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ABSTRACT

Aim. This study develops and evaluates the Guided Discovery Learning (GDL)
model to enhance junior high school students’ statistical literacy. The model integrates
contextual problem-solving tasks to strengthen students’ understanding of statistics
while fostering statistical literacy.

Methods. A mixed-methods approach with an explanatory sequential design
was employed. The GDL model was developed through Educational Design Research
(EDR) and subsequently evaluated using a one-group pre-test—post-test design.
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Quantitative data were analysed using the Wilcoxon Signed-Rank Test and effect size,
while qualitative insights were derived from semi-structured interviews with students
and teachers to explore their experiences during implementation.

Results. Expert validation confirmed the strong alignment of the GDL design with
the intended outcomes of statistical literacy, emphasising contextual relevance and scaf-
folding. Statistical analysis indicated significant improvement, with the median score
rising from 50.00 to 87.00 (Z = -5.552, p < 0.001). All students improved, with none
declining. The calculated effect size (r = 0.878) demonstrated a substantial positive
impact of the intervention.

Conclusions. This study addresses theoretical needs by advancing a constructivist-
based framework, while meeting practical needs by offering an empirically tested
model that enhances statistical literacy. The findings highlight the value of contextually
driven, problem-based pedagogy in equipping students with critical, data-informed
decision-making skills essential in the big data era.

Originality. This study contributes a structured, inquiry-based GDL framework
integrating authentic, real-world problems. It provides a discovery-oriented strategy
that develops students’ reasoning and decision-making abilities aligned with contem-
porary educational priorities.

Keywords: statistical literacy, guided discovery learning, mixed-methods, big data era,
educational design research

INTRODUCTION

The PISA 2022 Assessment and Analytical Framework highlights the importance
of statistical literacy in an increasingly data-driven world (OECD, 2023). Statistical
literacy refers to the skills required to interpret, analyse critically, and communicate
statistical data presented through various media such as tables, graphs, and narrative
descriptions (Gal, 2002; Guven et al., 2021; Watson, 2013). This skill is essential not only
for researchers but also for the public in making data-informed decisions (Frangois et al.,
2020; Sabbati, 2022). However, despite its significance, developing statistical literacy
remains a challenge, particularly at the lower secondary level, where abstract and critical
thinking skills are still emerging (Garfield et al., 2008; Koga, 2022). Therefore, systematic
educational efforts are needed to enhance students’ statistical literacy competencies from
an early stage.

In the context of mathematics education, statistical literacy has become a global
priority, as recommended by the National Council of Teachers of Mathematics (2000),
which emphasises the importance of data analysis, probability, and statistical reason-
ing in school curricula. However, various studies indicate that many students continue
to struggle with interpreting data, drawing logical conclusions, and making data-driven
decisions (Guven et al., 2021; Oliveira et al., 2016; Zawojewski & Shaughnessy, 2000).
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In Indonesia, research highlights that secondary school students possess limited statistical
literacy, typically confined to basic understanding and data representation without critical
or evaluative thinking skills (Hariyanti, 2020; Prihastari et al., 2022; Takaria & Talakua,
2018). A recent study by Zulqoidi R. Habibie et al. (2024) found that 75% of students
scored below 60 on a statistical literacy test, indicating a significant competence gap.
This aligns with findings by Achmad Badrun Kurnia et al. (2024), which revealed that 42%
of ninth-grade students exhibited a low level of statistical understanding. Furthermore,
Heri Retnawati et al. (2019) reported persistent difficulties among Indonesian students
in grasping statistical concepts, performing calculations, and using statistical tools. These
challenges are exacerbated by inadequate pedagogical resources and insufficient teacher
preparedness in fostering statistical literacy (Guven et al., 2021; Koga, 2025; Setiawan,
2019), highlighting the urgent need for more effective pedagogical interventions.

One pedagogical approach that can bridge this gap is Guided Discovery Learning
(GDL), which is rooted in constructivist theory and emphasises active student engage-
ment in constructing their understanding (Balim, 2009; Slavin, 2018). GDL allows
students to explore information, develop ideas, and build deeper cognitive frameworks
through inquiry and data-driven reasoning (Arends, 2012; Kpotosu et al., 2024). Re-
search has shown that GDL improves students’ mathematical reasoning, critical thinking,
and confidence in understanding statistical concepts (Johnson et al., 2016; Maharani et
al., 2024; Manurung & Pappachan, 2025). Although GDL has been widely applied
in mathematics education, limited research has specifically explored its role in develop-
ing statistical literacy, particularly through problem-solving tasks contextualised with
students’ real-life experiences (Batanero & Borovcnik, 2016; Garfield et al., 2008).

Addressing this gap, this study aims to design a GDL-based learning model spe-
cifically tailored to enhance the statistical literacy of junior secondary school students.
The model integrates context-based problem-solving tasks relevant to students’ personal,
school, and community environments while aligning with the Indonesian curriculum.
Accordingly, this research seeks to answer two key questions:

— How isthe Guided Discovery Learning model designed to develop students’statistical literacy?

— Does the designed Guided Discovery Learning model enhance students’ statistical

literacy development?

LITERATURE REVIEW
Statistical Literacy

The definition of statistical literacy is highly complex. Milo Schield (1999) equates
statistical literacy with reading, writing, or speaking, encompassing an understanding of ba-
sic statistical terminology and the use of simple statistical symbols (Garfield et al., 2012;
Ridgway et al., 2011; Schield, 2016; Ziegler & Garfield, 2018). Additionally, it involves
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the ability to comprehend and communicate statistical information (Guven et al., 2021;
Ziegler, 2014). However, Joan Garfield and Deni Ben-Zvi (2005) argue that statistical
literacy extends beyond basic skills to include essential competencies for interpreting
statistical information and research findings. If the scope of statistical literacy includes
understanding research outcomes, then a fundamental definition alone is insufficient.

Statistical literacy extends beyond merely reading and understanding statistical in-
formation. It encompasses the ability to interpret data, represent it effectively, and com-
municate statistical messages in everyday media, including tables, graphs, and diagrams
(Ben-Zvi & Garfield, 2004; Chick & Pierce, 2013; Dani & Joan, 2004; Guven et al., 2021;
Schield, 2010). This skill set includes organising data, constructing and presenting tables,
and working with various forms of data representation (Ben-Zvi & Garfield, 2004). More-
over, statistical literacy is not merely about applying statistical procedures mechanically;
it involves the ability to critically analyse, interpret, and evaluate information encountered
in daily life (Budgett & Rose, 2017; Gal, 2002; Guven et al., 2021; Koga, 2022). It enables
individuals to interpret data accurately, thereby facilitating more informed decision-making
in both personal and professional contexts (Diksha Bhola et al., 2024). The foregoing dis-
cussion highlights that statistical literacy constitutes a multifaceted construct, requiring
not only essential skills such as reading, comprehension, and communication but also
advanced cognitive capacities, including interpretation, prediction, and critical reasoning
(Koga, 2022; Sharma, 2017).

The determination of statistical literacy indicators was based on a review of expert per-
spectives on the definition and key aspects of statistical literacy. The researcher synthesised
these viewpoints into four core indicators to be integrated into the GDL learning framework
as student competency targets. These indicators are supported by expert perspectives as es-
sential components of statistical literacy skills, as discussed earlier. A concise summary
is presented in Table 1.

Table 1
Statistical Literacy Indicator Synthesis
Indicator Code  Experts Cited
Reading and understanding SL 1 (Guven et al., 2021; Lehohla, 2002; Ridgway et
fundamental statistical terminol- al., 2011; Rumsey, 2002; Schield, 1999, 2016;
ogy Ziegler & Garfield, 2018)
Interpreting and communicating SL 2 (Ben-Zvi & Garfield, 2004; Chick & Pierce, 2013;
statistical messages Gal, 2002; Guven et al., 2021; Schield, 2010)
Concluding or making decisions SL 3 (English & Watson, 2015; Guler et al., 2016;
based on valid statistical data Guven et al., 2021; Watson, 2003)
Critically evaluating statistical SL 4 (Ben-Zvi & Garfield, 2004; Budgett & Rose,
information 2017; Gal, 2002; Guven et al., 2021; Koga, 2022;
Ridgway et al., 2011; Wallman, 1993; Watson,
1997)

Source. Own research.
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Purpose of Developing Students’ Statistical Literacy in Learning

Students often struggle to analyse and synthesise statistical information, partly
due to insufficient teacher training and limited instructional resources (Koga, 2025;
Retnawati et al., 2019). Moreover, statistical literacy is frequently overlooked as a fun-
damental skill in the school curriculum and is instead regarded as a supplementary
competency (Setiawan, 2019). However, in an information-driven society, statistical
literacy is an essential skill expected of all citizens and is increasingly recognised
as a critical educational outcome (Garfield et al., 2008). This gap underscores the ur-
gent need for pedagogical innovations that prioritise statistical literacy development
in mathematics education.

The integration of statistical literacy into mathematics education has garnered
significant attention due to its crucial role in preparing students for an increas-
ingly data-driven world (Gould, 2017; Weiland, 2017). Statistical education begins
at the primary and secondary levels, where students acquire fundamental skills such
as conducting surveys, collecting data, and presenting information using tables, graphs,
and diagrams (Abramovich & Connell, 2021). This foundational stage is essential
for fostering data analysis, interpretation, and reasoning skills necessary for various
academic disciplines and real-life contexts, enabling students to become informed
citizens and critical consumers of information (National Council of Teachers of Math-
ematics [NCTM], 2000; Papancheva, 2017). Given this, it is imperative that teachers
at all levels develop statistical literacy themselves to deliver high-quality learning
experiences and effectively equip students with a deeper understanding of statistical
concepts through appropriate pedagogical strategies (Metz, 2010). Therefore, this study
aims not only to enhance students’ statistical literacy skills but also to support junior
secondary school teachers by providing an alternative learning framework that serves
as a reference for fostering statistical literacy in the classroom.

GDL-Based Instructional Model for Statistical Literacy

Discovery learning fosters an active, student-centred approach in which learners
explore concepts, construct meaning, and develop knowledge independently (Arends,
2012; Schunk, 2012). Louis Alfieri et al. (2011) further emphasise that discovery
learning enables students to uncover concepts with minimal teacher guidance, of-
ten facilitated through simulations, feedback, and example-based problem-solving.
In this approach, teachers may provide structured support or encouragement depending
on the complexity of the concepts being explored and the learners’ level of understand-
ing. Discovery learning is inherently inductive, as students progress from engaging
with specific examples to formulating broader generalizations, concepts, and principles
(Schunk, 2012).
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Table 2

GDL Instructional Phases for Enhancing Students’ Statistical Literacy

No GDL Phase Activities Statistical Literacy Form of Guidance

Outcomes

1 Stimulation Exploring statistical — Understanding Guided questions
information in real- statistical informa- to enhance concep-
world contexts or tion — Interpreting tual understanding
distinguishing examples Dbasic statistical terms — and relate statistics
from non-examples and language. to students’ experi-
that illustrate concepts. ences.

2 Problem Identifying problems — Analysing required Guided questions

Identification  related to real-world information to solve  to determine problem-

contexts. statistical problems.  solving steps.

— Critically evaluat-
ing information.

3 Data Collection — Collecting primary  Differentiating Guided questions
data. and selecting to choose suitable
— Gathering secondary  appropriate data col-  data collection tech-
data from various lection methods. niques.
sources.
4 DataProcess-  Processing and analys- — Interpreting Guided questions
ing ing data to address and representing data. to process informa-
the problem, with tech- — Applying ap- tion and select
nology integration such propriate data ana- suitable data presenta-
as Excel. lysis methods. tion techniques.
5 Drawing Summarising key Concluding or making Guided questions
Conclusions concepts learned using  data-driven decisions. to support the conclu-
principles from previ- sion-drawing process.
ous stages.

Source. Own research.

The steps of Guided Discovery Learning (GDL) typically involve presenting students with
a problem or question, encouraging exploration and inquiry, facilitating discussions to help
them articulate their understanding, and guiding them toward concept discovery through struc-
tured activities (Juandika et al., 2024; Mutiah et al., 2024). Syaiful Bahri Djamarah and As-
wan Zain (2013) further elaborates on GDL as a six-phase process: Stimulation — Students
engage in activities such as reading, listening, or responding to thought-provoking questions.
Problem Statement — Students identify and define the problem. Data Collection — Students
gather relevant information. Data Processing — Students analyse and interpret the collected
data. Verification — Students validate their findings through reasoning and evidence. Gener-
alisation — Based on verification, students derive broader conclusions or conceptual insights.

The characteristics of GDL in this study are adapted from Donal R. Cruickshank et al.
(1995), who outlined key instructional principles: (a) establishing conditions for knowledge
discovery; (b) encouraging independent exploration and critical thinking; (c) challeng-
ing students to construct knowledge through inquiry; (d) promoting high levels of student
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participation and interaction; and (¢) engaging students in higher-order cognitive processes,
including analysis, synthesis, and evaluation. To refine the instructional framework, this study
integrates the verification and generalisation phases into a single inference stage while preserv-
ing the essential learning activities from both phases (Djamarah & Zain, 2013). The specific
activities within each GDL phase, along with the corresponding statistical literacy outcomes
and instructional guidelines, are presented in Table 2.

METHODS
Design

An explanatory sequential mixed-methods design was employed in this study, allow-
ing for the integration of quantitative findings with qualitative insights to provide a more
comprehensive understanding of the phenomenon under investigation (Creswell & Clark,
2017). The Guided Discovery Learning (GDL) model was developed based on the principles
of Educational Design Research (EDR) (Plomp, 2013), and its effectiveness was evaluated
using a one-group pretest—posttest design.

To address the research questions, a two-phase approach was adopted. First, a qualitative
educational design research framework was applied to develop the instructional model (RQ1:
Model Design). Second, a quantitative one-group pretest—posttest experiment was employed
to measure students’ statistical literacy before and after the implementation of the model,
supplemented by post-implementation qualitative analysis for more profound insights (RQ2:
Model Impact Evaluation).

Although the absence of a control group limits the strength of causal inference, the one-
group pretest—posttest design is widely regarded in educational research as a valid means
of conducting preliminary investigations. Recent studies in culturally responsive pedagogy
(Akinsola, 2025), inquiry-based mathematics learning (Teke & Calisici, 2025), and science
education (Maison et al., 2025) have all employed this design effectively. In alignment with
this scholarly discourse, the present study positions itself as a preliminary yet systematic
endeavour to examine the potential effectiveness of the GDL model, offering indicative rather
than conclusive evidence that may inform subsequent large-scale or controlled investigations.

Research Stages

The development of the GDL-based instructional model aims to enhance students’
statistical literacy. The model was designed using Educational Design Research (EDR),
following these stages:

— Needs Analysis, identifying specific needs and challenges in developing statistical literacy

within mathematics education through a literature review and teacher surveys.
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— Model Development, designing and integrating the GDL instructional model into les-
son plans and student worksheets. this paper focuses on student worksheets, detailing
student activities within the GDL framework to facilitate statistical literacy.

— Expert Validation, conducted by three experts in mathematics education, statistics
education, and a certified senior mathematics teacher. Expert evaluation ensures the mod-
el’s effectiveness through content validity and significant inter-rater agreement (Buitrago
etal., 2023).

— Model Revision, refining the student worksheets based on expert feedback.

— Pilot testing was conducted as a small-scale purposive trial with nine Year 7 students to ex-
amine the readability and usability of the worksheets. The pilot aimed solely to identify
potential issues of clarity and practicality rather than to yield representative or general-
isable findings. During the trial, students worked collaboratively, received instructions
on the evaluation process, reviewed the worksheets, and provided descriptive feedback
on their clarity and effectiveness.

Implementation and Evaluation of the GDL Model

The experimental design followed a one-group pre-test-post-test approach to assess
the effectiveness of the GDL model. The evaluation involved administering a pre-test
at the beginning of the intervention and a post-test on statistical literacy at the final ses-
sion. The pre-test and post-test scores were compared using descriptive and inferential
statistical analysis. The GDL-based instruction was implemented over six sessions.
Teachers were trained in applying the GDL model, while the researcher acted as an ob-
server to ensure fidelity in classroom implementation. Preparation involved discussions
with teachers regarding scheduling, the GDL model, lesson content, and statistical
literacy. The researcher also guided teachers through a simulation of GDL steps and fa-
cilitated the formation of student groups based on academic ability.

Participants

Participants were selected through purposive sampling to ensure alignment with
the study’s objectives. The sample consisted of one class of 40 students (22 fe-
male, 18 male), aged 12—13 years, from a top-ranked Grade A secondary school
in Indonesia. The cohort was heterogencous in academic ability, with a balanced
IQ distribution and varied demographic characteristics, including socioeconomic
and geographical diversity. Accordingly, the sample should be regarded as purpo-
sive. The GDL model was implemented by a teacher with 15 years’ professional
experience, holding a government-awarded certification obtained through a rigorous
national selection process.
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Instrument

A statistical literacy test was employed to assess the impact of the GDL model de-
sign. The pre-test and post-test comprised 15 multiple-choice questions, adapted from
validated instruments (Catman Aksoy & Isiksal Bostan, 2021; Watson & Callingham,
2003) and contextualised for Indonesia. The test demonstrated high validity and reli-
ability, with a reliability score of 0.92. Reliability of instrument analysis according
to the RASCH model by using the Winstep platform. The detailed results of the reli-
ability test are provided in Appendix (Figure Al).

The test measured four statistical literacy indicators, as outlined in Appendix (Table
Al). Additional research instruments included validation sheets and interview guide-
lines. The validation sheet was designed to evaluate the integration of the GDL mod-
el into the Student Activity Sheet (SAS) for fostering statistical literacy. It assessed five
key aspects, focusing on alignment with constructivist theory and ease of implementa-
tion. The interview guidelines explored students’ and teachers’ experiences and chal-
lenges following the implementation. A semi-structured interview approach was used,
allowing for flexible follow-up questions based on participants’ responses.

Data Analysis Procedures

This study employed both qualitative and quantitative data analysis techniques.
Qualitative analysis was conducted on data obtained from interviews, surveys, class-
room observations of GDL implementation, and feedback from students and teachers
following the learning process. This qualitative analysis was used to support and en-
rich the findings from the quantitative analysis, providing a deeper understanding
of the impact of the GDL model on students’ statistical literacy. Quantitative data ana-
lysis was conducted using SPSS 25. The stages of the quantitative analysis in this study
are outlined as follows:

— Normality Test: Before performing the significance analysis, it was necessary to ensure
that the data satisfied the assumption of normality. The Shapiro-Wilk test was employed
for this purpose, as it is appropriate for small sample sizes (Field, 2024). This test was ap-
plied to evaluate whether the distribution of the pre-test and post-test data conformed
to a normal distribution.

— Significance Test: When the data met the normality assumption, a Paired Samples t-test
would typically be applied to compare the mean scores between the pre-test and post-test
(Pallant, 2020). Nevertheless, since the data violated this assumption, the analysis was car-
ried out using the Wilcoxon Signed-Rank Test, a non-parametric alternative suitable
for non-normally distributed data (Field, 2024).

— Effect Size Analysis: Following the significance analysis, the magnitude of the GDL
model’s influence on students’ statistical literacy was assessed by calculating the effect
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size. For non-parametric data, this was computed using the formula r = Z /N. The result-
ing values were interpreted based on the following benchmarks: an  value below 0.2
indicated a negligible impact, values between 0.2 and 0.5 represented a moderate influence,
while values of 0.5 or above signified a substantial effect.

RESULTS

Findings on the Development of the Guided Discovery
Learning Model (GDL)

The development of the GDL model began with a needs analysis, focusing
on teachers’ understanding, the urgency of statistical literacy, and their readiness
to facilitate its development among students. The respondents comprised five male
and seven female teachers, with teaching experience ranging from 7 to 25 years,
ensuring they had substantial instructional expertise. Additionally, the respondents
were evenly distributed between six public and six private school teachers, provid-
ing diverse perspectives. The processed data from the needs analysis is provided
in Appendix (Table A2).

The analysis of the questionnaire data indicates that although the majority of teach-
ers (91.7%) consider statistical literacy important for development, most of them
(75%) have limited knowledge and experience in this area. Additionally, the lack
of relevant teaching resources presents a further challenge. However, the high willing-
ness of teachers (91.7%) to adopt these resources highlights a significant opportunity
for disseminating the GDL-based instructional design for statistical literacy among
mathematics teachers. These findings align with classroom observations, which reveal
that statistics lessons are predominantly teacher-entered, with direct instruction being
the primary mode of teaching. Students tend to be passive during lessons, and many
struggle when asked to recall or explain previously taught concepts. This suggests
that students do not fully grasp the material during the learning process.

Expert Validation Results

The validation process employed a Likert scale ranging from 1 to 5, reflecting
the degree of alignment between the model and the development of students’ statisti-
cal literacy in statistics learning. The validation results indicate that the GDL model
is categorised as ‘highly valid,” as presented in Table 3. Revisions were made by
the researchers in response to the validators’ feedback, with detailed results provided
in Appendix (Table A3).
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Table 3
Expert Validation Results
No Validation Aspect Average Score (1-5)  Category
1 Alignment with constructivist learning theory 4,6 Highly Valid
2 Integration with statistical literacy indicators 4.5 Highly Valid
3 Clarity of model syntax 4,7 Highly Valid
4 Coherence between activities and learning 4,6 Highly Valid
objectives
5  Ease of implementation 4,4 Valid
Total Average Score 4,56 Highly Valid

Source. Own research.

The results of the limited trial showed that students provided feedback and sugges-
tions on the Student Activity Sheet (SAS) through direct interviews after completing
the readability assessment and writing comments on the SAS. Overall, students found
the worksheet very interesting, the instructions in the materials were clear enough,
and the guided discovery learning approach was fun because of the collaborative group
work. However, some students suggested improvements, including increasing the font
size, improving the clarity of numerical values in the diagrams, and enhancing the il-
lustrations. The researchers incorporated these suggestions and revised the SAs ac-

cordingly before implementation.

GDL Model Design for Enhancing Students’ Statistical

Literacy

Figure 1
GDL Design Scheme for Developing Students’ Statistical Literacy

Stimulation
Context

/

.

Drawing Statistical Problem
Conclusions Concepts Identification
Data Processing .
Critical Analysis Data Collection

Source. Own research.

The development of the GDL framework (Figure 1) represents a visualisa-
tion of the syntax from Table 2, incorporating revisions based on validation results
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and limited trials. The arrows indicate that the activities are interconnected and se-
quential. The initial stimulation phase provides context to help students conclude, with
problems presented about the statistical concepts being taught. This study incorporated
contextual problems designed to foster students’ statistical literacy competencies, in-
cluding the ability to select appropriate data collection methods, accurately present
data, evaluate information, draw conclusions, and make decisions based on data ana-
lysis. During the concluding phase, students were encouraged to consolidate their
understanding and critically reflect on the statistical concepts addressed throughout
the learning activities. An example of the instructional design is the development
of a Student Activity Sheet (SAS) for the second session on the topic of “Presenting
Data Using Tables.”

Figure 2
Example of a GDL Design Framework for Understanding Data Presentation Concepts
Stimulation
Example of contextualised
/ data in media \
Evaluating the effectiveness of school Data Analysing school start time policies
start time nolicies hased on data Presentation _
— —

~

— “

Organising data into frequency Conducting surveys or
tables or contingency tables interviews

Source. Own research.

Figure 2 presents an example of a Guided Discovery Learning (GDL) design aimed
at providing students with direct experience in understanding data presentation con-
cepts. In the stimulation phase, students are introduced to sample data obtained from
media sources, which are relevant to the concept being studied— data presented in tab-
ular form. During the problem identification phase, students encounter a contextual
issue related to school start time policies (see Appendix, Figure A2). They are expected
to recognise the need to analyse factors such as distance, modes of transportation,
and departure times to assist schools in making informed decisions. In the data col-
lection phase, students gather information from their classmates through surveys.
Subsequently, in the data processing phase, they organize the collected data into fre-
quency tables or contingency tables to facilitate analysis. At this stage, students are
provided with Excel software to assist in data analysis and visualisation in tabular form.
Finally, in the conclusion phase, students evaluate whether the 06:45 school start time
policy aligns with the collected data and justify their reasoning based on their analysis.
This sequence of activities reflects a scientific approach that enables students to develop
an applied understanding of statistics while actively enhancing their statistical literacy.
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The Impact of the GDL Model on Developing Students’
Statistical Literacy

This research assessed the effectiveness of the Guided Discovery Learning (GDL)
model by administering a statistical literacy test at the commencement (pre-test)
and conclusion (post-test) of the sessions. The descriptive statistical outcomes are
shown in Table 4.

Table 4

Descriptive Statistics of Pre-test and Post-test
Variable Mean Median tSl:::l Devia- Minimum Maximum
Pre-test 50.18 50.00 5.495 40 60
Post-test 85.28 87.00 5.134 73 93

Source. Own research.

The results of the descriptive analysis indicate a significant improvement in students’
statistical literacy following the implementation of the Guided Discovery Learning
(GDL) model. The median pre-test score of 50.00 increased to 87.00 in the post-test,
reflecting that more than half of the students achieved a higher level of understanding.
The mean score also rose from 50.18 to 85.28, with the score range shifting from
40-60 to 73-93, indicating that no students remained in the lower score category
after the intervention. Furthermore, the decrease in the standard deviation from 5.495
to 5.134 suggests a more even distribution of scores, signifying that the improvement
in understanding was consistent across all participants.

Normality Test

To assess whether the pre-test and post-test data conformed to a normal distribution,
the Shapiro-Wilk test was performed using SPSS version 25. This evaluation ensured
the suitability of the data for subsequent parametric analyses.

Table 5
Shapiro-Wilk Test Results

Variable W (Shapiro-Wilk) p-value Conclusion

Pre-test 0.874 0.000 Not Normally Distributed
Post-test 0.843 0.000 Not Normally Distributed

Source. Own research.



698

Dynamics

The results of the normality test yielded p-values below 0.05 for both the pre-test
and post-test data, indicating that the assumption of normality was not satisfied. Ac-
cordingly, the Wilcoxon Signed-Rank Test, a non-parametric procedure, was performed
to determine the significance of the differences in scores.

Statistical Analysis Using the Wilcoxon Signed-Rank Test

This analysis sought to determine whether students’ statistical literacy scores
differed significantly between the pre-test and post-test following the implementa-
tion of the Guided Discovery Learning (GDL) model. The results of the Wilcox-
on Signed-Rank Test are shown in Table 6.

Table 6

Wilcoxon Signed-Rank Test Results

Pretest-Postest Z-score Asymp. Sig. (2-tailed) Cohen d (r)
SL 1 -4.801 0.000 0,759

SL2 -5.118 0.000 0,809

SL3 -4.836 0.000 0,765

SL 4 -4.492 0.000 0,710

Total -5.552 0.000 0,878

Source. Own research.

Table 7

Rank-Based Analysis

Rank N Mean Rank Sum of Rank
Negative 0 0,00 0.00

Positive 40 20.50 820

Ties 0 0,00 0.00

Source. Own research.

The Wilcoxon Signed-Rank Test results, as presented in Table 6, revealed a p-
value of 0.000 for all statistical literacy (SL) indicators as well as for the overall
comparison between pre-test and post-test scores. Given that the p-value falls be-
low the 0.05 significance level, a statistically significant difference was identified
between students’ scores before and after the intervention. These findings demonstrate
that the application of the Guided Discovery Learning (GDL) model leads to a notable
improvement in students’ statistical literacy. Furthermore, as illustrated in Table 7,
every student showed an increase in their score following the GDL-based learning
activities. No instances were recorded in which a student’s score declined or remained
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unchanged, suggesting that the model consistently contributes to enhancing students’
statistical understanding.

Subsequently, an effect size analysis was conducted to determine the magnitude
of the impact of the GDL model (Cohen et al., 2002). Given the non-normal distribu-
tion of the data, the effect size (r) was calculated using the formula: ,, where n is the num-
ber of participants and z is the test statistic from the Wilcoxon Signed-Rank Test.

The effect size calculations for all statistical literacy indicators showed high val-
ues (r=0.710—-0.809), indicating that the GDL model has a substantial impact across
all aspects. Among the SL indicators, SL 2 demonstrated the most significant effect.
The total pre-test and post-test score effect size was 0.878, which translates to 77%
of the variance in statistical literacy being attributed to the GDL model (1* X 100% =
77%). These findings further confirm the considerable effectiveness of the GDL model
in improving students’ statistical literacy.

Students and Teachers’ Perceptions of the GDL Model

Interviews were conducted with 10 students to explore their experiences with
the Guided Discovery Learning (GDL) method. Qualitative analysis identified four
main themes that reflect both the effectiveness and challenges of this model. Rep-
resentative quotes from student responses are presented in Table 8, as most students
provided similar patterns of responses.

Table 8
Student Responses After Implementing the GDL Model
Theme Excerpt of Student Response
Deeper Conceptual Understanding “I now understand how statistics are applied, not just
memorising formulas.” (Student 4)
Improved Critical Thinking Skills “I have become more active, often thinking indepen-
and Engagement dently before asking the teacher, which makes me
more confident.” (Student 7)
More Interactive and Engaging “I enjoy learning statistics more because we can dis-
Learning cuss, engage with real-world problems, and discover

answers on our own.” (Student 2)
Challenges in the Data Analysis Stage “Sometimes I struggle with data analysis, so I need
clearer guidance.” (Student 9)

Source. Own research.

Meanwhile, teachers who implemented the GDL model reported that it was highly
engaging and systematic, promoting active student participation, encouraging idea gen-
eration, and facilitating connections between statistical theory and real-world applica-
tions. However, teachers identified time management as a significant challenge, as sev-
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eral stages within the GDL process frequently exceeded the allocated instructional time.
Additionally, teachers noted the need to further optimise guidance during data ana-
lysis and support students in drawing conclusions or making data-driven decisions.
Thus, teachers’ responses not only acknowledge the effectiveness of the GDL model
in enhancing students’ statistical literacy but also highlight the need for continuous
refinement of teaching strategies to better accommodate students’ learning needs.

DISCUSSION

This study’s findings reveal that the implementation of the Guided Discovery Learn-
ing (GDL) model contributes positively to the enhancement of students’ statistical
literacy in lower secondary education. These results align with constructivist theory,
which underpins the GDL approach and emphasises active student engagement in con-
structing their knowledge (Bruner, 1961; Slavin, 2018). The GDL model incorporates
more complex statistical activities, such as defining problems, collecting data, and in-
terpreting results, fostering a deeper understanding of statistics through an exploratory
learning process (MacGillivray & Pereira-Mendoza, 2011). A significant improvement
was observed across all indicators of statistical literacy, including reading and interpret-
ing statistical language, analysing data, drawing conclusions, and critically evaluating
statistical information. This underscores the importance of structured learning processes
with adequate guidance in overcoming students’ limitations in understanding statistical
concepts in depth (Garfield et al., 2008; Koga, 2022). Furthermore, Don Kauchak &
Paul Eggen (2012) and Richard E. Mayer and Merlic C. Wittrock (2006) emphasise
that offering topic-specific examples to support students in problem-solving and pro-
mote their conceptual understanding constitutes a fundamental feature of the GDL
model, contributing to its effectiveness in statistical instruction.

The findings on SL 1 indicate a significant impact in enhancing students’ ability
to understand fundamental statistical language, as demonstrated through the Wilcox-
on Signed-Rank Test. This supports the findings of Bulent Guven et al. (2021), who
emphasise that understanding statistical terminology serves as the foundation for de-
veloping more advanced statistical literacy. A real-world context-based approach,
such as data exploration from media during the stimulation phase, enables students
to connect abstract concepts with everyday experiences, thereby increasing their rel-
evance and comprehension (Batanero & Borovcnik, 2016). Additionally, research by
Jane M. Watson (2013) highlights that problem-based statistical learning significantly
enhances student engagement and strengthens their grasp of fundamental concepts. SL
2 recorded the most substantial improvement, indicating that students demonstrated en-
hanced ability in interpreting data and effectively communicating statistical messages.
As noted by Thilanka Munasinghe and Amy Svirsky (2021) and Maxine Pfannkuch et
al. (2010), strengthening students’ ability to interpret data requires providing real-world
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data applications and linking contextual knowledge with observed data features. The in-
tegration of contextual tasks within GDL, such as the analysis of school start-time poli-
cies, offers students the opportunity to understand the relevance of data in real-world
decision-making processes (Gal, 2002; Watson, 2013).

For indicator SL3, which represents statistical analysis, a significant improvement
was observed. This result is consistent with the conclusions drawn by Garfield et al.
(2012), who emphasised that discovery-based learning assists students in developing
the analytical skills required to comprehend relationships within data. Furthermore,
Lyn D. English and Jane M. Watson (2015) highlighted the importance of inquiry-based
teaching in enhancing students’ statistical decision-making skills. However, despite
the observed improvement, some students still require additional support in integrating
data from various representations to produce more accurate decisions. Indicator SL4,
which measures students’ capacity to critically evaluate statistical information, likewise
recorded increased scores from the pre-test to the post-test. Although this progress
signifies the positive influence of Guided Discovery Learning (GDL) in promoting
critical thinking, students still encounter challenges in data analysis, a concern similarly
highlighted by teachers. This finding supports the perspectives of Sashi Sharma (2017)
and Koga (2022), who argue that critical evaluation is one of the most complex aspects
of statistical literacy and necessitates repeated and in-depth problem-based learn-
ing. Stephanie Budgett and Drusilla Rose (2017) further reinforced the importance
of learning activities that facilitate students’ critical evaluation through contextually
relevant tasks.

Overall, this study reinforces the significance of structured discovery-based learning
in developing students’ statistical literacy. The integration of real-world problems,
guided inquiry, and collaborative activities within the GDL model allows students
to develop a more comprehensive understanding of statistical concepts and utilise them
in a range of different contexts. However, further reinforcement is required, particularly
in critical analysis activities, to ensure that students develop more comprehensive
statistical evaluation skills. These results hold significant implications for the design
of curricula and teaching practices in today’s data-driven society, preparing students
to act as competent, data-informed decision-makers.

CONCLUSION

This study formulated a Guided Discovery Learning (GDL) model comprising
five principal stages: stimulation, problem identification, data collection, infor-
mation analysis, and conclusion formulation. Each stage is designed to actively
engage students in constructing statistical understanding through exploration, criti-
cal analysis, and guided inquiry facilitated by structured questioning. The model
specifically integrates real-world contexts into every learning activity, which not
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only enhances student engagement but also strengthens their comprehension of ab-
stract statistical concepts. Expert validation of this design indicates a high level
of suitability for supporting the development of students’ statistical literacy across
four key indicators.

The GDL model significantly enhances students’ statistical literacy. The me-
dian pre-test score increased from 50.00 to 87.00 in the post-test, indicating
that more than half of the students experienced substantial improvement in their
understanding. The Wilcoxon Signed-Rank Test results (Z = -5.552, p < 0.001)
demonstrate a substantial increase in scores from the pre-test to the post-test, with
every student showing improvement and none experiencing a reduction. The cal-
culated effect size (r = 0.878) indicates that the model exerts a strong influence
on students’ statistical literacy. Overall, this study provides empirical evidence
that a systematically designed GDL model, grounded in real-world contexts,
is highly effective in improving students’ statistical literacy. The proposed GDL
model makes a significant contribution to enhancing pedagogical practices by
equipping students to meet the demands of the big data era, while also providing
a valuable framework for educators to design more effective and contextually ap-
propriate instructional approaches.

LIMITATIONS AND RECOMMENDATIONS

This study provides evidence of the positive impact of the Guided Discovery
Learning (GDL) model on improving students’ statistical literacy, though it is not
without limitations. Firstly, the absence of a control group restricts the strength
of causal inference, as the pre-test—post-test framework alone cannot entirely rule
out external influences or random fluctuations in student performance. Neverthe-
less, as recognised in recent educational studies (Akinsola, 2025; Teke & Calisict,
2025; Maison et al., 2020), the one-group pre-test—post-test design remains a valid
and valuable approach for preliminary investigations, providing indicative rather
than conclusive evidence. Future research could strengthen causal claims by employ-
ing quasi-experimental or randomised controlled designs.

Secondly, as the research was confined to middle school students within a specific
region, the generalisability of these findings to wider populations remains limited.
However, focusing on this educational level is relevant in an effort to strengthen
the foundation of statistical literacy at an early stage. Thirdly, the study primarily ex-
amined four cognitive indicators without exploring affective aspects such as student
motivation and self-confidence. Nevertheless, this focus offers important insights
into students’ mastery of essential statistical literacy competencies.

For future research, it is recommended to broaden the scope by involving students
from various educational levels to enhance the generalisability of the results. Ad-
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ditionally, incorporating an analysis of affective aspects could provide a more holistic
understanding of the model’s effectiveness. Furthermore, the development of GDL
content that integrates more complex, technology-based statistical tasks could further
enhance the model’s relevance in the era of big data. Despite these limitations,
this study offers an important contribution to the development of statistical literacy
and provides a valuable reference for enhancing instructional practices.

ACKNOWLEDGMENTS

The authors extend their sincere gratitude to the Indonesian Education Scholarship
(BPI), the Center for Higher Education Funding and Assessment (PPAPT Kemendikti-
saintek), and the Indonesian Endowment Fund for Education (LPDP) for their generous
financial support for this research.

REFERENCES

Abramovich, S., & Connell, M. L. (2021). Probability and statistical data analysis. In S. Abramovich & M.
L. (Eds.), Developing Deep Knowledge in Middle School Mathematics (pp. 367-408). Springer Texts
in Education. Springer, Cham. https://doi.org/10.1007/978-3-030-68564-5 12

Akinsola, 1. T. (2025). Resource-person-mediated instruction and secondary students’ learning outcomes
in Yoruba orature: A culturally responsive education. Education Sciences, 15(6), Article 661. https://doi.
org/10.3390/educscil 5060661

Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R. (2011). Supplemental material for Does
discovery-based instruction enhance learning? Journal of Educational Psychology, 103(1), 1-18. https://
doi.org/10.1037/a0021017.supp

Arends, R. L. (2012). Learning to teach. McGraw-Hill Companies.

Balim, A. G. (2009). The effects of discovery learning on students’ success and inquiry learning skills.
Eurasian Journal of Educational Research (EJER), 35, 1-20.

Batanero, C., & Borovenik, M. (2016). Statistics and probability in high school. SensePublishers. https:/
doi.org/10.1007/978-94-6300-624-8

Ben-Zvi, D., & Garfield, J. B. (2004). The challenge of developing statistical literacy, reasoning and thinking. Springer.

Bruner, J. S. (1961). The act of discovery. Harvard Educational Review, 31,21-32.

Budgett, S., & Rose, D. (2017). Developing statistical literacy in the final school year. Statistics Education Re-
search Journal, 16(1), 139-162. https://doi.org/10.52041/serj.v16i1.221

Buitrago, R., Salinas, J., & Boude, O. (2023). Validation of a model for the formalization of personal learning
pathways through expert judgment. Journal of Higher Education Theory and Practice, 23(12),225-242.
https://doi.org/10.33423/jhetp.v23i12.6283

Chick, H., & Pierce, R. (2013). The statistical literacy needed to interpret school assessment data. Mathemat-
ics Teacher Education and Development, 15(2),5-26.

Cohen, L., Manion, L., & Morrison, K. (2002). Research methods in education (6th ed). Routledge.

Cruickshank, D. R., Jenkins, D. B., & Metcalf, K. K. (1995). The act of teaching. McGraw-Hill New York.

Dani, B.-Z., & Joan, G. (2004). Statistical literacy, reasoning, and thinking: Goals, definitions, and chal-
lenges. In D. Ben-Zvi & J. Garfield (Eds.), The challenge of developing statistical literacy, reasoning
and thinking (pp. 3—15). Springer Netherlands. https://doi.org/10.1007/1-4020-2278-6 1

Diksha Bhola, Rachit Yadav, & Vimmi Malhotra. (2024). Introduction to statistical data analysis. Interna-
tional Journal of Advanced Research in Science, Communication and Technology, 4(7), 185-194. https://
doi.org/10.48175/1JARSCT-17830

703



704

Dynamics

Djamarah, S. B., & Zain, A. (2013). Strategi belajar mengajar [ Teaching and learning strategies]. Rineka Cipta.

English, L. D., & Watson, J. M. (2015). Statistical literacy in the elementary school: Opportunities for problem
posing. In F. F. Singer, N. Ellerton, & J. Cai (Eds.), Mathematical problem posing (pp. 241-256). Springer
New York. https://doi.org/10.1007/978-1-4614-6258-3 11

Frangois, K., Monteiro, C., & Allo, P. (2020). Big-data literacy as a new vocation for statistical literacy. Statistics
Education Research JOURNAL, 19(1), 194-205. https://doi.org/10.52041/serj.v19i1.130

Gal, 1. (2002). Adults’ statistical literacy: Meanings, components, responsibilities. International Statistical
Review, 70(1), 1-25. https://doi.org/10.1111/j.1751-5823.2002.tb00336.x

Garfield, J. B., Ben-Zvi, D., Chance, B., Medina, E., Roseth, C., & Zieffler, A. (2008). Developing students’
statistical reasoning: Connecting research and teaching practice. Springer. https://doi.org/10.1007/978-
1-4020-8383-9

Garfield, J., & Ben-Zvi, D. (2005). A framework for teaching and assessing reasoning about variability10.
SERJ Editorial Board, 4(1), 92-99.

Garfield, J., delMas, R., & Zieffler, A. (2012). Developing statistical modelers and thinkers in an introductory,
tertiary-level statistics course. ZDM, 44(7), 883—898. https://doi.org/10.1007/s11858-012-0447-5

Gould, R. (2017). Data literacy is statistical literacy. Statistics Education Research Journal, 16(1), 22-25.
https://doi.org/10.52041/serj.v16i1.209

Guler, M., Gursoy, K., & Guven, B. (2016). Critical views of 8th grade students toward statistical data in news-
paper articles: Analysis in light of statistical literacy. Cogent Education, 3(1), Article 1268773. https://doi.
org/10.1080/2331186X.2016.1268773

Guven, B., Baki, A., Uzun, N., Ozmen, Z. M., & Arslan, Z. (2021). Evaluating the statistics courses in terms
of the statistical literacy: Didactic pathways of pre-service mathematics teachers. International Electronic
Journal of Mathematics Education, 16(2), Article em0627. https://doi.org/10.29333/iejme/9769

Habibie, Z. R., Sundahry, S., Masnia, M., & Amanda, T. (2024). analisis statistical literacy mahasiswa meng-
gunakan soal tes terintegrasi isu pendidikan Indonesia sebagai wujud pendekatan kontekstual [Statisti-
cal analysis of student literacy using integrated test questions on Indonesian education issues as a form
of contextual approach]. Jurnal Muara Pendidikan, 9(1), 215-220. https://doi.org/10.52060/mp.v9i1.1663

Hariyanti, F. (2020). Statistical literacy siswa SMP dalam pembelajaran matematika [ Statistical literacy of lower
secondary school students in mathematics learning]. Ekspose: Jurnal Penelitian Hukum Dan Pendidikan,
18(2), 911-920. https://doi.org/10.30863/ekspose.v18i2.564

Johnson, A., Tipps, S., & Kennedy, L. M. (2016). Guiding children’s learning of mathematics (13th ed.).
Cengage Learning.

Juandika, S., Arnawa, 1. M., Fauzan, A., & Harisman, Y. (2024). Pengembangan perangkat pembelajaran ber-
basis guided discovery learning untuk meningkatkan kemampuan pemecahan masalah matematis [De-
velopment of guided discovery learning-based teaching materials to improve mathematical problem-
solving skills]. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 13(2), Article 446. https://doi.
org/10.24127/ajpm.v13i2.8524

Kauchak, D., & Eggen, P. (2012). Learning and teaching (6th ed.). Research-Based Methods. Pearson.

Koga, S. (2022). Characteristics of statistical literacy skills from the perspective of critical thinking. Teaching
Statistics, 44(2), 59—67. https://doi.org/10.1111/test.12302

Koga, S. (2025). Lessons to demonstrate statistical literacy skills: A case study of Japanese high school students
on reading statistical reports. Journal of Statistics and Data Science Education, 33(1), 77-89. https://doi.
org/10.1080/26939169.2024.2334903

Kpotosu, C., Cudjoe, N., & Armah, H. (2024). Exploring effective strategies: Guided discovery in teaching
surface area of a cylinder. Education Journal, 13(5), 318-328. https://doi.org/10.11648/j.edu.20241305.19

Kurnia, A. B., Lowrie, T., & Patahuddin, S. M. (2024). The development of high school students’ statistical
literacy across grade level. Mathematics Education Research Journal, 36(S1), 7-35. https://doi.org/10.1007/
$13394-023-00449-x

Lehohla, P. (2002). Promoting statistical literacy: A South African perspective. In B. Phillips (Ed.), Proceedings
of the Sixth International Conference on Teaching Statistics (ICOTS-6). International Statistical Institute.
https://iase-web.org/documents/papers/icots6/5d1_leho.pdf

MacGillivray, H., & Pereira-Mendoza, L. (2011). Teaching statistical thinking through investigative projects
(pp. 109-120). New ICMI Study Series (Vol. 14). Springer, Dordrecht. https://doi.org/10.1007/978-94-
007-1131-0_14



The Journal of Education Culture and Society Ne2_2025

Maharani, D., Rafianti, I., & Novaliyosi, N. (2024). Model discovery learning berbantuan geogebra untuk
meningkatkan kemampuan berpikir kritis matematis dan kemandirian belajar siswa [A geogebra-assisted
discovery learning model to enhance mathematical critical thinking and students’ learning independence].
Jurnal Lebesgue: Jurnal llmiah Pendidikan Matematika, Matematika Dan Statistika, 5(2), 913-924. https://
doi.org/10.46306/1b. v5i2.638

Maison, M., Purwaningsih, S., Pathoni, H., Falah, H. S., Putri, K. E., Fitriani, R., & Hidayati, H. (2025). Reduc-
tion of student misconceptions using nearpod interactive learning platform based on Posner’s conceptual
change theory. Jurnal llmiah Ilmu Terapan Universitas Jambi, 9(2), 709—720. https://doi.org/10.22437/
jiituj.v9i2.41932

Manurung, A. S., & Pappachan, P. (2025). The role of discovery learning in efforts to develop students’ critical
thinking abilities. Journal of Education and Learning (EduLearn), 19(1), 46-53. https://doi.org/10.11591/
edulearn.v19i1.21788

Mayer, R. E., & Wittrock, M. C. (2006). Problem solving. In P. A. Alexander & P. H. Winne (Eds.), Handbook
of educational psychology (2nd ed., pp.287-303). Lawrence Erlbaum.

Metz, M. L. (2010). Using GAISE and NCTM standards as frameworks for teaching probability and statistics
to pre-service elementary and middle school mathematics teachers. Journal of Statistics Education, 18(3).
https://doi.org/10.1080/10691898.2010.11889585

Munasinghe, T., & Svirsky, A. (2021). Engaging students in data literacy: Lessons learned from data intensive
classrooms. /3th ACM Web Science Conference 2021, 40-43. https://doi.org/10.1145/3462741.3466665

Mutiah, Salsabila, E., & Haeruman, L. D. (2024). Pengaruh model pembelajaran guided discovery learning
berbantuan lkpd terstruktur terhadap kemampuan pemahaman konsep matematis siswa SMA Negeri 30
Jakarta [The influence of the guided discovery learning model assisted by structured student worksheets
on senior high school students’ mathematical conceptual understanding at SMA Negeri 30 Jakarta]. Jurnal
Riset Pembelajaran Matematika Sekolah, 8(2), 55-62. https://doi.org/10.21009/jrpms.082.07

National Council of Teachers of Mathematics (NCTM). (2000). Principles and standards for school mathemat-
ics. The United States of America.

Oliveira, H., Henriques, A., & da Ponte, J. P. (2016). Developing Statistical Literacy (DSL): Student learn-
ing and teacher education. In D. Ben-Zvi & K. Makar (Eds.), The Teaching and Learning of Statistics
(pp- 299-300). Springer International Publishing. https://doi.org/10.1007/978-3-319-23470-0 35

Papancheva, R. Y. (2017). Working with data tables and graphs at primary school. Journal of Process Manage-
ment. New Technologies, 5(4), 8—12. https://doi.org/10.5937/JOUPROMANS-15373

Pfannkuch, M., Regan, M., Wild, C., & Horton, N. J. (2010). Telling data stories: Essential dialogues for com-
parative reasoning. Journal of Statistics Education, 18(1). https://doi.org/10.1080/10691898.2010.11889479

Prihastari, E. B., Sukestiyarno, S., & Kartono, K. (2022). Kajian literasi statistik pada jenjang pendidikan di In-
donesia [A review of statistical literacy across educational levels in Indonesia]. Mendidik: Jurnal Ka-
Jjian Pendidikan Dan Pengajaran, 8(2), 290-299. https://doi.org/10.30653/003.202282.250

Retnawati, H., Apino, E., Djidu, H., Ningrum, W. P., Anazifa, R. D., & Kartianom, K. (2019). Scaffolding
for international students in statistics lecture. Journal of Physics: Conference Series, 1320(1), Article
012078. https://doi.org/10.1088/1742-6596/1320/1/012078

Ridgway, J., Nicholson, J., & McCusker, S. (2011). Developing statistical literacy in students and teachers.
In C. Batanero, G. Burrill, & C. Reading (Eds.), Teaching statistics in school mathematics-Challenges
for teaching and teacher education (pp. 311-322). Springer. https://doi.org/10.1007/978-94-007-1131-0_30

Rumsey, D. J. (2002). Statistical literacy as a goal for introductory statistics courses. Journal of Statistics
Education, 10(3). https://doi.org/10.1080/10691898.2002.11910678

Sabbati, G. (2022). Statistical and data literacy, a practitioner’s view for policy-making: How to provide inde-
pendent, objective and authoritative data and information for policy-making. Statistical Journal of the IAOS,
38(2), 463-469. https://doi.org/10.3233/SJ1-220942

Schield, M. (1999). Statistical literacy: Thinking critically about statistics. Of Significance, 1(1), 15-20.

Schield, M. (2010). Assessing statistical literacy: Take CARE. In P. Bidgood, N. Hunt, F. Jolliffe (Eds.), Assess-
ment methods in statistical education (pp. 133-152). Wiley. https://doi.org/10.1002/9780470710470.ch11

Schield, M. (2016). Augsburg student evaluations of STAt 102: Social statistics for decision makers. In Papers
presented at the Joint Statistical Meetings Chicago, IL (pp. 3741-3750). www.StatLit.org/pdf/2016-Schield-
ASA.pdf

Schunk, D. H. (2012). Learning theories an educational perspective. Pearson Education, Inc.

705



706

Dynamics

Setiawan, E. P. (2019). Analisis muatan literasi statistika dalam buku teks matematika Kurikulum 2013
[Analysis of statistical literacy content in mathematics textbooks of the 2013 curriculum]. Pythagoras:
Jurnal Pendidikan Matematika, 14(2), 163—177. https://doi.org/10.21831/pg.v14i2.28558

Sharma, S. (2017). Definitions and models of statistical literacy: A literature review. Open Re-
view of Educational Research, 4(1), 118-133. https://doi.org/10.1080/23265507.2017.1354313

Slavin, R. E. (2018). Educational psychology.: Theory and practice (12th ed.). Pearson.

Takaria, J., & Talakua, M. (2018). The ability of statistical literacy student teacher candidate in terms of prior-
ability on mathematics. Jurnal Kependidikan: Penelitian Inovasi Pembelajaran, 2(2), 395-408. https://
doi.org/10.21831/jk.v2i2.18768

Teke, B., & Calisici, H. (2025). Using inquiry-based learning approach in the teaching process of divisibility
rules. Asia Pacific Education Review, 26(2), 519-538. https://doi.org/10.1007/s12564-025-10036-3

Wallman, K. K. (1993). Enhancing statistical literacy: Enriching our society. Journal of the American Statisti-
cal Association, 88(421), 1-8. https://doi.org/10.1080/01621459.1993.10594283

Watson, J. M. (1997). Assessing statistical thinking using the media. The Assessment Challenge in Statistics
FEducation, 12, 107-121.

Watson, J. M. (2003). Is statistical literacy relevant for middle school students. The Bulletin of the Interna-
tional Statistical Institute 54th Session, 60, 68-71.

Watson, J. M. (2013). Statistical literacy at school: Growth and goals. Routledge.

Weiland, T. (2017). Problematizing statistical literacy: An intersection of critical and statistical literacies.
Educational Studies in Mathematics, 96(1), 33—47. https://doi.org/10.1007/s10649-017-9764-5

Zawojewski, J. S., & Shaughnessy, J. M. (2000). Take time for action: Mean and median: Are they re-
ally so easy? Mathematics Teaching in the Middle School, 5(7), 436-440. https://doi.org/10.5951/
MTMS.5.7.0436

Ziegler, L. A. (2014). Reconceptualizing statistical literacy: Developing an assessment for the modern
introductory statistics course. In K. Makar, B. de Sousa, & R. Gould (Eds.), Sustainability in statistics
education (pp. 1-6). The Netherlands: International Statistical Institute.

Ziegler, L., & Garfield, J. (2018). Developing a statistical literacy assessment for the modern introductory
statistics course. Statistics Education Research Journal, 17(2), 161-178. https://doi.org/10.52041/ser;j.
v17i2.164

APPENDIX

Figure A1
RASCH Model Relibility Test Result

SUMMARY OF 15 MEASURED Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE SEE®R MNSQ ZSTD MNSQ ZSTD I
o e |
MEAN 47.9 55.0 00 73 96 -.07 1.01 32
SEM 3.4 .0 o745 .05 09 .29 .64 .70
P.SD 1257, .0 2.61 .20 33 1.10 2.40 2262
S.SD 13.1 .0 2271 21 a5 1.14 2.48 2.71
MAX. 54.0 55.0 9.23 1.06 1.71 2:12 9.90 9:.91
MIN. 1.0 550 =2.13 =52 51 -2.00 106 -1.63
REAL RMSE .79 TRUE SD 2.49 SEPARATION 3.15 Item RELIABILITY .91
MODEL RMSE .75 TRUE SD 2.50 SEPARATION 3.32 Item RELIABILITY .92 I

| S.E. OF Item MEAN = .70 |

Source. Own research.
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Figure A2
Example of Problem Identification Activity in the SAS

FH C2> Identify the problem |
6. Take a look and get the key points of the following issues.

Problem illustration

At the beginning of the new academic year, the school will take a new policy regarding
school entry hours, which is 06.45 WIB from the previous 07.00 WIB. Therefore, the school
wants to know the distance of all students' homes to school, what means of transportation
most students use to go to school, and what time students leave home. To get this
information, can you help collect information in your class and how can you get this
information?

Source. Own research.

Table A1
Blueprint of the Statistical Literacy Assessment Instrument
Indicator  Question Indicator No
SL1 Identifying effective methods for data collection 1
Determining appropriate data presentation techniques 2
Distinguishing the most suitable data presentation method 3
Selecting a sample from a population 13
SL2 Converting data from tables to diagrams
Representing a dataset in table format 5
Interpreting data from a line graph 10
Analysing data from a pie chart 11
SL3 Drawing conclusions from a pie chart 7
Making decisions based on tabular data 8
Inferring information from a bar chart 9
Making decisions using two types of diagrams 12
SL 4 Evaluating accurate statements from a line graph 6
Assessing the correctness of statistical conclusions 14
Verifying the accuracy of data presentation in a contextual problem 15

Source. Own research.

Table A2
Summary of the Questionnaire on Statistical Literacy
Aspects Investigated Teacher Responses
Familiarity with the term “statistical Frequently Occasionally Never
literacy
8,3% 16,7% 75%
Knowledge of statistical literacy Good Adequate Unfamiliar
8,3% 16,7% 75%
Importance of developing statistical Very important ~ Moderately Not important

literacy important
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Aspects Investigated Teacher Responses

91,7% 8,3% 0%
Experience in designing instructional ~ Frequently Occasionally Never
materials for statistical literacy

0% 25% 75%
Availability of instructional materials ~ Not available Rarely available Widely available
focused on statistical literacy

83,3% 16,7% 0%
Willingness to use statistical literacy- ~ Willing Uncertain Unwilling
oriented instructional materials

91,7% 8,3% 0%

Source. Own research.

Table A3

Revisions to Student Activity Sheets Based on Validator Feedback

Validation Aspect Validator Comments

Revisions and Improvements

Clarity of Model Syntax The model’s syntax is clear,
but transitions between stages
need to be more structured
for easier implementation.
The model is generally ap-
plicable in the classroom, but
teacher instructions should be
simplified for better compre-
hension by educators.

Ease of implementation

Added a flowchart illustrating
stage transitions more systemati-
cally.

Developed an implementa-
tion guide with simplified
language and provided class-
room learning scenarios.

Source. Own research.



