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ABSTRACT

Introduction: there is a substantial body of literature examining the use of Information and Communication
Technology (ICT) and its relation to statistical reasoning and critical thinking. However, previous findings
have been inconsistent, creating the need for a comprehensive synthesis.

Objective: the main purpose of this meta-analysis is to systematically investigate the overall impact of ICT
on statistical reasoning and critical thinking skills in statistics education.

Method: the dataset comprises 25 publications released between 2016 and 2025. A random-effects model
was employed for effect size estimation, with statistical calculations conducted using Comprehensive Meta-
Analysis (CMA) software. The effect size was quantified using Hedges’ formula.

Results: the findings indicate that ICT-based learning has a significant and positive impact (effect size =
1,043; p < 0,05) on students’ statistical reasoning and critical thinking. Several moderating factors, including
education level and class size, were found to play an important role in influencing the outcomes. However,
there is insufficient evidence to suggest that geographical location significantly differentiates students’
performance in ICT-based learning contexts.

Conclusions: this study highlights the effectiveness of ICT in enhancing statistical reasoning and critical
thinking in statistics education. Mathematics educators are encouraged to integrate ICT strategically to
support students’ higher-order thinking skills.

Keywords: ICT; Statistical Reasoning; Critical Thinking; Meta-Analysis; Statistics.
RESUMEN
Introduccion: existe un cuerpo sustancial de literatura que examina el uso de las Tecnologias de la Informacion
y la Comunicacion (TIC) y su relacion con el razonamiento estadistico y el pensamiento critico. Sin embargo,
los hallazgos previos han sido inconsistentes, lo que genera la necesidad de una sintesis integral.
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Objetivo: el propdsito principal de este meta-analisis es investigar sistematicamente el impacto general
de las TIC en las habilidades de razonamiento estadistico y pensamiento critico en la ensefianza de la
estadistica.

Método: el conjunto de datos comprende 25 publicaciones publicadas entre 2016 y 2025. Se empled un
modelo de efectos aleatorios para la estimacion del tamano del efecto, y los calculos estadisticos se
realizaron utilizando el software Comprehensive Meta-Analysis (CMA). El tamano del efecto se cuantifico
mediante la formula propuesta por Hedges.

Resultados: los hallazgos indican que el aprendizaje basado en TIC tiene un impacto significativo y positivo
(tamano del efecto = 1,043; p < 0,05) en el razonamiento estadistico y el pensamiento critico de los
estudiantes. Se encontré que varios factores moderadores, incluidos el nivel educativo y el tamafio de la
clase, desempenan un papel importante en la influencia de los resultados. Sin embargo, no existe evidencia
suficiente para sugerir que la ubicacion geografica diferencie significativamente el rendimiento de los
estudiantes en contextos de aprendizaje basado en TIC.

Conclusiones: este estudio resalta la efectividad de las TIC para mejorar el razonamiento estadistico y el
pensamiento critico en la educacion estadistica. Se alienta a los educadores de matematicas a integrar
estratégicamente las TIC para apoyar las habilidades de pensamiento de orden superior de los estudiantes.

Palabras clave: TIC; Razonamiento Estadistico; Pensamiento Critico; Metaanalisis; Estadistica.

INTRODUCTION

Mastering statistics demands robust cognitive skills, especially the intertwined abilities of statistical reasoning
and critical thinking.? Together, these competencies guide learners in reading datasets, assessing evidence,
and drawing sound decisions based on quantitative clues. Where statistical reasoning builds a coherent grasp
of concepts such as variability and distribution, critical thinking sharpens the habit of questioning claims and
spotting faulty inference. Yet many instructors encounter resistance because the discipline relies heavily on
abstract principles that must be linked to real-life data exploration.®

Reasoning with data remains the bedrock that underpins trustworthy statistical thought. For that reason,
educators are urged to select pedagogies that steadily advance learners’ interpretive and deductive capacities.
@ Cultivating such reasoning goes beyond rehearsing formulas; it means guiding students to discover what the
numbers actually signify in context.® When they succeed, learners can weave together graphs, summaries, and
equations into a single, meaningful story rather than viewing each piece in isolation.®

Critical thinking, understood as the systematic, evidence-based process of analyzing, evaluating, and
interpreting information to make sound judgments, lies at the core of statistics, shaping how researchers
collect data, interpret results, and confront the integrity, reliability, and potential biases of the inputs
before any calculation begins. Because datasets originate from diverse sources, each with its own quality and
structure, a discerning mindset is crucial. When students engage in investigation, justification, and evaluation
of a concept,” they do not simply crunch numbers; they challenge the integrity of the inputs, measure their
reliability, and probe hidden biases before any calculation begins. As a result, their grasp of variation deepens,
their analytical skills sharpen, and they progress beyond procedural users to thoughtful practitioners.® Because
every statistical pathway exposes analysts to measurement error, nonresponse, or selective reporting, critical
lenses naturally filter out sampling, confirmation, and selection bias, ultimately producing cleaner, more
trustworthy estimates. Better analyses in turn support more professional and defensible policy and business
decisions, shielding organizations from the costly pitfalls of overconfident yet flawed conclusions.®

In applied settings the power of statistics is often harnessed to uncover unexplored relationships among
variables, but even promising associations can mislead if the analyst ignores the difference between correlation
and causation. Critical thinking enables analysts to interpret research findings in light of the study’s context,
sample size, and statistical power, thereby avoiding overstated claims. In disciplines ranging from economics
to public health and education, policymakers routinely lean on statistical evidence to guide choices. Relying
on critical thought, however, helps to distinguish trustworthy data from misleading conclusions based on faulty
premises. ("9

In educational settings, the rapid growth of information and communication technology (ICT) now offers a
credible strategy for overcoming long-standing weaknesses in students statistical reasoning and critical-thinking
practices in statistics. Studies indicate that when used purposefully, ICT correlates positively with enhanced
critical-thinking scores, suggesting the tools usefulness beyond mere presentation."” This advantage arises
because ICT operates simultaneously as a supportive infrastructure and as an interactive resource directed at
learners. " When teachers incorporate features such as dynamic data visualizations, Monte Carlo simulations,
and immediate links to datasets, students gain a step-by-step platform for reasoning about uncertainty and
sampling arguments.
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Evidence further points to heightened classroom energy and deeper conceptual exploration when ICT
underpins statistical instruction, which, in turn, broadens learners grasp of how data patterns arise and why
they matter.(>' Specialized software packages, mobile simulation apps, and cloud-based dashboards no longer
serve simply as replacements for calculators; they immerse learners in experimental design, hypothesis testing,
and graphical dis-play at comparable levels of sophistication with professional analysts, thereby lifting overall
instructional quality.

Nonetheless, reviews of the existing literature reveal that reported gains in statistical reasoning and critical
thinking through ICT integration are inconsistent, varying with context, tool selection, and educator guidance.
Meta-analysis is particularly valuable in this context because it consolidates disparate empirical studies and
thus clarifies both the overall impact of information and communication technology on statistics learning and
the variability of that impact across different settings. By aggregating data, the approach not only computes
a summary effect size but also uncovers moderators-such as instructional design, course enrolment, and
geographic region-that shape how and why technology influences student achievement.

Systematic reviews and meta-analyses have recently examined how information and communication
technology (ICT) affects mathematics learning. Arlinwibowo and colleagues® synthesised data from fifty-two
publications and found an average effect size of 1,13, which classifies it as large. This figure implies that lessons
incorporating ICT consistently lift achievement well above what occurs in traditional classrooms. Likewise,
Suparman and co-workers"® aggregated seven studies focused on critical thinking and reported an effect
size of 1,04, also large. That finding suggests that technology-rich environments sharpen students reasoning
in mathematics more than standard practices do. Despite these encouraging results, both reviews overlook
statistics learning and draw on regional samples whose characteristics are now out of date. In addition, they
rarely account for moderating factors-such as learner age, instructor experience, or infrastructure quality-that
might make blended learning more or less effective across diverse settings.

Given these gaps, the present study seeks a broad, up-to-date appraisal of ICTs role in shaping statistical
reasoning and critical thinking during statistics courses. A meta-analysis provides a systematic summary of
effect sizes from prior research, thereby illuminating both average gains and variability in learner outcomes;
this evidence can inform the design of more targeted, evidence-based instructional innovations.

To address the gaps identified in the literature, the present investigation poses three interrelated questions:

RQ1: what overall treatment effect do ICT-enhanced instructional strategies exert on statistical reasoning
and critical thinking, and how does that effect compare with conventional pedagogies?

RQ2: how do moderating variables-class size, grade level, and geographic setting-detail differential impacts
of ICT interventions on students statistical reasoning and critical thinking?

Literature Review
Statistical Reasoning

Régnier et al.@ describe statistical reasoning as a central aim of every serious statistics course. Conway et
al.“ strengthen that view, insisting that instructors make this line of thought visible in every lesson. To support
the claim, Kusumarasdyati'® argues that teachers must reinforce, not gloss over, the reasoning behind each
new tool or concept. In plain terms, statistical reasoning is the skill needed to grasp a concept, analyse data,
and explain what the numbers really mean. Makar et al." add that such reasoning asks three big questions:
What story does the data tell? Is there anything unusual in the pattern? Can | trust the conclusions | am ready
to share?

Garfield? explains that statistical reasoning involves skills such as identifying patterns, understanding
variability, testing hypotheses, and evaluating conclusions based on data. This concept includes several
important aspects:

a. Descriptive Reasoning: the ability to describe data through tables, graphs, and measures of central

tendency.

b. Inferential Reasoning: the ability to draw conclusions from sample data to predict a larger
population.

c. Variability Reasoning: the ability to understand that data can vary and that this variation has
meaning.

d. Contextual Reasoning: the ability to relate statistical results to real-world contexts.

While Garfield’s framework offers a valuable starting point, the literature is enriched by several alternative
conceptualizations. Jones et al.?" delineate a developmental trajectory, portraying statistical reasoning as
evolving from intuitive, context-sensitive judgments toward more systematic, abstraction-laden processes.
In a complementary vein, Wild et al.?® advance a cyclic model of statistical thinking that explicitly links
reasoning about data to a recursive sequence of question formulation, examination of variability, and contextual
interpretation of findings. By contrast, Garfield’s paradigm is more circumscribed, prioritizing discrete cognitive
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achievements over the emergent, recursive behaviors characteristic of statistical inquiry. Nonetheless, its
precision serves educators by delineating essential competencies that may otherwise remain hidden within
broader models, and the two perspectives together underscore the value of situating discrete skill acquisition
within an inquiry-driven, iterative investigative frame.

In educational settings, engaging with statistics does more than teach numbers; it sharpens students critical
and analytical minds. Such reasoning is now vital, because the information age constantly asks people to
read data closely and form sound judgments. When teachers weave technology, curriculum, and assessment
together, they turn these tools into genuine partners in learning and boost learners statistical.® Multimedia
resources, from guided simulations to real-time data dashboards, make abstract ideas tangible and memorable.

Alongside pedagogy, information technology opens the door to powerful analytical tools that turn raw data
into insights. Programs such as Excel, SPSS, R, and several browser-based apps allow students to manipulate
datasets, test hypotheses, and watch patterns emerge in virtual labs. Evidence indicates that learners who
work with these platforms develop a clearer grasp of theory and are more confident applying it outside the
classroom. 232425

Critical Thinking

Mathematical critical thinking describes a learners ability to dissect, judge, and resolve problems in
mathematics using clear, step-by-step logic. Brandt et al.?® offer a similar view, defining the skill as a mental
process that breaks down information, weighs its worth, and draws reasoned conclusions. Their analysis
highlights critical thinking as an essential tool for inquiry, one that lets people sift through data and arrive at
sensible choices. Facione®” lists six building blocks of this skill-interpretation, analysis, evaluation, inference,
explanation, and self-regulation. In the context of statistics education, these components take on concrete
forms: students must interpret data displays and problem contexts, analyze distributions and relationships
among variables, evaluate the reliability of datasets and the validity of statistical claims, infer population
parameters from samples, explain reasoning when justifying conclusions, and self-regulate by checking for
computational errors or cognitive biases throughout the problem-solving process. Workplace research ranks it
the top competency employers seek, confirming its broad value beyond the classroom.@®

In schooling, and especially in courses on statistics and mathematics, critical thinking is key because many
tasks require students to untangle messy problems and reach conclusions grounded in evidence.? Within
statistics, the skill guides learners as they spot issues, weigh competing claims, check the reliability of numbers,
and finish by stating accurate results. Put another way, it means examining data and formulas in a systematic
way, asking what they really say instead of just accepting them. To do this, students must grasp key concepts,
see how two or more variables relate, test whether a dataset is trustworthy, and then draw answers that
outside facts can endorse.

Researchers have already looked at critical thinking in statistics classrooms from several angles.®2%30 They
generally agree that targeted lessons, open discussions, and real-world datasets boost students ability to
question numbers rather than memorize procedures.

Recent research investigates how to embed critical-thinking development intentionally in introductory
statistics courses.®V Their findings suggest that when instructors clarify statistical routines as problem-solving
tools and encourage reflective questioning throughout the learning cycle, students gain both procedural
competence and a more discerning analytical disposition. Similarly, Friedman, Green et al.? showed that
weaving authentic statistical controversies into assighments prompts learners to evaluate evidence, assess
biases, and articulate reasoned conclusions-rather than merely following formulaic steps. A comprehensive
meta-analysis by Jones et al.®® also confirms that collaborative project work and structured peer review
accelerate cognitive transfer when learners interpret results, justify methods, and critique each other’s
reasoning. In the digital age, these pedagogical strategies can be scaled-up meaningfully through targeted
information and communication technology (ICT) integration.

ICT adds strategic value by replacing passive displays of summary data with dynamic and manipulable
visualizations that reveal underlying distributions, trends, and uncertainty.®? Cloud-based statistical suites,
augmented-reality plots, and tablet-enabled touchscreen dashboards now empower students to run Monte Carlo
experiments, prototype hypothesis tests, or drill into sub-samples on the fly, fostering a habit of exploratory,
evidence-driven reasoning. Tools like Jupyter notebooks, RStudio Cloud, or even in-browser spreadsheet macros
further permit live annotation, timestamped code review, and immediate peer-feedback loops that model
professional data-science workflows while reinforcing metacognitive awareness. Preliminary results from multi-
institutional pilot studies indicate that participants who routinely engage with ICT-enhanced tasks outperform
peers on standardized assessments of critical thinking, especially when the tasks require risk calibration,
predictive modelling, or assessing causal claims in observational datasets. Collectively, the evidence supports
a purposeful blend of active learning, authentic applications, and technology integration as an effective route
to stronger, broader critical-thinking competencies in the statistics curriculum. Studies conducted over the last
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ten years consistently indicate that embedding information-and-communication technology in mathematics
lessons meaningfully boosts learners abilities to think critically.

Moderating Factors

The persistently low level of statistical reasoning and critical thinking observed in many classroom statistics
courses suggests that multiple moderating influences are at work, each shaping students’ performance in
indirect ways. In any given cohort some learners grasp concepts and apply reasoning deftly, while others
struggle, leaving a large middle group whose progress is unpredictable. Because of this uneven distribution,
systematic examination of the moderating influences is essential if educators hope to explain, and ultimately
improve, overall learning outcomes.

Recent reviews of the literature, including work by Helsa et al.®® and Tawaldi et al.®%, distinguish between
two broad categories of moderating factor: substantial, which relate directly to learner or task characteristics
(e.g., prior knowledge, class size, or educational level), and extrinsic, which reflect contextual or environmental
conditions (e.g., instructional design, institutional support, or technology use). This distinction aligns with
broader taxonomies of moderators in educational research, such as those outlined by Cheung et al.®® and
Hattie®®, which separate learner-centered variables from context-driven influences to clarify how different
conditions shape learning outcomes. Helsa et al.® argue that substantial moderators correlate closely with the
independent or dependent variables of interest class size, instructors formal education, access to digital tools,
and students physical location. By contrast, extrinsic moderators publication year, document type, journal
source, and database citation appear related to the larger research context but do not directly alter classroom
learning. The present investigation therefore narrows its focus to the substantial factors, since they are the
ones most likely to account for observed differences in learners statistical reasoning and critical thinking.

METHOD
Research Design

This investigation adopts a meta-analytic design and applies a random-effects model, thereby accommodating
variations in class size, learner age, instructional platform, and geographic region.®” An overview of the analytic
workflow for this stage is displayed in figure 1.¢%

The explanation and
the findings

The procedure fo

The issue with the search | | A survey of the literature Codes for data

Inclusion criteria Analyzing the data

literary works

Figure 1. Phase diagram of the meta-analysis process

Inclusion Criteria

To maintain both academic rigor and practical relevance, researchers established a set of clear inclusion
criteria that strictly outline which studies would enter the meta-analysis and which would be excluded. These
benchmarks ensure that each selected report directly speaks to the research questions and offers the statistical
information needed for pooled effect-size estimation. An overview of the final criteria appears in table 1 below.

Table 1. Research Inclusion Criteria

No Criteria Inclusion

1 Population Global student population

2 Intervention Implementation of ICT-based learning as the main intervention strategy
3 Comparison Traditional learning as the baseline for comparison

4 Outcome Statistical reasoning and critical thinking as measured outcomes

5 Study Design Experimental design with a control group

6 Statistical Data Availability Statistical data available for both experimental and control groups

7 Peer-reviewed Sources Peer-reviewed journal articles or conference publications

8 Publication Year Range Published between 2016-2025

9 Full-text Accessibility Full-text articles accessible online
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Literature Search and Selection

The literature search was conducted across three major databases—Scopus, Semantic Scholar, and Google
Scholar—using tailored query strings for each platform. In Scopus, the syntax applied was: TITLE-ABS-KEY
(“ICT” AND “critical thinking” OR “statistical reasoning” OR “statistical learning” OR “meta-analysis” OR
“e-learning” OR “information technology in education”). For Semantic Scholar, a broader keyword search was
performed combining terms such as “ICT critical thinking”, “statistical reasoning skills”, and “meta-analysis
in education”. In Google Scholar, advanced search options were used with Boolean operators, e.g., “ICT” AND
(“critical thinking” OR “statistical reasoning”) AND “education”. From this process, the team retrieved 55
records from Scopus, 979 from Semantic Scholar, and 325 from Google Scholar. Eligibility and data extraction
then proceeded according to the PRISMA framework (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.®) A flow diagram summarizing each stage of the screening and selection is provided in figure 2.¢

Figure 2 presents the flowchart of the literature search following the PRISMA guidelines. Between 2016
and early 2025, a comprehensive sweep across multiple engines yielded 1359 articles. Running a standard
deduplication program removed 128 records, yet some duplicates persisted because of subtle formatting
differences, such as inconsistent phrasing and varied numerical styles. To address this, reviewers manually
screened the set and carefully removed an extra 446 articles. What remained was checked again against the
inclusion and exclusion criteria, paving the way for more focused analysis.

Identification of new studies via databases and registers

Records removed before screening:
c 9
k=] ) " . Duplicate records (n = 128)
ﬁ HBS:E;&IQT:B?;;M .| Records marked as ineligible by automation
EE Registers (n=1,304) ools (n = 446)
T Records removed for other reasons (n =
= 204)
) Papers are not allowed because
inaccessible full text and this is
Recards i;rfen*?d =.' nat an experimental study (n=311)
n=431)
=
Papers are not allowed because the
study does not provide complete
o statistics (n=T78)
=
@
S
i
—-
Papers are not allowed because
their focus is not mathematical (n = 77)
4
g Reports of new included studies
. {n=25
| =

Figure 2. PRISMA diagram outlining the document selection process

Data Extraction

The meta-analysis relied on a detailed coding sheet that tracked fundamental details such as the reviewers
identities, the publication year, class size, the participants educational level, and the study’s geographic setting.
These entries were systematically entered into Microsoft Excel to create a central repository. In addition to
the descriptive characteristics, the sheet captured crucial quantitative figures, including sample sizes for each
experimental group, as well as their means and standard deviations. By documenting these diverse aspects, the
research team aimed to strengthen the consistency and overall rigor of the final estimates. Two experienced
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meta-analysts then independently checked the data against the original articles to rule out transcription errors.
After a thorough side-by-side comparison, their codes matched the research teams entries, providing further
assurance that the dataset is both accurate and trustworthy.

Data Analysis

The current meta-analysis used Hedges’ g as the primary index of effect size, a choice grounded in the small
sample sizes often found in studies of ICT-based learning.“" Following convention, these effect sizes were
placed into distinct categories relying on Cohen’s original benchmarks:©®

e g =0,00-0,20 indicates a small effect.

g = 0,21-0,50 indicates a moderate effect.
g = 0,51-1,00 indicates a substantial effect.
g > 1,00 indicates a strong effect.

To further explore student outcomes, the researchers employed a Z-test to assess the influence of ICT-
orientated learning on learners statistical reasoning and critical thinking.®" They followed with Cochran s
Q-test to investigate whether class size, grade level, learning platform, and geographic location shaped those
same outcomes. The precise calculation used for Hedges g is presented in the equation that follows.®”

x_l_x_z 1 3
(i)
4df — 1
(ny = Vs + (np — Ds3 !
n+ny;—2

To investigate variability across the included studies, we initially applied Cochran’s Q-test alongside the 12
statistic. The Q-test produced a value of 154 850 with 24 degrees of freedom (p < 0,001), confirming significant
heterogeneity. In addition, the 12 value reached 85 %, suggesting that approximately 85 % of the variation in
effect sizes reflects genuine differences among studies rather than random error. This substantial heterogeneity
underscores the need to explore moderator variables that might explain the observed inconsistencies.

Accordingly, a moderator analysis examined class size, attainment level, delivery platform, and geographic
region, clarifying the conditions under which blended learning yields its largest benefits. To evaluate the
robustness of our results, we also examined publication bias and conducted sensitivity analyses, since no body
of evidence is entirely shielded from selective reporting.“? We employed funnel plots together with the trim-
and-fill method to quantify any systematic under-reporting“) and carried out the corresponding sensitivity
checks using the Comprehensive Meta-Analysis (CMA) software.

RESULTS
Sensitivity Analysis and Publication Bias

To verify indications of publication bias, the distribution of effect size data was observed using a funnel plot
(figure 3).

Funnel Plot of Standard Error by Hedges's g

0,0

0,1

0,2

Standard Error

o
0.3 o) o

0,4

Hedges's g

Figure 3. Distribution of effect size data in a
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As shown in figure 3, the distribution of effect size data in the funnel plot appears symmetric. To confirm
the symmetry of the distribution, a trim and fill test was conducted (table 2).

Table 2. Results of trim and fill analysis (Duval and Tweedie’s trim and fill)

Studies Fixed Effects Random Effects Q Value
Trimmed Point Lower Upper Point Lower Upper
Estimate  Limit Limit Estimate Limit Limit
Observed values 0,89960 0,80187 0,99732 1,04288 0,78759 1,29817 154,84986
Adjusted values 0 0,89960 0,80187 0,99732 1,04288 0,78759 1,29817 154,84986

As shown in table 2, every included effect size remained within the distribution, with no values falling
outside either tail. Such a finding affirms a clear symmetric pattern in the funnel plot. Therefore, the dataset
shows no hint of publication bias.®¥

The researcher undertook a sensitivity analysis designed to gauge the influence of potential outliers at both
extremes of the effect-size spectrum. The findings identified a lowest value of g equal to 0,788 and a highest
value of 1,298 across the twenty-five studies. Meanwhile, the pooled point estimate of g for that set sits at
1,043. Since 1,043 sits comfortably between 0,788 and 1,298, nothing exceeds these boundaries and none can
be flagged as an outlier. This pattern suggests that changing the composition of the dataset, whether by adding
or removing observations, is unlikely to alter the overall conclusion.®®

Effect Size Estimation

Twenty-five qualifying studies entered the meta-analysis, collectively producing twenty-five effect-size
estimates expressed in g and drawing on a sample of 1,889 students. The resulting effect sizes varied noticeably
in sign, statistical significance, and magnitude (table 3).

Table 3. Results of Effect Size Calculation

Document Effect Size (g) P-Value
(k&) 0,974 (0,402;1,547) 0,001
(€2} 1,994 (1,348;2,640) 0,000
3) 2,747 (2,022;3,472) 0,000
) 0,825 (0,304;1,346) 0,002
“n 1,449 (0,857;2,042) 0,000
“8) 1,305 (0,779;1,832) 0,000
) 0,828 (0,331;1,326) 0,001
(50) 0,533 (0,306;0,759) 0,000
(i) 0,334 (-0,211;0,878) 0,230
62 0,948 (0,454;1,442) 0,000
53) 0,529 (0,021;1,037) 0,041
54) 1,780 (1,197;2,363) 0,000
(53 0,382 (-0,291;1,054) 0,266
(E) 1,829 (1,283;2,376) 0,000
(&) 0,244 (-0,235;0,723) 0,318
(58) 1,343 (0,822;1,865) 0,000
59 2,325 (1,864;2,786) 0,000
(€0) 1,422 (0,703;2,140) 0,000
1 0,548 (0,039;1,057) 0,035
(62) 0,571 (0,077;1,065) 0,024
©3) 0,338 (-0,139;0,816) 0,165
@) 0,919 (0,376;1,463) 0,001
(64) 0,308 (-0,069;0,684) 0,110
€9 0,496 (0,026;0,967) 0,039
(€6) 1,714 (0,982;2,446) 0,000

Effect Size Estimate: 1,043 (0,788; 1,298), p = 0,000.

Table 3 shows that the point estimate for the 25 effect size units is 1,043, indicating that the use of ICT
has a strong positive impact on statistical reasoning and critical thinking. In addition, the significance level of
the Z-test is below 0,05, indicating that ICT implementation has a statistically significant impact on improving

https://doi.org/10.56294/saludcyt20252049 ISSN: 2796-9711


https://doi.org/10.56294/saludcyt20252049

9 Sa’dijah C, et al

these skills. This confirms that integrating ICT into mathematics instruction effectively enhances students’
statistical reasoning and critical thinking.

Subgroup Analysis

The Cochrane Q test was used to examine several moderating factors (e.g., education level, class size,
and geographic location) that were hypothesized to distinguish statistical reasoning and critical thinking in
statistics learning that incorporates ICT (table 4). Figure 4 offers a side-by-side view of effect sizes for different
moderating factors that shape learners statistical reasoning and critical thinking in ICT-supported statistics
classes. By mapping Education Level, Class Size, and Geographic Location on a single chart, the graphic adds
a visual layer to the numbers shown in table 4, making the strength and direction of each influence easier to
grasp at a glance.

Table 4. Cochrane Q Test Results

Factor Group Effect Size (g) p-value
Education Level Higher Education 0,913 0,000
Senior High School 1,064
Junior High School 1,125
Elementary School 1,059
Class Size Large Class 0,974 0,000
Small Class 1,124
Geographic Area Indonesia 1,041 0,000
Outside Indonesia 1,033

Effect Size of Various Factors with Context
University
3
2,5

MNon Indonesian Area 2 Senior High School

15

0

1
0.5

il

Indonesian Area 1] Junior High School

Small Class Capacity Primary School

Large Class Capaciy

Figure 4. Radar Plot of Effect Sizes by Moderating Factors

Table 4 clearly shows that each of the three moderating variables-both home and school condition-contributes
meaningfully to the relationship between ICT use and learners statistical reasoning and critical thinking:

e Students formal education level exerted the strongest influence, reaching the largest effect for
junior-secondary learners (g = 1,125, p < 0,001), underscoring that younger adolescents may respond
particularly well to technology-rich pedagogy.

¢ Reductive class size, too, proved influential, posting a nearly identical peak effect in small groups
(g = 1,124, p < 0,001).
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Geographical context emerged as a stalwart moderator: Indonesias effect (g = 1,041) lay close to that of
other national samples (g = 1,033), with both indices achieving high statistical significance (p < 0,001).

DISCUSSION
The present meta-analysis seeks to offer a thorough assessment of how information-and-communication-
technology use influences students statistical reasoning and critical-thinking skills. It addresses

Effectiveness of ICT Use on Students’ Statistical Reasoning and Critical Thinking

This meta-analysis review reveals that ICT-based learning has a very strong positive effect on improving
students’ statistical reasoning and critical thinking. Furthermore, it confirms that the implementation of
ICT learning can significantly enhance both skills. The meta-analysis study evaluating the effectiveness of
computer-assisted instruction in statistics learning found that interactivity and engagement in computer-based
instruction can improve statistical understanding by encouraging deeper processing and reducing cognitive
load.®” Specifically, the meta-analysis by Sosa et al.®” of 45 experimental studies found that computer-assisted
statistical instruction provided a meaningful average performance benefit (d = 0,33).

Similarly, Tedla et al.®® in a meta-analysis of 30 empirical studies, found that computer-supported
collaborative learning (CSCL) had a significantly positive effect on students’ critical thinking skills, with an overall
effect size (ES) of 0,859 (z = 8,55, p < 0,001; 95 % ClI (0,661-1,055)). These findings reinforce the conclusion of
the current study, confirming that ICT-based learning significantly enhances students’ mathematical statistical
reasoning and critical thinking. This underscores the effectiveness of ICT-based learning in fostering these
essential cognitive skills.

Numerous studies support the effectiveness of ICT in enhancing critical thinking abilities in statistics. For
instance, a meta-analysis by Camnalbur et al.®® found that the use of Computer-Assisted Instruction (CAl)
in statistics education significantly improved students’ analytical and interpretative skills. Another study by
Benkova et al.” also showed that technology-based collaboration led to deeper understanding of complex
statistical concepts compared to traditional methods.

Overall, the integration of ICT in statistics education not only enriches the teaching and learning process
but also improves students’ critical thinking skills in understanding data, performing analysis, and drawing
statistically valid conclusions. The use of Information and Communication Technology (ICT) in statistics
education has become a popular approach to enhancing students’ statistical reasoning and critical thinking.
This meta-analysis demonstrates that ICT use has a positive and significant impact on the development of these
two core competencies.

The use of statistical software, data simulations, and ICT-based interactive applications helps students
visualize abstract statistical concepts. Interactive data visualizations, such as dynamic graphs and software-
based simulations, assist students in intuitively understanding data distributions, probability concepts, and
analysis of variance. Based on the meta-analysis findings, the average effect size (ES) of ICT-based interventions
on statistical reasoning and critical thinking is 1,043 (p < 0,000), which falls under the large effect category.
This finding is consistent with previous research that has shown interactive technologies can reduce students’
cognitive load in understanding complex statistical concepts.

Factors influencing this effectiveness include:

a. Duration of Intervention: long-term interventions (more than one semester) have more significant
effects compared to short-term ones.

b. Problem-Based Learning (PBL) Approach: integrating ICT into PBL has proven to enhance students’
exploration of real data, thereby strengthening statistical reasoning.

c. Computer-Based Simulations: simulation-based learning provides virtual experimental experiences
that deepen students’ understanding of data and probability.

Meanwhile, the effectiveness of ICT in improving critical thinking is evident in students’ ability to analyze,
evaluate, and draw conclusions based on statistically presented digital data. Technology-assisted learning, such
as computer-supported collaborative learning (CSCL), contributes to the development of analytical discussions
among students.

Key ICT elements contributing to enhanced critical thinking include:

a. Interactive Learning Tools: applications that allow deep exploration of concepts.

b. Collaborative Platforms: technology-based discussions that encourage students to defend data-
driven arguments.

c. Online Assessment Tools: ICT-based evaluations that support in-depth reflection on errors and
concept understanding.

https://doi.org/10.56294/saludcyt20252049 ISSN: 2796-9711


https://doi.org/10.56294/saludcyt20252049

11 Sa’dijah C, et al

Variations in Students’ Statistical Reasoning and Critical Thinking in Statistics Learning

The present meta-analytic study investigates whether three moderating factors-educational level, class
size, and geographic setting-systematically distinguish students ability to reason statistically and to think
critically. Separate subsections that follow provide an in-depth account of each factor.

Education Level

The impact of ICT tends to be higher at secondary and higher education levels compared to elementary
education. This is due to students’ greater readiness to independently use technology and their more developed
cognitive abilities. At secondary and higher levels, students generally already possess basic information
technology skills, enabling them to utilize statistical software, data simulations, and analytical applications
more effectively. Furthermore, students at these levels typically have a more mature understanding of basic
statistical concepts, allowing ICT to support deeper data analysis and exploration of more complex statistics.

However, the effect size at the university level tends to be lower than at the secondary level. This may be
attributed to several factors:

a. Higher Prior Knowledge: university students often already have a stronger foundation in statistics,
so ICT serves more as a support tool rather than a primary factor for understanding new material.

b. Content Complexity: at the university level, statistics content is significantly more complex and
requires advanced analysis, meaning ICT may not fully replace deeper conceptual discussion-based
learning.

c. Independent Learning Methods: university students are more frequently expected to learn
independently, making technology-based interventions less effective than in more structured secondary
education.

At the elementary level, the effectiveness of ICT tends to be more limited because students are still
developing fundamental concepts in mathematics and statistics. Nevertheless, ICT that incorporates visual
elements—such as interactive graphics and educational games—can still have a positive impact, albeit smaller
than at higher levels.

Class Size
Based on the analysis, the effectiveness of ICT is higher in small classes (fewer than 30 students). This can
be attributed to several factors:
a. More Intensive Interaction: in small classes, teacher-student interaction is more personal and
intensive, allowing ICT to be optimized through direct guidance and faster feedback.
b. Higher Focus: students in smaller classes tend to be more focused and actively engaged in
technology-based learning without major distractions.
c. Adequate Resource Allocation: small classes allow more equitable distribution of ICT devices,
ensuring students have sufficient access to technology.
d. Optimized Collaborative Learning: approaches such as computer-supported collaborative learning
(CSCL) are more effective with fewer students, enabling more structured and in-depth analytical
discussions.

In contrast, in large classes, the distribution of technology becomes less equitable and personal interaction
decreases, which limits the effectiveness of ICT. Teachers also struggle to provide prompt feedback to all
students, impacting reflective learning and deep understanding of concepts.

Geographic Location

Based on the meta-analysis, the effect size of ICT use in Indonesia is relatively similar to that in other
countries. This indicates that access to technology and the effectiveness of ICT-based learning are not heavily
dependent on geographic location, but rather on the quality of technological infrastructure, teacher training,
and the instructional methods used. In Indonesia, government initiatives such as the Digital Learning Initiative
and the expansion of internet networks to remote areas have helped improve access to technology. Moreover,
the increasing adoption of online and hybrid learning formats has narrowed the gap in ICT utilization compared
to developed countries.

Implications for Mathematics Education

The findings of this meta-analysis indicate that strategic use of ICT in statistics education can strengthen
students’ statistical reasoning and critical thinking skills. This carries important implications for educators in
designing technology-based, interactive, and collaborative curricula. In addition, educators should consider
moderating factors such as education level, class size, and geographic location to maximize the potential of
ICT in statistics instruction.
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Limitations and Recommendations

This meta-analytic review acknowledges several limitations that must be kept in mind. Out of hundreds of
articles initially screened, only twenty-five met the inclusion rules and supplied the information needed to
compute effect sizes. Almost all of those eligible studies came from narrowly defined educational settings,
so the findings may not translate well to different classrooms or learning environments. In addition, several
reports lacked essential demographic details, such as students socioeconomic background or prior experience
with technology, leaving some potentially important variables unexamined. Despite these limitations, this
study contributes significant strengths: it systematically synthesizes evidence across multiple contexts, applies
rigorous meta-analytic methods, and provides robust effect-size estimates that underscore the positive role of
ICT in enhancing statistical reasoning and critical thinking.

A number of promising studies could not be included because they are locked behind paywalls or because
their statistical summaries were too incomplete to permit effect-size calculations. Future work should therefore
adopt open-reporting practices and, wherever possible, publish in open-access journals so that a broader, more
inclusive evidence base can be built for the next wave of meta-analyses.

The practical consequences are clear: educators and policy decision-makers must embed information and
communication technology resources into the core structure of curriculum design rather than relegating them
to ancillary status. This embedding process must be coupled with deliberate attention to variables such as the
number of students per class, the heterogeneity of learners, and the equitable distribution of technological
resources. In parallel, forthcoming investigations ought to widen the evidentiary base by adopting practices of
open reporting, disseminating findings through open-access channels, and deliberately including a wider array
of demographic and contextual factors. By these means, future meta-analytical reviews will be equipped to
account for the complete constellation of variables shaping the efficacy of ICT interventions, thereby furnishing
more finely calibrated recommendations that can be applied to educational systems across the globe.

CONCLUSIONS

Research demonstrates that information and communication technology ICT consistently strengthens
statistical reasoning and critical thinking in classrooms around the world. Similar evidence, collected between
2016 and 2025, indicates that using ICT also raises overall mathematics performance in Indonesia and many
other countries. Students learning with technology are still affected by several moderating factors, notably
grade level and the size of the class, both of which can shape their reasoning and analytic skills. In contrast,
current studies find little support for the idea that students geographic location meaningfully alters their
statistical reasoning or critical thinking when instruction is delivered through ICT.

The results present significant rationale for the design of teacher preparation and ongoing professional
learning. Successful integration of information and communication technology (ICT) in classrooms hinges on
teachers acquiring two complementary dimensions of expertise: first, a command of the operational functions
and features of digital tools; and second, a repertoire of pedagogical approaches that mobilize those tools for
sustained inquiry, the detection of bias, the appraisal of evidence, and the construction of robust conceptual
understandings. Accordingly, professional development curricula ought to interweave advanced technological
fluency with a critically reflective pedagogical stance, thereby empowering educators to orchestrate learning
experiences that cultivate sophisticated reasoning across disciplinary domains. When teacher training
systematically cultivates these interdependent competencies, the leverage that ICT affords for enhancing
student learning outcomes may be both magnified and sustained within varied and evolving educational
environments.
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