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Abstract 
In the digital era, statistical reasoning is a key competency required for students to interpret data and make 
evidence-based decisions. However, many students continue to struggle to progress beyond procedural stages toward 
deeper conceptual understanding. This study aims to identify the statistical reasoning profiles of eighth-grade students 
in Indonesia based on four developmental classifications: Idiosyncratic, Transitional, Quantitative, and Analytical. An 
exploratory case study design was employed with 27 students from a public junior high school in Bandung. Data were 
collected using the Statistical Reasoning Assessment Tool (SRAT) consisting of open-ended tasks and analyzed with a 
developmental rubric for statistical reasoning. Coding was conducted independently by two raters with high inter-rater 
reliability (Cohen’s κ = 0.87). Descriptive statistics, chi-square tests, and qualitative analyses of reasoning patterns and 
misconceptions were used to address the research questions. The findings revealed that most students were situated at 
the Quantitative level (63%), followed by Transitional (33%), and Idiosyncratic (4%), with no students reaching the 
Analytical level. These results indicate that while students were able to recognize and organize statistical information, 
they had not yet developed higher-order analytical reasoning skills. The implications highlight the need for 
pedagogical strategies that leverage digital technologies to move students beyond procedural competence toward 
analytical reasoning, through multi-representational approaches, engagement with authentic datasets, and 
inquiry-based learning, thereby supporting the development of data literacy as a 21st-century competency. 
Keywords: statistical reasoning, developmental levels, junior high school students, exploratory case study 
 
1. Introduction 
In today’s digital era, statistical reasoning has emerged as a fundamental competency within mathematics education, 
encompassing the ability to reason about variation, uncertainty, and evidence-based decision-making. Statistical 
reasoning serves as a critical bridge connecting mathematical understanding to real-world applications, preparing 
learners to navigate an increasingly data-driven society where interpreting and analyzing data have become daily 
necessities (Gal & Geiger, 2022). Contemporary challenges in healthcare, technology, and economics are increasingly 
dependent on data-driven solutions (Burrill & Pfannkuch, 2024; Schreiter et al., 2024). Just as textual literacy drove 
economic growth and societal well-being, data literacy now emerges as an equally crucial skill for navigating the 
data-centric landscape of the 21st century (Harvard Data Science Review, 2025; Fagerlund et al., 2025). 
Despite the importance of reasoning abilities for students, research reports consistently indicate that many students 
struggle to understand statistical concepts deeply. Research demonstrates that statistical ideas are frequently 
misunderstood and misapplied by students, with inappropriate reasoning about statistical concepts being widespread 
and persistent across all age levels (Garfield, 2002). These difficulties typically manifest when students are required to 
interpret data, recognize variation, understand uncertainty, and draw conclusions based on available evidence. Studies 
further reveal that students often become trapped at procedural reasoning levels, where they can perform calculations 
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but fail to integrate statistical concepts into coherent understanding (Chan et al., 2016). At the university level, students 
consistently find statistics courses challenging, with many struggling to develop deep and flexible conceptual 
understanding, particularly emphasizing conceptual comprehension over procedural fluency (Silva & Sarnecka, 2025). 
First-year undergraduate students demonstrate limited understanding of statistical concepts, with most lacking 
declarative and conditional knowledge that inhibits their procedural knowledge when solving statistical problems 
(Makwakwa & Wessels, 2024; Putri et al., 2023). 
Conversely, comprehensive research on students’ statistical reasoning development has been extensively conducted in 
Western countries using well-established theoretical frameworks. Longitudinal and design-based research by Ben-Zvi 
(2008) and Garfield & Ben-Zvi (2008) successfully mapped students’ statistical thinking stages systematically, 
ranging from intuitive understanding to advanced reasoning that encompasses informal inference and data-based 
argumentation. These findings provide robust theoretical foundations regarding how students across various age levels 
develop understanding of core statistical concepts such as distribution, variability, sampling, and uncertainty. However, 
similar empirical evidence remains severely limited in Southeast Asian regions, particularly Indonesia. Recent studies 
indicate that the majority of fifth-grade students in Indonesia remain at the idiosyncratic level in statistical literacy, 
with limited capacity for data interpretation and no students achieving quantitative or analytical proficiency (Büscher, 
2024; Hasanah et al., 2024; North et al., 2014). Research at secondary education levels confirms similar conditions, 
where Indonesian high school students’ statistical reasoning abilities require special attention in developing 
interpretation and data analysis competencies (Ariwinanda et al., 2022). This is further corroborated by Habibie et al. 
(2023), who found that the majority of Indonesian students demonstrated low statistical literacy on contextualized test 
items, with most students failing to master foundational descriptive statistics indicators. Within the broader Southeast 
Asian region, Chan et al. (2016) developed a validated framework for assessing statistical reasoning among Malaysian 
high school students, revealing that the majority remained at lower reasoning levels despite structured curriculum 
exposure. Similarly, Meylasari et al. (2021) documented that Indonesian student with moderate statistical thinking 
abilities consistently struggled to move beyond data description toward genuine interpretation and analysis. In a related 
vein, Rauhun et al. (2025) found that Indonesian junior high school students’ persistent difficulties in mathematical 
problem-solving stemmed from a complex interplay of cognitive, linguistic, and affective barriers rather than a single 
unitary deficit, reinforcing the need for profiling approaches that capture this developmental complexity. At the 
primary level, Hasanah et al. (2024) found no Indonesian fifth-grade students reaching quantitative or analytical 
proficiency, underscoring a developmental gap that persists across grade levels. These converging findings from the 
Indonesian and Southeast Asian contexts indicate that the challenges are not incidental but structural, rooted in 
curricular emphases on procedural computation and limited instructional support for interpretive reasoning. The 
present study builds directly on this regional evidence base by profiling statistical reasoning at the eighth-grade level 
— a critical transitional stage underrepresented in existing Indonesian research — and by situating these profiles 
within the demands of an increasingly digital educational landscape. 
Given these challenges, understanding students’ statistical reasoning profiles becomes crucial, not only for mapping 
existing capabilities but also for identifying barriers to achieving higher-level reasoning. Profile identification enables 
educators to design learning experiences tailored to each student’s specific needs, recognizing that individuals possess 
different reasoning patterns and learning approaches (Greiner et al., 2024). Furthermore, assessing students’ statistical 
reasoning provides valuable insights for teachers and policymakers in aligning pedagogical approaches with digital 
society demands, where students must develop abilities beyond calculation to include statistical reasoning for 
data-driven decision-making (Statistics Teacher, 2024). This necessitates pedagogical strategies that optimize 
technology use while maintaining focus on developing deep conceptual understanding, making students’ statistical 
reasoning profiles essential foundations for designing statistical education relevant to 21st-century needs. 
Therefore, this research aims to identify students’ statistical reasoning profiles based on developmental level 
classifications: Idiosyncratic (Level 1), characterized by intuitive and inconsistent reasoning; Transitional (Level 2), 
where students begin connecting data with basic interpretation; Quantitative (Level 3), involving systematic use of 
numerical and graphical information; and Analytical (Level 4), where learners critically evaluate data, integrate 
contextual knowledge, and draw valid conclusions (Garfield, 2002). In pursuit of these objectives, this research 
addresses three fundamental questions: 
1. What are the statistical reasoning profiles of eighth-grade students in Indonesia? 
2. How are students distributed across the four developmental reasoning levels? 
3. What implications do these profiles hold for teaching and learning in the digital era? 
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2. Method 
2.1 Research Design 
This study employed an exploratory case study design to investigate the statistical reasoning profiles of eighth-grade 
students in Indonesia. The exploratory case study approach was chosen as it allows for in-depth investigation of a 
contemporary phenomenon within its real-life context, particularly when the boundaries between phenomenon and 
context are not clearly evident (Yin, 2018). This design is particularly appropriate for understanding complex cognitive 
processes such as statistical reasoning, where the goal is to explore and describe patterns rather than to test 
predetermined hypotheses (Stake, 1995). The exploratory nature of the study acknowledges the limited existing 
research on statistical reasoning profiles in the Indonesian context, making it essential to first understand what patterns 
exist before developing more targeted interventions. 
The case study approach enables researchers to examine the statistical reasoning phenomenon holistically, considering 
the multiple factors that may influence students’ cognitive processes, including their educational background, cultural 
context, and individual learning experiences. This research framework draws upon Garfield (2002) hierarchical model 
of statistical reasoning development, which conceptualizes statistical thinking as progressing through distinct 
developmental stages. The theoretical foundation guided both the instrument design and analysis approach, ensuring 
alignment between the research objectives and methodological implementation while allowing for the emergence of 
unexpected patterns that might be unique to the Indonesian educational context. 
2.2 Participants 
The target population for this study consisted of eighth-grade students aged 13-14 years enrolled in public junior high 
schools in Bandung, Indonesia. The study was conducted at one public junior high school selected through purposive 
sampling based on several criteria including implementation of the national curriculum with standard statistical content 
coverage, diverse student population representing various socio-economic backgrounds, willingness of school 
administration and mathematics teachers to participate, and accessibility for research implementation. This school was 
chosen as a typical case that could provide insights generalizable to similar educational contexts in urban Indonesia. 
A total of 27 eighth-grade students participated in this exploratory case study, selected through convenience sampling 
from two mathematics classes. The sample comprised 15 female students (55.6%) and 12 male students (44.4%), 
reflecting the typical gender distribution in Indonesian secondary education. All participants had completed the 
prerequisite mathematics courses covering basic statistical concepts including data representation, measures of central 
tendency, and simple probability, as mandated by the Indonesian national curriculum. Inclusion criteria required that 
participants were enrolled in Grade VIII during the 2024 academic year, had no recorded learning disabilities that 
would impair mathematical reasoning, were present during the data collection session, and provided voluntary consent 
along with parental permission. Students who had been absent from more than 20% of mathematics classes in the 
preceding semester were excluded to ensure adequate exposure to statistical content. 
Ethical approval was obtained from the university’s Institutional Review Board and the regional education authority 
prior to data collection. Written informed consent was secured from both students and their parents or guardians, 
clearly explaining the research purpose, procedures, voluntary nature of participation, and data confidentiality 
measures. Participants were informed of their right to withdraw at any time without penalty, ensuring full compliance 
with ethical research standards. 
2.3 Instrument 
The primary data collection instrument was the Statistical Reasoning Assessment Tool (SRAT), specifically developed 
for this study based on established frameworks from Ben-Zvi and Garfield (2004) and Chan et al. (2016). The SRAT 
consists of six open-ended tasks designed to elicit students’ reasoning processes across key statistical concepts while 
allowing for differentiation across four developmental levels. Each task was carefully constructed to target specific 
aspects of statistical reasoning, including data interpretation where students analyze datasets and draw conclusions 
about central tendencies and variability, graphical reasoning requiring interpretation and comparison of multiple 
representations, sampling and inference evaluation of conclusion validity, variability recognition in real-world 
contexts, probability and uncertainty reasoning, and comparative analysis of datasets to justify evidence-based claims. 
Content validity was established through expert review by three statistics education researchers and two experienced 
mathematics teachers, followed by pilot testing with 12 students from a comparable school, leading to refinements in 
task wording and clarity. The instrument demonstrated acceptable internal consistency with Cronbach’s alpha α = 0.78, 
while test-retest reliability was established through a two-week interval administration with a subset of participants (n 
= 15), resulting in a correlation coefficient of r = 0.82. 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        128                          ISSN 1927-2677  E-ISSN 1927-2685 

Student responses were evaluated using a comprehensive rubric adapted from established frameworks by Garfield 
(2002) and Watson and Callingham (2003). The rubric delineates four hierarchical levels of statistical reasoning as 
presented in Table 1. The classification system progresses from basic intuitive responses to sophisticated analytical 
reasoning, providing a framework for understanding the developmental trajectory of students’ statistical thinking 
capabilities. 
 
Table 1. Levels of Statistical Reasoning 

Level Category Description 

1 Idiosyncratic 
Responses are intuitive, fragmented, and lack conceptual basis. Students rely on personal 
experiences rather than data analysis, demonstrate inconsistent reasoning across similar 
tasks, and show limited use of statistical vocabulary. 

2 Transitional 
Demonstrates partial understanding with inconsistent application across tasks. Students 
show some recognition of data patterns but with basic statistical vocabulary and limited 
comprehension of underlying concepts. 

3 Quantitative 
Provides coherent explanations supported by data and evidence. Students demonstrate 
systematic use of statistical procedures, appropriate recognition of variability, and 
consistent application of statistical reasoning. 

4 Analytical 
Exhibits advanced reasoning by integrating multiple representations and higher-order 
inference. Students can critically evaluate statistical arguments, demonstrate sophisticated 
understanding of uncertainty, and synthesize evidence from various sources. 

 
Each level represents a qualitatively different approach to statistical reasoning, with higher levels indicating more 
sophisticated cognitive processes and deeper understanding of statistical concepts. The rubric serves as both an 
assessment tool and a developmental framework, enabling researchers to identify not only where students currently 
perform but also the trajectory for their continued growth in statistical reasoning capabilities. 
2.4 Data Collection Procedure 
Data collection occurred during regular mathematics class periods over two consecutive days, with the lead researcher 
accompanied by the regular mathematics teacher to maintain a familiar environment for students. The 90-minute 
assessment session was divided into two 45-minute periods with a 10-minute break to prevent fatigue effects. Prior to 
task administration, students received standardized instructions emphasizing the importance of showing their thinking 
processes and reasoning rather than merely providing final answers, with clarifying questions about task requirements 
addressed without providing mathematical guidance. 
All student responses were collected in written form using specially designed answer booklets that provided adequate 
space for extended explanations and diagram construction. Students were encouraged to use diagrams, tables, or other 
visual representations to support their reasoning, while audio recordings were made with consent to capture any verbal 
explanations during individual task completion. To ensure consistency across administration sessions, a detailed 
protocol was followed including standardized verbal instructions read verbatim, identical physical setup and materials, 
consistent timing procedures, and prohibition of calculators or digital tools to focus assessment on reasoning rather 
than computational ability. 
2.5 Data Analysis 
Student responses underwent systematic content analysis using the established rubric through a multi-stage coding 
process. Initial familiarization involved reading all responses completely to gain overall understanding of student 
reasoning patterns, followed by response segmentation where each student’s work was divided into analyzable units 
corresponding to specific tasks and reasoning components. Two independent raters, the lead researcher and a trained 
graduate student in mathematics education, conducted primary coding of all responses according to the four-level 
rubric, achieving strong inter-rater reliability with Cohen’s kappa κ = 0.87. Discrepancies between raters were resolved 
through discussion and consultation with a third expert when necessary. 
Descriptive statistics were employed to characterize the distribution of students across reasoning levels, including 
frequency distributions, percentages, and cross-tabulations to address the research questions. Chi-square tests were 
conducted to examine potential associations between student characteristics such as gender and prior achievement with 
reasoning levels. Representative response excerpts were selected to illustrate the characteristics of each reasoning level 
based on three explicit criteria: (1) the response clearly exemplified the defining features of its assigned level as 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        129                          ISSN 1927-2677  E-ISSN 1927-2685 

described in the rubric, with no ambiguous or borderline characteristics; (2) both raters independently assigned the 
response to the same level without initial discrepancy, ensuring inter-rater consensus on its typicality; and (3) the 
written response was sufficiently detailed and legible to allow meaningful qualitative illustration of level-specific 
reasoning. Where multiple responses met all three criteria within a given level, the excerpt demonstrating the broadest 
range of level-characteristic features was selected. This systematic selection procedure was designed to minimize 
researcher subjectivity and ensure that the illustrated responses are genuinely representative of the reasoning patterns 
observed at each developmental level. Thematic analysis was additionally conducted across all responses within each 
level to identify recurring reasoning strategies and common misconceptions. To enhance trustworthiness of findings, 
several validation strategies were implemented including member checking where selected students were invited to 
review interpretations of their responses, peer debriefing with colleagues in mathematics education research, 
maintaining an audit trail with detailed documentation of all analytical decisions and reasoning processes, and 
providing rich description through comprehensive documentation of the research context and participant 
characteristics. All data were stored securely with participant identities protected through numerical coding systems, 
with digital files password-protected and stored on encrypted servers, while paper-based materials were kept in locked 
filing cabinets accessible only to authorized research personnel. 
 
3. Results  
3.1 Profiles of Statistical Reasoning with Representative Student Responses 
To investigate students’ statistical reasoning, participants were presented with a bar chart (Figure 1) showing the 
number of villages in Lampung Province affected by four types of disease outbreaks in 2024: diarrhea, dengue fever, 
measles, and malaria. Based on this figure, students were asked to identify the type of diagram and the data it 
represented, as well as to describe the province, year, and the diseases included. This task was designed to capture 
how students interpret, describe, and justify their understanding of statistical representations in context. 
 

 

Figure 1. Number of Villages with Disease Outbreaks in Lampung Province, 2024 
 
The responses were then analyzed and categorized according to the four levels of statistical reasoning defined in the 
rubric: Idiosyncratic, Transitional, Quantitative, and Analytical. Each level is illustrated below with representative 
excerpts from students’ written work, highlighting the distinctive features of their reasoning processes. 
Level 1: Idiosyncratic (4%) 
A small proportion of students (4%) demonstrated reasoning at the Idiosyncratic level, where responses were 
intuitive, fragmented, and disconnected from the statistical content of the task. These students tended to rely on 
superficial features of the diagram rather than engaging with the data presented. 
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Figure 2. Student response Classified as Idiosyncratic Reasoning 

 
One student’s written response is shown in Figure 2. The student identified the diagram as a Diagram Balok (beam 
chart) but justified the choice by stating karna berbentuk balok (because it is shaped like a beam). While the term 
beam chart was not incorrect, the justification indicates reasoning based purely on the visual shape of the diagram 
rather than its statistical meaning. Furthermore, the student did not address the other aspects of the question, such as 
the location (Lampung Province), the year (2024), or the types of diseases represented (diarrhea, dengue fever, 
measles, and malaria). 
This type of reasoning exemplifies Level 1(Idiosyncratic), as defined in the scoring rubric, where students either 
provide irrelevant answers or fail to respond to the statistical aspects of the question. The response lacked evidence 
of understanding that a diagram represents structured data rather than merely a picture. Students at this level remain 
dependent on intuitive impressions and have yet to develop the ability to interpret data systematically. The presence 
of Idiosyncratic responses suggests that some students require explicit instructional support to move beyond intuition 
and to recognize that diagrams are tools for organizing and interpreting data. Without such scaffolding, their 
engagement with statistical tasks may remain limited to surface features. This response pattern aligns with findings 
by Zora and Saban (2023), who observed that students at early reasoning stages tend to conflate the visual 
appearance of diagrams with their statistical function, treating graphical representations as pictures rather than as 
structured data displays. The absence of engagement with the data’s content in this study may therefore reflect 
insufficient prior exposure to tasks that explicitly require interpretation rather than merely identification of diagram 
types. Such a finding carries an important pedagogical implication: when instruction emphasizes diagram naming 
and construction over data reasoning, students internalize form over function, and this internalization persists as a 
barrier to progression toward higher reasoning levels. Targeted instructional intervention that explicitly connects 
visual features of diagrams to their underlying statistical meaning is therefore essential for students at this level. 
Level 2: Transitional (33%) 

 
Figure 3. Student Response Classified as Transitional Reasoning 
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A considerable proportion of students (33%) demonstrated reasoning at the Transitional level. At this stage, students 
began to reference aspects of the data but did so inconsistently or incompletely. Their answers often reflected only a 
partial understanding of the statistical information, sometimes by repeating elements directly from the diagram or the 
task prompt, without elaborating on the deeper statistical meaning. This indicates that while students at this level 
were no longer relying solely on intuition, their reasoning remained limited and lacked coherence.  
An example of a Transitional-level response is presented in Figure 3. In this case, the student wrote: 
“Mendeskripsikan data (kejadian luar biasa wabah penyakit) di Provinsi Lampung, pada tahun 2024, ada penyakit 
muntaber, demam berdarah.” (Describes the data [extraordinary occurrence of disease outbreaks] in Lampung 
Province, in 2024, there are diarrheal disease and dengue fever outbreaks). For the explanation, the student added: 
“Kar(e)na sudah sesuai yang ada di soal” (Because it is already in accordance with the question.). This response 
shows that the student was able to identify certain details correctly, namely the province, the year, and some of the 
diseases. In doing so, the student recognized key elements of the data presented in the bar chart. 
However, the answer remains incomplete. The student failed to mention all of the categories represented in the 
diagram, omitting measles and malaria. The explanation provided was also superficial, as it did not offer a statistical 
justification or interpretation but instead relied on the idea that the answer simply matched the information presented 
in the question. Such reasoning illustrates the core characteristic of the Transitional level: partial correctness without 
comprehensive understanding. The omission of measles and malaria from the student’s response may indicate 
selective attention, a well-documented cognitive pattern wherein students prioritize the most familiar or visually 
salient elements of a display while overlooking less prominent data points. This aligns with Lavigne and Lajoie’s 
(2007) observation that students at the Transitional stage tend to anchor their reasoning on familiar contextual cues 
— in this case, the more commonly known diseases — rather than systematically scanning all available categories in 
the diagram. Furthermore, the justification strategy of citing task alignment (“because it is already in accordance 
with the question”) reveals an externally-directed form of validation: the student evaluates correctness by matching 
the answer to the question rather than by independently interrogating the data. This distinction is critical because it 
reveals that Transitional-level students have not yet developed the internal statistical judgment necessary for 
autonomous data interpretation, which is the defining feature of higher-level reasoning. 
According to the scoring rubric, this type of response fits within Level 2: Transitional because it addressed some 
aspects of the question correctly while neglecting others, and because the justification offered was limited and lacked 
depth. The student’s work demonstrates an emerging awareness of the statistical content, yet it falls short of the 
ability to synthesize information from the diagram in a meaningful way. 
The presence of students at the Transitional level underscores the importance of instructional scaffolding. Learners at 
this stage require teaching approaches that encourage them to move beyond simply recalling or restating visible 
details. They benefit from guided prompts that emphasize completeness in describing and interpreting data. 
Moreover, they need structured opportunities to practice explicit reasoning about patterns, variability, and 
comparisons, which can gradually help them progress toward more advanced forms of statistical reasoning. 
Level 3: Quantitative (63%) 

 
Figure 4. Student Response Classified as Quantitative reasoning. 
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The majority of students (63%) demonstrated reasoning at the Quantitative level, where responses showed a coherent 
understanding of the task supported by data drawn from the diagram. At this stage, students were able to identify the 
type of diagram, list all categories, and include contextual details such as the province and year. Their answers 
reflected an ability to systematically organize and restate information, indicating a shift from partial recognition to 
more structured statistical reasoning. 
A representative student response is shown in Figure 4. The student wrote: “Nama diagram: Batang. Dalam diagram 
tersebut menjelaskan bahwa ada 4 wabah penyakit yaitu muntaber, demam berdarah, campak, malaria di Provinsi 
Lampung tahun 2024.” (Name of the diagram: Bar chart. The diagram explains that there are four disease outbreaks, 
diarrhea, dengue fever, measles, and malaria, in Lampung Province in 2024.). For the explanation, the student added: 
“Karena sudah sesuai dengan yang ada di soal.” (Because it is already in accordance with the question.). 
This response illustrates the characteristics of quantitative reasoning. The student correctly identified the diagram as 
a bar chart, included all four diseases displayed in the figure, and mentioned both the location and year. In doing so, 
the response demonstrated the ability to extract and represent the essential information accurately. However, the 
justification remained limited, as the explanation was restricted to aligning the answer with the task rather than 
offering any independent interpretation of the data. This reliance on task alignment as justification — “because it is 
already in accordance with the question” — reveals a characteristic limitation of Quantitative reasoning that Garfield 
(2002) describes as a procedural ceiling: students can accurately reproduce and organize data but validate their 
answers by referencing the task rather than by exercising independent statistical judgment. The student’s response is 
complete in content yet hollow in reasoning, demonstrating procedural accuracy without conceptual agency. 
Critically, this pattern also exposes a limitation of single-diagram identification tasks as assessment instruments: they 
can confirm that students recognize statistical representations, but they cannot elicit the comparative, inferential, or 
evaluative thinking that characterizes Analytical reasoning. To facilitate progression from Level 3 to Level 4, 
instruction must move beyond asking students to describe what a diagram shows and instead require them to explain 
what the data means, why certain patterns exist, and what conclusions can legitimately be drawn — questions that 
demand the kind of independent statistical judgment currently absent from these responses. 
According to the scoring rubric, this type of response is placed at Level 3: Quantitative because it addressed nearly 
all aspects of the task comprehensively, even though the reasoning did not extend to broader analysis. The student 
exhibited procedural competence in recognizing and reporting the data, but had not yet reached the reflective 
reasoning required for the Analytical level. The prevalence of students at this level suggests that many learners are 
capable of interpreting statistical diagrams correctly, but their reasoning is largely descriptive. To help them progress, 
instructional support should move beyond procedural recall and instead emphasize deeper engagement with the data. 
Prompts that encourage students to compare differences across categories, reason about variability, or consider 
implications in real-world contexts could guide them toward developing analytical reasoning skills. 
3.2 Distribution of Students Across the Four Developmental Reasoning Levels 
The analysis of students’ statistical reasoning profiles reveals a distinctive distribution pattern across the hierarchical 
levels, with significant implications for understanding the current state of statistical education in Indonesian junior 
high schools. The distribution demonstrates a pronounced concentration in the middle levels of statistical reasoning 
development, suggesting both achievements and limitations in current pedagogical approaches. 
 
Table 2. Distribution of Students’ Statistical Reasoning Levels 

Level Category Frequency Percentage 
1 Idiosyncratic 1 4% 
2 Transitional 9 33% 
3 Quantitative 17 63% 
4 Analytical 0 0% 
Total  27 100% 

 
As presented in Table 2, the data shows that the vast majority of students (96%) have progressed beyond purely 
intuitive reasoning, with only one student (4%) classified at the Idiosyncratic level. This finding indicates that most 
eighth-grade students have developed some capacity to engage with statistical information beyond mere personal 
impressions or surface-level observations. The minimal presence at Level 1 suggests that basic exposure to statistical 
concepts through the national curriculum has been successful in moving students away from entirely fragmented or 
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irrelevant responses to statistical tasks. 
The largest concentration of students appears at the Transitional level, with nine students (33%) demonstrating partial 
but inconsistent understanding of statistical concepts. This substantial proportion indicates that approximately 
one-third of students are in a critical developmental phase where they recognize statistical elements but struggle with 
comprehensive interpretation and application. Their responses typically show awareness of data components but lack 
the systematic organization and complete analysis required for higher-level reasoning. Most significantly, the majority 
of students (63%) achieved Quantitative reasoning, representing 17 participants who demonstrated coherent 
explanations supported by data evidence. This concentration at Level 3 suggests that current instructional approaches 
have been effective in developing students’ ability to systematically organize and interpret statistical information. 
Students at this level can accurately identify diagram types, extract relevant information, and provide comprehensive 
descriptions of statistical representations. However, their reasoning remains largely descriptive and procedural, 
focusing on data extraction rather than deeper analytical interpretation. 
The complete absence of students at the Analytical level (0%) represents a critical finding that reveals a developmental 
ceiling in current statistical reasoning instruction. None of the 27 participants demonstrated the advanced reasoning 
capabilities characterized by integration of multiple representations, critical evaluation of statistical arguments, or 
sophisticated inferential thinking. This gap indicates that while students can process and describe statistical 
information effectively, they have not developed the higher-order cognitive skills necessary for complex statistical 
reasoning required in contemporary data-driven contexts. The distribution pattern suggests a developmental trajectory 
where students progress successfully through initial stages of statistical reasoning but encounter barriers in 
transitioning to analytical thinking. The concentration at Quantitative level, while positive, may indicate instructional 
approaches that emphasize procedural competence over conceptual depth and critical analysis. Several factors may 
account for the observed distribution pattern. First, the Indonesian national curriculum at the junior high school level 
has historically prioritized procedural competence — such as reading and constructing graphs — over interpretive and 
inferential reasoning tasks. This curricular emphasis likely creates a ceiling effect at the Quantitative level, where 
students can accurately organize and report data but are rarely required to go further. Second, the absence of students at 
the Analytical level may reflect limited classroom exposure to open-ended, multi-representational tasks that demand 
higher-order thinking. When statistical instruction focuses predominantly on single correct answers, students have few 
opportunities to develop the evaluative and inferential skills characteristic of Level 4. Third, chi-square analysis 
conducted in this study found no statistically significant association between gender and reasoning level (p > .05), 
suggesting that the distributional pattern is relatively uniform across male and female students and is more likely 
attributable to shared instructional experiences than to individual demographic differences. These converging factors 
point to a systemic rather than individual explanation for the developmental ceiling observed in this sample. 
3.3 Implications for Teaching and Learning in the Digital Era 
The statistical reasoning profiles identified in this study hold profound implications for redesigning mathematics 
education to meet the demands of an increasingly digital and data-driven society. The distribution patterns reveal both 
opportunities and urgent needs for instructional transformation, particularly as digital technologies create new 
possibilities for statistical learning while simultaneously raising expectations for sophisticated data analysis skills. 
The absence of students at the Analytical level presents the most significant concern for digital era education. In 
contemporary society, students encounter vast amounts of data through digital platforms, social media, and online 
information sources that require critical evaluation and sophisticated interpretation skills (Burrill & Pfannkuch, 2024). 
The inability of students to demonstrate analytical reasoning suggests they may be ill-equipped to navigate the 
complex statistical information that characterizes digital communication and decision-making. This gap becomes 
particularly problematic when considering that digital citizenship requires individuals to critically assess data-driven 
claims, understand statistical manipulation in media, and make informed decisions based on complex statistical 
evidence. 
The concentration of students at the Quantitative level, while representing an achievement in basic statistical 
competence, reveals an instructional ceiling that must be addressed for digital era readiness. Students who can 
accurately describe and organize statistical information but cannot critically analyze or synthesize data from multiple 
sources will struggle with the complex, multi-modal statistical presentations common in digital environments. Digital 
platforms often present statistical information through interactive visualizations, dynamic data displays, and integrated 
multimedia representations that require analytical reasoning skills for meaningful interpretation. 
The substantial proportion of students at the Transitional level (33%) indicates a critical intervention point where 
targeted digital tools and pedagogical approaches could facilitate advancement to higher reasoning levels. Digital 
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technologies offer unique opportunities to support these students through interactive simulations, real-time data 
manipulation, and scaffolded analysis tools that can bridge the gap between partial understanding and systematic 
reasoning. Technology-enhanced instruction could provide the consistent practice and immediate feedback necessary 
to help transitional students develop more coherent and complete statistical reasoning patterns. 
For students already at the Quantitative level, the digital era presents both opportunities and requirements for 
advancement to analytical reasoning. Digital tools can provide access to authentic, large-scale datasets that require 
sophisticated analysis techniques, moving beyond the descriptive approaches that characterize Level 3 reasoning. 
Recent evidence further suggests that AI-based tools such as ChatGPT, when integrated into structured learning 
models, can function as adaptive scaffolding that bridges procedural competence and deeper conceptual understanding 
(Monike et al., 2025; Sudirman et al., 2026). Online statistical software, interactive visualizations, and collaborative 
data analysis platforms can create learning environments where students must integrate multiple representations, 
evaluate conflicting evidence, and develop complex inferential reasoning skills essential for Level 4 performance. 
The findings suggest that current instructional approaches, while successful in developing basic statistical competence, 
are insufficient for preparing students for the analytical demands of digital society. Traditional pedagogical methods 
that emphasize procedural skills and descriptive analysis must be supplemented with approaches that foster critical 
thinking, multi-representational reasoning, and sophisticated inference capabilities. This transformation requires not 
only technological integration but also fundamental shifts in pedagogical philosophy from knowledge transmission to 
inquiry-based exploration and critical analysis. 
The digital era also presents unique opportunities for personalized learning pathways that can address the diverse 
reasoning levels identified in this study. Adaptive digital platforms can provide differentiated instruction that meets 
students at their current reasoning level while providing appropriate challenges and supports for advancement. For 
Transitional level students, digital tools can offer structured scaffolding and guided practice, while Quantitative level 
students can engage with more complex, open-ended data analysis projects that require analytical reasoning. 
Furthermore, the digital context necessitates explicit instruction in statistical literacy that extends beyond traditional 
mathematical content to include understanding of algorithmic decision-making, data privacy implications, and the 
social consequences of statistical analysis. Students must develop not only technical statistical reasoning skills but also 
ethical awareness and critical consciousness about the role of data and statistics in digital society. The implications 
extend to teacher preparation and professional development, as educators must be equipped to facilitate learning 
experiences that promote analytical reasoning while integrating digital technologies effectively. This requires ongoing 
professional learning opportunities that help teachers understand both the technical aspects of statistical reasoning 
development and the pedagogical approaches necessary for fostering higher-order thinking in digital environments. 
 
4. Discussion 
4.1 Profiling Students’ Statistical Reasoning in the Indonesian Context 
The present study provides an empirical portrait of Indonesian junior high school students’ statistical reasoning. The 
analysis revealed that students’ responses clustered within three developmental levels—Idiosyncratic, Transitional, 
and Quantitative, while none demonstrated reasoning at the Analytical level. This pattern underscores that student are 
able to recognize and describe information from statistical representations but face considerable challenges in 
extending their reasoning to more advanced forms of analysis. According to the framework laid out by Chan et al., the 
levels of statistical reasoning resonate with the structure of the SOLO (Structure of Observed Learning Outcomes) 
model, aligning the Idiosyncratic level with pre-structural reasoning and the Transitional level with multi-structural 
understanding, indicating a gradual transition from instinctive thinking to more organized approaches to statistical 
concepts (Chan et al., 2016). Additionally, the classification of students in this study was found to be consistent with 
the findings of Ben-Zvi and Garfield, in which the necessity for developing a critical understanding of data 
interpretations across various educational contexts was emphasized (Ben-Zvi & Garfield, 2004). 
The small proportion of students at the Idiosyncratic level indicates that only a minority rely on intuitive impressions 
disconnected from the data. This aligns with findings in the literature where researchers have identified similar trends 
in statistical reasoning, emphasizing that many students struggle to engage meaningfully with statistical data due to an 
emphasis on calculative skills rather than interpretative reasoning (Zora & Saban, 2023). Furthermore, the larger 
presence of students situated at the Transitional level suggests that they have begun to grasp key aspects of the data, 
albeit without full comprehension or the ability to engage in more complex analyses, reflecting a crucial developmental 
stage in their learning process (Meylasari et al., 2021). The findings mirror trends noted in international studies, as 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        135                          ISSN 1927-2677  E-ISSN 1927-2685 

detailed by Garfield and Ben-Zvi, who argue that students commonly exhibit difficulties in advancing their reasoning 
capabilities to higher levels of cognitive engagement (Garfield & Ben‐Zvi, 2009). 
The largest group was found at the Quantitative level, where students provided coherent and accurate descriptions of 
the diagram but stopped short of making generalizations or contextual interpretations. This phenomenon reflects a 
crucial insight presented in research by Hasim et al., which points out that while students can categorize and represent 
data proficiently, they often lack the skills necessary for effective analysis and interpretation (Hasim et al., 2024). The 
absence of students at the Analytical level highlights a persistent gap in students’ abilities to engage with data at a 
higher cognitive plane. This trend is consistent with studies conducted by Garfield and Chance, which have 
systematically noted this deficit in the context of statistical reasoning across various educational environments, 
indicating that both an understanding of statistical concepts and their application in real-life contexts remain 
underdeveloped (Garfield & Chance, 2000). 
Thus, the profiles identified in this study not only reflect the developmental trajectory described in the literature but 
also provide a localized account of how Indonesian students navigate statistical tasks within their curriculum. 
Compared to findings from neighbouring Malaysia, where Chan et al. (2016) similarly documented a concentration of 
students at lower reasoning levels despite structured curriculum exposure, the present study reveals a comparable 
pattern in the Indonesian context — yet with a notably higher proportion of students reaching the Quantitative level. 
This suggests that Indonesian eighth-grade students may have developed stronger procedural competencies than their 
Malaysian counterparts at equivalent grade levels, while still sharing the same critical barrier: the inability to transition 
into Analytical reasoning. Within Indonesia itself, this study extends the work of Hasanah et al. (2024) at the primary 
level and Ariwinanda et al. (2022) at the senior high school level, providing an empirical anchor at the junior high 
school stage that was previously absent from the Indonesian research landscape. Together, these studies begin to form 
a developmental trajectory of statistical reasoning across Indonesian schooling, revealing a persistent gap at the 
analytical level that transcends grade boundaries and calls for coordinated curricular intervention. Given the noted 
challenges, it is imperative to enhance instructional practices aimed at fostering higher-level statistical reasoning, 
encouraging an environment that promotes students to move beyond mere descriptions to more complex data 
interpretations, as suggested by the frameworks developed by prominent researchers in statistics education (Ben‐Zvi & 
Makar, 2015; Everson et al., 2008). 
4.2 Distribution Patterns Across Developmental Levels of Reasoning 
The distribution of students across the four developmental levels of statistical reasoning revealed a concentration at the 
Quantitative level (63%), followed by the Transitional level (33%), and a very small proportion at the Idiosyncratic 
level (4%). Notably, no students demonstrated reasoning at the Analytical level. This pattern suggests that while the 
majority of students have advanced beyond purely intuitive or fragmented reasoning, their engagement with statistical 
tasks remains largely descriptive and procedural. The significant predominance of the Quantitative level indicates that 
most students were able to identify relevant features of the bar chart, such as categories, location, and time, and to 
represent these accurately in their responses—echoing findings by Chan et al. which categorize statistical reasoning 
levels to highlight similar trends in the identification and structuring of statistical data among students (Chan et al., 
2016). However, their reasoning rarely extended beyond mere description. This is supported by a continuum of 
research illustrating that junior high school learners often plateau at procedural or quantitative stages of reasoning, 
struggling to reach higher-order levels of inference (Ben‐Zvi & Garfield, 2008). 
The relatively large proportion of students in the Transitional level further reflects the tendency to reference the data 
more systematically; these responses often remain incomplete or inconsistent, underscoring the challenge of moving 
from partial understanding to coherent reasoning. Research by Lavigne and Lajoie emphasizes that while students 
engage with statistical inquiry, their reasoning processes may not always support deeper analysis (Lavigne & Lajoie, 
2007). The near absence of students at the Idiosyncratic level is encouraging, suggesting that only a minority relied on 
intuitive or irrelevant responses, as corroborated by Saidi and Siew, who demonstrated that only a few students exhibit 
such a rudimentary understanding of statistical reasoning (Saidi & Siew, 2022). Nevertheless, the complete lack of 
students at the Analytical level is a critical finding that denotes a significant gap: none of the participants displayed the 
capability to synthesize multiple representations, reason about variability, or make generalized conclusions from the 
data. Such analytical skills are emphasized in the literature as essential for advanced statistical reasoning, particularly 
by Garfield, who argues that moving beyond basic understanding to analytical capabilities is pivotal for educational 
advancement in statistics (Garfield, 2003). 
Taken together, the distribution patterns observed in this study highlight both progress and limitations in the 
development of statistical reasoning among Indonesian junior high school students. While foundational reasoning 
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skills are being acquired, research by Conway et al. indicates the necessity of creating more explicit instructional 
opportunities aimed at scaffolding the transition from quantitative to analytical reasoning (Conway et al., 2019). 
Enhancements in teaching methodologies that address these gaps in reasoning ability can consequently lead to 
improved statistical literacy, as suggested by the collective findings from various studies on educational practices 
(Jones et al., 2000; Maghfiroh & Prayitno, 2023; Schapiro & Turk‐Browne, 2015). 
4.3 Pedagogical Implications for Teaching and Learning in the Digital Era 
The identification of students’ statistical reasoning profiles provides valuable implications for teaching practice. The 
concentration of students at the Quantitative and Transitional levels suggests that many learners can engage with 
statistical representations but are not yet equipped to reason about data in a reflective or analytical manner. 
Accordingly, teachers need to design learning environments that intentionally scaffold the progression from partial and 
procedural reasoning toward deeper forms of analysis. Research indicates that scaffolding is essential in aiding 
students’ understanding and reasoning abilities, with guided questioning promoting articulation and reflection that can 
lead to improved statistical reasoning skills (Dyer & Sherin, 2015). 
One implication concerns the use of guided questioning and scaffolding strategies. Students at the Transitional level 
require prompts that encourage them to articulate their reasoning more fully, address overlooked aspects of data, and 
justify their interpretations. This assertion is supported by findings from Dyer and Sherin, which underscore the 
importance of responsive teaching that adapts to students’ needs and promotes active learning (Dyer & Sherin, 2015). 
Similarly, students at the Quantitative level benefit from tasks that go beyond the simple identification of categories or 
descriptions of patterns. Instruction should emphasize reasoning about variability, comparisons between groups, and 
evidence-based conclusions, as these higher-order thinking skills are crucial for advancing students’ statistical 
reasoning. 
The findings also underscore the potential of interactive digital technologies to support this progression. Digital tools, 
such as dynamic graphing software and statistical simulation programs, can provide opportunities for students to 
manipulate data sets, explore patterns, and test hypotheses in real time (Qureshi et al., 2021). Similarly, the integration 
of technologies such as augmented reality into project-based learning frameworks has demonstrated promise in 
fostering higher-order reasoning and self-regulation among junior high school students in Indonesia (Isharyadi et al., 
2026; Kadir et al., 2026; Sudirman et al., 2026). These experiences foster active engagement and encourage learners to 
move beyond procedural description toward analytical interpretation, which aligns with discussions regarding the 
efficacy of technology-enhanced learning resources (Clunie et al., 2017). Previous research has highlighted that 
technology-mediated environments can strengthen students’ conceptual understanding and reasoning by providing 
authentic, interactive contexts for learning statistics. 
Moreover, the integration of digital tools aligns with the broader agenda of 21st-century education, where 
competencies such as data literacy, critical thinking, and problem-solving are prioritized. Empirical findings further 
confirm that technology integration and learner engagement are significant predictors of mathematical 
problem-solving ability, underscoring the need for blended instructional frameworks that combine pedagogical 
guidance with digital tools (Gyenyn et al., 2026). By linking statistical reasoning tasks with digital technologies, 
educators can both strengthen students’ conceptual development and prepare them for participation in a society 
increasingly driven by data. As education shifts toward a more technology-integrated approach, understanding the 
factors influencing students’ engagement with digital technologies is vital for enhancing learning outcomes (Oyetade 
et al., 2024). This highlights the necessity for professional development for educators to adequately support the 
integration of these tools in instructional settings (Cao et al., 2023). 
4.4 Broader Contributions to Data Literacy and 21st-Century Competencies 
Although the present study was conducted with a limited sample of Indonesian junior high school students, the results 
provide broader insights into how statistical reasoning develops in relation to global educational goals. The 
identification of distinct reasoning profiles contributes to an empirical model that highlights not only where students 
currently stand but also the conceptual gaps that prevent them from reaching advanced levels of reasoning. Such 
profiling enriches the international literature on statistics education by offering evidence from a Southeast Asian 
context that has been underrepresented in prior research. According to Park and Kyei, understanding regional 
educational dynamics is crucial for developing effective teaching strategies, particularly in the context of educational 
attainment across cultures (Park & Kyei, 2011). 
These findings also reinforce the centrality of data literacy as a foundational competency for 21st-century learners. In 
an era where decisions in science, health, economics, and everyday life increasingly rely on the interpretation of data, 
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students must be able to reason beyond surface-level descriptions of graphs or tables. Previous research underscores 
the importance of educational reforms that promote higher-order reasoning, given the documented correlation between 
mathematical literacy and critical engagement with information (Carmichael et al., 2010). By demonstrating that most 
learners remain at the transitional and quantitative levels, this study highlights the urgent need for pedagogical reforms 
that foster critical engagement with data and encourage deeper cognitive processing. 
Bridging this gap is essential for preparing students not only to succeed academically but also to participate responsibly 
in a data-driven society. The integration of digital tools in teaching statistical reasoning is not merely an instructional 
choice but a necessity for equipping learners with skills relevant to modern contexts. Studies have shown that digital 
technologies serve as vital adjuncts in educational settings, enabling students to practice reasoning skills in authentic 
and interactive environments (Doğan, 2023). By providing students with authentic opportunities to interact with data 
through technology, educators can help cultivate reasoning abilities that extend beyond the classroom to real-world 
decision-making. 
In this way, the study contributes both theoretically and practically: theoretically, by offering an empirical model of 
reasoning profiles that can inform future research; and practically, by pointing to actionable strategies for teachers and 
curriculum designers. The intersection of statistical reasoning, data literacy, and digital pedagogy positions this work 
within the broader conversation about how mathematics education can support the development of globally relevant 
competencies for the 21st century. This further strengthens the imperative for educational reform. 
 
5. Conclusion 
This study sought to identify the statistical reasoning profiles of eighth-grade students in Indonesia and to examine how 
these profiles are distributed across developmental levels. The findings revealed that the majority of students were 
situated at the Quantitative level, followed by the Transitional level, with very few at the Idiosyncratic level and none 
at the Analytical level. These results indicate that while students were generally capable of extracting and restating 
information from statistical diagrams, their reasoning remained largely procedural and descriptive. The absence of 
students at the Analytical level highlights a significant gap in their ability to synthesize multiple representations, 
evaluate variability, and generalize conclusions, which are fundamental aspects of higher-level statistical reasoning. 
The identification of these profiles provides valuable insight into the challenges and opportunities for mathematics 
education in Indonesia. Students who remained at the Transitional level demonstrated only partial engagement with the 
data, while those at the Quantitative level showed procedural mastery without deeper inference. These findings suggest 
that instruction must go beyond surface-level engagement with data and provide scaffolding that supports the transition 
to analytical reasoning. Teachers can design activities that explicitly prompt students to justify their answers, reason 
about variability, and make connections between data and real-world contexts. 
The use of the Statistical Reasoning Assessment Tool (SRAT), comprising six open-ended tasks targeting key 
statistical concepts including data interpretation, graphical reasoning, variability recognition, and comparative analysis, 
proved effective in capturing meaningful qualitative differences across the four developmental levels. Unlike 
closed-format assessments that yield only correctness scores, the open-ended nature of the SRAT allowed students to 
express their reasoning processes in full, making it possible to distinguish between surface-level pattern recognition 
and deeper data interpretation. The instrument’s ability to differentiate between Idiosyncratic, Transitional, and 
Quantitative reasoning — while also revealing the complete absence of Analytical responses — demonstrates its 
diagnostic utility for identifying where students currently stand and what instructional support they require. Future 
studies may consider adapting the SRAT for use in digital environments, across different grade levels, or within 
intervention designs that track reasoning development over time, thereby building on its potential as both an 
assessment and a research tool in statistics education. A key implication of this study lies in the integration of digital 
technologies into the teaching of statistics. Interactive graphing tools, statistical simulations, and online platforms can 
provide authentic opportunities for students to manipulate data, explore patterns, and test hypotheses. Such tools may 
also help students coordinate between graphical, numerical, and contextual representations, thereby supporting the 
development of analytical reasoning. In line with global trends in 21st-century education, the use of digital 
technologies has the potential to bridge the gap between procedural competence and critical data literacy. 
Despite its contributions, the study has several limitations. The research was conducted in a single school with a 
relatively small sample, which restricts the generalizability of the findings. Moreover, the assessment of students’ 
reasoning was limited to written responses on one set of tasks. Future research could include larger and more diverse 
samples, as well as longitudinal designs that trace the development of statistical reasoning over time. Individual 
interviews or classroom observations may also provide richer insights into how students articulate and refine their 
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reasoning processes. In conclusion, this study contributes to the literature by presenting an empirical model of 
statistical reasoning profiles in a Southeast Asian context. It underscores the importance of pedagogical strategies that 
deliberately scaffold students’ reasoning across levels, while also emphasizing the potential of digital tools to foster 
more advanced engagement with data. Ultimately, strengthening statistical reasoning is not only a matter of improving 
mathematics achievement but also a step toward cultivating the critical data literacy required for informed participation 
in contemporary society. 
 
6. Limitations 
This study has several limitations that should be acknowledged. First, the research involved only 27 students from a 
single urban public junior high school in Bandung, which limits the generalizability of findings to other educational 
contexts. The homogeneity of the sample — drawn from one school with a specific socioeconomic profile and 
instructional environment — means that the reasoning profiles identified here may not fully represent students in 
rural schools, private institutions, or schools with significantly different resource levels and pedagogical approaches. 
While this limitation is inherent to the exploratory case study design, which prioritizes depth of understanding over 
breadth of generalization (Yin, 2018), it nonetheless constrains the external validity of the findings. Future research 
should employ purposive or stratified sampling across multiple school types, geographic regions, and socioeconomic 
contexts within Indonesia to examine whether the developmental ceiling observed at the Quantitative level is a 
localized phenomenon or a systemic pattern across the national educational landscape. Second, the cross-sectional 
design provides only a snapshot of students’ reasoning at one point in time rather than tracking development over 
time. Third, the assessment relied solely on written responses to statistical tasks, which may not capture the full 
range of students’ reasoning abilities. Finally, the study did not control for factors such as prior achievement, 
socioeconomic background, or specific instructional experiences that might influence statistical reasoning 
development. Future research should include larger and more diverse samples, longitudinal designs to track 
reasoning development, and multiple assessment methods including interviews and observations to provide richer 
insights into students’ statistical thinking processes. 
 
References 
Ariwinanda, V., Zubainur, C. M., & Sofyan, H. (2022). Statistical reasoning ability of Banda Aceh city high school 

students. In Proceedings of the Eighth Southeast Asia Design Research (SEA-DR) & the Second Science, 
Technology, Education, Arts, Culture, and Humanity (STEACH) International Conference (pp. 259-263). 
Atlantis Press. https://doi.org/10.2991/assehr.k.211229.040 

Ben-Zvi, D. (2008). Research on developing statistical reasoning: Reflections, lessons learned, and challenges. In 
ICME 11 - International Congress on Mathematical Education. International Mathematical Union. Retrieved 
from 
https://www.mathunion.org/icmi/publications/icme-proceedings/icme-11-regular-lectures/research-developing-s
tatistical 

Ben-Zvi, D., & Garfield, J. (2004). Statistical literacy, reasoning, and thinking: Goals, definitions, and challenges. In 
The challenge of developing statistical literacy, reasoning and thinking (pp. 3-15). Springer. 
https://doi.org/10.1007/1-4020-2278-6_1 

Ben-Zvi, D., & Garfield, J. (2008). Introducing the emerging discipline of statistics education. School Science and 
Mathematics, 108(8), 355-361. https://doi.org/10.1111/j.1949-8594.2008.tb17850.x 

Ben-Zvi, D., & Makar, K. (2015). Teaching and learning of statistics. In Encyclopedia of mathematics education (pp. 
443-446). Springer. https://doi.org/10.1007/978-3-319-12688-3_37 

Burrill, G., & Pfannkuch, M. (2024). Emerging trends in statistics education. ZDM – Mathematics Education, 56(1), 
19-29. https://doi.org/10.1007/s11858-023-01501-7 

Büscher, C. (2024). Adapting Habermas’ construct of communicative rationality into a framework for analyzing 
students’ statistical literacy. Educational Studies in Mathematics, 117(1), 121-141. 
https://doi.org/10.1007/s10649-024-10325-5 

Cao, L., Lei, H., Wang, Y., Li, L., Liu, Q., Zeng, R., & Yao, Q. (2023). Exploration of improving the digital literacy 
ability of vocational education teachers under the background of digital education strategy. Adult and Higher 
Education, 5(17), 114-120. https://doi.org/10.23977/aduhe.2023.051714 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        139                          ISSN 1927-2677  E-ISSN 1927-2685 

Carmichael, C., Callingham, R., Hay, I., & Watson, J. (2010). Measuring junior high school students’ interest in 
statistical literacy. Mathematics Education Research Journal, 22(3), 9-39. https://doi.org/10.1007/bf03219776 

Chan, S. W., Ismail, Z., & Sumintono, B. (2016). A framework for assessing high school students’ statistical reasoning. 
PLOS One, 11(11), e0163846. https://doi.org/10.1371/journal.pone.0163846 

Clunie, L., Morris, N. P., Joynes, V., & Pickering, J. D. (2017). How comprehensive are research studies investigating 
the efficacy of technology-enhanced learning resources in anatomy education? A systematic review. Anatomical 
Sciences Education, 11(3), 303-319. https://doi.org/10.1002/ase.1762 

Conway, B., Martin, W. G., Strutchens, M. E., Kraska, M. F., & Huang, H. (2019). The statistical reasoning learning 
environment: A comparison of students’ statistical reasoning ability. Journal of Statistics Education, 27(3), 
171-187. https://doi.org/10.1080/10691898.2019.1647008 

Doğan, E. (2023). A meta-analysis study on data literacy education for school administrators and teachers. Kuramsal 
Eğitimbilim, 16(1), 199-217. https://doi.org/10.30831/akukeg.1134207 

Dyer, E., & Sherin, M. G. (2015). Instructional reasoning about interpretations of student thinking that supports 
responsive teaching in secondary mathematics. ZDM – Mathematics Education, 48(1-2), 69-82. 
https://doi.org/10.1007/s11858-015-0740-1 

Everson, M., Zieffler, A., & Garfield, J. (2008). Implementing new reform guidelines in teaching introductory college 
statistics courses. Teaching Statistics, 30(3), 66-70. https://doi.org/10.1111/j.1467-9639.2008.00331.x 

Fagerlund, J., Palsa, L., & Mertala, P. (2025). Exploration of domains of educational purpose in K-12 data literacy 
education research. Educational Review, 46, 100663. https://doi.org/10.1016/j.edurev.2024.100663 

Gal, I., & Geiger, V. (2022). Welcome to the era of vague news: A study of the demands of statistical and mathematical 
products in the COVID-19 pandemic media. Educational Studies in Mathematics, 111(1), 5-28. 
https://doi.org/10.1007/s10649-022-10151-7 

Garfield, J. (2002). The challenge of developing statistical reasoning. Journal of Statistics Education, 10(3). 
https://doi.org/10.1080/10691898.2002.11910676 

Garfield, J. (2003). Assessing statistical reasoning. Statistics Education Research Journal, 2(1), 22-38. 
https://doi.org/10.52041/serj.v2i1.557 

Garfield, J., & Ben-Zvi, D. (2008). Developing students’ statistical reasoning: Connecting research and teaching 
practice. Springer Science+Business Media. https://doi.org/10.1007/978-1-4020-8383-9 

Garfield, J., & Ben-Zvi, D. (2009). Helping students develop statistical reasoning: Implementing a statistical reasoning 
learning environment. Teaching Statistics, 31(3), 72-77. https://doi.org/10.1111/j.1467-9639.2009.00363.x 

Garfield, J., & Chance, B. (2000). Assessment in statistics education: Issues and challenges. Mathematical Thinking 
and Learning, 2(1-2), 99-125. https://doi.org/10.1207/s15327833mtl0202_5 

Greiner, U., Katstaller, M., & Oitner, T. (2024). Reasoning in classroom dilemma situations: How pre-service teachers 
judge performance assessment. Frontiers in Education, 9, 1170118. https://doi.org/10.3389/feduc.2024.1170118 

Gyenyn, M., Adu-Obeng, B., & Arthur, Y. D. (2026). Guided teaching, technology integration, and learner 
engagement as predictors of mathematical problem-solving ability: A structural equation modeling study. 
International Journal of Didactic Mathematics in Distance Education, 3(1), 119-136. Retrieved from 
https://jurnal.ut.ac.id/index.php/ijdmde/article/view/13962 

Habibie, Z. R., Kartono, K., Kartono, W., & Kharisudin, I. (2023). Analysis of student statistical literacy using test 
questions integrated with Indonesian education issues as a form of contextual approach. Polyhedron 
International Journal in Mathematics Education, 1(2), 86-93. https://doi.org/10.59965/pijme.v1i2.48 

Harvard Data Science Review. (2025). Integrating data literacy into K–12 education. Harvard Data Science Review, 
7(2). https://doi.org/10.1162/99608f92.o1nj6f46 

Hasanah, U., Putrawangsa, S., Setiawati, F. A., & Purwanta, E. (2024). Statistical literacy in primary education: An 
analysis of Indonesian fifth-graders’ data interpretation and analysis skills. Journal on Mathematics Education, 
15(3), 687-704. https://doi.org/10.22342/jme.v15i3.pp687-704 

Hasim, S. M., Rosli, R., & Halim, L. (2024). A quantitative case study of secondary school students’ level of statistical 
thinking. Eurasia Journal of Mathematics, Science and Technology Education, 20(4), em2421. 
https://doi.org/10.29333/ejmste/14358 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        140                          ISSN 1927-2677  E-ISSN 1927-2685 

Isharyadi, R., Kusumah, Y. S., Nurjanah, N., & Martadiputra, B. A. P. (2026). Integrating markerless augmented 
reality into project-based learning to foster spatial reasoning and self-regulated learning in junior high school: A 
formative evaluation. International Journal of Didactic Mathematics in Distance Education, 3(1), 106-118. 
Retrieved from https://jurnal.ut.ac.id/index.php/ijdmde/article/view/13945 

Jones, G. A., Thornton, C. A., Langrall, C. W., Mooney, E. S., Perry, B., & Putt, I. (2000). A framework for 
characterizing children’s statistical thinking. Mathematical Thinking and Learning, 2(4), 269-307. 
https://doi.org/10.1207/s15327833mtl0204_3 

Kadir, W. N. H. W. A., Shapri, N. I. M., Hassan, N., Yusof, M. Z., & Mohamed, F. (2026). Design and development 
research (DDR) approach in STEM project: Augmented reality module to improve the quality of education for 
rural students in Malaysia. Journal of Curriculum and Teaching, 15(1), 242-253. 
https://doi.org/10.5430/jct.v15n1p242 

Lavigne, N. C., & Lajoie, S. P. (2007). Statistical reasoning of junior high school children engaged in survey inquiry. 
Contemporary Educational Psychology, 32(4), 630-666. https://doi.org/10.1016/j.cedpsych.2006.09.001 

Maghfiroh, N., & Prayitno, L. L. (2023). Errors 8th grade students solve statistical literacy: Newman perspective. 
Matematika dan Pembelajaran, 11(1), 20-31. https://doi.org/10.33477/mp.v11i1.2665 

Makwakwa, E. G., & Wessels, D. C. J. (2024). First-year undergraduate students’ statistical problem-solving skills. 
Teaching Statistics, 46(1), 32-45. https://doi.org/10.1111/test.12359 

Meylasari, N. D., Sujadi, I., & Subanti, S. (2021). The profile of students with moderate initial statistical thinking 
ability in analyzing and interpreting data. International Journal of Multicultural and Multireligious 
Understanding, 8(1), 79-85. https://doi.org/10.18415/ijmmu.v8i1.2245 

Monike, R. S., Sudirman, S., Kandaga, T., & Rodríguez-Nieto, C. A. (2025). Effectiveness of ChatGPT-integrated 
discovery learning on mathematical literacy in three-variable linear equation systems: A quasi-experimental 
study. International Journal of Didactic Mathematics in Distance Education, 3(1), 64-82. 
https://doi.org/10.33830/ijdmde.v3i1.13157 

North, D., Gal, I., & Zewotir, T. (2014). Building capacity for developing statistical literacy in a developing country: 
Lessons learned from an intervention. Statistics Education Research Journal, 13(2), 15-27. 
https://doi.org/10.52041/serj.v13i2.276 

Oyetade, K., Harmse, A., & Zuva, T. (2024). Evaluating students’ willingness to use digital technologies. International 
Journal of Education and Practice, 12(3), 1027-1039. https://doi.org/10.18488/61.v12i3.3820 

Park, H., & Kyei, P. (2011). Literacy gaps by educational attainment: A cross-national analysis. Social Forces, 89(3), 
879-904. https://doi.org/10.1093/sf/89.3.879 

Putri, C. K., Juandi, D., Kurniawan, S., & Sukri, S. (2023). High school students’ errors in solving statistical literacy 
test similar to minimum competency assessment. Edumatica: Jurnal Pendidikan Matematika, 13(2), 83-93. 
https://doi.org/10.22437/edumatica.v13i02.26153 

Qureshi, M. I., Khan, N., Raza, H., Imran, A., & Ismail, F. (2021). Digital technologies in education 4.0: Does it 
enhance the effectiveness of learning? A systematic literature review. International Journal of Interactive Mobile 
Technologies, 15(4), 31-47. https://doi.org/10.3991/ijim.v15i04.20291 

Rauhun, S., Indrawati, I., Samsul, B., Sudirman, S., & Olivero-Acuña, R. R. (2025). Phenomenological exploration of 
low conceptual understanding in mathematical story problem-solving among Indonesian Junior High School 
Students. International Journal of Mathematics and Sciences Education, 3(2), 93–104. 
https://doi.org/10.59965/ijmsed.v3i2.186 

Saidi, S. S., & Siew, N. M. (2022). Assessing secondary school students’ statistical reasoning, attitude towards 
statistics, and statistics anxiety. Statistics Education Research Journal, 21(1), 1-21. 
https://doi.org/10.52041/serj.v21i1.67 

Schapiro, A. C., & Turk-Browne, N. B. (2015). Statistical learning. In Brain mapping (pp. 501-506). Academic Press. 
https://doi.org/10.1016/b978-0-12-397025-1.00276-1 

Schreiter, S., Friedrich, A., Fuhr, H., Basten, M., Pinkwart, N., & Paeßens, M. (2024). Teaching for statistical and data 
literacy in K-12 STEM education: A systematic review on teacher variables, teacher education, and impacts on 
classroom practice. ZDM – Mathematics Education, 56(1), 31-45. https://doi.org/10.1007/s11858-023-01531-1 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        141                          ISSN 1927-2677  E-ISSN 1927-2685 

Silva, P. N., & Sarnecka, B. W. (2025). What do your students struggle with? A survey of statistics 
instructors. Journal of Statistics and Data Science Education, 1-12. 
https://doi.org/10.1080/26939169.2025.2455560 

Stake, R. E. (1995). The art of case study research. Sage Publications. 
Statistics Teacher. (2024). Statistics, data science education: Key for future of high school mathematics. Statistics 

Teacher, American Statistical Association. Retrieved from 
https://www.statisticsteacher.org/2024/12/09/future-of-high-school-mathematics/ 

Sudirman, S., Martadiputra, B.A.P., Faizah, S., Rodríguez-Nieto, C., Soeharto, S., Lavicza, Z., Isnawan, M.G., 
Sembiring, M.G., Runisah, R., & Suprihatin, R.J. (2026). Integrating a steam-based MOOC as a didactic and 
pedagogical supplement in school mathematics: A design-based research study. Journal of Technology and 
Science Education, 16(1), 125-146. https://doi.org/10.3926/jotse.3633 

Sudirman, S., Rodríguez-Nieto, C. A., Hidayat, R., Isnawan, M. G., Pauzan, M., Yumiati, Martadiputra, B. A. P., 
& Faizah, S. (2026). Operationalizing didactical situation-based online learning to support eighth-grade 
students’ mathematical reasoning and understanding in geometry: Participatory design research. Journal on 
Mathematics Education, 17(1), 43-68. https://doi.org/10.22342/jme.v17i1.pp43-68 

Watson, J. M., & Callingham, R. (2003). Statistical literacy: A complex hierarchical construct. Statistics Education 
Research Journal, 2(2), 3-46. https://doi.org/10.52041/serj.v2i2.553  

Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). Sage Publications. 
Zora, L. Ö., & Saban, P. A. (2023). Examination of eighth grade students’ statistical reasoning skills regarding pie 

chart. Online Journal of Education Research, 10(1), 63-90. https://doi.org/10.59409/ojer.1257451 
 
 
Acknowledgments 
The authors gratefully acknowledge Universitas Pendidikan Indonesia for providing the research funding that 
supported this study. We thank the school administration, mathematics teachers, and students who participated in this 
research for their cooperation and enthusiasm. Special appreciation is extended to the graduate students who assisted 
with data coding and analysis, and to colleagues who provided valuable feedback during various stages of this 
research. Finally, we thank the anonymous reviewers for their constructive comments that helped improve this 
manuscript. 
Authors contributions 
Bambang Avip Priatna Martadiputra and Yaya Sukjaya Kusumah were responsible for study conceptualization, 
research design, and manuscript revision. Lussy Midani Rizki was responsible for data collection and formal analysis. 
Sudirman Sudirman contributed to methodology development and data interpretation. Siti Faizah contributed to data 
coding and validation. Camilo Andrés Rodríguez-Nieto contributed to theoretical framing and critical revision of the 
manuscript. Bambang Avip Priatna Martadiputra drafted the manuscript, and all co-authors reviewed and revised it 
critically for important intellectual content. All authors read and approved the final manuscript. 
Funding 
This work was supported by the 2025 Collaborative Research Grant among State Universities with Legal Entity 
Status (Hibah Penelitian Kolaborasi antar Perguruan Tinggi Negeri Berbadan Hukum), awarded by Universitas 
Pendidikan Indonesia [Approval Number: 1156/UN40.F7/PT.01.01/2025]. 
Competing interests 
The authors declare that they have no known competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 
Disclosure of AI Use 
AI-based tools (ChatGPT) were used solely to check grammar and improve the clarity of the English language in the 
manuscript. AI was not used for data analysis, interpretation, or generation of scientific content. All intellectual 
contributions, analyses, and conclusions are the authors’ own. 
 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 15, No. 3; 2026 

Published by Sciedu Press                        142                          ISSN 1927-2677  E-ISSN 1927-2685 

Informed consent 
Obtained. 
Ethics approval 
The Publication Ethics Committee of the Sciedu Press.  
The journal’s policies adhere to the Core Practices established by the Committee on Publication Ethics (COPE). 
Provenance and peer review 
Not commissioned; externally double-blind peer reviewed. 
Data availability statement 
The data that support the findings of this study are available on request from the corresponding author. The data are 
not publicly available due to privacy or ethical restrictions. 
Data sharing statement 
No additional data are available. 
Open access 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

 
 
 
 
  


