UNIVERSITY OF

epucaTioN ll OXFORD

DEPARTMENT OF

Exploring Primary Teachers’ Notions of Big
Ideas in Statistics:
Insights from Maharashtra, India

Jioo Nimkar

Lady Margaret Hall
Department of Education

University of Oxford

MSc Education (Research Design & Methodology), 2024



Acknowledgements

I would like to express my sincere gratitude to my supervisor, Prof. Jeni Ingram, for her
continuous support, invaluable guidance, and thoughtful feedback throughout this study. Her
expert insights and consistent encouragement played a crucial role in shaping the direction and

quality of my research.

I am deeply thankful to my family and friends, both here and in India, for their unwavering
support and encouragement during this journey. Special thanks to my parents, who have
dedicated over two decades to working with teachers for their professional development,

inspiring and enabling me to engage meaningfully with the teaching community.

I am also grateful to the teachers across the state of Maharashtra who generously gave their
time to participate in the survey and share their experiences through interviews, despite their
busy schedules. My heartfelt thanks go to the teacher leaders of informal communities, whose
support and facilitation allowed me to connect with educators from diverse geographical

regions.

1091401 |2



Contents

ADbStract........ceceeeesseeecssnnecnnne w7
Chapter 1: INTrOodUCTION ...ueeiicriveniecsissnniccsssnnicsssssnsessssssssesssssssssssssssssssssssssssssssssssssssssssssssssass 8
Chapter 2: Literature Review 11
2.1 Theoretical and Knowledge Frameworks ..............cccocccoeeveiiieaceeniiieiieiieeieeeieeeeeeeeens 11
2.1.1 Frameworks of Teacher knowledge .........ccccvieeiiiiiiiiiiiieeeeeeee e 11
2.1.2 Frameworks of Students’ Statistical Thinking.............ccccceeveviieviiieiiieeieeeeeee, 13

2.2 Teachers’ Content Knowledge Of SIALISTICS ...........cccvevueecieiieeieeeie e 14
2.3 Teachers’ Pedagogical Content Knowledge in StatiStics............cc.cccoovevvcvveecveenieeannnnnn 16
2.4 Current Practices in 1eaching SIAtISHCS ..............ccccceuvieriiiiniiiiiiiiiiee e, 18
2.5 GAPS i1 RESCAVCH ...ttt 20
2.6 CONCIUSTON ...ttt 20
Chapter 3: Methodology .......cceicineiciseicssnicssnnicssnnissssncssssnssssssssssssssssssssssssssssssssssssssssssssses 22
3L INIPOAUCTION. ...ttt e 22
3.2 POSTHONALTLY ...ttt ettt 22
3.3 RES@AVCIH DESIGN ...ttt ettt e et e e e tae et ae e naaeenrae e 23
3.4 QUantitative MEtROd ...................c..coccueeeiieeeie ettt 24
3.4.1 SaMPLING SIALEZY ....eeeurieiieiiieiie ettt ettt ettt ettt e et e saeeeareenaeeens 24
3.4.2 Sample CharaCteriStICS ....cuueiuieruieeieeriie et eeite ettt ettt et e et esieeebeeseeesaeeesaeeens 24
3.4.3 Instrument Development and Design..........ccceeevieeiiiieiiieeiieeeieccieeeeee e 27
3.4.4 Translation and Language Considerations............cccveeerveerrieenieeeniireenveeesveeeneneens 29
3.4.5 Pilot Study (Quantitative Phase).........ccccceeriieiiiniieiiisiieieeeeee e 29

3.5 QUALTIALIVE METROCS ..ottt 30
3.5.1 PartiCIPANES.....cceeiieeeiieeeieeeritee et e e steeesteeetteeetaeeetaeeessaeesssaeessseeessseeeansaeesnseeensseens 31
3.5.2 INtEIVIEW SEIUCTUIE....c.uviitiiiiiietie ettt ettt et ettt et st e bt e st e saeesareenaeeens 31
3.5.3 Translation and Language Considerations.............cecceevererueerieeiieenieerieeniesieenieens 32
3.5.4 Pilot Study (Qualitative Phase).........ccceeeuieriiiiieiieeiieeie e 32

1091401 | 3



3.6 DAIA ANGIYSIS ...ttt 33

3.6.1 QUantitative ANALYSIS ...ccveieiiieeiiieeiiee ettt e et e st e e e e ebe e e ereeenaee s 33
3.6.2 QUAlItAtIVE ANALYSIS ..eeuvieiiiiiiieiieeiieiie et eette et erreete et e e bt eseaeebeesseeesseessaesnseensneens 33
3.7 Ethical CONSIATALIONS. ............cccuevuiiiiiieii ettt 34
3.8 RiQOUF Of the RESCAVCH. ...t 35
3.8.1 Quantitative RIGOUT......cccueiiiiiiiiie ettt e e e e e e e e aaee s 35
3.8.2 QUAlItatiVe RIGOUT .....ccuiiiiiiiiieiieeieeiie ettt ettt ettt et e tee e e e saaesnseesane e 35
3.8.3 Mixed Methods Integration and MMAT ...........cccceeviiiniieiiienieeieecie et 36
Chapter 4: Analysis and FINAINGS ......coueenuennennrensnnssnensenssnensnnssnessseesssesssnssssssssssssssssasses 37
4.1 Quantitative FINAINGS ...........cccccciiiiiiiiiiiieiie ettt 37
411 INEFOAUCTION ..ottt ettt ettt ettt ettt e bt et st e saeebeenees 37
4.1.2 DeSCIIPHIVE StAtISTICS. ..evieeeiieiiieiieeitieeieertteeteesieeeaeesteeebeesteeesseesseesseesseessseessnesnsens 37
Total Score DIStrIDULION .....oc.uiiiiiiiiieiie et 37
A.1.3 ADALYSIS ..ttt ettt ettt e et e et et e e nateebeesneeeaneas 38
ASSUIMPLIONS .....eeiteeiiieeiieeieeeiteeteeeteesteeeeteebeeseveesseessseeseessseenseesssesnseessseesseesssesnseessseans 38
T-test and ANOVA RESUILS.......coueiuiiiiiieiieieeieeeeee e 39
4.1.4 Item-level Response Distribution: Informing the qualitative phase. .............c........ 41
4.1.5 Confidence LevVels ........cooeiiiiiiiiiiiiiiceree e 42
4.1.6 SUMMATY ...eeeiiiieeiiieeeieeeeieeetee et e et e e stee e s teeessbeeesstaeensseeasseeansseesnsseesssaeessseesnssees 43
4.2 QUalitative FINAINGS ..........cccoeoiiieeeiiieeiee ettt e et eraeeeaaeessae e 44
4.2.1 Introduction & PartiCIPANtS...........cceeeuieriieiiieniieeie ettt 44
4.2.2 Section 1: Teacher-Reported Classroom Practices ..........ccoceeveerieriiienieenieeneeenen. 45
4.2.3 Section 2: Teachers’ Content Knowledge ..........ccceevevvveriieenieeeniieeieeeie e 49
Question 1 and 2: Statistically Investigable QUeStion ...........ccceeeveeriiveeniieeniieenieeens 49
Question 3: Reasoning about SAmMpPIing.........ccceevuieiiiiiiiiiiieeiieie et 51
Question 4: Describing Data.........c.ceeiieiiieiiieiieiiieieeieee et 53
Question 5: Central TendenCIes ..........cccouviiiieiiiiiiieiiiiee et 54
Question 6: Inferences and Prediction ............cccoooeeviiiiiiiiiii e 56
4.2.4 Section 3: Teachers’ Pedagogical Content Knowledge...........cccceoveviiieniiiniiennnnnen. 59
The Role of Content Knowledge in Interpreting Student Thinking .............ccccceeneen. 60

The Role of Situated KNOwWledge........cuoveviiieiiiieiieeeceeeeee e 61
4.2.5 SUMMATY ...eeeiiieeeiiieeeieeeetee ettt e et e e e tee e s teeessaeeesssaeesssaeessaeansseesnsseesssseessseeenssees 61

1091401 | 4



Chapter 5: DISCUSSION coccvvueiiciicrnnicssssnnicssssssecsssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 63

5.1 RQI: Teachers’ Content Knowledge of StAtiStiCS ..........c...cccouieeveiieieiiiiiieeiieeeiieeeiiens 63
5.2 RQ 2: Teachers’ Pedagogical Content Knowledge.................c..cccocovvvveiviiniinninannn. 64
5.3 RO 3: ClaSSFOOM PUACHICES...........c..ooceeeeiieieeiiieieeee et 65
ScA IMPLICATIONS. ...ttt ettt e et e e e aeeesnseeees 67
5.5 LIMEIQTIONS ...ttt ettt e 68
5.6 Conclusion and Directions for Future ReSearch ..................cccoccvevvveeeeaceeeeeaieeneeene. 69
APPENiX ..ceerereueressnnicssanecsnnnes 71
Appendix A: Instrument: Structure, Online Survey with Translation ............................. 71
AT STIUCTUTE .ttt ettt e et e st e e et e e sabeeesabee s 71
A.2 Changes made in the instrument pre- to post-pilot study.......ccccceeevvevieecieennennen. 72
A.3 0nline Survey English ......c.coooioiiiiiiiiiiiceeeee e 73
A4 Online Survey: Marathi .......cocooiiiiiiiiiiicceceee e 81
Appendix B: Interview QUESTIONNAITE .............c...cccoueeeveeeeiieeeieeeeieeeeee e e e eree s 89
B.1 English + Marathi VErsion..........ccceevieiiieriieiiieniieeie et saee e eenees 89
Appendix C: Ethics Related Documents and PermiSSiOns .............ccccouvvuveeeueesieeenennanns 93
C.1 Ethical APProval .......coeoiiiiiiiiiiiiiceee ettt 93
C.2 Participant Information Sheet.........cooiiiiriiiiiiiiniiiiceeee e 95
ENGLISH VETSION ..eoiiiiiiiiiieciie ettt et e e st e e sbaeesnree e e 95
Marathi VETSION .....ccuiiiiiiiiiiieeiee ettt e 99

C.3 Consent FOM: SUINVEY ....uiiiiiiiiiiiieiiieeitee ettt ettt et 103
ENGlish VETSION ...cueiiiiiiiiiiiiciec ettt 103
Marathi VETSION .....ccc.uiiiiiiiiiiieeeee ettt e 105

C.4 Consent FOrm: INtEIVIEW .......cocuiiiiiiiiiiiiiiieeeeee e 107
ENGliSh VETSION ..ottt ettt et 107
MaArathi VETSION...c..eeruieiiiiiiitieteeiesitet ettt ettt et sttt et sae e saeens 109
Appendix D: Details of Quantitative Findings .............ccccccoveeviiieviiieeiieeeiieeeiie e 110
D.1 Assumptions for parametric tESS .......cueerrureeriuireriiieerieeerteeerreeeereeeeaeeereeeeree e 110
D.2 Other DeSCTIPLIVES. ..ccvviiiieiieeiieriie et eiie et site ettt et eseeesbeesaeeenbeessaesnseesseeenseenens 113
Appendix E: Details of Qualitative Findings................ccccocioiiiiniiiniiiiiniiiiieieeeens 115

1091401 | 5



E.1 Original Marathi Quotes (Verbatim) ...........ccecveeeiiiieiiiiieiiie e 115

Appendix F: AcceSSiNG PAVIICIDANLS ............c...cccueeeiueeeiiieeeiieeeiee e 118
F.1Flow chart of access to the participants ............cceceerveevieerieeriienieeieeseeeeieesee e 118
F.2 The WhatsApp message shared through the teachers’ group (Online Survey).. 119

MaArathi VETSION ...cccueiiiiiiiiiiiee ettt sttt ettt e 119
ENGlisSh VETrSION ..ccuviiiiiiieiie ettt e e e e tae e s aae e naeeeenree s 119

F.3 The WhatsApp message shared to contact teachers (Online Interview) ............ 120
MaATathi VETSION ....eeiiiiiiiiieiiieiicie ettt sttt ettt 120
ENGlisSh VETrSION ..ccuviiiiiiieciie ettt e tae e aae e ssre e e enree s 120
References .........coeveecevuercnnnneene 121

List of Abbreviations

BI: Big Idea

CK: Content Knowledge

PCK: Pedagogical Content Knowledge

PD: Professional Development

1091401 |6



Abstract

This study examines primary mathematics teachers’ understanding of the big ideas in
statistics through a sequential explanatory mixed methods design in the state of
Maharashtra, India. Adopting a pragmatic perspective, the study integrates quantitative
and qualitative methods to gain a comprehensive view of teachers’ statistical knowledge
and pedagogy. In the quantitative phase, a survey questionnaire was administered to 251
primary teachers across the state. The instrument assessed statistical content knowledge
through five big ideas in statistics, framed within the statistical inquiry cycle. The mean
score was 4.87 (SD = 2.08) out of 12, indicating overall low performance. No significant
differences were found based on teaching experience, school type, or language of
instruction. However, teachers with postgraduate qualifications scored slightly higher than
those with only undergraduate degrees (p < 0.01). Teachers' confidence, measured on a
Likert scale, did not correspond with their actual performance, suggesting limited

awareness of knowledge gaps.

The qualitative phase involved semi-structured cognitive interviews focusing on teachers’
current classroom practices, their reasoning behind survey responses, and their
pedagogical content knowledge (PCK) in statistics. Analysis showed that correct answers
on the survey did not necessarily reflect deep conceptual understanding. Teachers’
knowledge was often context-bound; they performed better with familiar, context-specific
tasks but struggled to transfer understanding to unfamiliar situations. In several cases,
teachers’ reasoning resembled that of early learners of statistics, indicating a persistent
gap in statistical knowledge. While interviews also revealed that teachers’ PCK was
constrained by their limited statistical content knowledge, teachers appeared more
confident when discussing the PCK task that was grounded in the classroom context. This
suggests that professional development could productively begin with contextually

relevant activities before expanding to broader statistical concepts.

The study highlights critical gaps in teachers’ statistical understanding and awareness,
providing an evidence base for targeted professional development initiatives. It
underscores the need for approaches that strengthen both content knowledge and

pedagogical strategies, enabling teachers to better support students’ statistical reasoning.
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Chapter 1: Introduction

In today’s increasingly technology-driven world, the ability to engage with, interpret, and
critically evaluate data has become essential not only to participate in the democratic
process as a responsible citizen but also to make autonomous, informed decisions in
everyday life. From understanding medical statistics to interpreting election results or
reading economic indicators, individuals constantly interact with data in both personal and
societal contexts. As a result, developing statistical literacy, defined as the ability to
understand, assess, and use statistical information in decision-making (Wallman, 1993),
has become a fundamental educational goal. The American Statistical Association defines
statistics as the science ‘of learning from data, and of measuring, controlling and
communicating uncertainty’ (Davidian & Louis, 2012, p.1; Davidian, 2014), and given the
increasing presence of statistics across disciplines and professions, developing statistical
understanding is no longer limited to advanced levels of education but is now considered

important from the early years of schooling.

Many education systems across the world have recognised the importance of this and
responded by integrating data handling and statistical reasoning from the early years of
schooling (Ben-Zvi & Garfield, 2005) and research in this area has likewise expanded
(Watson et al., 2018; Friedrich et al., 2024). Early engagement with statistics allows children
to classify, represent, and analyse information using basic tools such as tables, graphs, and
measures of central tendency informally, thus forming a conceptual foundation for later
formal statistical learning. Furthermore, working with real data supports the development
of critical thinking, argumentation, and problem-solving skills that are widely

acknowledged as key 21st-century competencies (OECD, 2018).

In India, statistics was introduced into school mathematics nearly two decades ago
(Ramanujam et al., 2006; NCERT, 2005), yet it remains a relatively neglected area in both
curriculum development and classroom practice. A close examination reveals at least three
key gaps that hinder the effective integration of early statistics education in the Indian
education system. The first gap lies within the curriculum itself. While the National
Education Policy (NEP) 2020 and the National Curriculum Framework (NCF) 2023 both
articulate a vision of fostering analytical thinking, data interpretation, and reasoning

through real-life data (Ministry of Education, 2020; NCERT, 2023; Zaidi & Ali, 2019),
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these aspirations are not consistently operationalised in the curricular goals of primary
mathematics. Curricular goals regarding statistics are completely missing from the primary
mathematics curriculum. Instead, elements of statistical inquiry appear under subjects like
environmental studies and science, where students are expected to hypothesise and
interpret patterns (NCERT, 2023, p. 200). As a result, students are expected to apply data-
related skills in other subjects, when the mathematics curriculum lacks goals focused on

developing skills like hypothesis formulation or data-supported reasoning at this stage.

The second gap appears at the level of textbooks and corresponding learning outcomes.
Although most primary mathematics textbooks include chapters on statistics (or data
handling), studies have identified a misalignment between textbook content and the
learning outcomes they claim to address (Thatte & Nimkar, 2022; Nimkar & R, 2024). In
India, textbooks carry significant weight as they are distributed free of charge by the
government and serve as the primary instructional resource in most classrooms
(Mahapatra, 2012). The examination system, which remains largely content-driven and
summative, reinforces this reliance by testing students directly on textbook material
(Kumar, 1988; Muralidharan & Singh, 2021). This has led to what Kumar (1988) calls a
textbook culture, where teaching is confined to the scope and structure of the textbook,
with minimal space for teacher autonomy. In such a context, misalignments between
textbook content and learning outcomes are not trivial, as they directly affect how statistics

is taught and understood in classrooms.

The third and less visible gap is pedagogical. While research documenting classroom
practices in statistics at the primary level in India is limited, it is reasonable to infer a
disjunction between intended learning outcomes and enacted classroom teaching. This
inference is supported by vague curricular goals and a dominant textbook culture that
limits teacher autonomy. Consequently, teachers are accustomed to following prescribed
instructions, and the responsibility of interpreting and implementing statistics-related
content often falls on them, something they may not be adequately prepared for. Further,
many Indian primary teachers face challenges due to insufficient content knowledge and
limited pedagogical training in mathematics (Banerjee & Stacey, 2025; Kithan & Pal, 2024;
Das, 2019; Selvaraj et al., 2015).

In the case of statistics, a conceptually demanding and often misunderstood domain

(Garfield & Ben-Zvi, 2008), this lack of preparation becomes particularly concerning. As
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a result, data handling is frequently marginalised or reduced to superficial exercises
involving graph plotting, table reading and calculating central tendencies, without

opportunities for further engagement or reasoning.

These three gaps (curricular ambiguity, textbook misalignment, and pedagogical
limitations) suggest that the quality of statistics education at the primary level is highly
dependent on the knowledge, beliefs, and practices of individual teachers. However, there
is currently little empirical understanding of how Indian primary teachers conceptualise
the aims of teaching statistics, what content knowledge they hold, what beliefs shape their
teaching of statistics, and how they approach instruction in practice. Without this
understanding, efforts to improve the teaching of statistics through teacher education,

curricular reform, or policy interventions lack a clear starting point.

This study, therefore, aims to investigate primary teachers’ understanding of the big ideas
in statistics through the lens of Content Knowledge and Pedagogical Content Knowledge
(Shulman, 1987). It further seeks to examine whether and how these understandings vary
across different teacher backgrounds. By generating a baseline of current teacher
knowledge and practice in this domain, this research intends to inform the design of
targeted professional development and contribute to the broader conversation on

strengthening statistical literacy from the early years of schooling.

I begin by establishing a strong theoretical foundation on teacher knowledge, followed by
a review of literature on statistics education from both teacher and student perspectives,
leading to the research questions (Chapter 2). Chapter 3 outlines my positionality as a
researcher, the mixed-methods design, data collection, and analytical approaches. Chapter
4 presents quantitative findings, which inform the qualitative phase, followed by
qualitative results. In Chapter 5, findings are integrated and discussed in relation to the
research questions, with implications, limitations, future recommendations, and the

conclusion.
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Chapter 2: Literature Review

This literature review begins by exploring the concept of teacher knowledge to establish a
theoretical foundation for analysing teachers’ understanding of statistics. Teacher knowledge
has been conceptualised in various ways, and it is necessary to discuss these frameworks before
narrowing the focus to statistical teacher knowledge. Drawing on one such framework that
distinguishes between content knowledge and pedagogical content knowledge of teachers, I
then review relevant global and Indian studies that explore these domains in the context of
statistics education. Through this review, I discuss key insights as well as gaps in the literature.
I conclude by proposing three research questions to address this gap within the Indian context
that focus on: (1) statistical content knowledge (2) pedagogical content knowledge for statistics

and (3) current classroom practices in teaching statistics

2.1 Theoretical and Knowledge Frameworks
Understanding how teachers engage with statistical ideas in the classroom requires careful

consideration of the nature and structure of the knowledge they draw upon in their teaching.
Since statistics differs from mathematics as a discipline, I begin by exploring broader,
foundational framework of teacher knowledge. I then consider a framework specific to
mathematical knowledge for teaching, which builds on this foundation, and reflect on its
relevance to statistics education. Finally, I briefly touch upon an alternative foundational

framework of teacher knowledge to offer a more complete perspective.

2.1.1 Frameworks of Teacher knowledge

Shulman (1987) introduced pedagogical content knowledge (PCK) to capture the unique blend
of content knowledge (CK) and pedagogy that teachers require to make subject matter
comprehensible for students. While CK refers to a deep understanding of the subject itself (its
structures, rules, and facts), PCK encompasses knowledge of how to represent these concepts
in ways that are accessible to learners. It includes anticipating student misconceptions,
selecting appropriate analogies or examples, and adapting content to diverse classroom
contexts. Shulman argued that teaching involves both the what and the how, and that PCK is
the knowledge that bridges them. For example, in statistics education, teachers must balance
encouraging informal inferential reasoning (Makar & Rubin, 2009) with introducing statistical

tools that may be unfamiliar to young learners (Callingham & Watson, 2011). PCK is therefore
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more than CK or general pedagogical knowledge, it is a situated, topic-specific form of

professional expertise focusing on both subject matter and student thinking.

Building upon this idea, Ma (1999) provides a knowledge framework that is specifically for
mathematics. She offered the notion of ‘profound understanding of fundamental mathematics’
(p.125) characterised by what she called knowledge packages. These are well-organised,
internally connected structures of content knowledge, with four defining features that support
strong mathematical teaching. Table 2.1 outlines these features with illustrative examples from
statistics education. The existence of clear examples for each feature coming from statistics
education suggests that Ma’s framework, though developed for mathematics, can be

meaningfully extended to support the teaching of statistics as well.

Table 2.1
Features of knowledge packages (Ma, 1999)
Feature Description Example from Statistics Education

To link concepts and present . . .
P p Connecting mean, median, and mode while

1.Connectedness them as part of a coherent .
teaching as measures of central tendency.

structure.
2. Multiple To explain ideas in varied ways =~ Representing mean as a numerical value or a
Perspectives to deepen student understanding. line on a graph showing distribution
. Highlight core principles that Framing data as a way to represent and make
3. Basic Idea . . .
cut across different topics. sense of real-world variation

o g . Connecting early ideas of likelihood and
4. Longitudinal ~ To connect current content with o
chance to later concepts of probability and

Coherence prior and future learning. odds

The distinction between CK and PCK, as proposed by Shulman, is useful to draw attention to
the specialised nature of teacher knowledge. However, McEwan and Bull (1991) argue that this
dualistic framework can be conceptually inadequate, as it treats pedagogic thinking as separate
from disciplinary understanding. Drawing on Dewey (1916), they instead suggest that all
knowledge is pedagogic in nature, constructed through interaction, reflection, and the intent to
communicate. This view positions teacher knowledge not as a fixed body of content or skills,
but as dynamic, responsive, and situated in specific contexts of teaching and learning.
According to McEwan and Bull (1991), knowledge emerges through the teacher’s engagement
with learners, shaped by the immediate demands and purposes of instruction. What matters is
not only what the teacher knows, but how this knowledge is activated, adapted, and
reconstructed in response to students’ ideas, questions, and contexts. This makes teacher
knowledge fundamentally interactive, what Dewey (1916) refers to as a continuity of

experience where meaning is constantly negotiated.
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Yet, Shulman’s distinction between CK and PCK remains analytically useful, particularly when
the aim is to assess and structure teacher knowledge. This clear separation allows for the
development of measurable indicators: the factual and conceptual nature of CK lends itself to
assessment through questionnaires, while the more descriptive and contextual nature of PCK
requires interactive, qualitative approaches. Aligned with the pragmatist paradigm guiding this
study (Discussed in the methodology chapter), Shulman’s framework provided a practical basis
for methodological decisions and helped structure both the quantitative and qualitative phases

of data collection.

When combined with Ma’s framework, which emphasises the depth, and connectedness of
content knowledge through knowledge packages, these two models offer a complementary and
robust analytical lens. While Shulman conceptualises teacher knowledge as an integration of
multiple domains (content, pedagogy, curriculum, and learner understanding), Ma focuses
more narrowly on the internal structure and quality of CK. Yet, both underscore the
foundational role of strong CK in effective teaching. In the context of Maharashtra, where
curricular guidance on statistics is often vague and textbooks inconsistently aligned (Thatte &
Nimkar, 2022), teachers frequently rely on their professional and academic judgement. Given
the lack of research on teachers’ current understanding of statistics, examining both CK and

PCK offers an appropriate starting point for establishing a clear baseline.

2.1.2 Frameworks of Students’ Statistical Thinking

In addition to frameworks on teacher knowledge, it is equally important to consider
frameworks of how students learn statistical ideas, as this has implications for how teachers’
CK can be understood and assessed. Wild and Pfannkuch (1999) describe statistical thinking
as a cyclical process involving five key components (PPDAC): problem identification,
preparing for data collection, data handling, analysis and conclusion drawing. This statistical-
inquiry cycle focuses on the importance of contextual reasoning, iterative questioning, and
interpretation (Wild & Pfannkuch, 1999) all while dealing with uncertainty, competencies that

are often underdeveloped in teacher knowledge and classroom practices (Ben-Zvi et al., 2012).

Additionally, Konold et al. (2004) identified three early points of view that learners often take
when encountering data: pointers, where data serve as reminders of the event without direct
reference to the data itself; case values, which focus on individual data points, such as extremes;
and classifiers, which involve grouping cases with similar values, emphasising frequency

patterns like the mode. These perspectives, while developmentally appropriate for learners, if
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observed in teachers, can indicate limitations in their conceptual understanding. Therefore,
student-centred frameworks can serve as diagnostic tools for understanding and identifying

gaps in teachers’ statistical CK.

Together, these frameworks provide a strong foundation for this study. While Shulman (1986)
and Ma (1999) offer a grounding to examine the structure and application of teacher
knowledge, the student-centred models of Wild and Pfannkuch (1999) and Konold et al. (2004)
help uncover potential gaps in teachers’ content understanding. Drawing on these perspectives,
I aim to investigate how primary teachers in Maharashtra understand and teach statistics, data

handling, and information processing.

2.2 Teachers’ Content Knowledge of Statistics
This section examines the literature on primary teachers’ statistical content knowledge. I

organise statistical CK around five key conceptual areas based on the statistical inquiry cycle

(Wild & Pfannkuch,1999). I define these Big Ideas as:

(1) Defining statistically investigable questions,
(2) Collecting data and sampling,

(3) Describing data,

(4) Understanding central tendencies, and

(5) Interpreting and predicting from data.

I will also use these categories later in this study to develop an assessment and analyse data.

1. Statistically Investigable Question: Formulating statistically investigable questions
(Arnold, 2012) is a key step in any statistical inquiry. However, this area is often
underdeveloped in both school curricula and teacher knowledge. A well-formed investigable
question requires students to collect data, analyse it, draw conclusions, and support findings
with evidence (Chin & Kayalvizhi, 2002; Arnold, 2012). Wild and Pfannkuch (1999)
emphasise that the quality of the question shapes the rest of the statistical process. Yet,
research suggests that teachers often struggle to frame questions that can result in statistical
enquiry (Makar & Rubin, 2009) and tend towards closed (Allmond & Makar, 2010) or
deterministic questioning. This challenge may be greater in primary classrooms, where
teacher training in statistics is usually limited. In the Indian context, textbooks rarely support
the development of meaningful, investigable questions. Activities often provide fixed or
vague prompts. E.g., grade 2 textbook instructs: ‘Ask the children the date and month of
their birthday and note it down... Answer the following questions’ (Balbharati, 2019/2022,
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p. 65). There is no clear purpose for collecting this data. Follow-up questions focus only on
isolated data points, like how many students have a birthday in a certain month. Without a
guiding question, data collection lacks purpose, ending the statistical inquiry at its outset.

. Data Collection: Data collection directly depends on the previous big idea as a poorly
framed question can lead to irrelevant data and not useful conclusions. Research shows that
teachers often have a procedural rather than conceptual understanding of sampling. Groth
and Bergner (2005) found that many pre-service elementary teachers viewed samples as a
collection of objects or part of a whole without considering key ideas like representativeness
or bias. Garfield (2003) reported low scores among teachers on sample variability, indicating
limited understanding that smaller samples tend to vary more and can produce extreme
values. In India, sampling is usually introduced only in later stages of schooling (NCERT,
n.d.) and is mostly absent from primary-level teacher training as these teachers rarely face
tasks that involve sampling. If teachers are to carry out informal statistical inquiry in early
grades, more attention is needed to strengthen their understanding of sampling, as it directly
affects their teaching using small sets of data collected by students.

. Describing Data: Describing data involves viewing it as an aggregate to summarise
patterns, distributions, and variability using visual and numerical tools. However, research
shows that pre-service primary teachers often struggle with this. They tend to treat graphs
as end products rather than tools for data description, and face difficulty linking graph-based
insights to context (Bruno & Espinel, 2009; Burgess, 2011; Batanero et al., 2011; Gonzalez
etal., 2011). This prevents engagement with data and informal inferential reasoning (Makar
& Rubin, 2009). Burgess (2011) also found that teachers’ classroom use of graphs was
mostly procedural, focusing on making and reading graphs rather than analysing them.
Textbooks in India support this pattern by asking questions about single data points (e.g.,
extremes), rather than broader trends (Thatte & Nimkar, 2022). As a result, teachers may
not be equipped to guide students in viewing data as aggregated information, which is at the
core of inferential statistics (Konold et al., 2004).

. Central Tendency: Understanding measures of central tendency are a compact tool for
describing data. There has been plenty of research about teachers’ statistical knowledge of
mean, median, and mode, which indicates that teachers often rely heavily on procedural
knowledge. Jacobbe and Carvalho (2011) showed that while many teachers could compute
averages correctly, few demonstrated a comparative understanding of when and why each
measure should be used, e.g., preference towards choosing the median over the mean in

skewed distributions was rarely observed. Leavy and O’Loughlin (2006) reported that pre-
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service teachers often perceived mean as simply a fair share or a balancing point, which the
authors describe as a superficial and non-statistical understanding of the concept. This points
towards a lack of connection between conceptual and procedural knowledge. Similarly, in
India, though curriculum includes central tendencies, the emphasis is on calculations using
formulae (Thatte & Nimkar, 2022). The idea that these measures produce an indicator of
typicality is rarely addressed, potentially influencing both teachers’ and students’
understanding

. Interpreting and Predicting from Data: Interpreting and predicting from data involve
using multiple statistical concepts such as central tendency, variation, and sampling. Unlike
describing data, this big idea requires going beyond the data itself to using it as evidence for
making inferences or predictions (Makar & Rubin, 2009). It also involves revisiting earlier
big ideas, reconsidering the initial question, recognising sampling limitations, and using
descriptive summaries with caution. A sound understanding of probabilistic and uncertain
language is crucial for making both informal inferences (Ben-Zvi et al., 2012). Ben-Zvi and
Garfield (2005) argue that this is one of the most cognitively demanding aspects of statistical
reasoning, involving a shift from describing data to reasoning about what it suggests,
something many teachers may struggle with due to gaps in their own education.

Thatte et al. (2025) highlight challenges specific to the Indian context, showing that students
face difficulty with uncertain language during data investigations in local languages, such
as interpreting the word about in Marathi. Teachers, too, often lack the linguistic and
conceptual confidence to support this kind of reasoning (Reinhart et al., 2019). Many
languages lack formal statistical vocabulary, which adds to the challenge (Thatte et al.,
2025). While professional development can help, persistent misconceptions remain without

sustained and language-sensitive support (Groth, 2017).

2.3 Teachers’ Pedagogical Content Knowledge in Statistics
Pedagogical Content Knowledge (PCK), introduced by Shulman (1986), refers to the

integration of subject knowledge and pedagogy required for effective teaching. In statistics,

particularly at the primary level, PCK involves more than procedural knowledge. Teachers

must also make visible to students’ conceptual structures through connectedness and multiple

perspectives (Ma, 1999). Statistical PCK also includes designing developmentally appropriate

lessons and enabling students to reason using data (Callingham & Watson, 2011; Callingham

et al.,, 2016). Further, it must include an understanding of the epistemological nature of
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statistical knowledge and the influence of context and uncertainty in drawing conclusions

(Godino et al., 2011)

Teachers’ beliefs play a crucial role in shaping how statistics is taught (Garfield & Ben-Zvi,
2008; Schreiter et al., 2024). Estrada et al. (2011) found that many teachers view statistics as
either difficult or less important than other areas of mathematics. These perceptions often stem
from their own schooling experiences, where statistics was taught procedurally rather than
conceptually. Such beliefs can lead to teachers avoiding open-ended tasks or data explorations,
limiting students’ exposure to reasoning with data (Pierce & Chick, 2011). Addressing these

beliefs is important to improving teachers’ PCK and supporting classroom practices.

One reason for this discomfort may be the role of uncertainty in statistical reasoning. Unlike
other areas of mathematics education, which focus on deductive and definitive answers,
statistics involves probabilistic thinking and approximations. Teachers must be comfortable
using and modelling language that reflects uncertainty. Makar and Rubin (2009) highlight that
many teachers struggle to promote probabilistic reasoning, especially when the rest of the
curriculum reinforces certainty and exactness. This becomes more challenging in multilingual
contexts, where local languages may lack terms that express uncertainty clearly (Thatte et al.,
2025). Developing statistical PCK, therefore, must involve building both conceptual
understanding and linguistic comfort with uncertain language, enabling teachers to guide

students through exploratory dialogue.

Another important aspect of statistical PCK 1is the ability to choose and use appropriate
representations. This reflects Ma’s (1999) idea of multiple perspectives, as not all graphs or
visuals highlight the same features of data. Some, like bar graphs, show frequency well but
may not show proportions or variation. Godino et al. (2011) emphasise the need for teachers to
understand both what a representation shows and what it hides. Yet, Gonzélez et al. (2011)
found that teachers often select graphs based on familiarity, not on their alignment with the
learning goal, which may prevent further engagement with data. A strong pedagogical decision

would involve aligning the representation with the statistical concept being taught.

A further marker of effective statistical teaching is the ability to support students in moving
from data description to informal inference. This includes helping students generalise from
samples, notice patterns, and make plausible conjectures (Makar, 2013). However, many
teachers stop at descriptive work and do not extend tasks towards inferential reasoning. Thatte

et al. (2025) show that in multilingual classrooms, this shift requires careful scaffolding of both
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reasoning and language. Teachers with strong PCK would support this transition using real-
world contexts, appropriate uncertain language, and classroom dialogue that helps students

identify and describe trends in aggregate data.

Professional development is critical in supporting the growth of statistical PCK. Lee and
Hollebrands (2011) recommend programmes that involve working with authentic data,
reflecting on student thinking, and developing specific teaching strategies. Pfannkuch and Ben-
Zvi (2011) also advocate for sustained, inquiry-based teacher education that integrates content
and pedagogy through cycles of practice and reflection. In India, such structured and sustained
opportunities are still limited (Zaidi & Ali, 2019). This highlights the need for teacher education
that is responsive to local languages and contexts, enabling teachers to develop the confidence

and skills necessary for effective statistics instruction.

2.4 Current Practices in Teaching Statistics
Understanding teachers’ knowledge of statistics is ultimately important because it influences

how statistical ideas are taught in classrooms. The broader purpose of research (beyond this
study) (Swann & Pratt, 2004, p.179) should not just be to study teachers’ understanding in
isolation, but to use that understanding as a basis for improving classroom practices. Therefore,
it is important to examine what existing research says about how statistics is currently taught,

and the challenges and opportunities that shape classroom practices.

Teaching statistics requires a distinctive approach. On the one hand, using real-world contexts
can make statistical learning more meaningful for students. Makar (2013) argues that when
students engage with authentic data drawn from their lives, they are more likely to reason
meaningfully about statistical concepts. On the other hand, authentic data can also be complex
or messy, making it difficult to illustrate concepts clearly (Fergusson et al., 2025; Kjelvik &
Schultheis, 2019). This means that teachers need to find a balance and make constant
pedagogical decisions to navigate conceptual clarity and real-world relevance while teaching

statistics.

Although curricular frameworks in many countries, including India, emphasise inquiry-based
and contextually meaningful approaches to statistics (NCERT, 2023), actual classroom
practices often fall short of these ideals. Studies suggest that teaching statistics remains largely
procedural, focusing on reading values from charts, with limited attention to interpretation or
reasoning (Makar, 2013; Nimkar & R., 2024). Indian mathematics textbooks, also tend to

prioritise computation and formulae over interpreting trends or making inferences (Thatte &

1091401 | 18



Nimkar, 2022). Teachers frequently follow textbook examples closely, which in the Indian
context are often highly structured (Chowdhuri, 2022), leaving little scope for open-ended
exploration. This influences not only how students engage with statistics but also how teachers

plan and deliver lessons.

Systemic challenges further make it harder to adopt exploratory, reasoning-based teaching
practices. Many Indian teachers have limited access to professional development specifically
focused on statistics. Additionally, an overloaded curriculum and assessment systems that
reward correct answers over reasoning make it difficult to implement teaching approaches
which focus on conceptual understanding (Muralidharan, 2019; Sarkar, 2012; OECD, 2020).
Thatte et al. (2025) show that in the Indian context, when children speak a different dialect of
the instructional language, they often struggle to grasp ideas like uncertainty or central
tendency at an informal level. This makes teaching in multilingual classrooms (a common

scenario in India) even more challenging.

Despite these challenges, some positive shifts have been observed in the global north where
teachers are supported through sustained professional learning. For example, Groth (2017)
documents cases where teachers began to incorporate data collection, student discussions, and
informal inference into their teaching through iterative design-based research. While being
resource demanding, this example shows that when teachers are provided with contextualised,

reflective professional development, they shift from procedural to concept-oriented instruction.

In summary, while many teachers currently deliver data handling through rule-based, textbook-
driven methods in India, there is a growing need to engage students in authentic, exploratory
work with data. However, bringing about this shift in practice requires not only better resources
and training but also a structured, deep understanding of teachers’ current knowledge and

classroom practices.
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2.5 Gaps in Research

Although there is growing international interest in statistics education, research that
specifically focuses on the teaching and learning of data handling in primary classrooms,
particularly in the Indian context, remains sparse. The limited studies that do exist tend to either
address general mathematical knowledge or focus on secondary education, with primary

statistics receiving only marginal attention.

One significant gap is the lack of empirical work exploring teachers’ understanding of
statistical content and pedagogical strategies. While global research by researchers like Watson
(2001), Gartfield and Ben-Zvi (2008), and Groth (2017), etc. provides useful insights into
common misconceptions of teachers and their instructional challenges, these findings may not
fully translate to the Indian context, where the curriculum, language, and classroom realities
differ considerably. The few available Indian studies (e.g., Chowdhuri, 2022; Thatte & Nimkar,
2022; Nimkar & R, 2024; Thatte et al., 2025) are small-scale and point to structural issues such
as the mismatch between curriculum objectives and textbook content. They do not
systematically investigate teachers’ content or PCK in statistics, which can reflect the current
state of statistics education. Furthermore, there is limited research on how teachers understand
and implement statistical inquiry in multilingual or socio-economically diverse classrooms
(scenarios that are common in India) when professional development support in these areas

remains minimal.

2.6 Conclusion
This literature review has examined research on primary teachers’ CK, PCK, and classroom

practices related to data handling, structured through the lens of five key big ideas. It reveals
that while international research has addressed specific components such as misconceptions,
instructional strategies, and statistical reasoning, these are often fragmented and rarely situated
within primary-level classrooms, especially in the Indian context. Studies from India point to
curriculum-textbook mismatches and teaching practices focusing on procedural knowledge but
offer little insight into teachers’ own statistical understanding or their pedagogical reasoning.
Together, these findings establish a clear research gap: the need to investigate how primary
mathematics teachers in India understand and teach statistical ideas. To address this gap, the
study aims to explore teachers’ CK, PCK, and classroom practices through a coherent approach.

Accordingly, the research questions are as follows:
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1. Content Knowledge: How do primary mathematics teachers in Maharashtra
demonstrate knowledge of key statistical concepts such as uncertainty, central tendency,
variation, and data aggregation at an informal level?

2. Pedagogical Content Knowledge: How do primary teachers in Maharashtra describe
teaching statistical ideas in the classroom, and how do they report analysing and
scaffolding students’ statistical reasoning?

3. Current Practices: What are the current teacher-reported practices for teaching
statistics in primary classrooms in Maharashtra? What challenges do these teachers

report facing?
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Chapter 3: Methodology

3.1 Introduction

In this chapter, I will outline the methodological framework for investigating primary teachers’
understanding of statistics. 1 will discuss my philosophical positioning, sampling and
recruitment strategies, and data collection instruments. The research is guided by the following

key research questions:

1. Content Knowledge (CK): How do primary mathematics teachers in Maharashtra
demonstrate knowledge of key statistical concepts such as uncertainty, central tendency,
variation, and data aggregation at an informal level?

2. Pedagogical Content Knowledge (PCK): How do primary teachers in Maharashtra
describe teaching statistical ideas in the classroom, and how do they report analysing
and scaffolding students’ statistical reasoning?

3. Current Practices: What are the current teacher-reported practices for teaching
statistics in primary classrooms in Maharashtra? What challenges do these teachers

report facing?

3.2 Positionality
For this study, I adopt a pragmatist approach outlined by Creswell and Clark (2018), which

emphasises the selection of methods based on their capacity to effectively address the research
questions rather than adherence to a single paradigmatic and, consequently, methodological
position. This approach offered me methodological flexibility, ensuring the chosen methods

best address the research questions (Brierley, 2017; Biesta, 2010).

My personal experience as both a student of education and mathematics, as well as a student
teacher, has shaped my understanding of the challenges associated with teaching statistics
(referred to as data handling/information processing in Indian primary curricula) in Indian
classrooms. I have observed that the teaching of statistics in primary classes often reduces to
basic mathematical ideas, such as counting, comparison or ratios, rather than the fundamentals
of statistics. I believe that this is a missed opportunity, as early exposure to statistical thinking
can greatly support students’ learning in later years. Addressing this issue requires a better
understanding of the current state of statistics education and studying teachers’ understanding

of statistics (in terms of CK and PCK) and the associated classroom practices can provide
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valuable insights. Thus, this research draws on practical questions and the needs of educators.
As a result, I prioritise the consequences and practical outcomes of this research over strict
adherence to any single research paradigm, which aligns with a pragmatist framework and
informs my choice of methodology (Creswell & Clark, 2018; Brierley, 2017; Pring,
2015).While there is an ongoing debate about whether pragmatism qualifies as a distinct
paradigm due to its loosely defined ontology and epistemology (Johnson & Onwuegbuzie,
2004), I see this flexibility as an advantage in the present study. The pragmatist, question-driven
approach has allowed me to adapt methods to the demands of the research questions (Punch &

Oancea, 2014), than focusing on the philosophical underpinnings of the knowledge produced.

3.3 Research Design

I followed an explanatory sequential mixed methods design (Creswell & Clark, 2018), which
involved two distinct phases: a quantitative phase followed by a qualitative phase. The primary
objective of the quantitative phase was to assess teachers’ informal CK of statistical concepts.
Given the scale of Maharashtra’s education system with over 51,000 primary schools and
approximately 149,000 primary teachers (Ministry of Education, 2024), it was necessary to use
a quantitative approach to capture a broad and somewhat representative understanding of

teachers’ CK across the state.

The results from this phase then informed the structure and focus of the subsequent qualitative
phase. The qualitative phase aimed to explore the reasons, justifications, and thought processes
behind the teachers’ responses in the quantitative phase. Furthermore, I also captured some
aspects of teachers’ PCK of statistics and glimpses of their classroom practices through semi-
structured, cognitive interviews. The qualitative phase not only helped explain the quantitative
findings but also contributed to generating additional insights, about the challenges teachers
faced and the strategies they used when teaching statistics. Therefore, although this study
followed the structure of an explanatory sequential design, where the qualitative aspect was
primarily expected to explain the quantitative data (Creswell & Clark, 2018), it also took on an

exploratory dimension. Table 3.1 outlines the methods used for each research question.

Table 3.1
Mapping Research Questions to Corresponding Methods

Method Research Questions
Question based Survey* RQ1: Statistical Content Knowledge

RQ1: Statistical Content Knowledge
Semi-structured, Cognitive Interviews** RQ2: Statistical Pedagogical Knowledge

RQ3: Teacher reported practices
Note:*Quantitative Phase,**Qualitative Phase
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3.4 Quantitative Method

3.4.1 Sampling Strategy

In the quantitative phase of the study, I recruited primary mathematics teachers (n =259, valid
n = 251) from Maharashtra, India, to participate in an online survey questionnaire using
convenience sampling (Clark et al., 2021). The sample size was targeted to ensure that the
dataset included sufficiently large sub-samples for meaningful statistical analysis. This
included aiming to secure at least 30 participants in key sub-groups, such as independent
categorical variables like school type (private, government schools, etc.), to allow for valid

analysis (VanVoorhis & Morgan, 2007).

I identified and contacted the participants through informal WhatsApp teacher communities in
Maharashtra, with permission obtained from the group moderators. Since these groups had a
limited representation from the eastern (Vidarbha region) and south-western (Konkan region)
of Maharashtra, I contacted some teachers with strong professional connections in these regions
personally to improve geographical representation. Consequently, I obtained a small portion of
the sample through snowball sampling (Clark et al., 2021) to capture a more geographically
representative sample (Gorard, 2001). Exclusion criteria were applied to maintain the focus on
the target population. Teachers who teach mathematics but not in primary grades, as well as
those who do not teach in Maharashtra, were excluded from the study. No protected
characteristics (e.g., age, disability, gender) under the Equality Act 2010 (BERA, 2018) were
used as exclusion criteria, ensuring that the study maintains ethical and inclusive research

practices (See Appendix C). The Appendix F includes a flowchart of participant access with

key figures.

Out of a total of 6,024 data points across the statistical questions, confidence ratings, and
background variables, only 43 were missing (0.7%), indicating a very low amount (< 3%) of
missing data (Cohen & Cohen, 2003, p.432). Unanswered statistical questions were treated as
incorrect and assigned a score of zero. For the correlation analysis, only complete observations
were included (through pair-wise deletion) to ensure the reliability of results. Given the

minimal amount of missing data, I did not perform any imputation (Field, 2018; Pallant, 2020).

3.4.2 Sample Characteristics

A total of 259 teachers participated in the quantitative phase by completing the survey;
however, 8 responses were excluded due to not meeting the inclusion criteria or being duplicate

submissions. Geographically, participants were from a broad cross-section of Maharashtra. Out
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of 36 districts, 32 were represented by at least one participant, with the highest concentration
from Parbhani (25.1%). This overrepresentation can be attributed to the use of snowball
sampling within the district. Pune (10.0%) and Nashik (8.0%) were the next most represented
districts. Bhandara, Bid, Gondiya, Raigad, and Washim had no participant representation (See
Figure 3.1).

Figure 3.1

Geographical Distribution of the Participants
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In terms of school type, 68.52% (n = 172) of teachers were employed in government schools.
This category included Zilla Parishad schools (n = 159) and municipal/metropolitan schools (n
= 13). The remaining 31.48% (n = 79) of participants taught in private schools, comprising
aided ashram schools (n = 3), aided private schools (n = 51), and unaided private schools (n =
25). Due to the small and unequal group sizes within these categories, school type was
recategorised as government (n = 172) versus private (n = 79) for subsequent analysis. This

distribution aligns closely with the actual proportion of school types in Maharashtra, where
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approximately 67.05% of primary schools are funded by the state and rest are privately funded
(Ministry of Education, 2024).

Regarding teaching experience, most participants, 72.5% (n=182), reported having over 15
years of professional experience, while the remaining 27.5% (n=69) had between 0 and 15
years of experience. This distribution reflects demographic trends in the teaching workforce in
Mabharashtra, particularly within government schools, where formal recruitment has been
limited since approximately 2010 (Tirodkar, 2019; Sarangapani et al., 2024). The majority of
participants reported Marathi as their medium of instruction (70.9%), while a smaller

proportion indicated English (29.1%)).

In terms of academic qualifications, 125 participants had obtained a bachelor’s degree, with
the majority holding a BA (n = 93), followed by BSc (n =27) and BCom (n=5). A total of 112
participants held a postgraduate degree, primarily an MA (n = 103), with a smaller number
holding an MSc (n=7) and a PhD (n=2). For the purposes of analysis, categories were combined
to account for the variability in qualification pathways. Table 3.2 summarises the newly formed

categories.

In terms of professional qualifications, 116 participants held the Higher Secondary Certificate
with a Diploma in Education (HSC D.Ed.), which is broadly equivalent to A-levels combined
with a teaching qualification. A further 94 teachers reported holding a Bachelor of Education
(B.Ed.), a degree typically pursued following or with undergraduate studies. Additionally, 29
participants had completed the Secondary School Certificate with a Diploma in Education
(SSC D.Ed.), an award comparable to GCSEs, followed by a professional qualification,
generally permitting teaching at the primary level only. 12 participants reported not holding a
recognised professional teaching qualification; this group either had no formal teacher

education or held academic degrees in education, such as an MA in Education.

1091401 | 26



Table 3.2
Recategorised Demographics

Recategorised Demographic Variables Frequency Percentage(%)
School Type
Government schools 172 68.5
Private schools 79 31.5

Teaching Experience
0-15years 69 27.5

15+years 182 72.5

Medium of Instruction
Marathi 178 70.9

English 73 29.1

Highest Academic Qualification

Postgraduate degree 112 44.6
Undergraduate degree 125 49.8
SSC/HSC* level diploma 14%%* 5.6

Professional Qualification

Bachelor’s in education (B.Ed.) 94 37.5
HSC* Diploma in Education 116 46.2
SSC* Diploma in Education 29 11.5
No professional degree 12%%* 4.8

Note: *equivalent to GCSE/A-levels examinations, **Given the small sample size, these categories
were excluded from the subsequent analysis

3.4.3 Instrument Development and Design

The objective of the quantitative phase was to assess teachers’ statistical CK using big ideas in
statistics. These big ideas were based on the statistical enquiry cycle conceptualised by Wild
and Pfannkuch (1999), and included defining statistically investigable questions, collecting
data and sampling, describing data, understanding central tendencies, and interpreting and
drawing inferences from data. Since no existing instrument adequately assessed primary
teachers’ CK across all these big ideas, a new tool was developed, informed by both theoretical
frameworks and practical considerations. I used an online multiple-choice questionnaire
(MCQ) to collect data efficiently across a large geographical area of Maharashtra (Oc &
Hassen, 2025). While shared via existing teacher communities, without direct access to
potential participant lists, this was a non-list-based web survey (De Leeuw et al., 2012, p.267).

close ended (p.148) MCQ allowed for more objective scoring, providing some insights into
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teacher statistical CK at the population level. More importantly, it provided insights into
teachers’ thinking through carefully designed distractors. These distractors served a diagnostic
purpose, as they were not merely incorrect alternatives but indicators of possible underlying
misconceptions (De Leeuw et al., 2012). They also gave rise to detailed discussions during the

semi-structured interview.

Items were drawn and adapted from three main sources: the Saksham test (Nimkar & Thatte,
2022/2024), the LOCUS question bank (LOCUS, 2025), and the instrument developed by
Garfield (2003). The Saksham Test, originally designed in the Marathi language for students,
required significant modification to reflect teachers’ knowledge levels and to strengthen
distractors. Questions from the LOCUS bank and Garfield’s instrument, both in English, were
adapted and translated into Marathi. Where gaps remained (e.g., areas such as formulating
investigable questions), new items were developed. These new questions were informed by my
own experiences in classrooms and by literature on common misconceptions or possible

weaknesses in statistical understanding (e.g., Konold et al., 2004; Thatte et al., 2025).

Each question in the instrument was designed to address one of the five big ideas (Outlined in
Appendix A), which shows the distribution of questions, objectives, and their sources. All
questions were grounded in the principles of informal inferential reasoning, where teachers
were required to choose claims that extended beyond the data, were supported by the data as
evidence, and were expressed with a degree of uncertainty (Makar & Rubin, 2009). No
questions involved formulae or calculations; instead, they focused on observing and
interpreting data. Particular emphasis was placed on concepts such as central tendency and
inference, which are often underrepresented in the current textbooks (NCERT, n.d.) but are

fundamental competencies in statistics and essential for real-world data interpretation.

In addition to content-focused items, the instrument included six 4-point Likert-scale questions
to assess teachers’ confidence in their statistical knowledge, aligned with the five big ideas.
This allowed analysis of the relationship between self-perception and actual performance
(Harrell-Williams et al., 2015; Li & Copur-Gencturk, 2025). The online survey was carefully
formatted to ensure clarity and minimise cognitive load, allowing for smooth and consistent

navigation.
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3.4.4 Translation and Language Considerations

The instrument was originally developed in English, primarily for supervisory feedback and
ethical review. However, to ensure contextual and cultural relevance, as well as linguistic
accessibility for participants, I undertook a rigorous translation process using the multi-step
TRAPD method (Willis et al., 2010) and translated the survey into Marathi. This process was
completed with a pilot study. I collaborated with a Marathi-speaking researcher with expertise
in statistics education to ensure accuracy and relevance. The translation process involved
several stages: initial translation of the items by me, review by the local expert, adjudication
involving the expert, my supervisor, and myself, and pretesting through a pilot study. During
the pilot, participants engaged in brief interviews and provided detailed feedback on the clarity
and accessibility of the translated items. All versions, changes, and feedback were thoroughly

documented.

Translation decisions were shaped by both linguistic and cultural considerations. For example,
terms such as random, typical, and statistically investigable did not have direct equivalents in
Marathi. In such cases, we adopted bilingual phrasing or explanatory terms. We also avoided
formal or Sanskritised vocabulary that is not commonly used in classroom settings. These
choices were guided by the principle of functional equivalence (Landman & Robinson, 2009),
ensuring that the conceptual fidelity was prioritised over literal translation and linguistic
demands remained consistent across items after translation. Involving a domain expert with
contextual and linguistic knowledge improved clarity and ensured alignment with teachers’
real-world experiences, increasing both cultural validity and psychometric reliability

(Hosseinizadeh et al., 2022).

3.4.5 Pilot Study (Quantitative Phase)

As the survey was developed from scratch, I conducted a pilot in February 2025 to assess
clarity, language, and structure. With ethical approval, 8 conveniently sampled participants
from the district of Palghar, sharing backgrounds with the target group, completed the
developed survey with 12 CK items and six confidence Likert questions. I held 10-20-minute-
long online Teams interviews, with verbal consent obtained and detailed notes taken.
Participants found the survey engaging but time-consuming (20-30 mins). Based on their

feedback, the following modifications were made to improve the survey (question-wise

summary in Appendix A).
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1. Removing problematic questions: One question related to understanding central
tendencies was removed, as all eight participants found it difficult to understand. The
confusion stemmed from the Marathi translation of #ypical number, which became
representative number an unfamiliar term for day-to-day language. The question was
replaced with one that addressed the same big idea but used more accessible language.

2. Strengthening distractors: Three questions were revised to increase their diagnostic
quality. Original distractors were too simplistic and failed to reveal misconceptions. In
response: (A) some purely numerical options were replaced with choices that paired
numbers with plausible justifications; and (B) overly obvious distractors were
redesigned to include more nuanced, contextually relevant alternatives.

3. Improving clarity: Five questions were edited for better alignment with everyday
language. Statistical terminology was simplified without losing sight of the Big Idea
and the objective (De Leeuw et al., 2012). For example, a double-barrelled question
with complicated terminology (Gorard, 2001) was restructured for clarity (See
Appendix A). This was clarified with minor linguistic adjustments.

4. Reducing cognitive load: To ensure consistency and ease of understanding, all
questions followed a standardised format (De Leeuw et al., 2012, p.276-279).
Confidence-level items were included uniformly, and consent information was
translated into Marathi in a clear and accessible manner to build trust and encourage

honest responses.

After these revisions, the updated survey was reviewed by my supervisor and the Marathi-
speaking researcher to ensure linguistic accuracy and contextual relevance. The pilot study
helped refine the survey tool, ensuring it was culturally appropriate, clear, and

methodologically sound for assessing statistical CK of primary teachers.

3.5 Qualitative Methods

The qualitative phase aimed to gain an understanding of the reasoning behind teachers’ survey
responses, their current practices, and statistical PCK. I used semi-structured cognitive
interviews with primary mathematics teachers to explore how they think about and engage with
statistical concepts. Combining semi-structured questions with cognitive techniques like think-
aloud and probing (Collins, 2003; Richardson, 2002, p.45) allowed flexibility in follow-up
while maintaining consistency. This method also aligned with the pragmatist orientation of this

study, offering the opportunity to capture context-specific (Gillespie et al., 2024), qualitative
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insights that would not have been apparent through a structured survey questionnaire alone.
The open-ended format encouraged teachers to share experiences and classroom examples
(Denzin & Lincoln, 2018, p.579), resulting in long interviews (around 50 minutes). The data
also highlighted how Marathi language and local educational contexts shape teachers’

understanding and teaching of statistics.

3.5.1 Participants

Six participants were selected for the qualitative phase using purposive sampling (Clark et al.,
2021), with the aim of exploring their survey responses in greater depth and capturing diverse
thought processes. Selection was guided by three criteria: total survey score, performance on

six selected survey items, and willingness to participate in follow-up interviews.

These six items in the survey showed strong diagnostic potential during the quantitative
analysis. In each case, one or more distractors had been selected by a significant number of
participants. To explore both possible misconceptions and accurate understanding, I included
teachers who had either chosen these distractors or answered the items correctly. Additionally,
I aimed for a range of overall performance levels, from low to high CK scores in the survey, to
capture varied perspectives. Since none of the independent variables, such as teaching
experience, school type, etc., showed a statistically significant association with scores, they
were not prioritised during sampling, although the final sample still reflected diversity across
these factors. After applying the criteria, I reached out to 28 teachers. Six who responded were
included in the qualitative sample (See Appendix F). These participants scored between 3 and
9 out of a maximum of 12 on the survey. Except for one item (Q22), which was selected for
the interview, all other questions had at least one correct response and at least one selection of

the most common distractors.

3.5.2 Interview Structure

At the start of each interview, I obtained oral consent from participants and gave them an

opportunity to ask questions (Fowler, 2014). Each interview was organised into three sections:

1. Current Practices: I began by asking about teachers’ current approaches to teaching
statistics including how they use textbook activities, their views on the goals of statistics
education at the primary level, and the challenges they face in the classroom.

2. Cognitive Probing of Survey Responses: I revisited six key survey questions

identified during quantitative analysis. Teachers were shown their original responses
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and asked to explain their thinking using the think-aloud technique (Collins, 2003). This
helped reveal their reasoning processes and any conceptual gaps in their statistical
knowledge. To support their reflection, I provided the original MCQ items and graphs.
Iused open, non-leading follow-up prompts when needed (See Appendix B for English
and translated Marathi questions).

3. Pedagogical Task: I presented a classroom-based scenario involving a statistical graph.
Teachers were asked to interpret the graph through their students’ point of view and
describe how they would address the situation if they were teaching it. This task aimed
to elicit both their PCK and CK by exploring how they interpret student thinking and
explain concepts like variability and central tendency. The task was inspired by Ma’s
(1999) knowledge package concept, which highlights how well-structured CK supports
recognising subtle features in teaching. Teachers were encouraged to reason from their

students’ perspectives, offering insight into how their CK and PCK interact in practice.

3.5.3 Translation and Language Considerations

The interview questionnaire was developed in English and translated into Marathi. Unlike the
survey, the conversational nature of interview questions did not require exact linguistic
equivalence, so a formal multistep translation was not undertaken. However, the English
version was reviewed by my supervisor for clarity and alignment with research aims and
translations were reviewed by the local researcher with expertise in Marathi and statistics
education to ensure linguistic and cultural appropriateness. Although interviews were
conducted in Marathi, participants often switched between Marathi and English, especially for
technical terms. This common form of code-switching in Indian classrooms was

accommodated without any interference.

3.5.4 Pilot Study (Qualitative Phase)

A brief pilot was conducted in April 2025 before the qualitative phase. Two teachers, not
involved in either the quantitative or qualitative sample, were selected using convenience
sampling. They first completed the full survey and then participated in the cognitive interview.

Each pilot interview lasted approximately 40 minutes.

The purpose of the pilot was: (1) to test the structure, clarity, and pacing of the interview, and
(2) to assess the clarity of language. Feedback from the pilot participants indicated that the
questions were clear but recommended simplifying some instructions and replacing overly

formal words with terms more familiar in everyday teaching contexts. Unlike the survey
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instrument, which demanded precise terminology and cognitive equivalence across items, the
interview questions were inherently more flexible. As a result, fewer adjustments were needed.
The main changes involved minor rewording of instructions and ensuring that prompts were

conversational yet focused.

3.6 Data Analysis

3.6.1 Quantitative Analysis

The quantitative data, primarily teachers’ responses to the developed survey instrument
assessing statistical CK, were analysed using inferential statistical methods. I used one-way
ANOVA, independent sample t-tests, and multiple linear regression (Field, 2018) to explore
associations between total survey scores (dependent variable) and independent variables such
as school type, medium of instruction, general education, professional education, and teaching
experience. With a large sample size (n = 251), key assumptions for parametric tests were met.
Missing data were minimal. To assess whether teachers’ self-perceived confidence aligned with
their actual performance, Spearman’s correlation (Clark et al., 2021) was used to examine the
relationship between confidence ratings (4-point Likert scale) and total scores. This approach
is supported by prior work in mathematics education that examines the link between
perceptions and performance of teachers and students (Li & Copur-Gencturk, 2025; Alshehri
& Youssef, 2022; Ayotola & Adedeji, 2009). The combination of these methods allowed for
robust exploration of performance predictors while acknowledging the complexity of teacher

knowledge and confidence.

Each survey question was analysed individually. I examined item responses using basic
principles from Item Response Theory (IRT) (Field, 2018). Graphs depicting item
characteristic curves (ICCs) helped me identify items with poor discrimination, extreme
response clustering (Secolsky & Denison, 2017, p.194). Such items were further explored in

the qualitative phase (See Appendix D)

3.6.2 Qualitative Analysis

The qualitative data, derived from semi-structured cognitive interviews (Denzin & Lincoln,
2018) with a purposive subsample of six teachers, were analysed thematically using both
inductive and deductive strategies (Braun & Clarke, 2012). This dual approach allowed the
data to speak organically while also allowing coding aligned with the study’s conceptual
framework, both teacher knowledge (e.g. Shulman, 1987; Ma, 1999) and statistical frameworks
(e.g. Konold et al., 2004; Pfannkuch & Wild, 2004).
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The six-phase thematic analysis process involved familiarisation with audio recordings of the
interviews, generation of initial codes, search for themes, theme review, definition, and final
writing (Braun & Clarke, 2012). The coding was done using direct audio recordings of the
interview. This ensured authenticity and rigor, as transcripts are considered only a partial
representation of the data (Ingram & Elliott, 2019, p.189) and important linguistic nuances may
be lost in translation. Coding was performed manually, and memoing (recording my own
assumptions and reflections during analysis (Richardson, 2002, p.176)) and iterative listening
of the interview recordings ensured rigour and depth in theme development. This hybrid
inductive-deductive framework enabled a nuanced understanding of both various level of

statistical understanding and systemic influences on teachers' statistical instruction.

While reporting the findings, I use non-verbatim, free translation to ensure participants’
intended meanings are conveyed accurately, as literal translation can risk losing nuance while
free translation preserves contextual clarity (Rabiah-Mohammed et al., 2024). Culturally
relevant translation is vital for interpreting educational experiences (Temple & Edwards, 2002),
especially in this study, where teachers use probabilistic, uncertain language to express their
context dependent understanding of statistical concepts in Marathi. Translation decisions have
therefore prioritised meaning over exact wording to preserve conceptual equivalence across

languages (Van Nes et al., 2010).

3.7 Ethical Considerations

Voluntary participation and informed consent were carefully managed. As teachers were
approached through Marathi-dominant community networks, many might not be comfortable
with English; hence, I translated the information sheets and consent forms into Marathi (See
Appendix C), ensuring transparency about the study’s purpose, rights, and confidentiality in
line with survey research ethics guidelines (Fowler, 2014, p.141). After the online survey and
interviews, each teacher was also given the opportunity to request removal of specific sections
if they wished. Data privacy and anonymity were maintained throughout. Some teachers
expressed concern about unintentionally mentioning specific names or examples during
interviews. I reassured them that such parts could be removed on request and that secure storage
and anonymisation would be applied. These steps upheld ethical standards and strengthened

participants’ trust in the research process (BERA, 2018).

Another key ethical concern I encountered arose from relying on teacher self-reports, which

were susceptible to social desirability bias, recall bias, and self-report bias (Dunning et al.,
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2004). Social desirability could have led participants to over-report best practices or under-
report challenges, affecting data validity (Krumpal, 2013; Podsakoff et al., 2003). See
Appendix C for ethical approval, original English ethics documents, and Marathi translations.

3.8 Rigour of the Research

3.8.1 Quantitative Rigour

As I developed the survey instrument for this study, traditional psychometric validation was
not possible. Content validity was established through expert review by a local Marathi-
speaking specialist in statistics education, who assessed the relevance, clarity, and cultural
appropriateness of items. This participatory approach to validation aligned with principles of

cultural validity and functional equivalence (Hosseinizadeh et al., 2022).

I could not formally test reliability, as the tool was administered only once. Internal consistency
checks like Cronbach’s alpha (Clark et al., 2021) were not used due to the limited number of
items (12) and low variability across the five big ideas. However, pilot testing contributed to
clarity and informal psychometric strength. Feedback from the pilot helped identify

problematic items and improved consistency in interpretation.

Although the sample was not randomly selected, participants from across the state of
Maharashtra completed the survey. Given the sufficient variability across independent
categorical variables, I expect the findings to be reasonably generalisable across the state. As
the tool was both newly created and culturally specific, it followed a flexible, evolving process

grounded in the specific context and language (Tracy, 2010; Lincoln & Guba, 1985).

3.8.2 Qualitative Rigour

Thematic analysis followed Braun and Clarke’s six-step process, which supported a transparent
and systematic approach to coding and theme development (Braun & Clarke, 2012). I increased
credibility through sustained and critical engagement with participants’ responses from the
cognitive interviews. I used triangulation by comparing patterns across multiple interviews to
check for consistency or variation in how similar survey items were interpreted (Flick & Flick,
2014, p.30). Transferability was supported through detailed descriptions of the school contexts
and the purposeful selection of teachers from various backgrounds, allowing others to assess
the relevance of findings to similar educational settings. Dependability and confirmability were
addressed through reflexive memoing and by carefully documenting coding steps and theme

development.
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3.8.3 Mixed Methods Integration and MMAT

Table 3.3
MMAT framework for rigour (Lorenzini et al., 2024)

MMAT Criterion Description and Status

Provided via question driven, explanatory

Clear justification for MM approach sequential design

Quality of quantitative strand Ensured via expert review and pilot testing

Quality of qualitative strand Ensured via thematic analysis, triangulation

Sequential: qualitative phase elaborated on
quantitative results

Derived from integrated themes,
e.g.teacher reasoning

Integration strategy

Meta-inferences

The MMAT framework (Lorenzini et al., 2024) guided a critical reflection on the coherence
and quality of the mixed methods design (See Table 3.3). I found the explanatory sequential
approach necessary, as the survey responses, while offering an overview of teachers’ statistical
CK, could not reveal the reasoning, justifications, or pedagogical thinking behind answers. The
qualitative phase was not merely confirmatory but added interpretive depth by offering insight
into teaching-learning practices. For instance, while the quantitative data highlighted that a
specific distractor attracted a high number of incorrect responses, the interviews revealed the
underlying misconceptions that led teachers to choose that option. In this way, the quantitative
strand informed the design of the qualitative strand, which in turn helped interpret and extend
the survey results (Flick & Flick, 2014, p.34). This strategy enabled meta-inferences that were
both situated and grounded. For example, teachers’ statistical CK, which emerged as a key
factor influencing all three research questions, was shaped by curricular expectations, the
linguistic framing of survey items, etc. Integration was iterative rather than linear. Although no
strong contradictions were found, alignment between strands extended my understanding of
teacher knowledge and helped avoid reductive interpretations. As detailed earlier, I aimed to
maintain rigour in both strands through context-sensitive validation and transparent analysis
processes. The MMAT offered both a diagnostic and developmental structure to ensure
consistency and robust interpretation. The study’s pragmatic orientation further supported

meaningful integration during analysis (Lorenzini et al., 2024; Creswell & Clark, 2018).
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Chapter 4: Analysis and Findings

4.1 Quantitative Findings

4.1.1 Introduction

In this section, I present the quantitative findings of the study, which aimed to investigate
teachers’ statistical content knowledge through a multiple-choice questionnaire, to answer the
first research question of this study. A total of 259 responses were collected, and 251 valid
responses were analysed, with a focus on descriptive statistics, distribution of scores, and
performance on individual items. I employed statistical tests, including independent t-tests and
ANOVAs, to investigate potential differences across demographic variables such as teaching
experience, school type, and medium of instruction, among others. Additionally, item response
patterns were used to inform the subsequent qualitative phase through item characteristic

curves (Secolsky & Denison, 2017).

4.1.2 Descriptive Statistics

Total Score Distribution

The questionnaire comprised 12 multiple-choice items focusing on statistical CK, with a
maximum possible score of 12. The overall mean score was 4.87 (SD = 2.08, min = 1, max =
10), indicating a modest level of performance across the sample. The score distribution
demonstrated slight positive skewness (0.14) and moderate negative kurtosis (-0.81),
suggesting a concentration of scores toward the lower end of the scale. This was visually

confirmed through a histogram of total scores (Figure 4.1.1).

Figure 4.1.1
Total Score Distribution
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To examine domain-specific understanding, the items were grouped into five conceptual
categories or big ideas in statistics: (1) defining statistically investigable questions, (2)
collecting data and sampling, (3) describing data, (4) understanding central tendencies, and (5)
interpreting and predicting from data. These categories were developed based on the PPDAC
inquiry cycle described by Wild and Pfannkuch (1999), which is discussed in detail in Chapter
3. Each subscale consisted of two or three items. Participant performance varied across the five
domains. The mean scores in interpreting and predicting from data (M = 1.35, SD =1.02) and
collecting data and sampling (M = 1.25, SD = 0.73) were the highest. In contrast, the lowest
performance was recorded for defining statistically investigable questions (M = 0.55, SD =

0.57) and describing data (M = 0.60, SD = 0.63) (See Table 4.1.1).

Table 4.1.1
Descriptive Statistics

. No. of .
Variable n* . Min Max  Mean SD SE

Questions**

Total Score 251 12 1 10 4.87 2.08 0.13
By Big Ideas
Defining Statistically
investigable Question 248 2 0 2 0.55 0.57 0.04
Collecting data &
Sampling 251 2 0 2 1.25 0.73 0.05
Describing Data 249 2 0 2 0.6 063 0.04
Understanding central
tendencies 241 3 0 3 1.18 0.8 0.05
Interpreting & 242 3 0 3 135 102 0.07

Predicting from Data

Note: *missing answers were marked 0, **No. of questions=possible maximum score
(e.g.,12=12 marks)

4.1.3 Analysis

Assumptions

Before conducting the t-tests and ANOVA, key statistical assumptions were checked. Levene’s
test indicated that the assumption of homogeneity of variances was met across all independent
variables. In addition, the distribution of the dependent variable (total score) was assessed for
normality within each level of the independent variables. Visual inspections of histograms and

values for skewness and kurtosis suggested that the distributions approximated normality in all
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cases (See Appendix D for details). Therefore, the assumptions required for conducting the
parametric tests were satisfied (Full statistical details and graphs are in the Appendix D).

T-test and ANOVA Results
Figure 4.1.2 Total Scores by Independent Variables
Teaching Experience School Type Medium of Instruction
12 12 12
9 9 9
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Qualification Qualification

Note: Error bars indicate 95% Cls with means at the centre
Independent samples t-tests and one-way ANOVA were conducted to examine differences in
total scores across key demographic variables. No statistically significant differences were
observed based on school type, t[136.251 = -0.33, p = .74; teaching experience, t{117.371=0.73,p =
46; or medium of instruction, t[i136.82] = 0.71, p = .48. These findings suggest that teachers’

performance on the assessment was not influenced by these background factors.

However, a statistically significant difference was found with respect to the highest academic
qualification. Participants with a postgraduate degree (M = 5.28, SD = 1.99) scored
significantly higher than those with only an undergraduate degree (M =4.52, SD =2.09), t[234.08]
=2.85, p <0.01, with a small to moderate effect size (d = 0.37) (Cohen, 1977). This may reflect
the role of advanced academic training in increasing conceptual understanding of statistical

ideas assessed through the survey instrument.

In contrast, professional teaching qualifications did not yield a significant effect, although there

was a trend approaching significance, F[2, 2361 = 2.65, p = .07. Participants with a B.Ed. had a
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mean score of 5.12 (SD = 2.17), while those with an SSC diploma had a mean score of 4.14
(SD = 1.66). Figure 4.1.2 presents boxplots of the total scores across different independent
variables and their respective categories, along with the mean values and the 95% confidence

intervals. Table 4.1.2 summarises the results of the statistical tests.

It is important to note that categories with very small sample sizes, specifically those holding
only SSC or HSC-level diplomas under academic qualifications, and those without formal
professional training, were excluded from this analysis to maintain the reliability of statistical
testing (Field, 2018 p.534). The lack of significant differences may reflect the generic nature
of existing PD programmes, which often overlook subject-specific needs (Singh & Sarma,
2025). This suggests a need for targeted professional development focused specifically on

statistics education to create impact.

Table 4.1.2

Description and t-test, ANOVA outcomes

Variables & Categories n Mean SD SE t(df) p-value
School Type

Government schools 172 4.84 2 0.15 -0.33(136.25) 0.74
Private schools 79 494  2.26 0.25

Teaching Experience

15+ years 182 481 216 0.26 0.73(117.37) 0.46
0-15 years 69 5.03

Medium of Instruction

Marathi 178  4.81 2.1 0.16 0.71(136.82) 0.48
English 73 501 205 024

Highest Academic Qualification

Postgraduate degree 112 5.28 1.99  0.19 2.85(234.08) 0.005**
Undergraduate degree 125 452 209 0.19

Professional Qualification

Bachelor’s in education (B.Ed.) 94 512 217 0.22 Fp2,236=2.65 0.07
HSC Diploma in Education 116 475 204 0.19

SSC Diploma in Education 29 414 166 0.3l

Note: **p<0.01(statistically significant)
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4.1.4 Item-level Response Distribution: Informing the qualitative phase.

Following the analysis of total scores, I conducted an item-level examination to explore how
participants responded to each of the 12 multiple-choice questions. Given the deliberate design
of each item and its distractors (See Chapter 3), this analysis offered deeper insights into
patterns of teachers' statistical understanding and misconceptions. Response accuracy varied
substantially across items, ranging from as low as 6% to as high as 68% correct responses. This
variation is illustrated in Figure 4.1.4, which uses pie charts to depict the proportion of correct

Versus incorrect answers.

Additionally, item characteristic curves (ICCs) were plotted for each question (Figure 4.1.3).
In these plots, the x-axis represents participants' overall ability (as indicated by their total
scores), and the y-axis shows the probability of answering a given item correctly. Together,
these graphical representations helped identify items with atypical response patterns or
unexpected behaviour. Based on this combined analysis, six questions were selected for further
exploration during the qualitative phase (Qxy: x = big idea number, y = question number within

that idea)

Figure 4.1.3 o
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1. Questions Q11, Q32, and Q43: These items did not display the expected S-shaped
ICCs (Secolsky & Denison, 2017). Instead, the curves were irregular, and very few
participants answered these items correctly. More notably, a single distractor attracted
many incorrect responses; hence, these questions were chosen for further exploration.

2. Questions Q11 and Q12: Although both belong to the same big idea (Defining
Statistically Investigable Questions), there was a large disparity in correct response

rates: only 6% answered Q11 correctly, compared to 49% for Q12. Despite Q12’s ICC
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appearing normal, the contrast in performance justified its inclusion for further
discussion.

3. Questions 22 and 52: While both showed appropriate S-shaped ICCs, the incorrect
responses were not evenly distributed among distractors. In each case, one distractor
overwhelmingly accounted for most of the wrong answers. In the case of Q52, the most
frequently chosen distractor was especially surprising as I considered it an obvious no

while creating the question.

These six items were therefore flagged for detailed follow-up during the qualitative phase to
better understand the reasoning processes and potential misunderstandings behind participants’

choices or the potential flaws in the questions themselves.

Figure 4.1.4
Distribution of responses within each question
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Note: Green indicates the proportion of participants who answered correctly.

4.1.5 Confidence Levels

Alongside the statistical questions, I also collected data on teachers’ confidence. Specifically,
participants were asked to indicate whether they felt confident that they had answered the
questions correctly within each big idea (Harrell-Williams et al., 2015; Li & Copur-Gencturk,
2025). To explore the relationship between confidence and performance, I conducted a

correlation analysis. Distribution of responses can be found in Appendix D.

The results showed no significant correlation between overall confidence (asked through a

Likert scale question at the start of the survey) and total score (Figure 4.1.5, red rectangle 1),
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suggesting that teachers’ general sense of confidence did not align with the teachers’ actual
performance. Interestingly, the correlation matrix (red rectangle 2) showed moderate to strong
correlations between confidence ratings across the five big ideas. This indicates that teachers
who felt confident in one area tended to feel confident in all areas, while those who lacked
confidence in one area generally lacked confidence across the board. In other words, teachers
did not perceive any specific concept as particularly more difficult or more approachable than
others. Here, the presence of the word confidence in the question may have acted as a priming

cue, potentially shaping the teachers’ responses (Double & Birney, 2019).

At the same time, no statistically significant correlations were found between performance and
confidence within each big idea (red rectangle 3), except for big idea 5, where some weak
correlation can be observed. This may be partly explained by the limited variability, particularly
the limited range of scores within each big idea (e.g., only 0-2 or 0-3 points possible), and the
use of a 4-point Likert scale for confidence ratings. Yet very weak positive correlations were
observed between total score and confidence in a few specific big ideas (rectangle 4),

suggesting some alignment between confidence and ability, though not consistently.

Figure 4.1.5

Correlatiog plot
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4.1.6 Summary

This section reports the quantitative findings from a survey of 251 teachers, focusing on their
performance on a 12-item statistical reasoning task. Descriptive statistics showed moderate
overall performance, with no significant differences based on school type, teaching experience,
or medium of instruction. A significant difference was found between teachers with
postgraduate and undergraduate academic qualifications. Item-level analysis revealed
variability in performance and highlighted six items with unusual response patterns or strong
distractors, which were selected for further exploration in the qualitative phase. Confidence

ratings showed no significant correlation with actual performance, although confidence across
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different statistical ideas was strongly interrelated. Minimal missing data were observed, and
complete case analysis was used in correlational tests. The quantitative results provide an
overview of how teachers engage with the various stages of the statistical inquiry cycle and
inform the design of the next phase of the study, in which selected items will be explored further
through interviews. However, teachers' understanding of each big idea will only become clear

through the qualitative findings.

4.2 Qualitative Findings

4.2.1 Introduction & Participants

This section presents the qualitative findings of my study, which aimed to explore primary
pedagogical practices and teachers’ statistical knowledge, extending the quantitative findings.
These findings build on the survey data analysed earlier and offer insight into teachers’
reasoning, classroom practices, and their understanding of children’s engagement with
statistics. Semi-structured interviews were conducted with a purposive sample of participants
selected from the survey pool. The interviews were divided into three parts, aligning with the
study’s research questions. Findings are presented accordingly: teacher-reported practices,

statistical CK, and statistical PCK.

The six teachers selected for interviews represented a range of professional backgrounds,
language contexts, school types, and total scores on the survey. More importantly, all
participants had answered the six selected survey questions, either choosing the commonly
selected distractor or answering correctly (in most cases) (See Appendix F). Their varied total
scores enabled an exploration of different reasoning patterns. Each participant had experience
teaching mathematics at the primary level. Interviews were conducted in Marathi, although
code-switching into English was accepted when initiated by the teacher. Table 4.2.1 outlines

relevant background information for each participant.
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Table 4.2.1
Backgrounds of the participants

No.#! Prof?ssim.lal AI;I;%I(:?;:C Year.s of  School Medium. of District ;:(::l
Qualification Qualification Experience = Type Instruction (12)
T1 B.Ed. Ph.D. 15+ Gov.** Marathi Parbhani 3
T2 HSc D.Ed. B.A. 15+ Private Marathi Kolhapur 4
T3 B.Ed. M.A. 0-15 Private English Pune 6
T4 B.Ed. M.A. 15+ Gov. Marathi Pune 7
T5 None B.Tech 0-15 Private Marathi Palghar 8
T6 B.Ed. M.A. 15+ Private  Marathi M‘;T;’ B

Note:* Teachers are hereafter referred to by their assigned numbers. **Gov.=Government School,
'All participants are anonymised using she/her pronouns.

4.2.2 Section 1: Teacher-Reported Classroom Practices

Textbooks provided by the government free of cost are the most used teaching and learning
materials in Maharashtra (as discussed in Chapter 1). Hence, during the interviews, I began the
conversation around the textbooks, and teachers organically spoke about what they did beyond
the chapters in them. When I asked what they think are the objectives of teaching statistics in
primary school, teachers offered a range of interpretations. Their responses can be grouped into

the following three categories.

1. Unrelated to statistics: T1 mentioned that interpreting data is the main objective, but when
asked to exemplify, she gave a completely unrelated example of being able to divide students
into equal groups, say while playing sports. T2 said that students should get knowledge of
everyday transactions, like calculating the total amount using rates in a shop. This response
indicates a conflation of objectives with general mathematics education objectives. The
objectives articulated by the teachers are unrelated to statistics, and probably these teachers
have misinterpreted some words in the question, like Sankhyiki (statistics) or Mahiti
VWavasthapan (data handling) (University of Cambridge, 2025), which are not used in
colloquial Marathi and have been coined for curricular purposes. Both these teachers are

from the lowest band of scores on the survey instrument.

2. Focused on the visual representation: T2 and T4 suggested teaching proportions,
specifically scaled representations like ‘1 house = 20 houses’ on the y-axis, as a major
statistical learning outcome. While this may be considered a prerequisite for creating a

visual representation, treating it as a core statistical objective is far-fetched. While T4 also
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emphasised constructing graphs and representing large numbers through graphs, T3
suggested interpreting data by reading the graph to be the major objective. These
explanations suggest that teachers have a strong procedural orientation focusing on

mathematics rather than statistics, which may result in losing sight of the larger goal.

3. Based on the statistical enquiry: T5 and T6 reflected a closer engagement with statistical
enquiry, where T5 mentioned drawing conclusions and making predictions, and T6
emphasised data collection for decision-making. These latter responses aligned more closely

with curricular expectations (NCERT, 2023).

To build on this discussion, I then presented the learning outcomes (LOs) stated in the
curriculum. All, except T1, expressed that there was limited direct alignment between the stated

LOs and the textbook activities. T1 mentioned (See Appendix E for original Marathi quotes),

“Yes, of course, these activities are sufficient. Basically, all these things are taken into
account while making the curriculum. The curriculum and the content in the textbook
are determined according to the objectives. Therefore, the content and the activities in
the textbooks fulfil the objectives”

This response shows almost blind faith in what is provided in the textbooks as described in
Kumar’s (1988) idea of textbook culture. Other teachers described the LOs as “broad”,
“idealistic, or “crude”, while critiquing the associated activities as “insufficient in number”,
“disconnected from students' lived contexts” (particularly those from rural backgrounds) or

“incomplete”. E.g., T6 noted,

“Textbooks contain crude data, and students are expected to answer the question based
on that data. If you do not read the [learning] outcomes, you will not be able to teach
properly. [Textbooks do not expect] to go beyond the given data and draw some
conclusions.”

This suggests that the teachers were aware of the gap between the textbook and curriculum.
Consequently, nearly all reported conducting supplementary activities beyond what is provided
in the textbooks. All teachers, including T1, highlighted the need to contextualise learning by
incorporating examples from students’ immediate environments. T2, T5, and T6 further
mentioned that these additional activities were important for achieving the intended LOs, but

they found it difficult to practice this idea due to time constraints.

When presented with a specific textbook activity and asked how they would implement it, all

teachers contextualised the task within their own classrooms. For instance, in response to a
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textbook task asking students to interpret data on children's Sunday evening activities, TS
decided to collect data directly from students instead of using the ready-made data from the
textbook. T2, in a similar activity, adapted the task by creating context-relevant categories. T4
suggested asking questions not given in the textbooks and encouraging students to frame their
own questions based on data. However, the questions suggested by T4 remained comparative
in nature. Though, useful as a starting point, such questions should focus on data as an
aggregate and encourage students to identify patterns, interpret trends, and draw conclusions,

which is the core purpose of graphical representation.

While these adaptations demonstrated creativity and contextual responsiveness (McEwan &
Bull, 1991), teachers did not necessarily engage with all five big ideas of statistics based on
the statistical enquiry cycle (Wild & Pfannkuch, 1999). All teachers focused on actual data
collection, followed by creating visual or tabular representations. But, except for TS5 and T6,
their data interpretation focused on individual data points or basic comparisons. This suggests
a tendency toward case value (Konold et al., 2004) type reasoning, without any engagement in
aggregate-level reasoning. TS5 and T6 focused on data as aggregate and gave students
opportunities to draw conclusions or make predictions. Only T6 consistently emphasised
clarifying the purpose of each statistical activity and articulated the guiding question for data

collection, touching upon all five big ideas

All teachers also reported a lack of targeted support or training in statistics-specific pedagogy
or content knowledge. To address this, they employed various strategies: T4 referred to the
teacher handbook, T1 drew on their own school education, T3 sought support from colleagues,
and T6 used student test results to inform teaching. Teaching multilingual classrooms,
supporting children with SEN, and a lack of time were among the most mentioned challenges.
T2 and TS also noted that learning statistics requires strong prerequisites, including number
sense, comparison, ratios, and language skills to interpret questions. These are often

underdeveloped in students, which creates difficulties in teaching.

To summarise, teachers actively adapted and went beyond the textbook tasks, recognising the
existing gaps. However, their practices largely remained procedural, with limited focus on
statistical enquiry. This disconnects between the teacher-reported objectives and classroom
practice likely stems from a lack of targeted professional development, despite teachers'

willingness to do more.
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Figure 4.2: Map of the themes of teachers’ CK
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4.2.3 Section 2: Teachers’ Content Knowledge

In this section, I discuss teachers’ content knowledge as explored through interview
conversations based on selected survey questions (selection criteria detailed in the quantitative
findings section). I begin by examining responses question by question, as each item was
designed to probe a specific big idea in statistics (as defined earlier). I identified typically 3
themes within each big idea (16 themes across 5 big ideas), each showing a natural progression
in teachers’ understanding of that idea, from non-statistical to more statistical. Figure 4.2

summarises these CK-based themes.

Question 1 and 2: Statistically Investigable Question

Figure 4.2.1
Question 11, 12 details

1.1 Which of the following questions is statistically investigable? Distribution of responses in the survey

a. What is the total number of books read by all the grade 6 Responses for Q11
students this week?

b. How many girls and boys were enrolled in your school in 20187

c.  Which is the most favorite color of the grade 6 students? R

d. Al of the above HE

I:‘ No Response

1.2 The 4th-grade class is trying to create statistically investigable Distribution of responses in the survey
questions about chip packets. Below are some examples they have
created. Which of the following is a good question that can be

Answers by participants: T1: d, T2: d, T3: d, T4: d, T5: ¢, T6: ¢

Responses for Q12

answered through statistical investigation? Option
a. What is the procedure for making chips? a
b. In how many sizes do you get chip packets? b

c.  Which statistical information does the manufacturer prints on the
chip packet?
d. How many chips are there in the smallest packet of chips?

Zz o o

L]

o Response

Answers by participants: T1: d, T2: b, T3: d, T4: d, T5: ¢, T6: d

The objective of these two questions was to examine whether teachers could distinguish a
statistically investigable question (one involving uncertainty and leading to a process of
statistical enquiry (Arnold, 2012; Chin & Osbourne, 2008)) from other questions that might
require collecting information but are closed or non-mathematical (Allmond & Makar, 2010).
Figure 4.2.1 shows the original survey questions and the distribution of responses. The
following were different types of interpretations of what teachers considered a statistically

investigable question.



1. Contextually familiar: Here, teachers focused on the everyday relevance of the questions.
TS, for instance, changed her response from correct to the distractor, arguing that all the
questions related to a child’s daily life should be considered statistically investigable. T1,
T2, and T3 also mentioned the familiar context but did not build further on it. This
interpretation may be influenced by the learning outcomes provided in the curriculum,
which emphasise contextual familiarity while teaching statistics

2. ‘Statistical’ means numeric: Some teachers focused on the term statistically and
interpreted it as something to do with numbers. T1, T4, and T5 described a “statistical
question” as one that has a “countable” or “numeric” answer. This interpretation may have
stemmed from linguistic overlap in Marathi, where Sankhyiki (statistics) closely resembles
Sankhya (number) (University of Cambridge, 2025), possibly leading to conceptual
confusion between the terms numerical and statistical.

3. Procedural interpretation: Some teachers focused on the procedures for their
interpretation. T2, T3, and T4 stated that all questions required data collection and were thus
investigable. T4 added that each question could produce a graph. While reasoning for
Question 1.1, she said,

“Graphs of all three [options] can be drawn. Through this, we can compare
things and an answer can be found through drawing graphs.”

When asked to give an example, T4 focused on the process of drawing the graph for option
(a) of 1.1. She explained how student names would be on the x-axis and the number of books
on the y-axis. She discussed adjusting the scale based on notebook size, etc., shifting away
from the question itself. This interpretation shows a strong engagement with the fragments
of the process of statistical inquiry. This type of interpretation could be influenced by the

textbook activities, which also take this fragmented approach.

4. Focus on Uncertainty and Variability: T6 was the only teacher who answered both
questions correctly in the survey. Her explanation for Question 1.1 was centred around the
concepts of uncertainty and variability:

T6: “I was wondering what statistics can be done in option (a), what will be the variety

in it.... And again, in option (b), if we find out the total number of children, what will
we do with it?”

R: “What do you mean?”
T6: “You get the answer directly in one number.”

R: “You said there is no variety, can you tell me more about that?”
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T6: “In option (c), if we note the favourite colour of each child and plot a graph of that
[data], we can infer something about the most favourite colour of the grade six
students.”

Her reasoning reflected an understanding that a statistically investigable question should

involve uncertainty and should guide the purpose of statistical enquiry.

Overall, most teachers viewed closed questions (Allmond & Makar, 2010) with familiar
contexts as statistically investigable. They did not realise that without uncertainty and
variability, such questions become merely mathematical, with answers reduced to single
values. This is in line with Makar and Rubin’s (2009) finding that teachers find it difficult to
frame statistically investigable questions. T5 noted that children often lose interest in the long,
repetitive data collection process. This may be due to an absence of a clear guiding question

that makes statistical inquiry meaningful.

Question 3: Reasoning about Sampling

In the survey, many teachers answered the sampling question correctly. However, I intended to
explore whether this was due to an understanding of randomness or influenced by the
translation of random as yadruchhik in Marathi, a rarely used, coined term. I suspected the
unfamiliarity of the word may have hinted at the correct answer (See Figure 4.2.2). Teachers’
explanations varied considerably: while all provided valid reasoning, the depth of their
responses differed. Most teachers offered layered arguments indicating a more developed

understanding of statistical sampling.

Figure 4.2.2
Question 22 details

2.2 Across all the schools in your small town there are 560 students in grade 4, Distribution of responses in the survey

with 360 girls and 200 boys. You want to estimate the typical height of grade Responses for Q22

4 students in the town. How many and which students should they measure the

height of to get a reliable approximation of the typical height? Choose the most

appropriate option.

a. Select 20 boys and 36 girls from a 4th-grade classroom of any one
school and measure their heights.

b. Randomly select a hundred 4th graders from the district and measure
their heights.

¢.  Measure the heights of all 360 girl 4th graders in the town, as they make

up the majority. Answers by participants: T1: b, T2: b, T3: b,
d. Any of the above measurements will give an equally good approximation
of height T4:b, T5: b, T6: b

1. Sampling defined by Practical Necessity: T1, T2, T4, and T5 initially justified their choice
by emphasising the practicality of selecting 100 students. The focus here was not on
randomness per se, but on the feasibility of data collection from a large population. T1, for

instance, explained:
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“Because we can't count all the students, what is easier? The easier solution is
to take 100 students from all the classes in the city. Since the number is so large,
560, then instead of counting 560, we take 100 students.”

This line of reasoning reflects an understanding of a sample as a part of a whole (Groth &
Bergner, 2005), with the added emphasis on practicality in collection. T1 chose the correct

option because of its manageability, with no particular focus on randomness.

. 100 is a Sufficient Sample Size: All six teachers (T1-T6) discussed the adequacy of
selecting 100 students from a population of 560, using terms such as “proportionate to the
population size” and “good enough to get an estimate”. T1 and T2 argued that 100 is a good
number for a sample but they neglected the need for randomness. T3 and T5 extended this
by reasoning that, due to the known low variability in children’s height at that age, a sample
of 100 would still yield a reliable estimate. As T3 explained:

“There is a certain amount of height growth at this age. It is very rare that a child
grows a lot in height, or a child stays very short; there are examples of this, but
they are very few. So, if we want an approximation, even taking 100 can work.”

Considering the population of 560, all the teachers felt that a sample of 100 was sufficiently
large to offer a reasonable approximation. Even before the idea of randomness was
discussed, teachers gave considerable thought to the implications of sample size,

recognising that small samples could not provide reliable estimates.

. Randomness for Representation and Minimising Bias: T3, T4, T5, and T6 extended their
reasoning by engaging more directly with the concept of randomness. T4 described random
sampling as more “standard” and “less influenced by individual preferences”. T6
highlighted its ability to include a range of heights, thus capturing variability and enabling
better approximation. TS explicitly referenced the concept of bias:

“Why take it randomly? Suppose I have some bias in my head when choosing
children. Suppose I believe that the boys are taller, I may only choose tall boys,
then [the height] cannot be considered representative because it will have a
bias.”

These arguments reflect a stronger understanding of random sampling in improving

representativeness and reducing selection bias.

Importantly, all teachers rejected selecting students from a single classroom (though practical),

arguing they must consider the entire town, not just one class. This suggests they did not view

the sample as merely a part of the whole, but as something that must reflect the wider

population. Contrary to earlier research findings (Groth & Bergner, 2005; Garfield, 2003),
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these teachers demonstrated a more sophisticated conceptual grasp of sampling, particularly
regarding size, representation, and the implications of random selection. This may also be
attributed to the contextual familiarity of the question, as measuring students' height is a routine

school activity that teachers have encountered frequently, making the scenario more relatable.

Question 4: Describing Data

This question, aimed at assessing understanding of the big idea describing data, had one of the
lowest percentages of correct responses. A particularly strong distractor (option (b)) appeared
to attract many teachers, likely due to a sweeping, yet familiar, claim. Children should develop
an interest in reading is a commonly stated objective in educational documents in Marathi.
Interestingly, teachers’ explanations aligned well with the types of early statistical thinkers
identified by Konold et al. (2004), but an additional category also emerged, where teachers
tended to overread graph descriptions.

Figure 4.2.3
Question 32 details

3.2 The graph below shows the number of books Tanmay read from Answers by

the school library each year from 2010 to 2016. Which of the participants:
following statements best describes this graph? Ti:d
. )
T2: b,

a. The number of books Tanmay read increased constantly every
year from 2010 to 2016. T3:d,
b. Tanmay developed an interest in reading, leading to an
increase in the number of books he read. T4: b,
c. The growth in the number of books Tanmay reads each year T5: b,
has decreased. T6e: ¢

d. Tanmay read least number of books in year 2010

Books read by Tanmay 2010-16 Distribution of responses in the
survey

35
o Responses for Q32
Option
20 \ a
15
10 b
- o
0 . d

2010 2011 2012 2013 2014 2015 2016 H No Response]|

year
1. Pointer: T2 and T3 both selected option (b), and while they described the graph, their

No. of books read
N
v

reasoning extended beyond the data into assumptions about the context, particularly about
Tanmay’s personal interest in reading. T2, who initially selected option (d), changed it
during the discussion, stated:

“The number of books has increased, which means his reading has increased.
The reason why something increases is because we like it... So, this is

1091401 | 53



applicable especially for students because ‘interest’ is most important in
education. Without it, you can't learn anything even if you have the capability.”

This response reflects more than the typical pointer thinking, where data is ignored
altogether. Here, teachers did refer to the data but relied more heavily on contextual and
causal reasoning drawn from the background situation, rather than strictly describing the

graph.

. Case-Value: T1 chose option d, which did not refer to the entire graph, despite the question
highlighting the need to select the statement that describes the entire graph. When asked
why she did not choose other options, she explained:

“There is a particularity in this option (d)... it is not option (b) because it is more
linguistic, and (d) is more mathematical... other [options] are just wrong.”

Despite the explicit instruction, her reasoning showed a focus on isolated values rather than
trends or the overall graph. This suggests a form of case-value thinking, where individual

data points are prioritised over aggregate patterns (Konold et al., 2004).

. Overreading Descriptions: Apart from Konold’s typology, another inductive theme
emerged from the data. Only T6 initially selected the correct option, justifying it by referring
to the overall shape and the decreasing rate of growth. She noted,

“I thought that compared to 2010-2011, the [growth] later, like in 2014-15, is
less. I mean, compared to the first few years, the increase in number of books is
only by 2-3 in the latter years”

However, during the discussion, she changed her answer to option (b). This shift suggests
that T6 read graphs as aggregates, but she blurred the line between description and inference.
The tendency to overread into data by bringing personal or contextual knowledge led T6 to

overlook the focus of the question, which was to describe rather than infer.

Further, the correct option (c) was often dismissed as obvious by all except T6. They misread

it and equated decrease with negative trend direction, overlooking the fact that while the graph

shows increasing values, the rate of increase was slowing. This subtlety, coupled with the

distractor’s appealing language, likely contributed to this distribution of responses in the

survey.

Question 5: Central Tendencies

This question aimed to assess whether teachers understood that the mean is an appropriate

measure of central tendency, primarily when the data distribution is roughly normal. All
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participants, except T6, selected option (c), indicating a general tendency to treat the mean

as a default measure, irrespective of data distribution.

Figure 4.2.4
Question 43 details

4.3 A teacher created a frequency graph to analyse her students' performance, Answers by
showing the number of students (frequency) against their marks in a test. About | participants:
how many marks can we say that the children have got? (Adapted from Anupad | T1: c,

(2023)) T2: c,
T3:

a. 8 students have scored 2 hence typical number is 2.

b. The typical number is 9 because the maximum no. of students scored 9. T4: ¢,

c. Students have scored approximately 5.5 because that is the mean. T5: ¢,

d. One typical humber does not give a good approximate T6: d

Distribution of responses in the
O survey

Responses for Q43

No. of students
o — L& w £ o (-] ~ -] o

0 1 2 3 4 6 7 8 9 10 No Response

5
Total Marks

1. ‘About’ as Mean: TI1, T2, T3, and T4 focused on the word about in the question and
immediately equated it with the mean. This interpretation led them to overlook the
shape of the distribution completely. Even when I brought back their attention to the
graph, they preferred calculating the mean. T1 persistently argued:

“I will add all the marks [by reverse] calculating from the graph and divide
them by the number of [students]... because in the end, when ‘about’ how
many marks are to be found, it is expected to calculate the average.”

This response reflects a procedural view of the mean. T1 did not see it as a typical or
representative number.

2. Justifying the Mean as Inclusive: T2 and T3 expanded on the above reasoning by
arguing that calculating the mean includes all data points and therefore must be
considered typical. T2 explained:

“I thought about the entire graph. That is, how many students got 2 marks
and how many got 3 marks [and so on] ... To calculate the average, we need
to consider the entire class. If we say 9 marks [to be typical], we only focus
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on one number. I am saying [the answer is] the mean because it considers
all the students.”
Here, the mean was favoured not because of its representativeness, but because the

entire dataset is used to calculate it. This shows a limited understanding of central
tendency, where inclusion of data points is equated with typicality, without attending to
the distribution of data or clustering.

3. Mean is Misleading in bimodal data: T6, who correctly chose option (d),
demonstrated an intuitive grasp of the problem posed by using the mean in a bimodal
distribution. She stated:

“The mean is 5.5. But there are not that many students who got 5.5 marks.
There are many more who got, say, 10 marks. On the other hand, there are
5 students who got 1 mark too. So that [the mean] does not seem right.”

While T6 recognised that the mean did not reflect the data’s central features, she
struggled to articulate alternative typical values. When probed about two possible
representative values, she agreed in principle but hesitated to specify them. This might

be due to the limited exposure to interpreting such distributions.

When the correct option (d) was discussed during probing, T2, T4, and TS5 shifted away
from statistical reasoning entirely. They argued philosophically that one number will never
be a good approximation, may it be the average, to represent students’ abilities. They
rejected the correct option as it did not look truly mathematical to them. However, none
proposed either 2 or 9 marks as a typical value, noting that doing so would ignore a
significant portion of the class. This reflects a deeper issue that teachers may lack the
conceptual understanding that measures of central tendency are tools for representing
typicality, which must be selected in relation to the distribution of the data. Given that
teachers may be unaccustomed to interpreting non-normal data, the assumption that one
typical number must exist often goes unchallenged in practice, concealing the limitations

of the mean in skewed or bimodal datasets.

Question 6: Inferences and Prediction

In India, rainfall follows a typical monsoon pattern, starting in mid-June, it peaks in July
and August and gradually decreases over September and October. The teachers in this
study, like anyone from India, are well acquainted with this pattern. Considering this a
prior knowledge, this question required teachers to engage in informal statistical inference

(Makar, 2013; Makar & Rubin, 2009) by making a prediction based on data, going beyond
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what was presented (Makar & Rubin, 2009). In this task, teachers were expected to
interpret the predictions not as definitive claims but as ones embedded with probability.

The following were some prominent themes.

Figure 4.2.5
Question 52 details

5.2 Pragati, the class teacher, conducted an activity with her class for a period Answers by

of one month. Every day, students measured and recorded the rainfall in participants:
millimetres. Based on the graph plotted by students, which of the following T1: ¢,
statements can they consider most likely to be correct? T2: ¢,
a. The previous month had a lot of rainfall. T3: ¢,
b. The following month will not have any rainfall.
The maximum rainfall next month will happen on the 27th of the next T4: d,
month. T5: d,
d. The following month will have a lot of rainfall. Te: d

Distribution of responses in the
survey

Responses for Q52

Rainfall in mm
& 2
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=
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Days of the month
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No Response

1. Struggling with Uncertainty: T1 selected an option that appeared the least plausible
prediction given the graph. Initially, she did not differentiate between a definite
statement and a predictive statement with uncertainty. Upon further probing by drawing
attention to the question’s wording about selecting the most likely claim, T1 shifted her
stance. However, rather than identifying the most likely outcome, she defaulted to a
position where all predictions were treated as equally uncertain due to a lack of
additional information. She noted:

“Any of these can happen... If we think about it from the students'
perspective, they don’t know about the other conditions, such as the
direction of the winds or the environment that is necessary for the rainfall
to occur.... Even experts cannot predict, how can children tell?”

T1’s discomfort with making a probabilistic inference in the presence of uncertainty led

her to disengage from evaluating likelihood altogether. This tendency is common
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among students early in learning data-informed prediction, where they often either
make definitive claims or reject predictions due to uncertainty (Ben-Zvi et al., 2012).
2. Reframing the Prediction as Probabilistic: T2 and T3 initially misinterpreted the
options and thought that option (c) referred to the current month rather than a future
one. Upon re-reading, they found all statements problematic, as they treated them as
definitive. T3 commented:
“It 1s not option (a), we can’t do this, we can't predict rains like this, after
all, it’s nature [anything can happen] ...Given that the graph is of this month,

we can only talk about this month... I don’t think any of these [statements]
are possible.”

To explore this further, I again highlighted the part of the question emphasising the most
likely prediction. This reframing helped both teachers recognise that the statements
were not definitive claims but probabilistic ones. This shift eased their initial
discomfort. They then returned to the data, began considering overall patterns, and
made informed choices. T2, for instance, reflected:

“Option (d) would be correct then. If you look, there has been no rain for

the first 10 days, it is slowly increasing.... So, I am making a prediction here
that it will continue.”

After making this claim, T2 highlighted multiple times that it is only a prediction,

emphasising the assumed uncertainty.

3. Confident Informal Inference: T4, TS, and T6 answered the question correctly in the
survey and continued to justify their reasoning using both the data trend and appropriate
uncertain language. Their explanations showed an awareness of prediction as a
probabilistic statement rather than a definitive one. T4 stated:

“If you see, it hasn't rained much in the first 10 days, and [in the latter half]
the rainfall is increasing gradually. So, I can more or less say that this trend
is likely to continue over the coming days.”

This response illustrates clear informal statistical inference, integrating the use of
aggregated data as evidence and making a claim beyond given data with informal
probabilistic terms such as “likely” and “more or less” (Makar, 2013; Ben-Zvi et al.,

2012).

This range of responses suggests that not all teachers were comfortable with using
uncertain language, and many noted that they had never encountered such a question

before. If the power of statistics lies in its inferential dimension (Ben-Zvi et al., 2012),
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and we aim to give students exposure to it, then it may be necessary to support teachers in

developing this skill.

4.2.4 Section 3: Teachers’ Pedagogical Content Knowledge

This task required a balance of CK and PCK, as teachers had to interpret data themselves
while also reasoning through a student’s perspective (See Figure 4.2.6). When asked why
students might support Vidya, all teachers referred to her higher mean score. This was

visually apparent through the horizontal lines indicating mean scores on the graph.

Figure 4.2.6
The Statistical PCK task details
10 °
9
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7 . . . °
6 ]
@
S s 3 .
n ® Abhay
4 2 > r - ¢ @ Vidya
3 . .
2 ® ®
;
0

Round Number

Abhay and Divya each played 10 rounds of a game (maximum score: 10 points per
round). Their scores are shown in the graph. Some students think Divya should be
selected to represent the school, while others support Abhay.

What reasons might the students supporting Divya have?
What reasons might the students supporting Abhay have?
As their teacher, how would you respond to the class?

However, when asked to consider why a student might support Abhay, responses fell into

two categories.

1. Recognising pointer-type thinking: T1, T2, and T6 believed that Vidya was clearly
the better choice. They anticipated that students may have ignored the data, and
students' bias might be playing a role while selecting Abhay despite his lower average.
For example, T1 said:

“So, children can say that they want to send a boy or that Abhay is their

friend. Some may think that they shouldn't send a girl, what will she do...
So, I will have to explain who is better.”

This shows teachers’ awareness that students may make decisions based on the events
or their beliefs (pointer (Konold et al., 2004)), rather than statistical evidence. However,

these teachers did not recognise the spread of the data (variation) at all.
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2. Observing variance and consistency: T3, T4, and T5 recognised the role of variation.
They interpreted students’ preference for Abhay as possibly stemming from a
perception of consistency in his performance. As T4 explained:

“The children may be thinking that even though Abhay's [average] score is
low, the variation is low. That is, his points are closer to average. His scores

have fallen in a certain range, with a minimum of 3 and a maximum of 8.
That means his performance may be steadier.”

These teachers also mentioned pointer-type reasoning, but their main focus was on
statistical variation. They used words like “steady”, “consistent” and “reliable” to

describe the low variation.

Together, these responses indicate that while all teachers acknowledged possible non-
statistical reasoning by students, some were also able to attribute statistical justifications

involving consistency and variation.

The Role of Content Knowledge in Interpreting Student Thinking

As Ma (1999) argues, well-structured CK contributes significantly to teacher
understanding. This was clearly evident in how teachers interpreted student reasoning in
the PCK task. For instance, T2 did not identify variance in the graph and instead focused
on non-statistical explanations for why students might choose Abhay. She said:

“Some children may feel that [Abhay] can perform better because he is a
boy... but they may not understand the graph properly. So, we understand
their reasons and then take them towards the correct answer whose average
is higher.”

T2’s comment reflects an awareness that students might ignore the data entirely and rely
on beliefs or events, what Konold et al. (2004) describe as pointer thinking. She recognises
this as incorrect but also did not engage with the statistical reasoning that might underlie
students’ choices. Importantly, T2 herself demonstrates pointer reasoning in a separate CK
question (See Question 4), where the concept of rate of change or slope was required.
While she effectively recognised students’ pointer thinking about the mean in the PCK
task, a concept familiar to her, she reverted to pointer-type reasoning herself when
addressing a less familiar statistical concept, such as slope. This suggests that her ability

to understand students’ reasoning is shaped by her own CK.

This example highlights how CK not only influences how teachers interpret data but also

how they anticipate student thinking. Without a firm understanding of key concepts,
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teachers may struggle to identify valid statistical reasoning, even in their students’

thinking.

The Role of Situated Knowledge
McEwan and Bull (1991) argue that all knowledge is inherently pedagogical content
knowledge, as it is situated and always presented with the intention of communication.
This suggests that when a question is situated in a familiar context, teachers may resp ond
differently. This was clearly observed in the case of T3. In the CK task related to prediction
(See Question 6), T3 struggled with the use of uncertain language and was unable to extend
her reasoning beyond the given data. However, in the PCK task, where the context
involved student performance, something more familiar, she was much more confident in
reasoning about prediction. She explained:
“While choosing a representative, it is important to check if they are
consistent. If there is uncertainty that you get 10 or as low as 2, then it is
risky. But if someone who is consistent is not taking pressure... then he is a

good player. So, I would advise the children to choose the one who has more
guarantee.”

Here, T3 addressed uncertainty with clarity and confidence. This shift is likely because
making inferences from students’ academic or performance data is a routine part of
teachers’ professional judgment. In contrast, predicting weather or rainfall (contexts used
in CK tasks) is not something they engage with regularly. This contrast supports the idea
of knowledge as situated. It also has implications for teacher education: if concepts like
inference and prediction are introduced in familiar contexts, teachers may engage with

them more deeply before applying them in less familiar domains.

4.2.5 Summary

The qualitative findings highlight both the resourcefulness and the limitations of primary
teachers’ engagement with statistics. Across interviews, teachers showed a tendency to
adapt and contextualise textbook activities, recognising gaps between curricul ar objectives
and prescribed tasks. However, much of their practice remained procedural, focusing on
data collection and representation over engagement with statistical enquiry. Only a few
teachers articulated the broader purpose of statistical investigations, reflecting a lack of
alignment between teachers’ reported objectives and curricular LOs. This reliance on
procedural reasoning extended into CK tasks. Many teachers struggled to distinguish
statistically investigable questions, often conflating familiarity, numerical answers, or

textbook-derived procedures with statistical enquiry. Similarly, their reasoning about
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central tendencies and data description revealed strong reliance on the mean as a default
and difficulty interpreting aggregate patterns, especially in non-normal distributions.
Positively, teachers demonstrated relatively sound understanding of sampling, particularly
the role of representativeness and bias, which contrasts with earlier studies reporting

weaker understanding.

The PCK task revealed how teachers’ own CK shaped their interpretations of student
reasoning. Situated knowledge emerged as particularly influential as when statistical ideas
were embedded in familiar contexts, teachers reasoned with greater confidence. Overall,
the findings suggest that while teachers are willing and creative in adapting their practice,
they struggle with fostering enquiry-driven approaches in the classroom. The next chapter

discusses insights that emerge from the integration of qualitative and quantitative findings.
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Chapter 5: Discussion

This chapter discusses findings of the study by organising them around the three research
questions. It draws on both quantitative and qualitative findings to offer a holistic account of
primary teachers’ statistical knowledge. It also reflects on implications, limitations and future
recommendations. This research was driven by practical concerns within Indian primary
mathematics education: unclear curricular guidance for statistics, disconnects between
textbook activities and learning outcomes, and insufficient teacher preparation (See Chapter
1). To understand the impact of these gaps, this study investigates how teachers understand and
teach statistical ideas in practice. Specifically, it explores their conceptual grasp of key
statistical ideas, the pedagogical strategies and the challenges they face in classroom

implementation as reported by them.

5.1 RQ1: Teachers’ Content Knowledge of Statistics

The findings from this study point to a complex and uneven picture of primary teachers’
statistical content knowledge in Maharashtra. Rather than being uniformly low or high,
the results reveal gradations of understanding shaped by context and structure of the task,
and familiarity with the statistical concepts. These findings challenge reductive narratives
that assume teachers lack adequate knowledge and instead invite a more nuanced

interpretation of what it means to know statistics on informal level.

Although overall scores on the survey were low (M = 4.87/12) with no corelation between
teachers’ confidence and actual performance (Spearman’s rho = -0.01), the integration of
qualitative data suggests that this performance does not reflect a uniform absence of
knowledge. Rather, it highlights two key characteristics of teachers’ current knowledge.
First, teachers' statistical CK appears fragmented. For example, while many teachers
answered sampling questions correctly in the survey, interview responses revealed
variation in the depth of their reasoning. Teachers who lacked conceptual understanding
of sampling tended to justify their choices based only on practical considerations (e.g.,
ease of measuring 100 students), whereas others recognised issues of bias and
representativeness. This pattern suggests that many teachers relied on partial reasoning,
indicating a fragmented rather than fully integrated understanding of sampling. This also
suggests that correct survey answers did not always reflect the same depth of

understanding. This aligns with Ma’s (1999) concept of connectedness, where knowledge
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is relational rather than isolated. However, such coherence was evident only in selected
big ideas, indicating that most teachers possess fragmented understandings rather than

integrated knowledge packages.

Second, the context-bound nature of teachers' statistical CK. A key insight that became
evident was that wherever teachers showed some understanding of statistical ideas, their
ability to generalise them across contexts was limited. Teachers’ ability to reason
statistically seemed to depend not just on their conceptual grasp, but on the familiarity of
the context used in the task (McEwan & Bull, 1991). For example, Teachers reasoned more
effectively when questions mirrored school settings (e.g., student height) than when they
involved less familiar scenarios (e.g., rainfall data). This raises concerns for classroom
practice, as curricula and textbooks often include tasks with unfamiliar contexts, and

teachers who lack confidence with such scenarios may struggle to teach them effectively.

A clear continuum of reasoning emerged within each big idea. Teachers’ justifications
ranged from non-statistical explanations to procedural mathematical reasoning, and, in
stronger cases, to informal statistical arguments. Their reasoning closely mirrored Konold
et al.’s (2004) typology, originally developed to describe students’ thinking. Teachers with
lower survey scores often exhibited pointer or case-value thinking (reasoning more typical
of early-stage learners), whereas higher-performing teachers demonstrated a shift toward
reasoning with aggregate data and the use of uncertain language. These patterns reinforce
the developing nature of teachers’ CK and underscore the need for professional

development that explicitly supports this progression.

While the quantitative phase of this study relied on a non-randomised sample, the large
size (n = 251) and geographic diversity of the dataset provide some confidence in the
generalisability of the findings across the state of Maharashtra (Gorard, 2001, p.13). No
significant differences were observed based on teaching experience, medium of
instruction, or school type, indicating that statistical CK may be consistently
underdeveloped across the system. This suggests an urgent need for targeted professional

development in statistics education, cutting across teacher profiles.

5.2 RQ 2: Teachers’ Pedagogical Content Knowledge

The qualitative findings reveal notable variation in teachers’ PCK of statistics, much of which
appeared to be shaped by the depth and organisation of their CK. Teachers who demonstrated

stronger statistical reasoning in CK tasks were also more proficient at articulating pedagogical
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strategies that aligned with what the given task demanded. This suggests a strong
interdependence between CK and PCK, reinforcing Shulman’s (1987) foundational claim that
pedagogical reasoning is shaped by subject knowledge, and Ma’s (1999) argument that well-

structured and connected CK supports effective teaching.

For instance, teachers who noticed variation in student data in the PCK task were able to link
these observations to student reasoning, using appropriate descriptors such as “steady” or
“consistent” to describe low-variance datasets. These teachers demonstrated not only accurate
interpretation of given data but also insight into how students might reason with such data. In
contrast, teachers with weaker CK tended to focus on surface-level features (e.g., mean) and
overlook variation. As a result, they often assumed students were making choices based on
non-statistical preferences (e.g., gender, friendship). This reflected a limited ability of these

teachers to anticipate data-informed reasoning that might come from students.

Teachers’ performance on PCK tasks was, in several cases, stronger than on CK tasks. The
PCK task was embedded in a familiar classroom scenario, and just like the CK task with
familiar context, the familiarity of the context enabled teachers to respond more confidently
and with greater clarity. This pattern aligns with McEwan and Bull’s (1991) view that teacher
knowledge is situated, constructed through experience, interaction, and context. While this
contextual sensitivity can be an asset, it also raises concerns. If teachers’ statistical reasoning
is confined to familiar scenarios, they may struggle to support students. This challenge is
particularly relevant in multilingual and diverse Indian classrooms, where students interpret
data in different ways based on their language (Thatte et al., 2025; Thatte & Nimkar, 2022). To
address this, teachers require not only a solid grasp of statistical concepts but also the ability to
scaffold students’ reasoning using uncertain or aggregate language, often in languages that lack

formal statistical vocabulary (Thatte et al., 2025).

5.3 RQ 3: Classroom Practices

While teachers’ CK and PCK shape their instructional capacity, understanding how they
actually teach statistics, including what they prioritise, how they interpret curricular materials,
and what challenges they face, is crucial to examine the current scope of statistics education in
classrooms. Findings of this study suggest a recurring tension: although teachers demonstrated
willingness to adapt and contextualise textbook tasks, their ability to do so was limited by

curriculum design, lack of professional support, and gaps in their statistical understanding.
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A consistent pattern across interviews was teachers’ reliance on textbooks as primary
instructional tools, a pattern well documented in Indian classrooms (Kumar, 1988; Nimkar &
R., 2024). While some teachers critically noted that textbook activities were disconnected from
students’ experiences or insufficient to prompt inquiry, others expressed faith in textbook-
curriculum alignment and accepted them uncritically. This duality reveals how curricular
constraints interact with teacher beliefs (Estrada et al., 2011; Pierce & Chick, 2011) to limit

classroom opportunities for statistical reasoning.

Despite these constraints, most teachers described efforts to contextualise tasks by using local
data or inviting students to collect their own. These adaptations reflect pedagogical agency and
awareness of students’ contexts (McEwan & Bull, 1991). However, such adaptations were
largely confined to surface-level modifications of given textbook tasks. Teachers frequently
reported guiding students in data collection and visual representation, but few moved beyond
this to interpretation or inference. This mirrors broader findings that statistical instruction in
Indian classrooms tends to remain procedural (Thatte & Nimkar, 2022; Nimkar & R., 2024).
This was also evident in how teachers posed questions while teaching statistics. The questions
tended to be comparative, focusing on individual data points rather than investigable questions,
suggesting that while disjoint elements of statistical inquiry are present in classroom practice,
the more critical aspect of statistics, engaging with uncertainty to make inferences (Davidian
& Louis, 2012), is often missing (Arnold, 2012). Only teachers with very high scores in CK
reported supporting aggregate-level reasoning or clarifying the purpose of data collection. This
suggests that such skills remain underdeveloped not just in curricular guidance and textbooks
but also in teacher knowledge. This aligns with frameworks that highlight instructional practice
is not solely shaped by curricular materials but by the structure and depth of teachers’ own

knowledge (Ma, 1999; Shulman, 1987).

Structural barriers further constrain practice. Teachers cited time limitations, a lack of targeted
training, and challenges teaching in multilingual classrooms, where statistical vocabulary is
often ambiguous or unfamiliar (Thatte et al., 2025). Without sustained professional
development that supports both conceptual understanding and pedagogical flexibility, teachers
may struggle to move beyond procedural instruction, even when they are pedagogically

motivated to do so.
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5.4 Implications

This section outlines the key implications of the study, which make a unique contribution to
the existing research gap. From a pragmatic perspective, I see these implications as also
justifying the methodological and design choices I have made (Creswell & Clark, 2018; Punch
& Oancea, 2014). The findings highlight the structural and pedagogical shifts required for
meaningful primary-level statistics education in India, while also identifying specific directions

for teacher professional development to support effective statistics teaching.

First, the study found that teachers often focus on procedural aspects and visual representations
of statistics while struggling with core ideas such as reasoning with uncertainty, understanding
the purpose of inquiry, and drawing inferences from data. This implies that teacher professional
development (PD) must move beyond procedural instruction and explicitly focus on the
underlying characteristics of statistical inquiry. Incorporating these foundational ideas into PD
will not only give meaning and context to statistical procedures and calculations but also
support teachers in engaging with the five ‘big ideas’ of statistical inquiry (Wild & Pfannkuch,
1999). As teachers become more confident with these core ideas, they will be better equipped
to guide students through the full cycle of statistical reasoning and help them develop deeper,

more connected statistical thinking.

Second, the findings indicate that teachers were more confident and articulate when engaging
with scenarios drawn from familiar classroom contexts, but they struggled to reason through
tasks situated in unfamiliar contexts. This suggests that PD should begin by engaging teachers
with contextualised scenarios that reflect classroom realities, before gradually introducing
them to unfamiliar tasks using deliberately selected, often simplified or constructed, datasets.
This staged approach will not only improve teachers’ ability to transfer statistical reasoning
across contexts but also help them understand the pedagogical value of using both real-world
and made-up data. Specifically, it will support teachers in recognising that while real data may
be messy, carefully engineered datasets, especially those not drawn from everyday contexts,

can still be effective tools for teaching specific statistical ideas such as the median or variation.

Third, the study revealed that many teachers struggled to express statistical concepts in Marathi
informally and found it difficult to scaffold students' reasoning when teaching in multilingual
classrooms. This implies that PD must explicitly address the language of statistics, especially
in early grades where formal terminology is inaccessible and teachers must rely on informal,

everyday language (e.g., likely, about, typical). By integrating language-sensitive strategies
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(e.g., developing appropriate vocabulary and modelling classroom dialogue that includes
uncertain statistical language), PD can help teachers more effectively support student
reasoning. This will ensure that even in linguistically diverse and resource-constrained
classrooms, students can begin to develop informal inferential thinking and engage

meaningfully with statistical ideas.

Together, these implications call for PD that is sustained, context-sensitive, and grounded in
the multilingual and diverse realities of Indian primary classrooms. Only through such targeted
support can teachers move beyond procedural instruction and foster inquiry-based,

conceptually rich statistics education.

5.5 Limitations
This study, while carefully designed and pragmatically aligned, has some limitations that are
important to acknowledge. These relate to sampling choices, instrument design, and the scope

of data collection.

First, the study used non-random sampling in the quantitative phase. While the sample achieved
strong geographical coverage across Maharashtra and was complemented by qualitative
interviews that added depth and context, the generalisation of findings must be done cautiously
(Ercikan & Roth, 2009, p.215). Generalisability is constrained by both the non-random nature
of the sample (VanVoorhis & Morgan, 2007; Field, 2018; Gorard, 2001) and the linguistic and
cultural situatedness of statistical reasoning, which is shaped by local curricula and socio-
educational conditions (Campos et al., 2011). However, due to common structural features in
teacher education and curriculum across Indian states, it is reasonable to assume that parallel
challenges may exist beyond the state of Maharashtra. Further, the survey was administered
digitally via Microsoft Forms; an online platform not widely used in the Indian context. This
may have skewed participation toward digitally literate, digitally connected, and urban
teachers, while under-representing rural or less-connected groups (De Leeuw et al., 2012). This
concern reflects wider critiques that digital methods in low-resource settings may privilege

more advantaged participants (Selwyn, 2022; Greenhow et al., 2021).

Second, the instrument used to assess statistical CK was newly developed for this study.
Although informed by theory and refined through expert review and pilot testing, it did not
undergo formal psychometric validation such as reliability testing or factor analysis. This limits
claims about its precision in consistently measuring CK. Additionally, the limited number of

survey questions reduced data variability, potentially affecting the robustness of the
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quantitative analyses (Clark et al., 2021). Such limitations are common in context-specific tools

developed for exploratory research (Harrell-Williams et al., 2015).

Finally, the study did not include direct classroom observations. Due to time and resource
constraints, insights into teaching practice relied solely on teacher self-reports, which may be
subject to recall bias or social desirability (Dunning et al., 2004; Krumpal, 2013). Additionally,
the rich qualitative data included underexplored but significant themes, such as teacher
confidence and language use in multilingual settings. These areas fell outside the analytical
scope of this study but are important, as teachers’ beliefs, affect, and linguistic comfort have
been shown to shape instructional decisions (Garfield & Ben-Zvi, 2008), demanding closer

attention in future work.

5.6 Conclusion and Directions for Future Research

This study set out to investigate primary teachers’ statistical knowledge and practices within
the context of Maharashtra, India. Using a mixed-methods approach, it explored teachers’
statistical content knowledge, pedagogical content knowledge, and classroom practices,
structured around the five big ideas of the statistical inquiry cycle. The study addressed
implications of three critical gaps in the Indian context: unclear curricular goals, textbook-
curriculum misalignment, and limited teacher professional development in statistics. It
revealed that teachers’ knowledge is not uniformly lacking, but rather fragmented, context-
bound, and unevenly developed across different statistical domains. It also showed that while
some teachers demonstrated the ability to adapt tasks to students’ contexts, classroom practices

remain largely procedural, shaped by overreliance on textbooks.

These findings offer a grounded understanding of the current state of statistics education at the
primary level and serve as a foundation for future work. One important direction for further
research is to explore each of the five big ideas of statistics in greater detail. This study used
the five big ideas (statistically investigable questions, data collection and sampling, describing
data, central tendency, and inference) as a framework to assess overall teacher understanding
of statistical inquiry. However, the findings suggest that each idea has its own distinct
challenges and strengths. For example, while teachers generally had a better understanding of
sampling, they struggled significantly with formulating investigable questions and reasoning
with uncertainty. Future research could focus on each domain/big idea individually, examining
how teachers conceptualise and teach these ideas, how misconceptions develop, and what

forms of support might strengthen understanding in each area.
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Second, this study developed a new instrument to assess statistical CK through the lens of
informal inferential reasoning. While the tool was theoretically grounded and refined through
expert review, it has not yet undergone formal psychometric validation. Further development
through reliability testing, construct validation, and possible adaptation into multiple languages
would allow for its application across diverse Indian contexts. A validated tool would enable
researchers and policymakers to identify patterns in teacher knowledge across regions and help

design more targeted and context-sensitive professional development.

Finally, this study provides a snapshot of the current scenario regarding statistics education,
but if lasting changes in teaching-learning practices are to be achieved, the next step is to design
and evaluate an intervention informed by these findings. Such an intervention could involve
the development of PD programmes specifically focused on statistics education. Future
research could include classroom observations, tracking how teachers implement statistical
instruction after training, and assessing both teacher growth and student learning outcomes.
This would move beyond merely identifying the present state and begin to examine how

intentional change can be brought about.

1091401 | 70



Appendix
Appendix A: Instrument: Structure, Online Survey with Translation

A.1 Structure

Table Al.1

Questions mapped to Big ldeas along with the source

Big Idea #Q Question Title & Objective

Defining QI11*. Investigable Qu.estion & Q.I 2#. F mfouritei Snack: T.eache.rs
Statistically flemonstrate und‘ersta‘ndl.ng that a statistically 1nvest1gaple qu.estlon will
investigable ll’lVolYe uncertainty in 1t§ answe.r. They -are able to 1d.ent1fy such a
Question question from other questions which may involve collecting some data,

but their answers do not have any uncertainty

021". Bag Weight: Teachers are able to identify the most critical data
to answer a statistical question requires recognising that some data,
while useful for practical solutions, may not be necessary for addressing

Collecting data the specific question.

& Samplin ) .
ping 022", Students’ Height. Teachers understand that a representative
sample is needed for answering a statistical question and recognise that
a random sample is most likely to be the best representative sample.
o Q31". Temperature & Q6". Tanmay’s Reading: Teachers demonstrate
Describing . . L .
Dat 2 the ability to describe patterns or trends in visual representations of data
ata . . o
using appropriate statistical language.
32", Plant Height: Teachers are able to determine the most appropriate
measure of central tendency (mean vs. median) based on the
. characteristics of a given dataset and its relevance in the given context.
Understanding .. .
Central Q41%* Skipping Rope: Teachers are able to determine the most
entra .
. appropriate measure of central tendency (mean vs. mode) based on the
Tendencies . . . . .
characteristics of a given dataset and its usefulness in the given context.
Q42* Marks: Teachers understand that a single number may not always
be an appropriate measure of central tendency for a dataset.
051%*. Vehicles: Teachers can analyse data as an aggregate, use it as
evidence, and make conjectures using uncertain language.
Interpreting & 3 052%* Rainfall. Teachers can make predictions using uncertain
Predicting language based on the data provided.
from Data 053", Students’ TV Habits: Teachers demonstrate the ability to evaluate
whether the conclusion or prediction drawn from the data is reasonable
and determine if the given data is sufficient to support the claim.
Total 12

Note: *Question from Saksham, *Question from LOCUS question bank, “Question created

1091401 |71



A.2 Changes made in the instrument pre- to post-pilot study

Table A.2
Changes in the survey instruments based on pilot

Before Pilot

Corrections based on pilot

Post pilot

Removing Strengthening Improving

Q. Initial Question questions Distractors clarity Final Question
Q11 Investigable Question v Investigable Question
Q12 Favourite Snack v Favourite Snack
Q21 Bag Weight Bag Weight
Q22 Students’ Height Students’ Height
Q31 Temperature v Temperature
Q32 Tanmay’s Reading v Tanmay’s Reading
Q41 Plant Height v Plant Height
Q42  Skipping Rope Skipping Rope
Q43 Social Media v Marks
Q51 Vehicles Vehicles
Q52 Rainfall v v Rainfall
Q53 Students’ TV Habits v Students’ TV Habits
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A.3 Online Survey English

* Indicates the compulsory questions in the survey

Demographic Information

1. Name *

2. School District:

3. Vocational Education (select all options that apply to you)

o o e

4. Education (select all options that apply to you)

e oae o

SSC D.Ed.
HSC D.Ed.
B.Ed.
Other

B.A.
B.Sc.
B.Com.
M.A.
M.Sc.
M.com
Other

5. Teaching Experience (in Years)

o a0 o

0-3 years
3-5 years
5-10 years
10-15 years
15 + years

6. Type of school currently teaching

Mmoo o

Unaided schools

Aided Schools

Zilla Parishad School
Municipal / Municipal School
Government Ashram School
Aided Ashram School

7. Medium of your school

a.
b.
C.

Marathi
Semi-English
English

8. Do you teach Mathematics to children from class 1-5 or have you taught it before? *
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Section 0

0. How confident are you in your understanding of statistical concepts required to teach

statistics at the primary level?

a. Not at all confident
b. Slightly confident

o

Very confident

o

Extremely confident

Section 1
1.1 Which of the following questions is statistically investigable?
a. What is the total number of books read by all the grade 6 students this week?
b. How many girls and boys were enrolled in your school in 2018?
c. Which is the most favorite color of the grade 6 students?

d. All of the above

1.2 The 4th-grade class is trying to create statistically investigable questions about chips
packets. Below are some examples they have created. Which of the following is a good

question that can be answered through statistical investigation?
a. What is the procedure for making chips?
b. In how many sizes do you get chips packets?
c. Which statistical information does the manufacturer print on the chip packet?
d. How many chips are there in the smallest packet of chips?
1.3 How confident are you that you have answered the questions in this section correctly?

e. Not at all confident
f. Slightly confident

g. Very confident
h

Extremely confident

Section 2
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2.1 Nandkishor Sir is an Education Officer. A local journalist has complained to him
that students in a particular school have to carry an excessively heavy school bag.
Nandkishor Sir wants to investigate the validity of this complaint.

Which of the following pieces of information would be the most important to collect for

this investigation? (Adapted from LOCUS, 2024)

a. How many books and notebooks do students have to carry daily?
b. How many students are required to bring a school bag?

c. What is the weight of a fully packed school bag?

d. How many days do students need to carry a school bag to school?

2.2 Across all the schools in your small town there are 560 students in grade 4, with 360
girls and 200 boys. You want to estimate the typical height of grade 4 students in the town.
How many and which students should they measure the height of to get a reliable

approximation of the typical height? Choose the most appropriate option.

a. Select 20 boys and 36 girls from a 4th-grade classroom of any one school and measure

their heights.
b. Randomly select a hundred 4th graders from the district and measure their heights.
c. Measure the heights of all 360 girl 4th graders in the town, as they make up the majority.
d. Any of the above measurements will give an equally good approximation of height.
2.3 How confident are you that you have answered the questions in this section correctly?

a. Not at all confident
b. Slightly confident

e

Very confident

&

Extremely confident

Section 3

3.1 The graph above shows the average monthly temperatures (in °C) for a city in
Europe over the course of a year. Which of the following best describes the overall trend

in the graph?
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Monthly Average Temperature
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a. This city has summer at the beginning and end of the year and winter in the middle of

the year.
b. The lowest temperature in this city is in the month of June.

c. The lowest temperature in this city is at the beginning of the monsoon season and the

temperature in winter is much higher.
d. The temperature in December is higher than in March in this city.

3.2 The graph below shows the number of books Tanmay read from the school library
each year from 2010 to 2016. Which of the following statements best describes this
graph?

Books read by Tanmay 2010-16
45

40

35

30

2

2

1
‘ul
. H

2010 2011 2012 2013 2014 2015 2016
year

No. of books read
o U1 O un

w

a. The number of books Tanmay read increased constantly every year from 2010 to 2016.

b. Tanmay developed an interest in reading, leading to an increase in the number of books

he read.
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c. The growth in the number of books Tanmay reads each year has decreased.
d. Tanmay read least number of books in year 2010.

3.3 How confident are you that you have answered the questions in this section correctly?

a. Not at all confident
b. Slightly confident
Very confident

o

&

Extremely confident

Section 4

4.1 Consider the graph showing plant height distribution. Which horizontal line best
represents the typical height of the plants in this garden?

.
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a. Neither Line 1 nor Line 2 represents the typical height of the plants.
b. Line 1 better represents the typical height of the plants because it is the mean.

c. Line 2 better represents the typical height of the plants because it is positioned where

most plant heights are concentrated.

d. Both Line 1 and Line 2 are equally good representations of the typical height of the

plants.

4.2 The graph below shows how many jump ropes children in a class of 3rd graders
jump in 15 seconds. From the graph, can we say that on average, how many jumps do

the children in the class jump in 15 seconds?
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Skips on a skipping rope in 15 seconds

Since the number of children who jump 22 is the largest, it can be said that the children

®

jump an average of 22.

b. Since most of the children in the class are around 25, it can be said that the children
jump an average of 25.

c. Since there is one child each who jumps 17, 18, 19, 31 and 33, any of these numbers
can be said to be the average number of jumps.

d. It will not be useful to determine the average number of jumps without collecting

information about how long each child in the class practices.

4.3 A teacher created a frequency graph to analyse her students' performance, showing
the number of students (frequency) against their marks in a test. About how many marks

can we say that the children have got? (Adapted from Anupad (2023))
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Total Marks
a. 8 students have scored 2 hence typical number is 2.
b. The typical number is 9 because the maximum no. of students has scored 9
Students have scored approximately 5.5 because that is the mean.
d. One typical number does not give a good estimate of the central tendency.
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4.4 How confident are you that you have answered the questions in this section correctly?

a. Not at all confident

b. Slightly confident
Very confident

d. Extremely confident

Section 5

5.1 Following is the pictograph showing the vehicles that passed in front of your school in

5 minutes. Based on this graph, what conclusions can we draw? (Anupad, 2023)

éﬁi? Uiii I Hﬁi qﬁ@;iiﬁé'»as~ éﬁﬁ

a. This school is likely to be located in the middle of a big city.
b. Students at this school like to ride motorcycles.

Buses never pass in front of the school.
d. Itis likely that the school is located in a village.

5.2 Pragati, the class teacher, conducted an activity with her class for a period of one
month. Every day, students measured and recorded the rainfall in millimetres.
Based on the graph plotted by students, which of the following statements can

they consider most likely to be correct?
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The previous month had a lot of rainfall.
The following month will not have any rainfall.
The maximum rainfall next month will happen on the 27th of next month.

The following month will have a lot of rainfall.

5.3 A recent study on reading habits of elementary and middle school students reported

that elementary school boys typically read 2 fewer books per month than girls, and

middle school boys typically read 4 fewer books per month than girls. Based on these

data, can we conclude that in high school boys typically read 6 fewer books per month

than girls?

&

o

&

No, because data were not collected from high school students.
No, because high school students have more responsibilities and may not read as much.
Yes, because 6 fewer books are the next number in the pattern.

Yes, it is reasonable to predict reading habits of high school students from middle school

students.

5.4 How confident are you that you have answered the questions in this section correctly?

a
b.

e

&

Not at all confident
Slightly confident
Very confident

Extremely confident
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A.4 Online Survey: Marathi

* Indicates the compulsory Questions in the survey

Demographic Information

1.
2.
3.

a"a’*
et et
SATaaTAF fA&TOr (FFeTen o) O ¥ gAty faas)

SSC D.Ed.
HSC D.Ed.
B.Ed.
Other

farator (qeeTen @w AU wE gAr fAesn)

N N

B.A.
B.Sc.
B. Com
M.A.
M.Sc.
M.com
Other

frsauamar e (avia)

a.

b.

C.

d.

€

0-3 9%
3.5
5-10 T
10-15 3
15 +a¥

TegT fAFad AT ATSAT THR
a. faT Jreferfad emer

b

eferfad e

c. Sregr aRwg emer
d.

c.

f.

IR ifelel / HAGRIIR Yifolehl Ml
QMEPTT ITHHAAST
eleIfeie ARG

TAT AT ATAH

a.

RIS

b. AH-ZISH

C.

D]

et 3 1oh Q@ sdfiear Farer Ao Riwaar &1 frar ar s Rgaa sme w2+
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Section 0

gérer fauremeft qF fhet gAmong weAd JeTd.

grafAe TaRTadier AfOTATAT FATHRATNA AT cTa¥ATIsT (data handling) gT #TaT
TIhauaT 3% AITEIHT (statistics) AT fATIAY AT Hell 3TE.

a. 39gAd

b. ST JHUT HHEA
c. AU FHEA

d. "HgHAd

Section 1

1.1 GEter Y FIOTAT TRATT 3R ATfeel! (data) MNST FFel FTETHIT TG 0 reqot
3.
a. FIAT HEIATAT Helloll AT HTSTSATT THUT bl qEcieh arerelr?
b. 2018 T JHTAT MdTAT FeIaR fohcl e for fhcfr Felr grcar
c. ST WEIAAT Jeliciiel Helral HATd TGSl {7 HIOTAT 3778 2
d. Iy 79

1.2 AR Testtedn dtefrean qafdier Ferar Faredrd Aasdr S FIGR & AR, Estia
AT AT WTF dogd FHEIHIT TeUdle 3R IR AR I/ TR TR Fqell
&or 3ot gie.

PR FY TIR el FATATT?

9 O

a.

b. TP TR FIUGTATST HI0ThI0TA gerdy SreTard?

C. FHATAT  FTfehelar 0T ARTRT ATfgcdl STl 3AT?
d. FNGHITAT Fellcl gTT Tfeheled FTEROT fohcl FXFR 3CIT?

1.3 gdier faememeft e el yamona wewa e

faemer 1| Afrer geaATe A fEerel 3av ss 3.
a. 3HgAd

b. USAT YA FHEA

c. OIS FHEA

d. agAd
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Section 2

2.1 ASfHUR R e RIS FO[F F1H FIATI. AT ATGFITAIT THI ATSelrer
HAAT GCaT IATSrd! 33T ARME AN FHATN dHR TH TUfAF TThRe ArearFs
&l 3. TTFRIAT AT aFRId Fhaad aeg 3¢ ¢ AfefrdR aRe=r e g, ar
ST gérer YAt Forelt AR M1 FIOT FAT AT TR,

a.
b.
c.

d.

HAAT AT fohell gEdah 30T FEaT =TT ARTATA?
fohcll AT MdA ST UM WATTA?
HeledT SR ATHTA I GEA-GEARHITTS dofel fohcl 3Mg?

HATAT Madel fohell fead ool 83 S ST

2.2 THEAT AT §E AT Aager gaar S geo fagamdt smea. wia 6o et snfor
o0 FG M. TFETON JHTAT RIS saar atefiear Rgmeat=h wmror =0 fred ame
T FEATEIIR 3TE. JFeTell cArear SHar F=artdr 3erer FAavarrdy w8 fFd anfor
Forcar faggreatdt S Alemrer g6 qhe WY gaid A gat faasr.

a.

b.

C.

d.

AT FHIUTCITE TehT e Fuficlier 0 #er@r 3nfOT 36 el I 3= Ao,
AT eI A qelid FHel SgHE JHed IS T 8o Helrdr I
AN

AU T =efrear e too Reamel agRes e Raga e =N
AN

2.3 géi fauremeft gt fovel yaAONa WeA amera

TaHTeT 2 A geaRT A7 ool 3aY seT 3Ted.

a. 3EgHd
b. USAT YA THEA
c. SATYHr AT

d. "gAd

Section 3

3.1 @Tellel TAWIHEY THT AT AW AfAF ATGATT 3rer AfeRsrd 7 (°C) gr@ao
3TE. WSt FOTAT TIAT FYOT AT I qoie FIar?
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25 A ATRAF WL araAeT

15

10

TIET AT9ATT (oC)

0
S é@ é@ ., . . ,
FEEL LR P S
e. AT AU A=A FeaTclell O AT 3ogTBN A X TN HEAT farest
37
f. AT A FAIT FHH! AIAT S AfgeaTed 3.

g. IT A TTaHSATAT FEalchell Hald HHAl AGA T TR fgareoddlel dgaTT
NI SAET 3

h. IT e BHSK AR ATIATH AT ATGATIET ST 314,

3.2 2010 @ 2016 AT FISIT TeHIA AMBTAT FYTAATTT I FFell qEad 3MoLT arearelt
I T el e 3. géie dehr Fora R ar wqot sreee wafa 9iere qofe
FIA?

deAgS aradel qEde 2010-16

35
1%30
0
25
1%20
15
10
|

2010 2011 2012 2013 2014 2015 2016

1091401 | 84



a. W%o o WLE IT FIBId deHIA SIdsT ardeledl ‘i{-dchiull T&Ad UHOHATA die

STl 3Te.

b. deHIAT TSN NI AT AT drded dleel 37T,

c. TeHIS SIS dATleledl YEdhedl HEAd Solell dl6 UhdAT el

d. R0fo LY TeHATe FaTd HHAI JES aT<lell.
3.3 géter fauremeft gt et gwTone WeAd merd

faemer 3 Afrer g A fEerel 3av e 3.
a. 3HgAd
b. AT YAUNT HHAGA
c. SOTYHT FHAGA
d. FgAd

Section 4

4.1 vt F@derelier searear ¢ Qurh 3 TrEEURT A 9 R e, ITAETEde
Frorelt 39T A1 AEdeer Qurh grawor 3= grEEd e IR/ A0 FFU[ AFAN?

o

=~ 100 .

E 920
80
70 ™I
60

-

50 . .
0 - - - ™2
30 . .

(A B C D E F G H I J K L M N o

reaATe qF
a. 9T 1 fahar Y91 2 a1 Y o IST SASMET JIROT 396 grgad ATl
b. ST I TR vo oY 3778, S I 1 81 A clrer Aarehy |reymor 3=

cr@dd 3Te.
c. SUTTRI HATSIR 3T INT 2 TAT AU 3rferell T 3. ATHS I 2 FMsr
AYROT 3 SrEad 3.

d. SIS WROT 3T el e & SAUATATS! AT JTelEre feelel Arfgel gt =gl
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4.2 g7 faadiear qaidia Ao 15 Vshara et Sliear 3391 ARaT I ew ge R
MR, ATAWEE  Jelfeler ol 15 Wdhald ATUROT frcll 3341 ARG 31& AT FF0] AF?

6

5

4

g:s‘

E |
| 1
| [l

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
15 AT AT FEITET

a. R 33T ARCIMIT HATdl AT HalTeeh 3§ FgUA Hel HIUROT R 3547 AR
31 FEOIAT A

b. galicier srerel Ho Y =T UM e FU Hol FIUROT Y 33T AR 318
FEOTAT AT,

c. 20,2¢, 2%, 3¢ T 33 3ZUT ARVIR YcUehl Teh FHel 3¢ AT Hod ATTATUhT HIUTCET

d. gITcler RO el el I8 T AT I ATfRlY MesT hedRarr FrerRor

4.3 9ogIG ATaitell Gaid GgT J[omet =raof dae. a1 araciia fFdr gamar fad qor P
ST e 3@ ATIOT FFUL AFAP

1

A T

0
9
8
7
6
5
4
3
2
1

0

0 1 2 3 4 5 6 7 8 9 10

a. TrIONT ¢ HeAlAT 2 IOT fAGTCr 3R, TS FMcilel Hell=ll HUROT R 0T ATl
3R 31 JATIUT FEUL QAR

b. FINClel Gt FHeAlalm & 0T ATl YT S WILROT & 0T fA@T e 34
FZUTOT T e,
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c. GINClel HelredT UM T 9.9 3§ AFHS WURUT WS 0T AB e
38 FUIOT AT 3TE.

d. 9eBle TESAT FNclel Hellell FIROT fohell I[0T TR e AT autel Uendl
AT A& U 3TANM GO ATET.

4.4 gdter fauremelt Tt et ywONa WEAd 3T
faemmer 4 Fefier geaATr & feoell 3 SR 3.

a. 3HgHAd

b. USAT YA FHEA
c. I FHGA

d. "gAd

Section 5

5.1 T AMBTANNT TR grg AfAea deedn agamar REee @l g@adr e, a1
HAGFS T Jrerdehr Hrorar frswd Frear Ager?

a. B AT PN HEIAH HAEI VAT Il GU S 3Te.
b. & ATST Tehl STgIARM AT IFHUATH! AT I e 378

c. AT A Heliell ATHIHaR SHCAT 3Tasd

d. IT ATRTARA FEE 9 JTd Ter.

5.2 warelt argear fagareatlt afgeara Vo forcl. #lt wzw gsen, ¢ A9 afor e
A ST, AT AT AW Yo AT 3R, cmaver gdeddr Fora R{umer e
YT AFIAT WISATd AT 3TR?

a. IT AT Yoodl Afg=ATd BRAT II3H YSUIR ATEY.
b. AT Afgearear mewar Afg=ard Yy SiEd 9i3d Y9sell 3H1dl.

c. T AT JoedT AT A TRWA FGITT SEd IISH TS

d. a1 Al YoedT A=A S I5E IS,

1091401 | 87



80

60

Tt Toreft urzom gt

20

0

TTEET=IT ST

1.2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
A

5.3 TR AT TR for Areafds anader garear gadiaraa afeedt aer Fi
e, MT Faedr A JUR TAIRAF ST Foret, Fefldam &I MsTZATAT AUROT 2
a3t el dreard. 8T ATCARF ATScler FoA, Fel &t e ITSTZITAT HTUROT 4

arw st eft argara. a1 AT watts g s w1g et

faswd : 3o AreafAE addler Forer, Fefidan X ITSTgATT WUROT 6 AW AfAw et

W'”

a. &g, HRUT 3T ATeIAS A Aegrediaerd Al MaT HoATd 3iMelelr

Te.

b. &TEY, HRUT 3 ATEATAS AMSHA = ATl wrATem Sidrd ST d Taer
d& EIegT UTEdiel § ICUATARY AATET.
c. B, FROT € 8 TEIT R, 8 AT INFcNaeTcdlel Yool TEAT g 0T Heradra el
JUUITY GATOT dled 3ol 3Te.
d. B, HRUT AreAfAs Aasdier fagarediar gadiassT 3=a ATegfAe enaater

[ECRIEZIE)

AET UTguATAT FIAET 3Tl 0T AT IR,

5.4 gdier faeramelt g forclt gwToTa WeAT 3meTd
faamer 5 Fefrer g AT feelell 3a¥ SRIaR 3T d.

a. 3HgHAd

b. UISAT YA HHGA
c. SITYHRT THET

d. "gAd
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Appendix B: Interview Questionnaire

B.1 English + Marathi Version

1. Classroom practices

Aim:

Understand the current classroom instruction practices used by teachers to teach
statistics in the primary mathematics curriculum

Understand the input teachers receive regarding statistics instruction through the
in-service professional development programs.

Interview Questions:

1.

What do you think are the objectives behind teaching data handling in primary
grades?

ST Glgell & radl Hed “Hifed! egaErdsT” &7 HI9T RI%Hquard! 3giase #1a
ST 3 JFETell drecd?

Balbharati says “(relevant LOs)” What do you think this means for actual teaching
practices?

Balbharati FEZ FoledT IT HYET 0T Faiad Alfad cIaEenygsT fawauart
GGEIT Fid FT JPRET ddHD e 3 FFeTell ared?

How much time will you need to teach the XYZ (relevant chapter) chapter from
your (their grade) textbook?

JHEIT GISTYEIHIAT XYZ (AT €r37) €57 RIHauaraidl JFaren [t
3 A

Do you think that the activities given in the textbooks are enough to fulfil the
objectives you mentioned earlier?

HIled! eqaeerqs fI#auarsl 3qglase QU FXUIEIST GIeYEdHIAEY
fReleaT Sl G Ied e JFETell dled FI?

Do you get an opportunity to conduct activities related to data handling apart from
those given in the textbook chapters? If yes, what kind of activities, please explain?
If not, what are the challenges?
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TISIGEAFIA T GSIHED faclodlT FHATIGRFAT FFeTell Hllect] Faedrdst
TIOT 39FH FUIr Feft Aza F17 SN &1 av FHIUIcdT JHRE IYFH? 5T
FHT A¥ FIT JHRTIT ST ITTT?

6. How would you teach the XYZ (screenshot displayed) activity? Please explain in
detail.

JHEET GISTYEAFIAT XYZ Fcll JFeT Fell Ridarer dqelerar .

7. Have you received any input for teaching data handling in your teacher professional
development courses/trainings/workshops? If yes, please explain.

HIlGd! Sqawerqsl fhal A& &7 ST HEl Ribarar a7 sqael FFerer
GrIET0r FIAIBT fhal SR IFAHAIGT FIVIAT JHRE Al [Aare
3767

8. Do you face any challenges while teaching the data handling part of the
mathematics curriculum?

TfONT I3GTAFHTA HIlcA! TTEYTIATIT HToT RIFIAAT JFETEAT FI0T FHI0TT
Tl IArT?

2. Teachers’ Understanding of Statistical Concepts
Aim: Explore how teachers justify some of their answers from the survey questionnaire

Display the relevant question on the shared screen.

In this section, I would like to understand more about how you approached and thought about
some of the questions in the survey. Your responses help shed light on how teachers interpret
and reason through different statistical ideas. I will now ask you a few questions based on

specific items from the survey that you completed to understand your thought process in more
depth.

7 [T H JFETell FAETUIGGGa el #lel 79 fAeIRUIR 3Te. ITel 3glace JFeT el
[GEIR @l v@Ere 37 @1 fAdsel & SO &0t 3ile. JHEIT IRIFD RIgid da1a7edr
TIETHIT Feqaarar 3¢ FAT gl HIOT T FAT FXAT FIagael Hell I8 A
[ASeT. T H GFETe §d Hefler Flpl GedIagael [A=RVIR e,

Interview Questions:
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1. You answered survey question 1.1 as (their answer). Can you walk me through your
thought process behind giving this particular answer?

JFeT FAETT geiT 1.1 & 3¢ X [aet 3716, & IV aUIrHENeT JHET FIY faER
gIar? gFet qed aravgraIdl T faar FUFrISt 3 83 AP

2. You have answered a similar question. In Question 1.2, you have answered (their
answer). Can you justify your choice of answer?

8T Je:7 el el faclodr qee7 1.1 ARETT 3ile. J#el qed 1.2 & 3¢ X faet
318, & 3% dvArATe JAHAr F fAER §ar?

3. You have answered a similar question. In Question 2.2, you have answered (their
answer). Can you justify your choice of answer?

JFer ged 2.2 & 3a% X 186l 3. & 3V augIATNe JHET FIF fER §1r?

4. Youanswered survey question 3.2 as (their answer). Can you walk me through your
thought process behind giving this particular answer?

JFer ged 3.2 & 3% X 18el 3. & 3V augrARNe JHET FIF [ §Idr?

5. You answered survey question 4.3 as (their answer). Can you walk me through your
thought process behind giving this particular answer?

GFeT FoT 4.3 & 307 X fael 378, & 3¢ dUIrHTfer JHET 19 faar glar?

6. You answered survey question 5.2 as (their answer). Can you walk me through your
thought process behind giving this particular answer?

GFeT FeT 5.2 & 303 X Aol 37, & 3¢ UIrHTfer JHET 19 faar glar?

3. PCK Task

Aim: Understand how teachers make sense of students' understanding, errors, and
reasoning in statistics.

Interview Questions:
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The Statistical PCK task details
10 o

9

8 ] °
7 ] L] * ®
6
b4
S s . o
w @ Abhay
4 . . T » * ® Vidya
3 L] L]
2 ®
1
0
0 1 2 3 4 5 6 7 8 9 10

Round Number

Abhay and Divya each played 10 rounds of a game (maximum score: 10 points per
round). Their scores are shown in the graph. Some students think Divya should be
selected to represent the school, while others support Abhay.

What reasons might the students supporting Divya have?
What reasons might the students supporting Abhay have?
As their teacher, how would you respond to the class?

T 0T faer FiAr Gt fo BT BT (FTRFAT TR 0T Fede BT fo
). & 0T JHTeEld GrFae! led. #iel [agarediAT ared @ facgren e
gidfAfeca XISl [Aase Gifes, ax Flar HHFeT GIfdaT G

e ¢ o [3grE [Ads FRUATAT! HIT HROT I A I JFETT ATCa?

e R & IFHAA 75 FRUIIATA F HROT I Ahed I JFEIT ATCa?

g7 glegl TelAT JFeT HF Gidwdra T,
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Appendix C: Ethics Related Documents and Permissions
C.1 Ethical Approval

Education (Educ) DREC
15 Norham Gardens, Oxford, OX2 6PY

UNIVERSITY OF

OXFORD

Applicant: Jioo Nimkar
Principal Investigator: Jenni Ingram

Department: Education

Study title: Knowing and Teaching Informal Statistics: Primary Teachers'
pedagogical content knowledge of big ideas in statistics
(Version: 1.0)

Ethics reference: Education (Educ) DREC - 953865
Dear Jenni Ingram,

On behalf of the Committee, I confirm that the above research study described in the
application and other supporting documentation submitted to the committee has been carefully
considered by the Education (Educ) DREC in accordance with the University's regulations and
policy for ethics approval of research involving human participants, human tissue and/or
personal data. The opinion is as follows:

Opinion of Research Ethics Committee: Favourable Opinion
Subject to the following conditions:

Decision Date: 13 Feb 2025, 11:02

Opinion End Date: 13 Aug 2026

If favourable, insurance-provided indemnity arrangements will be in place between the
decision date and opinion end date and you may now commence your study activities. Should
you plan to continue the research beyond the end date above, it is your responsibility to ensure
that you request, and receive, an extension (via amendment) from the committee for indemnity
to remain in place. You may be required to provide a justification.

Please note the following:

Amendments: Should there be any subsequent changes to the reviewed study, applications for
amendments can be made via the Oxford Ethics Application System (Worktribe Ethics).
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Reports: Studies considered by OxTREC are expected to submit an annual progress report on
each anniversary of study approval, until the study is completed. An end of study report is also
required.

Audit: This study may be selected for audit at the discretion of the Research Governance,
Ethics and Assurance Team.

Data safety: It is the responsibility of the PI to ensure that all data collected during the course
of the study is stored and transferred safely and securely in accordance with university
requirements. Further guidance and advice are available from the Research Data Team.
Additional information is available at https://researchsupport.web.ox.ac.uk/covernance/ethics

Yours Sincerely

Education Ethics Officer
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C.2 Participant Information Sheet

English Version

UNIVERSITY OF OXFORD

DEPARTMENT OF EDUCATION

15 Norham Gardens, Oxford OX2 6PY 'EED"G"(T:X‘T“IH: 8;2;%;an

Tel: +44(0)1865 274024 Fax: +44(0)1865 274027
general.enquiries@education.ox.ac.uk, www.education.ox.ac.uk

Principle Investigator: Prof. Jenni Ingram: Department of Education

Primary Researcher: Jioo Nimkar: MSc Education (Research Design & Methodology)

Exploring Primary Teachers’ notions of big ideas in statistics: Insights from
Maharashtra, India

PARTICIPANT INFORMATION SHEET

Central University Research Ethics Committee Approval Reference: 953865

1. Introduction

You are being invited to take part in a research study. Before you decide to participate, it is
important to understand why the research is being conducted and what your participation
entails. Please take time to read the following information carefully. Please ask if there are any
aspects of the project that are unclear or if you would like more information. Take time to
decide whether or not you would like to take part in this research.

2. Why is this research being conducted?

I am conducting this research as part of my graduate dissertation project (M.Sc. Education).
Data handling as a topic, has been emphasised in Indian curricula, with its introduction as early
as grade 1 in mathematics textbooks. The study aims to understand teachers’ notions of ideas
in statistics in Maharashtra, India and their approaches towards teaching these ideas.

3. Why have I been invited to take part?
You are invited to participate in this study and to complete the survey because:
a. You are a mathematics teacher teaching primary grades (Grade 1 to 5), and

b. You are teaching at a school in Maharashtra, India.
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OR

You may have already completed the survey and are now being invited to participate in an
interview because you have signed up.

4. Do I have to take part?

Your participation in this study is entirely voluntary, and it is your choice whether to take part.
You are free to withdraw at any time without facing any negative consequences. If you decide
to withdraw, please inform me (Jioo), and any data collected from you will be destroyed
(provided the data collection window is still open). However, if your data has already been
anonymised, it cannot be removed. In such cases, your anonymised data will remain part of the
study but will not be identifiable as yours. Please feel free to contact me, if you have any further
questions. Once the project is completed, the anonymised data will be deposited in the Oxford
Research Archive (ORA) to support future research.

5. What will happen to me if I take part in the research?
By agreeing to participate in this study,

. You will complete an online survey that focuses on understanding of key concepts in statistics.

. The survey will include a section where you can provide consent for the data collected to be
anonymized and used for analysis.

. The survey will have MCQs related to statistical concepts as well as some personal
information such as your name, contact information, educational qualifications etc.

. If you express interest in participating in an interview through the survey, I may contact you.

. Upon your confirmation, you will be invited to an interview where we will discuss these
concepts in more detail.

. Your consent will also be sought to audio record the interview, and transcripts will be created
for analysis.

. The interview will last less than one hour and will be conducted online via Microsoft Teams,
scheduled at a mutually convenient time and date.

6. What are the benefits and disadvantages of taking part?

While there are no direct benefits to participating in this study, taking part in the pilot, survey,
or interview will provide an opportunity to engage with or revisit various ideas in statistics and
statistics education, which may develop your understanding of these topics further.

We do not anticipate any risks or disadvantages to taking part in this study.

1091401 | 96



7. What information will be collected and why is the collection of this information
relevant for achieving the research objectives?

The aim of this study is to explore primary mathematics teachers’ understanding of statistical
concepts. Data collection will take place in two stages. The survey will include questions based
on key statistical concepts. Your name will be collected solely as an identifier in case you wish
to withdraw from the research at a later stage. Apart from this, personal data such as educational
background and years of teaching experience will also be gathered. Participants who volunteer
for an interview will be contacted, and audio recordings of the interviews will be collected.
This information will contribute to a deeper understanding of teachers' statistical knowledge.
Only the principal investigator and I (Jioo) will have access to the non-anonymised research
data.

Identifiable data, including consent forms, will be securely stored in Oxford University’s
OneDrive account. Survey data will be retained for four years following the publication or
public release of the research findings. We intend to use the anonymised survey data for future
studies and to share it with other researchers (through ORA, as mentioned earlier). Interview
data, however, will be permanently deleted upon completion of the dissertation project and will
not be shared further.

8. Will the research be published? Could I be identified from any publications or
other research outputs?

The results of this research will form the basis of an Oxford graduate dissertation. Some results
may be published in academic journals concerned with exploring mathematics education. A
copy of my thesis/dissertation will be deposited online in the Oxford University Research
Archive where (it will be publicly available to facilitate its use in future research). The study
will take place over the upcoming 4-6 months after which the published results will be publicly
available. If you wish to obtain a copy of the published results, please contact me.

The identities of the participants will be fully anonymised, ensuring they cannot be identified
in any publications or reported results. I would like your permission to use anonymised
quotations from the interviews in any research outputs.

9. Data Protection

The University of Oxford is the data controller with respect to your personal data, and as such
will determine how your personal data is used in the research. The University will process your
personal data for the purpose of the research outlined above. Research is a task that is
performed in the public interest. Further information about your rights with respect to your
personal data is available from the University’s Information Compliance website at

https://compliance.admin.ox.ac.uk/individual-rights.
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10. Who has reviewed this research?

This research has received ethics approval from a subcommittee of the University of Oxford
Central University Research Ethics Committee. (Ethics reference: 953865).

11. Who do I contact if I have a concern about the research or I wish to compain?

If you have a concern about any aspect of this research, please Jioo Nimkar or Prof. Jenni
Ingram, and we will do our best to answer your query. We will acknowledge your concern
within 10 working days and give you an indication of how it will be dealt with. If you remain
unhappy or wish to make a formal complaint, please contact:

University of Oxford Research Governance, Ethics & Assurance (RGEA) team at
rgea.complaints@admin.ox.ac.uk or on +44 (0)1865 616480.

12. Contact for Further Information or Follow-up

If you would like to know more about the research in advance or have any questions during
your participation, please use the following contact information.

Jioo Nimkar

Department of Education, 15 Norham Gardens,
Oxford, United Kingdom, OX2 6PY
WhatsApp No.: +44 78847 74286

Your inquiries are most welcome.
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Marathi Version

UNIVERSITY OF OXFORD
DEPARTMENT OF EDUCATION
15 Norham Gardens, Oxford OX2 6PY ‘E’ED’G"(I';‘T"IE)‘: ggz?IBﬁD

Tel: +44(0)1865 274024 Fax: +44(0)1865 274027
general.enquiries@education.ox.ac.uk, www.education.ox.ac.uk

Principle Investigator: Prof. Jenni Ingram: Department of Education

Primary Researcher: Jioo Nimkar: MSc Education (Research Design & Methodology)

HERTSEIT 33T
RTINS IR EC

Central University Research Ethics Committee Approval Reference: Education (Educ) DREC - 953865

1. uredspt

FETCN TehT HMEIT 3T HEHTIN gIogrardt # foief=or & 31me. Fgemh grogran footy
YOS, & HAMET T shel STl 31 JHOT JHTAT HEHIT TR H1 3¢ € Joel FHS[A
YUl Hecdrd 37, $UAT Wellel ARl Hldoilqaeh ardl. Feheuredl HITCART STl HiGIE
aleeary fohar qEgTenn 3O ARl Bl IeAH, G JTEETON HUS WY Akl AT
HAMUATT TN groaren Aoy Guarandr QRar de .

2. ¢ WA FT el AT IHR?

A wear oS fagardierd M.Sc. =T HIE aRd 3, § WA HSAT YeegH
TRIGTUT=IT 91T 318, RISl 3ATHFHATT FiTeThT g7 vy ARl cgawrdsr A1 +Arare
IOTATEAT ISATHHAT 3T 3G, AN HSW 3HITET ST AfgelIgeT HdaT feel S,
wAfAe TR A0 Reaum=ar Risterear a1 fAsArEed S UROT 3ed 31701 87 /vy
o 8 RIshadid I A O § AT IHFAER THE 3G/t TS

3. HT AT FAMUATT TEHTN VIS [AHAT FT qraae 3Me?
qEETT IT AT FehoUld HEHTIN GIVATATST THHTOT Ursdel 31 HROT

3. JFE SFAT ¢ 9 AT gaftenr AT fRreharar fhar ar qdf Rieraer 3mg anfor
3T, JFET FAERTSEICATS PIOTCATET HETTeAT AMadel fRIhddr.

far
T Tfeor Ut el MR 0T TR ATENT TR @15 $fRo.
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4. HAT AT GAA YhoqTd HT EIMETT ATl HI?

T YehodTd $IET 80T U0l U0 318, AHS Fehedld HgHTeN Sgra &t Argr I ot
FAEET JAAT I, JehedTd FEATRN STeAARE! JFeTal Teholldsl SeY ISy areel, ol
JFeTeT S1eT UScl Ao, JFglel d1e UsTad areel ¥ el A (53 fAwenel) dus
HTY Ahl. HfEel M FUATT HIH dTe] HAAGT JFer aeL Gsran o adea @)
qAeAHgA Uaeel @9 Afec e awvara ¥gw. Afed M FvaArh ufar oof
AR, SOT AMGHAYT JHA 3HS@ HGUAT el Mg 3N AR rearqran a7rer
3. AT & Alfgdl TG fGAIel 318 & HIUMATg! Nd@dl AUIR AR, Feegel JFglel
iR ARl gl 3ol a¥ ASARN HUS UL, FYehed YUT SHTeATa] NGB shololl HA AT
Oxford Research Archive (ORA) HEY HidsATclel HMUATHIST ST STell SATSel.

5. IqT FAME YFheuld HeHRN ST AT FIT FT FAd AREIA?

3. gifegdy a1 R/AuaTdia FEY AgcadT Hoheddiay 3MURAS Uah 3ideliged FdeTor
(form) FETe qUT 1d Tl

3. Ir FAGIUN LA JHATAT el NN holell Al JAU HdW 365 & el
HRAEIATATST ATIRUATHTSTT HI-IcT JFgTell STl lraler.

3. ﬁmmmmmﬁwwmmw
AT, SH, Bl AR T ARTT FIET adTFde HAlfgdr T,

. SN HARTUNAaedr Hidelse HAEdd ForE giogrer oAl seor 3/l ol &
qereanll Hud |ree

3. HGd eI ATt favaeh HehoUsiidcgd Hl JAednel GfaeaR o= Hia

3. JHAT Walele # JHEEIT HAEd ST WS A AT RS oG
TATR H&e] IMAT TR AMUATAT [ALAIUTHTST Shell TS,

. YT SrEieaT WA 9T ATGHIETE EFH a6 & HAEd AR Teh drnd
qT el ST,

6. T NI HEHPN QU B A FIT IHRA?

T ITATAC FEHWN GUITaT HIOTTE! I Bher JEeTel gisel 314 Q. A Fdfafor 3nfor
AT ishaceT ST JFeTell HITEThT AT Jefatal AR fawarear Fagaraege sl
T@lel AMfgel RS g Fertdd grar wiher Jrerel 9 g1 fawy Risddiar gigel. agan
gSEIT AT IFATHIT FEHWN GIUAT JFETell HIUTATET el GIUATT ElehT Te.

7. 1 FAMUATETS FoTel AR MeT Felt TS nfor FeereT 3gfese wET FIUATATS
& A1fgdr MBT HIOT FT Ageara HE?

AT IFATHIET 3e6 TrAfAS AMScller IOIATear TAGThITAT HITEThT HehoUeATodT RO
QNEr TUT ¢ 3778, IT TMETETST AR Teheled R 0N Blodl. Ulaedl coeTalel TJeTuTd
HEI: HITCTh! TehoUslial TR TN AL 318l J1 Riarg Aeiforen qredeqer nfor
Riepquarn 3eqsa a¥ a1 AW AgfFas AR & Odell SIS, AT FgHmEieT
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HAEAHIS! FEA giaell 3, TATARN TS AT ST 0T HeAG e JHifS3
IPIEIT MBI dhedT SATclel. AT AR ITUR Reterear aifegdhr fawgs g a@re
3Mehelel BIUATATST Hed fADH. HMEUATIA ST TSUART $TOT oA AT Ald $Hdd
3NBY TETAUATETE Udd SIS, AT TehoUredT HEY ARG (S gam#) 3o @ (55
foFe) I M helell Afgdl TeHRiTar MNSET The g Isd.

ST T&eT THNT HNd@ qeer 3l Fa Afgc TeAdaT Blradalad, ifeans Aeardisrear
qAg8d WIITHEY FIEAIY HIodel SSel. IT HAGTUM 3galel, M iyenl Gidees
ST AR IR awiadd & Afgel aTa Sauard IS, ORA HEY Aiadelell JA W
YCUIR ATEr 31l ATl YEreT TRMIATRIAT AToRUATT Ao, HARIAT =T ST Fagared
TN helell HATgell o HIVTeITE! SUATT VIR TGl I 3garel d WA YAl FAGH Fedr
AR HIIFAT ASC FUITT IS,

8. § WY YHIRIT ST FI? FIVIATE TFREAEAET fhaT AT FAeT fAshsiaweT
A MNST 343 AF AF HI?

IT U ShY AT IaahsAtT TTUATST arRuATd Ao, Fer fasawyrar
IR 0T RsTonder GMwsT Aaaefesid deys afFer gffcy soard Ade. A
g I Oxford University Research Archive 3iTeTellSe] 3ThIgcgdey 3audTd A5 g ol
qéTeT HRAUAATS! FAlAT 3T 3. § HAMUT T 8 o & AT QU7 oA AseT
IO JhIfRI FTelel T foisehy FaTAT 3Uelstl Ao, SR JFglell AT Geer=l Ul gal
3R, R JFET AN HYh HTEL Aehel.

HRAATT HEHTIN IO 3NE YUl [Tl AU ASel. HIUTCATRT FehITRIT sholedT
AIGATAYS 8 3BW 363 IR ATGr AT FBol Belell SMeel. gl [Getodl ATfgdcer
FIET faema 3eTeR0r FgURT JHN S 3U3 o FIAT AMRUIARN R JFET Hell e,

9. 3TT WIETUT

Jirawhs fdeardic § qATAS M@ Sheledl Aligard fodas 3¢ 30T Fgupa
HAUAHIS JHTAThS NGB sholedl Al dTR HEAT Shell STl § degmie add.
AT TN Sholell HTgciallcl M Fec fdeTTie arke. TR § Faeiisis
RAEEr ahel SO H 3. JATAT dATdcdeh SerRll T JaAear garepiiawl 3ifeeh
AT facaTdiarar Afgd d9dscal 3Uasy 3TE.

https://compliance.admin.ox.ac.uk/individual-rights.
10. 97 FEAT Jeraede HIOf Fo M7

T MU JehouTdl sAfcieh GEErRIeTe HHET Hiraths fdeardioredr Agadl sifde Aegar
afAdar 3uEAtde Fell 3T TehedTel ATl el 3. (Afdw HAeIdr A
Education (Educ) DREC - 953865)

1091401 | 101


https://www.bodleian.ox.ac.uk/collections-and-resources/theses-and-dissertations
https://compliance.admin.ox.ac.uk/individual-rights

11. 99X AT qT TMYT TFHouraad Fa! AHT IFd FAIAT AT fFar g@R FgdT
A ax A Fomeft Ty A@TeTar?

T HAEATAT TEIEAT STeldegel qFglel el f&dr aed 3f¥d TR JFe O3 e fohar
WA Siell SoAaTH  Irearell HUdh HIY Ahl. IHFE JHAT i AE sograr qof
TeeT %, JHEAT Ahd folkEes o SATedrd Joer Yoiel faemmamel o @rey ereher.

University of Oxford Research Governance, Ethics & Assurance (RGEA) team at
rgea.complaints@admin.ox.ac.uk or on +44 (0)1865 616480.

12, 31t anfRiiendt frar roqRmETEdT wud

Tl FRAUATaS 3mefe 3w Aifgdr g wearw fhar wWewmETHGHTA FET geE
AT, AT Wiellel TedTal H9h .

Jioo Nimkar

Department of Education, 15 Norham Gardens,
Oxford, United Kingdom, OX2 6PY

WhatsApp No.: +44 78847 74286
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C.3 Consent Form: Survey

English Version

UNIVERSITY OF OXFORD

DEPARTMENT OF EDUCATION

15 Norham Gardens, Oxford OX2 6PY 'EED"G"(T:X‘T“IH: 8;2;%;an

Tel: +44(0)1865 274024 Fax: +44(0)1865 274027
general.enquiries@education.ox.ac.uk, www.education.ox.ac.uk

Research Consent Form: Online Survey

Central University Research Ethics Committee (CUREC) approval reference: 953865

Project Title: Exploring Primary Teachers’ notions of big ideas in statistics: Insights from
Maharashtra, India

Principal Investigator: Prof. Jenni Ingram: Department of Education

Primary Researcher: Jioo Nimkar: MSc Education (Research Design & Methodology)

Please initial

Purpose of Study: The aim of this study is to explore primary each box if you
mathematics teachers’ understanding of statistical concepts. agree with the
statement

I confirm that I have read and understand the information sheet version
V0.2, dated 10™ January 2025 for the above research. I have had the
opportunity to consider the information, ask questions and have had these

answered satisfactorily.

I understand that my participation is voluntary and that [ am free to
withdraw at any point 01/05/2025, without giving any reason.

I understand who access to personal data will have provided, how the data
will be stored and what will happen to the data at the end of the project.

I understand that I will not be identifiable from any publications or
conference presentations, reports.

I understand how to raise a concern or make a complaint.
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I agree to take part.

I agree that I can provide my personal contact details, and they can be

retained in a secure database so that the researchers can contact me for the YES/

interview NO

This consent form was be presented at the beginning of the Online survey
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Marathi Version

UNIVERSITY OF OXFORD
DEPARTMENT OF EDUCATION

15 Norham Gardens, Oxford OX2 6PY EEDP:J%XETNIS:
Tel: +44(0)1865 274024 Fax: +44(0)1865 274027
general.enquiries@education.ox.ac.uk, www.education.ox.ac.uk

UNIVERSITY OF

OXFORD

Research Consent Form: Online Survey

Central University Research Ethics Committee (CUREC) approval reference: 953865

Project Title: TTafA® Ratercar TIfETRIaYTS Theusdrar UiSId: HERISEIAIS 37901
Principal Investigator: Prof. Jenni Ingram: Department of Education

Primary Researcher: Jioo Nimkar: MSc Education (Research Design & Methodology)

Please initial

Purpose of Study: The aim of this study is to explore primary each box if you
mathematics teachers’ understanding of statistical concepts. agree with the
statement

AT TMATIAYISR Alfgddder arauIry Ty A 3. HT 92T

A T AT I HEHel gl AR,

T HAATT TNBT shelell ATfgT FBIARCIT HIFGeIa Hoael Ssel T
Y &t 01/05/2025 i HENET AT HAEATA AT U3 Aehal/Aehet,
g Holl Al 38,

A A1 T HBT FEET IR SV AR, § Hell ARl TR

PIOTATET T2, Fiboil fohal dshR 3T, ot el sAigardry & Fer AT
3Te.
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H FgHelT SuIrHTer HEAd 3R,

TRiTereh ATSARM HATGHTST Heh HTEY Aehcilel AMATST AT A Tebeleh YES /
T quRiiel G 3 QAehail. NO

This consent form was be presented at the beginning of the Online survey
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C.4 Consent Form: Interview

English Version

UNIVERSITY OF OXFORD
DEPARTMENT OF EDUCATION

15 Norham Gardens, Oxford OX2 6PY

Tel: +44(0)1865 274024 Fax: +44(0)1865 274027
DEPARTMENT OF general.enquiries@education.ox.ac.uk,

OXFORD EDUCATION www.education.ox.ac.uk

UNIVERSITY OF

Principle Investigator: Prof. Jenni Ingram:
Department of Education
Primary Researcher: Jioo Nimkar: MSc Education (Research Design & Methodology)

ORAL CONSENT FORM: Interviews

Exploring Primary Teachers’ notions of big ideas in statistics: Insights from
Maharashtra, India

The researcher will read aloud the following information before asking the consent related
questions.

“My name is Jioo Nimkar, and I am a masters student pursuing MSc Education at the
University of Oxford. I am conducting this study as part of my dissertation for this degree. The
aim of this study is to explore primary teachers' understanding of statistics in India. This study
has been approved by the ethics committee 953865. The findings of this study will be reported
in my dissertation, and they may also be submitted to academic journals.

You have been invited to participate in this interview because you meet the criteria for the
participants in this study. Participation is entirely voluntary, and we do not see any risks
associated with your involvement. However, you can stop the interview at any time, without
providing a reason, and the interview will be immediately discontinued. You can withdraw your
participation at any time until your data has been anonymised. Once the data has been
anonymised, it will not be possible to remove your information from the study. Please contact
me or my dissertation supervisor in such a case. The contact details and further information
can be found in the information sheet already shared with you This interview will be audio-
recorded, and the recordings will only be accessed by my dissertation supervisor and me. Thank
you for your time and willingness to participate.”
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The researcher will then read aloud the following questions and check the boxes to record
that the question has been asked, and that the participant has responded in the affirmative:

1. Do you confirm that you have read the information sheet for this study? Have
you had the opportunity to consider the information, ask questions and have
these answered satisfactorily?

2. Do you agree to participate in this study?

3. Do you agree to this interview being audio recorded?

4. Do you understand how the audio recording of this interview will be used in
research outputs?

5. Do you understand that your participation is voluntary and that you are free to
stop this interview at any time without giving any reason?

6. Do you give permission to use anonymised quotes from this interview in the
study?

7. Do you give permission for the researcher to contact you again to clarify
information?

8. Do you understand how to raise a concern or make a complaint?

9. Would you like to proceed with the interview?

The researcher will begin with the interview questions once the participant has responded
affirmatively to each of the questions.
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Marathi Version

AHERR HIF A1 [5F [RHB 0T H JHiFaDs [qarAeTHes TATHH Usgaid Ran
f35ir8sT 3/ Helsieris drard! 391 #¥c 3. AT Ggd=r ST FgU H AERTSCIAel JrefA®
Rgrrrear FIfeq#! Q99 Hbodealal H3A X 3le. I IHFAMEIGT IR STeleT
Reree=ar 3TeR # &5 RGE quf #'el. GFeIer T Hearddid @gHel §103ras) ST
XU ek g PRVT JFeT HERTSCIAT FII1AF S T0NT RIacr a Jret Helradare!
STPF IHHCITE et §Id. HATGd! GXFgla 10T HI&qsh! [d9e HHhodal dGael HIGwR
&ell U 3iTEId. JHIT Rl H Helrgde 330 15T #VIN 3 4T 15T
AGATT FGIGR Fead TN TIGN FINETAIAN T [RATOITGIST Feil STsel. FeIAIT HeHTal
IO 3@ quaul e 3auTe Aser HUICATET THIAT Feical HIlpcHeeT & Haer
345 EIUIR SATgT Irell Fldadl Sedell Sser.

1.JFBTe HNUATANTS ATfgcaTsh arauarel Tef Aol 3mg &1 a gl
hl?

2. JFET AT IATHTT TGN IUATHIST TEH TETd Fr?

3. # Her@cr T30 [HITST e Aehel H1?

4. T HAGATS TSI FHITST HAMEUATT HhTelimed Y aTlel ASel §
qEeTeT ARGl 3718 1

5. JFEAT HgHET Womeh 3M1g 30T Joel HIUTAET HROT o &r FHefler

HelTEd AT Akl & JFeTel ATl 3T &l

6. JFET Teelean AMfgeiciier Hrgr faums, 3eme’or & Al 3w 363 o
HIAT ATIRUGTAT GRATAINT Fell g Fr?

7.\ TASC OIS JFET HAMEhel gl JHeIRN HGeh Arerogrey
TRATAIN Sl I

8. SIUTCTE! Y, Flcboil fohdl PR AT, ol el wiieardr & JFerelm
ATQIT 37T 2

9. JFGTell HTTT Segel el YT 37 P12
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Appendix D: Details of Quantitative Findings

D.1 Assumptions for parametric tests

Parametric tests like independent t-tests and ANOVA were used for analysis, it meets all the

assumptions for both.

1. Scale of Measurement

The dependent variable, Total Score, was measured on a ratio scale. This implies that the
variable is continuous, possesses a true zero point, and supports meaningful ratio comparisons
(Field, 2018, p. 59). Teachers were assessed out of a maximum of 12 marks, resulting in a score

range of [0, 12].

2. Normality of Distribution

Visual inspection of the histograms for each level of the independent variables (School Type,
Teaching Experience, Medium of Instruction, Highest Academic Qualification, and
Professional Qualification) suggested an approximately normal distribution of the Total Score.
Skewness values also fell within the acceptable range of £1, and kurtosis values were within
+3 (See Table D.1, Figure D.1). Although the Kolmogorov-Smirnov test returned a statistically
significant result (Field, 2018) yielded significant result, these outcomes were expected given
the large sample size and the known sensitivity of these tests under such conditions (Agresti,

2018; Field, 2018, p. 420).

3. Homogeneity of Variance

Assumption of homogeneity of variances, necessary to ensure comparability of variability
across levels of the independent variables, was tested using Levene’s test. The results
confirmed equality of variances for Total Score across all factor levels, indicating that this

assumption was met (See Table D.1; Field, 2018, p. 1037).
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Table D.1
Statistics for Assumption

Variables & Categories n Mean Skew Kurt Homogenelty of
Variance*
School Type
F[7g,171] = 0.78,
Government schools 172 484 0.13 -0.81 =020
Private schools 79 494 0.13 -091
Teaching Experience
F[eg,lgl] = 1 1 1,
15+ years 182 481 0.15 -0.74 p=0.59
0-15 years 69 5.03 0.1 -1.03
Medium of Instruction
. F[72,177] = 0.96,
Marathi 178 4.81 0.09 -.85 o
p=0.84
English 73 5.01 0.29  -0.82
Highest Academic
Qualification
Fri11,1241= 0.91,
Postgraduate degree 112 528 -0.07 -0.63 p=0.61
Undergraduate degree 125 452 037 -0.69
Professional
Qualification
Bachelor’s in education
(B.Ed.) 94 512 0.04 -0.8
HSC Diploma in F[2,235] = 1.77,
Education 16 475 0.04 1 p=0.17
SSC Diploma in 29 414 042 -1
Education

Note: *checked using Levene’s test
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Figure D.1: Histogram of total scores by factor levels of each independent variable

Histogram of total by Edu_Cleaned_Grouped
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D.2 Other Descriptives

Figure D.2: Distribution of responses for confidence level questions
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Figure D.4

Wright Map (Person-ltem Map)
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Both maps in Figure D.4 support the selection of questions that were pursued further in the

qualitative phase.
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Appendix E: Details of Qualitative Findings

E.1 Original Marathi Quotes (Verbatim)

(p.45) 81, TFbIT, EFT Fedl GHOTT M. HeId, IHFTEHHH FIR FXAlAT IT & e fF=RIeT
BT ST, 33=THHH 0T GISTGETHRIA T Fell IgIaselgdr AT dell S,
TR, GIGTYEAFIAEN T chapter 0T Sl 3g1ave qof #RUGIEIST geodT e

(p.45) TSTGEAFIHEY U Glges Hifecl 3 0T &7 HGA=dr TR geare 33 ot
SdHT Ile. N 3glave AlET ardelt v e RIFadr Al AVIR. faeedr Alfedizar
Tellhs T3 FHIGIRT [75HY FIerder gar & Figl el fadiar.

(p.49) fA=81d eI FIGAT AN 3HTe. ~ITaT dlelldd HETNT FUINFIST TN Tl HTAGe]
HTETHIeA ST F1aTel 3] [Aeg AR 3iTe

(pp.49-50) T- GIReIT T/ HEZ HIRETSHT HIT FIUIR IET HeAT G957 Tl & I varity
P SeT.... IO YogT & 6 & §E=aT qaiT &I S UHT Hollel FIETer Jeel
T T Y2 HF FROIR FHI? 3T JIcel
R: FgUISt
T: THT HTPZIIT 3R I3 direct
R.: &Y varity sTel, 3T FUIEAI JTEf, FUISH &1 & 1] UFIH?

T: &RIST GIGIHED, 5t Felreh 3asa 397 3ig dl HHST 90T [elfgelr Jfor el
Sell, A I T FIRINT T 5w Pig Ahcil 3 Hellel Jascl 39T FI0Tar

37T

(p.51) BNV VEGITHIDIT [AGITIAT ATel HTTITeAT HIFAT VN, TR &G FHIT Hle, A7 T
8T VIV 36 [& UgvHEher dd qalaefler v N [Agareff 93«7 @HNur vadl
AT TETT, 960 HEIT 3Tg, AT Y60 HEIT TGE HIGTUIIGET G oo [Feareff aiv
SIT9T randomly 8cfel &0 90T T YGEIdA HIS bl

(p.51) IT age HEF HIEIRUT 3o fobedl déd ETaT Ueh GHITT 3. 3H BN Faldd IHEdT
13 3rp7e 3t 1@l e UahT FHeATel fhal TEIaT Horal 3] o laell, HHTT 3GT30T
qUT HH . G I FSATERT FIGTHET el dX ¢oo H3el Gl HIH
813 erd.

(p.51) random &7 EJMIET T, FHAT Hel [ATSAAT FHAT HISITT S1FIIT HIEIRT bias e,
& FHST HT AT JIEdd & Feradredl 3 SIET 3T 3T AT AqA G4
FIedT @ Hol AT R A 39e Hoal 8ol ¥ d AERVT J0IR AA78, dl bias
IEHUTN.
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(p.53) EFTead 3H QAT 36 @ dcare areel diad el 3ilg. Jecaeid H&IT alElel 3
FEUIS T e dleéell 3Te.  UETE! JIse @7 died av dl T9eTell Hasd FEUfe.
Wwwwmmﬁmﬁmconﬂanﬂymmﬁm
fagareatardl av el & 3o HRUT RIETOTIT JAH! &), interest & HII@IIT Hgcald
36 ﬁWWWWW%?WHWWWcapabiZiWW

(p.53) T option (d) #FEZ particularity 3e... & (b) option AEIZ HRUT dl STET linguistic
3T, JTIOT (d) ST TOIAT 3Tp... 3] gl 3iled.

(p.53) HI 31T [FER &ell GIaT 13 R0¢e & 000 €T Joleld, g ofl, 51 [F 2e0¢y-¢9 &7
ERFIIT Sl 3Te Al HH 306 FEUIST Goalcd=dr Flet Jui=gr JAAT AT BFd -3
GETHE FlBel e,

(p. 54) THTET 3 FIDS HTS el IAS, Foad ATl HEMFR Fell HEAT.. FROT daet
SIcgT HTEIRVT [daRelel 378 degT TR @ FH180 39fEd 3ad.

(p. 55) H qof JATelErar @9 &eil. 76015 2 #Hd [ADlel el B e 3 Al [Aalclel
f&e... quf G@irer @R Fer @@ HITE Jf ERIERT Fedr TR e, HRUT § o7
Fgee T UHT FA9¢ Id). FABIT [agaredfar faar #%eT H TRl FgUId 378,

(p. 55) TR 9.9 37T6. 9T 9.9 0T [Alelel dde fAgarff AT 1. g& goT & 5TH fo
T fABIr § STUT 3R, AT §H-IT &Ifell ¢ I0T fADIelel 9 ST0T Jed. ~HHD
& GHITT 17T &Tet dred 3.

(p. 57) FIAIeT FTRIET §1F WUehet... FX [AGARIAT GIewlsiqed faar el &v, FeUIS JIFd
GSUGTEYT HEHHET 3a¥ GRIFIA St 3118 AT ddel AT HfGd FHeT. FEUTST TheR
FIT 2o fFar ei3E gIsvgrard) ?envimnment?ﬂ??}ﬂ?,’ F)%?E/’EWHT ar
HIRHI VIR 3Te.... el ToTell HATOR predict &% AHT Alpld Hel Flt HIITUIR.

(p.57) option a &g, JTIVT 3 &6 A #lpl, HTTUT JET GIGHTET Jelsl ol Uhd el
9GSt ar fAEI ITE ... I IT ARFIrEr g R, HIUT BFd Il Algrdragael
gie] Ul ... Holl TTed g HI ATl HIIca! UFT e

(p.57) Option (d) F7F glsel. ¥ JFel Felicdel & Ulacdlal fo RaEId UIFd A, dl
% Fed FIetell JTe.... A dl Y2 UBd IGVIR AT STl JareT &Terd 3o H.

(p.57) HIG=ITEAT AGe=ar ¢9 fQqHId FeUIST G5l GI3H, &1 d%ed Il oliqed 3T Hf
rgeerd 13 Yaedr ARl ATERYT FAId el X dl YSUATl ST AF Il e,
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(p.59) FUIS Hel FEU[ AFAT 1@ Hofalre GISar=r 3ie far 3HET AT 38, Falar 3d
gred gl fa ﬁFﬁHT HT GI3aryd, d F1T FNUIR... re//i-/QS &GN §e¥ FIvT IE &

FleAT HHSIGA HIING FHI71eT

(p-59) Hel AT TR &RA A & SR FHIAT FBR HHT 3EeAl, /I &I variation
FH 38, FEUIS IR 9ISl $H JHlpd. FUIS J0T S e & SRfa%
range HEI FIeid. ST FHIT-FH 3 O FEANT-GRET . FEUST TGl
performance steady 31 Bl

(p.59) v&EIG-GH-=AT FHellell 3H @ gread 3de fF Helall 318 &V better performance @3
Ul GUT FSIAT AT AH HAle Feloll AAe.. FHDB T 5 FgOIT 3ile

ﬁﬁj\a—f correct & 3le A g rd@ &aler & IV average SET 36

(p.60) SiegT JFeT v GIAAEN fAasar degl cAredid U HIdcd 3E0T IRt 3. Hdcd
TR FHeT O 3790t UFIAT FHeT 3 BB AV fo ABIAR THGH 2 Hd Hael
av d risky 378, GUT SITE FIAcT 36 dl pressure 8 g1, FEUIST Tt FIAHIINT
VHARE] EAT T, Al Uh Gl By e, FIHS SIS guaranty g

Tl [Aas1d AT Hooll H aslol/;r// g
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Appendix F: Accessing Participants

F.1Flow chart of access to the participants

Figure F1

The online survey link was shared in
3 WhatsApp teacher communities
and through 2 well-connected
teachers.

It was likely forwarded by
multiple teachers, resulting
in a total of 259 responses

(Over two months.)

For Qualitative Phase For Quantitative Phase
‘ !
/Inclusion criteria: Teachers were Inclusion criteria: Teaching in a
selected based on how well they school in Maharashtra, Currently
met the criteria and the order in or previously taught mathematics
\which they responded. at the primary level )

A

N

Valid Valid
—*| Responses: Willing for interview: 198 Responses:
6 teachers, | contacted 28 251
of them based on
quantitative findings.
Total of 8 teachers
responded positively.

| —
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F.2 The WhatsApp message shared through the teachers’ group (Online
Survey)

Marathi Version

TLE AHTHR,

;N 157 Arerer e, gear A SeosAte Jieans Aeardieord Aeffties v ar fasard
M.Sc. X 3. HISIT UeegeR 3MeITATal HET Fguld H wruffeh fReteprear @i
(Statistics) oY HaheudATdar USIST AT fTAYATER HAHH T 3TR.

HRATdS IOTA=AT 3T HATT  TieTST g QYT A SIGTATT AT Adled 3TeT
3 dr 37eTEr afgeliargel fRUehdell Sirar 1M 3198t 311¢. HGRISSITeT QMeSic $aam Ufgell o
qradl a1 g9d g7 fAvT a7 Rerger Srar, Rt card Fivrear sl SvEdd §
FHS 0T §T AT HAMUATET THE g 3. Ueh TS FAETUT HOT AR Frel HAass
TRIETeR=AT AT U3e1 § FATST o7 HI0IArT AT fa=R 3178,

HYOT SR 33T ¢ A ¢ ALY 0T fAshad 3rarer favar a1 qdf Rskvaer 3o av a1 wdatond
HIET O3 Al A Gl qof aoarardy #Aegd wUdr & . Hiad aradeear fofdar
fFeleh h&eT JFET FAGTUNT $T U3 ehll. 38 ATRAHIS Afgcy u=eh Tgr.

9l {-Ischli-lcqugd J-Io'll‘-ll{-lt\o'l doddlq.

[LINK]

English Version
Hello,

I am Jioo Nimkar. I am currently pursuing an M.Sc. in Educational Research at the
University of Oxford, UK. As part of my postgraduate studies, I am conducting research

on the conceptualisation of statistics by primary school teachers.

Statistics has been introduced in the mathematics curriculum in India under the name of
information management, and it is expected to be taught from the very first grade. The
main objective of this research is to understand how this subject is taught in schools in
Mabharashtra from classes 1 to 5 and what difficulties teachers face in it. [ plan to complete

this research by conducting an online survey and then interviewing some selected teachers.

If you are teaching mathematics from classes 1 to 5 or have taught it before, please help
me complete my research by participating in this survey. You can participate in the survey
by clicking on the link sent to you. For more information, see the Participant Information

Sheet.

Thank you very much for your cooperation.
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F.3 The WhatsApp message shared to contact teachers (Online Interview)

Marathi Version

TAATHR!
A A9 53 Fee, J@ aear sifeaws Aeardierd Ared uedra R1efor 9 3.
G FI@BYdl 90T "FrafAs RNETonder eI HeheUedral Uisiel: HERISSIAT Teh

3EATE" I ATSAT FAUATHIS! TIR sholell HI OT Sholl BIcll. T HIHEY IO HAGAHIS
STOH WA Fig dholl gic. 8T AUST cOrd HEHId Trodell g, THUT 9R Ryafenrear

wfadeaYsT A1 HgT RIgTh Has HAGAEST Shell 8. I HAGAT Hell e

& HlTd AR 30 o yo fATFEN 3/@er 3MOT Microsoft Teams IT 3fieTellSel HIETHTCL
Bl STSel. 3T9el IR VHoArardy & 3cgs e,

YT AT HATGANT FEATN GIUITH THh TS, TR FUAT Hll hoddl. IJHR Y07 IS
g dl@ AfRaa #«.

egdic!

English Version

Hello!

My name is Jioo Nimkar, and [ am currently pursuing my Master's degree at the University

of Oxford.

Some time ago, you completed a survey prepared for my research titled "Exploring
Primary Teachers’ Notions of Big Ideas in Statistics: Insights from Maharashtra, India".
In that survey, you indicated that you were willing to be interviewed. This message is sent
regarding the interview. Out of a total of 259 responses, I have selected six teachers for
interviews. In this interview, I would like to know more about your teaching experiences
in statistics. This interview will last about 30 to 40 minutes and will be conducted online

through Microsoft Teams. I look forward to hearing your thoughts.

If you are interested in participating in this interview, please let me know. We will arrange

the time and date accordingly. PFA the Participant Information Sheet.

Thank you!
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