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This study investigates primary mathematics teachers’ statistical content 

knowledge (CK) in Maharashtra, India, using a multiple-choice survey 

questionnaire aligned with five key statistical concepts based on the 

statistical inquiry cycle. A total of 251 teachers across the state participated 

in the survey. Findings indicate low overall performance, with a mean score 

of 4.87 (SD = 2.08) out of a possible 12 marks. There were particular 

difficulties in formulating investigable questions and describing data. No 

significant differences were observed based on teaching experience, school 

type, or language of instruction, except that postgraduate qualifications 

were associated with slightly higher scores compared to teachers with only 

undergraduate degrees. Confidence levels of teachers, measured through a 

Likert scale, did not align with actual performance on the questionnaire, 

suggesting limited teacher awareness of knowledge gaps. The study aims 

to establish a baseline for future teacher professional development in 

statistics. 
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Introduction  

In today’s data-driven world, the ability to interpret and understand statistical 

information is critical for making informed decisions. Statistical literacy, defined as the 

ability to understand and use statistical information in decision-making (Wallman, 

1993), has therefore become an essential educational goal. Recognising this, India 

includes data handling in early mathematics curricula to cultivate foundational 

statistical skills and capacities like critical thinking (NCERT, 2023). While the primary 

textbooks include chapters on data handling, there remains a gap between the textbook 

activities and the intended learning outcomes (Thatte & Nimkar, 2022). Moreover, the 

activities are largely procedural and computational, offering students little to no scope 

for engaging in statistical inquiry. 

The statistical inquiry cycle (PPDAC: Problem, Plan, Data, Analysis, 

Conclusion) described by Wild and Pfannkuch (1999) offers a powerful pedagogical 

model for developing statistical thinking. When children engage with meaningful 

problems through this cycle, they can begin to make informal inferences and develop 

intuitive understandings of key ideas such as central tendency, variation, and sampling. 

However, the effective use of such an approach relies on teachers’ content and 

pedagogical expertise. In India, teacher professional development, especially in 

mathematics, often lacks depth and focus (Das, 2019). Consequently, teaching of data 

handling rests largely on individual teachers’ understanding, with limited systemic 

support. This gap is especially concerning given the increasing emphasis on data 

literacy in education. In this study, we explore primary teachers’ statistical pedagogical 



Fujita, T. (Ed.) Proceedings of the British Society for Research into Learning Mathematics 45 (2) June 2025 

From Conference Proceedings 45-2 (BSRLM) available at bsrlm.org.uk © the author - 2 

content knowledge from the state of Maharashtra, using a tool we developed based on 

the PPDAC model to establish a baseline of their understanding.   

Literature review 

Teacher knowledge plays a critical role in shaping students’ understanding of statistical 

ideas. Shulman (1987) introduced the concept of pedagogical content knowledge 

(PCK) to describe the integration of subject matter knowledge and pedagogy. He 

distinguished it from content knowledge (CK), which refers to an understanding of the 

subject's structure and key concepts. In contrast, PCK builds on CK by focusing on 

representing ideas in forms meaningful to learners. Ma’s (1999) framework of profound 

understanding of fundamental mathematics highlights the importance of connected and 

flexible content knowledge (CK) for effective teaching. Together, these frameworks 

underscore CK as a critical component of teacher knowledge. 

To explore statistical CK, the PPDAC cycle described by Wild and Pfannkuch 

(1999) offers a structure for breaking down teachers’ understanding across each phase 

of inquiry, informing overall questionnaire design. Similarly, Konold et al. (2004) 

identified common student reasoning patterns that can guide the creation of distractors 

based on documented misconceptions. While PPDAC can shape the structure, Konold 

can inform question-level design through theory-based distractions. 

Research suggests that primary teachers often hold fragmented statistical 

content knowledge across core areas such as formulating investigable questions, 

sampling, data description, central tendency, and inference (in this study, we refer to 

them as ‘Big Ideas’). For instance, they tend to pose closed questions, limiting quality 

data enquiry (Arnold, 2009), and often see sampling as part of the population, 

overlooking characteristics of the sample like bias and representativeness (Garfield, 

2003). Visual representations of data are frequently viewed as end products rather than 

tools for exploring patterns or variability (Burgess, 2011). Averages are calculated 

procedurally, with little attention to their meaning (Leavy & O’Loughlin, 2006). 

Teachers also often struggle with making inferences, partly due to discomfort with the 

uncertainty and probabilistic language involved in such claims (Thatte et al., 2025). 

Given the importance of content knowledge in facilitating statistical inquiry in 

classrooms, this study aims to investigate the depth and structure of primary teachers’ 

statistical CK in Maharashtra, India. Hence the research question is defined as follows: 

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?  

Methods 

A convenience sample of 259 (valid n= 251) primary mathematics teachers from across 

Maharashtra, India, participated in this study. Participants were identified through 

WhatsApp teacher communities and personal networks, with limited snowball sampling 

to improve geographic representation. Teachers from 32 out of 36 districts within the 

state participated, with the highest representation from Parbhani, Pune, and Nashik. 

Most respondents taught in government schools (68.5%), had over 15 years of 

experience (72.5%), and used Marathi as the medium of instruction (70.9%). Their 

qualifications varied, with a mix of undergraduate, postgraduate, and professional 

teaching degrees.  

The survey instrument was an online multiple-choice questionnaire with 12 

questions based on statistical CK. The instrument was developed to assess statistical CK 
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using five big ideas based on the PPDAC cycle: formulating investigable questions, data 

collection and sampling, describing data, central tendency, and inference. Since existing 

tools were not comprehensive of these ideas, a new instrument was developed by 

creating new questions or adapting items from the Saksham test (Nimkar & Thatte, 

2022/2024) and the LOCUS bank (2025). All items were designed to reflect informal 

statistical reasoning and included distractors based on known common mistakes or 

misconceptions. No calculations or formulas were required to answer any of the 

questions. They focused on interpretation, data trends, and using uncertain language. 

Each item aligned with one big idea. Six additional Likert-scale questions were included 

to assess teachers’ confidence in each area. As the survey was designed for online use, 

The first author carefully formatted it to reduce cognitive load and ensure ease of 

navigation. Table 1 shows the distribution and structure of the survey. 

 

The instrument was originally developed in English and then translated into Marathi 

using the TRAPD method (Willis et al., 2010). A bilingual researcher supported the 

process to ensure cultural and linguistic relevance. Where Marathi lacked direct 

translations (e.g., for "typical"), we used simplified or explanatory alternatives to 

improve clarity. 

A pilot study with eight teachers helped test the tool’s clarity and structure. After 

completing the survey, participants took part in follow-up interviews. Based on their 

feedback, we removed one unclear item, revised several distractors to increase 

diagnostic strength, simplified phrasing, and standardised item formats. These revisions 

improved the tool’s clarity, accessibility, and diagnostic power, ensuring its suitability 

for use with a larger sample. 

Findings  

Descriptive Statistics  

The questionnaire consisted of 12 items aligned 

with the five big ideas in statistics. Participants’ 

total scores ranged from 1 to 10, with a mean of 

4.87 (SD = 2.08). The distribution was slightly 

skewed and showed moderate negative kurtosis, 

indicating a concentration of scores in the lower 

Table 1. Structure of the survey instrument 

Big Idea No. Q Objective 

Defining Statistically 

Investigable Question 

2 Teachers demonstrate understanding that a statistically 

investigable question will involve uncertainty in its answer. 

Collecting data & 

Sampling 

2  Teachers are able to identify the most critical data to answer 

a statistical question and understand that a random sample 

is the most representative sample. 

Describing Data 2 Teachers demonstrate the ability to describe patterns or 

trends in visual representations of data using appropriate 

statistical language. 

Understanding 

central tendencies  

3 Teachers can determine the most appropriate measure of 

central tendency and understand the limitations of this 

measure. 

Interpreting & 

Predicting from Data 

3 Teachers can analyse data as an aggregate, use it as 

evidence, and make conjectures using uncertain language. 

Total 12  

Figure 1 
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range. A histogram of total scores is presented in Figure 1. Mean scores varied across 

the big ideas. The highest performance was observed in interpreting data (M = 1.35, SD 

= 1.02) and sampling (M = 1.25, SD = 0.73), while the lowest scores were in defining 

statistically investigable questions (M = 0.55, SD = 0.57) and describing data (M = 0.60, 

SD = 0.63).  

Analysis 

Before conducting statistical tests, key assumptions were assessed. Levene’s test 

confirmed homogeneity of variances, and inspection of skewness, kurtosis, and 

histograms showed approximate normality. These conditions supported the use of 

parametric tests. Independent samples t-tests and ANOVA were used to compare total 

scores across demographic variables. No significant differences were found based on 

school type, teaching experience, or medium of instruction. However, participants with 

a postgraduate degree scored significantly higher (M = 5.28, SD = 1.99) than those with 

only an undergraduate degree (M = 4.52, SD = 2.09), t[234.08] = 2.85, p < .01, with a 

small to moderate effect size (d = 0.37). This may reflect how further academic 

education supports stronger conceptual understanding of statistics. Professional 

teaching qualifications did not significantly influence performance, although ANOVA 

showed a near-significant result suggesting a potential effect (F[2, 236] = 2.65, p = .07). 

Figure 2 provides a visual summary of the results. Overall, teachers’ content knowledge 

appears independent of teaching experience or school background, highlighting the 

need for targeted professional development.  

We also examined performance at the item level. The percentage of correct answers for 

each question ranged from 6% to 68%, highlighting considerable variation across the 

big ideas. This variation offered insights into teachers’ specific misconceptions. Six 

items were selected for further analysis, which will be carried out in the second half of 

this study using qualitative methods. These included items with unexpectedly low 

Figure 2 

Note: Error bars indicate 95% CIs with means at the centre 
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accuracy or distractors that attracted many incorrect responses. This selection will help 

investigate not just teacher reasoning but also potential design flaws in the items. 

In addition to CK scores, we analysed teachers’ confidence in their answers. 

Participants rated their confidence for each big idea on a 4-point Likert scale. 

Correlation analysis revealed no significant relationship between total score and overall 

confidence, suggesting that teachers’ self-perceived ability did not align with their 

actual performance. Interestingly, confidence ratings across the five big ideas were 

moderately to strongly correlated with each other. This suggests that teachers either felt 

confident across all areas or lacked confidence overall, rather than identifying specific 

areas of strength or difficulty.  

Taken together, these findings show that most participants struggled with 

fundamental statistical ideas, particularly those involving data collection and 

description. The lack of variation across demographic categories suggests these 

difficulties are widespread and not limited to specific subgroups. At the same time, 

weak alignment between confidence and performance suggests a potential gap in self-

awareness, reinforcing the need for teacher professional development that targets both 

content and reflection. 

Conclusion 

This study set out to examine primary teachers’ statistical content knowledge (CK) in 

Maharashtra, guided by the research question: How do primary mathematics teachers 

demonstrate knowledge of key statistical concepts such as uncertainty, central 

tendency, variation, and data aggregation at an informal level? Drawing on frameworks 

by Shulman (1987), Ma (1999), and Wild and Pfannkuch (1999), the study focused on 

five big ideas in statistics aligned with the PPDAC cycle. The findings revealed modest 

overall performance, with a mean score below 50%, and particularly low scores in areas 

such as defining statistically investigable questions and describing data, both essential 

starting points for statistical inquiry. Notably, these difficulties were consistent across 

teaching experience, school type, and language of instruction, suggesting that statistical 

CK challenges are systemic rather than individual. While participants with postgraduate 

qualifications performed slightly better, this was not mirrored in professional teaching 

qualifications. Teachers also showed limited awareness of their own knowledge gaps, 

as confidence ratings were poorly aligned with actual performance. These findings echo 

concerns in the literature about the marginal status of mathematics and consequently of 

statistics in teacher education in India (Das, 2019) and the need for targeted, concept-

focused professional development. Addressing this gap is essential for supporting 

teachers to guide meaningful statistical reasoning in primary classrooms.  

A limitation of this study is the use of a newly developed, non-standardised 

instrument, which, while carefully designed and piloted, may have limited diagnostic 

power. Additionally, the self-selected sample may not fully represent all regions of 

Maharashtra. The second part of this study will include a qualitative phase to explore 

teachers’ reasoning in depth. This mixed-method approach aims to establish a baseline 

understanding of statistical knowledge, which will inform the design of a future teacher 

professional development intervention. 
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