The assessment results contribute towards teachers™ dentity by being
recognized as a good teacher by the society on its basis, Thus, teachers with mathematics back-
ground were more confident and maintained their focus on procedurss since it leads o good

performance in tests.

4.7.3 Role of administrators

In the interview, some of the teachers shared their experiences of interacting with inspectors,
head teachers and principals who had observed their classrooms. These interactions had created
a significant impression on the teachers™ minds since they could recollect in detail their prepara-
ticns for teaching, the appreciation and criticism that they recetved and the details of the lesson.
Mlost teachers shared the lesson that they had prepared for inspection as the lesson that they had
liked the most. However, it was unclear 1f it had any significant impact on daily practice. The
lessons prepared for inspection were special since teachers put in a lot of extra effort to prepare

them.

Excerpt 4.53

[To create interest] 1 had to take activinies and it so happened that HW came to my
class and T made 4-5 children do sums on the blackboard and they could not doat...
o bnally she was also angry that why they are not able to do it..vou send them
back to their old class, 5o again | had to give remedial and so 1 started writing
whatever [ was doing with the children. So [ wrote that almost for 4 month and
even now [ am writing. .. | don’t know with this class what 1s going to happen. One
and half month [ have been trying]... but the principal came to my class and that
time [ was introducing division. In division, we were going a Little slow and he
asked me yvou have to finish the syllabus and you are way behind the syllabus. 1
told him T will be able to complete it but this particular concept 15 taking time so 1
have to give them ome. (P53, pesonal interview, hay 30, 2009)

[ came to school after my mothers” death, and 1 came to know that there 15
inspection omorross, by diary was not completz, My mind was not working, T left
it on God, When it is just tomorrow then I can’t do anything, When 1 reached class,
[ tried to do equivalent fraction and unit fraction. It was the Arst day,. Then, [ used
the chapati and explained the fractional number on board. Like vou have eaten 2
chapatis and you are a little bit hungry. Then, you sav give half more chapati. 5o 1
drew that on board and explained it to students. Then, I told them to do by tearing
the paper. Then, that Inspector wrote a very nice note. The notebook that he picked
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was the weakest child in the class. T had not done his correction properly. He wrote,
“1t was related to life problem™. At that time [ had thought on my own to teach this
way, That time the books were not like that. He did not highlight the comrection
work that was not proper...that gives encouragement. ( P1, personal interview, hMav
25, 2009

Teachers shared how the feedback 15 mostly about the pace of syllabus, student participation,
delivery of the lesson and correction work. It was carely about the content that the teacher was

teaching or about ways to develop students” understanding,

4.7.4 Sources for learning

Most teachers did not talk about learning about teaching during the interviews but a fow teach-
ers hinted at the sources that they thought contributed towards leaming for teaching. Among
these sources, sumprisingly n-service teacher education efforts were not mentioned. Teachers
considered interaction with peers, students and parents as well as their own teaching as the

source of their learming,

P1 viewed their growth as teachers as a result of learning from teaching. P1 also talked about
how she had developed preference over the vears for teaching mathematics using pictures and
representations and indicated how her teaching method had changed over the vears, M4 Felt that
teaching had helped him clanfy the concepts in mathematics. M3 talked about how she had
leamt to tolerate student mistakes over the vears and had leamt from interacting with teachers

and parents.

Excerpt 4.54

That's what [ said. In every wav, we have changed. Dealing with students, 1 have
changed. I was very strict earlier I never used to think that student can make
mistakes. For me making silly errors and all these were all intolerable. T can’t
tolerate such mistakes, [ used to expect quite a bit, but then over the vears, Tused to
think that even for small problems, you can have a lot of discussions, their ways,
vou know interacting with many teachers. Many teachers we interacted, both
within the school and outside the school, sometimes in tramn.. different ways
parents view maths from us. 3o these all things changed my mind. (M3, personal
interview, hay 29, 2009)

[ understood after 1 started teaching... that maths s nothing but very easy... but the
anly thing is understanding the concepts [and] making others understand what 15
children’s problem... teachers should know that. They will be having this problem
in this chapter on this topae. IF teacher knows that and explains, children will be
very much interested in maths, (M3, personal interview, May 27, 2009)

My concepts have become clearer in maths. Earlier 9th, 10th, or B, Sc. Maths
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when we were doing, things are not that clear. Mow, when [ am teaching, now it is
clear. (M4, personal interview, May 27, 2009

4.7.5 Conclusion

Teachers” identity as mathematics teachers was influenced by the relation that they had with
mathematics during their educabion, how much they depended on textbooks for making class-
room decisions about content and teaching, and confidence 1 their knowledge of mathematics
and teaching, Some primary teachers had a negative experience of mathematics and they wel-
comed the new ideas proposed in the new textbooks. Teachers viewed teaching and interactions

with peers and students as a source for their leaming about teaching,

4.8 Mathematical explanations

In the interview, primary teachers were asked to explain the division algorithm while middle
school teachers were given a choce of giving an explanation of sither the divvision algorithm or
of the Pythagoras theorem. While all the five primary teachers gave explanations to the division
algorithm, only three of the six middle school teachers gave explanations for the Pythagoras the-
orem. The remaining three middle school teachers chose to explain the division algorithm.
Teachers” responses to the division algorithm can be summarized in the form of three observa-
tions. The first observation is that most teachers considered describing the steps of the standard
algonthm as an explanation which has been discussed in the section on practices (4.3). Sec-
ondly, the conceptual connections with the procedure were not adequately addressed in the ex-
planation and teachers were not able o come up with adequate justification for the use of proce-
dure or why it works, Lastlv, teachers rarcly considered the contexts or used the real world ex-

amples in their explanations or considered using students” knowledge.

The interviews revealed that the procedures that were focused by the teachers were mostly stan-
dard algorithms. Most of the primary teachers gave the steps of division algorithm when asked
to explain division. Only tao primary teachers suggested the use of contexts for developing the
meaning of division, while others explained the procedure focusing on digits mather than the
quantity that the number signified. Teachers were aware of the alternative explanation given in
the new textbooks by decomposing the numbers based on the place value of the digits and
adding the partial quotients, which several teachers felt could be potentially confusing for stu-

dents, Teachers also exhibited limited knowledge of alternative or informal methods and lacked
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knowledge of why algorithms worked. Teachers who had come to know about alternative meth-
ods because of the new textbooks, stll preferred to teach algorithms sinee they felt that knowing
many methods can confuse students. Some other teachers who knew of other explanations or
methods from the textbook preferred not to use them for fear of potentially confusing stud ents.
For e.g.. P53 knew the alternative methods to the standard short division where a student has the
freedom to take away the divisor a5 many times as possible but she used it only as an introduc -
tion to division. Since it could be very lengthy, she asked students to practice problems using
short division, P4 and P2 too felt that the emphasis on place value in the division was poten-

tially confusing to students.

Excerpt 4.55

One 15 the useful conventional method. Other method 15 there but T wall teach by
only one method becaus e children will get confused especially small children. 1f
expanded form we will vse. Hundred-thousand method (based on place value], 1
won't teach them. It 15 very difficult for them to understand.... (P2, personal
interview, May 25, 2009)

While explaining the short division procedure, primary teachers used digits of the number rather
than focusing on the number as a whole or on the basis of digits and sometimes gave mathemat-
ically problematic explanations of the procedure. For e.g., P5 explained that one takes 36 (refer-
ring to the first two digits on the left) mstead of 3 while dividing 36036 by 9 because one cannot

take 9 toffess from 3 toffecs.

Excerpt 4.56

First I will say, this 15 3, which 1s less than 9, so we cannot divide. Suppose 3
chocolates are there, we cannot take 9 chocolates from that, That student wall
understand quickly. So take 36, For 36, how many 9% are there? For that, they wall
say the table of 9 and up to this they have to tell the table. That 15 how explanation
15 given. (P2, personal interview, hMay 25, 2009)

Just like vou have names, these digits have names as ones, tens, ete... In addition,
we start from ones but for the division, we start from left to rnight... 3 15 less than 9
5o vou can't divide bocause 3 doesn™ come in 9% table. 5o then you should ke 2
numbers... small classes 1f vou say about tens place, hundreds place, children will
get confused... but vou can say for addition and number names... We have to see
that child 15 not confused and the child gets confident. (P4, personal interview, hMay
25, 2009

In the explanation given by P2, it is mathematically problematic to say that *9 chocolates cannot
be taken from 3" since the 3 there represents thirty thousand and not 3. In their efforts o make

the algorithm easier to remember and use, teachers gave mathematically problematic explana-
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tions while focusing on digits of the numbers rather than their place values. This indicated that
cither they did not know connections betacen division procedure and place value or believed

that such an explanation would be inaceessible or unimportant.

The three middle school teachers who descnbed the division algonthm described the procedure
in a manner similar o P2, The other three middle school teachers proposed the use of actovity
for Pvthagoras theorem for venfying the theorem by e.go messuring the sides, using different
paper cut outs of squares having sides equal to the sides of the right angled trnangle. The teach-
ers did not go bevond the verification aspect of the theorem. M3 felt that one will have to tell
stucents the relationship between sides of the right angled tnangle after doing the activity of
measuring sides and then squaring them. M4 proposed to use the actovity method but was not
very confident i explaining how he would do the activity with students and what he would do

after students had measured the side and venfied the Pythagoras theorem.

Excerpt 4.57

owhether the square of smaller bwo sides [of paper cutouts] 15 coming equal to the
square of the hypotenuse or not. That means Pythagoras theorem s verified... (M4,
personal interview, hMay 26, 2009)

Teachers” explanations of the Pythagoras theorem indicate that the main focus 15 on verification
using particular examples and conceptual aspects like similarity, the area of trnangles and their
relation to their sides, the generality of the theorem, justification and proof are not discussed in

detail,

Use of context’ Feal world examples in explanations

The questionnaire responses indicated that while all the teachers agreed that mathematics has
real world connections that nesd o be emphasized, some teachers also believed that real world
examples can distract students. This indicated the challenge that teachers faced n connecting
and developing mathematical 1deas using real world atifacts. Similarly, teachers rarely used or
referred to a context to explain the problem or the procedure and focused only on the calcula-
tion. As described above, when primary teachers were asked to claborate how they would give
explanation and justification for a division question (36036 divided by 9, most primary teach-
ers resorted to telling the steps of the procedure for this problem. P1 used the context of sharng
to help make sense of the division. She smid that she would use this context 1f the student did not

understand after doing the standard algonthm of the short division as she believed that both con-
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cept and procedure should be discussed.

Excerpt 4.58

v W you divided this amongst people then how much vou will get. See again has
everyvbody got equally? [ ]Then even if he cross checks by his own method even if
it 15 the addition, he should see what has happened to the number, whether he got
the number. (P1, personal interview, May 235, 2009)

Here P1 gave the example of how she would use sharing context to explain to a student who has
not understood the division algorthm and would allow students to use their cam method if they
can justify it. Such thinking was rare amongst primary teachers, although the new textbooks laid
emphasis on the use of contexts, reasoning and use of Informal methods. A case study of teach-

ing by P1{ Pseudonym- Mupur) is described in the Sub-study 3 in Chapter .

The procedural focus was so dominant in teaching that teachers conflated showing the steps of
the procedure as the conceptual explanabon itself. During the interviews, teachers themselves
did not know the conceptual explanabon or considered conceptual explanation as potentially
confusing For students. Some primary teachers did use contexts or examples to explain a prob-
lem, while middle school teachers™ explanation remained in the realm of mathematical explana-
tion. Explanations given by both primary and middle school teachers were mostly mathemati-
cally inadequate since they did not consider what the digits in the number represented and what
i5 the effect of the operation on it. Although most teachers disagreed with the statement that
there are not many interconnections between mathematical topics, many teachers stated that
only one procedure or concept should be discussed at a time, otherwise students may get con-
fused. They also did not themselves discuss the interconnections between the concepts and pro-
cedures, Thus teachers” practice of telling steps of the procedure as an explanation 15 supported
by the belief that conceptual or contextual explanation might be confusing or distracting for stu-
dents. This aligns with the transmission view of teaching and procedural view of mathematics.
Although teachers indicated sensitivity towards rensoning and developing an understanding of
mathematical concepts, their inadequate knowledge of key underlying concepts in procedures
and their interconnections relegated the practice of reasoning as a penpheral one while telling
the steps of the procedure seems to be the core practice which aligns well wath the view of

mathematics as procedures.
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4.9 Discussion

4.9.1 Relation between core and peripheral practices

Teachers” responses to the questionnaire and interviews indicated that in spite of educational re-
form and the introduction of new textbooks to bring about the focus on making sense of mathe-
matics, the focus 15 still largely on the teaching of procedures through memorization. This 1s n-
dicated more by preferred practices reported by the teachers in the interviews as compared to re-

sponses to the questionnaire about beliefs or frequency of practices.

The practices reported by the teachers in the interviews and the questionnaire included the em-
phasis on memonzation and practice of procedures, showing examples of solution before asking
students to solve a similar problem, focusing on spesdy solutions and following the textbooks
closely. Thus, one can conclude that these practices lie at the core of the teachers” teaching of
mathematics since most teachers strongly agreed to the items related to these practices in the
questionnaire as well as mdicated by their agreement in their interview respons es, There was an
integration of some new practices like group work and activities to increase student participa-
tion, which can be inferred as Iving at the periphery of the teachers” practices since the purmpose
of these practices was still leaming of the procedures and teachers avolded discussion of con-
ceptual aspects while implementing them. Similarly focus on reasoning, connection to daily
lives and equity in student parbicipation were also practices that were peripheral since the teach-

ers do not priontze them over practices for teaching procedures.

The findings indicate that practices and beliefs lie on a continuum with transmission and stu-
dent-centered beliefs and practices at the two ends of the continuum. The findings discussed in
this chapter suggests that the core practices that the teachers reported may align closely o a
transmission view of leaming mathematics that emphasizes obtaining correct solutions, explicit
teaching of solutions by showing, repeated practice, and avoiding or dealing with errors by em-

phasizing correct solutions.

Within this group of teachers, there might be a few teachers like P1 who indicated beliefs to-
wirds student-centered end of the continuum, since they allowed the use of alternative proce-
dures in class, valued reasoning of procedures, and uvsed activities for conceptual discussion.
Other teachers too indicated some of these beliefs, but it was not consistent across questionnaire

and interview and between beliefs articulated and reported practice in the interview. However,
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even P1 reported the use of transmission based practices like showing procedures, the practice

of problems and following the textbook closely.

4.9.2 Why some practices are core and other peripheral?

The core practices identified are likely to be shaped by the routines that teachers have developed
over years of teaching. In-service teachers with many vears of expenence are bound to develop
these routines along with the repertoire of component activibies which thewy use depending on
the context. In the interview, many teachers also justified why they preferred the core practices
by elaborating on how they helped in leaming mathematics for e.g., memorization and building
confidence through practice and speed through shortcuts, Core practices may be supported by
more than one core belief. For e.g., showing procedures as 4 core practice can be supported by
core behefs of mathematics as procedures as well as the behef that students are not capable of
coming up with solutions on their own and need to be told the procedure. These aspects make

core practices stable and difficult to change in the Light of educational refonm.

The Andings from this chapter indicate that core beliefs together form a coherent stable struc-
ture, as these beliefs are in alignment with each other and support the adoption of practices that
align with these beliefs. For e.g., the practice of showing procedures and examples aligns with
the that of having students practice similar problems to learn the procedure or to copy the solu-
ticns from the blackboard and also to give the steps of procedure as explanabion again and again
if a student has not understood. These core practices are connected to each other by the core be-
ligf that mathematics consists of as procedures and learning as memonzation. Further, these
practices and beliefs are at the core of teachers™ identity as they construct their sense of self
from their students” performance on the tests and exams which evaluate their capacity to re-
member the procedure to solve a particular problem. Teachers” vears of expernience of learning
and teaching mathematics focused on procedures and knowledge of teaching in the manner,
which supports the transmissionist view further, adds the stability to this core structure. This
makes this beliefs structure resistant to educational reform efforts where change 15 sought
through the change in textbooks. The beliefs held by most teachers constrain their change in
practice, thus having the impact of reform efforts on the way mathematics 15 actually taught in

the classroom.

Pernpheral practices, on the other hand, could be the result of penpheral behefs which are
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weakly held by the teachers, as a result of conflict between teachers” closely held beliefs and be-
liefs embedded in adopting a practice. Conversely, a teacher may hold a strong belhief but may
not be able to take up that practice frequently because of not having resources or because of
constraints n the system for implementabion. Beliefs and practices may not be ahgned to each
other therebw creating confhicts for teachers and thus resulting in certain practices remaining pe-
ripheral. The peripheral practices discussed in the chapter Like the use of activities, concrete ma-
terials, connections with daily life do not align with the deeply held beliefs about mathematics
and teaching-leaming related to teaching procedures and thus remain peripheral in the teachers”
use for largely superficial complianee with the reform agenda. Alternatively, teachers may use
these practices, but as some interview data suggests, they may use 1t for the purpose of aiding

memaorization or making mathematics interesting.

4.9.3 Relation between beliefs and practice

There are varous factors that play a role in the type of practices engaged by the teachers in
teaching mathematics. The context of cumriculum reform plavs a role in the incorporation of the
peripheral practices discussed in this chapter n the teachers” repertoire of practices. The various
efforts for curricular reform did introduce tensions in teachers” beliefs about nature of mathe-
matics and its teaching. However, strong belief about the importance of learning procedures, be-
lief about teaching by telhng, belief about the limited capacity for students to think and reason,
limited knowledge of specialized content knowledge and pedagogical content knowledge, and
the textbook culture in schools contnbuted towards constraining the change in beliefs and prac-
tices of teachers. On the other hand, teachers™ behef about mathematics being an abstract subject
which needs to be made easier and interesting to students, helped in integrating the introduction
of activities, teaching aids and connections to daily hfe in ther teaching. However, the intention
wis nob towards elicibng students” prior knowledge or building their conceptual undermstanding
as ntended by the curricular reform. Instead, teachers hoped that adopting these practices will
help in ncressing student participation and interest in leaming mathematics and will make
memorization of procedures casier. These efforts to increase students™ participation in the class-
room did not necessarily transform into opportunities for students to express their ideas or in-

vent informal methods,

Teachers” belief about mathematics as an abstract subject made them look for ways to make it

simpler. This was also supported by low expectations from students. These beliefs made it easier
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to integrate the practice of using activities and teaching aids since teachers believed that they
would make it simpler. Teachers™ low expectations from students may have led to them believ-
ing that students cannot arrive at solutions on their own, making mathematics appear as a fxed
body of knowledge which needs to be learnt and not discovered. Further, their behef about poor
students not being good at mathematics, made them select lower level content for students from
poor homes, The expectations were also gendered and teachers exhibited a vanety of views
about performances of girls, some considenng them to be inferior, others considered no differ-
ence while some cited how girls are performing well in mathematics in board exams every year.
These low expectations could result in blame being attributed to these students rather than the
teacher when they are not able to perform successfully. Thus, these beliefs about students, math-
ematics and teaching together may have contributed towards teaching by transmission even

when doing activities or using contexts from daily life.

4.9.4 Relation among beliefs

The difference between the beliefs that teachers indicated in the questionnaire and the interview
and the beliefs inferred from the reported practices during the interview 1s similar to the differ-
ence between “espoused beliefs™ and “enacted beliefs™ (Even & Ball, 2009, building on the
idea of espoused theones and theones 1o action proposed by Argyrus and Schon (19783 The
data shows that teachers agreed to both transmission and student-centered view on practices, al-
though with different strengths, in the questionnaire and the interview. However, the beliefs in-
ferred from reported practice indicated a much stronger influence of transmission beliefs. To ex-
plain teachers” practice and beliefs and their relation with respect to the strength of relation, the
distinction between practices has been introduced as core and peripheral practice as well as be-

tween core and penpheral beliefs.

The reported practice are cognitive images of how teachers view their practice rather than objec-
tive descriptions of their practice. Therefore they are indicative of beliefs held by teachers since
it involves some generalization and reflection by the teacher to report their teaching. Core be-
liefs are reflected in the core practices, while amticulated beliefs which are not reflected in prac-
tice or were not given due importance might be more peripheral in nature., If teachers reverted to
a particular practice or considered a particular practice to be more vseful than others, then it too

can be termed as a core practice guided by core belief,
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Core beliefs get reflected in practice and thus guide the action of teachers while penpheral be-
liefs are enacted based on the priority of the goals held by the teachers. The idea of articulated
and enacted beliefs help in descrbing the relation between beliefs and practice, but the idea of
core beliefs and practice helps in further explaining why some articulated beliefs get enacted (as
they belong to the core) while others are just artculated or enacted with much lesser frequency
since they are penpheral in nature, The idea of core and peripheral nature of beliefs has been
proposed earlier by Pajares (1992}, However, the teachers” articulabions indicate that beliefs,
knowledge and practice are intricately connected and thus need categories like the core and pe-

ripheral practices corresponding to core and peripheral beliefs.

Teacher beliefs, past experience of mathematics and knowledge acted as filters to determine the
purpose for which practices and resources were selected by teachers for use in the classroom,
sometimes different from the purpose intended by cumiculum designers . Teachers™ own identity
as “curriculum implementers”, defined the way they responded to questions as they felt obhiged
to align with the ideas embedded in new cumiculum framework although they did not believe or
had insufficient knowledge to support implementation of these activities (Kumar & Subrama-
niam, 2013). Teachers’ exposure to ideas of cumriculum and textbooks could be the reason why
some teachers agreed with student-centered view n the questionnaire but were unable to enact
them n practice as indicated n the mnterviews. Because of the social position of teachers as
“eurriculum implementers™, it is difficult for them to acknow ledge views different from the ones
prescribed by the national curniculum. This further increases the complexity for ascertaining be-
liefs as articulated beliefs might not be “true™ beliefs held by teachers while teachers” practice

might be a better reflection of the beliefs held by teachers in form of “enacted beliefs™.

Several studies have indicated that different contradictory beliefs can co-exist. This 1s indicated
by the tensions experienced by several teachers between the focus on calculations and reasoning
skills, Teachers who were against rote memorization appreciated the ideas proposed in the new
textbooks and were more open to change their practices as compared to those who believed that
repeated practice of similar problems was necessary to learn mathematics. The latter set of
teachers critiqued the lack of enough practice sums for mathematics in the new textbooks which
thev consider as the key strategy to learn mathematics. Use of activities had provided teachers
with new examples of how students can be creative in mathematics, paving the way to develop
behefs conducive to allow opportunities for explombon and imagimation. Tensions faced by

teachers to develop reasoning also have a potential to develop beliefs conducive to reasoning iF
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support 15 provided to teachers to develop their oan reasoning, and to develop questions and
tasks that promote reasoning and assessing student answers for their depth of understanding of

math ematics.

4.9.5 Role of knowledge in the relation between beliefs and practice

Another aspect that plays a role in defining whether a practice gets adopted as a core or remains
at the periphery 15 the teachers™ knowledge of mathematics required for use of that practice as
well as knowledze of how to use it with students. This corresponds to pedagogical content
knowledge and knowledge of students’ thinking. Practices like engaging in reasoning, justifica-
tion, communication, connecting within and across mathematical topics and wath daily lives re-
quire knowledge of mathematical processes while teachers” themselves perhaps have been vsing
predominantly the knowledge of procedures and how to teach them. For e.g., although altema-
tive procedures to the standard division algorithm have been included in the maths textboolk,
some teachers believed them to be confusing For students and thus did not give them much em-
phasis while teaching. Teachers™ lack of knowledge of conceptual connections with procedures,
limited knowledge of altemative procedures, why procedures work, representations, connections
between representations and designing activities for eliciting and building on students” thinking
could also be the reasons why these practices remain pernipheral. These knowledge gaps con-
strain teachers from adopting and even trving out practices hke focusing on reasomng and just-

fication, use of contexts or establishing equitable classroom participation.

One of the major reasons why tensions experienced in beliefs did not impact practice was the
knowledge of representations and why procedures work which was found lacking in all teachers
as discussed in section (4.8) on mathematical explanations. They also had limited knowledge of
stucent thinking as indicated by how teachers” responded to student emrors — instead of address-
ing conceptual gaps in students” errors, teachers repeated the steps of the procedure to help stu-
dents armve at the comect solubon, Specialized content knowledge and pedagogical content
knowledge have been discussed in the teacher education literature as an important part of math-
ematical knowledge for teaching and thus may have an impact on teachers” beliefs and practice.
The new textbooks have taken a step towands developing this knowledge by including informal
methods and multiple methods before discussing algorithms in such a way that understanding of
why procedures work can be developed. However, teachers stll preferred standard algorithms

for ther efficiency since informal methods can be lengthy, Teachers thus failled to appreciate
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how this knowledge s useful in learning mathematics and needed exemplars that demonstrated
the value of knowing different methods and being able to connect these different methods., Thus
the relationship between beliefs and practice might be rendered more complex by this additional
factor — knowledge about mathematics, and about its teaching and learming, which may play the
role of an important intervening vanable in bringing about belief change. This calls for studies
where teachers™ development of knowledge 15 seen in relationship with the change in “enacted
beliefs™ that are held by the teacher and exploring the process through which such knowledge

can be developed. Sub-study 4 of this thesis 1s denoted to explaining this ssue.

4.9.6 Role of Systemic factors

The discussion in the sections above also indicates that part of the reason why teachers, though
aware of altemative practices suggested in new textbooks, still prefer to focus on the teaching of
procedures and practice 15 to follow the centralized tmetable in completing the syllabus and the
pressure o teach to the test. The beliefs of mathematics a5 being limited to caleulation and
knowing procedures and learning by memonzation of procedures are the core beliefs that sup-
port each other and have developed as a result of teachers” own experience of mathematics in
their own education as well as the beliefs about mathematics prevalent in the culture, Mathemat-
ics textbooks for many vears have focused on these aspects of mathemates, thus building an un-
derstanding amongst the general publhic and teachers that knowing procedures are important.
This has been further exacerbated by the assessment system emphasizing these aspects. These
remarks indicate that just by exposure to a different cumriculum or extbooks it may not be possi-

ble to change teachers™ “enacted beliefs™,

4.9.7 Methodological insights

Finally, Sub-study | also raises questions on the use of questionnaires to assess beliefs of teach-
ers. The questionnaires afford assessment of a large number of teachers but fail to capture the
complexity of beliefs as to how different beliefs are connected with each other and the Factors
that might influence the activabion of some beliefs thereby influencing teaching. Agreeing to an
item in a questionnaire does not rule out the existence of other conditional factors or other con-
nected beliefs that exist. For e.g., teachers agreed that students can come up with their ;am pro-
coedures but probing revealed that they were thinking only of a classroom situation where stu-

dents might share procedure leamt from magazines, parents or other sources. For other items
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where teachers agreed with a more constructivist view in the questionnaire, the data from the in-
terview was inconsistent with beliefs indicated n the questionnaire. The analysis indicates that
much of the inconsistency, conflict and tension between beliefs can be inferred even from re-
ports of practice, not only from observations of actual practice. In later chapters, it will be dis-
cussed how the beliefs and practices reported here connect to discussions in teacher develop-

ment workshops and to actual classroom practices observed.

The Andings described here as well as findings from studies conducted elsewhere suggest that
teachers” enacted beliefs are more resistant to change than their exphicit assent to reform-ori-
ented views. Further, the findings indicate how practices, beliefs and knowledge interact with
oneg another. This may have implications for teacher development programs, where there 15 a
need not only to create spaces for reflection on and revisiting of beliefs but also for sirengthen-

ing teachers” mathematical knowledge, This issue will be focus of Sub-study 2 of the thesis.
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Professional Development Workshop — Design and
Enactment

5.1 Introduction

[n the previous chapter, teachers” practices and beliefs related to mathematics and its teaching and leaming of
mathematics, students as well as self-efHicacy were discussed. The discussion highlighted how, inthe context
of educational reform, teachers’ core practices and beliefs are still rooted in a procedural view of mathemat-
ics. Teachers assume that mathematical knowledge can be transmitted to students by showing the steps of
procedure or solution of an example followed by repeated practice of problems. Adopting the situative per-
spective on professional development, the professional development (PD) workshop provided opportunities
to teachers to reflect on their teaching practices and beliefs as well as provide examples and vision of alterma-
tive approaches for teaching mathematics. So, instead of explicitly asking teachers to change their beliefs and
practices, the warkshop implicitly provided teachers food for thought to motivate them to reflect, explore and
change their practices. The analysis of design and enactment of the workshop constitute Sub-study 2 in the
larger study. In the larger study, this PD workshop performed an important function of preparing the ground
for the Sub-study 3 and Sub-study 4, through an intervention that made teachers more aware of their own be-
liefs and relation between their beliefs and practices as well as awareness of alternative approaches for teach-

ing mathematics.

[n this chapter, the background of teacher professional development workshops conducted n the Indian con-
text 15 discussed with the need for rethinking the goals of the workshops in the light of new policy initiatives.
[ describe the goals, principles and the framework adopted for design and enactment of the PD workshop
along with descrptions and examples of the different types of tasks and sessions planned for the workshop.
The design aspects were reconstructed through an analysis of the workshop data supplemented with discus-
sions among the researchers who designed the intervention. The design aspects were not explicitly articu-
lated prior to the workshop, but emerged in the course of the analysis of data, The chapter describes the three
principles which were prominent in the design and ensctment of the workshop — (1) sitwatedness i the work
of teaching, (1) offering challenges to teachers to revisit their knowledge and beliefs, and (1) developing a
sense of belonging to a professional community, Subsequently analysis of workshop sessions 1s presented
with examples of episodes to illustrate — (a) how the three principles and goals of the workshop design
shaped the tasks and enactments of those tasks, (b) how authenticity of the tasks and enactment lead to exer-

cise of agency by teachers and teacher educators and (c) how exercising agency contributed to teachers” re-



flection on their beliefs and practices supported by their sensitivity towards students’ thinking.

The analysis unpacks the precise nature of the teacher professional development (TPDY) inter-
vention, and provides the backdrop to interpret the findings of the subsequent sub-studies. Fur-
ther, the analysis demonstrates a model of implementation of TPD workshop that has underpin-
ning it 4 philosophy of teacher development that stands in contrast to the dominant approach
prevalent in the Indian context. The aim of this chapter 15 not to evaluate the workshop for its ef-
fectiveness but to analyze and dentify the episodes in the workshop which can illuminate our
understanding of (1) teachers” beliefs and knowledge and (11) how they engage in a social setting

of professional development workshop to change them.

5.2 In-service TPD programs in India

As emphasized by the Natonal Curnculum Framework for Teacher Education (RCFTE 2009
discussed in Chapter 1, there 15 4 need to develop a clear vision of the goals that programs must
achieve and the means by which they can be achieved. Most in-service TPD programs in India
are designed n response to the need of cumriculum reform and view teachers as agents of the
state, who implement the reforms rather than as participants in the process of reconstruction of
the curniculum. Underlying this is the assumption that teaching can be changed by directing
changes in the content or structure of interactions in classrooms while not directly addressing
the teacher™s own conceptions of teaching, leaming and mathematics. In-service TPD 15 seen as
training for content or pedagogy, mostly revolving around the changed cumriculum, but not nec-
essarily as important for continuous teacher development. Content-focused interventions often
consist of lectures delivered by “experts™ and the mathematical content 15 typically divorced
from the context of teaching and learming. Another common focus of TPD programs 1s “how to
teach a particular topic™. This may appear to be close to the work of teaching and hence directly
relevant to teachers. However, there 15 a large variation in the contexts and Life experiences that
students bring to the classroom and teachers need to be Aexible and adaptive in addressing the
needs of a student (MCTE, 2009), Instruction to teachers during professional development s
largely 15 guided by a sramsmission mode!, where recommendations on how to teach a topic tend
to be recipe-like. As the hterature reviewed in Chapter 2 indicates, the effectiveness of such an
approach 15 hmited. Further, the approach s not consistent with the vision articulated in the
MCFTE 2009 Teachers need to develop their own vision of the changed goals of instruction and

adapt their teaching in self-determined ways to meet these changed goals,
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As discussed in Chapter 1, workshops are an important component of TPD programs on which
time, effort and government resources are spent. The vision underlyving most of these programs
restrict teachers™ agency to implementing a new textbook, a pre-designed pedagogy or a pre-
scribed assessment technique. In my view, however, TPD programs need to have a broader vi-
sion of the needs of a teacher as a developing professional, view the teacher as an “achve
leamer”, and must address issues of knowledge, beliefs, attitudes and practices in a comprehen-

sive mannetr, rather than in the narrow context of a particular reform.

The review of literature in Chapter 2 indicates that research studies in other countries have
pointed to pedagogical content knowledge and subject matter knowledge as useful constructs to
describe essential knowledze for teaching (Shulman, [986; Ma, 1999, However, it 1s rarely the
central focus of any phase of teacher education n India (Naik, 2008; Kumar, Dewan & Subca-
maniam, 2012}, Thus, providing opportunities for deepening teachers” knowledge of mathemat-
ies and of pedagogy revolving around mathematical practices can be considered to be one of the

central goals for TPD programs.

Bringing about change in teachers' knowledge of mathematics relevant to teaching is clearly a
challenging task, but only partly addresses the TPD need. As discussed in Chapter 2, teachers”
behefs also strongly influence teaching practice and determine what teachers notice 10 the class-
roomm { Thompson, 1992; Phillip, 2007). In the Indian context, commonly held views include the
belief that mathematics 15 a body of knowledge consisting of known solutions to a well-defined
set of problems and that not all children are capable of leaming mathematics (Kumar & Subra-
maniam, 20133 A study by Dewan (2009) indicates that such beliefs, which stand in contrast to
the ones envisioned in the Mational Curriculum Framework, are held by not only teachers but
even admimistrators, faculty members and directors of teacher education institutions, thereby -
dicating the extent of the challenge to implement the new framework, This points to the nesd to
create spaces where teachers articulate and reflect on the behiefs that they hold while their pro-
fessional identities are respected. Within such spaces, teachers need to not only experience alter-
native ways of doing mathematics, but also to build an awareness of and sensitivity to students”

mathematical thinking (Kumar, Subramaniam & Maik, 20130

Further, as seen in Chapter 2, research studies have tllustrated how the development of profes-
sicnal learning communities contribute to teachers” professional growth, by providing a site for

articulation and reflection on the beliefs, for sharing the knowledge held and practice adopted
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by the teachers.

As discussed in Chapter 1, in the Indian context as elsewhere, the goals of TPD programs need

to include

#  Enabling teachers to develop a vision for the changed goals of instruction and become

“active learners™,
+  Providing opportunities to make teachers” knowledge and beliefs explicit,
s Strengthening teachers” knowledge integrating content and pedagogy,
+  Building on beliefs through reflection and engagement, and

+  Fostering professional communities as spaces for developing shared undermstanding
about teaching and learning of mathematics.

In this chapter, how the components and interaction in a teacher professional development
workshop can be shaped to address these goals has been discussed. The design, as well as the
enactment of the workshop, contribute towards meeting these goals, Hence a framework 15 de-
veloped that illuminates both these aspects. The framework, where development was guided by
the research group™s experience of supporting TPD, the hiterature on teacher development and
guiding policy documents in the Indian context such as the NCFTE, emerged from reflection on
and analvsis of the workshop data, The analysis of interaction episodes from the workshop 1s
presented to illustrate how the framework illuminates the task design and the agency of the par-

ticipating teachers and teacher educators in addressing the workshop goals.

5.3 Study design

The PO workshop sessions were led by four different teacher educators and were structured
based on workshop goals and the agenda set for the particular session. The research team com-
prised teacher educators, researchers as well as project staff. Two teacher educators also had the
rale of researchers. The teacher educators observed each others” sessions as well as made com-
ments when relevant to the discussion in the session. The same team worked with middle school
teachers in Year 2 of the study on the topic of integers, the results of which are described in
Chapter 7. In the project, 1 plaved the role of rescarcher and engaged in participant observation

of different sessions in the workshop.

The data from the workshop was mainly available in the Form of videos of sessions and notes of

the sessions made by the researcher. Transcopts of all the sessions of the workshop were pre-
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pared from the video records of the sessions. Two researchers at first worked on two sessions
from the workshop and developed the initial coding scheme based on open coding. These two
sessions were led by bwo different teacher educators, one fairly expenenced and another wath
less experience. The broad objective behind the selection of these sessions was to understand
both teachers™ and teacher educators” agency from the perspective of the framework adopted,
which will be described below. The tasks in the two sessions, although structured differently re-
quired teachers to analvee and identify conceptual gaps in student thinking and think about the
underlving causes of student errors, The coding process was adapted from Miles and Huberman
(1994}, The purpose of coding was to identify events that illustrated the beliefs, preferred prac-
tice and knowledge held by teachers, articulations that indicated reflecton on them or confhcts
among diverse views. Subsequently, was matched, discussed and consensus was established for
the final codes, similar events were identified across other sessions. Those events have been se-
lected for analysis with this chapter, where teachers™ expressed their beliefs, and knowledge, re-
flected on their beliefs, or where they represented instances of teacher learning through task de-
sign features and teacher educator moves. The starting of an event 15 marked by an articulation
that ndicates, for e.g., a held belief by the teacher or a question posed by the teacher educator to
the teachers to engage 1 a task or give their views and the end 15 identified by the resolution of
the task or shift in the theme of the interaction. Further analysis was done to identify the task de-
sign features and teacher educator moves that led to such articulations by teachers as the latter
wis considered to be a step towards teacher learning. The codes were broadly from three cate-
gories: the task design features, the facilitation features and teachers’ explorations and reflec-
ticns. Some of the codes for task design features included “Analyzing student emror™, “Analve-
ing remedial stratepy™, “Anbcipating student response”™ “Elciting behefs about mathematics
and its teaching-leaming™ and “Identfring kev concepts™. The facilitation features codes -
cluded “probing”, “asking for elaboration™, “supporting”, “revoicing”, “connecting with other

LT

ideas™, “raising questions™, “raising larger 1ssues of education™. The last category of teachers”
explorations and reflections included codes hke “affirming™, “challenging™, “making conjec-
tures” “reflection on teaching™, “explanation of student errors™, ete. These categories were iden-
tified and consensus about the coding was establhished by discussion among the coders based on
the coding of tao sessions by two different teacher educators. To see the full hst of the codes

used see Appendix 7. After the inibial coding, the themes explicated in this chapter were arrived

at keeping in view the framework presented in Table 5.1 in section 5.4 below,
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After the initial coding, the researcher coded other sessions alone, using this coding scheme and
selecting events, that were significant for the themes identified. A few addibons to the coding
scheme and modifications were made based on comparison across sessions and dentifying new
themes and revising the earlier selected themes. For e.g., sharing of dilemmas was identified as
a new theme. The coding of the events helped in identifying the themes that were common and
raised important ssues about teacher thinking and leaming across different sessions. Rehability
of the nferences was ensured by selecting the relevant events which gave credible evidence
based on how well they illustrate the theme as an example and multiple events were selected to
illustrate the diversity of examples within that theme. Sometimes the same event 15 discussed

under various themes as these events were coded for different themes.

5.4 Framework for analysis and research questions

In designing TPD workshops to address the goals described above, three guiding principles
were considered as essential. These ponciples emerged on reflection on the workshop data but
are related to the theoretical perspectives of situated learning theory (Lave & Wenger, 1991) and
communities of practice (Wenger, 1998). The three principles, which, in my view, must inform
the design and conduct of TPD workshops through all its acovities in a comprehensive manner

are
= Sijtuatedness in the work of teaching,
= Offering challenges to teachers® to revisit their knowledge and beliefs, and
#  Developing a sense of belonging to a professional community.

The aspect of situatedness 15 addressed through the cholce of tasks as well as the mode of pre-
sentation of the task, The use of artifacts ke students’ erroms, examples from textbooks, or ex-
amples emerging from live teaching or video records of classroom teaching with suitable ques-
ticns, and prompts and examples vsed i the mteraction can recall the context of teaching and
leaming. It is this aspect that allows teachers to make strong connections with their own practoce
thereby providing a stimulus for participation and reflection. Moreover, the use of artifacts from
the daily activity of teaching has been emphasized in practice-based professional development
(Ball and Cohen, 1999, The research related to use of artifacts and practice-based professional

development has been discussed in Chapter 2.

The second principle of challenging teachers® behefs and knowledze needs to be built into the
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tasks chosen for the sessions and reflected in the actions by teacher educators such as re-voicing
individual teachers’ views Ffor consideration by the participants, and providing counterargu-
ments, explanations and questions to help teachers think about the tacit aspects of teaching and
mathematical content. In the TFD workshops, such responses were made not only by teacher ed-
ucators, bub teachers on their own also reacted to their colleagues” articulations by making con-

Jectures, arguments, assertions, counterarguments, explanations and reflective remarks.

The third principle of building a sense of a professional learning community acknowledges that
teaching 15 a cultural activity, and the development of a teacher 15 not to be viewsd in individual
terms, but in the setting of a community. In this thesis, a broad view of community 15 adopted as
encompassing teacher educators, researchers and teachers, all of whom are engaged in the enter-
prise of studying and improving teaching and learming. Opportunities were provided in owork-
shop sessions for discussion, sharing and inter-animation of ideas to enable the emergence of a
community. In the workshops organized by the research team, this aspect was addressed by pos-
ing tasks and questions for the whole group rather than to individual teachers. The teacher edu-
cators attempted to situate themselves as members of the larger teaching community by vsing
“wre'” an their language as well as drawing on thear own teaching expenences with students in
the course of their research work, They adopted several words and categories commonly used
by teachers and also elicited and acknowledged the teachers’ knowledge about students and

teaching gained through vears of experience.

The three principles described above of challenge, situatedness and community building are in-
terrelated. Focusing on the work of teaching helped in fostering the solidarity among teachers,
who were regarded as knowledgeable members of the community as they are engaged in the
work of teaching and were thus entitled to have and voice their views, Belonging to a commu-
nity entails the work of making claims and conjectures, making arguments or counterargum ents
to support one's claims drawing on the knowledge gained from experience, and supporting the
growth of knowledge in a community. Thus challenging beliefs and knowledge was an integral

aspect of community building as much as situatedness in the work of teaching,

Understanding the role that interventions such as workshops play in the professional develop-
ment of teachers requires consideration of not only design aspects, but also of enactment as-
pects. The affordances of the task that participants work on, and the interaction among the par-

ticipants determing whether the workshop addresses the goals adequately. The framework out-
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lined thus far includes goals and principles for the design and conduct of the workshop. To facil-
itate the analvsis of the enactment of the workshop, further elements to this framework have
been added which are relevant to kev features of the interacton during a workshop, These ele-
ments are drawn from the notion of the teacher education trangle adapted from the didactic tn-
angle {Goodchild & Sriraman, 2012) as shown in Figure 1. The interaction during a TPD ses-
s1om can be conceptualized as an interaction between the three elements of the task, the teachers
and the teacher educators. The discussion focuses on the affordances of the tasks and on the
agency of both teachers and teacher educators. Rather than viewing agency as “associated with
the individual subject as a self-standing entity,” the analysis ndicates how this “arises out of en-
pagement” (Wenger, 1998, p. 15). This engagement 15 with colleagues and teacher educators

who are partners in the common enterprise of improving mathematics education in schools,

Figure 1: The teacher education triangle

Tasks

Teacher
educator

Teacher

These considerations led to the framework presented in Table 5.1, consisting of three broad cat-
egones: the workshop goals, the principles for designing workshop components and the interac-
tion aspects. In the next section (section 5.5, the components of the workshop and how they re-
late to the goals and design principles in the framework are discussed. In Section 5.6, using the
framework in Table 5.1, analysis of the interaction during the TPD workshop 15 presented under
sections dealing with the nature of the tasks, the ageroy of the teackers and the agency of the
teccker edweaiors. The cholce of the task, the commumicative devices used by the teacher edu-
cators and the efforts to shape the interaction, all reveal the importance and inseparabibity of the
aspects of situatedness and challenge. The efforts made to situate the discussion of teaching and
leaming both in the context of the work of classroom teaching and within the community of
teachers have been discussed. In Section 5.7, teachers” explicit views on what they perceived as
gains from the workshop have been discussed. In the light of the discussion in Chaprer 4, an im-

portant question 15 whether the teachers show a greater alignment of their beliefs and practices
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with student centered teaching, which is also discussed in this section.

The questions that are specifically addressed in this chapter are the following:

1.

[

A,

What aspects of the workshop design and enactment are important from a TPD perspec-
tve?
How did the workshop tasks encode the design principles?

How was teachers” agency enabled in the course of the enactment of the workshop?

What aspects of the teacher educators” enactment of the task and interaction facilitated

engagement by the teachers?

What were the learning gains from the PD workshop as perceved by the teachers?

Table 5.1: Framework for analyzing design and enactment of a TPD workshop

Workshop goals #  Strengthen teachers’ knowledge relevant to  mathematics

teaching

= Provide opportunities to articulate and reflect on beliefs rele-
vant to teaching mathematics

#  Foster the development of professional communities of learn-

ing

Principles for design- *  Situatedness

ing components and

insks *  Challenge
= Community building
Interaction aspects = Task affordances

#  Teachers” agency

¢ Teacher educators’ agency

5.5 Components of the TPD workshop

The design of the TPD wordkshop in Year 1 was guided by the goals of providing opportunities to

teachers to strengthen their knowledge for teaching mathematics, to reflect on their beliefs, and

to foster the building of professional learning communities. The principles of situatedness, chal-

lenge and community building were implicit in the design of the workshop components, which

included sessions involving the study of classroom teaching to leam about content rooted in

pedagogy, learming about students’ thinking from students’ responses, working on mathematical
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problems and understanding relevant research on teacher leaming and the work of teaching.

The following 15 a descnption of the components i the workshop, with an elaboration of ther
rale i the development of mathematical knowledge requited for teaching and in reflecting on
behefs and attitudes related to the teaching and leaming of mathematics, The detailed time table
of the workshop s given in the Appendix 3. The types of sessions were learning through prob-
lems, observing and analyzing teaching, analyzing curriculum materials, working on students”
thinking and reading and presenting research articles. The purpose and the details of these kinds

of sessions are described beloar,

Ohserving and anmalvzing teaching: In the workshop, the teachers viewed video excerpts of
teaching as well as live teaching, They observed lessons hive and discussed them over three con-
secutive days, The lessons were taught by one of the teacher educators to students participating
in & vacabion course. Teachers participated in the activity by contributing to the plan for the
class, observing the lesson and then reflecting on it The teaching observed was abypical, in s
focus on eliciting students’ ideas and building on them and thus was intended to be a source of
reflection for teachers. These sessions provided teachers wath a context for making their sttoated
knowledge about pedagogical approaches and students’ capability exphoit. Prompts to elicit re-
flzction on the lesson ineluded inviting teachers to make conjectures about the intentions of the
teacher in making specific moves, what children were thinking and what alternative pathwavs

could have been taken at critical points in the lesson,

Learning through problems: Teachers worked on mathematical problems during these sessions,
which were posed in contexts close to either their teaching practice or daly hife. The problems
were content specific and therefore separate sessions were conducted for different content topics
such as number sense, fractions and ratios, and algebra. The main objective was to create dis-
tractions in 4 mathematics problem based on familiar alternative conceptions that teachers or
students have, leading to cognitive conflict and eventually to reflective learning, The problem

presented in Table 5.2 15 an example.

Table 5.2: Example of a workshop problem task
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A student in the class had added fractons ke this: 37 + 23 = 510, Why do vouo think stu-
dents add in this way?

When the teacher asked the student why she had done 1t in this way, the student sad that her
Father had taught her. The teacher explained that this method was wrong, On the following day,
there was o complaint from the father. He pointed out that the teacher had added exactly hke
his method. This was his example, Marks in history: 3550, Marks in geography: 24/50. Total
marks in social stucdies: 35750 + 24/50 = 59/ (X,

How would vou respond to the parent’s criticism?

These sessions occasionally led o a deep explorabon of mathematical concepts and making
connechions between various mathematical constructs, and providing a space for teachers to re-

flzct and build upon their mathematical knowledze For teaching,

Working or studenis ' thinking: These sessions included working on students’ emrors, uncovering
students’ thinking by analyvzing strategies, and inferring potential misunderstanding underlying
these errors. These led to discussions on issues such as — which questions are efficient in evalu-
ating understanding of a specific concept, what do these emrors tell us about students® and teach-
ers” own concepbions ncluding their beliefs about the nature of mathematics, and what do stu-
dents’ errors imply in terms of shaping the instruction. In a subsequent section, the nteraction in
the sessions of the workshop that involved working on students” errors has been discussed in de-

tail.

Reading and presenting literature based on research: In these sessions, teachers in groups of
three to four studied a research article from the field of mathematics education and made pre-
sentations to colleagues. The sessions were found to be valuable in fostering the sense that a
teacher 15 a part of a community that systematcally studies content and pedagogy with the goal
of improving teaching and learning, The readings stretched the boundaries of the participant
teacher community from the immediate peer group to the professional community of mathemat-
ies educators including researchers, An indicative hist of the readings used in TPD workshops at

HBCSE 15 given in the Appendix 4.

Analvoing curricwium maiterial: These sessions were included to add connection, coherence and
depth to teachers’ comprehension of textbooks so as to use them more effectively. Teachers in

groups of two o three analyzed textbooks from grade 3 to & for a specific mathematical topic
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for the following prompts — what 15 the hierarchical development of the topic, how are context
and real life connections brought about, what 15 the role of the varous examples provided, and
how are representations used in the textbook. Although teachers use these textbooks on an ev-
ervday basis, these sessions provided an opportunity to distance themselves from the sole pur-

pose of teaching and look at the textbook critically.

Expressing beliels about leaching, sindents awd mathematics: In this session held at the begin-
ning of the workshop teachers completed a G-part questionnaire based on the Likert-type scale,
which provided them with an opportunity to reflect on their own beliefs about teaching, stu-
dents, self and mathematics. Teachers worked indiwvidually on these questionnaires. The teach-
ers” responses to the questonnaire and interviews have been discussed inthe previous chapter.
At times, the questionnaire items framed the discussions in subsequent sessions, Teachers also
reported that the statements mentioned in the questionnaire made them think about 1ssues that
they had not thought of. Interview prompts that probed teachers” beliefs about teaching and
leaming mathematics, as well as their knowledge of algorithms, might have contributed to
teachers” enhanced awareness of 1ssues and a reflective stance during the workshop, At the end
of the workshop, teachers were given parts of the belief questionnaire on mathematics, mathe-
matics teaching and preferred practices and were asked to record the changes in their views,

which are discussed on the section 5.7.2 below.

5.6 Workshop enactment

The sessions of the workshop were generally characterized by high levels of interaction and par-
ticipation by teachers. In this section, how the enactment of the sessions reflect the principles
and goals demarcated in the earlier sections' has been discussed. At first, [ discuss how tasks
were used as resources to help teachers share and reflect on their beliefs and practices. The tasks
were designed to support teachers’ reflections about students’ thinking, about mathematics and
about their own teaching practices. Then 1 discuss how teachers exhibited their agency during
the sessions as 4 result of finding common issues or being challenged through tasks and discus-
sions in the sessions. The subsequent section discusses how the agency of teacher educators

drew on their behief-goals and knowledge in contmbuting to the teachers’ articulations of their

I Taor sessions from the workshop have been chosen Gor detailed analysis froni three main lenses
offered by the framework: the affordances of the sk, ageney of the eacher and ageney of the teacher
edue ator, Additional examples from the sessions are also presented briefly o indicate the presence of
these fisatures across multiple sessons of the sorkshop.
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belhiefs, knowledge and practice while helping them to reflect and build on these through their

engagement in the sessions.

5.6.1 The task as a resource for teacher education

The tasks in different sessions of the workshop were designed o engage teachers wath mstances
situated in teaching to ehoit their behiefs and knowled ge, while attempting to provoke conflict or
dissonance in teachers” beliels or knowledge. These conflicts were induced by exhibiting exam-
ples of alternatives to traditional teaching practice, eliciting and discussing conceptual bases or
raising issues of the larger goals of mathematics education. This helped in discussing the vision
of teaching within the curnculum reform and provoked teachers to revisit their beliefs and re-
flect on their practice. A few tasks from some of the sessions in the workshop are discussed
along with the efforts to make them authentic and challenging in order to provoke teachers” re-
flection. These tasks are discussed under the categories of different purposes they served,
namely, tasks to reflect on students” thinking, tasks for doing mathematics and tasks for reflect-

ing on the teaching of mathematics.

5.6.1.1 Tasks to reflect on students’ thinking

Two tasks from two different sessions which engaged teachers in refleching on students’ think-
ing are discussed. In session 2.4, the task was to describe and explain student errors from look-
ing at their responses to seven test items on the topics of number, place value and fractions (see
Table 5.3 for sample items). At the beginning of the session, the teacher educator provided a set
of prompts to guide the discussion for each question: identify competencies being tested, find all
possible correct answers and understand what cavsed the student errors. The student emors were
drawn from a pre-test of students paticipating in the vacation course, the same group of stu-
dents whom the teachers knew they would be observing later. The task was thus authentic in en-

paging teachers in analyzing student emrors, which is part of their day to day practice as well as

being real data of students they were observing in the workshop.

Table 5.3: Example of test items and student érrors shown to teachers in Session
24

Questions Student error | Student error 2
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Write the next three numbers: | 3097, 3098, 3099, 30910, 30911 3097, 3098, 3099, 30100,

AT, I09E, e g ————y —— J0lal
14 tens + 23 ones 1423 14023
Draw 774 MMagram representing 47 Magram representing 711

In Session 1.1, teachers were given a handout that described a student Mohsin's difficulty in
writing numerals despite his famibiarity with numbers (see Table 540 Here too, the task en-
gaged teachers in identifying conceptual gaps in the student’s thinking with the goal of identify-
ing suitable teaching interventions to address it. The teachers discussed 1 groups and presented
their suggestions about how hMohsin could be helped. The teacher educator informed teachers
that hMohsin was actually a student whom he was teaching, and furnished details about Mohsin®s

responses to other tasks in the course of the discussion.

Table 5.4: Task given to teachers in Session 1.1

Mohsin is in class 5. He helps hos father, who 15 8 vegatable seller, with home delivenies. He
can find the total amount a costomer has to pay and often does the addition mentallyv, He also
knows a lot about how much things cost: televisions, cyeles, tao wheelers, washing machines,
cte. But when his teacher asked him to write “rupees two thousand teenty five™ in numerals,
he wrote “Fs 2000257,

Think about what Bohsin's problem 15 and how his teacher can help him. How can the teacher
make use of what he already knows so that he can learn something he doesn’t know.

Teachers identified the students’ responses presented in both the sessions as “common”™ re-
sponses. However, it required further probing on the part of teacher educators to make teachers
think about students® thinking underlving the errors and the sources of the errors, beyvond identi-

fying them just as “common™ errors.

The tasks chosen for the two sessions are situated in the context of teaching, while a challenge
i5 introduced by requiring the teachers to think bevond the nommal requirements of evervday
teaching. In Session 2.4, this is achieved through the three prompts inviting teachers to uncover
a deeper laver of students’ thinking that can explain their responses. Teachers at first thought
that the errors surfaced because of the non-typical questions asked in the test. For example, to

explain why the student incorrectly showed 4/7 instead of 74, a teacher said, “because the nu-
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merator 15 greater than the denominator in the given fraction.™ Several teachers thought that it
wias not possible to represent improper fractions, The teachers interpreted fractions in terms of
the “part-whole”™ meaning as a number of parts out of total parts, which made the representation
of improper fractions awkward. The task thus challenged them to re-consider meaning attributed

to fractions. This example will be discussed again laker.

In Session 1.1, the teachers were asked to consider both what the child does and does not know
50 a5 bo induce 4 sense of conflict by juxtaposing these together. For e.g., teachers identified that
MMohsin knows numbers in the thousands, can add mentally and can read the price of a bieyele
but cannot write the amount 2025 correctly. What accounts for the child’s capability in the con-
text of everyday calculations, and his profound lack of understanding of a related part of school
mathematics? This tension sets a dialectic in mobtion allowing the teachers to revisit the rela-
tively hidden and unspoken aspects of their everyday teaching. For example, teachers shared the
different resources that they deemed fit for addressing Mohsin®s problem like bundles of sticks,
different denominations of money, Dienes' blocks for hundreds, tens and ones and the spike
abacus along with the explanation they vsed in teaching place value to students vsing these re-

SOLUrcCs,

The above two tasks were related to the challenges faced by teachers in teaching, which n-
volves figuring out conceptions in the students” minds in order to promote students’ understand-
ing of mathematics. Embedding the tasks in the context of planning for teaching served the pur-

pose of making teachers reflect on students” thinking.

5.6.1.2 Tasks for conceptual exploration

In several sessions, the tasks involved teachers in explonng mathematical concepts. Although
giving mathematical tasks 15 4 nommal part of everyday teaching, teachers rarely get the chance
to reflect on the mathematics involved in the task apart from considering its pedagogic function.
The assumption was that solving problems along with peers might help in thinking about con-
cepts and also experience the thinking involved in doing the problem while adopting a learners’

point of view.

In Session 2.2 on “Measurement and Fractions,” teachers solved problems based on measuring
and sharing context to dentify the fractions. Teachers™ response to an earbier task revealed that

they used the procedure of counting shaded parts to determine numerator and number of equal
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parts to determine denominator to identify a fraction rather than identifring the unit to measure
the part of the whole, The research literature {Lamon, 20071 has emphasized that one needs to
understand the role of the umt in determining a fraction rather than treating numerator and de-
nominator as whole numbers. As a result of the conception that fractions are identified by count-
ing the number of parts shaded as numerator and total parts as denominator, a teacher in an ear-
lier session had protested that one cannot find the fraction for representing a part if the given
whole 15 divided into unequal parts. The measuring context used in Session 2.5 required teach-
ers to identify a suitable unit to measure a part of Chikki (rectangular slab of sweet toffee) that is
caten. Teachers used different units to denote the plece of chikkl eaten thus coming up with dif-
ferent fractions as the answer. This created a situation in which teachers realized that different
answers for the single problem were possible and that it depends on the unit which was selected
to measure the whole. It helped in emphasizing the role of the unit in identifying the fraction

rather than identification by counting the parts.

In ancther task in Session 2.2 teachers tried to find a solution for a situation where a student
who was on a vacation n a village needed to make a chart with specified dimensions, but was
not able to find any length scale in a village. Teachers came up the with the idea of using a one
rupee coin to make a scale through sterations of the size of the coin and dividing it further into
subunits. This helped in deconstructing how a seale 15 buile by sterations of the unit and subdivi-
s10ms to increase the precision. In doing these tasks teachers engaged as learners and reflected
on the concepts involved in developing the understanding of fraction and measurement. A&
teacher (P13 felt that through this actvity students can understand the importance of a standard
unit while P35 felt that they will be able to understand how the scale 15 constructed through 1ter-

ating a unit.

In another session (4.2) on learning from problems on the topie of ratio and proportion, teachers
debated solutions of problems and discussed the apphication of the concept of proportion in
solving problems. For e.g., in one problem one had to dentify the ome taken for towels hung
out to dry if the number of towels increases. Teachers shared and debated the unspecified condi-
ticns of the environment where towels were drying as the determuinant of the comrect answer hike
whether the towels were drving in a room or in the open, the number of towels in the room, hu-
micity, ete. The discussion led to the conclusion that although in classrooms one accepts a math-
ematical ly correct answer, in reality, mathematics may provide only estimates as answers to real

problems. They discussed the connection between mathematics and the real world and how stu-
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dents mechanically work with numbers in such problems instead of wsing their knowledge of
real world situations. Teachers Ffelt that some challenging problems might be given to students to
make them think rather than operating with numbers in problems mechanically, Earher they had
felt that students should be given clear explanations of how to solve a problem and should not
be confused. Thus, solving problems and reflecong on connections of mathematics with ceality
made teachers reflect on the lack of mathematical thinking by students in their classroom and

how 1t could be Fostered by giving challenging problems.

Engaging in problem-solving from the learners” point of view had its advantages for teachers”
reflection and learning. Doing these tasks from the viewpoint of the learner provided an oppor-
tunity for teachers to work on their knowledge of mathematics and its processes while also re-
flecting on their teaching and anticipating wavs that students would engage with the problem.
Teachers thought about how students would think and react to these problems while shanng
their own solutions, thereby thinking at the level of the learner as well as of the teacher. Thus,
discussion following tasks on exploring mathematical concepts led to teachers reflecting on the
teaching of mathematics. However, some tasks, which were specifically designed to make

teachers reflect on their teaching, are discussed below,

5.6.1.3 Tasks for reflecting on teaching

There were several sessions in which teachers watched and discussed teaching in different
modes ineluding live teaching, mock teaching and watching videos, In these sessions, teachers
came across examples of teaching which were close o their own experience, and they acknowl-
edged using similar practices and having similar experiences with students. Thev evaluated the
episodes of teaching that they witnessed, made comectures about students’ learning, gave rea-
sons or justification for evaluating a practice and made suggestions on how to modify it These
articulations indicated their underlyving beliefs about mathematics, teaching, students and self
and the priorities they have while teaching., For c.g., in a session (1.3) where they watched
videos of the teaching of fractions, some teachers shared that fifth-grade students should be en-
gaged n activity with concrete materials ke making parts of the paper for understanding frac-
ticns. This indicated their belief about the need to use concrete matenals while teaching mathe-

matics.

In the sessions on observing live teaching, teachers expenenced teaching which exhibited prac-

tices that were radically different from their normal practice such as giving problems without
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showing solutions frst, asking students for their ideas, accepting pictorialvisual solutions, dis-
cussing students® reasoning and deviating from the lesson plan to address conceptual gaps.
These sessions were helpful in provoking teachers to share their behefs, nobice examples of al-
temative teaching-learning and further to reflect on their own teaching. In Session 3.3, teachers
had made the lesson plan together with the teacher educator and watched him teaching, Teachers
noticed and appreciated that students were able to come up with pictorial solutions using their
own reasoning instead of calculations and wondered 1f students will be able to use such reason-
ing to solve questions with bigger numbers. They also appreciated how students shared their so-
lutions and constructed terms ke “half of quarter” and “quarter’s quarter™ and how the teacher
discussed them. The activity used For representing the size of different strips using fractions pro-
voked a discussion on whether challenging questions should be posed to students in class, These
discussions helped in understanding what teachers noticed in altemative teaching practice, find-
ing parallels or differences from their oamn practice. Teachers also shared whether they Found the
altemative practices helpful in student learning which promoted reflection on opportunities for

students” learning 0 different classroom culiures.

Teachers analyzed the textbook n some sessions where they compared one chapter from the
new reform based textbook with the earlier version of the textbook. [t brought out the 1ssues that
teachers Face when using the textbook and highlighted aspects of the textbook that influenced
teaching. Proimary teachers noticed the lack of activities, visual representations in the old text-
books and appreciated the colorful illustrations and lavout, activities and questions related o
daily lives of students in the new textbook. Teachers fzlt the need of more questions for revision
and practice in the now textbooks. The middle school teachers pointed to g chapter in the new
textbooks that they felt was conceptually dense, and where the difficulty level of questions oo
high For middle school students. In both cases, teachers” beliefs influenced their perception and
use of textbooks, Since primary teachers felt that practice is necessary For teaching maths, they
compensated for the pavcity of exercises in the new textbook by forming their own questions.
Middle school teachers felt that students of sixth grade cannot engage in reasoning and thus per-

ceived the difficulty level of questions as high.

5.6.1.4 Summarizang the role of tasks in the workshops

The tasks used in the workshop worked as a vehicle for reflection and engagement on the part of

teachers by aticulating their beliefs and knowledge. The tasks in the workshops engaged teach-
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ers with examples of alternative practice and alternate interpretations from traditional teaching
as well as illustrations of or connections between conceptual aspects. In several sessions, teach-
ers analvzed student errors, engaged in lesson planning, analveing teaching and problem solving
which are all part of authentic teaching practice which thev are engaged with in evervday teach-
ing. However, engaging with practice within the professional development context provided op-
portunities to hear alternative viewpoints and reflect on beliefs underlying the practices consid-
ered as the nomm. Examples of alternative practice through live teaching, videos and descrip-
tions in research papers provided teachers with concrete images of how practices for engaging
stuclents thinking can be used as well as evidence of how students respond to practices like ask-
ing students to solve problems using a context without first telling them how to solve the prob-
lem. Elaboration and discussion of conceptual aspects underlving the tasks helped in teachers
sharing their knowledze as well as building on their knowledge., Even when the task was fo-
cused on a conceptual aspect, teachers invariably made connections with the pedagogy of teach-
ing that concept and the way students might respond to certain explanations. The discussion
moved bevond the immediate demands of the tasks to broader concems ke connecting teaching
of mathematics with out-of-school experiences or considening students” thinking underlyving
their mistakes as a resource for teaching mathematics. Thus, the design and implementabion of
tasks for teachers needs to accommodate the possibility that the immediate task at hand may re-
cede from focus, opening up a space for deeper engagement, where teachers can share and cribi-
cally reflect on what they know, undemstand, believe and practice. The role of teachers™ and
teacher educators” agency in engaging with the task and the emergent issues will be discussed in

the sections below,

5.6.2 Teachers’ agency in engaging with knowledge and beliefs

An important part of understanding the work of teaching as a profession 1s g shared agresment
about the specialized knowledze and expertise that informs the work of teaching. Professional
development programs need to elicit and build on such knowledge, much as teachers elicit and
build on students’ knowledge in the classroom. This process also allows the community of
teachers and teacher educators to develop a shared view of the contours of such knowledge. Pro-
viding opportunities for the process of eliciting teachers® knowledge and beliefs lead to under-
standing teachers® agency. The teachers” agency 15 defined as imtiatives taken and autonomy ex-

pressed by teachers during the course of interacton to assert and justfy their beliefs and articu-
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lating and applying their knowledge to make pedagogical judgements. In this section, how
teachers” agency was expressed in the course of the interaction during selected episodes has

been discussed.

5.6.2.1 Anticipating stodeénts’ responses

Requests to teachers to anticipate and predict student responses were either built into the task it-
self or were made by the teacher educator in the course of the discussion. This aspect 15 embed-
ded in teachers” everyday work of teaching, Owver the vears teachers develop an impheit knorl-
edge about typical and atypeal student responses. In the PD context, making this knowledge ex-
plicit works as a resource in building the shared knowledge between teachers and teacher educa-

tors and providing ways to discuss students’ thinking,

In section 5.5, 1.1, teachers” responses to two tasks have been discussed. For the task on student
errors presented in Table 5.3, teachers were able to anticipate some student emrors for the ques-
ticns, which paved the way for discussing student thinking and indicated the knowledge that
teachers had about students. Similarly, 0 the context of discussing the emror made by Mohsin
(Table 5.4), the teacher educator asked teachers to predict Mohsin's strategy to find the cost of
10 kg potato given the cost of 1 kg, The teachers anticipated that Mohsin would repeatedly add
the unit cost to arrive at the cost of 10 kg, which the teacher educator confirmed was what
MMohsin actually did. These questions were significant as they directed teachers’ attention to-
wirds what the student did know at a point when they were focusing only on his incapabihity.
Sharing the anticipations paved the way for discussion about the differences between the mathe-
matics that students learn outside the school and 10 the school and the need to bridge the gap be-
tween the two. These episodes indicated the knowledge of students” thinking and the sensibivity

towards 1t that the in-service teachers had developed over the vears.

In another session (2.2) teachers were asked to predict how students from different grades
would respond to a problem on measurement which required students to measure the length
with a broken scale. Data from an actual survey was then shared which showed poorer perfor-
mance than was anticipated by teachers. Teachers were then asked to think about the ressons for
students” poor performance on the task. Engaging in anticipating student responses and dis-
cussing authentic data from a student survey created cognitive conflict for teachers to try to

make sense of why students respond in a cettain manner.
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5.6.2.2 Elaborating and building on conceptual bases

The discussions in several sessions led to the elaboration of the conceptual basis of mathemati-
cal procedures and teaching aids. These elaborations were not restnicted to teacher educators as
teachers themselves shared the conceptual explanations and built on the conceptual bases that
were elaborated in the discussions, thus exhibibing their agency. At times, teachers contributed
centrally to the goal of building mathematical knowledge for teaching. In Session 1.1, while try-
ing to elaborate why Mohsin made the error of writing two thousand taenty five as 200025, a
teacher (P5) explained that understanding the “meaning of zero™ involves understanding how 1t
changes the value of a number with change in position — it produces no change in value when
written in the leftmost position of the numeral and if wrotten in other positions, it alters the place
value of the some of the digits in the numeral. Her explanation of the concept of the posibon of
zero can be chamcterized as a “key knowledge piece™ (Ma, 1999 that 15 important in under-
standing place value of a number. Her intervention led other teachers to also dentify the con-
ceptual gap in the student’s thinking and a teacher [P1] asserted, “he knows 2000 and he knows

25 but how to write [20235] he doesn’t know™,

In Session 3.2, dunng observabion of teaching, teachers built on the discussion that they had had
on units and iterations and breaking of the units into subunits to indicate the measure using frac-
tions while discussing students™ responses. They discussed a task that students had worked on
which was “The road from Mankhurd to Cheetah Camp is 2 km long. If a road roller tars ¥ km
road every day, in how many days will it tar the complete road?™, &M& and PS5 discussed how in-
stead of using unitary method or calculations with numbers, students used % km road as a umt
to find out the bme required to build 2 km road by steration of & umit taken as % km. P1 com-

mented that students have developed an undemstanding of ¥ through their environment linking

mathematics to daily Iife, an 1ssue discussed during Session 1.1,

5.6.2.3 Conjecturing underlying causes

Retuming to the student emrors discussed in section 3.5.1.1, for the fracton 774, some students
had drawn part-whole representations of 4/7 or 7/11. Teachers tried to explain the thinking that
might underlic these responses. As discussed carlier, nitially teachers identified the cause of the
error as unfamilianity with the question. In the course of the discussion, a teacher put forth an al-
temative explanation of why students drew 7/11 to show the fraction 74, The student, he ar-

eued, may have mterpreted 774 to mean *°7 shaded and 4 unshaded parts™ thus making a total of
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11 parts of which 7 were shaded. Thus teachers began to engage with the reasoning that the stu-
dent must have applied to create such representations. The discussion moved to how counting of
shaded parts {using whole numbers) was generally over-emphasized while teaching fractions.
Thus, teachers also reflected on their own teaching as a possible cause of student difficulties in

leaming.

To cite another example, when a question was raised in Session 1.1 about why students are not
able to learn mathematics even after five vears of schooling while they learn quickly outside the
school, a teacher observed that “we do not comrelate mathematics taught in school with everyday
life™. In one of the presentations on research readings from a chapter on multiphcation from the
book Enowing amd Teacking Elementary Matkematics by Liping Ma (ha, 1999, a primary
teacher P32 reflected on why students make mistakes in column mulbphcation. She attributed
these mistakes to the way mulbplication is taught to students by asking them to put a zero when
multiplying with the digit at tens place. She explained using the reading how the digit 4 at tens
place 15 40 and thus the answer has a zero at units place. The reading helped the teacher to build
on her conceptual understanding of the mulopheation procedure and led to conjectures about the

cause of student mistakes.

In Session 2.2, teachers were asked to think about reasons for students” poor performance on the
broken scale measurement tasks across several cities in the country. While citing several rea-
sons, teachers attributed not knowing how to use the scale as the main reason. The teachers’ ex-
planation focused on the procedure to use the scale and reading from it and some even sug-
gested that students fail to understand that subtraction needs to be used 0 the broken scale to
find the length. However, very fow responses indicated the need to understand the umit of the
scdle and being able to find the length by iterations of the unit. In line with their explanations,
teachers suggested that giving lots of practice with use of the scale might help in improving stu-
dents' performance. These articulations indicated that even though teachers know about certain
student emors, their understanding of difficulties faced by students 1s constrained by the hmita-

tions of their own knowledge of concepts and procedures and connections between them.

5.6.2.4 Articulating and contesting beliefs

The occasions when teachers’ beliefs were explicitly articulated have been considered as impor-
tant moments in the workshop, Frequently, these were provoked by observations of alternative

teaching or practice. Such articulations, where teachers defended their own practice while ob-
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serving a different kind of practice, were more common in the initial sessions than in later ses-
sions. One such example is from Session 1.2 when teachers resisted engaging with alternative
procedures for anthmetic operations by ignoring requests to solve using such procedures. They
expheitly indicated their preference for the standard procedure over alternative procedures, sug-
gesting that knowing and understanding alternative procedures was not valued by them. The
teachers also indicated that they considered standard procedures as casier than alternative ones
and their explanations while teaching emphasized “telling students rules clearly™. The teachers
viewed mathematics as a set of rules which have to be memorized and thus teaching as a
process of telling miles clearly. At other times, they expressed the belief that following a proce-
dure from memory 15 casier than understanding a procedure and its conceptual aspects. Thev
Judged most conceptual or alternative explanations @s not being accessible o primary or middle
school children and mentioned the possibility of children getting confussd or making mistakes.
This 15 connected with the beliefs that these teachers had about the capability of students with
regard to whether they can arrive at their oan procedures’ explanations or solutions without be-
ing actually taught. This theme had emerged in the interviews (discussed in the previous chap-
tery, where on being probed, almost all teachers felt that students come to know about solutions
from sources other than the teacher or textbook and thus a child may not have armved at 1t on

ks her own.

In another instance, in Session 1.3 in responding to 4 video of teaching where students were en-
gaged in solving challenging questions without being told how to solve, the teachers shared that
they believed that mathematics teaching should progress from the simple to the complex. They
felt that students in the video are either intelhgent or belonged to good socio-economic back-
ground or were already taught how to solve prior to the episode shown, This showed how teach-
ers believed that most students are not capable of ressoning or figuring out solubons on their
own and thus one should only give simple tasks in the beginning before introducing complex

tasks,

Teachers expressions as described above provided access to teachers' conceptions and opinions
based on which dialogue could be initated. Teachers' atticulations of beliefs sometimes took
the form of reflection suggesting a revisiting of behefs, For e.g., in Session 2.3, after discussing
student errors and students” thinking underlying these, a teacher reflected “in fact we knowr ther
mistakes but we don’t really see into their thinking”. Another mode of articulating beliefs was

contesting and challenging views articulated not only by their colleagues but also by teacher ed-
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ucators. For eg., in Session 2.3, the question, “Add 337 + 33700" was discussed, where stu-
dents had made an emor in verticallv aligning the digits. A teacher reacted to the example and
sald “Addition questions should not be given i honzontal manner as it will lead to emror™ thus
indicating her belief that errors should be aveided during instruction. Similarly, during a discus-
sion of teaching aids for teaching place value, a teacher voiced his opinion that using teaching
aids will cause a lot of confusion and it would be better if students are told the rules and asked
to practice. Another teacher contested this by saving that they themselves (teachers) had learnt
mathematics by rote when they studied in school but it is important now to emphasize under-
standing concepts. At a point in the discussion, a teacher asserted that the abacus was casier for
students to learn place value, Another teacher responded by explaining how stick bundles repre-
senting different units (tens and hundreds) can build the understanding of place value better.
Thus voicing of assertions led to sharing of alternative viewpoints, which created a need for jus-
tification, thus decpening the engagement in the workshop. In this instance, the difference be-
tween the stick bundles and the abacus led to exploring the difference between the grouping
principle and the positional value principle discussed later. These articulabons were important
moments in the sessions, which provided a window into teachers’ thinking as well as created a
space for revisiting and reflecting on beliefs relevant to teaching and learning. Teachers also as-
sessed their own learning in the workshop as reflected in the appreciative comments that they
made at the end of the workshop., The active interventions by the teachers described above were
indicative of teachers' agency as they were not merely involved in affirming or contesting what
the teacher educator or other teachers were saving, but were engaging n their own sense-mak-

ing about the aspects discussed related to the task.

5.6.2.5 Sharing and challenging pedagogical approaches/ explanations

In several sessions teachers shared the pedagogical approaches that they Followed in their class-
rooms for teaching as a response to the task posed to them. For eg., in Session 1.2 teachers
shared how thev used the borrowing construct to explain the algorithm of subtraction 1n re-
sponse to the request to subtract using an alternative method. They referred to single digits as
numbers and tended to treat the 17 borrowed from digits of different place values as equivalent.
Teachers showed the procedure of subtraction while describing how the mules are to be followed
like “..owe tell children that borrow, only when upper number [Le., digit of the subtrahend] 15

smaller than the lower number [1.e., digit of the minuend]” or *You have to always borrow one
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only™.

Teachers vsed the student response as the proxy to share as well as challenge the alternative
pedagogical approaches that were shared by teacher educators. For e.g., during discussion on
the subtraction problem 307 —168 teachers discussed what students do while subtracting. Al-
though, they were talking about how students solve the problem, they were also sharing the ex-
planation for the subtraction procedure which eventually led to discussion on what 15 a better

explanation for subtraction.

Excerpt 5.1

Let me show you the method that our student do. 1 like the method that children
use. They cut this [7] and write 17 here (see Figure 5.1) and then cut here [3] and
write 2 and then cut here [0] and write 10, Children are able to do well by this
method.... Student think that we will borrow one from here, but there 15 zero there,
5o cannot bomrow one, so they go to next step [digit] and bomrow one from there,
they cut [3] and write 2 there and then cut [0] and write 10 here.. . This is the way
subtraction is taught... students find this method casier (V4.

Figure 5.2: Pedagogical explanation of the vertical subtraction algorithm vusing the
borrowing construct

Mdost teachers acknowledged that this 15 the wav (Fig. 5.2 subtraction 15 taught n the class-
roorm. The common feature underlying this presentation 15 the lack of explanation of why for ex-
ample one should “cut and borrow™ or “borrow 1 from neighboring digit”. Thus the explanation
wis rule-based with emphasis on subtraction of digits rather than considering the place value of
digits. Also, there 15 a conceptual problem in treating | borrowed from digits at different place
value as the same and then combining them to form numbers without explaining their place

value,
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Pedagogical approaches were shared also to illustrate teachers’ beliefs and conviction about
their usefulness. In one of the mock teaching sessions, teachers planned and taught fractions to
other peer teachers as teams. In this session, both teams of teachers used concrete matenals and
in many instances, the sudience response based on perceptual similarity for half, quarter, three
fourth was taken as indicative of understanding without being probed further. This illustrated
their belief that concrete materials are useful in learning, However, their acceptance of answers
based on perceptual similarity indicated that these stercotvpes of common fractions ke half and

quarter might be focused in teaching of fractions.

5.6.2.6 Articulating dilemmas of teaching

Discussion on several issues brought Forward the conflicts Faced by teachers while teaching
leading to the articulation of dilemmas of teaching, A dilemma that was discussed was the way a
teacher should deal with incorrect answers, After watching a video in which a teacher ignored
the student giving a wrong answer and appreciated the one giving a comrect answer, a teacher
bt pomnted out that the teacher did not oy to know why that particular student had given the
wrong answer (session 1L5). Another teacher P2 commented that teacher should have corrected
the child’s answer. Later in the discussion, this teacher shared that teachers should “mould stu-
dents' answer towards comect answer™ as the student wall be motivated to doing mathematics
only when they get a correct answer. However, there were other teachers like P1 who appreci-
ated another video in which a teacher had accepted different answers and then encouraged stu-
dents to find out which one 15 correct. She also asserted that teachers tend o use stereotypacal
questions and standard ways to find their answer which leads to rote memonzation, therefore
not encouraging students to think, These articulations suggested a tension between teaching to-
wards getting a correct answer by avoiding students making emrors and encouraging them to

give different answers and Fnding out which one 15 comrect through discussion.

5.6.3 Agency of the teacher educator: Inter-animation, knowledge and

beliefs

In a TFD context to what extent teachers” knowledge and understanding are elicited, what as-
pects of knowledge are negobated and i what direction the discussion moves dunng a session
are eritically dependent on the interventions made by the teacher educator. Mot only 15 the par-

ticipants’ engagement crucial, but also the degree of inter-amimation of deas. Mortimer and
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Scott (2003) have used Bakhtin's idea of inter-ammation to illustrate how an interaction n the
classroom is “functionally dialogic™ when more than one point of view about an issue 15 repre-
sented as well as explored. Scott and Mortimer define low inter-animation as just histing of the
varied responses shared in the group while high inter-animation means that there 15 an engage-
ment with the different views expressed by the participants as a group. In the context of TPD
too, it was found that the aspect of inter-animation of teachers’ responses was crucial in how
teachers” perceived their roles in the session. Two sessions were dentified that were faicly dif-
ferent in the way teachers” participated in the session and also in the way the teacher educator
responded to teachers” articulation and responses in the session. Session 1.1 was the first session
of the workshop and an experienced teacher educator took the session with the purpose of
breaking the 1ce and setting the tone of the workshop, This was the session in which teachers
worked on the task about a student Mohsin described in section 5.5.1. 1. The second session was
2.3 where in students emrors were discussed. It was taken by a comparatively less experienced
teacher educator, This was the session in which the teachers worked on the task presented in Ta-
ble 5.3 in section 5.5.1. 1 above. The selection and comparison of these two sessions allowed the
identification of the moves of the teacher educator and elements of the session that promote
teachers” learning through encouraging articulations, connections and reflection on the practce
of teaching mathematics. In Session 2.3, it was observed that when teachers discussed the think-
ing underlying student errors {discussed above], inter-animation was low. The teacher educator
in session 2.3 used a presentation to pose questions to teachers and after teachers gave their re-
sponses, explained the correct response. An excerpt from the session 2.3 is given below to illus-

trate the nature of interaction.

Excerpt 5.2

1. TE 2 showed the question “Fill in the blanks by wnting the next three
numbers: 3097, 3098, -

2. TEZ2: What 15 getting checked in this question?
3. T1: Place value

4, T2: Ascending order

5. TE 2: 50 n this question [writes, 113, 1 followed by three blanks], what will
happen is that transition from teens o twenties will not take place. So the place
value For the last digit 15 not changing, where as in the above question students
will have to think about the change in place value while writing the sequence.
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In the excerpt above, the nature of interaction resembled the [-R-E pattem of interaction {Mehan
1983 found in many educational settings. The tmbation 15 through the task posed by the teacher
educator, followed by response and then explanaton by the TE. Although, teachers articulated
their responses in more detail during the session, the teacher educator almost always ended the
discussion of an error by explaining what she felt was the comect descnption of the conceptual
gap. Using common student emrors had great potential for connecting with teachers” practice,
which did happen to some extent when teachers acknowledged the errors as common mistakes.
However TE 2 did not use different responses of teachers to generate a discussion or use their
responses to probe and ehicit the nature of teaching related to the concepts discussed around the

student errors.

In Session 1.1, the teacher educator re-voiced the various conjectures and opinions put forth by
the teachers and posed them for consideration by the whole group. Mot only did teachers contest
the views of other participants but they also contested views expressed by teacher educator lead-
ing to discussion. The moves by teacher educator that led to high inter-animation in Session 1.1
included inviting teachers to respond to each other, problematizing teachers’ responses to be
discussed by the group and the use of open-ended questions. The excerpt below 15 from session
1.1 after the groups of teachers had discussed and had written their responses on the blackboard
for the task posed by the teacher educator on Mohsin's difficulty with numbers (see section
5.5.1.10% The responses ncluded descriptions of teaching approaches that might help Mohsin.
TEI had asked the teachers to identify similarities and differences in the proposal listed by dif-
ferent groups. He then attempted to categonze all the resources hsted by the groups with the
help of teachers™ responses i terms of exercises, teaching aids, concrete matenals, ete. He
elicited teachers” ideas about the place value and the use of abacus to teach place value, Then he
tried to focus teachers™ attention to what Mohsin knows based on the desenption provided in the

task,

Excerpt 5.3

1. TEL: Lets talk about what Bohsin knows and how he might have come to know
about it

2. T1: He leamt from environment.
3. TEIl: He mostly knoar about monev. ..

4. T2...by selling vegetables.
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5. TEl: He does accounting and he does the home delivery and he has to collect the
money. His father may be asking him to calculate and make a ball, if it 15 2-3
items.

G, T3: Upto LOO it is casy to add and subtract

7. TEL: Yes, he must be knowing calculation of small numbers.

®. T4: He does not know how to use columns.
9, TEl: He can mentally calculate and 1 kg, '2 kg he can multiply.
10, T3 He knows rates also,

11. TEL: He knows Little bit about the real world hke TV and how much it costs be
cause he may be interacting with older children and plays with them or may be
through news papers ads. She [T1] had mentioned that he knows thousand.

12, Tl:¥es.

13 TEI: He knows because then how can he know about TV prices. But he has
problem as she said in writing the number only.
In the above excerpt, one can see that TEL and the teachers are brainstorming over what Mohsin
might know based on the information given. The teacher educator revoices teachers” articulabion
in lines 3, 7, L1 and 13 when he cither builds on a teacher’s response or makes a claim and con-
nects it with an earlier elaim made by a teacher. The question in this section too was about the
student’™s error as the basis of the discussion but the teacher educator was able to elicit teachers”
ideas about students™ previous knowledge, their accepted explanation of the place value concept,
the teaching aids considered useful by teachers For addressing the concept of place value as well
as predicting Mohsin's strategies for problems of multiplication based on an interpretation of
what he knows, The inter-animation is high as the teacher educator used the teachers” responses
to make important points in the discussion and made arguments using what the teachers had ar-
ticulated. Instead of posing as an authority for vahdating comect or incorrect responses, the
teacher educator was able to nvite different responses from the teachers and connected his own

argument with the teachers” points shared earher.

In the sub-sections below, [ briefly discuss the moves made by the teacher educators that reflect
the goals and the principles outlined in the workshop design framework. Further, [ note that the

teacher educators” interventions during the course of the interaction, are guided by their own be-
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liefs and the knowledge that they bring to bear on the discussions. Thus, the interaction between
the teacher educators™ behefs and knowledge has been briefly discussed as reflected in the

tencher educators’ nterventions.

5.6.3.1 Teacher educators’ moves in alignment with the goals of TPD

In session 1.1, the teacher educator frequently invited teachers to respond to the views expressed
by their colleagues communicating that the teacher educator is not solely responsible for evalu-
ating teachers” responses but that 1t has to be decided by the deliberation of the whole group.
This stance was also adapted by other teacher educators in the workshop. This led to situations
where the teacher educators had to handle disagreement and conflict of views. Teacher educa-
tors usually welcomed disagreement and considered it a healthy sign of engagement, which al-
lowed teachers to articulate their beliefs, which could then be taken up For discussion. The
teacher educator sometimes restated a view in more general terms by placing it in the broader
educational context. In Session 1.1, when there was disagreement over whether 1t 15 better to
teach students rules for algonthms, the teacher educator contrasted learming nside and outside
the school. (Translated and summarized: “if students hold strongly what they learn from outside
the school, but thev are not able to hold on to what 15 leamed at school, why it 15 not held we
must think and talk about 1873 This can be interpreted as an attempt to build a sense of commu-

nity by inviting teachers to reflect on their beliefs in the context of larger educational debates.

The use of open-ended or probing questions by the teacher educator ehoited responses that were
more in number as well as variety from the teachers leading to nicher discussion strands. There
were several examples of this in Session 1.1, The teacher educator asked teachers to suggest a
variety of learning aids that could be useful for Mohsin, He then invited them to think about
which teaching aids are better and why. Teachers’ responses to such questions were often elabo-
rate with some teachers recounting their own teaching experiences. Another significant move by
the teacher educator was asking for clarification of the meaning of terms used by teachers and
moving towards shared meaning and vocabulary, For g, n Session 1.1 the teacher educator
asked for a deeper probing of the meaning of “place value™, a term that ocourred fraquently n

the discussion.,

5.6.3.2 Interaction between teacher educators’ beliefs and knowledge

The teacher educators held and acted on belefs that were at times different from those held by
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teachers, Since the teacher educators’ actions were guided by an expectation that teachers accept
these beliefs, they could be considered to be belief goals for the TPD program. Some of the be-
liefs had to do with the emphasis or value ascribed to clements in the teaching-leaming context.
For example, the teacher educators believed that what a student knows 15 more important or at
lzast as important as what he or she does not know, The emphasis placed on this was prominent
in Session 1.1, when the Facilitator repeatedly brought teachers’ focus back to what the student
i Mlohsiny knew when the discussion turned to what he did not know. In Session 2.4, the folloar-
ing student error was discussed. In response to the question “show the number made of 14 tens
and 23 ones,” a student wrote “ 140237, The teachers” comment about this student was that he
did not have a concept of place value. A teacher educator present in the audience pointed out
that i fact, it did show a partial understanding of place value since the student knew that 14

tens coan be written as 140 and 23 ones as 23,

Another visible belief of the teacher educators was the value ascribed to students” thinking as a
resource for teaching, which was consistent with the emphasis on what the student knows in
contrast to what she does not know. This belief interacts with knowledge about students’ wavs
of thinking in enhancing teachers’ awarencss and sensitivity, The teacher educators attempted at
times to lead the discussion inko understanding students’ responses more deeply. In the example
discussed carlier of why some students incomectly represented the fraction 74 by drawing a pic-
ture for 7/11, a teacher educator conjectured that it could be due o excessive emphasis on the
part-whole representation of fractions by making as many parts as indicated by the denominator
and shading as many parts as indicated by the numerator. Thus instruction treats numerator and
denominator as separate whole numbers. Taking the discussion further, a teacher educator in the
audience proposed an analvsis of the fraction concept, by distinguishing between counting and
measuring contexts, He suggested that messuring rather than counbing 15 a better context to un-
derstand a fraction as a single number indicating a particular quantity, Counting contexts tend to
reinforce the idea that a fraction 15 made up of tao numbers. These interventions not only led to
a desper probing of students” thinking, but also to understanding how the cholce of a teaching

approach may play an important role in students developing certain conceptions.

Another belief held by the teacher educators, which 15 related to valuing students® thinking, 15
the belief in the efficacy of using students® previous knowledge (especially knowledze acquited
from the everyday Life/culture) as a resource for teaching. This was foregrounded in Session 1.1

by asking teachers to anticipate Mohsin's responses while using information about the daily life
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activities in which he engages and raising the question about the need to bridge the gap between

the mathematics learned outside and nside the schoal.

The tencher educators attempted t© communicate that umbrella concepts like “place value™ need
to be understood in detail, in terms of how they play a role in specific contexts of leaming re-
lated concepts, of problem-solving, or of understanding an algorithm. For the place value con-
cept, o become more useful, it needs o be decomposed into the sub-concepts of “grouping
principle”™ and “positional value principle”. The grouping principle determines that in the deci-
mal number svstem, 10 units form the next higher unit in the sequence of units, tens, hundreds
and so on. Mumber words encode the grouping ponciple by naming the different powers of ten:
“four thousand”, “six hundred”, ete. Thus the grouping principle already underlies the system of
number words, The positional principle, in contrast, comes into play only for written numerals —
it determines that in the wntten numeral the value of a “digit™ depends on its position. This prin-
ciple 15 essential to understand written numerals and includes the understanding that when a
Zero appedrs at a certain position, it indicates that there are no units corresponding to that posi-
ticn. Both the grouping and the positional value principles help to reconstruct the number from
the written numeral. This distinction was important 0 Session 1.1 0 understanding what
Mohsin knew (prices of articles and composing money in terms of curreney units) and what he
did not know {writing a number). The distinction bebaeen the grouping and positional value

principles was new to many teachers, at least in an explicit sense.

The teacher educators believed that the vsefulness of a “teaching aid” depends on the context
and specific needs/difficulties faced by students. In Session 1.1, to help address Mohsin®s diff-
culty, teachers had selected mids embodyving both the grouping principle and the positional prin-
ciple. This did not take account of the Fact that while Mohsin had a weak undemstanding of the
positional principle, he had a strong grasp of the grouping of multi-units becavse of his familiar-
ity with money. The teacher educator was able to use teachers' responses to explicate how un-
derstanding of place value embodies both ponciples and how the abacus specifically supports

the understanding of the positional principle.

5.6.3.3 Providing alternative viewpoints

In sessions when some artifact of teaching was shared in the form of a video, a resource For
teaching or a sample of students® work, then teachers interpreted it in their own way and shared

their observations. Teacher educators, on these oceasions, used the opportunity to voice altema-
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tive viewpoints which teachers may have falled to notice or think about in their observations as.

In session 2.2, in response to g question, teachers used the method of cross multplication to
compare fractions. However, the teacher educator showed how the notion of the unit fraction
can be used to compare fractions as unit fractions denoted the size of the unit and numerator n-
dicated the number of iterations of the unit. 5o to compare 33 with 37, one knows that the size
of the unit 1/5 15 bigzer than 17 and hence 3 measures of unit size 15 will be bigger than 3

measures of 1,7

While discussing the reading of the chapter on muloplication from the book Enowing and
Teacking Elementany Mathematics (Wa, 1999), teachers insisted that students need to know the
rules of multiphcation since it leads to “fast and accurate answer”, The teacher educators then
argued for the undemstanding of the muloplicabon process like distribubve property and sug-
gested that knowledge of alternative methods can have a greater contribution to students’ under-
standing of multplication. Later, some teachers shared how students make mistakes when they
blindly follow the mules instead of understanding them, leading to a discussion on how ideas ke

the distributive property can be made accessible to students.

5.6.3.4 Establishing Connections

One of the most important roles of the teacher educator was establishing connections between
the broad themes that were discussed in the workshop, These include connections among differ-
ent concepts, between mathematics and teaching, between research and practice and between

sessions in workshops and goals of mathematics education.

The connections that the teacher educators attempted to establish among different concepts Like
measurament and fractions in several sessions have been discussed above, Connections were
also established between the concept of place value and vanous procedures for anthmetic opera-
tions. An example is a discussion on the multplication algonthm and the concept of place value
deseribed above, A connection between arithmetic and algebra was made in one of the problem-
solving sessions when teachers compared arithmetic and algebraic strategies to solve the same
problems and realized that while some problems can be solved anthmetically, there are prob-

lems where the algebraic solution makes more sense and 15 more us eful.

Connections between mathematics and teaching emphasize the role of pedagogy in making

mathematics accessible to students. Teachers were aware of the efficiency of algorthms but

219



Chapter 5

were not aware of how they can be unpacked and made accessible to students so that they un-
derstand the method and are able to adapt it rather than relying on it as a rule (Kumar & Subra-
maniam 2012b). Alternative methods and their conceptual undempinnings were discussed in sev-
eral sessions along with the pedagogy of teaching arithmetic operations. Similarly, for the topic
of fractions, teachers engaged with interpreting the meaning of fractions in varous contexts and

reflecting on the pedagogy based on measurnng and sharing contexts.

Connections between classroom practice and research were sought to be established by dis-
cussing research-based readings with teachers and teachers sharing their experiences. Teachers
read and presented readings, which contained discussions of student work, tasks or pedagogical
approaches on the topic of operations, fracbions, geometry, ratio and proportion. Teacher educa-
tors also shared their research with teachers on the topic of fractions along with their teaching

expeniences through videos,

5.7 Teachers’ learning from the workshop

In this section, | address the question whether the teachers” beliefs showed increased alignment
with a student-centered view at the end of the PD workshop. 1 discuss the teachers” own reflec-
ticns about their learning from the workshop from four sources: (1) oral feedback that teachers
gave in the last session of the workshop, (1) wntten feedback about the workshop given on the
last daw (111) direct feedback about the workshop in their interview responses and (iv) revisions
teachers made to their responses to parts 2, 3 and 4 of the questionnaire, which were about pre-
ferred practices, beliefs concerning nature of mathematics and beliefs concerning the teaching
and learning of mathematics. For part 2 of the questionnaire, which dealt with preferred prac-
tices, they were asked to indicate the frequency of the practces that they would hke to imple-

ment in Tutura in their classrooms.

5.7.1 Feedback on the workshop

In this subsection, 1 discuss the teachers” feedback about the workshop expressed orally, in writ-
ten form, and in their interview responses. hMost teachers appreciated the sessions of hive teach-
ing, research readings and maths activity sessions. Although the teachers explicitly mentioned
these sessions, the foregoing discussion reveals the role of other workshop sessions in mesting
the workshop goals. They used words hke “eye-opening™, “thought provoking™ and “child-cen-

tric leaming™ to describe the sessions in the wortkshop, Teachers stated that the sessions had
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throwm hight about aspects of student thinking, the role of research in the feld of mathematics

education and its usefulness in classroom teaching,

In their written Feedback at the end of the TPD workshop, many teachers wrote about how the
various sessions had made them reflect about how students think and how important this s in

planmng for teaching or in addressing ecrors and misconceptions while teaching. In the written

Feedback PS had shared that

Excerpt 5.4

We as o teacher know content knowledge and methods to teach a particular topic in
maths, but the teacher has to go beyond that and undecstand how the child learns
and looks at a problem in his own perspective. We do not take this perspective in
our mind while teaching, And the sucoess of this course lies in throwing light on
the child's way of understanding the particular problem. (PS5, wWritten feedback:, 2
June, 2009

In the oral Feedback session, PS5 said,

Excerpt 5.5

We use activity method but this particular insight that the child might do the sum in
a different way, this thinking might be different, this wea has never struck our
minds.... Which 15 — being like this is 4 — we are reallv enlightened us in that
particular way that the child might have a different idea and the child has written
wrong 15 not always wrong, (P35, oral feedback session, 3 June, 20089
Middle school teachers too appreciated how the workshop had highlighted the child's point of

view and its role in teaching. M2 wrote in her feedback that

Excerpt 5.6

This program 15 different from the other trainings where we mostly used to discuss
the content whereas here we were to think of the child’s angle. The model classes
we observed here surely will influence us to conduct child-centric learning in
different perspective. Each and every child 15 umique, cach one has the role in the
classroom. I learnt how to make leaming challenging, how to relate the leaming
process to the real hife siwations and so on. (M2, written feedback, 3 Tune, 2009

Another teacher MG wrote about how it had helped her to understand different aspects of teach-
ing while also providing an example of child-centered teaching. She said in the oral feedback

sSEssi00n,

Excerpt 5.7

.1 think this workshop has opened a new window For teachers to understand the
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different aspects of the teaching of maths and also an opportunity to beautify the
subject in a child-friendly way. Classroom session with children gave altogether
different angle where children are doing and thinking, more than simply Listening
to the teacher and copying things mechanically. (WM&, oral feedback session, 33
Juniz, 2009)
P1 talked about how the teacher paid attention to each student’s thinking while teaching in the

live teaching session. P53 elaborated her insight about how she had never thought that students

might solve a problem in a wav different from what a teacher expects.

Excerpt 5.7

He had an eve on each student that why that student gave that answer. We are
trving to Fnd that *why™.... It is good and also that we are tryving to give personal
attention to each student. (P1, Interview excerpt, 27 May, 2009)

Children make mistakes. 1will view their mistakes i a different way. Mavbe their
mistakes are — instead of straight away telhing them the answer, 1 might ask them,
“why have vou done that; what they think about this? I have to take that child in
confidence and then that child [will] slowly tell me. This way, | have thought about
it (P5, Interview excerpt, 2 June, 2009

Another middle school teacher M3 suggested that the session of hive teaching was helpful in
thinking deeply about student responses, although they as teachers have been anbcipabing and
listening to student responses for vears, He said that discussing student response in the profes-
sional development set up was useful since it unearthed many issues about students” thinking

and teaching.

The session on research readings was appreciated since they provided insight into the field of
mathematics education on the one hand and on the other hand made teachers realize the com-
mon problems faced by teachers across the world. Teachers were able to appreciate the need of
rescarch through discussing these papers. A pnmary teacher P4 appreciated the different con-

texts that were discussed for the teaching of fractions.

Excerpt 5.8

Fraction connecting with so many things — cake, distance, which we are not doing.
We should be giving more examples of this type and connect it so that the concept
15 clear. (P4, oral feedback session, 3 June, 2009)

Teachers also appreciated the kind of interactions with teacher educators and with other teachers

during the workshop. A middle school teacher M1 said
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Excerpt 5.9

First of all, atmosphere is very free. 105 not ke you know other places they are
more concernad about attendance, where lectures would be there, where vou have
to hsten. Here it is interactive and you can sav anything vou want and evervbody 1s
putting their can opinion. So we come to know so many things not just the
spedker’s views, (ML, Interview excerpt, 27 MMay, 2009)
A primary teacher P1 shared how these interactions and the presentations that teachers did of

readings, textbook analysis and classroom experiences helped in developing her confidence.

Excerpt 5.10

oTo manage oneself and one’s oan answer helped me leam a lot here, Earhier [
had thought of looking at the textbook deeply but never got the time. [1t] helped me
rebuild my confidence. Problem sessions were good. At first, 1 Felt burdened when
50 many pages were given for reading but now 1 think it 15 necessary for us to read
and understand what efforts are being done in teaching across the world. 1 liked
that he [teacher educator who taught students during the lesson observation] asked

about suggestions for improvement and 1f something was amiss in weaching. .. (P1,
Interview excerpt, 3 June, 2009)

5.7.2 Shifts in teachers’ responses to the questionnaire

In addition to the explicit feedback from the teachers about the impact of the workshop, teachers
were also asked to mark their responses once again to the beliefs and practices questionnaire on
the last day of the workshop to indicate any change in their beliefs. The responses to the pre-
ferred practices part of the questionnaire were to be nterpreted as practices that they would pre-
fer in the future. In this sub-section, the analysis of the shifts in teachers” responses to the ques-

tonnaire 15 presented.

Analyzing the responses of teachers to the questionnaire on the last day of the workshop and
comparing it with the responses on the first day through a paired t-test, | found that there were
statistically significant differences in the responses for some of the items. Tables 5.5, 5.6 and 5.7
show responses to items in parts 2, 3 and 4 of the Questionnaire, which were respectively about
pracices, belief about mathematics and beliefs about its teaching and leaming. Only items for
which there was o significant difference betwesn pre-workshop and the post-workshop re-
sponses of the 13 teachers who participated in the teacher professional development workshop
are mncluded in the tables.

Table 5.5: Shifts in the teachers’ responses to Part 2 of the questionnaire on pre-
ferred practices (1 — Almost never;, 5 — Almost always)
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Irern | Sentement Pre-workshop | Poxt- Mifference between

ni. menn workshop Means (Significanos)
mean

2.1 In the beginning of the elass, T showe 3351 208 1.23%%

students hovw to salve a particular
problem and then give similar problems
to practice from the texthoo k.

22 IF amy student does not understand what | 4.46 .00 1. 46+
wis taught, I explain to the student onee
or twice by repeating the steps in detail
slowly.

.l.ﬂ .] ask students to practice the problems .3.?? -2.69 - l.OEs=
very similar to the ome done in class as
home work.

2.23 | To explain mathematical concept, 1 462 .69 093+
shovar the steps of the proeedure to solve
the problem.

** Bignificant at 0.05 lewel.

Table 5.5 indicates that the means of the items presented showed an increase when teachers re-
sponded to the questionnaire again at the end of the workshop, Since the score of the negatively
worded items were reversed, the decrease (indicated by a negative difference) in means post
workshop indicate that teachers” beliefs pertaining to these 1tems were abigned towards the stu-
dent-centered end of the continuum rather than towards the teacher or procedure-centered prac-
tice. The negatively worded items are shown with a grev highlight in the table, The table shows
that difference between the means of the teachers” response before workshop and post-workshop
is significant at 0.05 level for stems 2.1, 2.2, 2.8 and 2,23, This indicates that there 15 a high
probability that the differences in their responses indicate true difference in their views and the
probability 15 less than 3% that this difference ocourred by chance. These tbems comespond o
the themes related to showing procedures, doing similar problems, telling the steps of the proce-
dure in case of error, all of which have been desenbed as core practices among the teachers in
Chapter 4. Teachers anticipating less frequent use of these practices in future as indicated by the
post workshop responses suggests that they were reflecting about the use of these practices in
the classroom and their role in learning mathematics, These shifts suggest that the workshop
wis able to create some dissonance for teachers related to the core practices followed by them
and made them aware of other altematives. The major difference in these items could have been
due to the discussion in the workshops as well as the teachers” observations dunng the demon-

stration lessons of students™ idess and the solubions that students may arrive at on their own
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given the chance, Also, the emphasis on analyzing student errors and understanding their think-
ing may have made teachers more sensitive to analyzing students” emrors and giving them more
time to solve the problems. Although there were differences in the responses to other items n

the questionnaire, these were not significant.

In Table 5.6, t test results of the items on beliefs about maths which showed a significant differ-

ence between the teachers” responses in pre-workshop and post- workshop questionnaire are

presented.

Table 5.6: Shiftsin the average of teachers’ responses to the part 3 of the question-
naire on beliefs held about mathematics (1 — Disagree strongly, 5 — Agree strongly)

Itermn | Statement Fre-workshop | Post-workshop | Difference
i M n MEan between mean

(significancoe)
i3 In mathematics, we can give proper reason or | 454 4.00 0 54+

justification for all statements and procedures.

in In mathematics, if the student has a doubt 5 3.E5 (LT
about & mathematical statement or procedure
she or he ean check and justiBy it on hec'his
OwWIL

.3.1 5 .]l is important to teach students *“shortcuts™ or .3.?"-5 .3.4'5 . 0559+
“thumb rules™ for solving mathematical
problems.

** Bignificant at 0,05 Lewel. [ems are listed in e order of signi ficanee.

In Table 5.7 the most significant difference in teachers™ response 15 visible for the [em nos, 3.3,
3.9 and 3,15, [kems 3.3 and 3.9 are about the importance of the justification of the procedures
used to solve maths problems. The difference between means for Ttem 3.3, unexpectedly, is neg-
ative and significant. 1t is difficult to reliably explain this unexpected difference. One may note
that the pre-workshop mean was quite high (4545, indicating that teachers already strongly be-
ligved the statement. The shift indicates that teachers initially expressed strong belief about giv-
ing reasons and justifications and then later showed less strong alipnment. A possible reason
might be a shift in teachers”™ understanding of what it means to give reasons and justifications of
procedures, In the workshop, many teachers justified procedures like the subtraction and multi-
plication algorithm on the basis of rules, which were not considered as justifications by teacher
educators and jqustifications on the basis of place value were discussed. Ik 15 possible that the
workshop discussions made some teachers realize that they were unaware of justfications of

other procedures or hold more strongly to belief that it 15 not possible to give justifications of all
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procedures.

The response to Item 3,15, on the other hand, shows a significant shift among teachers that
shorteuts and thumb mules are not important. Teachers were also asked to justify and explain the
shorteuts during the workshop and connect it with the other longer procedures for solving as
well as with the underlving concepts. This may have lead to realization that connections be-
tween concepts and procedures 15 more important rather than memorization of the shorteuts. In
consonance with this view, there 15 a significant inerease in belief that students can check! jus-
tify their solutions on their own indicating an acknowledgement of the importance of justifica-
ticns i leaming mathematics, Another item, Ttem 3,10, about the view of mathematics as lim-
ited to 4 operations, also showed a difference of +0.39 in the means, but 15 not significantly dif-

ferent.

Table 5.7: Shifts in the teachers’ responses to the part 4 of the questionnaire on be-
liefs about teaching and learning (1 — Disagree strongly:, 5 — Agree sirongly)

Item | Stabement Pre-workshop | Post- Difference
ni. T 1] waorkshop between
mean means
(Significance)
4.20 | The best way to teach mathematics is o ER K 2.08 Ly

ecxplain one procedure at a time on the
blackboard and then to make studenis
practice it.
4.4 | IF a student practices all the problems in 254 215 0. 304w

the texthook two or three times, that is the
best way to leam mathematics

4.14 | Only one method should be tauglt o~ 3.15 1291 .24k
students otherwise they get comfused

4.7 | A teacher should teach each topic from the | 3.69 3iM 0. 35+
beginning assuming that the students know
nothing

4.5 | By asking probing questions that create .00 ER 0. E5**

uncertainty and confusion in the students’
minds, we can help them leam better.

ek Bignificant at 0.0 lewel, ** Significant ak 0,05 lewel., Tiems ane listed in the order of significance,

Table 5.7 shows that the most significant difference 15 for item 4.20 which 15 about repeated
practice and a core practice identified in Chapter 4 among teachers. Other significant items like
4.4 also indicate that teachers now agreed less with using repeated practice. The sigmificant dif-

ference between the means for item 4.7 and 4,14 indicate that teachers may have started to think

226



P workshop design and enactment

about their role — from telling and teaching standard methods to solving a problem considering a
diversity of methods, However, the differences are not significant for practice of textbook prob-
lems (4. 18] and practice in case of erors (4.22). Although there was change in the teachers” re-
sponse for ibems describing the role of teacher for showing procedures and explaining (4.1, 4.9
and 4. 13) the change was not sigmificant. Although the change 15 not significant for asking chal-
lenging questions to students in the beginning of the topic (4.12), the change 15 significant for

asking probing questions to students (4.5).

The overall pattern in the shifts in responses to questionnaire items indicate that some disso-
nance oceurred as a result of workshop, Many of the changes are not significant and one signifi-
cant change 15 opposite to the expectation that the workshop might have led teachers closer to
the student-centered end of the belief continuum. However, it is difficult to armve at reliable
conclusions on the basis of questionnaire responses alone, as was seen in Chapter 4. There was
no possibility of interviewing teachers after the PD workshop, and hence additional data that
could be triangulated with the responses to arrive at more robust intecpretations of the shift n
teachers” beliefs is not available. The analvsis indicates that the core practices supported by core
behefs were resistant to change., Where there are changes, [ interpret them as indicating a devel-
oping sensitivity towards students™ thinking as they had witnessed examples of how students can
come up with solutions on their oan and had discussed how students” emrors reveal their think-
ing. This also made them open to respond more positively to the use of multiple methods for
finding solutions and accepting mistakes as a natural part of leaming. 1 do not claim that these
shifts in teachers” responses after the workshop indicate a change in belief 1 interpret these
shifts as indicating a greater awareness of alternatives and adopting a reflective stance towards

the practices used and beliefs held.

5.8 Discussion and conclusion

The effectivensss of TPD workshops depends both on design and enactment aspects (Kumar,
Subramaniam & Maik, 2015a). 1 have attempted here to present a framework that can aid in the
understanding of both aspects and o llustrate how the framework may be apphied to an analysis
of the components of a workshop and interaction episodes. The framework assumes that the
central goals are to address teachers” knowledge and beliefs relevant to mathematics teaching.
The framework does not describe what constitutes knowledge for teaching mathemabics, nor

does it elaborate on the nature of beliefs conducive to teaching for undemstanding. A framework
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that elaborates on the specifics of knowledge and beliefs relevant to teaching mathematics will
need to be contextualized with regard to topics and to teacher communities. The framework pre-
sented here, in contrast, identifies certain principles that are important for the design of tasks
and their enactment in workshop sessions. The study reported here does not aim to provide evi-
dence for the effectiveness of a TPD intervention. The framework proposed here, 1 believe, 15

useful in identifving and providing rich descoptions of elements that are important in a TPD in-

tervention.

The principles considered important are situatedness, challenge and community building. The
components of the workshop and the tasks worked on were chosen to implement the goals of
strengthening teachers” knowledge and reflection on beliefs, and impheoitly embody these prino-
ples. As the analysis of interactions in the tao episodes supported by other examples across the
sessions shows, not only s the design of tasks important but also how interactions between
teachers and teacher educators are shaped to support teacher leaming. 1 have used the teacher
education triangle having the three comers as task, teachers’ agency and teacher educators’
agency, a5 a framework to analyze the nteraction aspocts. The task mncorporated contexts and
artifacts that are situated in the work of teaching thus facilitating the involvement of teachers by
identifying elements common o their own teaching practice and engaging in a deeper explo-
ration of the contexts and artifacts. In the episodes discussed above, a prominent artifact was
students” errors or responses. Discussion centered on these led teachers o analyze the concep-
tual gaps, the alternative explanation of errors and develop a perspective of explaining student

errors by thinking about students® sense-making efforts.

The evidence of the types of teacher engagement that occurred during the emsodes throw light
on the kind of opportunities that arise for teacher learning, Teachers’ engagement took the form
of anticipating and predicting students’ responses, dentifving kev knowledge pieces, conjectur-
ing underlyving causes, articulating and contesting beliefs and assessing a teaching resource or a
teaching approach. Such engagement was crucial in building shared undemstanding not only
among teachers, who rarely get opportunities to reflect collectively about teaching in their
schools and professional development contexts but also for teacher educators by providing win-
dows into teacher thinking. Teachers' assertioms, counterarguments, alternative explanations and
assessments were also a resource, which deepened fellow teachers’ and teacher educators” un-
derstanding about mathematics teaching as it takes place in classrooms. The key knowledge

piece of the meaning of zero, dentified by an expert teacher, was important in degpening the
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participants’ undemstanding of the conceptual gap that needs to be addressed to help Mohsin in

writing numbers correctly.

1 have elaborated on the principles of the situatedness of tasks, challenges and development of
the community as guiding the design and enactment of the sessions. These aspects inform the
decisions of the teacher educators about how interventions are to be made in sessions to facili-
tate active learning of the teacher. The belief goals of the teacher educators helped in guiding
what interventions are to be made in terms of prompts presented to the teachers and in dentify-
ing aspects of teachers” responses that could be problematized. The agency exercised by the
teacher educator 15 important to not only actualize the opportunities afforded by tasks but also in
euiding discussions beyond the resolution of the tasks in order to relate to the broader goals of
teaching mathematics. The actions of the teacher educator like inviting teachers to respond to
cach other, handling disagreement and conflicts by posing 1ssues 85 more general questions, use
of open-ended questions and building shared vocabulary paved the way for building a sense of

community while challenging teachers to explain and justify their thinking.

1 claim that while designing workshops for teachers it 15 essential to not only focus on the as-
pects that need to be discussed with teachers but also how the session needs to be enacted to al-
low teachers to exercise their agency and take ownership of their own leaming rather than look-
ing for answers from outside. This s important because 1 nesd to provide ways through which
teachers can build on the knowledge of students and mathematics teaching that they already
have rather than merely providing knowledge, which teachers mav or may not find useful in
their cwn classroom contexts. This point 15 important for designing workshops for in-service
teachers as they have already developed an identity as well as the sitwated knowledge of stu-

dents and teaching which must be respected and built upon.

Teachers” self-reports of their learning during the workshop throw light on how they interpreted
gains from the workshop, The shifts in their responses to the pat 2, 2 and 4 of the questionnaire,
especially with regard to the items related to focusing on procedures and doing similar problems
and telling the procedure in case of error were significant. However, no conclusive interpreta-
tions can be made of these shifts. [ interpeet these as indicating broadly a developing sensitivity
to students” thinking. The chapter that fallows will illustrate the take up from this waroshop us-
ing a case study of a teacher who was open to changing her practices towards teaching maths for

understanding.

229



Chapter 5

230



6

Role of Beliefs and Knowledge in Teaching
Fractions: Case Study of Nupur

6.1 Introduction

The practice of teaching mathematics tends to acquire a stable pattern for teachers in the course
of their carcers influenced by their own experience of teaching, the cultural behefs and norms
ahout teaching i society, the school’s priorities and the teachers”™ own personal belhefs.
Howewer, it 15 important for teachers t© engage i avenues for lifelong professional growth so
that the teaching does not become mechanical and the teacher 15 aware of decisions and the
impact of decisions taken by her on the learning of students. Periods of educational refonm and
professional development efforts ke workshops and collaboration with researcher provide
opportunities for teachers to reflect and re-evaluate their present practices, become aware of
altemative ideas and practices that exist, which, in turn may provide mobvation for teachers to
engage in their own professional growth, However, change in practice does not necessanly
result from educational reform efforts imposed from above or from directives, Teachers™ practice
is impacted by the way teachers interpret these advisories, the knowledge they have and the
opportunitics and support they get to extend their knowledge and explore new practices. It is the
teachers™ agency to reflect and take initiative for change that lead to changes in practice. Work-
shops, resources and collaboration may act as catalysts but the decision 15 made by the teacher.
Teachers™ identity plays an important role in teachers recogmizing the scope for exercising their
ageney while responding to pressures from different aspects of school Life ke completion of
syllabus, performance in exams, ete. Teachers’ practice in school is thus influenced by the
beliefs held by teachers, their perceived identity, the knowledge they hold for teaching mathe-

matics and the repertoire of the practices acquired over the vears as important Factors,

Post the professional development workshop deseribed in the previous chapter, visits were made
to the classrooms of a few teachers with the dual purpose of understanding the impact of the
workshop on teachers in terms of their beliefs and practices and understanding the constraimts
and affordances that teachers experience in bringing about the intended change. The researcher
also collaborated with the teachers in the classroom to help in bringing about intended changes.

As discussed in Chapter 3 (section 3,13, 1 followed a participant observation methodology,



which included collaboration with the teacher in the classroom. The goal of collaborating with
the teachers in the classroom was to analyee how different Factors come into play in supporting
or constraining teachers as they try to change their practice in the classroom and to understand

the role of beliefs and knowledge in bringing about this change.

6.2 Case study of Nupur

In this chapter, 1 present the case study of a primary teacher Muper (pseudonym ), belonging to
the same nationwide system of schools from which teachers had participated in the orientation
workshop described in Chapter 5. Mupur was one of the participants and has been named as the
teacher P1 in Chapters 4 and 3 respectively. Mupur came across as a consistently reflective
teacher who held beliefs close to a student centered view of teaching. She was open to changing

her practice to focus more on developing understanding of mathematics amongst students.

6.2.1 Research questions

The research questions that guided this Sub-study are

1. What changes did Mupur try to brng in her classroom practice specifically with regard
to the way in which tasks for students were framed and implemented? How did her
behefs and knowledge support and constrain the changes that she tried to implement?

[

What textbook resources were available to her to support her teaching and how did she
make use of these resources?

3. What was the role of the rescarcher as a collaborator in Mupur’s teaching?

6.2.2 Why case study?

Case study was chosen as the appropriate research method i this Sub-study, since the larger
stucy wims at exploring in detail the relabion between teachers” beliefs, knowledge and practice.
According to Eisenhardt { 1989) case studies are suited for studying phenomena for developing
theoretical insights. Case studies have been found to be useful to answer how and why questions
about phenomena when either the boundary between the phenomena and the context is not clear
or the phenomena itself 15 complex and the parameters are bevond the control of the rescarcher
(Yin, 2009 Teachers’ struggle to change practice or explore new practice 15 o complex
phenomenon, which involves interaction among  several sspects ke teachers™ beliefs,

knowledge, practice as well as the beliefs and knowledge of students. Case study was also
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considered appropriate since it would help in tnangulating the data from the questionnaire,
interviews, teachers’ participation in the workshop as well as classroom teaching. The case
study of Mupur was considered as potentially useful since it could provide insights into the
extent to which holding positive beliefs for student centered teaching can motivate a teacher to

explore new practices and the kinds of challenges such a teacher might face.

6.2.3 ADbout Nupur

Mupur was 46 vears old at the ttime of study and had an MSc Degree in Chemistry and a BEd
degree. She had been teaching maths and science at the primary school level For 21 vears. She
appreciated the need For developing the ability to reason about mathematics, talked about the
need to connect mathematics with daily Iife and to focus on concepts rather than on rote memo-
rization of procedures. Among the participants in the study she was judged o be most likely to
appreciate a focus on mathematical concepts and connection in teaching, based on her interview
and participation in the workshop and was hence chosen as a case study for follow up in the
classroom. During the period of observation she was the class teacher of Grade 5 consisting of
45 students and had a good rapporct with her colleagues. The majority of the students in her class
belonged to the lower middle class and according to her, many of their parents were not even
educated till the 8th grade. She knew that many students of her class attended coaching classes
but felt that there they were taught by poorly qualified teachers who focus on rote memo-

rlzaticn.

6.2.3.1 Nupur’s beliefs and practices

As Mupur indicated in her response to interview questions and the questionnaire, she belheved
that mathematics concepts should be focused 1 teaching to limit the rote memornzation. of
procedures and that mathematics done in class should be connected to the student™s everyday
experience. She had indicated that her practice was mostly activity oriented and she most often
used contexts, concrete materials, representations to engage students in doing mathematics and
encouraged students to share their ideas. She believed that weak students in mathematics need
more time to understand and need more focused attention of the teacher. Her response when
asked for an explanation of the long division procedure and her participation in the workshop
indicated that she did have knowledge of concepts and procedures and could predict students

Spontancous !-itfH.tl::g_'iC!-i and common errors.
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Teaching Procedares

Mupur considered mathematics as one of her Favorite subjects. A core belief of hers seemed to
be about the nesd to make connections between mathematical procedure and concepts while
teaching. In the mterview, 1t was evident that she did have some knowledge of alternative proce-
dures and conceptual explanations, appropriate contexts and manipulative that could be used for
teaching certain mathematical concepts. She pointed out the need to discuss the role of place
value in understanding the multplication algorithm and multiplyving with powers of ten. She
used the context of sharing while explaining the long division algorithm. In the interview, Mupur
indicated that she valued student autonomy as she shared that she tries to get students to answer
on their own but in the end she has to explain or show how to solve so as to achieve the target of

the svllabus,
Excerpt 6.1

If they are not getting, even after explaining, then we solve it Mostly, we Frst
explain to them, fve times, several mes, then oral answer comes from students. [f
not we show by solving. ... We are not able to keep a lot of patience because we
have to go along with the syllabus. ... IFf we give hint and the student does it, then it
15 all right, but in primary class we have to explain to the general class, at least
once. Otherwise, we ask the student to tell how did he amrive at the answer. But in
general we have to tell, so that we complete the target of that dav. (Interview
excerpt, bay 25, 2009)

The excerpt indicates that she expenienced tension between her belhief to allow students o come

up with their own ideas and nesd to complete the target of the syllabus within the specified ome.

Role of practice in learning maths

Mupur believed that leaming mathematics by practicing similar problems a number of times
amounts to rote memorization. However, she felt that practice 15 necessary as it helps to “fx the
concept”™ and helps to make calculation fast. She felt that shortcuts similarly help i fast caleu-
lation but are not useful for everybody as not evervbody 15 able to understand them. 5o, from
the interview data her practices and beliefs for teaching mathematics by Focusing on concepts
seem to be at the core. However, these might be in tension with other beliefs and values ke

completing the syllabus.

Afternative methods

Mupur felt that allowing different methods of solution helps in understanding as one might
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prefer one method over another. She gave the example of a Grade 3 student who solved the
multiplication problem with addition. She felt that it is all nght for him to do that since he 15
comfortable with it and sooner or later would have to shift to using the standard multiplication
algonthm. She also said that she feels happy when students are able to solve problems after her
explanation. So while she considered teacher™s explanation as important for students leaming,

she also believed in providing space to students for giving alternative solutions,

Mupur laid emphasis on assessing students”™ understanding through adopting vanous practices
like calling students to the board, asking probing questions and constructing problems different
from those in the textbook, ete. If the students did not understand or gave a wrong answer she
said she would pomnt out which steps were wrong; give similar situations, explain the problem
by focusing on what 15 asked and then let the students try 1t on their own without telling them

the steps.

Belief abont connecting mathematics to daily life

She had a entical view of the school mathematics that had been mainstream during her own
school education. She felt it was unduly focused on memorizing procedures without under-
standing and that teachers did not use “teaching mids™ or estabhsh connections with daily life n
teaching.

There we used to feel that, we only have to multiply the numbers and find the area

but didn’t know where area 15 going to be used.... We were never taught how to
comrelate with life. (Interview excerpt, bMay 25, 2009

As a result, she found it difficult to apply mathematics to her own everyday experience, for e.g.,
to estimate the size of bed or the cushion cover. She Felt that “when vou will leam all these
things practically then your concepts would be stronger”. To buttress her point, she cited
examples given n the new textbook that connected mathematics to daily Iife tasks related to
shopping, cooking time, etc. Therefore connecting mathematics with daily Iife secmed to be a
behef that can be considered as one of her core behefs, although almost all the examples that
she gave For using daily life contexts came from the new refonm oriented textbook. She
acknowledged that she hemself had learnt a lot of mathematics while relating maths to daily life
as a teacher, for e.g., while buving bedsheets she has to keep in mind “whether area is needed or
the perimeter”,. She elaborated this by sayving how it 15 important to know the dimensions of

length and breadth of the bed so that it covers the bed. If she used area, the dimensions could be
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different and the bed sheet may not cover the bed properly.

Beliefs towards equity

Mupur seemed to be sensitve o students from weak socio-economic backgrounds although she
sometimes expressed ambivalence towards gicls” performance. She felt that girls do well in
mathematics in primary school but become quieter as they grow up as a result of sooal pres-
sures and expectations that they start to internalize. She said that she takes time to “know™ the
students in a new class as some students may appear to have understood but their written work
might indicate otherwise. She felt that some students have nbom ability to be good in mathe-
matics although it does not depend on the socio-economic background of the student. She found
that students from poor homes were good 1n mental maths since they are used to doing shopping
related chores. She believed that some students might just need more time than others to under-
stand the concept contending that all are capable of doing mathematics, She appreciated the
efforts done at her school for helping weak students in mathematics by providing help from
older grade students in a “Maths Clinie™ and an outdoor mathematics lab for students discussed

bilow in secton 6.2.4.

Concliusion

Mupur's sense of identity as a teacher was fostered by helping students understand mathematics
through the use of manipulative and connecting mathematics to daily life. She felt satisfied
when there was more student participation in the classroom and when her explanation was able
to help a student understand a concept that the student had difficulty in understanding. Her
critical stance towards rote memorization. made her look for wavs to help students understand
mathematics through representations and llustrations and made her appreciate the new
textbook., Although she acknowledged that some students from poor homes were not able o
cope, she emphasized the role of teacher in giving more time and attention to help them. All
these practices indicated that her belief and practices for teaching and learning mathematics

were close to the student centered end of the continuum.

6.2.3.2 Nupur’s beliefs and knowledge indicated in the workshop sessions

Mupur participated actively in most of the workshop sessions. In her responses, Mupur sirongly

expressad her belief that students learn not only from the teacher and within the school but also
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from their own environment. In response to 4 task, she was able to anticipate that a student, who
wis also a vegetable vendor would do repeated addition rather than append a zero when multi-
plving with 10 and would use money as a representation to find the solubon, This task has been

discussed in Chapter 5.

She often expressed her behef that conceptual aspects of mathematics were important. She
explained how place value plavs 4 role in the subtraction procedure, regrouping, aligning digits
in vertical addition, ete. She was also able to identify the conceptual gaps underlving student
errors, For ez, writing 6 tens + 3 Thousand + 8 ones as ““3687 indicates that the student did not
have the concept that place values must be represented by zero when there are no corresponding
units. While describing the student™s thinking underlving an error, she not only dentified
conceptual gaps but also what the student did know. She was able to think of alternative
strategics for comparing fractions or carrving out division by referring to the context of equal
sharing. This indicated that she had knowledge of the connections between procedures and
concepts for the topics discussed in the workshop since she gave conceptual explanations, iden-
tified conceptual gaps, identified the concept that was assessed by a question and the contexts

that could be used to discuss the meamng of mathematical concepts,

Her sensitivity towards students was reflected in her responses as she was generally appreciative
of students™ ideas. As described in Chapter 3, teachers were engaged in reading and presenting a
selected research article n the workshop, Mupur made a presentation on the reading assigned to
her — “A day in the life of one cognitively guided instruction classroom™ {Hicbert, Carpenter,
Fenemma, Fuson, Weame, Mumray, Oliver & Human, 1997). She appreciated how teachers n
the project attempted to build on students” knowledge by giving hints and asking questions. She
asserted that problem solving for daily life as described in the article should be a part of
teaching, for e.g., finding out how many students are absent or sharing the food during lunch.
She also appreciated the descnption of the classroom in the reading — how there was flexibility
in the use of methods and numbers and that the focus was on explaining how one got the answer

rather than on the correct answer.

6.2.4 Setting of the school

The schoal in which Mupur was a primary teacher was situated in an ammed forces facility and

catered to famihes of personnel from the armed forces, familbies from adjacent areas and also
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some families of employees in other government establishments. According to the teachers of
the school most students belonged to the lower middle class, and their parents were not highly
educated. {Several parents had not completed 12 vears of schooling. ) The primary secoon of the
school (Grades 1 to 5) was supervised by the headmistress who reported to the principal whao
had the responsibility of the supernision of the whole school. The principal of the school, at the
time of the study, had & background in mathematics and had taken several steps o encourage
students” learning of mathematics. The school had partially converted an open play area into a
maths lab by building concrete structures of vanous 3d geometric shapes as pots for plants and
had mensuration formulas written on them. On one wall different fonmulae assooiated with
various geometnc shapes hke, circle, square and rectangle were written. The children used to
play in this area during the recess and the principal and teachers felt that looking at these shapes

and formulae again and again while plaving would help them remember the formulae.

Another initiative of the school was a *Maths clinie™ in the primary section where once a week
students of Grades 11 and 12 taught mathematics to selected weak students in the primary
classes. The school felt that the students were weak becavse they had not been able to get
enough individual attention in class, since the class size was above 40 students, and the Grade
11-12 students could give mdividual attention to them in their free period. However, the
researcher did not see this happening during the times she visited the school. The school had an
aetivity room for primary graders, The room contained some matenals for learning mathematics
which was kept locked in the cupboards. Students were mostly shown films in the activity room.

The students sat on a mat on the floor and there was no blackboard in the activity room.

MMeetings of all the teaching staff of the school were held on the last working day of the month
where the headmistress and proncipal discussed the circulars issued by the suthonbies and how
they were to be implementsd in the classroom by the teachers. The teachers were also ques-
tioned during these meetings about the responsibilities that they had been allotted ke sending
students for quiz competitions, preparation of extra cumricular activities, ete. The circulars were
seen to be part of the efforts at implementing the refonm imitatives — Mational Curmriculum
Framework (WCF 2005) or the Right to Education Act (RTE 2009, One of the circulars that
wis discussed while [ was present in the mecting was making Saturday a “no bag™ day. This
meant that students would not brng textbooks or notebooks on that day, which led to the
teachers being asked to make and submit worksheets for all Saturdays 10 the vear. In another

meeting, the principal had asked primary teachers if they were showing films distributed to
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them by the “Films Division™ of the government, which they were expected to do as part of
MCF 2005, In another meeting, the Principal discussed how it was now (post educational
reform) casy for teachers to teach as they can make a “powerpoint presentation”™ and show it to
students and thus also ntegrate Information and Commumcation Technology (ICT) into

teaching.

Mupur mostly sat with other primary teachers in the staff room. S0 while working with her 1 had
the opportunity to listen to the staffroom conversations and debates and develop an acquaintance
with other primary teachers. In me, they would freely approach me to discuss or seck guidance
for some mathematical topic and some even invited me into their classrooms o “help™ them

with the challenges thev were facing in developing students” understanding.

The classroom observations were done in the vear 2009 as well as 20010, In 2010, the school
system authorities had issued circulars to improve the educabon system at the primary level
under the heading called “common minimum program™ The main issues that the circular
addressed was to have a resource room for primary classes with audiovideo facility along with
the teaching aids. A contingency fund was allotted for teachers to spend on constructing relevant
teaching aids. The Headmaster Headmistress was expected to monitor and evaluate teaching as
well as “lesson notes, activity plan book and worksheets™ for primary teachers. Further he'she
had to coordinate “demo lessons, interacting sessions and short duration workshops™, It was
recognized that “formation of strategy, identification of classroom activities and advance prepa-
ration of TLM { Teaching Learning Materiali™ are important and 1t was suggested to hold subject
committee meetings regularly for “sharing of deas among teachers of same subject™ and to
create a pool of necessary TLM. Suggestions Ffor holding at least two one-day workshops for
teachers to discuss “every aspect of teaching leaming™ was given in the circular. However,
conversation with teachers revealed that the subject committes meetings were used to largely
discuss the “split-up syllabus™ (L., ime wise distribution of lessons across the school yvear) and
what portions are to be included in the upcoming test, rather than discussing the 1ssues related to

teaching.

The records of the teaching aids as well a5 worksheets used by the teacher were kept by the
headmistress of the school and teachers were asked to submit worksheets in advance. The evalu-
ation of teaching was done once a month by the headmistress by observing lessons. The lesson

observation format consisted of catepores like teaching-learning objectives, methodology,
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classroom interaction, blackboard work, uvse of teaching aids, students™ response, teacher’s
performance, notebook checking and suggestion For the overall lesson. The interaction was
analyzcd based on whether the students were engaged 1 individual’ group work, problem
salving and whether the introduction was done using students” previous knowledge and if recap
wis done at the end. Students” responses were analyzed for whether they were given in oral or
written form and whether the student used one word answer or full sentences. The teacher’s
performance was analyzed based on whether the students were active and enthusiastic and
whether the teacher asked questions to weak students and made them repeat the answer. There
wis no category in the lesson observation format for the content or assessment of understanding
of content among the students. Teachers were required to fill up the daily plan sheet in which
thev had to write in one line or a phrase the topic taught o work done and the teaching @ids used
for each penod in each class, These efforts were likely aimed at “developing accountability™
among the teachers For teaching, but they did not lead to teachers actually thinking about and

planning for teaching.

Most of the students in Mupur’s classroom belonged to low sociosconomic background. Three
sections of the Grade 5 class were surveved by asking questions orally. 1 bnefly interviewed
each student and asked questions about the critena histed in Table 6.1, Nupur taught mathe-
matics in two of the sections and corroborated the students” responses. Table 6.1 demets the
criteria based on which students socio-cconomic background was estimated like mother and
fathers™ profession, the kind of amenities at home and whether they have a house-help or not.
Information about whether the student goes for tuitions or not was also sought along with data
about whether somebody from their family makes an effort regulacly to help them in studyving,
Another question was asked about whether students liked maths or not. While some students
might have felt pressurized to give a positive answer to this last question, there were a few

students who explicitly stated their dislike.

Table 6.1: Socio-cconomic status indications of the stmdents in the Grade 3 of the school

Section (Mo, of . -
students) . Ai4]) . B i3E) . 32
m o Ar .

Father’s 23 in d"m”'.":‘ ! "1_ . LT in defenee, 12 0in & in detenee, 7 in

o other govt. job, 9 self h +. b, O others L iab. 7 others
profession employed / private other povi. job, 9 others | gonel. job, 7 oihers
bother’s 38 howsewdfie, 3 self 33 howsewives, 2 self- 30 hovsewives, 2 govt,
profiession employed employed, 3 povt. job |job
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TV 41 is 3]

2 wheeler 12 19 13
Amenitics st [Car | | 3 3
B Computer L1 15 15

House help 2 5 5

Tuition L8] 17 13
Who helps 1 her 30 Fatl 4 self, 8 mother, 17 T mother, |6 father, 9
with studies moathet, ALIET Father, 9 others oilliers
Like maths | 36 a7 30

6.2.5 Data collection and analysis

Atotal of 15 lessons taught by Mupur in the first vear and 24 0 the second vear were observed.
All the lessons were audio-recorded with the recorder placed on the teacher’s table in the front
of the class. The researcher wrote logs of the interactions during the lesson, personal reflections
about the lesson and made notes of discussions with the teacher Mupur after the lesson. Motes
were also made by the researcher in the role of participant observer of the informal interactions
with the teachers and authorities in the school. Other documents related to school ke circulars

were also collected.

For analysis, at first, day-wise descnptions of the lessons and discussions with the teacher were
constructed vsing the fizld notes of the researcher, logs of the classroom and notes about the
discussion with the teacher after some of the lessons, Audio records were reviewed to annotate
and add relevant transeripts. Interactions of the teacher with the students were analveed for the
practices adopted by the teacher. Since most of the interactions reported here were bilingual
iHindi and Enghsh) the Hindi utterances have been translated into Enghsh. The teacher
researcher discussions were analvred for the themes that emerged. This helped inidentifying the

challenges faced by the teacher.

In this chapter, | have focused on the lessons taught by Mupur on the topic of squivalent frac-
tions. These lessons have been selected for study since the topic of fractions was dealt with in
the TPD workshop which Mupur had attended and lessons on the topic were observed in both
wears, It was hypothesized that the analysis of these lessons will give insight into what aspects
of the workshop were taken up by the teacher and the challenges that she faced in using those

ideas. The topic of fractions has been considered @s a challenging one which students find
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difficult. Therefore understanding the teachers” efforts to develop understanding and the chal-
lenges experienced can contribute towards the knowledge for teaching of fractions along with
aspects that need to be focused in professional development. Further details on the methods
adopted to analyze the selected lessons are discussed after the framework of analysis s

presented in secthon 6.3,

6.2.5.1 Visits to Nupur’s classroom

1 visited Mupur’s school in both Year 1 and Year 2 of the study, In Avug 2009 and in Tuly-Aug

20100, & total of 39 lessons of 35 minutes cach were observed (15 and 24 respectvely in each

vear) as indicated in Table 6.2, Informed consent of the teacher was taken for collecting and
using the data records for research and educational purposes. As descnbed earhier, an attempt
wis made to understand the school context by interacting with other teachers, the headmistress,
looking at the circulars 1ssued to teachers as well as understanding the dubies that the teachers

had to perform.

Table 6.2: Nupur's lessons observed in Year 1 and 2

.TI!H]" .l"ur]ui .?'v.'um ber of lessans .ﬂruda .Tn].l[l:'.i
oliserved
l Aoupg-sept. 2009 15 5 fractions
2 July-Mupust 2000 | 20, 4 5 Ared, fractions

In this chapter, | discuss Mupur’s teaching of fractions. All the 135 lessons observed in the first
wear and 4 of the 24 lessons observed in the second year were on the topic of fractions. Detailed
analysis 15 presented for the first three lessons (2 double penods and a single peniod) in the first
wear and three lessons (1 double period and 1 single lesson) in the second wear on the tope of
fractions. The lessons in the first vear are in the very inibal days following the TPD workshop,
when Mupur was exploring new practices and was Faced with several challenges. These will be
discussed in the following sections. Mupur taught the chapter on fractions titled “parts and
wholes™, Since the topic of fractions was one of the concepts that was focused in the orientation
workshop that Mupur had attended, the classroom observations gave insight about what
aspects/featuresssues discussed in the workshop were taken up by the teacher and what kind of
challenges the teacher Faced when trving to use new practices in her teaching. The case study

deseribes the changes in pedagogy as well as the way mathematics was focused in her teaching,
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The significant events for discussion in the case study were selected from the detailed descrip-
tions and notes of all the lessons on fractions, which depicted moments of struggle for the
teacher and the efforts taken by her to resolve the tensions. However, the first three lessons of
teaching fractions were fully transcribed and detaled analvsis was done becouse they represent
an interesting sequence of lessons reflecting the kind of challenges faced in bonging about
intended changes, After Mupur had taught the topie of fractions over the period of 4 month in
wear 1, the researcher collaborated with her to develop a test on the topic for the students. The
teacher and researcher s joint reflections on the students” performance on the test were presented
to other primary teachers and the Headmistress of the school through a joint presentation by

teacher and researcher in a 2 hour workshop in the school,

In the sevond vear, observations were done for the chapter on “Area™ followed by a few lessons
on the topic of fractions, Two lessons on the topie of fractions have been fully transenbed and
analyzed in detail as they represent the stage at which Mupur had reached in her joumey of
making her teaching more student centered, providing them more autonomy and developing an
understanding of mathematics. As she attempted to implement changes, she faced new chal-
lenges that surfaced in the course of her teaching. 1 descnbe how she encountered and dealt with
some of these challenges as she collaborated with the researcher and attempted to abgn her

teaching to the goal of sense-making.

In the next section (&.3), [ describe the framework used to analyze Nupur’s teaching. Section 6.4
presents an analysis of the textbook chapter on fractions. The analysis of the classroom teaching
will be presented in the section 8.5, In subsection &.5.1 brief descriptions of the three lessons in
the Frst year and 2 lessons from the second year are presented to establish their significance in
tlluminating Mupur’s teaching and justify their selection. Sections &.5.2 and 6.5.3 respectively
deal with the task framing and implementation in these lessons. In the next section, 6.6, the role
of the researcher as a collaborator 15 discussed. In section 6.7 the challenges that Mupur faced in
engaging students in sense making and how she recognized some of those challenges through

reflection are dis cussed.

6.3 Framework for analyzing teaching

As discussed in Chapter 2 (Section 2.4.1.2), the relation between teachers” beliefs, knowladge
and practice 15 complex in nature as behefs and knowledge influence practice on the one hand,

but on the other hand, practice can lead to development of knowledge and beliefs, Ball, Thames
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and Phelps (2008) have argued that mathematical knowledge for teaching 15 an important
component of the knowledge required by teachers to teach mathematics, which includes not
onlvy knowledge of the subject matter but also pedagogical content knowledge, knowledge of
students and of the curncolum. As discussed in Chapter 2 (section 2.4.2.1), there 15 need for
framework that one can use to identify the knowledge which 1s used and reflected 10 teaching
through the process of task selection and implementation. The lessons that are analyzed n this
chapter are on fractions. An important theory that illuminates pedagogical aspects of the
teaching and leaming of fractions 15 the sub-construct theory of fractions proposed by Kieren
(1983} The sub-construct theory highlights the different interpretations of fractions that come to
the fore in vanous contexts and tasks which invelve fractons. Given Mupur™s keen desire to
connect the mathematics of the classroom with students”™ everyday expenence, the sub-construct
theory 15 approprigte since it focuses on the meaning of fractions in contexts. Thus, we have
used the sub-construct theory has been used as a framework to analyvze the tasks that Mupur set
for the students and the way in which she implemented them in the lessons. The framework has
also been uvsed to analyze the concepts dealt with and the tasks presented in the Grade 5

textbook chapter on fractions that Nupur taught from.

Since Mupur had a goal of connecting school mathematics with everyday experience, the sub-
construct theory would have been a useful framework for her to learn and applyv. Regretfully,
there was no opportunity to svstematically and explicitly leam or apply this theory in or after the
TPD workshop. The ideas contained in the sub-construct theory however sporadically came up
in the workshop and in the discussions between Mupur and the researcher. Some of the tasks
based on share and measure sub-constructs were discussed in the TPD workshop, but the theory
of fracbion sub-constructs was not explicitly discussed with the teachers. MWevertheless,
analyzing teaching based on the underlyving sub-construct was hypothesized to be helpful i illu-
minating the challenges that Mupur faced as she attempted to introduce changes in her teaching
that were more responsive to student thinking, and began to increasingly emphasize reasoning

and justification.

The sub-construct theory is based on the assumption that interpretations of fractions within
different contexts vary sigmificantly and that different contexts mav nvolve different sub-
construcks, Kieren claimed that students faced difficulty n learming fractions becouse the
curriculum exposed them only to hmited tyvpes of contexts and interpretations, leading to an

impoverished concept of fractions. For fractions, Eieren identified five sub-constructs namely,
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part-whole, measure, quotient, operator and ratio, The part-whole meaning which 15 the most
commenly used interpretation, 15 often depicted with an area representation by dividing a whole
into equal parts and shading some of them. Here, the fractions are named based on the number
of equal parts of the whole, The measure interpretation 15 most often using in the contexts of
measuring quantitics and where the umits are divided into subunits to denote the quantity more
precisely, for e.g, 2 Y2 km, 5 Y hitres of petrol, ete. When a fraction a'b s interpreted as the
share that one gets by dividing a quantity *a” into *b" number of equal shares, this involves the
quotient sub-construct. The operator meaning comresponds to multiphcation by a fraction and
denotes taking a multiple or fraction times a certain quantity, for e.g water needed to cook rice
i5 2 % times the volume of rice. The rabio interpretation nvolves the relabion between the
numerator and denominator of the fraction which denote two different quanbities which may or
may not have the same measure (For more discussion, see Subramaniam, 2013). Kieren { 1988)
and Behr, Harel, Post and Lesh {1992) have argued that the teaching of fractions needs to
include greater vanety of contexts that relate to different sub-constructs discussed above 50 as to
develop a more robust understanding of fractions. An excessive emphasis on the part-whole sub-
construck not only impoverishes the concept of fraction that is leamed, but also often restrcts
children’s thinking within a “whole number bias™. This includes treating the parts that 8 whole 15
divided into as discrete entities by themselves, rather than seeing them as sub-units of the
whole, When a teacher emphasizes double counting — For e.g., counting the total number of parts
and the number of parts which are shaded — without attending to the relation between the pant
and the whole, this 15 a degenerate form of the pat-whole sub-construct, that remains within
whole number thinking. The phrase “m party owt of 7 paris™ has been used to indicate this form

of the part-whole sub-construct.

Two aspects of the teacher’s practice have been analvzed i this study — task framing and task
implementation. Task framing refers to the type of problem posed and seecks to infer the goals
and beliefs of the teacher embedded in the selection of certain tvpes of problem. However, task
implementation analysis reveals how the interactions between the teacher and the students
contributed towards leaming, and the goals and beliefs implicit in the actions and decisions

taken by the teacher while teaching.

The cluim 15 that fraction sub-constructs play an important role in both task framing and task
implementation, and shape the way students and the teacher come to understand and reason

about fractions. Henee it 15 important for teachers to be aware of and use fraction sub-constructs
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flexibly and appropriately in framing and implementing tasks, This suggests that the fraction
sub-construct theory may be a component of the specialized content knowledge in the mathe-
matical knowledge for teaching framework proposed by Ball and colleagues (2005) for the
specific topic of fractions. This chapter throws hght on how teacher’s knowledge of interpreta-
ticns of fracton can guide framing of task and its implementation, and the role it plays n

supporting students” learning.

The framework given in Table 6.3 provides information about the aspects of task framing and
task implementation during teaching that were analyzed to identify the common practices of the
teacher with respect to questioning, responding to wrong answer of students and explanation.
These teachers actions indicate a conceptual orientation on the part of the teacher as discussed
in Chapter 2. The transcripts of the five lessons selected were reviewed to 1dentify the tasks that
were discussed in the lessons, The task formed the unit of analysis and the task framing aspects
were coded as per the charactenstics presented in Table &, 3. For the analysis of task implemen-
tation, we Focused on interaction episodes 1n the lessons were analveed to identify practices that
shaped the way tasks were discussed in the classroom. A detailed discussion of selected
episodes was thought to be appropnate to analyze task implementation aspects. Accordingly,
one episode each from four of the five lessons has been selected for detailed discussion. For
Lesson 4, [ do not discuss an episode i detail, but briefly discuss how tasks were implemented

in this lesson.

Table 6.3: Framework for analyzing task framing and task implementation in the lessons

.T}'p:s of interaction .Eianctcristk's

.T-:ul.'h-:r‘.li framing of Ih-:. 1. Bource of the task (textbook based/designed by the l:.'a-.'h-:rfl.
sk (Task as wnit  of and Rationale for the task

analysis)

2. Mature of iask: (open'closed; caleulation'rensoning based;

whether context based)
3. Fractiom sub-eomstruct foregrounded

Thsk implementation 1. Cnestioning and evaluation practices: Mature of guestions
posed, equity in classroom participation. positive or negative
eviluation, suspending the evaluation, asking students to

evaluabe

246



Case study of Mupur

2. Explanatory practices: Explanation based on procedures or
represeniation, focus on correct answer versus reasoning,
using variety of constructs and contexts for developing expla-
nation, connecting syinbolic procedures with visual represen-

Lalions

Task Framing: The wav a task is framed to be posed in the class, may point to underlving
behefs and knowledge held by the teacher as well as the teacher™s goals. 1t also partly deter-
mines the nature of classroom interaction and constrains the kind of mathematics that is focused
in the classroom. Three aspects of task framing have been identified for analysis, namely, source
and mationale of the task, nature of the sk and the sub-construct used for the task. The source of
the tasks can be from the textbook or designed by the teacher. The rabionale for selecting the
task from the textbook or constructing the task while teaching can be based on students”
response or other factors considered mmportant by the teacher. A second dimension s the nature
of the task, A task can be framed so that students just have to do calculation with the numbers,
or may call for reasoning on the part of the students. A predominance of calculation based tasks
indicates that the teacher™s goal 15 to develop proficiency in caleulations, Other aspects analyzed
in the nature of the task 1s whether the task s open ended or closed and whether or not the task
is context based. The third dimension is fraction sub-construct foregrounded in the task. The
teachers™ implicit or exphoit awareness of the difference between fraction sub-constructs 1s

reflected in the task.

Task Implementation: How students are engaged in completing the tasks detenmines the nature
of classroom interaction as well as the learning of mathematics that occurs as a result of
engagement. Therefore, the portion of transcript dealing wath the implementation of a single

task was analyzed for the following aspects, |

Firstly, the transcript was analvzed to identify the questioning practices of the teacher. Questions
were analyzed for being open or closed, the way contexts are used or the focus on calculation,
whether the question demanded performing a learnt procedure or reasoning and whether oppor-
tunity arises for all students to be engaged in the questioning. (Although these aspects overlap
with that of task framing, the atiributes of questions are discussed separately from the atiributes
discussed under task framing, because questions are largely mmpromptu and arise i the coumse

of task implementation. ) The teacher may pose a4 question to a single student and then open up
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the discussion to others. It 15 possible that even when a question or task 15 posed to the whole
class, only a few students may engage. However, if the teacher Focuses only on a single student,
and does not open up the discussion to the whole class, then it 15 a loss of opportumty o equi-
tably engage all students. The teacher’s explicit efforts to include the weak or less vocal students
in class by calling them to solve the problem can be considered as examples of the teacher
trying to have equitable participation in the class discussion and thus contributing to learning of
all students. If the teacher expects the students to solve tasks on their own without telling the
procedure, it indicates that the teacher 15 using the task to elicit students” 1deas and strategies.
However, if the teacher asks students to work quickly, it could be an indication of belief that
students should be able to solve mathematical problems quickly and works against establishing
equity i classroom participation. Task implementation also involves evaluation of students”
response which can further shape the interaction. Positive or negative evaluation may move the
discussion to next tasks while suspending the evaluation or asking probing question may move

the discussion towards developing an explanation.

The discussion of the solution also involves developing explanations. When the task implemen-
tation involves a demonstration of a procedure, or using a procedure used or discussed earhier n
a similar problem or arnving at the solubon through funnel type questions {Wood, 1998]), then
the explanation developed 15 mostly procedural. The task can be framed wsing a certain repre-
sentation involving a particular sub-construct, but the representation discussed or sub-construct
foregrounded in the classroom mav be different from the one in which the task was framed. The
number of different representations used in discussing a task points towards the connections that
can get established, helping students to develop meaning of the concept. Also, one can analvee
if the connections between the different representations that were discussed were estabhshed
and to what extent the key concepts and ideas embedded in the representations were made

explicit.

Analysis of the practices related to questioning, explanation and evaluabion contnbutes towards
understanding the challenges that constrain the change in practice that the teacher 15 tryving as

well as identifyving the efforts made by the teacher in bringing about change in her practice.

6.4 The textbook chapter on fractions

Two of the three characteristics mentioned under task framing (nature of task and nature of sub-

construct foregrounded) have been wsed to analyvee the tasks included in the textbook. The
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textbook chapter on the topic of fractions for Grade 5 contained 23 problems, many of which
were based on contexts and included activities, games and purzles. This chapter in the new
textbook was a departure from the old one which had predominantly representations of fractions
with shaded pars of rectangles or circles and exercises in which students were expected to
operate on symbolic fractons using procedures. The new textbook did not have exercises
containing a series of computation based tasks, which was very tvpical of carlier textbooks, The
textbook was also different from the carlier one in having a variety of tasks as well as having

many colorful illustrations.

Many of the tasks given in the textbook were open ended. For e.g., students were asked to
design the flag of their chowe and find fractions that represent different parts. In other questions
students were asked to divide & geometric figure into a number of equal parts in different wavs
(p. 32, 34, 600, At another point students were asked to color a grid in different ways and infer
that the same fraction (3/16) can be represented in different ways by coloring different parts
which may or may not be contiguous (p. 570 In one of the games for coloring a circle divided
into 12 parts, students could see how different fractions can combine to make one whole (p. 500,
A note to the teacher about this activity suggested discussing students” responses to develop
conceptual understanding. Thus, there were many open ended questions to encourage students

to see how a vanety of answers could be correct responses to a question.

The chapter adopted a problem solving approach as many of the tasks in the textbook were in
the form of problems situated in some context or the other and a few problems were given as
part of “practice time™, Thus the focus was on eliciting and developing meaning of fractions in
different contexts rather than asking students to use leamt procedures to solve problems. Several
questions encouraged students to reason about quantities and fractions. For e.g., students were
asked if 1/6 of the bigger rectangle will be bigger than 1/6 of the smaller rectangle and to justify
their answer (p. 54). Suggestions o the teacher for the flag activity (p. 50) encouraged the
teacher to help students see that some parts of the Agure could be identified as less than or more
than a fraction, thereby developing precision in the language for descernbing parts using frac-
tions. In one of the tasks (p. 611 where the student had to name the fraction of the colored part,
the part was colored but the whole was not divided into equal parts. In a game given in the
textbook (p. 600, students took twums to pick up a token from a lot that had a fraction written on
it and color the part comresponding to the fraction on their individual fraction dise. The student

who was the first to color the whole dise won the game. This game helped in consolidation of
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students” conception about comparisons of fraction, identifving equivalent fractions and
formation of the whole as students were expected to color the parts denoted by the fraction on
the token they picked from a lot In the process they could compare 1t with the frachon colored
by a playmate and identify when the fraction on the token would complete a whole, All these
activities indicated that the objective of the chapter was to make students think about the
relation between the part and whole while naming the fraction and careful consideration was

given to address the misconceptions in understanding fractions,

A range of contexts were used in the textbook which were related to shopping, making parts of
objects or collections for categorization or sharing, partitioning the field for growing different
vegetables, time spent on daily activibies, relation bebareen distance travelled and ome taken,
ete. The chapter started with the context of studving the Indian flag and the fraction denoted by
the three colored bands in the flag. This was followed by examples of other flags and tasks to
name the parts of the flag with different fractions. The activity of making a magic top nvaolved
the use of composite fractions by asking students to color 2/8 of the circle. The context also
allowed students to discuss a science concept — why does the magic top turn white on spinning,.
There were also tasks o make students think about how different fractions could combine to
form one whole — for e.g.. when in the context of @ humorous story the students had o Agure
out how many slaps would Y2, 1/5 and 2/5 of a prize of 100 slaps be {See description of lesson 2
below). The chapter had suggestions for several activities, games and concrete manipulative
which could be used as an aid for developing understanding. The chapter had suggestions For
setting up a math club in the school in which interesting activities could be taken up by the
stucents like “purzles, tangrams, maps of buildings and calculating area and perimeter of the
school playveround™. The textbook recommended that activities like the coloring game on the
fraction disc and use of concrete materials like matchsticks or fraction strips along with follow
up activities would help in developing conceptual understanding. These suggestions indicate the

attempts within the textbook to make mathematics relevant and interesting for students.

The tasks in the textbook foregrounded a variety of sub-constructs. The arca representation and
the part-whole sub-construct was predominant, 1.e., shaded parts of various shapes were used in
the chapter along with the fraction notation. However, there were also many problems which
were framed in a sitwation of squal shanng or measurement indicating the use of share and
measure sub-construct. The mabo sub-construct was also used to compare different quantities,

for e.g., number of blue hats and red hats in a collection of hats (p. 53) and when comparing the
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number of hours a student engages in different activities during a day (p. 67). Both these
contexts involve part-part comparison using the ratio sub-construct. The operator sub-construct
emerged n tasks which engaged students in finding the cost of different quantities of vegetables
purchased and fAnding 1/5 of 100 slaps in the story context. Connections were established
between mathematical topics lke fraction and area, and fraction and measurement. A connection
between fraction and time was established by using & horizontal number bar for representing

time.

The analysis of the textbook thus showed that the tasks given in the textbook had the underlving
ratiomale to develop students understanding of fractions by relating fractions to different
contexts, understanding the relabion between part and the whaole, engaging students in reasoning
about fractions using different types of representations and used a vanety of sub-constructs to

frame the questions in the chapter.

6.5 Analysis of Nupur’s lessons

6.5.1 Summary of the five lessons

Summarnies of the five lessons, which have been analyzed in detail for this chapter, are given

below, The lessons | to 3 are from Year 1 and lessons 4 to 5 are from Year 2.

Lesson 1: Mupur had started teaching fractions before the lesson observation started. This was
the frst lesson that was observed by the researcher. In this double penod lesson, Mupur started
with the task of naming the fraction for the shaded part of a cirele. She fArst used a multicolored
dise to ask students to name the fraction for different colored parts using unit fractions. She then
used the textbook task of naming equivalent fractions of half using circles with 4, 8 and 12
cqual parts (see Figure .10 Some of the students in her class already knew the procedure of
multiplying or dividing the numerator and denominator by the same number to obtain equiv-
alent fractions, learned perhaps at home or in a “tuition” class. She drew attention to fractions
equivalent to half using terms like “half moon®. On the teacher’s invitation, the researcher mter-
acted with the students and asked “Are 274 and % equal?”. The students argued that they are not
equal since 24 has an extra partitioning line and a different number of parts. The rescarcher
then asked students to think about whether two ¥ pleces of a cake and a ¥ piece of a cake kept

on two sides of weighing balance would balance cach other. In the beginning of the next lesson

on the following day, all the students agresd that that two pieces would balance each other and
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that ¥2 and 24 would be equal.

Figure 6.1: Task from the textbook used by Nupur in lesson 1

Coloured Parts

Complete these

This circle is clivicled it

wo coual parts, Chal ol
:'I|II:1| parts  ome

part is osloweed Bloe.

Here the cirele is divided
imiler el parts, Chat
af el parts,
paris are cokured Blhae.

e e e B oo Here the cinehe s ...

Lesson 2: This lesson ocourred on the day after lesson L. The teacher narrated a humorous story
from the textbook about *Birbal®, a poet who wanted to meet the King. The gatekeepers at three
different gates each asked for bribes — a share from whatever prize the King would give Birbal.
The shares of the gatekeepers were respectively 1710, 25 and ¥ of the reward. To punish the
gatekecpers, Birbal asked the king for 100 slaps as a reward. The teacher discussed how many
slaps each gatekesper would get. The students were able to orally arnve at the answer for 1710
and Y2, but tred to multply 275 with 100 to get the answer and made errors. The teacher asked
students to explain their calculabions, which students were unable to do. The teacher then
engaged students in identifying equivalent fractions of 275 asking them to guess the equivalent
fraction with denominator 100, Some students were able to guess but other students said that

thev had not understood. The teacher then asked for advice from the researcher. The researcher
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suggested making a representation of the question posed so that students are able o come up

with their cam strategies. However, Mupur proceeded to draw a representation of 2/5 of 100 by

making first an array of 10 * 10 coins, and then circling 4 coins in each line to show that 1t

would be 407100, By the time she Fnished her explanation, the time was up.

Lesson 3; This lesson was also a double penod, and occumred on the day after lesson 2. Based
on the figure given in the textbook, the teacher brought paper strips of the same size and drew
the representation of equal sized rectangles divided into different number of equal parts on the
board | See Figure 6.2). In the lesson, she asked students to fold the strips into different numbers
of parts (2, 4, 8, 3, & and 3). After folding, for cach strip she asked students to name one part,
and different partial lengths of the strip. She gave them two fractions and asked iF they were
equal, o which students responded by dentifving equivalent fractions. The teacher asked
stucents to identify the equivalent fractions of Y2 using the representation. She then gave the task
a3 *E = #1167 asking students to find the numerator. The students were able to give the
correct answer for &8 but for the third equivalent fraction two fractions were proposed: 12716
and &16. The teacher discussed both fractions. A student showed the correct calculation
procedure of multiplyving both numerator and denominator in &8 by 2 to get 12/16. Unsure 1f
the students had understood, the teacher vsed the representation on the board to show how 12/16
wis equivalent to ¥ pointing out that they were of same sire. She then asked students to identify
different unit fractions, composite fractions and equivalent fractions using the representabion on

the blackboard.

Figure 6.2: Represendation wsed to discuss size of unit fractions and to identify equivalent

fractions

Year 2:
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Lesson 4 This was Mupuc™s first lesson on fractions in Year 2. Her goal in the lesson was to
consolidate students” learning of area and prepare the ground for teaching of fractions. She had
asked students to make flags of their choice as homework. After looking at some flags, she
asked students to draw a rectangle of length 12 cm and width & cm oand divvide it ko & equal
parts. Some students came to the board and showed 4 different ways to make 6 equal parts. One
student incorrectly drew both disgonals and lines joining the midpoint of the opposite sides of
the rectangle obtaining # equal parts instead of &, Mupur discussed this solution with students
about whether such partitions lead to equal parts or not. Mupur probed students for other ways
of partitioning and also asked students about how they had drawn the partioning lines. She
helped a student articulate that when she took points at distances of 2 cm, she was able to get &
equal parts. She also helped the student express that the total length of the rectangle could be
obtained from combining the length of each part by repeated addition or multiplication. She
then asked students to find the area of one part using the area formula and then estimate the arca
of tao equal parts. The students were able to estimate the area for two and also for four equal
parts by doubling. In her discussion with the researcher, Mupur said that she would use these

ideas for teaching fractions.

Lessan 5: In this double penod lesson, on the dav after lesson 4, Mupur used an area represen-
tation from the textbook where non-conbiguous parts were colored and asked students o find the
fraction to represent the colored as well as non-colored portion, which students dentified as
816 (see Figure &.3). The teacher asked students iF it would be considered as equal to 24, The
students drew a Fgure depicting 24 and gave arguments like “among every 4 parts, 2 parts are
colored™ Some students objected that the fgure should not be changed in this manner while
others felt that it was valid to do that. To resolve the conflict, the teacher asked students to talk
about the meaning of 24, One student conjectured that since 8 is half of 16, therefore one can
write 1t a5 24, Teacher asked students to compare 24 and %2 and researcher asked them to
identify what 15 same in the fractions ', 24 and 8/1&. The students reported that numerator was
half of denominator. In the follow up, the teacher stated that the shaded part 15 denoted by the
numerator and the total number of equal parts of the whele are denoted by the denominator,
When a student made a mistake of naming one part of the whole as “one”™, the researcher asked
students to compare whether 8 or 816 15 bigger. While discussing this, Mupur asked students to
draw representations of 8, 1 and 18, With the help of the teacher, the students realized that these
fractions represent & sheets of paper, 1 sheet of paper and one part of the paper respectively.
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Mupur focused their attention on the arca of one part denoted by the fraction 1/8

Figure 6.3: Task poscd to students to name and justify the fraction in lesson 5

In most of the lessons, Mupur took a task from the textbook followed by similar tasks

constructed by her. The general pattern followed by Mupur in her lessons was:
= Ask some quick questions to recall the work done previously.
#  Give a problem) msk/actvity to the whole class and sohoit answers from students.
*  Students call out their answers.

*  Evaluation of the answer and posing of the next task or question. Alternatively, she

asked the student to explain his/her answer by showing the solution method..

6.5.2 Task framing in the lessons

In this section, the analysis of task framing in the 5 lessons that were selected has been
discussed. The lessons have been analyvzed to wdentify the way the teacher framed the tasks
which were posed in the class according to the framework discussed in section 6.2, The cate-
gories of task framing and implementation sometimes overlap since the task framing also deter-

mines the way the task is implemented.

The framing of the tasks 15 important 10 reveahing the teacher’s objectives, behefs, conceptual
knowledge including the knowledge of the fraction sub-construct, and the type of mathematics

considered important by the teacher. The tasks in the textbooks are framed keeping a particular
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pedagogy of mathematics in mind as they encourage multiple comect answers, focus on
reasoning and use contexts. Research studies have indicated how there are differences in the
intended curmiculum and the implemented curnculum as the way the curriculum 15 mterpreted 15
dependent on complex interaction of factors hke teachers™ beliefs, knowledge and common
pracices engaged by the teachen Cromin-Jones, 19915 . The teachers” selection of tasks from the
textbook and framing of tasks similar to the textbook might indicate teachers™ beliefs and

knowledge by looking at what aspects of the similarity 15 maintained.

Table 6.4 illustrates the nature of tasks and representations used by the teacher in the three
lessons in the first year and the two lessons in the second year, The table is followed by a
discussion of what the entries show in the following subsections on the source of sk, the

nature of task and the sub-constructs foregrounded 0 the selecting/constructing the task.,

Table i.4: Dimensions of task framing in Lesson 1 fo 5

Lessan .NIJ]'I'.'HIE'I!' and Marure of tasks [ Representation used in the task! solutien
Lessonl T tasks: S naming the fraction vsing circular arca model,
ER RN 2 open, 5 closged,; | making cireular area model equivalent to half,
(2 periods) | | extbook, 6 consirected | svimbolic fraction noiation
Lesson? 10+ 1 1asks: Tidentibving fraction of guantity wsing svimbols,
4/08/009 | non-math task, 2 ariting fractiom notation,
(|l period) | | apen, 9 closed, | wisual represetatiom vsed by the eachier

4 texthook, 6 constrected
Lesson3 15 tasks: Qidentibving fraction/equivalent fraction vsing
S0E/09 13 open, 2 closed; visual/conerebe representation,
(2 periods) || wextbook, 1 adapied, 14 2 making parts of strip,

congiructed 2 finding fractiom of Quantity,

| eoprving represenidtion,
| finding equivalent fraction using fraction noiation

Lesson 4 3 Lasks: 3 Reeiangular aren mode] wsed:

2900710 | apen, 2 closed, I making & parts of & given reciangle of specified

(1 period) || estbook, 2 consirocted length and breadth,
2 finding area of number of parts knowing area of one
Fant

Lessons & Tasks 4 identibying fraction vsing rectangular area model,

4E 10 2 open, 4 closed; | eomparing fraction with whole/s vsing fraction

(1l period) | | extbook, 5 consirected nesation and paper,

| making representation For a given frction
6.5.2.1 Source and rationale of tasks

The textbook seemed to be the main source For selection of tasks and sometimes Mupur

"!lq&



Case study of Mupur

considered what problems students would find interesting to engage with. Howewver, the
objective of the task was not necessarily the same as what was given in the textbook. As Table
6.4 shows, in all 5 lessons, the teacher gave tasks from the textbook but also gave tasks that she
construcked tnvolving a calculation similar to the one in the textbook. The purmpose and rationale
for the tmsks varied. The task in lesson 1 was very similar to the textbook task, n which she
asked students to come up with as many equivalent fractions of 2 as possible and then to
construct the representation of half and one of its equivalent fractions of choice. She mav have
felt that by giving the choice to students, she had made it more student-centered. In Lesson 2,
the initial task was from the textbook, which was rooted in the context of the culturally Familiar
Birbal story and the objectve was to engage the students i problem solving. However, the six
tasks later posed by the teacher all involved calculations to find the fraction of a quanbity. Ths
indicated that the teacher considered that the main purpose of the task was to leam how to find &
specificd fraction of a given quantity. As discussed earlier, Nupur’s beliefs reflected a tension —
she thought that the use of similar tasks leads to rote memorization., at the same time she
thought that practice was necessary. In lesson 3 too Mupur introduced tasks not given in the
textbook, For e.g., she used the representabion given in the textbook to discuss naming of both
unit and composite fractons while the task was given in the textbook was aimed at identifying

equivalent fractions.

In lessons 4 and 5 in the second vear she constructed tasks based on the misconceptions among
stucents that she felt were important to address. There were fewer tasks per lessons than in the
three lessons from Year 1. In lesson 4, she focused closely on building on students” under-
standing of arca to make equal parts in different wavs as a preparation to leam fractions, thus
using the measure meaning of fraction. In lesson 3, she addressed students™ difficulty of 1dent-
fying fractions using a representation which had non-contiguous shaded parts, by focus on iden-
tifying the size of cach part. Another misconception that she addressed was that students
considered a fraction to be bigger if the denominator was bigger. She had an extended
discussion to compare 8, 1 and 1/8 to help students develop a sense of relative size of the three

numbers.

Thus, in the imbal lessons the tasks given by the teacher were largely vanabons of the textbook
tasks, but focused more on calculaton. In laber lessons most of the tasks were designed specifi-
cally to address student misconceptions. This 1s consistent with Mupur's remarks made to the

researcher, which reflected a growing sensibivity to students” difficulties. This isdiscussed in
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section 6.6 below,

6.5.2.2 Natore of tasks

In Lesson 1, the teacher quickly shifted from using shaded figures to discuss Y2 o asking
students to give equivalent fractions of 2 using the pattem that the numerator 15 half of the
denominator. In other lessons, the teacher spent more extended time, discussing the figures and
attempted to establish the relation between part and whole through companson and Iinking the
visual representation to the symbolic notation of 8, 1 and 1/8. In the initial lessons, the Focus
wis mainly on naming the fractions and fnding equivalent fractions while later lessons were
about naming the fraction, comparing the area of parts to the whole and grasping the relation

between the part and the whole.

The textbook had many questions that expected students to reason using fraction representa-
tions. For e.g., n the story context in lesson 2, the share of the three gatekeepers together
accounted for the whole and thus Birbal would not get any slaps he had asked for. However,
since the lesson was largely devoted to trving to find 275 of 100, the teacher was not able to

discuss this aspect.

We note from Table 6.4 shows that the majority of tasks in four out of the five lessons analyzed
were closed in terms of having a single answer. Only lesson 3 had a large number of reasoning
based tasks, which may be attributed to the topic that Mupur was dealing with, namely fining
equivalent fractions. In the second vear, the open ended task in Lesson 4 involved the students
in dividing the rectangle of given length and breadth into & equal parts in different wavs,

followed by a discussion of 4 different solutions.

While the textbook favored a contextual problem-based approach along with activibes and
games for teaching mathematics, the teaching was still focused on using the area model repre-
sentations where counting of parts was the procedure to identify the fraction from the whole
followed by calculations using fraction notation. Although Mupur had indicated connections to
daily life as important, she did not use any context from daily life to frame the problem for
stucents apart from the contextual problems given in the textbook. The tasks framed by her
illustrated the teacher™s goal of making students proficient in identifving and making representa-
ticns of fractions {unit fracton, composite fraction and equivalent fraction) using the area model

and using the fraction notation, and being able to give equivalent fractions by undemstanding the
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pattern between the numerator and denominator.

6.5.2.3  Use of sub-constructs to frame the task

Mupur used the mterpretation of fracton as “shaded parts upon total parts” as the main dea to
frame the tasks using arca model in Lesson 1 when she asked students to identify the equivalent
fraction by “counting” the shaded parts and the total parts. In some instances, the focus was on
identifying the equivalent fraction based on matching it visually with the “half moon™, The 1den-
tification of fraction 15 thus based on the perceptual features of the representation rather than the
propertics or relations embedded within the representation. The mathematics focused s
narrowed down to wnting the fraction that can represent the shaded part by counting, This
reliance on counting 15 mathematically problematic since the parts may be of different sizes and

the student mav be led to think that fractions like 775 are not possible.,

The sub-construct used in the first lesson s predominantly “m parts owt of n parts™ a degenerate
form of the part-whole sub-construct. In the second lesson, when the teacher discussed the
problem of finding the share of cach of the gatekeepers from the *Birbal story”, lends itself natu-
rally to the operator interpretation the operator sub-construct came to the fore, The operator sub-
construck was also foregrounded in the follow up tasks given by Mupur to the class. However,
when the teacher represented 275 of 100 slaps by drawing groups of five coins and circling 2 out
of every 5 coins, it was the mbo sub-construct that was emphasized. In the thind lesson, there
wis 4 predominant use of the measure sub-construct when she asked students to name the
fraction based on the size of the part folded on the strip. The measure sub-construct was also
predominant 1n the fourth and fifth lesson when the teacher discussed the area of the part n
comparison to the whole, The quotient sub-construct which 15 based on equal sharing did not
oceur in these five lessons, nor did it play a prominent role in any of the other lessons on frac-

tLons,

6.5.3 Task Implementation

The analysis of task framing as discussed above indicates broadly the teacher’s goals and her
focus in her lessons. More about how the teacher’s beliefs and knowledge interact with practice
can be nferred from the way a particular task was implemented in the classroom. It 1s in the use
of a certain task, i the teacher’s responses to sometimes expected and sometimes unexpected

student responses to the task, and in the actions taken to address the errors or o give explana-
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tions, that the richness and potential of the task, as well as the role of the teacher’s beliefs and
knowledge is revealed. The manner in which tasks are implemented can throw light on the
purposes for which tasks are included in the textbook, and the way these are interpreted by the

tenchers,

For the analysis of task implementation, an excerpt has been selocted from 4 of the 5 lessons.
These excerpts are illustrative and reveal in some detail some of the practices that Mupur
adopted. Three kinds of practices are focused — questioning practices, evaluatory practices and
explanatory practices. After each excempt, | discuss the practices that are reflected in it These
excerpts provide evidence that Mupur was trving to bring in new practices. At the same time
thev also reveal Mupur's struggles— moving the students from a procedural focus to leaming
with understanding, interpreting fracton tasks meaningfully, ehiciting reasoning and problem-
solving strategies that are spontaneous, connecting reasoning and spontaneous strategies with
procedures and providing coherent explanations and justifications. The discussion of ecach
excerpt highlights the efforts to incorporate new practices and the challenges faced by Mupur in

doing so.

The sequence in which the excerpts are presented and discussed may suggest that Mupur’s prac-
tices evolved towards being more responsive to students” thinking, Indeed, the rescarcher™s
presence in the classroom across the two vears did enable her to see the gradual change in the
culture of the class. The researcher also noticed that Mupur frequently fell back upon practices
that were more procedure-focused or “transmissionist™. However, it 15 not the aim of this
analysis to establish that such a change took place. Given Mupur’s strong beliefs and onentation,
it 15 justifiable to assume that she was making efforts to change her practice. My focus rather, is
on the challenges that she faced as she tried to brong in changes. Anattempt has been made to
identify the hurdles that came in the way of adopting more effective practices of questioning,

evaluation or explanation. The discussion of the excerpts will attempt to bring these to the fore.

6.5.3.1 Excerpt from lesson 1

Teachers” questions are the most important tool to engage students in a task, probe their thinking
and evaluate their responses. The nature and quahty of the question, however, needs to be taken
into consideration along with the context in which the question s asked. Mupur’'s questioning
practices showed vanation over the course of collaborabion in the nature of the questions that

were asked, the way the representation was used to pose the task or discuss the solution and the
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variety of contexts used to pose the questions,

In the imitial few lessons in the first vear, Mupur often asked funnel type questions or closed
ended questions for which only one correct answer was possible. In the research literature
(Wood, 1998) these type of questions have been described as having the objective of narmowing
the foous of conversation with the students so that thew arrive at the correct answer. Using such
questions, the teacher breaks the task for the student into smaller tasks with less cognibive

demand, ultimately guiding the student towards getting the right answer.

In Excerpt 6.1, from lesson 1, the questions asked from line 9 to 19 are funnel tvpe questions,
the purpose of which seems to be to help students arrive at the correct answer. The larger

discussion 15 about the equivalent fractions of half using the circular area representation.

Excorpt 6.1:

1. T:agl, tell me, how toname this part?
2zl 24
T: 2/4, Whw 2/47

[T ¥ ]

1. Skl Ma am, Ma am, becavse,..

2. T: Mo 5gl will tell, if she 15 not able to tell, then vou speak. Tell me why?
Explain why this 15 2/47

Sh2: B am

4. T: Keep quict 5b2. Let her try. You people don't let the gicls speak. If she does

not speak then only you speak. She was telling and she was telling nght. 5gl, tell
bera [girl].

5. &gl [Silent]

&, T: How do vou identify the number? What do vou write first? How many parts
are there? How many parts?

7. &gl 2

A, T:Are there 2 parts? How many total parts are there?

9, &gl 4

10, T: How many of them are shaded or eaten?

11, 5g1: 2

12, T: 2. 5o then what 15 the number?

13, Sgl: 2/4

14, 5b1: Ma am, May [ tell. 48 {Answer to the next question on the board).
15, 58b2: 8/4
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Ia, T: B4 or 4087

17, 55 Ma’am 48

18, 5b7: Ma"am, just ke when marks are given.

19, 5b?: Ma am, because we have halved it

200, 5b?: Ma”am, we have shaded 4 out of 8. (Classroom excempt, Date- 3/08,/09)

Mote: T: Teacher; Sg: Girl Student; Sk Bow Student; Ss: several students; Sh7?:
Unidentificd boy student

Prior to the segment in the excerpt, again through a set of funnel trpe questions, Mupur had
established that to write a fraction for a shaded porbion one should write the number of shaded
(colored) parts upon total (equal) parts. Student responses of the type “2 green parts and total 8
parts” were taken as correct reasons For saving why a colored part was denoted as 28, In the
above extract too, the teacher asks a student to name the shaded portion as a fraction and after
the correct answer, asks the student to explain why the answer should be 2/8 However, the
framing of the question to dentify the fraction of the shaded portion without reference to area or
what the whole represents indicates to the student that one needs to only count the shaded and
total parts as numerator and denominator to dentify the fraction. This type of “double counting™
to name the fraction constrains the development of concept of fraction as the student might view
fraction as composed of two numbers cather than thinking of it as one number indicating
quantity. In Excerpt 6.1, from line 9 to 15, the teacher tries to help the student explain why the
answer 15 24, Here one can see the tension and challenge expenenced by the teacher in focusing
on understanding in teaching, On the one hand, she 15 asking students to give explanations, but
on the other hand, the explanation that she expects 15 based on the procedure for counting the
parts. Thus, her questions, evaluations and explanations have a strong procedural focus as seen

in this excerpt.

As seen in line 19 in the above episode, Mupur used closed-choice questions often when a
stucent responded with an upturned fraction indicating that she considered this response to be a
carcless mistake rather than indicating a conceptual gap Another common emor that she
considered as a carcless mistake was saying only the numerator in form of whole number to
denote the shaded parts for example, saying that 2 parts are shaded rather than 278 pant of the
whole is shaded. To such a response from the students in the initial lessons, she often asked “1s
it 2, or 287", following which the students would switch to saving the fraction. However, in

later lessons Mupur noticed this pattem in some of the students” responses, that they repeatedly
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avolded the use of fraction words, and responded in terms of whole numbers. She became aware
of this error and considerad it as an important misconception. Her discussion of &, 81 and 1/8 in

lesson 5 was aimed at addressing this emror,

A problem that has been recognized with the use of funnehng or closed cholee questions 15 that
it creates in the teacher an ffusion of competence { Schoenfeld, 2007 on the part of students, as
the teacher may misunderstand that students have undemstood the concept, since they have
arrived at the correct answer with the teacher™s help. However, when students are asked to do
the task independently or if the task 1s shghtly changed, they are not able to solve it This 1s
because, they have not really understood the concept but have learnt how to answer a particular
tvpe of question. Thus the teacher mav fail to recogmze the conceptual gaps among the students
and assess student understanding incomrectly 1f they use such questions. In Hupur™s case,
however, her remarks to the researcher as discussed in section 6.6 indicate that she did notice
the errors that students made and gradually became more sensibive to students™ mistaken wavs of

thinking as her lessons on fractions progressed.

6.5.3.1 Excerpt from lesson 2

This excempt 15 from lesson 2 when the teacher was discussing the share of one of the gate-
keepers as 2/5 of the prize that Birbal (the character in a storv) would get from the emperor.
Birbal, had asked for 100 slaps as the prize.
Excerpt 6.2:

&0 T: S0 the first gatekeeper got 10, 10 out of 100, What about second

eatekeeper (2/5 of 100)7
il Sh: 40
a2 Sh: 20

& T Who is saving 407 Come Yogesh, Who 15 saying 207 How will you solve?
L) 15 also answer, come. Any other option? One more 40, You have to tell
hoae?

a5 % Ma’am. Let me tell.

& To Just wait, Let them do. You should listen to others. Always don™t focus
on telhing your answer.

[Btudents solve the problem on the board. A student shows 275 = 2= 401.]

&5 T: You have written 3 there, so how did vou get 407
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Q3

R

118
119
1203

124

125
126
127
128
129

1363
13]
132
133

The excerpt above 15 an instance of Mupur’s practice of asking students to explain their answers,

where instead of evaluating the answer from students right away, she asked students to show

Sb1: Ma'am 5 into (multiply by) 2 if we will do and 2 into 2.

T: Leave into (multiply). You tell me, there was 100 so, how did we get out
of 40 from it? How 15 2/5 of 100, 407 How will you caleulate?

Shl: Maam 5 20 are 100 and 5 475 are 210,
T: Sometimes you say 20 sometimes 40, You go now,
Sh1: Ma am correct answer 15 20,

[Teacher writes 2/5 = 100 on the board and asks another student to solve.
Another student 5bZ uses the multiphicaton fact 3 = 20 =100, so 20 which
when multiplied by 2 gives 40, Teacher then turns back to the student who
gave 20 a8 answer. )

T: Why vou are getting 20 as answer? [ don™t know if the answer 15 comect.
Sh1: Ma am we have to distribute (share).

T: We have to share. 2 out of 10 or 2 out of 37 Out of 10 or 57 (Emphasizes
the numbers 10 and 5.)

[Another Student shows 2/5 = 100 =40 by cancelling 5 and 170 and wnbong
20 orver 100,

T: Ok. Go back to vour seats. What is the meaning of 257 You tell me. Out
of 5, how many parts did vou get?

50 2

T: 50 out of 10 how many will vou get?
S50 (Silence)

T: What 15 the meaning of 2757

T: Out of 5 vou are getting 2. Like, from 5 toffees vou are gething 2. 5o out
of 10, how many will you get?

Sa 4

T: Ot of LiX...

Sz 40

T: S0 vou can do it orally ke this itself. { Classroom excerpt, 470879

how they got the answer.

The excerpt above reflects both Mupur's struggles with the challenges faced as well as efforts to

include new practices while teaching. The practice of asking students to share different solutions
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and discussing them 15 a new one, which Mupur had admitted in a post lesson discussion after
the lesson. Wupur shared that she introduced this practice as she appreciated the opportunity
given to students to share their answers on the blackboard and to discuss each other’s answers n
the live teaching sessions i the TPD workshop she had pamicipated. In rving to establish this
as a new norm, Mupur requested students to “histen to others™ i line &5 rather than asking for a
chanee to tell the correct answer to the teacher. However, the teacher 15 struggling to move from
a procedural to a meaning based understanding as she tries to engage with students™ solubions
and make sense of it. The solutions shared by the students were different procedures for finding
25 of 100, including an incorrect procedure. The students were making mistakes in calculation
because they were not able to make sense of what 1t means to multiply a quantity by a fracton.
Instead of immediately evaluating students™ answers, the teacher asked for other solutions or
tricd to make sense of students” responses as in line 94, where she pointed out to the student that
he had not written 100 anvwhere in the problem solution, evidently to make the student think
more carcfully. This practice of not evaluating the answer immediately and asking for expla-
nation or other solutions is a new practice that Mupur tred to incorporate in the lesson. When a
student { before hine 1240 used the correct procedure to armive at the answer, Mupur could have
ended the discussion there, to move on to the next task. But perhaps she realized that most of the
class would not have understood the reason behind multiplving 100 with 25 and also why 100
has to be divided by 5 but multiphed by 2. Mupur’s closed choice question in line 120 15 an
attempt to make the student 5b2 think about the meaning of a fraction. The seemingly funnel
type questioning in lines 129 to 133 15 actually tracing the steps of an argument which indicate

the teacher™s effort o move from a procedural focus towards reasoning.

The explanation that Nupur developed post students”™ correct response from line 1200 to 133 15
based on the construct of equivalent fractions together with a rabio nterpretation of fractions
(25 = 4/10 = 4001003, In this explanation, the share of 25 s interpreted as a relabion (ratio)
between part and whole, which remains invariant as the whole 15 increased from 5 to 10 to L00,
She was scaling up the total parts by a factor and the students were expected to scale the
numerator by the same factor, thus implicitly using the notion of equal ratio. Her selection of
number 10 and 108 a5 the quanbibes to scale up indicate the thought given by her for selecting
numbers which would be easter for students to extrapolate. An alternative and more appropriate
approach would have been to use the operator interpretation of multiplyving by a fraction —

showing how 100 can be divided into 5 equal parts and that bwo of these parts comresponding to
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"5 of 107 equals 40, The operator interpretation, in this case, also offers a connection with the
procedure of multiplying 2/5 = 100, The invariant ratio interpretation, in contrast, involves
multplying the numerator and denominator by the same number 50 as to make the denominator

100.

Post the emsode llustrated in the excerpt 6.2, Wupur still believed that some students may not
have understood the relation between 25 and 40 out of 100, She then asked for researcher’s
advice who suggested asking students to draw a representation of 25, The teacher then herself
drew a representation of *2/5 of 100" on the board, by circling 2 coins out of every 3 coins and
asked students to find how much coins would be circled if they considered all 100 coins drawn
on board. Though she was able to lead the class to the comrect answer using the representation in
this manner, there was no discussion on whether 275 and 407100 are equivalent or on why the
ratio between the numerator and denominator remains the same, since the focus was on ariving
at the correct answer. Mupur used a similar reasoning when she moved to the next task (line
133). The task that she gave students was to find the share of the gatekeeper if he would have

asked for 3/5 of the prize.

In this episode, the teacher tried various moves in response to a wrong answer which included
asking other students to share their response and explaining the procedure in different ways
including vsing a visual representation. A tension 15 seen in the episode between teacher’s
attempt to simplify the procedure for students to amive at the comect answer and to develop
meaning of fractions. Knowing that students tend to calculate without attention to meaning, she
opted for an oral and simpler method to arrive at the answer, but in the process mathematical
idea about the meaning of fractions and fnding the fraction of 4 quantity remained implicit. The
challenges faced were engaging students in understanding the meaning of the fracbon 275 and
the above 25 of 100 even as some students quickly showed the procedure for multiplying 2/3
with L0, which they probably had learnt in tuition classes. Another challenge that is evident in
excerpt 6.2 15 the establishment of connection between symbolic representation of the procedure
of multiplying 25 = 100 and the visual representation. Mupur made the visual representation but
did not discuss how it was connected to the symbolic procedure. The limited pedagogical
content knowledge on the teacher’s part to select appropriate representation and lead a
conceptual discussion could be the reason. This suggests gaps in the teachers” specified

knowledge for teaching and wavs in which they may be addressed.
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In a subsequent discussion with the researcher on what the operation involved was, Mupur iden-
tified the process of combining every 2 coins out of 5 as addition of fractions. The researcher
pointed out that it was similar to combining ratios and it would be problematic to represent it as
addition of frachons. Teachers™ knowledge of how a visual representanon translates or can be
represented using the svmbolic representation 15 important in building conceptual understanding
and developing a facility with using visual representation and svmbolic representation flexibly

to solve problems.

6.5.3.3 Excerpt from lesson 3

In lesson 3, Nupur used the fraction strips to compare fractions and find equivalent fractions.
The students engaged with conerete matenal, answered open ended questions, connected the
fractions named to the process of making a part through folding the fraction strips, and
connected the concrete fraction strip representation to a visual representation in the form of a
diagram. In the beginning of the lesson, Mupur ook paper strips of the same size and asked
students to fold them into different numbers of equal parts. She then asked them to name the
size of a single part as a umit fraction and then asked them to combine the unit fractions to name
the composite fractions. In the process students were able to identify the composite fractions
which were equivalent to Y, U4, and %, ete. This possibility of identifving different fractions
with the same part made the nature of the question open to students and also afforded the oppor-
tunity for students to reason with fractions by comparing their size. For e.g., they were able to
compare the size of unit fractions and identify the number of unit fractions needed to complete a

whole,

In the excerpt given below from this lesson, the teacher used the fraction sirips to Justify which
among several proposed answers were correct. This paved the wav For using representations for
Justification and reasoning in the later lessons too, In the excerpt, Mupur asked students to fnd
the equivalent fraction of % In lines 210 to 238, the discussion 15 aimed at wentifring the

fraction equivalent to %5 as distinct from the fraction equivalent to half,

Excerpt 6.3
176 T: How much 15 three Fourth equal to? [Asking for a response to %% =
/8]
177 Sh: &/&

178 55 68 (many)
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1E5

183
189
1963
191
192
194

197

199

2063
207

216

213
214
219

220
221
221
223

224
225

T: Without any caleulation vou tell me if it 15 16 here [denominator] then
what will come here [numerator]? [Response to % = 8= /16]

Most students: hMa am 3

S: 12 ifew students)

T: 12/16, any other answer?
Sb: Ma'am &

T: & by 16, any other?

T: Two are saving &16. Anv other answer? How many of vou vote for
1 2/167 How many for /167

(% students raised their hand for 12716 as the cormect answer, )

T: How do we confinn that who is nght? Sgl., you tell how vou got 12716
and 5b1, Mo, somebody else tell me how you got 8/16, You both explain
to the whole class. IF vou want to make drawing, show by paper folding,
use whatever method vou want, 1F you want to do caleulation [use that].
Do whatever method you want.

Sel: &= 2 =16, We have colored & parts out of 8 50 iF we multiply by 2
then 12 will come. So6 = 2 =12,

( Teacher asks her to write on the board. )
5h1: Ma am, My answer 15 Wrong,

T: 5h1 has agreed that his 15 wrong, 5b2 vou come and tell which is
night. { Teacher asks student to explain to the other student who gave a
WIS ANSWEr. )

Sh2: Mla wm, when it wall be 24 here (denominator) then 12 will come (in
numerator]. {Student writes 816 =12/24.)

T: & 2" sare 164,
Sh3: Ma'am 2 15 added double times then & would be 16,

T: Listen [to] what 5b3 15 saying. When 1t will be 8 here, then it will be
L&, And when this 1s...

Sh3: 24
T: Then what will come here? This s half of 16, Mo? Here
5b3: [f it 15 24 then only it will be 12,

T: Here you have made half part, Hesa [identifies the incorrect move
made by the student].

Sh3: Mo Ma am, It 15 ¥,

T: Ok, let’s do it by paper folding. Let™s take the one with 8 folds or let™s
make a fresh one.
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228 Tl am making on board while he is folding. 5o, what should T do o
make 16 (parts)?

230 5b4: Ma”am, You can half it { Board already has a figure with & parts)

231 T I should halve it, then it will double. We complete this first. You come

for shading 5g2, shade equivalent to three fourth. First vou count till half,
Yk, this is half, what will be half of half?

237 T: How much has been shaded tll now? Half, What she has to do to
make %7 [Teacher then makes the line of 34 prominent and extends it
downwards to meet the other paper strips.]

233 T: You have to shade more for it to be three fourth, (Classroom excerpt,
SIORTE )

In the above excerpt, Mupur’s approach gives more autonomy to be students in evaluating an
assertion than an approach where the teacher 15 the authority for assessing which answer 15
correct. Although the teacher moved to the next question when many students responded
correctly to ¥ = /&, the teacher suspended the evaluation when she got two different
responses for the equivalent fraction of 3% with denominator 16, There were two different
answers namely 12/16 and 8/16, The teacher made efforts to discuss both the right and wrong
answers of the students. The suspension of evaluation allowed opportunity to students to
evaluate and support their answers with arguments, while it allowed the teacher to get 4 sense of
what understanding the students were developing. In line 206, 5b1 agreed that his answer was
wrong after watching a student give the correct solution, while Sb3 in hne 224 msisted that the
fraction ®/16 was equivalent to 3/4 even after the teacher™s attempt to make him explain why his
answer was wrong. The students” openness to say what they think indicates the quality of rela-
tionship that the teacher had developed with students, where they did not fear disagreeing with
the teacher. To gain a better sense of students” understanding, she also asked the students to vote
in line 194 for the two different answers given in the class. This was a practice that was Frst
used by her in lesson 3 after researcher had used it in lesson | to discuss the equivalence

between ¥ and 2/4. She continued to use this practice into the second vear.,

To convinee the students that £/16 15 not equal to 34, Mupur used the paper stops that she had
already used earlizr in the lesson to show how the size of 12716 would be equal to 3% and 8/16
would be equal to Y. Here Mupur introduces a new practice of checking the correctness of the

ANSWer using a concrete or visual representation rather than a caleulation.

Another practice that isseen in the excerpt 15 to ask for explanations for the answers given.
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Although the explanation given imitially by the students 15 based on procedural calculation,
Mupur pushed the students to use fraction strips to validate their answer and understand the
equivalence between ¥ and 12716, Through working with equal sized strips, which were folded
into a varving number of equal parcts, the students were able to relate equivalence of fractions to
size. While Mupur had focused on perceptual features in Lesson | and mostly on procedures in
Lesson 2, in Lesson 3 she attempted to make a close connection between the size of the plece
and the name of the fraction assigned to it. Before asking for the equivalent fraction for %5, she
had asked students to name the fraction based on Folding paper strips into equal sized parts and
also discussed for example how parts of the size Y5 when combined make ¥ and %, and how

four such parts complete a whole. This foregrounded the measure sub-construct for fractions.

In the discussion following the episode deseribed in Excerpt 6.3, Mupur discussed the fraction as
a relation betaeen part and whole, as far as onecan identify, for the first bme. In contrast, in
Lesson | she had asked students to match parts visually based on how half looks in a circular
whole, The use of linear representation in the form of fraction strips in this lesson made students
focus on the size of the part rather than the appearance of the part. 1t allowed for a discussion of
fractions using the measure and part-whole interpretations. Later in this lesson, Mupur asked
students to name the frachon by shading non-contiguous parts. Her purpose was that students
could name the fraction, not on the basis of what it looks like but on the basis of how much is

shaded of the while,

Even though Mupur was successful in using the fraction stop representation, the problem
remained for Mupur to connect procedures with fraction representations in the explanation. As
mentioned earlier, some students in her class were already familiar with the procedure to obtain
equivalent fractions by mulbplying or dividing both numerator and denominator by the same
number. Mupur attempted to respond to other students who struggled to understand and make
sense of this procedure. She realized the need to connect these procedures to some form of
fraction representation that she was using and tred to explain this to the students. However, she
wis not able to establish the connection between the representations and the procedures used.
For e.g., in lesson 3, the same area was divided into more parts (from 2 to 16 parts) to represent
equivalent fraction of Y as 8/16, However, the connection between this action of partibioning a
portion of the figure and the procedure of mulbplving both numerator and denominator of ¥ by
® 15 only briefly established in hine 231 i excerpt 6.3 and needs a fuller explanation {increase n

the number of subdivisions by a factor of &) In the absence of such an explanation, students
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may consider representations as a wav of finding the answer un-connected to calculations, and

will not develop deeper understanding of procedure.

Later in the teaching of fractions in Year 1, the teacher and students made connections between
fraction operations and other representations. When students were finding it difficult to under-
stand the meaning of multplving a fraction by a number, the researcher suggested to Nupur the
use of number hine, which was also discussed in the textbook, The textbook had several
problems in which one had to fnd the cost of a quantity of thing purchased when either the rate
of 1 kg or other quantities was given. The researcher showed how the double number ling could
be used to depict both fractions as well as operations with fractions hike addition, subtraction,
multplication and division. The researcher also modeled the use of number hine in the class with
the students. In the next class (25/8/09), students shared several wavs to armve at the solution
when Mupur asked them to fnd the cost of buving potato in different quantities when cost of
one kg 15 given (as Bs 24). Some students amived at the cost of 3 kg by addition (Rs. 72) while
other students vsed multplication. Most students found it difficult to find the cost of half kg
potato, while some students showed that the cost for | kg 15 to be multiplied with . The teacher

then drew the number hine, depicting the quantiies %, Y, 34, | and 1'% kg With the help of this

-

number line, Nupur elicited the price of different quantities from students. The students were
ahle to find the price of ¥ kg as Rs 12 by halving the price of 1 kg, Muopur then asked them to
find the price for Y4 kg which they were able to find as Bs 6 by further halving the price for half
kg, since they had already discussed in earhier lessons that U5 15 half of half. A student was then
able to And the price of 3% kg by adding & to the price of ¥ kg which was 12, Another student
showed that one can even multiply & three times to get the answer. Using the number line,
students were able to find the price of other quantities hike 1% kg using the pnce of 4 ke
Through the double number line, the teacher and students were able to integrate measure and
operator interpretation of fractions meaningfully for halving. The students were able to relate
that they could find the price by either repeated addition or by multiplication. The number line
wis thus able to ehicit students’ spontancous strategies other than the standard procedure.
Students could use the operations on their own to depict the relation between quantities and how
quantities are changing across the number hine. However, the connection between operations on
a visual representation like number hine with operations on symbolic representanons was not

established satisfactorily.

It 15 important to discuss connections bebween symbolic procedures and representations so that
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students become aware of the consistency of mathematical concepts across use of representa-
tions which may be visual or svmbolic in nature. In absence of these discussions, students may
come to view mathematics as a st of tools for solving problems and representations may be
considered as vet another tool just hke procedures. The discussion on these connections can
potentially buld understanding of underlying of mathematical ideas belind the wse of proce-
dures as well as develop the facility of representing a process done on a visual representation
through a mathematical statement. The realistic approach of Freudenthal institute favors the
latter approach, but in a situation faced by the teacher where students are already aware of
procedures it 15 important to develop the knowledge in both ways e from procedure to a visual

representation and from a visual representabion to the procedure.

In Lesson 4 in Year 2, students vsed the area representation to show how a rectangular whole
could be divided into six equal parts in different ways, The students showed five different ways
to make & equal parts of the rectangle. A student had made partitions at every 2 cm for a
rectangle of length 12 cm to make & equal parts. When Mupur asked her why she selected the 2
cm distance, the student explained that adding 2 cm 6 tmes comes to exactly 12 cm. Mupur later
shared with the researcher that she planned to connect these i1deas later when students have to

understand the fraction of a quantity, for eg., area of one-sixth of the rectangle.

Using the distance at which partitions were made, the teacher asked students to calculate the
area of the one-sixth part of the rectangle. Using the area of one part, students reasoned that the
area of 2 equal parts would be double this area and the arca of 4 equal parts would be double of
area of 2 equal pars. The students were also able to express the relationships between these
parts mathematically through addition or multiplication. The area of 4 equal parts could also be
expressad as repeatedly adding the area of one part four times {a + a + a + a). However, 1t could
also be expressed as area of one part muloplied by 4 (o = 43 Mupur planned to use these ideas n
teaching of fractions later, for e.g., when discussing how U 15 double of Y Here a more focused
use of the measure interpretation of fraction has been done to develop students” understanding

and attempt to connect symbolic notation to intuitive strategies.

6.5.3.4 Excerpt from lesson 5

In Lesson 5 (see summary of the lesson for the task posed), the teacher asked the students 1f the
fraction 3/16 depicted by the shaded squares (non contiguous in the Agure) 15 equivalent to 274,

A student re-drew the representation of 816 by making the shaded parts contiguous and argued
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that 1t is equal to 24, since in every 4 parts, 2 parts are shaded. The teacher’s discussion of this
response 15 given below,
Excerpt 6.4
T: How many say that this 15 correct? How many wrong? b1, vou think it 1s
wrong., What 15 wrong, tell?
&b1: Ma"am, she has made it topsy ey [miaxed 1it].

T: She has shifted the squares from here to here, therefore vou are fechng wrong?
If it was on the same place it would be nght?

Sb1: Yes Ma"am
T: Could we have shown 24 by some other wav?
( Students shout together for a chance to answer.)
Sk2: Maam. It should be all blue here, and all white here.
T: What 15 the meaning of 2/47
Sgl: These 4 here, when we shade half of 16...
T: Can you wribe 2/4 as half?
&1 Yes matam.
R': S5gl asked a question, may be everybody was not able to listen?
T: Yes, 5g1 asked a question, speak loudly beda (child).
Sgl: This is 16, half of which 15 &, therefore we can write it as 2/4.
T: Half of 16 15 8 therefore we called it as 2/4. Therefore can we call it as 4.
S5 Yes ma’am.
R: But why did vou call it 2/4. What 15 same in 2/4 and 8/167
Szl ha"am, half of 4 15 2.
R: 50, 15 something same as %7

Szl Yes matam, half of 2 15 1. { Classroom excerpt, 408100

In this excerpt, the teacher 15 asking questions to elicit students™ reasoning and their spontancous
strategies. As in excerpt 6.3, the focus 15 not on getting the comrect answer but in tryving to under-
stand the different students” perspectives and interpretation of the visual representation. Instead
of telling the correct answer or how to get the comrect answer, teacher 15 trving to reason with the

students about whether the same representation can be expressed in different ways.

In the abowve excerpt, the teacher engages in the practice of asking students to evaluate the

I K stands for the researcher
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answers, as in excerpt 8.3 from vear L. This is consistent with the researcher’™s observation that
she established this practice as a norm in the second vear with a new group of 5th grade
students. The way students responded readily without hesitation indicated that it was an estab-
lished practice, while in the Lesson 2 and 3 when she had initiated this practice, it took some
time for students to start responding to the teachers™ questions. The teacher started the second
lesson on fractions with a non-conbiguous figure as she wanted to deal with the students”
misconceptions about the fractions directly and early in the teaching sequence. The question 15
also open in the wav it 15 posed since the teacher allowed students to express their own ideas

and perspectives.

In terms of explanation, the student 15 able to use the visual representation for the explanation
rather than relving solely on the procedure. Here Sgl 15 reasoning about the fractions which are
equivalent to half by identifying the visual representation of half in different representations of
equivalent fractions of half. She 15 also able to recognize that in each of the equivalent fraction
of half, halF of the total number of squares would be shaded and thus 15 able to abstract what is
common in 24 and #/16. This 15 in contrast to the way half was discussed in lesson 1 in Year |
when students disagreed that Y2 and 2/4 cannot be considered equal because of the partinoning
line. Here the child 15 recogmizing that many different representations can be equal to half since
the amount of area occupied by the shaded parts 15 the same. Thus.the teacher continued to use
in Year 2, the practices which she had started to use in the vear | indicating that they were

becoming more stable.

6.5.3.5 Equity in classroom participation

Mupur had shared with the researcher in the beginning that there were many students 0 her class
who already knew the answers of the textbook questions since they had done the chapter in the
tuition classes. This had created an issue for equitable student participation in her class since the
students who were doing the problems for the first tme did not get time to think or answer as
the tuition going students would give away the answer too quickly. Mupur had also expressed
concern that girls in her class did not speak up or take interest. While observing the teaching, the
researcher too found that there were solubions written in some students” textbook prior to the
lesson, which they read out when the teacher asked a question from the textbook. To address
this problem of increasing student participation, she had made row-wise teams in the classroom

and she would pose questions to the teams. However, when a student became overenthusiastic
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she would give a more challenging problem to him {mostly a boy), while she engaged the whole
class in discussion. In order to address this issue, Mupur tried to call on students specifically to
give answers after identfring the students who have not been speaking and would try to give
them more time to think. There were tmes when she specifically posed a question to a girl and
encouraged her to give the answer in whatever form she could (for e.g., see excerpt 6.1, line 5 &
7, n section &,.5.3.1) and gave her tme to think and answer the question while asking other
students to hold back their answers. However, the students would still shout their answers and
would try to get the teacher™s attention and her acknowledgement for their correct answers.
Thus, although Mupur tried making the classroom interaction more equitable and participative it
wis challenging to engage all students since students™ focus was on giving the comrect answers

rather than engaging in reasoning and hstening to each other.

6.5.3.6 Conclusion

The analysis of Mupur’s lessons in detail along with description of other events during the
course of collaboration reveals the practices that Mupur was exploring and the challenges she
wis struggling with., Although the analysis reveals that Nupur was attempting to encourage
student participation and reasoning, the focus on procedures was still prevalent through the use
of funnel type questions and explanations focused on procedures rather than conceptual aspects
in excerpt 6.1 and &2, The description of the tvpes of questions posed by Mupur along with the
kind of explanations developed indicate an increasing focus on developing meaning of fractions
and understanding vsing representations, moving away from merely calculating with fraction
symbaols. The teacher™s practice which earlier consisted predominantly of funnel type and closed
choloe questions, began to nclude questions asking for explanations and ressons. The teacher
Eave opportunities to students to develop explanations using representations. Initially students
shared explanations based on procedure, but the teacher™s pemsistence in valuing and engaging
students in explanations based on representations led to students using representations to make
sense of fractions. Although, at imes the teacher reverted to older practices like evaluating the
correct answer and giving the explanation to students when she faced challenges, the emphasis
on reasoning was sustained. Another change that was observed was connecting symbolic proce-

dures to visual representations and the students™ intuitive strategies.

The back and forth shifts in practice between procedures and explanations and between symbols

and other representations, were indicative of teachers” learning during teaching. These shifts in
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questions, explanations and sub-constructs used collectively point to shift in the teacher’s goals
towards teaching for understanding and responding to students” thinking. These events highlight
the tension experienced by the Mupur indicating reflection and reorganization of the belief
structure, the challenges faced by the teacher and the kind of knowledge and pracoce that needs
to be developed by the teacher to bring @ stable change i practice. Many of the changes were
likely induced or supported through the collaboration with the researcher. In the next section,

the nature of collaboration and the role of researcher 15 discussad.

0.0 Role of the researcher as collaborator

My role as a researcher in the collaboration for teaching was taofold. One of my functions was
to identify the take up from the onentabion workshop and the challenges faced by the teacher n
implementing intended changes. The other role was to analveze the practice to tnangulate the
data about teachers™ beliefs and preferences For practices. The collaboration also threw hight on
the knowledge that was involved while teaching and what type of professional development

support 1s needed to overcome the challenges faced by the teacher.

The teacher and researcher met frequently after or before teaching (2-3 times a week for 3
woeks) to discuss students” responses in the class and the learning that was taking place and to
think of ways to support student leaming. The researcher asked the teacher if she was sabsfied
with the students” leaming, about the decisions made while teaching and about the plan for the
subsequent lessons, The teacher and researcher together made a test after completion of the frac-
tions chapter in the first vear and discussed the students” performance on the test. In this section,
1 present some of the critical events, including some excerpts, during the teacher-researcher
discussion, that bikely shaped the teacher’s decisions and understanding about teaching of
fraction. 1 also present excerpts from the one dav workshop at the end of the observation penod
in Year 1, during which the teacher and the researcher together presented to other teachers in the

school, their insights from the teaching on the topic of fractions.

In the course of the collaboration, the researcher frequently shared her observations with Mupur
about students” understanding. Mupur too adopted the practice of sending students to the
resgarcher to show their notebooks providing the researcher an opportunity to interact with
them, thus acknowledging the collaborative relationship and the joint responsibility towards

developing students” understanding”®. She shared the tasks that she planned to take up in the next

3. After a set of lessons, Mupur and the researcher jointly developed a diagnostic test to be given
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class with the researcher to get feedback. The rescarcher too shared the tasks and ideas that had
been vsed by the research group for teaching fractions. Mupur vsed some of the tasks, while
adopting some of the deas shared with her, but mostly used tasks from the textbook., This was

because she felt she had to cover the syvllabus.

The role of the researcher during the collaboration was that of an actve parmicipant observer,
since she not only interacted with the teacher but also with the students during the lesson. She
framed tasks for students, engaged students in these tasks for short periods during some of the
lessons and sometimes highlighted an interesting solution or conjecture shared by a student,
which the teacher had missed in the course of interaction. The way 1 would like to portray my
role and interactions during the collaboration 15 a process of impheoit dialogue which invalved
using students” responses and tasks from the teachers™ own lesson to debate about the ideas that
can be used for teaching fractions. [ refrained from telling the teacher directly to use ideas or
tasks, but showed how they could be used to undemstand deeply how students are thinking about
fractions. The teacher too commented about the rescarcher’s role during the interview that *..
wvou ddentify what point has been missedignored by us... we try to understand what 15 there in
the book and teach... but vou look at how student has got the solution and why he used this

method™,

As discussed earlier, at the end of lesson 1, on an invitation from the teacher, 1 asked the
students if Y2 and 2/4 were the same, to which the students said that they were not the same. The
following dav they responded that 2 of a cake and 2/4 of a cake will weigh the same. Reflecting

on these responses, Mupur said
That means student has not understood equivalent fraction. We will give stress on it
tomomes.. It means student do not understand through numbers. .. they have to do

it with some object... we can trv by making pieces of a paper rectangle. (Mecting
Excerpt, 3/08/109)

Recogmizing the challenge that the teacher needs to spend more time on planning, 1 discussed
the topic that would be taken up in the next class and suggested resources that could be used in
the classroom or pointed to the eas which she felt as important to address while leaming frac-
tions. For e.g., | discussed the shanng and measure interpretations of fraction with the teacher,
and resources like a worksheet on naming and comparing unit fractions which was later used by

the teacher. The teacher used some of these 1deas and resources in the classroom and found them

to the students.

277



Chapter &

to be useful. In lesson 3, as discussed earlier, she used equal sized fraction strips and empha-

sized the measure interpretation of fraction.

Other instances where the researcher intervened in the classroom teaching included lesson 2,
when the teacher Felt stuck in as students were not able to understand 2/5 of 100, The researcher
suggested asking students to make a visual representation of the problem. However, the teacher
chose to make the representation herself, On another oceasion, [ showed how the game plaved
by the students by using different fractions to complete a whole could be represented as fraction
addition. I also modeled how quantities and price could be represented on the double number

line and used to find the cost of & larger or smaller quantity, which 15 discussed earlier.

Mupur felt that the resources shared by the researcher were helpful as they pointed out things to
her that she had not been focusing on i her teaching like the idea of measure and comparing
unit fractions using their size. She felt that dunng the course of the collaboration, the students
had started participating more and were giving good answers as well as undemstanding what 15

wrong and why,

After six lessons in the first year while recounting her observation of students playing with
fraction dise?, she commented.
Student is still understanding the number. Whatever number is there that student is
shading. Student 15 not understanding what relation 15 there between the numbers.
In full circle there are 12 parts and student does not relate with it He 1s sayving that

4 parts are there ar 1 part 15 left to color. He 15 not understanding that it 15 a plece of
the whole. (Meeting excerpt, T-08-09)

The above articulation shows the growing sensitivity of the teacher to students™ use of whole
number language to talk about fractions and the impediments this could cause. After a few days
in the first vear, she shared the major changes that she felt had occurred in her teaching and her
goals. She acknowledged the change in her teaching practice as she felt that she was now

focusing more on the tvpe of questions she asked to assess students™ understanding.

Excerpt 6.7

Mo, T am focusing more on framing the nght questions where stross 15 required. 1f

something 15 tricky then I try other ways too...Like of the student 15 able to give %

of upees, will he be able to give Y% of kilogram?...This 15 based on my own expe-

4 A pamne discussed earlier as a cirele divided ino 12 parts which students have to eolour depending on
the foken they lift from a pile having 4 fraction writen on it Whoever completes colounng the shole

cirele wins
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rence... Sometimes mothers give money to buy things from shop, so they should
be able to calculate.... I try both types of question. If 20 paise 15 175 of the rupes [1s
one type of question] then [ask a question of the type] what 15 15 of a rupee?... If
the question 15 not of the level of the chald, we can change 1t to a more simpler
problem... ke caleulation of amount of carrot to be bought for 18 Bs would have
involved dividing 300 and 3 and answer i decimals.... 5o 1 changed the question.
(Mesting excerpt, 24-08-09)

In the above remark, the teacher was referring to a lesson in which she gave the task of finding
the amount of carrots that can be bought for 15 rupees when the cost of the carrot was 18 mupees
per kg, This task was not given in the textbook but Mupur was following the advice given in the
textbook to ask students to find the prices of different vegetables and was constructing caleu-
lation tasks for students. Adter giving this task, she realized that the task would be difficult for
students. One student got stuck after inding that 9 rupees will get her half 8 kg of carrots but
did not know what to do about the & rupees which were left. After struggling to explain the
solubion o students, Mupur resorted to changing the numbers. She changed the amount of
money o buy vegetables to 27 rupees from 15 and then students were able to casily find that 1
and half kg of carrots could be bought. This made her careful and aware of the numbers selected
to construct the problem since it might throw up challenges. Howewver, this incident 15 also
indicative of how Mupur avoded the challenge and discussion on the number and changed the

problem o lower the cognitive demand for the learners.

Mupur wis experiencing a tension between focus on procedure and engaging students in making
sense of the procedures. The students used to share the procedure that they had learnt from
tuition classes. However, in the discussion given below she realized the lack of connection

between the use of procedures and understanding their meaning,
Excerpt 6.8

1. T: Students are focusing on the calculation rather than [doing it] mentally.
My be this was stressed at home. We have also learnt like this, If T also do it
without the textbool, then 1will teach by this calculabion only.,

2. R: Are they able to understand that why are they multplving here? Or why
divide? Because, | don’t know on what basis did they decide to divide here —
may be they had done it at home.

3. T: I give these kind of problems often, where 1 have taught them that %%
means they have to divide by 4. 1 have also put numerator and denominator
word in their ear. Mumerator and Denominator will be multiphed and then he
is doing by practical. He has to correlate [these twa].

4. R: That is what [ want to know, that, when a student 15 dividing 1000 by 4, 15
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1
1.

13

14

15,

In this conversation, 1 was trying to fnd out how Mupur was making decisions in the classroom
and what kind of responses she considered as indicators of understanding, Weboth were aware
that students were sharing procedures that they had previously learnt from twition classes and
that Mupur wanted to engage students in developing understanding, The teacher believed that
stucents will have to know how to calculate and get the answer and this was something that she
wis familiar with. However, she was dealing with meanings and procedures 1 a separate

manner, avolding hnking the two, perhaps since she herself was not clear about the linkages and

he understanding that 1000 15 being divided into 4 parts and one of the part 15
250 grams?

T: 1 had asked this question from students, that, *“What is half?” and then,
“What 15 one fourth? So, they know that one fourth is half of half. Both sides
[ have dome, but whether he relates this [Le., half of half and one out of four
equal parts] 7

R: That 15 what I also have o doubt,

T: He 15 understanding that half of halfis one Fourth, but here, [when dividing
L0000 by 4] whether he 15 thinking about it in this way [not sure]. One child
divided 1000 by 4. He was an intelligent one. He had divided nicely [Long
division].

R: If they solve any other problem, would they know that dividing by 4 15
making ¥ of the quantity?

T: I think they would. Lets see. We can do that tomomrow,
R: How do you decide that the student has understood?

T: I asked him this - *“Why are vou making half?” When vou are taking 1 kg
then the quantity 15 more so you would need more money or if the quantity 1s
reduced then money required would be less. So, he 15 understanding that if
the quantity 1s reducing the price will also reduce, ke this they say. We have
to ask question in this manner.

R: What kind of explanation do you prefer from students?

T: It should be logical, but he has to learn this calculation also. Both are
impeortant.

R: IF one student 15 explaining that half of half is one fourth and other has
divided by 4 then what will vou do?

T: Both are mght According to method nowadays [after curnicular refonm]
both is right. But if we do not refer to the textbook and try to find the solution
then all students wall give the answer. They know the solution but how o
explain and write in statemnent, that he 15 not able © understand. He 15 not
able to express. You will express mathematics in the way it has been taught to
you. (heeting excerpt: 24/809)

the meanings.
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As discussed earher, after giving the students a test and reflecting on results together with the
researcher, the teacher was able to understand better the problems associated with vsing proto-
tvpical Bigures and using counting as the procedure to identify the fraction. One of the figures
given in the test showed only % of a circle as the whole, which was divided into three parts of
which one part as shaded. The students had to identify the fraction for the shaded part. Students
who were used to considering the full circle as a whole, considered the part as Y5 while a fow
students were able to identify that it would be 1/3, Another figure showing 1 and Y circles
shaded was represented by most students as 12716, which would be comect iF the whole
consisted of two circles. The researcher had deliberately vsed these tasks to point out the

problems related to using m parts out of » parts interpretation.

The students” responses to both these questions had made Nupur reflect on the importance of
focusing on the whole and using non-tvpical questions in her teaching. This was evident when
she spoke to other teachers in the school during the session held for them about difficulties
students face n learning fractions and what a teacher needs to focus so that students do not face

problems in leaming fractions in higher classes. An excempt from the workshop is given below,
Excerpt 6.9

Because we have alwavs given figures in example which are one full circle or band
irectangle ). We have not given any other example. They should focus on the shape
of the whole, We always call it one chapat, but we have to look at the shape of the
whole and then see parts accordingly. We ourselves have given this idea to students
that the whole 15 always full. Depending on the shape of the whole the part would
be 173 [referning to the problem discussed above], but we are not ready to think of
that shape as the whole. Here there are three equal parts but still we are considering
the full circle as whole [when we give ¥ as answer].

We taught the whole lesson and 1 never took fractions more than 1 (mixed frac-
tions). So when this question was given, students counted the total parts and shaded
parts and wrote 12716, but when [ asked them today vsing the example of chapat,
they were able to sav 1'% 50 it 15 these places that kids get stuck and then they face
problems in higher classes. (Workshop excerpt, 31-7-2009)
In both these excerpts, it 15 clear that Mupur 15 realizing the impottance of considering the whole
while identifying the fraction and not just based on counting the parts. These tao tasks served as

a tool for teachers reflecton and were much more effective than the researcher counting the

teacher about counting the parts for identifving the fraction.
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6.7 Conclusion

The findings from the classroom observation reveal that Mupur made efforts to change her
practice of teaching mathematics after the workshop, These changes were mainly through
inclusion of practices like asking students for explanations, use of representation for reasoning,
giving students more autonomy by asking them to evaluate the answers and estabhshing equity

in the classroom participation (Kumar & Subramaniam 2012¢).

Mupur's positive beliefs about student-centered practices and teaching for conceptual understand
helped in adopting these new practices in her repertoire. Her belief that reasoning about the
correct and incorrect answers should be understood by the students and that repeated practice of
similar’same problems leads to rote memorization led her to spend more time on discussing
reasons and explanations i class than on practicing problems. Her belief that undemstanding
concepts takes tme also helped as she had patience for students to develop convichon in thear
answers, She slowed the pace of the lesson and even took the discussion of 4 topic again in class
when, after observing and discussing students”™ response with the researcher, she Fele that

stucents had not clearly understood the concept.

Mupur’s efforts to overcome the challenges in her teaching to teach conceptually led to devel-
opment of sensitvity For mathematces as well as sensiovity towards student understanding. With
her ncreased sensitivity towards mathematics she was more careful in her cholce and vse of
representations as mathematically appropriate as well as in hstening closely for the mathematics
in students™ responses. She also become carcful about the use of mathematical vocabulary and
emphasized the relation between the “part” and the *whole” and when student responded to
naming the fraction problem with whole numbers. As her teaching progressed she was sensitive

to students” use of “whole-number talk”™ instead of fractions, recognizing it as 4 conceptual issue.

Her sensitivity for students™ understanding helped her in assessing whether students had under-
stood the concepts. She did not base her decision on the correciness of the answer but on the
kind of explanations that the student provided. She tried establishing equity in the classroom
participation by tryving to give a chance to many students to answer rather than restricting to the
few who knew answers and methods as a result of going to twitions. Initally she asked many
funnel type questions and later she asked students to explain and provide justifications more
often. Her efforts to discuss even the wrong responses of the students and suspending the evalu-

ation of responses while inviting students to evaluate the response of their peers 15 indicative of
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the sensitivity she was developing to inquire and understand student thinking. Her sensitivity 15
indicated in the wav she framed questions in the class while teaching as she moved from vsing
textbook based questions followed by calculation questions to deciding questions on the basis of
what misconceptions were chioited in students™ responses, for e.g., the companson between 8, 1
and 18 in lesson 5. She reahzed the value of using representations as tools for sense making
although she was not able to use them to unpack the procedures vsed for finding equivalent frac-
tions. Through an analysis of students’ responses and reflection on the lessons wath the
researcher, the teacher was able to wentify the conceptual gaps related to the interference of the
whole number learning, focus on typical figures for teaching fractions and students not being

ahle to understand the meaning of equivalent fraction.

Developing these sensitvities was a result of the teacher’s experimentabion with use of repre-
sentations for equivalent fractions and reflection on student responses along with the resecarcher.
The researcher not only provided additional information about students through her own interac-
tions but also articulated altemative ways o make sense of what happened in the classroom.
Student responses were the data used For analvses of students’ understanding as well as making
decisions about pedagogical interventions that can be used n the classroom. This data as well as
teacher’s experimentation were sources for researchers” learming also in the realm of student

thinking and teacher learning.

Thus, the practices that were observed in Mupur™s lessons included asking why questions,
discussing different and wrong answers of students, buillding explanation based on students”
responses, using representabions and concrete matenals o develop reasoning and pursuing
stucents” responses and conjectures further to develop understanding of mathematics. However,
the efforts to include these practices related to questioning, giving and building explanations and
responding to students are beset with challenges that may, at omes, lead to unproductive or

problematic discussion or teacher reverting to telling students how to salve the problems.
One of the challenges discussed in the chapter 15 to identify and use approprate representation
as well as the sub-construct to discuss the representation. For e.g., in Lesson 2 Mupur repre-

sented the problem of 25 = 100 through @ visual representation based on interpreting fractions
a5 ratio rather than ss an operator. Although, students arrived at the correct answer with
teacher’s help that 275 s equal to 400100, 1t was not clear if they had understood that 275 of 100

slaps 15 40 slaps. Further, there was no attempt made in the class to connect the procedure of
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multplying 25 ® 10 with the visual representation used. This s an indication that Wupur was
not vet familiar with the various sub-constructs of fractions and the need to use them fexibly in
different contexts, This 15 also indicated by the Fact that although the textbook had more context
based tasks and problems invoking a greater varnety of sub-constructs, these were not fully
explored in Mupur’s lessons, Indeed, in many instances across the lessons, Mupur was unable to
connect the operations on symbols with the operations done with other representations such as
the fraction strips, the amravs, or the number line. A& hypothesis that needs to be explored is if a
more robust understanding of the varety of sub-constructs allows a teacher to make better and
more appropriste connections between procedures with svmbolic notations and operabions on

other representations.

Mupur recognized and acknowledged the fact that even though students counted parts to
designate a fraction correctly, they may not undemstand the quantity that a fraction denotes. She
addressed this challenge by taking up fraction strips and focusing on the size of the part in
relation to whole in lesson 3 and in Lesson 4 and 5 on the relation betacen the area of the part
in relabon to other parts and to the whole, In this case, she used the measure sub-construct
appropriately to discuss the magnitude of the fraction. It can be inferred that she realized the
limitations of using the *degenerate” part-whole sub-construct where in the focus 15 on counting

the number of shaded parts and total parts corresponding to the numerator and the denominator.

Some of Mupur's behefs also constrained her efforts o develop students” understanding. Her
belief that primary students are too young to engage in challenging mathematics questions intro-
duced tensions in her teaching betacen letting students find their own ways of solving problems
and “telling” students the “simple ways™ i which to arrive at the answer. While discussing 1ssues
to do with the students” understanding she said “There 15 lot of confusion, they are too young for
this™. This could also be because she did not want her students to come up with wrong answers.
Although she tred not to provide evaluative feedback to students about their answers and even
discussed wrong answers to explain the reasons why it was wrong, she was perturbed when
students got the wrong answer. To her, the students” wrong answers were indicative of her
failure 0 teaching. There were a few instances when students gave wrong answers and she
reverted o telling wavs to get the right answer. There were few instances when she gave a
problem o students and then realized that it would be too difficult for students because of the
numbers involved and then she changed the numbers so that student were able to solve success-

fully. 1 infer from these instances that student success at tasks might be important in sustaining
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change in practice.

The analysis of Mupur™s teaching indicates that when a teacher stats to ncorporate student-
centered practices because of some conducive beliefs, support is needed to sustain the change in
practices, An important form of support 15 the development of teachers” knowledge relevant to
the topics that she 1s teaching. In the case of the topic of fractions, the findings suggest that
knowledge of the various sub-constructs of fractions 15 needed by a teacher. Such knowledge
may provide a Foundation to develop other kinds of knowledge, including knowing how to act in
situations which may be unanticipated and knowing the content in flexible ways to Link with
stucents” understanding. The teacher’s knowledge helps the teacher to pursue the classroom
discussion bevond just establishing the answer as right or wrong, pursuing students” conjectures
and responses to develop important mathematical concepts. It allows the teacher to buld expla-
nations based on students” responses and above all helps in developing a form of teaching based
on students” thinking rather than what 15 given in the textbook. For teaching to be determined by
the student™s thinking, a teacher has to be empowerad to take decisions like selecting appro-
priate examples for teaching, recognizing opportunities from student’s responses o develop
impaortant concepts, constructing questions for assessment of understanding and also deter-
mining what response of students has to be considered as an indication of understanding and

what not.

A further lesson that can bedrawn fromthe analvsis 15 concerning how a teacher may come to
aequire the complex knowledge that 15 needed in the classroom. We suggest that the devel-
opment of knowledge about aspects Like sub-constructs of fractions, knowing students thinking,
working with student’s responses, framing questions to assess students” understanding needs
reflection on classroom teaching. This suggests that professional development interventions hke
workshops need to be complemented by PD interventions that are centred around classroom
teaching and reflection on teaching. Further, having a collaborator or pamicipant observer,
initially helps in reflection and thus may lead to development of such knowledge by considering
students” responses as evidences to reflect upon teaching. In order to break the established
routines of practices over the vears, a teacher needs opportunities for continuous reflection and
suppart in form of altematve ideas and framework to guide the teaching. In the next chapter, a
preliminary step n the direchion of evolving forms of teacher professional development that are

closer to classroom teaching has been discussed.
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Topic Focused Professional Development
on the Teaching of Integers

7.1 Introduction

The main objective of the ntervention that 15 the focus of the sub-study reported 0 this chapter
wis to support the development of teachers” knowledge and practices for teaching the topic of
integers, as well as the associated beliefs conducive to effective teaching. The findings of the
carlier sub-studies formed the background against which the design and enactment decisions for
this Sub-study were taken. Earlier sub-studies indicated that teachers held tensions among be-
liefs for teaching mules versus developing conceptual understanding and that their knowledge
repertolre in using contexts and representations to teach important concepts was hmited. Al-
though the first workshop had initiated thinking about different aspects of practice, as discussed
in Chapter 3, the case study of the teacher Mupur in Chapter & indicated the challenges Faced by
the teacher due to mited knowledge of representations, of mathematical meanings in contexts,
of the ideas underlying representations and connections between representations and proce-
dures. It has been argued in the previous chapter that teachers need support while teaching and
need topic specific resources in designing tasks and representations to discuss conceptual as-
pects. This sub—study traces the growth of teachers” knowledge and its impact on teaching a5 a
result of participation n topic focused professional development workshops, These topic fo-
cused workshops were based on a situative perspective for professional development since thew
provided opportunities for teachers to engage in the activitics similar to teaching using artifacts
like textbooks, problems and representations used for teaching integers. The results show howr
collaborative planning and development of resources for teaching helped the teachers in devel -
oping knowledge of key ideas and meanings related to integers and their additon and subtrac-
tion, and motivating them to use these ideas in the classroom along with the resources based on
these ideas. The use of these ideas brought about, to varyving extents for different teachers, shifts
in teaching from exclusive reliance on miles to focus on improving reasoning and understanding.
This sub—study contributes to the main study of the model for professional development of
mathematics teachers. In the first vear, the professional development (PIV workshop and class-

room based support were not topic specific and classroom based support was offered after the
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workshop by the researcher. The PD workshop took place during summer holidays and the
classroom intervention oceurred durnng the school wvear. In contrast, in the second vear, the
workshops were specifically on the topic of integers and oceurred at regular intervals during the
school vear. Classroom teaching occurred in parallel along wath support by the researcher. This
model of teacher development provided an opporunity for teachers to share their concems
about teaching a difficult topic like integers, developing resources for teaching and then sharing
experiences of teaching using those resources. The model provided for greater continuity be-

tween the teachers” professional development experience and their classroom teaching,

7.2 The study

7.2.1 Research questions

The main questions addressed in this Sub-study are

1. What were the teachers’ concerns about the teaching of integers and how are thev re-
lated to1ssues of meaning of integers?

]

How did teachers construct Specialized Content knowledge (SCK) for teaching integers
using the framework of integer meanings through the exploration of contexts?

3. How did the critenia used by teachers For judging adequacy of representations evolve in
the course of the topic study workshops?

4. What was the impact of the leamings from the topic study workshops on teaching of in-
tegers as reported and as observed?

Secton 7.3 presents the framework of integer meanings that informs the analysis in this chapter.
The research questions histed above are addressed in subsequent sections. Section 7.4 presents
an analysis of the chapter on integers in the sixth grade textbook which teachers drew upon as
an important source of knowledge, The next section (7.5) analyses teacher talk in the initial
phase of the workshop to identify thewr concems, beliefs, goals and preferred practices as well as
indicate the specialized content knowledge for teaching of integers that the teachers initially
possessed. 1 also attempt a charactenization of the teachers™ criteria for representational ade-
quacy. Section 7.6 discusses the teachers™ engagement with the meaning of integers and opera-
tions by discussing student errors, explanations of representations and finally by exploring con-
texts using the framework of meanings of integers and its operations. In the course of this en-
gagement, teachers developed additional taken—as—shared critena For representational adequacy

based on meaningfulness and consistency moving their discourse around integers and their rep-
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resentations to 4 deeper level In Section 7.7, the teaching of three of the four teachers partici-
pating in the workshops 15 described, highlighting the efforts taken by them to integrate ideas
from the workshop in teaching and exploring new practices. Section 7.8 discusses the impact of
participation in the workshops on teachers™ behefs, goals, practices and preferences for repre-
sentation, the role of speciahzed content knowledge and evolution of crotera for representa-

tional adequacy.

7.2.2 Study participants

In the second vear of the larger study, topic focused professional development was organized
through workshops aimed at collaborative planning of resources for teaching, Two separate sub-
groups of teachers from the original group of 13 teachers: Four primary teachers and four middle
school teachers paticipated in the workshops, In this chapter, only the work of the middle
school group of teachers in these topic focused workshops 1s discussed. Table 7.1 provides the
details about the participants in the study', The primary teachers group was not able to imple-
ment their plans n classrooms due to constraints of the timetable and upcoming examinations. A
team of five members of the resource team planned and facilitated the meetings of the topic
study workshops, Usually, two to three resource team members were present in each subgroup

during the workshops,

Table 7.1: Background information of the participant feachers

Teachers” MNames Ape and [ (Juaalification Teaching experienoe [ Awerage number of
(psendo names) Gender (Primary + stdents in the class
Middle/Secondary) 200°7-200% | Self
reported)
| Swati 42,F  |M.Sc Maths, | 10+7 45
B.Ed.
At 47.F B.5c. Maths, 2043 40
B.Ed.
Raini 53 F ‘M.Sc Maths, |0+ 23 45
B.Ed.
| Ajay 54,M | BSc.Maths, | 0+22 40
B.Ed.

L The participant teachers are mentionad in Chapter 1 using following codes: M1L-Swati, M2-Anita,
M3 Rajni, b4a- Ajay.
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7.2.3 Timeline of the study

The aim of the workshops was to focus on a topic that was challenging to teach, to develop a
decper understanding of the topic, and plan for teaching. The middle school teachers™ group
chose the topic of integers to be taught in Grade 6. During the six one-day workshops spread
over the period of 18 weeks teachers engaged in various activities which are illustrated in Table
7.2, For each workshop day, there were broad goals, leaving room for discussing questions
raised by teachers. The design of next workshop was based on previous workshop interactions
and nsights about teachers gained from those interactions. The tasks were designed to promote
teacher’s leaming while giving them opportunities to share classroom experiences and imagine

altemative scenarios’ activities that could be interpreted in their lessons.,

Table 7.2 presents the different phases of the six one-day workshops. The phases are convenient
divisions with overlaps and elements of cach phase present in the other phases. The inibal phase
(Days 1 and 2) 15 termed “aticulation and analysis phase” since opportunity was given to teach-
ers to articulate the difficulbies faced in teaching integers. Teachers descnbed the textbook™s and
their own approaches to teaching integers using vanous representations hke number line, neu-
tralization model, ete. The second phase 15 termed “development of theory™ (Days 2 and 3) as the
teachers were introduced in this phase to theoretical ideas like the meaning of integers and inte-
ger operations, The third phase is termed “design and analyvsis phase” (Days 2, 3 and 4) during
which teachers analvzed the examples, explanations and representations using meanings of nte-
gers and operation as the basis and then vsed the ideas to make individual lesson plans. The
fourth phase of “sharng and reflection” { Davs 5 and @) involved shanng imsights about teaching
integers using the ideas and repres entations developed in the workshops and prepanng a presen-
tation for another larger group of teachers, This presentation took place on Day 7. The first four
workshops (Day 1 to Day 4) took place within the space of about one month. The next two
workshops (Davs 5 and 6) took place after a gap of two months, during which period, the teach-

ers mostly completed their lessons on the topic of integers.

Table 7.2: Description of activitics engaged in topic focused workshops

Mewting  Date Muration | Activity
Day 1 30 July B 1.1 Belection of topic of integers for the study by the teachers
20010 Justifving its difficulty. Discussion on students’ commaon
mistakes

Articulation

and 1.2 Bharing and analysis of pedagogical approaches used by
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Day 2

Dy 4

Day 5

Irace

30 Aug

Nuaration

Analysis

Phase

9 Aug 2000 6 hours

Acticulation
anid

Analysis
pliase
Dievelopimen
t of theory
Design-
Analysis
pliase

10 aug 2000 6 hours

Developimen
t of theory

Dhesign-
analvsis
phase

.E| hours
2000

Dhesign-
Analysis
Phase

1 Mov 2010 & hours

Topic Focused PD

Activity
teachers for the topic of integers

1.3 Dhiseussion on student emmors and pedagogical approaches
in the combined group of primary and middle school teachers.

2.1 Dhiscussion on student responses and common emors,

2.3 Bharing the instructional explanations, aetivities and
contexts used or designed for teaching integers.

2.4 Warksheet on State, Change and Relation interprefation of
integers. Exploring a variety of contexts and the
interpretations of integers in them.

2.5 Amalveing the textbook for the learning objeetives,
sequence of comeepls and activities.

2.6 Design of activities that can be used in the classroom for
teaching integers

3.1 Exploring and addressing teachers’ questions on dealing
with students’ responses’ questions

3.2 Diseussion of contexts and representations for addition and
subtrction of integers through contexts designed by teachers
and from texthooks,

3.3 Framing and categorizing questions for addition and
subtrction of whole numbers, as well as integers into the
calegories of "Combine’, *Change’ and *Compare’ for both

whole numbers as well as integers.

3.4 Brainstonming on tasks involving addition and subtraction
of integers using contexts,

4.1 Identibying leaming outcomes for teaching integers

4.2 Analvsis of the texthook questions in tenns of representing
state, change and relaton notion of inlegers

4.3 Discussing a worksheet based oninteger mall context
along with a suggested sequence of questions,

4.4 Development and discussion of individual lesson plans for
ten days and revisions of plans.

5.1 Two middle sehool teaehers share experience of teaching
integers in a common meeting. Analysis of student responses
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Mleeting

Day &

Day 7

Irace

20 Now

24 Nov

Nuaration

.E-Imring-

reflection
pliase

2000

Eharing-
reflection
plinse

.4 hours
2000

Participation
HE TesoUTee
person

7.2.4 Data analysis

i Vs hours

Activity
incidents reported by them.

5.2 Bharing of students” misconceptions related to integers,
decimals and subiraction from the same schools by one of the
researchers.

5.3 Teachers planning for presentation o other teachers ina
workshop.

6.1 Commmon mesting about objectives for presentation to
tepclhiers in workshop

6.2 Bwati shares her experience of teaching integers

6.3 Bharing ol insights gained from teaching and participating
in collaborative lesson planning

6.4 Belection of materials and approaches that seam promising
for students” learning for sharing with other teachers

6.5 Preparing mock presentations and discussions

Teachers” presentations o their peers in a workshop on the
following themes

7.1 Developing the sense of integers as state, change and
relation through categorizing examples of situations and
defining how integers are represented in the three senses.

7.2 Developing contexts and questions different from the ones
given in the textbook as an important resource in supporting
students” thinking and providing teachers with insights into
students” thinking and leaming

7.3 Use of contexts helped students in developing meaning
and language that helpad students in later working in abstract
conbexts of the number line and algebra

T4 Use of concrete representations like making pairs of
opposite colored buttons to represent addition and subtraction
can help students in making sense of males used in addition and
subtmction operation of integers.

The findings reported n this chapter are based on an analysis of teachers” talk 1n the workshops,
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the reflections that thev shared with teacher colleagues, the lesson plans made by teachers for
teaching integers and analysis of teaching done by three of the Four teachers. The data was col-
lected in form of video and audio recordings of the workshop sessions and teachers” elassroom
teaching. These recordings were transcribed by the researcher. A few lessons from the classroom
teaching of Rajm and Anita could not be transcnbed and researcher’s notes were used along

with reviews of audio recordings to analvze the teaching,

The data from the topic study workshops consisting of audio recordings included interactions
between teachers and teacher educators in the workshop as well as teachers” reports and reflec-
tions on using resources developed n the workshop for teaching, Addibional data included
teachers” individual lesson plans and presentations made by teachers to their peers in the last
meeting of the workshop, The main focus 15 on the participants” explorabon of representations
involving the use of integers, including contexts and models, and their developing understand-
ing of the meaning of integers and of addition and subtraction of integers in relation to a variety
of representations. This Focus derives from the framework of integer meanings elaborated in the

next section,

The discussion in all the days of the workshop was fully transcrbed. Each utterance by a partic-
ipant (L.e., cach tum) was coded to identify aspects related to the topic of integers using the fol-
lowing categories: speaker, mathematical purpose, pedagogical purpose, integer meaning, oper-
ation meaning, tvpe of representation, and specific modelcontext discussed. The category

“mathematical purpose™ coded for mathematical content, and included the codes “integer

meaning,” “integer order,” or “additon—subtraction.™ The category “pedagogical purpose™ de-
scribed the pedagogical concern reflected in the talk and included the codes “student thinking™
and “evaluating accessibilice.™ It also included codes that captured teachers™ engagement with
the mathematical content without explicit reference to the teaching context such as, “explaining
g mathematical point™ and “evaluating mathematical consistency.™ The codes for integer mean-
ing and operation meaning were obtained from the framework described in the next section.
Twpes of representation were “symbol,” “context,”™ and “formal model.” To see full hist of

codes used see Appendix 7.

The researcher and a colleague independently coded the transcripts of the nitial workshop ses-
sions, After inital coding, codes were merged and simplified to remove ambiguwities. Differ-
ences between the two coders in coding were resolved through discussion; when they could not

be resolved, both codes were marked together for the paricular turn. Subsequently, the re-
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searcher completed the coding of the remaining transcopts and uwsed the codes to collect to-
gether utterances related to a common theme, which indicated the broad features of the discus-
sion. The codes were also vsed as filters to focus on specific aspects of interest and to validate
the claims made. In the discussion of the results below, arguments are supported using extracts

from the transcript guided by the coding scheme.

For the analysis of the lessons observed, an elaborate coding svstem was not used. Transcrpts
and researcher™s notes were reviewsd with a Focus on the mesnings and representations that
emerged in the lesson. Attention was paid to tasks used by teachers for discussing meaning of
integers and contexts, comparison of o negative integers and addition and subtraction of nte-
gers. The review was guided by the detailed analvsis of the workshop discussions wathin the
framework of meanings and representations. Episodes where the teachers adopted resources de-
veloped in the workshop were focused and analveed in detail. The analysis of the lessons taught

provides excerpts and details taken from this analysis,

7.3 Framework of integer meanings

7.3.1 Three components of integer meaning

fost mathematics teachers recognize the topic of integers as being difficult for leamers. Also,
the teaching and leaming of integers has been a topic of rescarch for several decades. Re-
searchers have developed frameworks to understand student difficulties and puide teaching ap-
proaches. The review and the summary of research presented here 15 taken from Kumar, Subra-
maniam and Mailk (2013b) Some frameworks emphasize the symbolic aspect, namely the
“meaning” of the negative (and the positive) sign, while others emphasize the “meaning™ of
signed numbers or integers. Wlassis (2004, 2008, adopting a VWygotskian perspective, empha-
sizes the svmbolic aspect and focuses on the mulople meanings or uses of the minus sign. She
lists thres uses: the wnary, the bingry and the svmmeetrie functions, In the unary function, the mi-
nus sign is attached to a number to form a negative number, as in “—&", The second use, relates
to the use of the minus sign for the binary operation of subtraction in arithmetic or algebra as,
for example in =5 — 3, The first bao vses identified by Viassis comrespond to the distinction em -
phasized in other studies between the use of the minus sign to indicate a signed or directed num-
ber as opposed to the use of the minus sign to indicate the subtraction operation (Glaeser, 19810

The third use of the minus sign refers to the unary operation or function of taking the additve
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inverse of a number as, for example, in <{-6). This unary function 15 a symmetric function. This
sense 15 less frequently emphasized in other studies. [t 15 noted that “taking the inverse™ 15 of
particular importance in the context of letter numbers and algebra. When an expression such as
“—x + 37 15 supposed to be evaluated for x = =3, the symmetric function interpretation of the
" symbol comes to the fore.

As distinet from the meaning of the minus sign, frameworks developed by other researchers fo-
cus on the meaning of signed numbers or integers. Researchers commonly distinguish between
the interpretation of a signed number as a propety or characteristic of an object and as a trans-
formation or change (Thompson & Dreyfus, 19838). Vergnaud (1982) uses a three—way distine-
ticn 1 the meamng of a signed number, as state, framsfarmation and static relationship, As
state, an integer may, for example, specify the ambient temperature. The change or transforma-
tion in temperature from hour to hour may also be represented by an integer. One may also use
integers to represent the temperature of one place relative to another to indicate how much hot-
ter or colder it is — a static relation. The operations of integer addibion and subtraction may rep-
resent contexts of combime, change or compare, One may combine positive and negative scores
on a test to obtain a net score. One may use the subtraction operation to find the change in tem-
perature, or to compare two temperatures. It may also be noted that a change or relation may be
represented both by an operation and an integer. For example, if the temperature fell from 30°C
to 1&6°C in a few hours, then the change may be represented by the operabion *16-307 or the re-
sult of the operation, “=14°C™, Thus, while the state may be represented by integers, change and
the relation may be represented by both integers and the addition/subtraction operations. The
analysis of the three components of meaning — of the minus sign, of signed numbers and of the
addition and subtraction operations — complement one another to consttute a more complete ac-

count of the meaning of integers.

7.3.2 Contexts and models used in teaching integers

Besides the meaning of integers, research studics have explored the use of cortects and models
for the teaching of integers. Contexts refer to situations that may be real or reahistic (sufficiently
real to the students) which involve the use of signed numbers and operations. These may, for ex-
ample, be about profit and loss, assets and debis, height above and below sea level, or people
entering and leaving a bus (for a review, see Schwarz, Kohn & Resnick, 1994, In contrast to re-
alistic contexts, models are more formal in nature, and are thought of as “a way to support stu-

dents orgamizing their thinking that can be modeled/inscribed in the form of physical tools and
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symbols™ (Stephan & Akyuz, 2012, p. 431} Based on their review of several studies, Stephan
and Akvuz categorize the models used to represent integers as neutralization or as number line
madels. In the neutralization model, there are positive and negative quantities and cancellation
i5 a salient operation. Contexts to which the neutralizaton model readily apphes are positve
and negative electric charges, or assets and debts. The number line model makes the order as-
pect more salient. Contexts such as height above and below sea level, floors in a building, are
examples where the number line model readily apphies. One of the characteristics of the number
line model is that it does not readily make sense to add two states, that 15, tao points on the
number line (such as two Aoor numbers), while subtraction can be readily interpreted (as, for
example, the directed distance between two floors).

A deeper examination of a context may reveal the relevance of mulople models. For example,
debts and assets seem to be best desenbed by the neutralization model since a debt and an asset
of equal value cancel one another. However, combining assets and debts makes sense only in re-
lation to the noton of “net worth™, which 1s the sum of the assets and debts taken with their
proper sign. “Met worth™ is a state variable and fits more closely with a number line model,
where each distinet state represents a point on the number line. It does not make any sense to
add tao points on the number line (two net worths) unless one changes the context to one where
two enbities with different net worths are merged. Analogously, in the context of electnc
charges, while equal positive and negative charges cancel one another, combining charges only
makes sense in relation to a notion of *net charge™, which is closer to 4 number line model.

The various contexts that have been explored by researchers or have appeared in instructional
materials have varying instructional possibilities and potential (Schwarz, Kohn & Resnick,
1994, It needs to be emphasized however that a context tvpieally packs in more mathematical
possibihibies than may appear at first sight. In other words, it may allow multiple iterpretations
of signed quantities and the application of both, the number line o the neutralization model.
The example of temperatures at different bmes of the day has been mentioned earlier, where
temperature as well as a change in temperature can be represented using integers. Here, the
salient quantity, namely, ambient temperature is always positive under tropical conditions, But
the context allows one to speak of a “derived™ quantity, namely, change in temperature, which
may be positive or negative, Allowing for the possibilioy of defining such derived quantities
makes the contexts richer in mathematical meaning, and integers have a role in expressing and

computing with such derived quantities.
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The framework outlined above consisting of the meaning of the minus sign, integers and integer
operations, together with the Formal models of the number line and neutralization 15 illustrated
in Tahle 7.3. It 15 claimed that the framework points to eritical constituents of the specialfized
cartent krowledge (SCK) needed to teach the topic of integers. See section 2.4.2.1 from chapter
2 for a discussion on mathematical knowledge for teaching and SCE. 1 hope to show through
the analysis of the interaction among teachers in the study that the framework 15 useful in sup-
porting teachers” construction and exploration of contexts. The framework allows teachers to
identify derved quantities in situations and to deepen the mathematical meaning embodied in
them. As teachers explore contexts and models, they build the repertoire of representations that
i5 accessible to them while teaching the topic of integers. From the evidence presented in this
chapter, it is areued further that, teachers see such knowledge as relevant, important and nter-
esting. They explicitly utilize the framework that was outlined based on research and the teach-
ing experiences of the research group, in constructing, exploning and extending the knowledge
making and using representations.

Table 7.3: Specialized Content Knowledge framework for infegers

Meaning of the negative sign [ Meaning of integers [ Meaning of addition
subtraction of intepers

Unary [unction, Binary Slate, Change, Relation Combine, Change,
funetion, Syimimetric function Compare

Models: Mumber line models ! neutmlization models

Contexts: Eliciting salient quantities and derived quantities

7.3.3 Pedagogical representations for teaching integers

Pape and Tchoshanow (20001, p. 1200 state that “representation 15 an inherently socal activity™ in
the sense that the process of representing allows learners to construct, interpret and communi-
cate both internal and external representations in individual and social activity so as to develop
shared meanings with others. The undemstanding and interpretation of representation thus get
transformed in the process of communicating one’s representation to others and negotiating
meaning. There 15 recognition that representations are not “transparent™ and require sigmificant
amount of negotiation amongst members to be able to support shared meanings {Cobb, Yackel
& Wood, 1992). For example, it might not be easy for a person to see the “mapping”™ between a
concrete model and an arithmetic operation without elaborating on and showing how they are

connected (Pape & Tehoshanow, 20010, Several studies have identified the challenge that teach-
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ers face in transforming mathematical ideas into representations {Ball, 1990, 1992) thus point-
ing towards a possible knowledge gap in making “translabions™ between multiple representa-
tions. Bruner (1966) categorized representations into enactive, iconic and svmbolic, while pro-
ponents of dual coding theory have categorized them as verbal or visual {Clark & Pavio, 1991
Clements {1999 has categonzed representations as verbal, pictonal and symbohic, Lesh, Fost
and Behr (1987) categorized the representations into five types — manipulatives, models, pic-
tures, written svmbols, oral language and real world situations, while advocating development
of students™ ability to translate betarcen representations for strengthening the concepts. For the
purpose of this study, representations have been categorized for teaching integers into three
tvpes: svmbaly, models and conterts since these categories were imphicit in teachers ™ talk.

Symbohe representations include numenc and algebraic forms. Models can be visual represen-
tations like the number ling or manipulative ke tiles of two colors for integer addition and sub-
traction. As discussed above, For integers, two types of models are frequently referred to in the
research literature — the number line model and the neutralization model (Stephan & Akwvuz,
2012}, Mumber line models represent integers arranged sequentially and operations of integers
can be represented by movement on the line In contrast, nevtralization models, exemplified in
manipulative like tiles of teo colors, represent posibive and negative mntegers as two distinet
quantities. Combining equal positve and negative quantities results o neutrabzation repre-

sentedd ns mero,

Contexts refer to realistic situations which illustrate the use of the relevant mathematical con-
cepts., Contexts, models and symbols represent increasing degrees of abstractness. Contexts are
concrete and will need dentification and interpretation of essential propertics of the mathemati-
cal concept to be a useful representation, whereas models illustrate the essential properties of
the concept although they need not be transparent to students. Symbohc representations are
more abstract and formal in nature than models or contexts, The structures and actions within
the context or 8 model can be interpreted and represented as symbolic expressions. There can be
many contexts which can correspond to a model and thus model 15 more abstract than contexts.
For instance, cancellation of positive and negative electric charge corresponds to the neutraliza-
tion model vsed for integer addition while a car traveling on a highway can be represented on a
number line. However, according to Clements {1999 different representabions chosen judi-
ciously, should be taught in parallel rather than sequentially so as to enable students to make

connections betwesn tham.
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Through the analysis of data from discussions with teachers during the topic Focused work-
shops, the implhicit criteria vsed by teachers to select, design and evaluate representations have
been made explicit, which include contexts, models and symbaols. 1 call these as the criteria for
determining representational adequacy, that 15, the appropriatencss of a representation for its use
in teaching. 1 have identified three dimensions of representational adequacy which are trams-
kntabiling, meaninglilness and consistencv—coherence and provide evidences for the application
of these critenia by teachers. One may have a surface level concem for representational ade-
quacy n applyving one or more of these three critenia or one may have a deeper level concem for
representational adequacy applving all three criteria in a coherent manner. A model of how sur-
face level and a deeper level of representational adequacy mayv be reflected in teachers™ use of
the three croteria is illustrated in Table 7.4 below.

Translatability crterion refers to the feasibility (as perceived by the teachers) of translating one
form of representation into another, For example, from symbolic form to a model. Translation 1s
dependent on the feasibility of representing different Facets of 4 concept in a representation, be it
a svmbol, a model or a context. These facets can be sequential order of positive and negative in-
tegers (ordinality), comparing values of integers (cardinality), meaning of zero as balance be-
tween posibive and negative integers and as a reference point for relative position of posibve and
negative integers, and addibon and subtraction of ntegers. The translabon from one form of
representation to another is possible for both representations of integers as well as operations of
integers, Surface level concem for representational adequacy is reflected when translatability
from one representation to the other is determined based on getting the same answers to 4 given
problem. For example, solving a symbolically presented problem of ordering integers or opera-
tions with integers leads to the same answer as carrying out some mampulaton in a model.
When translation croteria are applied at the surface level, the manipulations are rule based and
Justifications and explanations are not explored. Froquently, the translations are carried out from
symbolic representation to 4 model or context. A deeper level concern 15 reflected when struc-
tures and processes on representations have meanings consistent with the mathematical concept

which is represented and the procedures performed using representations can be justified.

Using the erterion of meaning fulness requires one to acknowledge that symbols used in mathe-
matics have meanings attached to them, which can range from one to several and are rooted n
different situations that are mathematized. Eieren (1976) identified several sub—constructs for

fractions that correspond to different meanings ke pat—whole, measure, share, operator and ra-
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tio which can be represented by fractions (See Chapter &, Section 6.3). As indicated earlier, inke-
gers may similarly have diverse senses such as state, change and static relation in different con-
texts ( Wergnaud, 19820, [n the context of learning integers, several meanings need to be revisited
to evaluate whether they can sensibly be represented using integers or integer operations. Such
meanings may be distinet from meanings used in whole number arithmetic, For example, the
meaning of zero as nothing left may not be as useful as the meaning of zero a5 representing a
balance between positive and negative quantities. The operation of subtraction 15 predominantly
represented as take away in earhier grades, which may not be meaningful while subtracting neg-
ative integers. The latter needs development of additional meanings for the operation of subtrac-
ticn like comparison and adding the inverse. The meaning of addition as counbing everyvthing to-
gether has to be modified 1 the case of integers, where combining equal positive and negative
quantities amounts to neutralization and thus zero, Considerations for representational adequacy
remain at the surface level when these underlyving meanings are not explored in the discourse
and the representation 15 used merely as a vehicle to communicate procedures that can be per-
formed vsing the representation. The representation with respect to its meaning 15 perhaps trans-
parent to the person using it but this is not explicated to others in social activity, On the other
hand, a deeper concem for meaningfulness acknowledges that meanings are not transparent in a
representation and thus due consideration 15 paid to opportunities for exploration and negotia-
tion of meaning. At the deeper level of discourse, meaningful connections are made between
different translations and analysis of meaning 15 done For different repres entations discussed, in-
cluding representations proposed by students, For example, one may state that addition of a pos-
itive integer leads to movement towards right on the number ling as a rule. This statement by it-
self 15 procedural and not explanatory. In contrast, one may explain this rule saying that quant-
ties inerease by adding a posiove integer {quantitvy and integers are positioned on the number
ling in such a manner that the numbers increase a5 one moves towards the right. Thus addition

of a positive integer indicates an increase in quantity,

The criterion of consistency—coherence refers to two types of consistency — mathematical con-
sistency and consistency of meaning. Mathematical consistency indicates the consistent nature
of mathematics and the way it is exhibited in the discourse while explaining mathematical ma-
nipulation with objects {e.g. whole numbers, integers) and operations (e.g. subtraction, addi-
tion). An example where mathematical consistency—coherence 15 not preserved 15 when one

does not differentiate between the minus sign as referent of subtraction and as a referent of neg-
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ative integer. When this reference is not made exphicit, the equivalence between expressions like
a—band a+ (b} or a- (+b)1s assumed rather than established. 1t indicates surface level con-

cem for representational adequacy.

Consistency of meaning refers to how one applies considerations of meaning in the discourse
around mathematical representations. Having different meamngs for mathematical terms and
concepts will lead to disrupbions in discourse. In the analvsis of teachers™ talk, it wasfound that
when students encounter negative integers, there 15 interference from certain beliefs that thew
may have developed due to experience with arithmetic ke a bigger number cannot be sub-
tracted from a smaller number. In the case of integers, one needs to either revisit these behefs or
provide an explanation to maintain consistency of meaning. For example, for subtraction of in-
tegers, teachers either need to use the compare meaning of subtraction which can be used con-
sistently for whole numbers and integers or they may have to think of situations to show how a
bigger quantity can be taken away from a smaller quantity. Still, it might be hard to find a situa-
tion to show taking away of negative numbers. A discourse that treats integer operation only
symbolically and does not address these beliefs and meanings held by students will lead to dis-
ruption in consistency of meaning and thus indicates a surface level concern. When a teacher
recognizes the meanings held by students and thinks of ways to build on those meanings or pro-
viding experience to develop new meamngs, then the teacher 15 indicating a deeper concern for
consistency of meaning, Concems of consistencv—ooherence subsumes the knowledge and iden-
tification of meanings of integers and operations and n this sense one can show a deeper con-

cem for consistencyv—coherence only if one already shows a deeper concern for meaningfulness.

The three cnteria for representational adequacy, Le., translatability, meaningfulness and consis-
tency—coherence may be connected to each other in some discourses while they may not be con-
nected in other discourses. It is possible to translabe one representation to another without being
consistent or meaningful but considerations of consistency do involve reflection on meaning
and translatability. These criteria are more connected in discourse indicating deeper level con-
cems for representational adequacy than discourse motivated by surface level concerns. The
charactenistics listed for surface and deeper concems for representational adequacy can be con-
sidered a5 a continuum rather than opposite categories where it is possible for a person to ex-
hibit surface level concem at one point or for one representation and deeper concem at another

time.

Table 7.4: Three eriteria for determining smrface level or deeper level representational ad-
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euacy

Criterin for
representationg]
adeguacy

Translatability
criterion

Meaningfulness
eriterion

Consistency
criterion

Surface level application

— Translatability determined by

Ectting same answer using two
different representations.

— &teps in symbolic procedure
correspond to some manipulation
in the other representation.

— Translation 15 mule basad.

— Mo nesd felt for justification.

— Representation serves as a tool

for communication.,

— Meanings are under-explored,
may not even be explicitly

discussed,

— Equivalence between

representations 15 assumed

— Usage of symbols not consistent
with meaning.

— Meamngs held by students are
not explored or revised.

Deeper level application

— Translations are concept based.

— Structures and processes can be
mapped between symbolic and other
representabions na meaningful
MATINET.

— Justifications are made exphicit for
why representation works.

— Awareness of non—transparency of

representatbions.

— Awareness and recognition of range
of meanings that comrespond to the
concept.

— Connections are established with
real/reahstic context.

— Representation serves as a ool for
exploration of meaning,.

— Meaningful connections among
translations.

— Mathematically consistent

— Equivalence betwesn
representations 15 established.

— Consistency with meanings held by
students or connecting new meanings
with the old ones.

7.4 Textbook resources for teaching — paucity of reasoning
opportunities
The Grade & chapter on integers in the textbook (MCERT, 2006h) was analveed by the re-

searcher to identify what it offered as resources for teaching and specifically for the opportuni-

ties to make meaning and reason with mathematics. The sequence of topics in the chapter com-
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prises need for mbegers, ordering and companson of integers, addition and finally subtraction of
integers, Representations, examples, explanations, activities and exercises mentioned in the

textbook for each of these topics are reviewed below

Need for integers

The textbook introduces integers through the context of “bomrowing”™. Megative integers were
necded, the textbook ponts out, to differentiate the quantity bomrowed from the quantity pos-
sessed. This 15 followed by activity of assigning signs to quantities in contexts followed by a

brief discussion of the number system and place of integers in it

Inteper ovdering and comparison

The number line and a realistic context of steps of a well 15 vsed to discuss integer ordering. The
textbook observes that 7 1s to the right of 4 on the number line since 7 15 greater than 4. Simi-
larly, it deduces that =3 is less than zero since mero is to the right of =3, The observation is then
generalized to sav that numbers decrease as one moves left and increase as one moves right on
the number line. This 15 followed by problems where movement from one number to another on
the number line is given in terms of moving w steps towards right' left dicection. The first exer-
cise in the chapter has a mix of problems asking students to represent integers in contexts, plac-
ing integers on the number line and comparison of integers based on whether they are towards
right or left on the number line. Context based problems are vsed to deduce the sign that should
be assigned to an integer. Comparison of ntegers 15 not discussed using contexts but only either

with or without the number line.

Addition af integers

Additon of integers 15 introduced by asking students to represent the movement on the stairs 1n
the form of addition of integers. This 15 repeated using the horizontal number line and 4 game
using two dice — one die with + and — signs and the other with numbers. This is followed by an
activity based on the neutralization model with black and white buttons, Students are asked to
observe the results of addition of like integers and then an observation is given in bold that *You
add when yvou have bwo posive numbers ke (+31 + (+2) = +5 [= 3+2]. ¥You also add when you
have two negative numbers, but the answer will take minus (=) sign hke (=21 + (=1 = - (2+11 =
=37 (MCERT, 2005, p. 125). The addibon of positive and negative integers 15 demonstrated by
asking students to remove black and white pairs since =(+14+-1) =" (MCERT, 2003, p. 125].

qin the observation 15 exprossed that “When vou have one posiove and one negative nteger,
P ; P =il £
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wou must subtract but the answer will take the sign of the bigger integer™ (MCERT, 2003, p.
1253 Thus rules are stated as observations in the textbook, Addition on the number line is
demonstrated through movement towards the right when integers are positive or towards left
when they are negative. The problems discussed all had posive and negative integers with ex-
phicit signs enclosed in brackets with addition sign betwesn integers. eg. (51 + (+3) After
declaring that addition of a positive integer leads to increase and that of negative integer leads to
decrease, the 1dea of addibive inverse is discussed as the number which when added gives zero.
This is followed by problems on how to find a number x more than number ¥ using movement

on a number line,

Subtraction of integers

Subtraction of integers 15 first discussed using the number hine where it 15 reasoned why the an-
swer to g problem & — (=23 will be & as 1t cannot be same as the answer of problem 6 — 2, which
i5 4. The textbook observes that subtraction of a negative integer leads to a greater integer as the
answer. After a few more examples it is declared that *To subtract an integer from another inte-
ger it 15 enough to add the additive inverse of the integer that is being subtracted™ (NCERT,
2005, po 1300, The exercise that follows consists of only numerical problems for which no ex-
plicit method has been suggestad to be used by students. At the end of the chapter, a summary of
points discussed inthe chapter along with rules for addition and subtraction s given.

Thus explanations for addition and subtraction were based on models (neutralization and num-
ber line models), with a hmited justification as discussed above for procedures or actions per-
formed on them. The procedure for solving integer addition and subtraction problems using
models was explained in the textbook through examples. In the exercises, students were explic-
ithy asked to solve problems using the number line. Students were expected to move from using
the number hine model to find answers to additon or subtraction problems to finding answers
“without the use of number line™ (NCERT, 2005, p. 1313, This imphed use of rules for additon
or subtraction of integers. The rules are procedural, like for adding a negative and a positive in-
teger, one has to subtract and put the sign of the bigger number. The honzontal number line and
numerical expressions were the most dominant representations used in the chapter, except for
two examples briefly deseribed in the text where the vertical number line was used along with a
context { water level in a well; going up and down the stairs). The tasks did not require students
to study the connection between a context and a model. Tasks expecting students to use repre-

sentations like the number ling were also procedural in nature since students were expectsd to
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follow the worked out examples given in the textbook. All the exercise tasks of the chapter were
closed ended having a single comrect answer while only two tasks expected students to engage in
reasoning by evaluating statements or generalizations about integers and giving examples to jus-
tify their reasoning.

As discussed below, the analvsis indicated that teachers™ goals and use of representations, tasks
and sssessment were determined by what was given in the textbook since parallels existed be-
tween goals and approaches discussed by teachers in the inibial workshop mestings and the
goals and approaches given in the textbook, The teachers justified not engaging with alternative
approaches in professional development by citing that they are not included in the textbook,

which Further indicates that teachers 1dentified themselves as followers of the texthook,

7.5 Teachers® goals and concerns for teaching integers

Teachers in the mitial phase (Phase 17 identified 1ssues and concems that they Faced in teaching
integers, In the discussion, the teacher educator’s prompts included asking teachers about stu-
dent difficulties and errors, asking them For the students” thinking underlying these, and hoar
teachers addressed them in their teaching. Further inputs and discussions evolved on the basis of
what teachers said. The predominant concems that the teachers shared were about addressing
student errors of inkeger computation and providing clear explanations using representations so
that students get the comrect answaer,

The discussion indicated that teachers wanted to avoid student errors through strengthening re-
membering and recall of rules and procedures. This points to the goals that they considered im-
portant for teaching of integers as well as beliefs held by them about teaching and learning of
mathematics. The major goals for teaching integers seemed to be memorization of rules for op-
eration of integers, computational fluency, ercor free performance of students and “covernng™ the

textbook in beaching { Kumar & Subramaniam, 201 2a).

7.5.1 Teachers’ concerns and issues of meaning

In the mmitial discussions, teachers discussed several student errors and underlving causes that
were important to address. Most of the students™ difficulties that teachers identified had to do
with the integer operations of addition and subtraction using svmbolic expressions. (Multiphica-
tion and division operations were not discussed sinee they were not included in the Grade & cur-

riculumi.
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The teachers did not always explicitly connect students” difficulties with difficulties about the
meaning of integers or integer operations. Initially, when the teacher educators suggested that
students” difficulty with operations could be because they did not understand the meaning of in-
tegers, the teachers responded that students did not have a problem with the “meaning of nte-
gers™. However, as pointed out below, several issues conceming the learming of integer addition
and subtraction led to an exploration of underlving issues about the meaning of integers. Ex-
cerpts from the Topic Focused Group workshops are discussed, where the teachers raised 1ssues
centered around the teaching of procedures for integer operations using symbolic representa-
tions or formal models. The teachers” concerns were about addressing student errors and devel-
oping meaningful explanations using representations. Through an interpretation of excerpts
from the discussion, it 1sshown how 1ssues of meamng underhie teachers” concems. Further, it s
shown that teachers” SCK about integers was limited in terms of awareness of meanings associ-
ated with integers and operations, awareness of the distinction bebareen minus as sign of integer
and that of the subtraction operation, challenges faced in giving meaningful explanations for
procedures on representations, and lack of knowledge of conventions of representations. In the
sub-sections below, the framework of meanings outlined earlier 5 vsed to specifically focus on
the distinct meamngs of the minus sign, the meamng associated with the subtraction operation,

and the conflict between focusing on rules and focusing on meaning,

The following excerpt 7.1 reports an exchange about a student error that occurred at the very be-
ginning of the discussion on Dav 1, and 15 indicative of the kinds of concerns that teachers had
about the teaching of integers. The numerical code in the bracket indicates day and session num-
ber followed by the serial number of the utterance (turn). Thus “1.1; 177 indicates that the utter-

ance is from Day 1, Session 1 and 15 number 17 in the sequence of turns in the discussion.

Excerpt 7.1

Swati: If we write 7-6 they will sav 1. If we say —7+6 then they will make 13, they
may put negative sign... (1.1; 17}

Anita: For subtraction they have to first convert it into addibon, which children for-
get to do... Using buttons — that [subtraction] is not there, only addition 15 possible
not subtraction... when subtraction problem comes they make this emror (1.1; 18)

Swatl: Concept of subtraction-addition becomes confusing because both places they
have this negative sign. In addition also... negative sign is there for integers. (1.1;
19

Rajni: They do wlfta (reverse). (1.1; 200

Anita; They should remember, no? Though they know it very well.... But when
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they have to do it they are in a hurry and they forget and make emror. (1.1; 21}

{Workshop Excerpt, 30-7- 2010}
In the five consecubive turns quoted above, teachers are citing examples one after another, rather
than responding to one another. Each of the three teachers Swati, Anita and Rajni identifies an
error of offers an explanation for errors made by students. Swat identifies the emror known as
the detachment of the minus sign (=746 = —=13) ( Linchevski & Livneh, 1999, and follows it up
with her explanation of the underlyving resson why students make this eror in 1.1; 19, Anita
identifies the subtraction operation as difficult because students forget to convert it into addi-
tion. She follows this up with an explanation — students respond well to the tao-color button
(neutralization) model, but she thinks that the model applies only to addibion and not to subtrac-
tion. Rajni identifies the problem of students™ incorrectly reversing the order in subtraction as a
problem that teachers need to address. Each of the error pattems identified in this brief excerpt
connects to discussion threads that were about 1ssues of meaming, These discussion threads were
specifically about the meaning of the minus sign and the meaning of the subtraction operation,

which s discussed below,

7.5.2 Distinct meanings of the minus sign

The discussion thread related to the distinct meanings of the minus sign shows a growing real-
ization among teachers of the importance of the distinetion between the sign for a negative inte-
ger and the sign for the subtraction operation. This realization s part of 4 general movement to-
wards sensibivity to issues of meaning, The exchange in Excerpt 7.1 suggests that teachers were
aware of the common errors that students generally make while computing with integers. They
deseribed student emrors making reference only to the procedures that students need to use and
did not think that the errors were due to the kinds of meaning that students made of the expres-
sions. In Turns 1.1; 18 and 1.1; 21, Amita attnbutes students” emrors to their forgetting rules o
procedures, This was a frequently invoked explanation of students™ mistakes. For example, Fa-
jni, discussing the emror cited by Swatt in Tum 1.1; 17 above, remarked, “How much ever exam-
ple we give... they should keep in mind =7 and 4+, that minus they will forget™ (1.1; 843, Swati,
however, offers a different explanation for students” difficulty with integer operations in Turn
1.1; 19, She is pointing to the fact that students may be confused at seeing the minus sign in ad-
dition problems, which 15 not the case for whole numbers. She appears to suggest that the minus

sign has a different meaning 10 the middle grades that students need to mternalize, while in ear-
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lier grades thev are only accustomed to interpreting the minus sign as indicating the subtraction
operation. This indicated awareness of the challenge faced by students in distinguwishing sign of
minus as operation and integer but was articulated through an example rather than as a general

difficulty faced by students.

The teachers” mmbal explanations for procedures associated with specific representations that
thev used in the classroom did not exhibit a distinetion betwesn minus as sign of operation and
as nteger, leading to possible misinterpretations. In session 1.2 duning a discussion about mod-
eling subtraction of integers on the number line, a teacher suggested that while moving on the
number line, one must reverse the direction of movement on encountering a minus sign. This
would ensure that for 3 — (—4), one starts from 3 and moves correctly towards the right. This was
challenged with the example of =3 — 4, where moving from #ero to -3 and then reversing the di-
rection would lead to an incorrect answer. The teacher educator then made a sugeestion that
“You have to make a distinction between minus as the operation sign and minus as negative

sign. (1.2; 637

This distinction was readily appreciated by the teachers and Ajay applied it to explain the differ-
ence between the minus sign in “4 — 27 and “— 4 + 47, a5 seen in the following excerpt.
Excerpt 7.2

Ajay: Here the meaming of — 2 1s different.... The first minus [Le., in “4 — 27] 15 op-
cration and the second [1Le., n “—4 + 47] 15 number (1.2; 93)

Fajni: Second 15 quanbity.

Ajay: —4 15 one number.... The first 15 a sign of operation, but the second 15 not op-
cration.

Swatl: 511, this 15 clear bo us, but for a Gth Grade child, this operation sign — he will
not understand [the distinction?].

Agay: This 15 the point that we have to explain in a simple way.
Fajni: We have to differentiate the two...
Swatl: They don’t know...
Fajm: ¥es, they don’t know that.
TEZ2: Far them, probably all the signs mean operation.
Swatl: It 15 the same for them, all [the signs] are addition, subtraction. {1.2; 102)
( Workshop Excempt, 30-7- 2010)
The teachers thus acknowledged that students may not understand the distinction bebween mi-

nus as sign of operation and sign of integer and that hence this 15 an important 1ssoe to be dealt
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with in teaching. The discussion shows teachers thinking about the meanings of the minus sign
held by students vis-a-vis the meanings invoked by teachers while explaining the procedures for
integer operations using representations. However, at this point, the discussion of meanings was
centered around svmbolic expressions and teachers attempted to identify the features of an ex-
pression that can indicate whether the sign denotes operation or integer. Teachers attempted to
articulate criteria using which they themselves identify the sign as indicating integer or opera-
ton, One suggestion was that *+" sign always meant operation, since the *+" sign s generally
implicit for the positive integers. Another criterion suggested was that whenever two signs ap-
pear in succession, the first is the sign of the operation. The issue was not satisfactorily resolved

at this point.

In the discussion above, one sees the teachers moving from an imphcit recogmition by one of
them {Swati) of the distinet mesnings of the =" sign to explicit acknowledgement of the dis-
tinction and its importance, and o attempts to articulate coteria for dentifyving the distinet
meanings in a4 svmbolic expression. There 15 however, a fip side of the distinetion, which 1s the
question, “why s the same sign used for two distinct meanings, rather than two distinet signs?™
This question surfaced when the teachers were discussing tasks for children around a shopping
mall with floors above and below the ground (See Figure 7.1) One of the tasks was to ask stu-
dents to number the floors in the mall, and it was expected that students would number floors
below the ground starting with *-17. However, Ajay ruised a question — why would students ac-
cept using the minus sign here, which they understand as the sign for subtraction. This led to an
interesting discussion on the advantages and disadvantages of numbernng basement floors with
the letter B as opposad to the minus sign. A satisfactory resolution of this question calls for an
explanation of why the “=" sign i5 used to denote both a “negative™ quantity and the subtraction
operation. This explanation emerged in a subsequent discussion in a specific context, which are
described later. At this point the teachers thought of the meaning of the sign together with the

meaning of the integer.

In mowving towards acknowledging the importance of the distinet meanings of the minus sign,
the teachers™ discourse moves towards greater mathematical consistency of representations.
Similarly, the discussion on why the minus sign is used to indicate basement floors reflects a
concem for coherence of the meaning of representations. Both of these mark significant mo-

ments in the shift towards a deeper concern for repres entational adequacy.
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7.5.3 Meaning of the subtraction operation

The mesning most commonly apphed to subtraction of whole numbers 15 “taking awav™ a
smaller quantity from a larger quantity. However, the “take-away™ meaning has to be re-contex-
tualized for undemstanding subtraction of integers, which may involve adding zero-paires (+1-1)
to preserve the value of minuend, before “taking away™ the subtrahend. Other meanings of sub-
traction like difference or comparison can be vsed consistently across whole numbers and inte-
gers. The discussion on student errors led o teachers realizing that the 1ssue of the meaning of

the subtraction operation 15 important for the teaching of integers.

Retuming to Excerpt 7.1, one notes that in Turn 1.1;20 Rajni is poinbong o the order error in
subtraction made by students, which she elaborated later: “What should be subtracted from
what... that 15 the main mistake they [students] are making. Subtract 7 from 3, they will do 7-
3.... That order only we have to teach... s0 many examples we should give™ (2.1; 1), In Rajni’s
view, students did 7-3 instead of 3-7 because they had difficulty interpreting the English sen-
tence “Subtract 7 from 37, She thought that the error of forgetting to reverse the order nesded to
be addressed while teaching and she mentioned it several tmes in the course of the discussion.
A discussion of this error took place in Session 1 of Day 2, which was o combined session with
primary and middle school teachers. A teacher educator (TE1) suggested a different explanation
for the error by asking of students would make the onder error for ““subtract 2 from 57, hMost
teachers agreed that they would not do this because they were Familiar with 5-2, which 15 taking
away 2 from 5. However, they have a problem with taking away 7 from 3 or 3-7. As a primary
teacher said, “In the primary classes, we fill it in [their] mind that you cannot take away 5 from
2. How can vou take away? You can never take away 5 from 2.7 (2.1; 28) Teachers thus con-
fronted the nesd for students to understand what “taking away™ a bigger number from a smaller

number actually means,

In Excerpt 7.1, Tum 1.1;18, Anita refers to the use of the two-color button neutralizabion model
for the addition of integers. This model is discussed in the textbook and also taught by the teach-
ers, but only for the addition operation and not for the subtraction operation. Anita apparently
beheved that the two-color button model does not work for subtraction. She thought that this
might acoount for why students found the subtraction of integers especially difficult. TEL took
the opportunity to model the subtraction operation using two-color buttons, using the meaning
of subtraction as “take away™. Problems such as 7-3 and —5-{-23) are relabively straightforward

since one can take away three positive buttons in the frst case and three negative buttons in the

310



Topic Focused PD

second. Problematic cases are handled by introducing “zero pairs™, that is, a pair of buttons with
opposite colors, Thus 6—{=3) could be modeled as follows: introduce 3 “zero paics™ (1.e., 3 posi-
tive and 3 negative buttons) to the & positive buttons already laid out on the boand. This does not
change the value of the set of buttons on the board. Mow take away 3 negative buttons, which
leaves 9 positive buttoms. This explanation was new to the teachers and led them to believe that

the two-color button model could be vsed for subtraction.

Although the teachers thought that the tao-color button {or card) mode] was useful, they did
raise 1ssues about the meaningfulness of specific actions carned out vsing this model. Thus,
while discussing how addition of integers works with the two-color button model, Swati raised
the question of why a red card and a black card cancel each other: “We say it 1s zero ... it is +1
and —1 we know. [But] they start counting all of them. .. Here they can see +1 and -1 [but] they

make 1t 2, they don’t consider it zero,” (1.1 132,134)

Rajm had a different way of using the two-color buttons to model subtraction, which she ex-
plained in Session 2.1, She started with the mule that subtraction problems can be changed into
addition problems by replacing the subtrahend with its additive inverse {or “opposite™). Thus,
3~ could be rewritten as 3-+—4), and could be solved by adding four black cards to 3 red cards
giving the result —1. Similacly for the problem 3—(—4), one could rewrite it as 344 and add 4 red
cards to three red cards to get 7. However, both Swati and Anita objected saving that the prob-
lem was being changed. In the quote below, Anita expresses her dissansfaction with suggested
wivs of modeling subtraction, both that of changing the color of the buttons, and that of adding
ZETO-Pairs,

Anita: But in this method T feel vou are manipulating the question... change the

color.. for zero vou add 2 buttons... so vou have changed the question... (2.1; 79)
Rajni had used the meaning of integer as opposite to explain the subtraction using two color
buttons but it was not convineing to the other teachers. The discomfort seems to stem from
modeling the procedure using two colors to get a correct answer without delving into explana-
tion of why subtraction of an integer 15 equivalent to addition of its inverse. Also, the procedure
for subtraction in the case of integers 15 not consistent with subtraction of whole numbers need-
ing an explanation for why the procedure needs to be modified. The group however, did not go

decper into discussion about meanings connected with this representation.

The teachers were initially satisfied with the teacher educator’s presentation of how the neutral-

ization model can be used to represent the subtraction operation. This acceptance can be inter-
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preted as based on the criterion of translatability. However, Swat and Anita ratsed questions of
meaningfulness and consistency of the mathematical processes associated with this model push-
ing the discourse towards addressing deeper concerns of representational adequacy. The alterna-
tive procedure for subtraction using the neutrahzation model suggested by Ram 1s also simi-
larly questioned because it remains at the surface level of mere translatability. The negobation
of the meanings associated with representations and an examination of their their consistency-
coherence leads teachers towards a more critical stance concerning the adequacy of representa-

£10s.

7.5.4 Teaching rules versus teaching with representations

Teachers shared the representations that they used for teaching integers in Phase 1. Teachers”
talk about representabions made explicit their beliefs about teaching integers, their preferences
for use of specific kinds of representations, the meanings used implicitly to dentify features that
can be represented by integers and the perceived role of rules in the teaching of integers. Be-
sides the use of the formal two-colored button mode] to teach addition, the teachers used the For-
mal number hine model to teach integer addition and subtraction, In this case, addition and sub-
traction were typically interpreted in terms of movement on the number lineg, at bmes involving
seemingly arbitrary rules about reversing the direction of the movement when encountering a
minus sign. Teachers and teacher educators expressed the view that the mles seemed arbitrary
and did not seem meaningful. Despite these reservations, teachers had almost exclusively used
only formal models, and had not used contexts, to teach the operations of integer addition and

subtraction.

Teachers mentioned contexts involving the use of integers while teaching, but only while intro-
ducing integers. The teachers made a distinction, between a sub-topic that they referred to as
“need for integers™ and the sub-topic of “operations with integers™. This distinction 15 made in
the textbook and the teachers were being Faithful to it They believed that contexts were useful
to introduce students to the “need Ffor integers™, but were not very useful n teaching operations
with integers. While introducing integers (also referred to as “giving the concept of integers™),
teachers explamned the meaning of positive and negative numbers by referring to contexts n-
volving opposite quantities such as increase-decrease, depth-height and above-below, However,

they generally did not draw on meanings or contexts while discussing integer operations.

Although the teachers used the tao formal models of colored buttons and the number line to
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teach integer operations, the models were thought to be useful only nitially, when the numbers
dealt with were “small numbers™, The students needed to eventually learn to operate with big
numbers, and teachers felt that for this they needed to know the rules. All the teachers acknowl-
edged that thev explicitly teach the rules for operabons with integers, but they differed in the
importance they gave to rules. For Ajay, the main aim of the chapter was to know the “laws of
integers”™ which are needed to solve problems with bigger numbers efficiently. However, Swati
thought that students Fnd it difficult to remember all the rules. Anita Felt that cather than teach-
ing rules explicitly, one should let students construct rules as they worked with models such as
the two-colored button neutralization model. The excerpt 7.3 below reflects these tensions,
Excerpt 7.3

Agay: 1 think that when we give the concept of button, same tme we can give con-
cept of rule. (1.1; 83

Anita: Mo, why don’t we make rules through buttons — if white color 15 more then it
15 positive... this ule can be constructed. (1.1 83

Rajni: We are calling them for buttons, ulomately we should tell them rules other-
wise big numbers they will face problems. Here only they are making mistakes.
(1.1:8a)

Ajay: The main thing that you have to tell in integer 15 rules. If they understand
rules then they can do evervthing. (1.1; 87)

Swati: They are not able to remember [rules] that vou know. Every time that is the
problem. (1.1; 88} (Workshop Excerpt, 30-7— 2010)

In thehe excerpt 7.3 above, talk about remembering or forgetting miles stands in contrast to and
in tension with talk about understanding the meaming of symbols and operations. Teachers™ talk
ahout use of representations indicated that they preferred rules and symbolic representations
over using contexts and models for teaching integers. This 15 perhaps because of their belief that
representations like contexts and models are only useful for small numbers and for introducing

students to inbegers but are not useful in developing fluency In computation using integers.

Teachers” talk in Phase | reflected their concerns about teaching integers, but indicated gaps in
their SCK in terms of a lmited repertoire of representations, limited knowledge of meanings
which can be attributed to integers, signs and operations, lack of distinction between these
meanings in their discourse, and inadequate explanations of procedures using representations.
These knowledge gaps constrained teachers”™ understanding of student errors and the conceptual
shifts needed in moving from whole numbers to integers. However, even in Phase 1, the discus-

sions around student errors and the models used for teaching integers extended teachers” SCK in
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important ways, Two elements of the teachers” construction of SCK were (1) awareness of the
distinction between the use of the minus sign for integer and for operation and of the importance
of this distinction and (i) awareness of the meaning of the addition and subtraction operations
as applied to the nevtralizaton model. These constructions occurred in the context of 1dentifving
the challenges faced by students in working with symbohic expressions or with the neutraliza-
tion model. The teachers discussion also indicates a shift in the criteria for evaluating the repre-
sentations that the teachers had been using, from surface level concems to deeper concerns re-
lated to meaningfulness and consistency.

Further, the teachers” reliance on rules and formal models as the preferred representations to
teach integer operations closely followed the textbook. Discussions on the meaning of integers
wis restricted to the introductory topic of “need for integers™, again closely following the text-
book. Ajay and Rajni were even skeptical of the usefulness of models and preferred to empha-
size rules applied to addibion and subtraction problems presented purely symbolically. They pos-

sibly represent a position that 15 even more emphatically focused on symbolic computation than

the texthook or the other teachers.

7.6 Teachers’ engagement with meaning of integers and
operations

In the second phase { Days 2 and 3) the teachers svstematically engaged with the meaning of n-
tegers through tasks that called for proposing contexts or interpreting contexts using the frame-
work of meanings of integers and integer operations. The teachers were exposad to the integer
meanings of state, change and relabion through worksheet tasks (see Appendix 5). A large num-
ber of contexts were discussed, integer meanings explored and judgment was made about their
pedagogical vsefulness. Table 7.5 presents contexts, which were discussed over 10 or more
turns. Prompts by the teacher educators included questions about which nteger meamng apphed
to a given context, whether the use of integers was appropnate, and which contexts were useful
for the classroom. OF the large varnety of contexts discussed, the teachers found the following
contexts o be useful for the classroom: integer mall, change in day temperature, scores on bests,
and change n a baby™s weight. Discussion of the many contexts helped deepen teachers™ SCK
for teaching integers. This claim 15 supported with tao kinds of evidence, One kind of evidence
i5 denved from analysis of teachers™ talk, which reveals the aspects of SCK that were extended

and built upon dunng the course of the Topic Focused workshop discussions, using their imital
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talk as a frame of reference to chart their growth, For this, examples are described of teachers”
selection, interpretation, design and evaluation of contexts and highbght discussions of the
meaning of integers and of integer addition and subtraction. The second kind of evidence is the
teachers” self report of what they have learnt, and the changes in their teaching as a result of par-
ticipation in the study, which are discussed in the Section 7.7,

Table 7.5: Turns of teacher and teacher eduecators” talk while discussing contexis For teach-
ing integers

Contests discussed Total number of Turns of teachers' | Tarns of teacher
turns talle educators” talk
[nteger mall — floors in building ' 211 - L) ' 122
and movement of 1t
Temperature ' Qi - 51 ' 45
Marks/score ' 53 ' a2 ' 21
Baby’s weight ' 51 ' 26 ' 25
Profit’ loss ' 44 ' 24 ' 20
Mixing water at different ' El ' L& ' 14
|.L"1'|1'|'.|L"TH.|IJI'I.‘!-i
Ticket reservation ' 29 ' L6 ' 13
Loan teking giving ' 28 ' 17 ' 11
Family size ' 26 ' L& ' 10
Queus ' 26 ' 12 ' 14
Length of shadow ' 24 - L& ' 8
Water level ' 22 ' 9 ' 13
Joumey by train ' 20 - 12 ' 8
Steps ' 19 ' 11 ' 9
Altitude — heights of different | 15 ' 7 ' &
vihicles
Speed of car ' 11 - 7 ' 4

The first sub-section below describes teachers” engagement with the vse of integers to represent
change and relation, which marks the important shift from the use of integers to represent only
state. The second subsection descrnbes their attempts to interpret the addibon and subtraction
operations in contexts, which marks the next important shift from the exclusive vse of formal

models to also using context based representations to teach integer addition and subtraction,
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7.6.1 Integers as representing change and relation

fdost of the bl examples given by the teachers of contexts for teaching integers were of
state, which became apparent to the teachers when they became exphicitly aware of the altema-
tive senses of change and relation that integers may denote. The teachers used integers to repre-
sent states in contexts that might be Familiar to students, such as temperature, profit and loss,
height above and below ground level, or position of Aoors in a building above the ground or in
the basement. In these examples, the positive and negative integers were associated with oppo-
site states ke above-below, profit-loss, increase-decrease, ete. However there were occasions
where they used integers to inappropriately represent “opposites™ ke number of boyvs and gicls,
number of children sitting and standing, without offering an interpretation of what canceling
positive and negative quantities might mean in these contexts. Over the course of the work-
shops, the varability in the meanings represented with integers increased along with the aware-
ness of different meanings. Teachers gave examples of contexts for representing integers; they
evaluated and challenged examples, and proposed and designed activities for teaching based on

the contexts that they had discussed.

7.6.1.1 Using integers to represent change

It was challenging for the teachers mmbally to identify features of representations that corre-
spond to the change meaning of integers. The meaning of change was introduced when, during
the initial discussion, Swati asked how one might explain that +1 and -1 cancel to give zero

(1.1;127).

Excerpt 7.4
Swati: This concept zero, Why it becomes zero? [How] to explain?
TEL:Why it becomes zero? This 15 a good point. What do we mean by +1 and -1 or
—2 and +27 [ think of these as increase or decrease.
Rﬂj_ni_: Or take and give — cam. 2 rupess yvou give o somebody how much it 15 re-
Maining

TEl: Take and give, when 1 take it increases, when I give it decreases. When I have
+3, 1t increases the value, When 1have -2, 1t decreases the value. So when 1 take +1
it increases by 1. [so] When I take -1, it decrease by 1, and so increase by 1 and de-
crease by 1 can be cancelled. Sothat is why vou can say...

Rajni: Starting point only vou are reaching

Swat: Mo, that 15 all nght. Here [with colored buttons] they can see +1 and —1.
They make it 2. They do not consider it zero,
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TE1: That is right. +1 and —1,... This 15 a convention.
Swati: We say it 15 zero, Itis +1 and -1, We know, [but] they start counting all of
them.

TE1: Which 15 why we have 2 different colors. Why do we have 2 different colors?
Because | represents increase, [so] positive, Other represents decrease, [so] nega-
tive, that is very important. That is the first idea they should get.
(1.1, 127 to 135, Workshop Excerpt, 30-7-2010)

TE1 suggested that one may interpret +1 as an nerease of 1 and -1 as a decrease of 1, so they

together cancel cach other resulting in no change. However, imitially teachers preferred to repre-
sent change only with operation rather than also as an integer. An engagement with this ssue 15
reflected in Rajni’s attempts to incorporate the change meaning into her explanation of addition
and subtraction on the number line a5 movement. She now interpreted movement to the right as
increase, and o the left as decrease. However, her association of the “increase-decrease™ was
still with the operations of addition or subtraction rather than with the positive and negative n-
tepers.

Excerpt 7.5

Rajni; We are telling them that add means right and subtract means left. Then they

will ask 3+ (=i So we will go where? 3+ (—4i. it 15 equal to left only actually

bt it 15 ncreasing. Plus means it 15 increasing but —4, so negative weight 15 increas-

ng

(1.2: 21, 25, Workshop Excenpt, 30-7-2010))
In this excerpt, Rajni 15 still connecting increase to the operation of addibon, while the negabve
integer represents a state (“negabive welght'™). Teachers™ resistance to the use of unary integer to

represent change signals a mitation in underlving beliefs about what features of representation

were appropriate to represent with integers.

In contrast to Rajni’s seeming resistance to using inkegers to represent change, Anita designed a
context to show addition of integers, where the integers represented change. She proposed a
context where stones are added or removed from a bowl containing an unknown number of

stones. The number of stones added and removed was represented using integers.

Excerpt 7.6
Anitac..already there is a collection of stones and you add some thing and by taking
away these stones there will be decrease in the number of stones.... Like that simi-
larly increase 2 and decrease 4, what 15 the result — like that. We will ask and get the
number and convert these activities into mathematical form. We will see how they
are going to write, There you can introduce minus 3.

(2.1; 116, Workshop Excerpt, 30-7-201113)

Here Anita has explicitly used unary integers to represent a transformation. Moreover, the con-
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text and the framing of the task make the change meaning salient, and the representation of a de-
cregse using a negative integer meaningful. Similar contexts, where change is salient and 15 rep-
resented using integers, have been vsed by other researchers to support integer learning, for e.g.,
persons entering or leaving a discotheque (Linchevskl & Willlams, 19993, An explanabion that
Amnmita offered indicated how she understood integers a5 representing transformation in contrast
to integers 4s representing state. She described her new idea as a recognition that “-2 15 not al-
wavs from zero™. That 15 “-27 does not alwavs mean 2 less than zero, but could mean 2 less
than some arbitrary or unknown number. This prompted Swatt to describe the unknown number
as a “reference point” (2.1; 121} The idea of the reference point emerged as a key construct,
which was useful 0 later discussions in distinguishing the meaning attributed to nteger in dif-
ferent contexts, This as an important moment in the teachers” construction of SCK through an

exploration of meanings and contexts.

Teachers appreciated the need to exphicitly distinguish between the state and change senses of
integers as indicated in the Swati™s and Anita’™s comments below. Swati discusses how the mean-
ing of state and change can be distinguished in the context of the integer mall (See Figure 7.1)
as negative integers representing lower floors indicate state while the change 15 represented by
integers depicting the movement of the elevator, Anita points out how in the context of repre-
senting change in water level ina tank the reference point will keep on changing since the imnal
level will be the reference point for determining the change denoted by the final level of the wa-
ter in tank. She is able to reiterate her earlier argument that reference for negative integers 15 not

always from zero by using the meaning of change in a conbext.

Excerpt 7.7

Swati: Child has o understand the difference between the movement and the state
bocause when we are wrting numbers here =3 so he will say 1t i1s here [as basement
floor], here when =3 15 coming it 1s telling vou that we [have moved] 3 floors down
(4.2: 235)

Anitac.. Imibal level can be the reference point always...let that be the reference
point...nitially 10 hire and then increase [represented by] + sign and decrease 10
litre [50] how much? (3.2; 335)

{Workshop Excerpt, 10-8-2010, 30-8-2010)
This notion of reference point was inibally proposed and taken up by Swatt and Anita, however
later Rajni and Ajay too understood the importtance of this construct and used it in their dis-
course to distinguish different meanings of integers. In a session with peer teachers (o be dis-

cussed later), Rajm explained the sigmficance of reference point to clarfy how one determines
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the height (state) of an object using the sea level as a reference point.

Excerpt 7.8

Fajm = here in this question we have referred sea level for knowing the position of
the bird and positon of the diver.. [iIf] simply we are telling 25 m above a bird 15
sithing on tree... so vou don't know from where... from the ground from the depth of
the sea or whatever we don™t know that... so for referring this bird, sea level 1s the
reference point... That 15 called as state. ..

(Workshop Excerpt, 24-11-2010)
Swatl, who had proposed the notion of a reference point, went on to use 1t in insightful ways,
Here she uses the notion to distinguish the contexts where integers represent change from those
where they represent state.

Excerpt 7.9

Swati: [State 15] where the reference point 15 not changing.... When we talk about
change, reference point 15 changing every bme. [In the context of change in profit
from day to day].... We are comparing today with tomorrow and that day with the
next day, So reference point is always changing, (2.2; 407)

(Workshop Excerpt, 9-08-2010)

Using the meaning of integers as change, the teachers were also able to dentify additional fea-
tures in contexts that could be represented by integers. For example, an imibal context con-
structed by the teachers to represent change vsing integers was that of test scores. Ajay had sug-
gested the inclusion of negative points for & wrong answer as an example of using ntegers — one
has to combine {add) the positive and negative points to get a total score. In a later discussion,
Anita suggested modifring the task to record only the change in the test score of 4 student over
a series of tests. The change would be positive or negative taking the score on the previous test
as the reference point and the change can be combined {combine-change) to show the student’s
progress over time Similarly, teachers discussed the contexts of weekly change in a baby’s
welght and hourly change in ambient temperature, for which thev designed tasks of representing
change using ntegers. (MNote that in tropical condibions, there 15 no possibility of day tempera-
tures falling below O degree Celsius.)

Excerpt 7.10

(Following a discussion about weekly change in baby’s weight.)

TEL: Similarly [Any] other situation... vou can think of which will be interesting to
students?

Swati: Change in temperature from morning till night.

TEL: That’s very nice.
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Anita: Different tme interval... 9 am [temperature increases from then on] then
again in evening it decreases.

TEL: S0 we can give... rather than temperature you can give the change in tempera-
ture.

(2.2; 167-171, Workshop Excerpt, 9-08-2010)
In the task for students developed by teachers involving representing weekly change in weight
of a newborn baby, they asked students to give reasons for an unexpected event (such as a nega-
tive change in the baby’s weight) as it may help in meaning making.

Excerpt 7.11

TEL i{reading the task written by teachers): Represent the above data (1.e., change in
baby’s weight) as integers. .. What could be the reason for 200 gm. decrease in first
week? What could be the reason for 500 gm. increase in Gth week? How much does
the baby weigh in the second week?.... In which week did the child gain maximum
weight? What 15 the total weight gain or loss in the first month?

(3.3; 254, Workshop Excerpt, 9—08-2010)
The teachers were able to adopt the change meaning for identifring features of representation to
be represented by integer. This was facilitated by the exphoit distinction between the meanings
of state and change and through considenng the possibility of representing by a unary integer
what was usually represented by an operation. Thus a distinction was made at two levels — be-
tween operation and integer and between two different meanings that can be attributed to an in-
teger. However, as Swati pointed out in the remark quoted cacher, the two meanings of state and
change are also related in that both signify being less than or more than a reference state. In the
state meaning, the reference point 15 fixed and taken to be the zero point. In the change meaning,
the reference 15 to a previous state that might be designated by an integer different from zero.
Swatl and Anita used the distinction between state and change meaning in exploring new con-
texts. In the process, they extended their SCK by extending the range of meanings accessed for
thinking about integers, which in turn led to a greater vanety of contexts and context features

being represented by integers.

7.6.1.2 Using integers to represent relation

As n the case of representing change, teachers initally preferred to represent relations using the
subtraction operation rather than using unary integers. The worksheet presented two situations
to prompt thinking about the use of integers as relations: “Me and my sister are standing in a

queus to buy ice-cream. How far is my sister from me?™” The second situation referred to two
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persons standing on different floors of a building. Teachers represented these situations using
the operation of subtraction {or incorrectly, using addition).

Excerpt 7.12

Anita: Me and my sister standing in the queue. How far 15 the sister away from me,
there we have to do subtraction.... In the second case we have to add... to find the

distance between [floors].
TEL: In the first case, suppose 1 say how far 15 the sister from me.

Anita: ¥es, then it 15 subtraction

(2.2; 12-15, Workshop Excempt, 9-05-2010)
Another situation described by TEI during the discussion led to the teachers accepting the use
of unary integers to represent a relation. He described an airplane in the air with its instruments
displaving the relative altitude of other planes nearby — heights above the plane indicated with a
positive sign, and below with a negative sign. This made the relation salient and meaningful.
Other contexts were discussed to illustrate the use of integers to represent relations — depth in
water, temperature, and counbing years in different eras in different cultures, relative position of

runnars in a race, relative differences in test scores,

Swatl, who had earlier connected the meaning of state and change through the construct of ref-

erence point, made a similar insightful comment about representing relations using integers:

Excerpt 7.13

Meera 15 standing 3 position[s] ahead [of me] and Radha 7 position[s] behind me so
Radha here, me here, and hMeera here. [ want to know where [ am standing from the
starting position. So 1if you don™t know the starting point it 15 not possible to find the
position from starting point. Here it 15 only relation vou are taking.... Generally we
take 0 a5 the reference point ... but in this particular question 0 15 not a reference
point.... We have taken something [else] as reference with respect to it we are find-
ng the position so it is 4 relation.

(Workshop Excerpt, 30-08-2010%
Hence, in the teachers™ interpretation, the meanings of state and relabion are similar, with an im-
portant difference of reference point. The reference point for state is fixed by convention, while
the reference point in the case of relation is arbitrary. Thus 1 see the construct of reference point

being used to distinguish different meanings of integers.

Figure 7.1: The intezer mall

321



Chapter 7

Ome context, the “integer mall™ with a hift (elevator) containing only buttons marked as “+ and
o was worked on in some detail since it contained features corresponding to all the three
meanings of integers, as well as the various senses of integer addition and subtracton. The inte-
ger mall (Baja) & Kumar, 20012 15 illustrated in Figure 7.1, Note that floor numbers correspond
to @ state meaning of integers, while instructions for movement of the elevator, in the form of
number of presses of the *+” or =7 buttons correspond to the change meaning. The position of
any floor in relation to a given reference floor provides the relation interpretation. Thus teachers

were able to dentify different meanings within the same context and differentiate them based on

the generalization they made about critical features that contributed to the meaning

Use of only state meaning to 1dentify features to be represented by integers may lead to hmited

understanding of ntegers as exhibited by teachers in their imitial discourse in workshops when
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they gave inadequate explanations for how and why procedures using representation work to
give the comrect answer. Knowledge and use of other meanings increase the vanety and fexibil-
ity in use of contexts while aiding in building meaningful explanations for procedures associ-
ated with particular representations. Through exploration of contexts involving integers and
thinking about the meaning of integers explicitly, teachers were able to identify the cribical fea-
tures of the context that can be represented by integers and thus differentiate bebtareen the bao
meanings of integer as state and change. This led to not only an inerease in the number of con-
texts identified as useful for teaching integers but also increased potential of using contexts for

meaning making,

7.6.2 Addition and subtraction of integers

After the exploration of contexts using the framework of meanings of integers and signs, teach-
ers engaged in tasks of explonng contexts where it would be meaningful to represent addition
and subtraction of integers. They constructed problems where integers could be combined
fadded), and which involved change and relation that could be representad vsing addibon and
subtraction. This provided opportumities for teachers to connect meamngs of integers with
meanings of operations, identify which contexts are meaningful to represent integer addition

and subtraction, and establish connection between different representations through meanings.

The discussion of a range of situations led teachers to realize that not all situations contain fea-
tures that correspond to integer addibion and subtraction. An interesting context that was dis-
cussed was mixing water at teo different temperatures — a situation suggested by one of the
teachers. Through a discussion led by the teacher educator, teachers realized that the resultant
temperature 15 not the sum. but & weighted average of the two imibial temperatures. Temperature
change, on the other hand, could be represented using positive and negative integers, and could
meaningfully be added. This was the case for the hourly change in ambient temperature, another

context suggested by teachers.

The integer mall context {Figure 2% contained a feature in the form of buttons on the elevator
marked “+7 and “=", Addition could be used to fnd where the elevator would stop after a cer-
tain combination of positive or negative button presses. It meant understanding that equal num-
ber of positive followed by negative button presses will take one to the same floorn, e, no
change. Teachers felt that this notion of no change should be explored both from the ground

floor as well as any other positive or negative foor. This comesponds to the neutralization
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model, where two opposite changes neutralize resulting in no change.

Excerpt 7.14
Swatl: We can nclude problem of from any floor pressing plus twice and minus

towice ... same number 47 times and same number “=" times so 1t will come back
to the same floor. 5o those +2 have cancelled -2, 50 no change.

i4.2; 3, Workshop Excerpt, 30-08-2010)

Here Swati 15 drawing a connection between the integer mall context and the neutralization
model by identifying that equal amount of upward and downward movement cancel one an-
other. As noted earlier, she had asked how one can convincingly explain why +1 and -1 sum to
zero, Using the change meaning of integers and the combine meaning of addition, she 15 able to
devise a satisFactory explanation for why equal and opposite integers cancel to vield zero, illus-
trating an important mathematical idea. Thus change meaning helped the teacher in constructing
this explanation by connecting it with features in the integer mall representation. The use of n-
tegers to represent opposite changes made sense, so did the cancellation of additive inverses to
wield zero, Using the meaning of combining change, addition of integers was ecasy to grasp, and
teachers Felt that students will be able to complete the addition of integers wathout recourse to

rules.

The teachers also pointed out that students will have to represent multiple presses of the “+ and
“=7 buttons using integers.
Excerpt 7.15

Swatl: Two times plus coming to +2, sowe are forming integers (4.2; 7)

Swatl: Two plus [es] 15 +2 and one minus -1 (4.2; 29)

Agay: When vou press +— vou actually press +2 —1... (4.2; 30)

Agay: This 1s the essence of this chapter. (4.2; 34)

(Workshop Excemnpt, 30-08-2010)
In the context of the integer mall, teachers discussed how Anding the directed distance between
two foors could be represented using subtraction. The directed distance could be interpreted as
the movement required to go to the target floor from the stating floor. Students could venfy this
distance easily from a visual representation of the context, and could associate it with the sub-
traction operation. Thus “a — B could be interpreted as the movement required to reach Floor a
from floor b, Here the subtraction operation corresponds to the “compare™ sense and vields the
distance between two floors, which could be interpreted as a required or actual change, or a5 a

relation. The sign of the integer obtained as the result of subtraction could be further confinmed
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by the direction of movement. For e.g., if moving from -2 {basement floor) to 5th floor, the
movement can be expressed as 5 — (=2); students could verify from the picture that the distance
between the two Foors is 7 and since the movement 15 upwards and would require pressing +

button 7 times. the answer would be +7.

Excerpt 7.16

TE3: S0 how will we phrase it so that the [corresponding] mathematical expression
153 —(-217 (3.3; 126)

Anita: From =2 vou are moving up to 3nd floor, That means movement 15 upward 5
floors...(3.3; 131)

TEL: 503 —(-2)15s+5(3.3; 132)
Anita: Up... because it 15 +5(3.3; 133)

Agay: Answer 15 5. But if students ask why then we will have to give a reply. (3.3;

134)
Anita: Why 15 3 — (=2 [equal to] +57(3.3; 137}
Swatt: From —2nd to 3cd floor.. 5 upwards, (3.3; 140)

TEL: See, we can think of it as 2 steps. 3—00 IF we reach the zeroth floor frest, then 1
have to go from zero to 3. 50 how to reach zeroth floor? 1t 15 zero minus minus 2.
Fero minus minus 2 is always +2 becavse if [ have to go from —2 o zero then 1 have
to press +2.. (3.3; 1410

(Workshop Excerpt, 10-08-2010)%
TE 1 15 offering here an explanation of why subtracting an integer is the same as adding its addi-
tive mverse, by interpreting movement in two steps with the meroth floor as an intemmediate sta-
ticn, Thus connection was made between g mathematical idea — the equivalence of subtraction
with addition of the inverse — and a transfommation on a representation in the form of the integer
mall context, illustrating an important piece of SCK. This addresses the issue mised earlier by
teachers of how one can meaningfully interpret the rule of changing subtraction to addibon of
the inverse, Although there was no evidence of the teachers taking up this idea, it points to the

possibilities contained in a rich context like the integer mall.

The teachers addressed the question about the meaningfulness of cancelling pairs of equal posi-
tive and negative numbers by relating it to a context. Further, concerns for consistency may be
noted 10 the care taken to formulate the symbohe representations of combinations of hft move-
ments and the progressive movement towards expressions representing the addibion of integers.
We mav also note the careful reading of subtraction expressions and relating them to the move-
ment required to go to a target floor from another floor, All of this indicates the teachers” en-

gagement with deeper levels of representational adequacy. The teacher educator™s suggestion of
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how the operation of changing the subtraction expression to an addition expression using the ad-
ditive inverse may be interpreted in terms of the it movement carries this concern further, al-

though the teachers did not engage in this exploration.

The teachers’ engagement during professional development in exploration and design of con-
texts for use in teaching helped in constructing important aspects of SCK for teaching integers.
These aspects mnclude identifring contexts that can be meaningfully modeled by integers and n-
teger operations. Within these contexts, the teachers were able to identify critical features that
correspond to particular meanings of integer. In particular, using integers to represent change
made it possible o include many contexts involving the addition operation, as well as to den-
tify derived quantities that could be represented and operated with. Expanding the meaning of
integers to change and relabon, as well as incorporating the change and compare meanings of
subtraction, made it possible to meamngfully model the addition and subtraction of integers on
contextual representations like the integer mall. Thus, teachers were able to use the potential of
a context to a fuller extent by identifying multiple meanings of integers within a context. Fur-
ther, teachers were able to make connections between contexts and other representations like
models using meanings of integer and their operation as 4 framework and making connections
between meanings. They were able to interpret movement on the number line as increase or de-
crease, and to provide a more meaningful explanabon of why additve inverses sum to zero.
Thus meanings helped in bringing coherence among different representations that could be used

for teaching integers as well as an increase in variety of contexts for teaching,

7.6.3 Teachers® reflections on engaging with integer meanings

Teachers™ exploration of representations using the framework of meanings helped them reahze
the mportance of considering meanings associated with representations used for teaching, This
wis indicated in teachers” reflections on their learning, in their use of meanings to make sense
of other representations and concepts, and in their design of tasks For peer teachers. In the last
phase of the workshop, teachers reflected on their oam learning while designing a workshop
session For peer teachers on integers. Swati reflected how students need to understand a very ba-
s1c but difficult point that “Just like 3 15 a whole number, -3 15 also a number™ and thus needed
to develop a sense of minus as representing integer. Rajni, on the other hand, shared =T thought
of integers always as numbers and never connected it with any situation. After coming here 1

thought like this™ Anita added that they always considered the reference point for integers as
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zero, She realized that any number can serve as a reference point for representing an integer
opening up various possibilities for contexts to be represented as integer. Thewr planning of
workshop presentations for peer teachers reflected that they now wanted to discuss the meaning
of nteger and operation framework with other teachers, explore their connection with contexts,
use it for analyzing students™ mistakes and responses from classroom expenences, and for de-
signing tasks bevond the textbook for better engagement of students. For e.g. Ajay designed a
task for engaging teachers in exploring contexts and representing them with integers. Swati sug-
gested that they can ask about sitwations where integers meaningfully be applied and then can
ask teachers to categorize them as situations representing state, change and relation. Teachers re-
flected that it would take tme for teachers and students to change their way of thinking just as
their own thinking had changed because of participation and has led them to use the knowledge
in other topacs and grades,

Excerpt 7.17

Swati: It will take ome because students have their mindset, we have our mindset.
Mo, after coming for so many davs here, our mindset has changed a hitle. Like,
when 1 am teaching other classes, [then] also T am able to apply.

{ Workshop Excerpt, 20-11-200103)
Teachers were also able to use their knowledge of meamings to make sense of new representa-
tions not discussed in the workshop, Their discussions indicated that they had developed a
shared value of meaningfulness of representations and sought explanations and justificabions of
new representations that they encountered. As discussed earlier, Swati came up with an explana-
tion using the construct of reference point to differentiate meanings of integer as state, change
and relation. Anita also showed mitabve in bringing new representations into the discussion
and constructing valid and meaningful explanations associated with the representation. She
showed how twin number hnes could be used for integer as well as algebraic operation, stating
that she had found this idea on the internet. She wanted to know how and why the representa-
tion works, She shared how one scale was used as 4 reference scale and other scale was for rep-
resenting the operation. She talked about how they represented addition on twin number ling by
aligning 3 of reference number line with #ero on second number line and then moving by 2 in
the positive direction, thus representing 3 + 2 = 3, which 15 the point on the reference scale cor-
responding to 2. She recounted her conversation with a teacher in her school who believed that
“Megative numbers will always be less than zero™ and was not convinced that one can take an

arbitrary point as a reference point to represent integers. Thus, she realized how understanding
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the role of the reference point and representation of change as integer are significant conceptual
attainments in learning integers.

During the presentation to their peers, the teachers asked for examples of contexts which can be
represented by integers and were able to give justifications for approprateness of contexts based
on meanings. An example of a blood group given from a teacher in audience was not considered
appropriate by Swat teacher as she et it was “just a label and does not have any magnitude™
and shared that such examples are given by students also. This indicated a deeper degree of con-

cem for translatability and meaningfulness.

7.7 Teaching of integers

In this section, the teaching done by three middle school teachers, Swati, Rajni and Anita is dis-
cussed. All the lessons on the topic of integers by Swat and Anita and four lessons of Raym
were observed. Rani, had already taught some of the portion before the observations began, so
some of the topics in the fimst observed lesson were done as revision. All the lessons by Rajni
and Anita and the first five lessons by Swatbl took place in the bao months betareen Day 4 and
Dav 5 of the topic focused workshops. Lessons & to 14 by Swati took place between Day 5 and
Dav & of the workshops, Table 7.6 gives bref cutlines of the lessons taught by the three teach-
ers.

Table 7.6: Lessons taken by Rajnd, Swati and Anita for teaching intcgers

Lesson oo Hajni Swati Anita

Lesson 1 Iniroduction o integers | Introduction of negative [niroduction to negative
Integer mall contex1- state | integers using temperaune | integer using integer mall
and movement; ordering and integer mall contexts | and temperature context
integers on number line;

Comparison of integers

Lesson 2 Addition of integers using | Ordering integers using Meed of negative integers,
integer mall comtext, number line; Using integer |milestones context and
neutralization model and mall context to represent | opposite meaning for
rules Hoor number and ordering integers,

movernent commparison of integers

Lesson 3 Addition of integers using | Ordering integer using Mumber svstems: whole
integer mall comtext, number line and doing numbers, natural numbers
neutralization model and lexthook exercises and integers; context to
rules represent quantity and

movernent in opposiie
directions as integers;
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Lesson no.

Lesson 4

Lesson 5

. Lesson 6

. Lesson 7

Lesson

. Lesson 9

. Lesson 10

Lesson 11

Lesson 12

Rajni

Subtraction of integers

using integer mall context
and rules

Swati

Addition using number

line and rules

Addition using number

line and integer mall
contexl

Addition using number

line and comparison af
integers

Commiparison of integers

and addition using numb er
limi

Addition using

neutralizmtion model

. Addition using

neutrlization mode] and
rules, using just munmbers

Addition using mules

Addition using integer

mall comtext, additive
inverse

Subtraction using number

line, convert sublraction
problem to addition

problem using additive
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Anita

commparison of integers

Addition of integers using

integer mall comtext and
Erme conbext; coTmparison
of integers; comtexts o
represent integers

Addition of integers using

integer mall eomtext,
additive inverse

.RIJ]I.‘H for addition: addition .

uging integer mall contexts
neutra lization model

Addition using

neutra limmtion model and
student writing
observations

Addition using

neutra liation model,
rewTiting the expression
uging additive inverse

Addition using numbers;

integer mall comtext,
rewTiting the expression
uging additive inverse *;
colTiparison of integers

rewriting the expression

using additive inverse;
interprefing expression
using integer mall context

Comimutativity and

comverting subtmetion
problem to addition
problem; interpreting
subtraction using integer
mall context
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Lesson oo Hajni Swati Anita
iTveTse
Liesson 13 Subtmction using number

line, integer mall context,
rules and additive inverse

Liesson 14 Converting subtraction o
addition using additive
iTveTse

The classroom observation of the three teachers while teaching the topic of integers 15 discussed
in the following subsections. The analysis of observation of teaching 15 based on the framework
of meanings of integers, which was introduced in the workshop to teachers, Table 7.6 indicates
the topics and representations used by the teachers for teaching integers in the lessons that were
observed. There were differences among the teachers in the emphasis on the use of contexts for
discussion, the way meanings were discussed, discussion on mules and the extent of engagement
of students during discussion. All the teachers used the mnteger mall o discuss introduction,
comparison and addition-subtraction of integers. They also used the mesning of state and
change to discuss representations implicitly or explicitly while the relation meaning was used to
a limited extent. What was noticeable in all the teachers” lessons was the attempt to explain pro-
cedures using different representations and contexts and the back and forth movement between

presenting rules and developing explanations.

7.7.1.1 Introduction of integers

Introduction to integers 15 an iImportant topae since the students encounter integers for the frst
time in the sixth grade. The teachers had shared concems in the workshop that students are not
able to make sense of negative integers, mistaking the minus sign to be that of the subtraction
operation. Swati started with a short discussion on using integers in contexts followed by text-
book exercises. Amta on the other hand spent three lessons to introduce integers and engage stu-

dents in discussing meaning of integers using different contexts, which are discussed below,

Anita began by discussing the meaning of integers in the context of the nteger mall. She dis-
cussed both the state and the change meanings in this context. In the integer mall context, the

meaning of positive and negative integer was explained vsing zero as a reference point — as the
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integer denoting the number of floors above or below zero thus depicting state. The hift buttons
+1 and =1 were introduced as controls o move in opposite directions and she discussed how
change in position could be represented through integers. Anita pointed out that addition and
subtraction are opposites of each other, although she did not discuss how the subtraction sign
and the negative integer sign are different. She used the relabon meaning of integer when she
asked students to use integers to dentify the positon of different floors using a given floor as a
reference. She also discussed the change meaning in other contexts like temperature, amount of
money in the bank, ete. She asked students to descnbe situations which could be represented us-
ing negative integers, thus giving them an opportunity to share their ideas. Students came up
with interesting examples hke the buttons on a TV remote control and prescriptions for specta-
cles where negative signd integers can be used. She encouraged students to give reasons for us-
ing negative integers in the situation that they deseribed, getting them to use both the change as
well as state interpretation. She developed her own classroom tasks based on these meanings

and gave textbook exercises as homework.

The other two teachers, Swat and Rajm also used contexts to introduce integers and their
meaning. Swatl used contexts ke temperature and the integer mall to show how both positve
and negative integers can be used to depict state or change n quantity. Rajni gave examples of
contexts such as sea floor level and basement floors where negative integers depict state and
downward movement in the integer mall context and in the school building to depict the change
in position. Thus all the teachers used both the meaning of state and change while discussing in-

tegers in contexts, However, Rajni and Swati spent much less time on this than Anita.

Rajni and Anita discussed integers in relation to the family of number systems, Rajmi started the
lesson on introduction with a discussion on the relation of integers to the whole numbers and
natural numbers while Anita discussed this only after discussing comparison of integers. Both
discussed how whole numbers and natural numbers are contained in the set of Integers. Anita
drew a Venn disgram to explain that the set of integers 15 the larger set which contains natural

numbers and whole numbers as sets within it

7.7.1.2 Ordering and comparison of integers
All the three teachers used both the hortzontal and the vertical number line, as well as the inte-
ger mall context to discuss the ordering of integers. A picture of the integer mall was used for

the first few lessons, after which the teachers represented the integer mall through the vertical
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number line. All of them associated the idea of direction with the sign of an integer — positive
integers to the right or above and negative to the left or below. It may be noted note that com-
parison between a positive and a negative integer and between two positive integers 15 casier
than companson of negative integers and teachers spent a significant amount of tme in the

lessons on the latter,

Discussion on ordering and comparison was initated by all teachers by asking about the place-
ment of =1 on the number line, which is also discussed in the textbook, Bajni asked students o
predict where negative integers or —1 should be placed on the number line. When the students
answered that it should be placed to the left of zero, she asked them For the reason. Without
waiting for students’ responses, she explained that they are placed to the left of zero since they
are less than zero. Rajm then stated a generahzation that when comparing two integers, the
number placed towards the right on number hine 15 always bigger. Using the number hine, stu-

dents reasonsd that negative number -2 15 greater than =3 since it lies towards the right.

Swat started the discussion by saving that a5 one moves right on the number line the numbers
are increasing and as one moves left they decrease. Like Rajni, Swati gave this generalizabion as
g rule For students to follow. She then gave the example of temperature and represented negative
temperatures below zero using a vertical number line. She also used the integer mall, emphasiz-
ing the state meaning by referring to the position of negative integers as below or to the left [of
zero] on the vertical and horzontal number line respectively. Swat used this rule to discuss all
the textbook questions on comparing integers, which was done only symbohcally without dis-
cussion on contextual meanings. However, Swati revisited these topics again soon after Dav 5

of the workshop and dealt with them in a different manner, which will be discussed below.

Anita began discussing the ordering of integers by asking students how negative numbers can
be placed on the number ling but her approach was shghtly different from the other two teachers
as she focused on using context to develop meanings rather than giving a generalization. When
a student was not able to place =1 on the number hne, she introduced the context of milestones
on a road and asked the student to think of how a movement of 1 km in opposite directions
could be represented. She then used the meaning of positive and negative integers as opposites
of each other to persuade students that —1 should be placed to the left of zero as it 15 at the same
distance as +1, but in the opposite direction. Here the integers are placed according to the rela-
tion they have with zero. Thus, she addressed why the sequence of negative integers should start

with —1 tothe left of 0, since negative numbers denoted an equal distance from 010 the direction
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opposite to the distance of the comresponding positive number. When students made mistakes
like placing =10 before =2, Anita took this up For discussion. She explained that as the tempera-
ture drops by 1 degree Centigrade successively from zero, the temperature becomes —1 deg C,
then -2 deg C, and so on eventually reaching the state of =10 deg C. The state of =10 deg ©
would be achieved much later than a temperature of =2 deg © and would be less wanm in com-
parison to -2 deg C. In this explanation the teacher used the change meaning (-1 deg C at cach
step) as well as the state meaning (reaching a temperature of =10 deg C), and also indicated the
magnitude n relation to 0, thus using all three meanings of integer. Students too started vsing
the relation with zero for comparison. Thus, Anita’s use of the idea that integer denotes directed
distance from zero helped the students in placing the numbers on the number line and in making

Judgements of ordenng and comparnson.

Although Anita had focused on the development of meanings for the most part of her teaching,
she discussed rules just before the students attempted a test. However, her focus on developing
meaning did result in students giving reasons to compare integers. For e.g., one of the students
observed that values are opposite in negative integers, 1.e., 4 15 greater than 3 50 —4 15 less than —
3. Another student reasoned that since -1 15 the greatest negative integer, any negative integer
nearer to —1 will have greater value, Here student has used —1 as a reference point to establish

relation with other negative integers.

Rajn attempted to use the context of bomrowing to make it easier for students to compare nega-
tive numbers. However, this was not very successful, probably because she did not use the no-
tion of “net worth™. Without this notion, it 15 unclear what the borrowed amount refers to, be-
cause 1t 1s money in the hand of the borrower, to which assigning a negative sign may not seem
appropriate to students. However, For the most part she had students rely on whether numbers

were to the right or left on the number line to make judgements of comparison.

After a4 long gap, teachers reconvened for the topic focused workshops on Day 5, when they dis-
cussed student responses and misconceptions while teaching integers n the classroom. After
this, of her own accord, Swab revisited the comparison of integers in her class. In the mesting, it
wis discussed how the number ling forms a basis for discussing rational numbers in higher
grades and how the idea of measurement 15 inherent in the construction of number line as the
positive and negative integers are at regular and opposite distances from zero, Swati discussed
some examples of student errors from her class. While labelling the floors of the integer mall,

thev placed —1 at the lowest floor instead of the floor just below zero. She shared how students
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keep confusing the magnitude of negative integer viewing -3 as greater than —1. The group,
based on Anita’s classroom experience, discussed how it would be more meaningful for students
to understand that negative integers are the same unit less than zero as its inverse positive inke-
ger 15 greater than zero, When Swat revisited comparison of integers in her classroom after this
discussion, she did not accept the reason for integers being smaller or larger based on the direc-
tion of placement on the number line, as she had done earhier. Instead, she pushed students to-
wards identifving that negative numbers are less than zero since thev are certain “wwits™ less
than zero. For e.g., she asked students to explain how many units 15 =7 less than O and how

many units 15 —2 less than 0.

This as a significant episode which involved a clear interaction between discussion in the topic
study workshop and teaching in the classroom. The discussion during the one-day workshop had
convinoced Swan that students had not understood comparison properly. The shift to companng
integers based on value and use of units to talk about integers was an important shift, since the

teacher took the inibative on her own o revisit a topic which she had taught eaclier while using

the idea discussed in the workshop.

I now cite another example of how a classroom episode generated an interesting discussion be-
tween the teacher and the researcher and in the workshop, In Amitas class, while comparing
negative integers, a student stated that -3 15 greater than -2, Anita asked other students 1f thevy
agreed or disagreed with the answer. A student disagreeing with the answer, reasoned that -2 15
greater than =3 because when 2 and 3 are subtracted from a number say 20, the amount left in
the case of =2 {18} 15 more than For =3 {17}, Anita responded that they were discussing negative
numbers while the student was talking about subtraction of whole numbers which 15 different.
After the class, there was extensive discussion between the teacher and the researcher about
how one should have responded to this statement and of the reasoning was vahd, Anita felt that
it was possible that the student was thinking of numbers as negative integers since “20 — 27 can
be interpreted in tenms of 20 + — 27 and the student knew that instead of 20 any number could
be taken. She argued that the student was interpreting integers as a certain quantity less than!
more than a reference quantity. However, she regretted that she did not probe deeper to get a
clearer 1dea of the students™ thinking. In subsequent lessons she paid closer attention o the stu-
dent™s arguments and eliciting their thinking. When this episode was shared and discussed on
Dav 5 of the topic study workshop, some in the group argued that it was not clear whether the

student was interpreting the minus sign as an operation sign or as indicating 4 negative integer.
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The example served to highlight once again that one of the difficulties faced by students was the

distinction between minus sign as a sign of number vs, operation.

Later in her teaching Anita used the context of the quiz to discuss addition of integers as well as
comparison. She frst asked students to play the quiz and kept the score for different teams. A
positve score was given for a right answer in the game while a negative score was given for a
wrong answer, After plaving the game, Anita asked students to find out the total scores to iden-
tify which of the teams had won. In using this context, the individual scores at each tum repre-
sented the state and the task of comparison of states was integrated with the task of addibion.
This integration was useful since students were able to use it for reasoning during the compari-
son. For e.g., students argued that the score of =1 15 higher (greater) than that of -6 because the

teamn which had got =& had made more mistakes.

Swat had expressed that one of the difficulties with the number line was that numbers like 100
could not be shown on it After a discussion on this in the topic study wordsshop, Swat took up a
representation proposed by the researcher of using one’s own body as a vertical number line,
considering zero at the chest. Using the Aoor as another reference, that students could stretch or
shrnk the “number line™ Aexibly while comparing integers, for e.g., =1 15 greater than —100
sinee —100 would be closer to the floor while —1 would be closer to the chest. Swat found the
device useful since students could visualize and compare negative numbers of up to 3 to 4 dig-

its. She used a simolar reasoning on the horizontal number hine.

From the dis cussion above, we find two 1deas that have been used For companson of integers by
the teachers — one 15 directed distance from a reference point to indicate value and the other 15
how much the value of an integer changes in reference to another integer as result of some
change as in the case of temperature. All the teachers used 0 as a reference point for companson
at some point or the other and also discussed its value as being more than negative integers. This
indicated implicit recognition amongst all teachers that the meaning of zero neads to be revisited
in the context of learning integers. The teachers” discussion of comparison using the number line
and contexts mplicitly used the state, change and relation meanings of integers. The teachers
emphasis on discussing placement on the number Line and comparison using dicection and a ref-
erence integer served to develop understanding of ordinality. At the same time, when teachers
discussed the value of integers and change in value in relation to contexts ke the change of
temperature, then this served to develop understanding of cardinality of the integers. The teach-

ers” attempts to relate these contexts with the number line can be secn as atbempts to integrate



Chapter 7

the ordinality and cardinality of integers.

7.7.1.3 Addition of integers

Extensive discussion took place during the works hops on how o represent additon and subtrac-
tion of integers using the meanings in different contexts and models. Dunng the initial days of
the workshop, movement on the number ling n a particular direction to denote the negative sign
of the integer and the minus sign of subtraction was recognized as potentially confusing. How-
ever, since the method was given in the textbook and a question about adding or subtracting in-
tegers using the number hine was almost always asked n the term end exam, the teachers de-
cided to use 1t in their lessons. Both Rani and Swat first used the horirontal number line to dis-
cuss addition and subtraction of integers. Anita, in contrast, started by discussing only addibion
using the integer mall context. The discussion of addition and subtraction based on movement
on the number line emerged as problematic in classroom discussion as the excermpt 7.18 below

from Swati™s lesson shoears,

Swati posed a problem to the class to represent the movement on the number line from -8 o -
13 through a mathemancal expression. Students gave different answers like -8 + 5, =8 — (=53], 8
+ 5, — 13 — (—8). Swati then tried to convince students that movement towards left should be

represented by minus thus representing movement as -8 — 5= 13,

Excerpt 7.18

T: Sew vou are starting at —3, 5o vou have written —3. and vou have to reach —13. S0
vour answer has to be =13, How many places you are going? You are going 5. Mow
what should come here?

Sb1: Minus.

T: Why muinus, or why plus?

g Ma am, because we cannot minus ( falters and laughs).
ab2: Ya Maam. plus.

T: Plus?

Sb1: But Ma®am, it was decreasing as we move towards left.

Sg: Mo, because the bigger sign 15 in 8. So, Ma'am, the minus sign would come iF
we plus, plus ya. Ma’am, if we plus and & + 5 is 13 and bigger sign 1s...

ab3: Ma am, —& plus. Mo, =8 — (=31
gl Ma"am, when we add the numbers of the same sign, the same sign will come.

T: You are telling the mle. See what 15 happening? When vou go to this side, it 15
decreasing. What sign should we use?
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Sb4: Minus,

T: Decrease, when we were... if we have to go this side it is increasing, if we go
this side it 15 decreasing, So you are adding or subtracting?

Sb1 (hesitabing): Subtracting.

T: What you are doing?

Sb1: Subtracting.

Sg2: Mo am, 3-5 15 3,
T: When vou do 5-5, vou use the number hne.
b3 Maam, we are confused | loudly).

T: If vou are doing 83 (shows on BB To do & minus 3 where we have to go? This
side (right) or this side ( left)?

& This side ( left)...

T: S0 1,2.3.4.5. We get 3. 5o if we have o minus, vou go this side. IF plus,... vou
go this side. Right, so there which direction are vou moving?

ab1: Left

T: 50 left means what?

&1 Minus...

Sz 1: hMaam we were giving the comect answer.
T: Mo, but vou were not saving why, Reasoning 15 necded.

ab1: Ma am we were confused because in positive numbers, number and value both
increase, but in negative numbers, the number increases, but the value decreases.

(Classroom excerpt, 1 Mov. 2010)
In the above excerpt 7.18, the teacher was trying to get the students to associate the movement
towards left with the minus sign since 1t was decreasing. The students” confusion 1s reflected in
the last line of the excerpt when the student articulates the difference between the positive and
negative integers. [t indicated that the students did not necessarily view the change from -3 to —
13 as 4 decrease in quantity, therefore even when the teacher indicated that movement towards
left is to be represented by minus sign, students did not seem convineed. The use of minus sign
for both integer as well as for subtraction further creates confusion. Students knowledge of rules
for addition of negative integers also interfered with what Swab was saving. By the mle stu-
dents perceived the problem as addition of two negative integers Le. -8 + =5= — 13, whilz the
teacher was representing it as subtracting 5 from -8 by moving left. The teacher knew the fexi-
bility of representing —8 — (+3)= =13 as —& + (=51 —13, which may not have been accessible to

students. Sinee the discussion was done without using any context as reference, it was difficult
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for students to understand what 15 decreasing and to make sense of subtracting 5 from a negative
number. Later, students protested that they did not know what to do since the teacher was not
telling them how to solve the problem and was not accepting rules as a reason. As a result of
students” protest, Swati then discussed the rules for addinon of integers. For Swatl, it was a sig-
mificant shift from earhier classes since she had regularly used miles to justify solutions and was

making an effort to try to discuss reasoning behind procedures and develop an explanation.

In the post-lesson discussion with the researcher, she shared that she had discussed rules in the
class because she felt pressured by the students’ expectations and needed to complete the syl-
labus, She felt that during the classroom discussion students are not interested in discussing rea-
somns and just want the solutions. However, in the next class, she shifted to using the integer mall
context in the middle of discussing the explanaton for addibon using a honzontal number hne.
( This event 15 described belowe) In the post-lesson discussion she explained that this was due to
the feeling that students are not able to understand how to represent addition mathematically us-

ing the movement on the number hine.

Swat thus exhibited back and forth movement between the use of ules, developing an explana-
tion and use of context which indicate the tensions experienced by her. Her use of the same ex-
planation which was considered as problematic in workshop indicates that she was not totally
convinced about the problems related to explanation. However, since she was aware that it may
be problematic, she was observant of student difficulties and thus shifted to other ways to dis-
cuss addition. This also points to the need of consohidation of knowledge developed in the waork-
shop with the expeniences and observations of students”™ conceptions during teaching to bring

about any significant change in the teacher’s practice.

Addition using the mearnings in the integer mall context

As mentioned earlier, Swati and Rajni shifted from using the horizontal number line for addibion
of integers to the integer mall context while Anita started wath this context. The teachers used
the Iift feature of having + and — button to discuss movement up and down. Rajni represented
movement of the Lift by pressing +1 and =1 buttons, recording the presses in symbohic form Like
“—— — =+ + 7, The negative and positive signs were then cancelled to find the Anal movement as
well as direction. She next asked students to wnte the movement in numeric form. Thus in this
approach, integers were used to represent change and the operation of addition of integers repre-

sented the final resulting change. Students were able to generalize that if equal amount of move-
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ment 15 done in opposite directions then the person will reach the starting point resulting in no
change. At the end of lesson, she again revised the rules that had been discussed ecarlier for
adding integers of same sign and opposite sign, showing that it still holds true in the integer

mall context.

Swat translated the numbers in an addibon expression into the features of the integer mall con-
text. For o.g., the problem +9 +{-61 was illustrated by visualizing oneself at 9th floor and then
pressing —1 button 6 times to reach the 3rd fAoor. Using the integer mall representation, she was
able to convines students that even when one 15 on one of the basement floors (represented by a
negative integer), one would move further down by pressing the minus button (represented as
addition of & negative integer). In subsequent lessons, Swati used the idea of no change to dis-
cuss how equal and opposite movement cancel each other. In post lesson discussion, Swati ex-
pressed her happiness over the use of the integer mall context citing that it 15 helpful 1 engaging
students in discussion as students started behaving as if “they have been awakened™ after she
started using the integer mall context. The students” enthusiastic participation motivated her to
use this context in later lessons, Also, the feature of visualizing oneself a5 moving from one
floor to another could have helped students in understanding what cach symbol in the mathe-

matical statement represents.

Anita engaged students in representing movements across floors in terms of symbals represent-
ing button presses and then converting this into numbers, similar bo what Rajni had done. Then
she asked students to interpret an expression of adding integers to depict movement in the nte-
ger mall context. In doing these problems, Anita like the other two teachers, used both the state
as well as the change interpretation. Floor numbers represented state and button presses in the
[ift represented change and thus addition had the meaning of change of state. She also used
these meanings in another context of playing a quiz game and keeping scores using integers
idiscussed n the previous section] which helped students in comparing integers. In Anita’s les-
son too, students used mules, sometimes incomrectly, to justify their answers, For e.g., a student
felt that =2 — 5 will be +7 because “minus and minus 15 plus™ Here, Anita invoked the context
of the integer mall suggesting that the student need to think of -2 as going 2 floors down and
then =5 as again going 5 floors down, with the total change being 7 floors down which can be
represented as =7, This was convincing to students. Even while making a generalization, Anita
usced this idea to say that “When we are adding two integers of the same sign, that means we are

moving further in the same direction and therefore the result will have the same sign™. Anita
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challenged students to think carcfully before responding when they forgot or made mistakes in
putting the comect sign of integer. She explained that writing -8 as & would mean that there 15
no difference between them and pointed that they would represent different floors in the integer
mall context and also movement in different direchions. After doing problems involving addition
with the same sign, Anita used problems in which the net result of movement was rero, e.g., +6
+ (=) Bhe introduced the idea of additive inverse using these examples in which addition of
equal and opposite numbers lead to zero and was careful in representing the implicit + signs in
problems. In further examples of addition of positive and negative integers, Anita engaged stu-
dents in identifying how equal and opposite movement cancel each other. The class developed
the explanation for adding two integers with different signs that the result will have the sign of
the bigger number since it would involve moving further i that direction after the effect of
moving in the opposite direction 15 nullified. These examples formed the basis for generalization
of rules and also for establishing connections with neutralization models later. While discussing
the addition of integers with different signs she related it to addibon using the neutralization

model by asking students to relate the numbers cancelled with the movement that 15 nullified.

When Anita asked students to interpret movement on vertical number line when the problem is
given, two different wavs of interpreting a problem also came up in class. e.g 5 + (=20 was in-
terpreted as starting from the 5th floor and coming down 2 floors o reach +3 which 15 the an-
swer, Anita showed how if the numbers are reversed like =2 + 5, the answer will still remain +3
since it would mean starting from -2 floor and coming up 5 floors to reach +3. In this way, she
discussed commutativity of integer addition using a context. We may note however, that a better
context to discuss commutativity would have been to depict the integers as change and then

showing that combining the change in a different order gives the same resultant change.

Addition using newtralization models

All the three teachers also showed addition using the neutralization model using buttons of tao
colors since they felt that this would help students. Swath used this model o help the student
that she thought was the “weakest™. She was very happy when this student was able to find the
correct answer using the buttons. Both Swath and Rajmi attempted to generalize mules by using
results of addibon of integers after using number line or neutralization model. After engaging
students in doing the activity with neutralization model, Swati gave problems to students which

had the same numbers but different signs as shown below.
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1. 4+42=-2

1

44+ (-21=4+2

L —4+(-2)=-6

20 4+ (+2)=+i
Using these problems and their answers, Swatl revisited the rules for adding integers discussed
before. She asked them to remember that the answer will alwavs have the sign of the bigger
number. She said that knowing these miles will be helpful since it would not be possible for
them to always use buttons with bigger numbers. Rajmi denved rules in a similar manner asking

students to observe the answers to several examples of addibion.

Anita too discussed when the answer to an addition problem would be positive or negative using
the neutralization model by asking students to write their observations on the blackboard. Stu-
dents arrived at observations like “when both numbers are of same sign, we use the buttons of
same color”™ and “if we add two posiive integer, the answer will also be posive integer™.
Through observations like “when we arrange 4 red (for positive) and 3 vellow (for negative) in
two rows, the answer 1s +1 because the reds are more™, students were able to explain addibon of
positive and negative integers. Anita asked them to explain how they got the answer and discuss
why the numbers cancel each other. She recalled the earlier discussion of additive inverse where
they learn that addition of +1 and =1 5 mero. She showed how =3 + 4 can be written as =3 + 3
+1, to show how equal and opposite mtegers form a pair and cancel each other out. She con-
structed problems ke & + -5 =3 + _ + =5 to make students think in terms of making integer

pairs.

Anita introduced rules after discussing addibion of integers using the integer mall and game con-
texts and using the number line. Similar to Rajni and Swati, she wrote expressions which had
the same result except the sign, through which she generalized that one will always get positive
integer when we add two positive and negative integer as result of adding two negatives. How-
ever, after this discussion she engaged students 1 interpreting expressions and using the idea of
positive and negative integers as opposite and the 1dea of no change to reason with expressions.
2.2 Anita asked students to use the fact that “5 + 1= 167 to think about what integers to add to
get =16, Students were able to think of adding =5 and —11 to get —16. In another instance, when
she asked a student to solve a problem of 2 + =3, he solved the problem by subtracting 2 from 3
and putting the minus sign. Anita then wrote his solution as 2 + =3 = — (3 — 2} and agreed that

answer would be —1. She asked students to think of 1t as an alternative way to express the addi-
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tion of integers with different signs. She also showed how adding integers with same sign can
be written in a different way: -2+ -T=— {2+ TJor 5+ 7=+ {5+ 7% Though Anita did not dis-
cuss in detail how these expressions are equal, these expressions created an opening for devel-

oping deeper understanding of mules.

7.7.1.4 Subtraction of integers

Teachers used tao meanings for discussing subtraction of integers. One was to represent the
movermnent from one floor to ancther as a difference between two floors and the other was to use
the 1dea of additive inverse. Teachers used the term additive inverse and *opposite” interchange-
ahly n the discussion. Anita went one step further by dis cussing bwo expressions as opposites of
cach other when their results (values) are opposite integers. All the teachers used the brackets
around the second integer in the expression to differentiate the sign of subtraction operation
from the sign of the integer. Interestingly, these brackets were not consistently used by all the

teachers when discussing addition.

Rajni introduced subtraction of integers by representing the movement from one floor to another
mathematically and explained how an expression can be interpreted as “destination floor — start-
ing floor™, However, after discussing some examples she told students that of they get minus of
minus in the problem they have o convert into addition using the additive inverse. After dis-
cussing a few problems with additive inverse, she asked students to solve the problems in the

texthook,

Swatl discussed the meaning of the minus sign and its different interpretations before talking
about subtraction of integers. She discussed that minus can be used to depict the basement
floors (state) as well as to depict the downward movement (change). She then explained that +2
and -2 are additive inverses of each other since they depict opposite movement. She pointed out
that “numbers™ are the same but the signs are different. She then asked students to interpret the
expression 3 4+ (=20 She wanted students to focus on dentifving whether the problem repre-
sented addition of integers or subtraction of integers. However, students used the mule for addi-
tion of positive and negative integers by “subtracting the numbers and putting the sign of bigger
number™, (This is problematic since students were still treating the numbers as whole numbers,
thinking of the negative integer a5 “bigger” than the positve integer, when its value 15 less than
the positive integer). Swabt then explained that the *+ sign denotes the operation and gave ex-

amples of expressions which represented addition or subtraction of integers making students
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identify whether it is an addition or subtraction problem. Thereafter, she asked students to repre-
sent the expression 3 — (=23 on the number line. When the student represented it as movement
from 0 to 3 and then back 2 steps to reach 1, another student objected that it being same as 3 +
(21 He argued that it 15 wrong since it indicates that there 15 no meaning of minus i the partic-
ular expression as an operation sign 1f one accepts that result of 3+ (=27 and 3 - (-2) would be
same. This was an interesting moment when the student was looking at consistency of meaning
in expressions. Swatl asked the student to repeat his statement and explained his point to stu-
dents. Swati then used the integer mall context to represent the movement from starting floor to
destination floor as subtraction of the tewo floor numbers, but students were not able to remem-
ber whether the minuend should be starting floor or destination floor. After students gave sev-
eral responses, Swatl realized that the students were getting confused. She explained that “sub-
tracting an integer 15 same as adding its additive inverse! opposite”™. She suggested that the latter
can be used to convert the subtraction problem into an addibon problem and gave several prob-
lems for practicing this conversion. Students kept quoting mules, but Swati explained that they

need to understand this as it would help them understand the mathematics in higher grades.

In a discussion before teaching, Anita shared that she wanted to introduce the idea of the nega-
tive sign as the opposite of the positive sign and wanted to build students’ understanding of ex-
pression based on this idea. In class, she discussed how the expression +4 — 2 and 2 — 4 are op-
posite since their result +2 and -2 are opposite of cach other. She argued that therefore minus of
=2 L2 —(=2) 15 equal to+2, On being invited by the teacher, the researcher asked students to ex-
plain the expression 4 — 2. This expression was interpreted by students in different ways using
the integer mall context. One interpretation was coming from 4th floor, 2 Aoors down 1., reach-
ing 2nd floor. Another interpreted that it 15 going up from 2nd floor to 4th floor, thus represent-
ing the movement of +2. Yet another interpretation was the distance between the floors. In the
next lesson, a student agam interpreted 4 — & as starting from -6 floor going four floors up to
reach 2. In this interpretation the student was parsing the expression as +4 — & where +4 repre-
sented the movement while -6 represented the floor from which to start. Thus, unknowingly the
student had converted the subtraction question into an addibon question. Anita dentified this
and used this as an opportunity to discuss if the subtraction expression could be converted into
an addifion expression. She ook two equivalent expressions as cases to discuss this idea: 4 - 6
and 4 + —&, She pointed out that in both cases the answers are same and the difference 15 in the

way the expression 15 interpreted. In the first expression the operation 15 subtraction and & is as-
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sumed to be a positive integer, while in the second expression the operation between the nte-
gers 15 addition and & 15 interpreted as a negative integer. She asked students to solve the expres-
sion 10 — (=3} and asked them to explain the meaning of subtracting =3 from 10, A student, who
gave the comect answer, cited the rule of “minus of minus as plus™ as the reason. Anita, how-
ever, nsisted on an explanation using integer mall context. When the student interpreted it as
starting from 10 and coming 3 foors down, Anita pointed that it would be same as expression
10 =3 or 10 +-3. She asked students how the expression 6 — (=23 can be represented and ex-
plained that 1t 15 distance between the =2 floor and the +6 fAoor. She then asked them to interpret
— & — (=2]) which student interpreted as statting from =& fAoor to =2 floor resulting in uprasard
movement. She then used the expression —6 — (=23 and =6 + 2 to point out that for both the ex-
pression answer 15 equal to —4. She then explamned that — (-2 means taking the addibve inverse

of =2 which 15 +2.

As the discussion above shows, teachers tned out different ideas for explaining subtraction of
integers and found it challenging. They relied much less on the integer mall context as com-
pared to other topics for discussion. There was also back and Forth between the use of difference
meaning and the additive inverse meaning, with teachers shifting towards additive inverse even-
tually. The discussion in all classes shifted towards manipulations of the expressions when

teachers discussed conversion of a subtraction problem to an addition problem.

7.7.2 Impact of the topic study workshops on teaching

From the observation of teaching, it is evident that the teachers were attempting to introduce
new elements in their teaching by way of new representations that foregrounded the different
meanings of integers and integer operations. Thus thev used the contexts and key ideas dis-
cussed n the workshops, although in different wavs and with different degrees of integration
with the textbook exercises and teaching of rules. While teaching, the teachers had to deal with
two kinds of tensions. Firstly, there was an expectation from students that the teacher help them.
When this help was withheld, the students were uncomfortable and pressurized the teacher to
tell them the answer and resisted engaging in discussion based on meanings. A second tension
wis applying specialized knowledge about integers (discussed in earlier sections) in the class-
room to flexibly deal with student responses and to facilitate student understanding. The teach-
ers had understood the various interpretations of integers and were able to use it for designing

tasks collaboratively. However, to use these ideas while teaching was fraught with issues like
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the level of teachers” confidence in the task and explanation used and knowledge of how to deal
with unexpected student responses. Developing knowledge in sity needs tme and expernience.
Teachers explored the ideas discussed, observing the issues that arise in teaching and students”
misconceptions and evaluating the usefulness of the 1deas discussed 1n the workshop impheitly.
This explains the back and forth movement between the use of contexts and meanings and the
use of ules. Teachers apprecated the level of students” engagement a5 a result of using the con-
texts ncluding “weak™ students and made sincere attempts to develop students™ understanding

USINE MEdnings.

In this section | analvze the impact of the discussion in the topic study workshops on the class-
room teaching drawing on the lesson observations as well as the teachers” own reflections.
These reflections were expressed by the teachers n the workshop and 10 the presentations that
they made to peer teachers. What teachers chose to report in the workshops about their class-
room experience 15 an indicator of what they found significant in their leaming and thus what

aspects of the workshop discussions thev found to be useful.

7.7.2.1 Shifts in goals and beliefs

The teachers” initial goal was to teach miles and the textbook too indicated that students were
expected to become Auent in solving integer problems given in the textbook exercises using
rules. Therefore, the teachers focused on calculations and believed that contexts were not useful
for learning integer operations. In their lesson plans and report of teaching expeniences, the three
teachers (Swati, Anita and Rajni) acknowledged a change in their approach from telling rules in
the beginning to exploring contexts first with students and then inducing mules. However, they
were not entirely successful 1n using this approach in thear classroom. The tasks used in their
lesson plans had a balance of questions which involved representing features or actions in g con-
text mathematically as integers as well as questions on calculation with integers presented sym-
bolically. Anita included questions for ehiciting student meanings for the minus sign ke “Give
examples of situations from your daily life where you have seen use of the minus sign™ (See Ap-
pendix & for a lesson plan by Anita). This indicated a shift in the goal from teaching of les to
the development of meaning using contexts, All the three teachers (Ramm, Swat and Anita) used
contexts to discuss where and how integers are used as well as to discuss addition and to a lesser
extent For subtraction of integers (as discussed in section 7.7.1).

Another shift in the goals was from avolding student mistakes to understanding the thinking be-
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hind student emrors. Teachers™ initial talk in workshop indicated that they tried to avoid students”
mistakes by giving clear explanations. However, there were differences among teachers in the
extent of sensitivity they developed towards student thinking, Rajni and Ajay still insisted on
many occasions that procedures should be told to students clearly to avoid mistakes, On the
other hand, Swati and Anita discussed both the mistakes that students made in their classrooms
and the possible underlyving misconceptions. This indicated that they may have started to accept
mistakes as the natural outcome of learning experiences and wanted to share the misconceptions
and mistakes for discussion. This was reflected in Swati™s comments about how one needs to fo-
cus on what students do and why rather than what student or teacher should have done. She
said, “That the student should know s different, whether the child does s different. That is the
problem, we are discussing here for what [the] child does™. Swat shared her reahzabon about
how students typically overgeneralize and try to make connections betaeen different concepts
that are discussed in the classroom.

Excerpt 7.19

Swatl: Thew say if we are doing this here then why cannot we do this there. Then
again, [ think, this 15 how children connect vou know., Whatever we are teaching,
they do try to connect. They try to apply one thing in another context. That 15 why
understanding, I think explaining them and understanding 15 more important you

know than just practicing. 5o 1F both do not happen together, learning won't be
proper. (Workshop Excerpt, 24-11-2010)

Covering the textbook and the exercises given in it seemed to be an important goal for teachers
initially as they resisted approaches not discussed in textbook.

Excerpt 7.20

Anita: Inverse method we can use that but exam point of view we will not be able
to use that. In exam number line question only will come.

(Workshop Excerpt, 30-07-2010%
The shift in beliefs about teaching integers through rules versus engaging students in reasoning

involved teachers experiencing the struggle of managing classroom interactions to develop un-
derstanding while developing their own knowledge in order to support students’ engagement
with reasons. The expectations of completing the syllabus on time also added to the tension.
Swat shared how 1t was challenging to engage students in reasoning because of lack of tme
and students” resistance to engage in making sense rather than solving the problem using mles.

Excerpt 7.21

Swatl: They had to apply only mules. Only one thing was there, there was not so
much thought process — hike they had to just learn the rule and it was hke that, Why
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it 15 happening — that they didn™t use to think. T know it 15 going to take a very long
time. You know, first, we have to change ourselves. We have to, we also want to do
things quickly. You know we are worried about the portion [completing the svl-
labus] 5o we want to do Fast, then slowly and slowly if we do... 1P not in all, in few
classes 1f we do. Onee the children start thinking, T think our job will really become
gasy. They will start applving their mind to all other things. Only they have o be
motivated that we should think and do. { Workshop Excerpt, 24-11-2010)

Swati pointed how it s difficult to change practice in teaching only one topic in one of the
classes while students experience traditional teaching in all other classes by other teachers. This
explains the confusion and resistance among students to engage In reasoning of sense making
using contexts that the teachers were trying to use n the class. Taking a larger perspective, this
points to how efforts to reform teaching by a single teacher in & school makes her feel solated.
The teachers Felt that other teachers and principals in the schools need to histen and understand
the efforts that they were making. Anita tred to organize a workshop for mathematics teachers
at her school in which she shared the resources and ideas that she was using in her teaching for
integers. Teachers” taking up the role of resource person in a workshop, in which they shared not
only their accomphshments but also ther struggles 15 another expression of ther felt need for a
community to exchange ideas about teaching mathematics., They also expressed the desire to

have collaborations with other teachers For planning the teaching of topics other than integers.

7.7.2.2 Going beyond the textbook by designing tasks

When teachers designed tasks and contexts on their own in the workshops, 1t motivated them to
go bevond the textbooks and use these tasks in the classroom (Kumar & Subramaniam, 2005).
Teachers” reflections indicate that they used these tasks to engage students in thinking and rea-
soning rather than having them solve the tasks mechanically using a known procedure. Thus the
goal of covering the textbook made way For the use of tasks to engage students in thinking.

Excerpt 7.22

Swatl: Some children had already done. They knew the answer but when [ asked
them to explain they were not able to explain so taking such an activity made them
also think, When 1 asked the reasoning they told Ma'am we do not know the reason
but we know this is the answer. Because they have learnt the rules, they directly
lzarnt it. Leaming rules 15 easier and those bright children vou know they are able
to learn the rules very fast. What 15 the disadvantage [15 that] they do not want to
know the reason (.. so that 15 advantage of having something different in the class
which is not there in the textbook { Workshop excerpt, 24-11-10)

To encourage student thinking she suggested the use of open ended questions and gave the ex-
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ample of how she had collaborated with the researcher to construct a test having open-ended
questions, While Swat’s earlier stance on learning mathematics was that practice of a number
of problems was necessary to become fluent, in her presentation to peer teachers, she empha-
sized that development of understanding 15 as important as pracbicing exercise problems and

without understanding a student mav just bhindly follow or over-generalize procedures.

This focus on reasoning also indicated her change of focus in assessment from evaluating
whether the answer was correct or incorrect to evaluating whether the student 15 able to explain
her/his answer. As noted earlier, teachers” resistance to alternative approaches was also deter-
mined by the assessment practice of giving only textbook questions in exams. Teachers” engage-
ment in designing tasks different from the ones given in textbooks based on the meanings of in-
tegers led teachers to look critically at their assessment practhice. Many students used o cover
the textbook ahead of lessons in tuition classes, which resulted in them knowing the procedures
and answers to most questions discussed from the textbook. They quickly solved the textbook
problems and were considered as brght students by the teachers. Swati realized that this identi-
fication of students as “bright™ based on their quick response to textbook questions 15 an artefact
of the practice of using only textbook questions rather than an indication of real learning by stu-
dents, While addressing peer teachers, she spoke about this common problem faced by many

teachers across the education system.

Excerpt 7.23

Swatl: Students whom we call bright are not really bright because 1t°s just that they
have already done the chapter and thus know the answers but if we twist the ques-
tion they are not able to answer. They do not know the basics but they will solve it
( Workshop excerpt, 26-11-13)

In the same ven, Swat talked about how it made children think instead of solving problems me-
chanically, especially when tuition classes drilled solving problems mechanically.

Excerpt 7.24

Swatl: 50 when vou are taking a new example which is not there, they have not
gone through that example, it catches their attenbon also and we can nvolve the
whole class with such an activity. And actually, that 15 what happened when 1 took
the lift case [Le., integer mall context] in the class, There were some very bright
children also who used to — you know when [ used to ask them 2 - 3, five or six of
them were ready with the answer. But when I took the Iift problem they also tried to
do and actually fnd the answer. They were also taking time to find the answer and
this also gave an opportunity to other children who participated and we also framed
questions and exercises which were not there in the book. The benefit of having dif-
ferent exercises, different examples 1s that thev are motivated to think and answer,
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they are not ready with the answer. { Workshop excerpt, Swan, 26—-11-2010)
Anita acknowledged that “usually we follow the textbook method, this was enticely dif-
ferent as 1 used this button activity and Iift context wherever required™. She explained
how students were able to explain their answers and give reasons using these contexts.
Thus both teachers acknowledged that the tasks designed by the teachers helped in engag-
ing students in thinking and reasoning with mathematics. They both also shared students”
errors and unexpectad interpretations that they came across in their teaching. Their reflec-
tions indicated that they had begun to accept that, while explonng models and contexts,
students may interpret mathematical expressions differently and may over—-generalize cer-
tain observations. For e.g., in Anita’s class, a student interpreted the expression 4 — 3 as
meving 4 Floors up starting from the Sth floor and then coming down 3 floors, Although
this was different from the movement that she intended the expression to convey (starbing
from the fourth floor and meving three floors down), she responded to the student by rep-
resenting her answer as 5 + 4 — 3 where she discussed the resultant expression 5 +1=6 and
in the context also discussed the net movement in terms of expression 4 — 3 being one.
While reporting this episode, she pointed out how she had changed her “track according
to student™s answer™ and shared how “this makes vs also feel good in being able to inter-
pret their answers. That 15 why it 15 a learning experience. Instead of saving their answer
15 wrong it 15 one way of thinking™.
The most significant way in which teachers went beyond the textbook was in the way
they used students” thinking as a basis to make pedagogical decisions rather than mechan-
ically following the textbook. Swati shared the change that she had observed in her oamn
teaching.
Excerpt 7,15
Swatl: Actually we did it in 50 much detal here so 1 could — T was more aware. 1 re-
alized that the students need a clearer understanding of integer, otheraise we would
clearly say “no, not like this— do like this™. This is how we vsed to deal. So, that is
the change in us I could observe. (Workshop excerpt, 20-11-10)
Anmita gave examples of “ehicitng questions™ that can lead to students” thinking like “How to
represent the loss or gain of weight through integers?™ and in this way “go bevond the textbook
a5 such questions are not there in the textbook™. She justified that it helps the student in “relat-
ing to their daily Iife sitwabion™ and gives students opportunities to speak and “not just sit and

listen, they speak up, they tell their mind™.
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Teachers™ sensitivity to students” thinking was also indicated in their arguments for evaluating
contexts from their expeniences of using them in their teaching. Swati felt that the borrowing—
lending context was not that useful for comparing integers as representing the borrowed money
i5 done in negative integers but students tend to think in terms of the amount of money bor-
rowed, 1.2, borrowing Bs 3 15 more than borrownng Bs. 2 and thus think that =3 15 more than -2,
Rajni stated that one should ask the question to students in terms of how much money is there in
hand rather than who borrowed more. Ajay felt that “who 15 more rich?” is 4 better question. He
felt that the temperature context also has a similar problem becavse when the student compares
=2 and =5 deg C she knows that =5 deg C 15 colder than =2 deg C and thus finds it problematic
to believe that -5 15 less than —2. Anita shared that the 1dea of getting posiove and negative
points for right and wrong answer was useful for companng integers as students were able to
reason that person getting =3 has a lower score than 4 person getting -2 as the first person has
made more mistakes. Here the teachers are evaluating a representation as useful based on the
meaningfulness of the contexts for students indicating that they may have internalized this crite-
ricn.

Teachers discussed and used student errors and responses as the point of focus to discuss 1ssues
ahout teaching mntegers in the workshop while discussing their classroom experiences and while
plaving the role of speaker in the workshop for peer teachers. Anita discussed how student mnter-
pretations of symbolic representations through the use of contexts and vice versa might be dif-
ferent from what the teacher intends and thus there 15 4 need to have a discussion on how con-
texts can be represented through symbolic expressions and how symbolic expressions can be

translated in contexts. Anita shared how it was enriching to hear student examples.

Excerpt 7.26

Anita: Thad to relate their answer to my questions. So that is what we should know
immediately how to interpret their answers suitable to vs. This makes us also feel
good in being able to interpret their answers. That also gives us some sabisfaction.
That 15 why it 15 a learning experience, instead of sayving their answer is wrong it is
one way of thinking, makes us feel good. They gave so many examples [which] we
never expected hke that evesight { prescnpbion) number doctors give, increasing and
decreasing the (TV) volume by remote. All this comes from their own contexts. 5o
next vear [ am enriched with all these examples. (Workshop excerpt, 24-11-10)

While making a presentation to peer teachers, Ajay discussed the difficulty students faced when
understanding that 5-3 cannot be equal to 3-5 since they have not developed the meaning of
negative sign as the sign of integer and thus wall say that “larger number cannot be subtracted

from [smaller] integer™. The fact that he chose to talk about challenges faced by the student
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rather than how miles should be told to students (which was the focus of his talk in the imbal
workshops) indicates the sensitivity he had developed for seeing the mathematics from the stu-
dents” perspective.

Thus, in the teachers” talk there was indicabion of considering the students” thinking while mak-
ing padagogical decisions ke selecting tasks, questions and explanations which would address
challenges faced by students and can build upon students™ thinking. Swati and Anita’s teaching
became more responsive to students as they voluntanly spent more time than was slotted offi-
cially For teaching the topic of integers in spite of the perceived lack of time. Swati shared that
“Crenerally it takes more time, because when we go to the class, we interact with the children,
then, many times we have to change what we have planned because this 15 what happened with
me in the class™

The teachers also made connections between the learning of integers and the learning of topics
in algebra. While all the teachers used both the horizontal and vertical number line, Swati
briefly mentioned in her class the connection of these to the topic of Catesian co-ondinates
where students would use both honzontal and vertical number ling, thus justifying studyving both
number lines. Anita gave the example of how she used the change meaning of integers in her
teaching of algebra by connecting use of the phrases “more than™ and “less than™ with mathe-
matical expressions. She shared how she had used this meaning while representing 3 more than
=2 in the integer mall context. She Found that it was very easy for students to understand and re-
late with the expression x +3 a5 3 more than any number. Teachers discussed how students face
problems when substituting integer values in dentities like (a+bY, (a-b)* and (x+a)ix+b), which
leads to confusion between the sign of integer and the operation. They felt that developing
meanings of integer and operation will help them to make sense of these identities. Swab was
ahle to identify a conceptual gap in a student™s work on polvnomials, when he was not able to
understand that subtraction and changing the sign of the terms in an expression is equivalent and
thus changed the sign as well as subtracted the terms. She felt that “It is not that he has mixed

the method! it 15 the concept which 15 wrong.™

7.8 Conclusions and implications
The findings deseribed above indicate shifts in the teachers” goals, beliefs, knowledge and prac-
tice. The teachers” discourse and reports of their teaching indicated a shift from the goal of

telling rules to that of constructing rules through the use of contexts and models and to develop-
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ing an understanding of meanings of integers and their operations, and a shift from following
the textbook to designing tasks to provide opportunities for meaning making and reasoning. The
initial goals were closely connected to the textbook in terms of emphasizing miles and computa-
ticnal problems, consistent with the teachers™ role as followers of the textbook. The education
system reinforced their role in following the textbook through the norm of giving textbook
based questions for assessment.

In the imitial teacher talk, attributing students™ errors to “forgetting”™ indicated that they believed
that memorization 15 important in leaming mathematics and focused on helping students re-
member the procedures. The teaching goals of developing computational fluency and avoidance
of errors also ahgned with these behiefs along with preference for symbohe representations and
rules. They spoke about student errors and their teaching concerns in a manner largely discon-
nected from issues of meaning and focused on procedures as conventions dissociated from
meaning. They also exphcitly disavowed that students™ difficulties were with the meaning of in-

tegers.

7.8.1 Development of SCK for teaching integers

Analysis of the nitial talk by teachers in the topic study workshops about student ermrors and
representations indicated gaps in the teachers” SCK in terms of their mited repertoire of repre-
sentations, the explanations associated with their use of representations and making connections
between representations.

Teacher beliefs and SCK indicated a shift as shared criteria for determining representational ad-
equacy developed in the group through the exploration of meamngs 1n relation to contexts using
the integer meanings framework, [t led to an inerease in the varety of situations that can be rep-
resented by integers. This contributes to increase in the nchness of the example space {Watson
and Mason, 2005) that teachers can access for generating tasks, guiding classroom interactions
and assessing learners” understanding. The vse of meanings and variety of contexts may contrib-
ute towards developing a more robust conceptual structure for teaching ntegers. Appreciating
the change meaning of integers allowed the teachers to use contexts where “changes™ could be
combined in the form of integer addition, leading one of the teachers to design a context of a
bowl containing an unknown number of stones, to which stones could be added {an increase
represented by a positive integer), or from which stones could be removed (a8 decrease repre-
sented by a negative integer). In analyzing a variety of contexts, the teachers used integers to

represent derived quantities that were different from the sahent quantties — for example, change
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in temperature as opposed to temperature, change in baby’s weight as opposed to weight, and
relative position in the mall as opposed to floor number. This led teachers to design and adopt
such contexts where integers represent change and hence could be added meaningfully — hourly
change n temperature, weekly change in a babyw™s weight and movement of a Lift 10 an “integer
mall™. Interpreting an integer a5 representing a “static relaton™ allowed further explorabion of
contexts and the possibility of modeling the subtraction operation using contexts. In the integer
mall, for example, subtraction was used to fnd the movement required to move to a target Aoor
from a given floor

The teachers’ movement from using integers to represent only states o representing transfomma-
ticn and relation 15 an important move, whose sigmificance and challenge has been identified by
other researchers { Thompson & Drevius, 1983 This s related to the move from representing
transformation using the subtraction operation to representing it using an integer. The teachers
initially chose to represent change by means of the subtraction operation rather than using inbe-
gers, Representing the process of change using an integer is an essential step — reifving a trans-
formation into an object that can be represented a5 a number. In some accounts, this is at the
heart of algebraic ways of thinking (Sfard, 1991), which calls for flexibly interpreting symbols
as representing both process and object. The move from representing transformations. as opera-
tions to representing them as integers similarly reflects a flexible understanding of process—ob-
Ject duality,

MMerely becoming aware of the various meanings of the minus sign, of integers and of integer
addition and subtraction does not constitute SCK for teaching mathematics., Using the frame-
work of meanings, teachers need to construct further elements of SCK by relating it on the one
hand to teaching concerns and on the other to representations. Evidence was found of three
wavs 1n which such construction of SCK was made by teachers in the workshops. Firstly, as
mentioned before, teachers dentified features and processes associated with representations, es-
pecially contexts, that corresponded to one or the other meaning of integers. Secondly, teachers
connected various meanings of integers through their insight about the key idea of a reference
point. They noted that in contexts where a sequence of changes 15 represented by integers, the
reference point 15 constantly shifting, They noted that to represent state using integers, they need
to FAx @ “zero™ as @ reference point by convention, while to represent relations, the reference
point 15 arbitrary. The teachers also made connections across different lavers of meaning, by re-

lating the distinetion between the bao meanings of the minus sign {integer and subtraction oper-
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ation] to the distinction between the state and change meanings of integers. Ajay teacher raised
the question, also raised by Anita’s students, as to why basement floors are marked with a minus
sign. At the heart of this question is an important mathematical idea, namely that the sign used
for the subtraction operation 15 also the sign for a negative mteger. Using the insight about the
connechon between the state and change meanings, Anita was able to explain that the floor
number was related to the amount of change needed to reach the floor from the reference point
of the zeroth floor. Finally, teachers used the framework of meanings to interpret student errors
(the difficulty in extending the take away meaning of subtraction to “taking away™ a negative
integer), to offer explanations using representations (moving right on the number line corre-
sponds to an increase) and finding new wavs of modeling procedures for addition and subtrac-
ton using representations (subtraction using the neutrahzation model, or vsing the “integer
mall™).

The response and take—up by the teachers in the study supports the claim that the framework of
integer meanings forms an important part of the SCK for teaching the topie of integers. Follow-
ing exposure to and work with the different meanings of integers, | noted several key move-
ments and shifts in the participating teachers” discourse. These included a movement towards
relating teaching concerns with 1ssues of meaming, a shift towards using context—based repre-
sentations rather than the exclusive use of formal models to teach integer operations, developing
lenses to analvze contexts n terms of the meanings of integers embedded in them, using such
analyses to make judgements about the appropriatencss of representations for teaching and
leaming, striving for consistency of meaning and designing contexts for teaching. These shifts
oceurred in parallel with the evolution of shared crteria for evaluating, vsing and designing rep-
resentabions based on their translatabihity among representations, meaningfulness and maintain-
ing consistency of meaning n explanations while having a concern for meanings held by stu-
dents, hMore importantly, we witnessed teachers constructing, for themselves, 3CK for teaching
integers through interconnecting different meanings associated with integers. Further evidence
of the impottance of the framework of meanings comes from teachers” take—up of resources and
ideas from the workshop into their classrooms, and their self-reports conceming the relevance
of integer meanings for teaching.

The teachers” construction of knowledge by probing meanings associated wiath representations
indicates the importance of understanding the distinctions and connections between the several

meanings of integers. This suggests that a framework that distinguishes different meanings may
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function as a Foundation on which further elements of knowledge relevant to teaching could be
built. In this study, 1 have chosen to support this claim with a fine—grained description of teach-
ers” construction of elements of SCK, rather than probe what individual teachers” gains in SCK
using objective measures. Using measures such as a paper—pencil test would not have made it
possible to capture teachers” construction in a detailed manner. However, 1 believe that on the
basis of detailed descriptions of teachers”™ constructions, it may be possible to develop further
measures of SCK that are detatled and specific,

We may note that all the teachers were highly experienced, knowledgeable and resourceful.
They had many vears of teaching experience. They were aware of student errors and were famil-
tar with the textbook and the curnculum. Given this fact, the lack of detailed attention paid to 1s-
sues of meaning in the inital phase of the workshop was remarkable. It suggests that the knowl-
edze encoded by the framework of integer meanings 15 an important part of SCK that 15 not
gained directly through the practice of teaching alone. One reason for this might be that devel-
oping such distinctions and frameworks needs decp engagement with issues connected with
both content and with the learning of content. Hence SCK elements such as integer meanings
may be important bridges between the knowledge acquired through mathematics education re-

search and the knowledge that 1s essential for effective teaching.

Observation of teaching by three of the four teachers revealed that there were vanabons n the
knowledge and understanding exhibited by the teachers in the workshop context and the way
teachers used ideas, contexts and representations in the classroom. This can be explained as the
interaction of complex factors that come into play while teaching in the classrooms. These fac-
tors range from the practical ones hke pressure for completing the syllabus on time, following
the textbook and expectation of students for teaching rules and procedures to cognitive and so-
cial Factors too, The cognitive factors can be ascertamned by analveing what differs inthe context
of the workshop with that of the classroom. While teaching in the classroom, teachers had to
manage the students™ responses, many of them unexpected, while fulfilling the responsibility of
making them learn mathematics so that thev get good grades in the exam. 1t 1s known that going
from acquiring a piece of knowledge to using it effectively, involves a process of use and reflec-
tion and may require several iterations Teachers were in a position where they had to use newly
aoquired knowledge to replace the explanations and approaches that they had been using for
wears. Given the slow nature of change in developing knowledge to use representations mean-

ingfully and to use practices to support meaning making in classroom, it 15 understandable that
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teachers showed back and forth movement using ideas developed in workshop and the ideas that

they have been using for teaching integers.

The remarks above also suggest that 3CK elements such as connections between meaning and
representation are important for both pre—service and in—service teacher education. There 15 an
under—emphasis on content knowledge 1n teacher preparation {Chazan & Ball 1999). The analy-
515 points o how such content could be designed, at least for certain topes in school math emat-
ies. Exploring distinctions and connections among meanings of mathematical objects and pro-
cesses, between mathematical objects and various representations, may be important to include
as part of the mathematical knowledge required to prepare teachers. Such “framework of mean-
ings™ may be important not only for the topic of ntegers, but also for other topics such as frac-
ticns, and operations with fracbons and whole numbers (Kieren 1988; ha 1999; Fusan 1992).

Thus, the SCK elements identified in this chapter could expanded to other topics, and could
form the basis for work wath pre— and in—service teachers, exploring wavs in which teachers
construct SCK using meaning frameworks as the foundation. Even within the topic of integers,
the framework that was developed did not include the meanings associated with integer multi-

plication and division. This 1s work that remains to be done.

7.8.2 Criteria for representational adequacy

It 15 in the nature of mathematics that it has connections with reality and can be used to make
sense of real phenomena. Doing mathematics involves mathematization of reality to the effect
that it abstracts/idealizes the reality. As a result, the mathematical model may not exactly corre-
spond to reality but has certain essental charactenstic related to the mathematical concept in fo-
cus. Thus representing realistic contexts mathematically 15 a challenge as not all contexts or all
aspects of a context can correspond to 4 mathematical dea. Rather it might be meaningful to
represent some contexts or aspects of a context mathematically but not others. It 15 the process
of translation from contexts and models to symbolic representation and vice versa that creates
opportunities for establishing correspondence, consistency and meaningfulness. In the number
line model, it 1s not meanimngful o represent addition of states {positions) but it 15 possible to add
g movement to a state. It 15 possible to represent addibon of inkegers meaningfully 0 contexts
where quantities inerease and decresse and to represent subtraction of integers as comparing
quantities or magnitudes. Different realistic contexts may together comrespond to the dealized

mathematical rules, but it may be difficult to find a context which can represent all the facets of
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a mathematical concept meaningfully. Therein lies the challenge for teachers to build mathemat-
ical undemstanding by giving opportunities of generalization after expenence with carcfully se-

lected contexts and reflecting about mathematical aspects that can be meaningfully represented.

Teachers” initial talk and criteria used for evaluating representations indicated that teachers tried
translations between models and symbolic representations through abitrary ules which did not
have any justificabion and mdicated surface level concems for representabonal adequacy. These
criteria indicated the beliefs that teachers held about representations, asbout mathematics and
about teaching and leaming of mathematics. Teachers believed that symbolic representations are
more efficient than other more conerete representations like models or contexts. This preference
for symbolic representations was also indicated by Chinese teachers (Cai, 2006) as concrete or
visual approaches were believed to be not useful for representing larger numbers, Other studies
have also found that teachers considered symbolic and numerical representabions as more cen-
tral to leaming and doing mathematics as compared to visual which are termed as “informal™
i Stvhianou, 2010; Bergquist, 2005), Teachers” exploration of models and contexts made teachers
experience how larger numbers and operations could be represented in them which they had car-
lier thought not to be possible. In the process, their enteria for judging representational ade-
quacy began to include criteria of meaningfulness and consistency-coherence as discussed in

Section 7.6,

The shift that teachers exhibited to a deeper level of concem for representabional adequacy from
a surface level could be due to the type of interactions n a collaborative sething, Teachers™ ex-
planation of representations were critiqued, challenged and subjected to analysis a5 o how they
represent different facets of integer concept as well as discussions about why the particular rep-
resentation works, Teachers also were exposed to a vanety of representations and their explana-
tion and justification given by their colleagues and the teacher educators. This pushed the need
to consider their cholce of representation more deeply. Further, teachers identified and analyzed
meanings of integers embedded in different contexts and designed contexts to focus on particu-
lar meaning of integers or to teach integer addition and subtraction. As teachers themselves ex-
plored meanings of contextual representations, they became aware of how contextual represen-

tations are a tool for exploration of meanings of mathematical objects.

The negotiation of meaning and collective critique of the adequacy of representabions indicate
the development of meta—representational competence among teachers, which is the capability

to crinque and design representations. Henoe, the collaborative discussions helped build both
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knowledge of representations and knowledge about representations. Teachers’ exploration of
meaning of integers and operations in contexts helped them in rethinking their focus in teaching
and raise questions like “why negative sign should be given to basement floors?™ 1t thus helped
teachers in realizing that representations are not ransparent and how meanings need to be ex-
phicitly discussed. Some teachers also thought about the opportunities where students can reason
mathematically using contexts rather than using contexts as site of apphcation of procedures.
Thus, it is not enough that teachers use multiple representations but more important 15 kow
teachers use and connect these repres entations.

The study points to the significance of the criteria that teachers hold for selecting, designing and
using representations, [ have focused on mathematical criteria like translatability, consistency
and meaningfulness. There are indications in data of the existence of other crtenia that [ have
not explored ke curricular limitations and beliefs about student capability. More research s
needed to know about other mathematical and non-mathematical criteria that are used by teach-
ers and how they influence the selection, design and evaluation of representations. 1 have not
analyzed teachers™ use of representations in classrooms and the cnteria that govern their use in
this paper. It would be interesting to explore whether the criteria remain the same or differ from
what were used n professional development setting. [t would also be interesting to look at crite-
ria used by researchers, textbook writers and teacher educators sinee it can illuminate the differ-
ences in concerns of varous people involved and can imitiate dialogue about the important crite-
ria that need to be focused. It is important since n-spite of the wide range of representations
available for teaching cetain topics in curriculum and research, we need to know more about
how teachers actually use these representations, More work 15 needed to know how teachers can
make these crteria explicit, develop sound criteria in professional development contexts and use
it in classrooms. Developing these cnteria and having awareness of them will help teachers n
the lomg term in augmenting their own professional growth by studving and making decisions

about representations.
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Conclusion

8.1 Introduction

In India, vanous efforts have been made to implement the Mational Curniculum Framework,
MCF 2005, which prioritizes child-centered teaching and learning with understanding (MCERT,
2005). The MCF 2005 places before teachers the challenges of providing children quality educa-
tion through student centered pedagogy, assessing students comprehensively and continuously,
and relating school subjects with dailyv hves of children. NCF 2003 has been erincized for being
silent on how teachers are supposed to bring about the change in their classroom and for not ad-
dressing the much needed teacher development to support curriculum renewal { Batra, 2005), Ef-
forts undertaken hike changing textbooks and issuing directives to schools and teachers sidestep
the 1ssue of developing adequate beliefs and knowledge amongst teachers, which 15 needed to
realize the vision portrayed in the new cumiculum framework. Although many workshops have
been conducted to “orient”™ the teachers to the new curriculum and textbooks, 1ts 1mpact on the
classroom teaching 15 not adequately researched. The challenges faced by teachers in imple-
menting the reform efforts and the support they need in meeting these challenges provided the

overarching focus of the present study.

As discussed in the opening chapter, the NCF 2005 advocates a shift away from a textbook cen-
tered rote learning approach, to one that emphasizes the link between school leaming and life
outside school, It gives precedence to the goal of mathematical thinking or mathematization,
rather than “knowing mathematics™ as a set of rules and facts, It expects from the teacher a
deeper understanding of subject matter as well as the teaching learning process, rather than
merely adopting new technmiques. Teachers in elementary and middle grades are expected to not
only make their students Auent in computational mathematics but also address process goals in
the learning of mathematics, such as reasoning, using multiple ways to solve problems, justify-
ing their solution, making generalizations and conjectures, analyzing the mathematical work of
others, eto. (NCERT, 2006). However, there have been fow Teacher Professional Development
(TFD) programs in India, which have focused on the beliefs and knowledge required to facilitate

this kind of teaching. Studies elsewhere in the world have indicated that focus on change in



teaching strategies without taking feacker thinking into consideration leads to teachers making
superficial changes that do not bring about significant change in student learning opportunities
(Cohen, 19900, It is therefore important to first understand the behiefs and practices that are

prevalent among teachers in order to support reform in teaching that 15 not superficial.

This study has four sub-studies presented in Chapters 4 to 7. Chapter 4 discussed the teachers
preferred practices as well as beliefs at the beginming of the study, which s chamcterized as
Sub-study 1. The findings of this sub-study serve as a background to the fAindings of the other
sub-stucies, in which teachers engaged in different types of professional development activibies.
Sub-study 2 in Chapter 5 descrbed teachers” engagement in a professional development work-
shop by analyzing the tasks as well as interactions that occurred in the workshops, Sub-study 3
deseribed in Chapter & 15 a case study of a teacher who participated in the orientation work shop
and showed inchnation to change her practices towards teaching mathematics with understand-
ing. The sub-study highlights the challenges that arise when a teacher may agree with the phi-
losophy of cumriculum reform but still needs effort and relevant knowledge to engage students in
developing an understanding of mathematics. Sub-study 4 highlighted the importance of devel-
oping specialized content knowledge on the topic of integers amongst teachers by engaging in
topic-focused professional development. Teachers developed their knowledge of the meaning of
integers and integer operation to construct and use tasks for teaching integers. All the sub-stud-
ies are mainly quahtabive in nature and serve to enhance our understanding of how beliefs, prac-
tices and knowledze interact in the teaching of mathematics. In this chapter, 1 provide a sum-
mary of findings from the previous chapters and draw conclusions across the chapters about
teachers” practices, behiefs and knowledge as well as the impact of professional development
inthatives on participant teachers” beliefs and practices. 1 also discuss the implications for pro-
fessional development initatives and the limitabons of the study and make suggestions for fur-

ther studies,

Researchers in math education have studied TPD in a vanety of settings and contexts. There ex-
ist several models of TPD emphasizing teachers™ ageney by providing opportunities for active
engagement in different settings. However, how teachers”™ agency and interaction in different
profiessional development settings impact the behefs and knowledge held by teachers and influ-
ence the types of practices used in the classroom is addressed by this study. In this study, analy-
515 shows how beliefs support or constrain the change process as well as analvzing the dialect-

cal and interactional process between the behefs, knowledge and the practices used by teachers
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in the classroom. Frameworks that emphasize mathematical knowledge required for teaching as
well as the agency of teachers, guided the analysis as well as the design of tasks and enactment
in the professional development space, while analysis of teachers” interaction in the workshops
and in the classroom with students helped in identfring challenges faced by teachers as well as

their leaming 1n the classroom space when they tned explonng new practices.

8.2 Research study overview
The study reported here was situated 0 the context of a TPD intervention, whose overall aim
wis to promote change in teachers” practice towards teaching that 1s more responsive to the de-
velopment of students” understanding. The question investigated in the study was: In the Indian
context, characterized by refomm efforts, what factors support teachers in adopting leamer cen-
tered practices in the classroom and what Ffactors inhibit or constrain them in doing so. This
question was interpreted in terms of a framework that took teachers” beliefs, knowledge and
goals as the core components of teacher learming, giving rise to specific research questions ad-
dressed in four sub-studies. The methodological approach followed was participant observation
and the methods of analysis were qualitative including case studies, supplemented with quanti-

tative analysis for the behef questionnaire.

The participants of the study were mathematics teachers, who paticipated in professional devel-

opment opportunities in three different settings:

(11 Professional development workshop for ten days (including a non-working Sunday) using
tasks situated in the work of teaching, posing challenges to teachers” thinking and bulding a

sens e of community,

(1) Collaboration between the researcher and the teacher in the classroom wiath a view to sup-

port adoption of practices conducive for developing understanding of mathematics, and

(11 Topie study group of teachers as an adapted form of lesson study where teachers explored
meanings and representations of integers, made lesson plans, taught the topic in their respective
classrooms and shared their learning i a workshop with each other and another group of teach-

&rs.

The first bwo sub-studies were located in the workshop setting and focused on (1) teachers” be-
licfs and {2} design and interaction in the workshop durnng year 1. Sub-study 3 focused on one

teacher’s attempts to change her practice and was located in the classroom collaboration setting
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across the two wvears. Sub-study 4 in wvear 2 studied teachers’ engagement with beliefs and
knowledge in a topic study group through use of 4 framework for meanings and representations
of integers and their use of this knowledge in their instructional planning and teaching of inte-
gers, The research questions addressed i each of the sub-studies are recalled before summariz-

ing the findings in the following sections.

8.3 Sub-study 1: Teachers’ beliefs and practice

The sub-study described in Chapter 4 of the thesis analyses the questionnaire responses of 26
teachers and interview responses of 11 teachers from the same school system, who participated
in the onentation workshop, The questionnaire and interview were designed to assess beliefs of
teachers regarding mathematics, teaching of mathematics, students and self along with the prac-

tices preferred for teaching mathematics. The research questions ad dressed were:

1. What are the core and peripheral practices of the teachers in the sample with respect to
the teaching of mathematics?

1

What beliefs are core or peripheral as indicated by the teachers’ articulation and the
practices preferred by the teachers?

3. What is the relation between beliefs expressed and the practices preferred by the teach-
21’7

4. What is indicated about teachers” knowledge from their explanations? What 15 the rela-
tion between preferred practices and the knowledge held by teachers?

The answers to the research questions obtained from the analysis of teachers’ responses are
summanzed below, Sub-sections 8.3.1 and 5.3.2 address research question 1. Research question
2 15 answered in Sub-section 8.3.3, research question 3 in Sub-section 8.3 .4 and research ques-

tian 4 in Sub-section 8.3.5.

8.3.1 Framework for analyzing beliefs and practice

The framework that has been used to analvze teachers™ practice posits a conbinuum from trans-
mission based teaching to student-centered teaching, where the student-centerad end views the
teacher in an active role basing his'her pedagogical decisions on students” thinking. 1 introduce a
distinction between core and penpheral practices based on the frequency with which the prac-
tices were reported and overall consistency with each other. The distinction is related to the dis-

tinction betaeen core and penpheral beliefs held by teachers. Core beliefs are expressed
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strongly in teacher responses. Peripheral beliefs are inferred by considenng the tensions be-

tween the beliefs and practices reported by the teachers.

Cuestionnaire responses indicated alignment towards a student-centered view but the interview
responses revealed a closer alignment to the transmissionist view, This 15 because the teachers
claborated on examples and gave explanations of the terms used during the interviews, while
their responses to the questionnaires do not reveal the underlying interpretation. The teachers in-
corporated some student-centered practices into their repertoire as peripheral practices, while
core practices were transmission based. The interviews also revealed the gaps in teachers” think-
ing about the purpose of student-centered practices and showed that they had limited knowledge
of why and how procedures work. Thus there 15 need for triangulating teachers” expressions
peross questionnaire and nterview, along with analvsis of causes for why certain beliefs are es-

poused.

8.3.2 Core and peripheral practices

The analysis of date across questionnaire and interview, showed four core practices that were
preferred among the teachers in the group and were reportedly used regularly by most teachers.
These were teaching by showing procedures or solved examples, giving students repeated prac-
tice of solving problems, focus on speedy solutions through teaching shorteuts and close follow-
ing of the textbook by doing exercises and problems. Peripheral practices were used less regu-
larly and were given less pnority by teachers. They included use of activities for introducing a
topic or to help remember a procedure, focusing on explanation and justfication, and connect-

ing students” everyday experience with mathematics done in classroom.

8.3.3 Core and peripheral beliefs

The findings about pracices indicated that the core beliefs held by teachers about mathematics,
and about teaching and students, showed greater consistency with the transmission view of
teaching and procedural view of mathematics. The teachers” insistence on practice for learning
mathematics also pointed towards the belief that learning mathematics calls for memorization.
Most believed that it 15 not possible for students to come up with mathematical ideas on their

own without being taught { Kumar & Subramaniam, 20133,

The teachers recogmized the role of justfication and reasoming in school maths but still consid-
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ered maths as restricted to learning the four operations. Tensions were evident in their talk con-
ceming a focus on procedures versus a focus on reasoning. The teachers considered mathemat-
ics as difficult for students and tried to make it easy and interesting using concrete materials and
activities. However topics in the higher grades like algebra and geometry were considered as
difficult to represent through concrete material. The teachers showed a positive atbtude towards
using contexts from daily Life but used them as descriptions of the problem and rarely focused
on the mathematical meanings within contexts. They gave more socially appropriate responses
to questionnaire items on class and gender bias. However, in the interview, the teachers’ re-
sponses ndicated that they have lower expectations from poor or girl students and that they fo-
cus on repeated practios and memonzation of problems hikely to appear 0 the exams o make
weak students pass. Teachers who had positive experience with maths i their school education
were critical of the lack of practice exercises in the new textbooks, Some of the teachers, espe-
cially primary teachers who had had unpleasant expenences, were critical of the widely preva-
lent practice of rote memorization in leaming mathematics and appreciated the reform approach
reflected in the textbook. The teachers spoke about the pressure to get 10074 pass percentage re-

sults in examinations.

8.3.4 Interaction between practice and beliefs

1 found that the core beliefs together form a coherent stable structure, as these beliefs are in
alignment with each other and support the adopboon of related practices. For e.g., the core behief
of viewing mathematics as consisting of procedures and learming as memorization of these pro-
cedures 15 reinforced by the practice of teaching procedures and of repeated practice for memo-
rization. Further, such practices and beliefs are at the core of the teachers” identity as they con-
struct their sense of self from their students” performance on the tests and exams which evaluate
their capacity to remember the procedure to solve a paticular problem. Teachers” yvears of expe-
ricnce of learning and teaching mathematics focused on procedures supports the transmissionist
view further and adds stability to this core belief structure. It makes the belief structure resistant
to educational reform efforts where change 15 sought through the change in textbooks and 1ss5u-
ing of circulars by authorities. Strong beliels about procedures and memonzabion constrain the
change while belief about maths as abstract made teachers integrate a few practices only super-

ficially.

The reported practices are cognitive images of how teachers view their practice rather than ob-
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jective descriptions of their practice. Therefore these are indicative of behiefs held by teachers
since 1t involves some generalization and reflection by the teacher to report their teaching, Core
beliefs are reflected in the core practices, while articulated beliefs, which are not reflected in
practice or were not given due importance by teachers, might be more peripheral in nature. The
findings indicate that much of the inconsistency, conflict and tension between behefs con be n-

ferred even from reports of practice, and not only from observations of actual practice.

8.3.5 Relation between knowled ge, beliefs and practice

The interview also revealed that teachers have limited knowledge of alternative methods for the
division operation. They believed that altemative methods might be confusing for students and
favoured teaching the standard algomthm. The middle school teachers who discussed the
Pythagoras theorem elaborated on how they would discuss its verification using different mate-
rials with students or use it for caleulation but did not speak about developing an understanding
of proof and justification. It 15 hypothesized that the teachers™ mited knowledge of procedures
and how and why they work may constrain them from trving out newer methods and practices

for teaching mathematics,

8.4 Sub-study 2: Principles of design for the workshop

In-service teacher development in India has been driven largely through frequent orientation
workshops held for teachers to make them familiar with the expected curniculum and pedagogy
as visualized in the curniculum reform documents. Although there has been criticism of such a
mode of teacher development, workshops continue to be primary intervention site for TPD.
Hence, it 1s important to identify and analyze the design and enactment aspects of a workshop in
the hght of its goals to wdentfy opportunities provided for teachers” reflection and learning { Ku-

mar, Subramamam & Maik, 2013].

In Sub-study 2 reported in Chapter 5 of the thesis, the data s analyzed from a ten day profes-
sional development workshop for the study participants. The goal of the wordkshop was to
strengthen teachers” professional knowledge and to provide opportunities to reflect on their un-
derlving beliefs. The analvsis of the workshop was undertaken to identify elements that were

aligned with this goal. The research questions addressed in this sub-study are:

1. What aspects of the workshop design and enactment are important from a TPD perspec-
tive?

fad
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]

How did the workshop tasks encode the design principles?
3. How was teachers” agency enabled in the course of the enactment of the workishop?

4. What aspects of the teacher educators” enactment of the task and interaction facilitated
engagement by the teachers?

5. What were the learning gains from the PD workshop as perceived by the teachers?
Sub-section ®.4.1 addresses research question 1 by identifring aspects of the workshop design
and enactment in the form of a framework that 15 subsequently used for analysis. Research ques-
tion 2 15 answered in Sub-section #.4.2, question 3 15 answered in Sub-section 3.4.3 and question
4 15 answered in Sub-section #.4.4. Research question 3 is answered in Sub-section B.4.5, while

Sub-section &.4.6 comments on the usefulness of the framework developed in this sub-study.

8.4.1 Framework for design and enactment of the workshop

The framework consists of principles informing the design and enactment of a professional de-
velopment workshop that addresses teachers” knowledge and beliefs. The framework, guided by
prior research and the research group’s expenence of supporting TPD, was reconstructed from
reflection on the workshop data. The goals of the workshop were to strengthen teachers™ profes-
sional knowledge for teaching mathematics, provide opportunities for reflection on beliefs and
foster the development of a professional learning community. The principles of design of the
workshop that were dentified were (1) situatedness n the work of teaching, (1) offering chal-
lenges to teachers to revisit their knowledge and beliefs, and (i) developing a sense of belong-
ing to a professional community. The nteraction aspects wdenbfied by the framework were (1)

task structure (113 teachers™ agency and {11) teacher educators” agency.

8.4.2 Principles embedded in task design and enactment for the workshop

The tasks used n the sessions drew on artifacts and contexts of teaching mathematics and were
focused on mathematical or pedagogical issues that anse in the context of teaching or have 1m-
plications for teaching. As the teachers were able to relate the artifacts to their practice, they
shared their knowledge and belhiefs about teaching mathematics in engaging with the tasks. The
challenges embedded in the tasks ke analvzing student work to explain why a student re-
sponded in a particular manner, identifving what a student knew and did not know, led to teach-
ers revisiting the taken-as-granted practices in every day teaching like repeating the procedure

again in case of error. The discussions on interesting examples of student thinking and the com-
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plexity of teaching helped in estabhishing the fact that developing knowledge of teaching 15 one
of the main objectives of the community of which teachers, teacher educators as well as re-

searchers are an important part.

8.4.3 Teachers' agency in workshop interactions

The teachers’ role in the sessions involved not only sharing the practices adapted by them in
their teaching but also bringing to bear their own professional knowledge through conjectures,
assertlons, counter-arguments, obe. Further, the discussion frequently led to articulabion and re-
flection on beliefs held by the teachers. They were able to reflect on their can teaching as one
of the sources For creating misconceptions among the students. However, their identificabion of
conceptual gaps in the students” thinking was constrained by their imited knowledge of con-

CEpLs,

The analysis of the tvpes of teacher engagement that occurred during the episodes throw light
on the kind of opportunities that arose for teacher learning. Teachers' engagement took the form
of anticipating and precdicong students' responses, identifring key knowledge pieces, conjectur-
ing underlyving causes, articulating and contesting beliefs and assessing a teaching resource or a
teaching approach. Such engagement was crucial in building shared undemstanding not only
among teachers, who rarely get opportunities to reflect collectively about teaching in their
schools, but was also helpful to the teacher educators by providing windows into teacher think-
ing. Teachers™ assertions, counterarguments, alternative explanations and assessments were also
a resource, which deepened fellow teachers™ and teacher educators™ understanding about mathe-
matics teaching as it takes place in classrooms. Teachers” learning from the workshop was re-
flected in the wntten feedback that they gave about the workshop as well as the revisions that
the teachers made when they were asked once again to respond to the questionnaire tems at the

end of the workshop.

8.4.4 Teacher educators” agency in workshop interactions

The teacher educators”™ ageney was reflected in the way the teacher educators engaged teachers
in discussion. Looking at two contrasting episodes by two different teacher educators, it 15 found
that re-voicing and making areuments using teachers™ assertions indicated high inter-animation
in the session and showed meressed participation by the teachers. Another factor that supported

high inter-animation was the manner in which questions were posed and responses were evalu-
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ated by the teacher educator, which shifted the authority of evaluating the opinions to teachers.
The teachers educators’ beliefs and goals for the workshop as well as knowledge of the teacher’s
context were visible in the framing of the questions and moves o engage teachers in the discus-
sion. Altemative viewpoints presented by the teacher educator were able to imibate cognitve
conflict to make teachers think and reconsider altemative views in thewr thinking. The teacher
educator’s efforts to connect the specific discussion in the sessions with the broad goals of
teaching of mathematics or about mathematics education were important. Thus, an analvsis of
the teacher educator™s moves show alignment with the goals of the workshop and led to teach-

ers” participation in sharng their knowledge and revisiting their beliefs.

8.4.5 Teachers® learning from the workshop

Teachers were expressive about the gains from the workshop in their wotten as well as oral
feedback given at the end of the workshop, They explicitly appreciated the sessions of live
teaching, research readings and maths acoivity sessions, However, the analvsis reveals their en-
gagement in the other sessions as well, and wavs 1 which the engagement served to meet the
workshop goals. The main learnings that the teachers spoke of were the realization of the com-
plex and subtle aspects of student thinking, the impotance of taking this into account while
teaching, awareness about research in the beld of mathematics education and its usefulness in
improving classroom teaching. Teachers also responded to the beliefs and practices part of the
questionnaire again at the end of the workshop, marking some changes i their responses. Al-
though only a few items showed significant difference in the pre- and post-workshop means, the
overall pattern in the shifts in responses to questionnaire items indicate that some dissonance oc-
curred as a result of workshop, The changes suggested that teachers were reflecting about their

beliefs and had possibly become more sensitive to students” thinking,

8.4.6 Usefulness of the framework for design and enactment of workshops

A framework has been presented that can be applied to an analysis of the components of a TPD
workshop and interaction episodes and can identify design as well as enactment aspects. The
framework does not describe what constitutes knowledge for teaching mathematics, nor does it
claborate on the nature of bebiefs conducive to teaching for understanding. A framework that

elaborates on the specifics of knowledge and beliefs relevant to teaching mathematics will need
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to be contextualized with regard to topics and to teacher communities. The framework presented
here, in contrast, identifies certain principles that are important for the design of tasks and their
enactment in workshop sessions, This framework would be vseful in identifying and providing
rich descrptions of elements that are tmportant 1 a TPD intervention (Kumar, Subramaniam &

Maik, 2015a).

8.5 Sub-study 3: Case study of Nupur'

Mupur was a mathematics teacher teaching the primary Grades 4 and 5 0 a govemment school
at the time of the study. She was a pamicipant i the PD workshop and belisved that teaching
should be focused on mathematical concepts and that mathematics done in the classroom should
be connected to the students” everyday experience. The case study of Mupur was considered as
potentially useful since it could provide insights about the extent to which holding positive be-
liefs for student-centered teaching can motivate a teacher to explore new practices and the kinds
of challenges such a teacher might face. This chapter discusses the analvsis of lessons taught by
Mupur on the tope of frachons post the professional development workshop, The researcher

participated in her teaching as an observer and a collaborator,
The research questions addressed in this sub-study are:

1. What changes did Nupur try to brng in her classroom practice specifically with regard
to the way in which tasks for students were framed and implemented? How did her be-
liefs and knowledge support and constrain the changes that she tried o implement?

[

What textbook resources were available to her to support her teaching and how did she
make use of these resources?

3. What was the role of the researcher as a collaborator in Mupur’s teaching?

A strong belief held by Mupur was that the mathematics that the children learn in school must be
connected to their real life experiences. The topic of focus in Mupur’s lessons that were selected
for analvsis was fractions. The theory of fraction sub-constructs (Kicren, 1976; 1988 deals with
the variety of frachon interpretations as apphied n real Life contexts and was thus appropriate to

analyze Mupur’s teaching in the hight of her behiefs and goals.

In the following sub-section (8.5.1], the framework used for analyzing Mupur’s teaching is de-
seribed. Research questions 1 and 2 are answered in three sub-sections below: Sub-section 8.5.2

and #5.3 focus on what the findings are from the analysis of task framing and task implementa-

I Mame changed
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tion 1n Mupur’s lessons. Sub-section 3.5.4 provides more explicit answers concerning the chal-
lenges she faced in providing meaningful interpretations and justifications of students” problem

solving strategies. Sub-section 855 answers research question 3.

8.5.1 Framework for analysis of teaching

Kieren (1988, 1993) identified five sub-constructs of fractions namely part-whole, share, mea-
sure, aperator and ratio which can be 1llustrated in different contexts and representations. He ar-
gued that children develop an impovenshed concept of fractions as a result of being exposed to
only those contexts and representations, which exclusively use the part-whole meaning of frac-
tions. In this study, analysis shows how and which sub-constructs of fractions were used in the
task framing and task implementation that occurred 1n selected lessons focusing on equivalent

fractions across two years of the study,

The sub-construct framework for fractions was vsed to analyze the textbook chapter and it was
found that the problems in the chapter foregrounded a vanety of sub-constructs, The problems
also focused on developing reasoning and understanding of fractions among students by using
problems connected with daily ife and different from the tvpical problems used for fractions us-

Ing area representation.

8.5.2 Task framing

The tasks that were used by Mupur in the lessons analyzed were mostly from the textbooks, fol-
lowed by similar tasks created by her. In the inibal lessons these tasks were mostly calculation
based while later she used tasks for reasoning and to address students” misconceptions using
representations. Although the textbook tasks Foregrounded a variety of sub-constructs of fraction
using different contexts, Mupur was not able to fully utilize the potential of the tasks and her use

of sub-constructs was limited using mostly area representations for discussing fractions.

8.5.3 Task Implementation

How the teacher implemented the task changed across the lessons as she introduced new prac-
tices in her repertoire, Mupur’s efforts as well as her interaction with the researcher as collabora-
tor led to her becoming more sensitive to students” thinking. She began to ask questions about
whether the students really understood a concept, which led to her making changes in the tasks

that she mtreduced 0 the classroom, as well as the manner in which she orchestrated classroom
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interaction around the tasks. The task implementation reveals the use of practices such as asking
why questions, discussing different and wrong answers of students, building explanations based
on students’ responses, using representations and concrete materials to develop reasoning, pur-
suing students” responses and conjectures further to develop und erstanding of mathematics, giv-
ing students more autonomy by asking them to evaluate the answers and establishing equity n

the classroom participation.

The examples given in this chapter illustrate how conducive beliefs towards student-centered
practices set the stage for the teacher to appropriate these strategies. Her belief that students
should engage in reasoning and understand why an answer s correct or incomrect, that repeated
pracice of similarsame problems leads to rote memorizaton led her to give more ome to dis-
cussing reasoning and explanation in class mather than pracocing problems. Her belief that un-
derstanding concepts takes time also helped as she devoted tme for students to come up with

their own reasoning and allowing different students to share their answers ensuring equity.

8.5.4 Challenges faced in implementing new practices

While implementing these new practices, Mupur struggled in moving from a focus on proce-
dures to a focus on meaning. In the discussion of different solutions to classroom tasks proposed
by students, she struggled to provide interpretations of fractions and operations on fractions
meaningfully in contexts. She was only partially successful in eliciting students’ reasoning and
spontancous problem-solving strategies. She faced a challenge especially in coherent explana-
ticns and justifications based on meaning for the procedures that students presented. This may
be due to her inadequate knowledge of fraction sub-constructs, Le., interpretations of fractions
in contexts. Mupur had not explored fraction representations and interpretations in various con-
texts in depth and she often fell back on caclier practices such as leading to the correct answers

or emphasizing procedures.

8.5.5 Role of the researcher as collaborator

In all these efforts at changing questioning, evaluation and explanation based practices, the re-
searcher played the role of a collaborator, The discussions between teacher and the researcher
vsually Focused on students™ thinking, planming for teaching and modeling certain practices
within the classroom (Kumar & Subramaniam, 201265, Mupuc's efforts as well as her interaction

with the researcher as collaborator led to her becoming more sensibive to students”™ thinking. She
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began to ask questions about whether students really understood a concept, which led to her
making changes in the tasks that she ntroduced in the classroom, as well as the manner in
which she orchestrated classroom interaction around the tasks. This indicates that when a
teacher starts to ncorporate student-centerad pracices because of some conducive beliefs, sup-
port 15 needed to sustain the change in practices. For teaching to be determined by the student™s
thinking, a teacher has to be empowered to take decisions like selecting appropriate examples
for teaching, recognizing opportunities from student’s responses to develop important concepts,
constructing questions for assessment of understanding and also determining which responses of
stucents should and should not be considerad as indications of understanding, 1 infer that the de-
velopment of specialized professional knowledge of instructional topics 15 necessary for such

development.

8.6 Sub-study 4: Topic focused professional development — The
case of integers

Sub-study 4, reported in chapter 7 of the thesis, identifies and analvses the topic specific spe-

cialized knowledge of a group of 4 middle school in-service mathematics teachers { Rajni, Swati,

Anita and Ajav’y on the topic of integers. It tracks the growth of such knowledee as a result of

participation 1 “Topic focused workshops™ and its impact on teaching. The & one-dav work-

shops were held over a period of Ave months. The research questions addressed in this sub-

study are:

1. What were the teachers’ concerns about the teaching of integers and how are they re-
lated toissues of meaning of integers?

]

How did teachers construct Specialized Content knowledge (SCK) for teaching integers

using the framework of integer meanings through the exploration of contexts?

3. How did the critenia used by teachers For judging adequacy of representations evolve in

the course of the topic study workshops?
4. What was the impact of the learnings from the topic study workshops on teaching of in-
tegers as reported and as observed?
In Sub-section 8.6.1, the framework used for integer meanings and representational adequacy is
deseribed. Research question 1 is answered in Sub-section 8.6.2, question 2 in Sub-section

#.6.3, question 3 in Sub-section &.6.4 and question 4 in Sub-section #.6.5.

-

2 All names changed
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8.6.1 Integer meanings and representational adequacy

A framework of specialized content knowledge (SCK) for the topic of integers was developed to
analyse the growth of teachers” knowledge in the workshop, Elements of the framework were
also used to design the resources used in the workshop. The framework takes into consideration
the meanings of the negative sign used 1 symbolic expressions, the meanings attributed o inte-
gers in contexts as well as the models used for ordering integers and operations on integers. The
negative sign in symbolic expressions can denote unary (=7), binary (2 — (+71) and svmmetric
functions {—x) (Wlassis, 2004; 2008). In contexts of applicabion, integers can represent state,
change or relation betwesn quantities (Vergnaud, [982; Kumar, Subramaniam, & Maik, 2015b).
Models like the number line and the neutralization model are used by teachers to help make
sense of the comparison of integers and operation on integers ( Stephan & Akvaz, 20020 We
have used this framework to analyze teachers” discourse concerning teaching of integers n the

workshop,

The framework was also used to analvze the textbook chapter on integers for Grade & {which
wis the focus of the study). The analvsis revealed that the symbolic and the number line repre-
sentations were predominant in the textbook. Further, integers were used to represent “state” in
most of the textbook tasks, and the integer meanings of “change” and “relation” did not emerge

adequately.

In addition to the above framework on integer meaning, a framework o analyze the criteria evi-
dent in teachers” talk for selecting and using representations for teaching integers has been used.
I have wlentified three dimensions of what teachers consider as “representational adequacy™
(diSessa, 2002), namely, translatability, consistency-coherence and meaningfulness of represen-
tations. It was found that the criteria teachers applied shifted from surface level concems to
deeper concems for representational adequacy by applyving all the three crnteria in a coordinated

IMEAnner.
8.6.2 Teachers’ initial concerns and knowledge of integer meanings and
representations

Initial teacher talk in the workshop revealed the concerns that they had about the teaching and
leaming of the topic of integers. However teachers relabed students™ difficulties to forgetting the

rules that they had been taught. The did not think that student difficulties were related to 1ssues
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of meaning,

The nitial talk also revealed their imited repettoire of representations, ways of connecting and
using representations and meanings of integers in contexts. When teachers were asked initially
to think of contexts for representing integers, they proposed several examples which did not re-
allv need integers and could be represented using whole numbers or were restricted to the “state”

meaning for integers.

8.6.3 Extending the range of integer meanings and contexts using SCK

framework

In the Topic Focus Group workshops, the teachers were exposed to the integer meanings of
“state”, “change” and “relation” through worksheet tasks. A large number of contexts were dis-
cussed, integer meanings explored and a judgment was made about their pedagogical useful-
ness. Teachers engaged in discussions of contexts that use change and relation meaning of inte-
gers like positive and negative scores in a quiz competition and change in baby™s weight. They
were able to distinguish the two meanings of the minus sign: indicating subtraction and as a sign
for negative integers. They also recogmized that the distinction posed a challenge for students to
develop an understanding of operations with integers. The exploration of meanings n relabion to
contexts using the integer meanings framework led to teachers describing an increased variety
of situations that can be represented by integers. This contributes to increase in the richness of
the example space {Watson and Mason, 2005) that teachers can access for generating tasks,
euiding classroom interactions and assessing learners” understanding, Mot only more contexts
but context features other than *state” were also represented by integers within the same context.
Teachers thus began to move from inital behiefs that symbolic representabions are more efficient
than other more concrete representations like models or contexts. Initally teachers used con-
texts only to introduce integers and the nesd for integers, but not for integer operations. In the

workshops, teachers began to explore the use of contexts to explore and learn integer operations.

In a vanety of contexts, the teachers used integers to represent derived guantities that were dif-
ferent from the salient quantities — for example, change in temperature as opposed o tempera-
ture, change in baby’s weight as opposed to weight, and relabve position in the mall as opposed
to floor number. This led the teachers to design and adopt such contexts where integers repre-

sent change and hence could be added meaningfully — hourly change in temperature, weskly
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change in a baby’'s weight and movement of a lift in an “integer mall™. Interpreting an integer as
representing a “static relation”™ allowed further exploration of contexts and the possibility of
modeling the subtraction operation using contexts. In the integer mall, for example, subtraction
wis used to And the movement required to reach a target floor from a given floor, The teachers
shift from using integers to represent only states to representing transformation and relabion 1s
an important move, whose significance and challenge has been identified by other researchers
(Thompson & Drevfus, 1983). Teachers identified features and processes associated with repre-
sentations, especially contexts, that corresponded to one or the other meaning of integers.
Teachers were able to use the idea of reference point to distinguish the various meanings of inte-
gers and appreciated the importance of the distincbon between the two meanings of the minus
sign {nteger and subtraction operation) for teaching and learning. They were able o use the
framework of meanings to interpret student emors, to offer explanations using representations
and Fnding new ways of modeling procedures for addition and subtraction using representations

{Koumar, Subramamam & Mal, 20135b).

8.6.4 Refining the criteria for representational adequacy

Analysis of the teachers” talk in the workshop indicated a shift in the crtena apphed to evaluate
the adequacy of representation used to teach integers. Imitially, the teachers preferred the sym-
bolic mode and the criteria for evaluating representations were based solely on translatability
but did not show much concern for meaningfulness or consistency of meaning. The teachers
discourse shifted from attmbuting students” emrors to students” failure to memorize, recogmzing
that instruction too can lead to emrors, and that the meanings that students associate with sym-
bols change as they leam new topics like integers. This indicated that the teachers began to
value the consistency in meaning across different representations used for pumposes of explana-
tion. The discourse around representations thus deepened to establish connection with meanings

and even leading to revisions in teachers” explanations,

Teachers were able to make connections between different representations like number line and
an “integer mall™ with a lift, using the framework of integer meanings. They were able to inker-
pret movement on the number line as inerease or decrease, and to provide 8 more meaningful
explanation of why additive inverses sum to zero { Bajay & Kumar, 2012). Thus meanings helped
in bringing coherence among different representations that could be used For teaching, The dis-

course of teachers after engagement with the framework of meanings showed deeper concerns
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for translatability, meaningfulness and consistency of representation and their use.

This shift to a deeper level of concern for representational adequacy could be due to the type of
interactions in a collaborative setting. Teachers” explanations of using representations were cri-
tiqued, challenged and subjected to analysis by peers a5 to how they represent different facets of
integers as well as discussions about why the particular representation works, Teachers were
also exposed to a vanety of representations and their explanation and justification given by their
colleagues and the teacher educators. This may have pushed the nesd to consider their choice of
representation more deeply, and the capability to critique and design representations, 5o the col-
laborative discussions helped build both knowledge of representations and knowledge about

representabions.

8.6.5 Impact of topic focused professional development

Teachers” leaming from participation in these workshops was visible across two dimensions.
Omne was the way in which there was a shift in teachers”™ goals and behefs and the other was the
extent to which teachers” went bevond the textbook and used the problems designed during the
workshop, In their lesson plans and report of teaching expeniences, the three teachers (Swati,
Anita and Rajni) acknowledged a change in their approach from telling rules in the beginning to
exploring contexts first with students and then inducing rules. Another shift in the goals was
from avoiding student mistakes to understanding the thinking behind student emors (Kumar &
Subramaniam, 2012c). The shift in behefs about teaching integers through rules versus engaging
students in reasoning involved teachers experiencing the struggle of managing classroom inter-
actions to develop understanding while developing their own knowledge in order to support stu-
dents” engagement in reasoning. The teachers™ reflections indicated that they went bevond the
textbook by using tasks constructed in the workshop to engage students in thinking and reason-
ing rather than having them solve the tasks mechanically vsing a known procedure (Kumar &

Subramaniam. 2015).

From the observabion of teaching, it was evident that the teachers did use the contexts and key
ideas discussed in the wordsshops, although in different wavs and with different degrees of inte-
gration with the textbook exercises and teaching of rules. Among the range of representations
discussed in the workshop, the teachers used the vertical {integer mall context) number line to-
gether with the integer mall context to discuss the meaning of integers, ordering and comparison

as well as For addition and subtraction of integers. They found subtraction the most challenging
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to discuss using the number line. Anita also used the context of team scores (both +ve and —ve)

in a quiz competition to discuss addibon.,

Although the teachers vsed different representations and meanings in their teaching, there was
back and forth movement between discussing meanings using representations and contexts, and
using rules to find answer. There was also pressure from students to use rules since they were al-
ready familiar with them from their tition {coaching) classes. The main reason that the teachers
cited for not being able to implement the lesson as they had planned was that they faced the
pressure of syllabus completion and resistance on part of students to engage in meaning based
discussion using contexts. Teachers too find it challenging to engage and respond to students in
discussions about meanings of integers and to reason using representations and contexts. How-
ever, they identified students” responses which indicated the nesd to understand meanings and

shared them in the workshop discussion and presented them to other teachers.

All the teachers in the study were highly experienced, knowledgeable and resourceful and had
many vears of teaching expenence. They were aware of student errors and were Familiar with
the textbook and the curriculum. Given this background, the lack of detailed attention paid by
the teachers to 1ssues of meaning in the mitial phase of the workshop was remarkable, It sug-
gests that the knowledge encoded by the frmmework of integer meanings 15 an important part of
SCK that 15 not gained directly through the practoce of teaching alone. One reason for this might
be that developing such distinctions and frameworks nesds desp engagement with issues con-
nected with both content and wath the leaming of content. Hence SCK clements such as integer
meanings may be important bridges between the knowledge acquired through mathematics edu-

cation research and the knowledze that is essential for effective teaching,

8.7 Implications for teacher professional development

The sub-studies indicate the features in the professional development design that worked in pro-
moting professional growth of teachers as well as aspects that can constrain teachers from
adopting practices that support understanding mathematics. In-service professional development
has suffered in India due to fragmented efforts which are neither perceived to be useful n the
classroom, nor have been able to address teachers” concern for developing students™ understand -
ing of key and foundational ideas in mathematics. The sub-studies have several implications for

designing of professional development opportunities which are listed below.

1. Inall the sub-studies there are indications of interactions between the beliefs held by the
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teachers and the practices preferred or adopted. Sub-study | showed how without
change in core beliefs, the practices advocated by reform documents get incorporated as
peripheral practices. However, beliefs about the improvement of reasoning and the use
of contexts to support mathematize leaming can servie as stepping stones towards adop-
ticon of practices that support understanding mathematics as indicated 10 Sub-studies 3
and 4. These practices may become central to teachers” practice when they develop the
requisite knowledge to support the practices. Teachers will thus need opportunities to
reflect on the beliefs held by them and the development of specialized knowledge for

teaching mathematics in both professional development contexts and in classrooms.

The sub-studies also indicate that teachers” knowledge of content, meanings, students”
thinking, and representations influences the iteraction between behefs and practice. In
Sub-study 1, when teachers exhibited limited knowledge of representations and why al-
gorithms work, they had beliefs more aligned towards mathematics as procedures and
teaching as a transmission based activity, However Sub-studies 2, 3 and 4 show in-
stances of teachers expressing and developing their knowledge of meanings and repre-
sentations through engagement in tasks in workshop and through efforts to focus on rea-

soning and development of meanings in their teaching,

It 15 important for teacher educators designing teacher professional development nier-
ventions to anticipate the teachers” common beliefs and practices and to create opportu-
nities for teachers to reflect on them. The framework developed in Sub-study 2 of situat-
edness, challenge and community building can be used to design the sessions and also
manage the interactions within the workshop, This can be supported through vse of arti-
facts from teaching, making teachers articulate thewr behefs and knowledge and asking
teachers to explain student thinking as done in Sub-study 2. Another possibility 15 to en-
courage teachers™ to explicate the criteria For evaluating the resources of teaching; these

shared critena can be established through negotiation, as was done in Sub-study 4.

Even when a teacher 1s open to bringing about change in practice and 15 reflective,
heshe might face challenges in actually changing teaching practice. These challenges
can vary from identifving the gaps in the teaching and use of representabions, to the
knowledge of meanings, contexts or representations, o negotiabions of the nomms of the

classrooms, to making students participate actively as reflected in Sub-studies 3 and 4.
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The theoretical framework used in Sub-study 4 was derived from the research literature.
There are few stucdies that try to establish connection between the research done in the
field of mathematics education with the design and enactment of teacher education.
Teachers at large remain unaware of the research Aindings and even when exposed to it
may find it trelevant for their own teaching needs. To establish 8 meamngful connec-
tion between theory and practice on one hand and between research and practice on the
other, there 1s need to use theoretical 1deas and empirical findings from research libera-
ture in teacher education in such a way that they are accessible to teachers and they get

opportunities o relate it to their practice.

The sub-studies have 1llustrated the knowledge that the pamicipating in-service teachers
have about the common mistakes and knowledge of key 1deas and explanabions. Some
of these eas are already documented in the research hterature. However, the reszarch
stuchies with n-service teachers have mostly adopted a deficit view of the teachers
rather than contributing to the development of the knowledge of teaching mathematics
derived from teachers” experience of teaching. Therefore, the sub-studies would hope-
fully contribute towards building a balanced vision of status of teachers” knowledge
which need to be elicited and built upon in professional development space rather than

merely emphasizing the deficits,

The teachers™ learning in Sub-study 4 indicates that topic focused professional develop-
ment is needed to develop in-depth knowledge through activities like textbook analysis,
analysis of students” emrors, analysis of meanings, representations and explanations, and
collaborative lesson planning and sharing. While this kind of exercise cannot be ex-
pected from teachers for all the lessons, focusing on one topic each vear in this inte-
grated manner will help in developing teachers” speciahized content knowledge nonte-
gration with other knowledge, whilz also contrbuting to the knowledze of teaching

within the community of mathematics educators,

The two specific topics of mathematics that have been Focused in this thesis are frac-
tions and integers in Sub-studies 3 and 4 respectively, There are implications for design-
ing PO for these topics for mathematics teachers. Fimstly, teachers need to be aware of
the different meanings that these concepts mayv have in varous contexts. Secondly,

teachers nesd to make the connections between these meanings and the representabions
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used in teaching and the tasks used in order to support meaningful discussion using
them. Thirdly, the understanding of meanings and representations need to be connected
with the standard symbolic procedures, so that teachers are able to unpack it for the stu-
dents and engage those students who know and perform procedures mechanically with-
out understanding them. Fourthly, the teachers also need to undemstand why rules work
and how to make shifts from teaching using contexts and representations to developing
an understanding of mles and other generalizations that can be made about mathemati-
cal concepts. Lastly, teachers need to integrate specialized content knowledge with the

knowledge of students, applyving both to designing tasks to develop understanding,

8.8 Limitations of the study

1 briefly recall the imitations that this exploratory research study has as was described in Chap-
ter 1. The study had components that addressed issues in-depth. However, since the sample se-
lected for the study was small, the findings of the studies are indicative and not generalizable
aeross the population of teachers. The nich descriptions of teachers”™ struggles i adopbing new
practices in classroom will, T feel stll be useful in throwing hight on similar struggles in other
contexts. A large volume of data was collected for the study in the form of audio recordings
which required franscobing. Practical considerations entailed that only some of this data could
be analyzed. It was not possible to observe the teaching of patticipating teachers before Sub-
stuchies | and 2, which took place at the first pomnt of contact, namely, the TPD workshop, Data
about the inttial preforred practices of teachers was thus collected through questionnaire and n-
terviews rather than through lesson observation. The claims for teachers” leaming and changes
in practice have been made from observations by the researcher and the selfreports of the
teachers, rather than any standardized tool to assess the teachers’ knowledge or quality of in-
struction. However, in-depth analysis of teachers”™ discourse in workshops and their teaching

provide evidence for their learning,

8.9 The way forward

The four sub-studies have provided rich insights into the beliefs held and practices preferred by
the teachers and the shifts that may take place when teachers engage in different practice-based
professional development activities. However, further studies can be done on the following

limes:
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Conelusion

The interview prompts and questionnaire used in Sub-study 1 could be modified using
the analysis in the thesis and could be used for teachers from other geographical arcas
and contexts like rural and semi-urban areas and teachers of different types of schools.
A possible vanation 15 to assess doman specificity of the behefs by asscssing behefs of
teachers about respective topics which can provide further help in identfving the need

for professional development.

The framework of analvsis of the task, the agency of the teacher and the teacher educa-
tor can be analysed to throw hight on the types of opportunities for teachers” profes-
sional development in other PIN initiatives. Looking at professional development initia-
tives from a research perspective will help in bolding the corpus of knowledge for the
design of effective professional development 1n India to cater to the diversity of con-

texts and participants.

The study has illustrated the challenge that teachers face when implementing change in
their classroom, after becoming motivated by a professional development initative to
bring about change. 1 contend that such studies that dentify challenges faced by the
teachers in teaching specific topics will contribute immensely to strengthening the pro-
fessional development imbatives and will contnbute towards actual change in learning

oppartunitizs in the classroom for students,

Sub-studies 3 and 4 highlighted the ssues related to the teaching of topics like fractions
and integers as a result of interference of whole number learning and teachers™ limited
knowledge of the meanings related to these concepts as well as the use of representa-
tions. Thus studies illustrating connections between the topics of whole numbers, frac-
ticns and integers and their varous meanings in contexts would support the teaching of

these topics 0 a way that attends to the meanings held by students.

Lesson planning might be important for researchers to study because it can provide a
window into the teachers” thinking and decision making which takes place in the class-
roomm. The study has implications for considering collaborative lesson planning as a tool
for in-service teacher professional development by enhancing their awareness and
knowledge about aspects otherwise 1gnored. It also points to the process of how negoti-
ation of beliefs can ocour as a community when teachers as a Topie Study Group engage

with tasks to challenge their thinking,
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8.10 My journey from being a teacher to a researcher

When 1 joined the PhD program at HRECSE, [ brought the perspective of being a teacher con-
cemed about developing understanding of mathematics among students, The challenges that 1
had Faced in teaching mathematics and the teaching approach taken in summer camps conducted
for students by the mathematics education group in HBCSE inspired me to take up research in
the field of mathematics education. My own school experience of learning mathematics and the
difficuliies and challenges faced in understanding mathematics have guided me to explore, to-
gether with other teachers, 1deas and methods in this study that con make mathemabics accessi-
ble to students. In the course of the research study, 1was able to integrate the perspective of the
teacher by appreciating the kind of challenges a teacher Faces in implementing the changes ad-
vocated by reform efforts. The interactions with other researchers and teacher educators and
close study and analysis of their practice provided me an opportunity o understand the aspects
that contribute towards teachers™ growth, Further, interactions with the teachers in the work-
shops s well as collaborating with them in their classrooms for teaching challenging topics
helped in developing an appreciation of the aspects of practice and knowledze that contribute
towards development of students” understanding. As a result of being engaged in these studies, 1
got an opportunity for growth in my own knowledge, and beliefs and practice about mathemat-
ics and its teaching. As a person not having a Bachelor™s degree in mathematics, it was challeng-
ing at times, but it was also an opportunity to leam while being actively engaged in the pracbce
of studying the teaching of mathematics. 1T beheve that my background helped me in being sen-

sitive to the difficulties faced by the students and teachers.
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Appendix 1

Teachers’ Questionnaire

We would like to know what vour views are about mathematics teaching and learming. This will
help us in planning the interactions in this workshop and also in designing better workshops for
teachers in the future. We request vou to freely express vour views. We do not believe that there
are right or wrong answers to any of the questions in this questionnaire. We value vour honest
opinion. We know that opinions and views can be different and that we have much to learn from

teachers such as vou who have a wealth of experience.

By analvsing vour responses we hope to get a better undemstanding of the inputs and support that
teachers require. We assure vou that all the names of respondents and their schools will be kept
confidential and will be known only to the research team. Whenever data 15 presented to any

person other than the research team, all references to personal identity will be removed.
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Appendices

Appendix 1a

Part 1: Background information
Mame fepfiomall:
Age:
Sex:

Educational and professional qualifications (Mention subject specialization and qualify-
ing vear):

Teaching experience (mention which classes and subjects vou have taught and for how
MANY Years);

Which classes have you taught in the past three years?

In which schools have you taught in the past three years? fOyptiomal

Average number of students in the classes vou have taught for the past three years:

How many other teachers mn vour school teach mathematics for the same class level as
wioul beach?

Percentage (roughly) of the students in the class that you taught in the current / previous
academic year

i.  Who have a computer at home

il. Who havea TV at home

il Who have a two-wheeler at home

iv. Who have a car at home

v,  Who have one parent who 15 educated upto class 12 and above

vi. Who have both parents educated upto class 12 and above

Have vou attended any training workshops before? Please speaify.

IF wou would like to mention any specific sccomplishments related to your teaching, or

any project that vou have done, please do so here:

423



Appendices

Appendix 1b
Part 11

Mame

Criven below are some statements th