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Article Info Abstract

This study aims to determine the effect of STEM-integrated Teaching at the
Article History: Right Level (TaRL) on students' critical reasoning skills. The background of
Received August 21, 2026 this study is rooted in the incomplete implementation of differentiated
Revised October 7, 2026 instruction in schools, particularly regarding process differentiation, which

Accepted: October 20, 2026 has failed to adequately accommodate students' varying levels of cognitive
understanding. This study employed a quantitative approach with a quasi-
experimental, pretest-posttest control group design. The sample consisted of

Keywords: two Grade X classes at SMA Negeri 1 Kendal and two Grade X classes at SMA
Negeri 2 Kendal, selected through purposive sampling. The research
instrument was a critical reasoning skills test developed based on the
indicators proposed by Trilling and Fadel (2009). Data were analyzed using
N-Gain, independent sample t-tests, and ANCOVA. The results demonstrated
that the N-Gain scores of the experimental classes (0.47 and 0.33) were higher
than those of the control classes (0.27 and 0.31). Independent sample t-tests
yielded significance values of 0.000 and 0.006 (p < 0.05), indicating a
significant effect of STEM-integrated TaRL on the improvement of critical
reasoning skills. Furthermore, the ANCOVA results showed significance
values of 0.001 and 0.000 (p < 0.05), confirming a significant influence of the
TaRL approach on the differences in mean scores between student groups.
These findings indicate that STEM-integrated TaRL is more effective than
conventional instruction in developing critical reasoning skills, such as
identifying, reasoning, analyzing, providing effective justifications, applying
systems thinking, and drawing conclusions. This instructional approach is not
only pedagogically effective but also relevant in preparing students to meet the
demands of 21st-century skill development.

Teaching at The Right
Level, STEM, Critical
Thinking.

Introduction

Education is one of the efforts to improve human quality through the dissemination of
knowledge and the development of competencies (Gonzéalez-Pérez et al., 2022; Gaybullaevna
& Jonpulatovna, 2021; Yan et al., 2024; Zeichner, 2017). The Merdeka Curriculum was
prepared as an effort to develop 21st-century skills through character strengthening through the
Pancasila Student Profile (Kurniati, et al., 2022).

The results of PISA 2022 showed that Indonesia's achievements in mathematics, reading, and
science declined compared to 2018 (Wijaya et al., 2024; Solihin et al., 2024; Cahyani &
Setiawan, 2024; Ivanka & Setiawan, 2025). In addition, the proportion of students achieving
advanced levels (Levels 5 and 6) was less than 1% to 5%, indicating that approximately 95%
of students had not yet been able to demonstrate higher-order reasoning skills, argument
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evaluation, and complex problem-solving. Therefore, this condition indicates the need to
strengthen students' competencies, one of which is critical reasoning ability.

Students who reason critically when facing problems will be able to process the information
they obtain, both quantitatively and qualitatively, relate various pieces of information, reflect,
evaluate, and draw conclusions rationally (Pandu, et al., 2023). Critical reasoning enables
students to think based on certain reasons and focus on making decisions about what to do. The
following are indicators of students' critical reasoning. Identifying is an activity carried out by
seeking information to find an appropriate problem-solving method. Casmini, et al., (2024)
stated that the main component of critical thinking is that students are able to seek the truth
through identification, analyze problems, and make appropriate decisions.

The ability to think in order to solve problems needs to be accompanied by good reasoning
skills (Lianawati, et al., 2025; Sutiani et al., 2021; Wechsler et al., 2018; Haryani et al., 2018).
This is because, in developing solutions to problems, students need to involve the process of
filtering and combining information and ideas. When students are faced with a problem on a
worksheet, they will learn to evaluate information in depth, make arguments based on logical
reasons, and express their opinions (Jannah, et al., 2022). In-depth exploration will encourage
students' cognitive processes that support them in thinking critically. Systems thinking involves
various broad techniques and ways of thinking to create a useful foundation for further learning
(Salim, et al., 2023). The ability to conclude is the ability of students to interpret observed
events or objects based on deductive or inductive concepts and adjusted to known facts,
principles, and concepts. The ability to conclude is an important basic concept in learning to
build new knowledge and skills (Nurdianti et al., 2020). One learning approach that is in line
with the Merdeka Curriculum is TaRL (Teaching at The Right Level). TaRL is oriented toward
learning that is adjusted to students' ability levels rather than their age or grade level (Ahyar,
et al., 2022). This is in line with the statement by Cahyono (2022), that TaRL is a learning
approach that refers to students' abilities.

The TaRL approach begins by providing an assessment to students. The results of this
assessment become the basis for teachers to divide students into smaller learning groups
(Jazuli, 2022). In learning that applies TaRL, teachers must know students' initial abilities,
interests, and learning styles as a basis for designing and implementing learning. Teachers must
be able to serve students based on their characteristics and know the appropriate strategies,
learning media, and selection of learning materials according to their needs (Muin, 2023;
Bordoh, 2025; Widodo, 2018; Mahartika et al., 2023).

STEM education is currently a major focus of global learning in the 21st century, emphasizing
the integration of various fields of study including science, technology, engineering, and
mathematics. STEM is a form of learning approach that combines disciplines including
science, technology, engineering, and mathematics that aims to increase students' interest,
problem-solving abilities, critical thinking, and problem analysis in the STEM field
(Fachrunnisa, et al., 2021). In learning, STEM content is integrated and studied as a single
subject concept to solve real-world problems.

Based on the discussion, the integration of the TaRL learning approach with STEM provides a
new learning concept and, in line with the Merdeka Curriculum, has greater potential for
developing critical reasoning skills. TaRL enables teachers to conduct diagnostic assessments,
identify initial abilities, group students flexibly, and provide levels of scaffolding and task
complexity appropriate to the needs of each group (Wulandari et al., 2025). Meanwhile, the
STEM approach provides learning experiences through contextual problems, investigation,
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data analysis, design, testing, and evaluation of solutions. Thus, the integration of the two
enables learning not only to be oriented toward matching students' ability levels but also to
provide experiences systematically, thereby encouraging critical reasoning abilities more
effectively.

Method
Research Design

This study employed a quasi-experimental method using a nonequivalent control group design
to investigate the influence of Teaching at the Right Level (TaRL) integrated with Science,
Technology, Engineering, and Mathematics (STEM) learning on students’ critical reasoning
skills. This design involved two groups: an experimental group that received STEM-integrated
TaRL instruction and a control group that received conventional instruction commonly
implemented in schools. Both groups completed a pretest before the instructional intervention
and a posttest after the intervention. The pretest was administered to assess students’ initial
critical reasoning skills and establish a baseline for evaluating subsequent changes, while the
posttest was used to assess students’ critical reasoning skills following the instructional
intervention. Because the study used a quasi-experimental design, the participants were
assigned to existing classes rather than randomly assigned individually to the experimental and
control conditions. Consequently, the pretest results were considered in interpreting differences
between the groups and evaluating the potential influence of the intervention (Sugiyono, 2023).

Research Setting and Participants

The research was conducted at SMA Negeri 1 Kendal, located at JI1. Soekarno Hatta Barat Km.
03, Purwokerto, Patebon, Kendal Regency, and SMA Negeri 2 Kendal, located in Kendal
Regency. The participants were Grade X students during the 2024/2025 academic year. The
study involved four classes, comprising two experimental classes and two control classes, with
a total sample of 144 students. The classes were selected using purposive sampling based on
predefined inclusion criteria. These criteria included participation in a uniform curriculum,
enrollment at the same grade level, and comparable class characteristics without formal
differentiation into superior or selective classes. The selection process was intended to identify
classes with reasonably comparable educational characteristics and to support a meaningful
comparison between STEM-integrated TaRL instruction and conventional instruction.
However, because purposive sampling was used, the findings should be interpreted in relation
to the participating classes and schools rather than assumed to be representative of all secondary
school students.

Instructional Procedures

The research procedures consisted of a pre-intervention assessment, an instructional
intervention, and a post-intervention assessment. Before the intervention, students in both the
experimental and control groups completed a pretest measuring their critical reasoning skills.
In the experimental group, the pretest results were also used to classify students into low,
medium, and high initial-ability categories in accordance with the TaRL principle of adapting
instruction to students’ learning levels. The experimental group subsequently received STEM-
integrated TaRL instruction, in which STEM-related learning activities were organized in
accordance with students’ identified initial ability levels. The control group received
conventional instruction as ordinarily implemented in the participating schools. After the
instructional period, both groups completed the posttest to measure their critical reasoning
skills following the respective instructional approaches. This procedure provided the basis for
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examining within-group changes over time and differences in post-intervention outcomes
between the experimental and control groups. To support replication, the final manuscript
should specify the duration and number of instructional sessions, the subject matter taught, the
detailed learning activities in each condition, the procedures used to implement STEM
integration, and the criteria and procedures for assigning students to the three TaRL ability
categories.

Research Instrument

The primary research instrument was a descriptive test designed to measure students’ critical
reasoning skills before and after the instructional intervention. The same assessment
framework was used for the pretest and posttest to enable comparison of students’ performance
over time. The test items were developed with reference to five critical reasoning indicators:
identifying, reasoning and analyzing, providing effective reasons, using systems thinking, and
concluding. These indicators served as the basis for assessing students’ ability to identify
relevant information, analyze and interpret information, provide reasoned justifications,
understand relationships within a system, and formulate conclusions. The pretest scores
represented students’ initial performance, whereas the posttest scores represented their
performance after the instructional intervention. As research instruments must provide valid
and reliable measurements, the manuscript should also report the number of test items, the
scoring rubric, the maximum possible score, the procedures used to establish content validity,
and the reliability coefficient or other relevant evidence of measurement consistency. If expert
judgment, a pilot study, or a statistical validation procedure was conducted, the specific
procedure and its results should be reported (Sundayana, 2018). These details are necessary to
establish the quality and reproducibility of the instrument.

Data Collection Procedures

Data were collected through the administration of pretests and posttests to students in the
experimental and control groups at both participating schools. The pretest was administered
before the learning intervention to establish students’ initial critical reasoning performance and,
in the experimental group, to support classification into low, medium, and high initial-ability
categories. Following the pretest, the experimental classes participated in STEM-integrated
TaRL learning, while the control classes received conventional instruction. The posttest was
administered after the instructional period using the established critical reasoning assessment
framework. Students’ responses were scored according to the assessment criteria, and the
resulting scores were compiled for statistical analysis. The data were then examined to compare
pretest and posttest performance within groups, posttest outcomes between instructional
conditions, and differences among the initial-ability categories. The final report should specify
the test administration conditions, intervention schedule, scoring procedures, and measures
taken to ensure consistent implementation across the two schools.

Data Analysis

Data analysis was conducted using descriptive and inferential statistical procedures to examine
changes in students’ critical reasoning skills and differences associated with the instructional
approaches and initial-ability categories. Before conducting inferential analyses, the dataset
should be checked for completeness, scoring accuracy, outliers, and the assumptions relevant
to the selected statistical tests. Where applicable, normality and homogeneity of variance
should be examined for the independent-samples and paired-samples #-tests, while the
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assumptions of analysis of covariance (ANCOVA), including the homogeneity of regression
slopes, should be evaluated before interpreting the ANCOVA results.

Descriptive Statistics

Descriptive statistics were used to summarize students’ pretest and posttest scores in the
experimental and control groups at SMA Negeri 1 Kendal and SMA Negeri 2 Kendal. The
analysis should include the number of students, mean scores, and standard deviations for each
group and assessment occasion. These statistics provide an overview of students’ initial
performance, post-intervention performance, and the observed patterns of change. Descriptive
results also help contextualize the inferential analyses by showing the direction and magnitude
of the score differences before statistical significance is assessed.

Independent-Samples t-Test

The independent-samples #-test was used to examine differences in critical reasoning scores
between the experimental and control groups. In this study, the test was intended to determine
whether students who received STEM-integrated TaRL instruction differed in their
performance from students who received conventional instruction. The analysis should clearly
identify the score variable being compared, such as posttest scores, and report the group means,
t-statistic, degrees of freedom, p-value, and, where possible, an effect-size estimate with a
confidence interval. If the purpose is to estimate differences in post-intervention performance
while accounting for baseline differences, the interpretation of the independent-samples #-test
should be supplemented by an appropriate baseline-adjusted analysis. Statistical significance
alone does not establish the practical magnitude of an intervention effect.

Paired-Samples t-Test

The paired-samples #-test was used to determine whether students’ critical reasoning scores
changed significantly between the pretest and posttest. The analysis compared the two sets of
scores obtained from the same students within each relevant group. Separate analyses were
conducted for the participating schools or groups, as appropriate, to examine whether students’
performance changed over the instructional period. The results should report the mean pretest
and posttest scores, the mean difference, the ¢-statistic, degrees of freedom, and the p-value.
An effect-size estimate for paired observations should also be provided where possible. A
statistically significant pretest—posttest difference indicates that students’ scores changed over
time; however, by itself, it does not establish that the change was caused exclusively by the
instructional intervention. The comparison with the control group is therefore important when
interpreting the potential contribution of STEM-integrated TaRL learning.

Analysis of Covariance (ANCOVA)

Analysis of covariance (ANCOVA) was used to examine differences in critical reasoning
outcomes among students classified into low, medium, and high initial-ability categories, while
statistically adjusting for pretest scores. In this analysis, the posttest score served as the
dependent variable, the initial-ability category served as the categorical independent variable,
and the pretest score served as the covariate. The purpose was to determine whether adjusted
posttest performance differed significantly among the initial-ability categories after accounting
for students’ baseline scores. Where the overall ANCOVA indicated a statistically significant
difference among categories, a suitable post hoc procedure was used to identify which pairs of
categories differed significantly. The results should include the relevant F-statistics, degrees of
freedom, p-values, adjusted means where available, and an effect-size measure. The
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assumptions of ANCOVA, particularly the homogeneity of regression slopes and the
appropriateness of the covariate, should be checked and reported. Importantly, this model
evaluates differences among initial-ability categories; it does not independently establish the
effect of the instructional treatment unless the instructional condition is also included as a factor
in the model. If the primary research objective is to estimate the effect of STEM-integrated
TaRL relative to conventional instruction while controlling for pretest scores, instructional
condition should be included explicitly in the ANCOVA model.

Post Hoc Analysis

Post hoc comparisons were conducted following a statistically significant overall ANCOVA
result to determine which initial-ability categories differed from one another in their adjusted
critical reasoning outcomes. The comparisons involved the low- versus medium-ability groups,
low- versus high-ability groups, and medium- versus high-ability groups. The significance
values were used to determine whether each pairwise difference was statistically significant,
with the significance threshold set at p < .05. The manuscript should identify the post hoc
procedure used, such as Bonferroni adjustment or another appropriate multiple-comparison
method, and clarify whether the reported mean differences were based on raw or adjusted
scores. Reporting the method is important because multiple pairwise comparisons increase the
risk of false-positive findings if the significance level is not appropriately controlled.

Normalized Gain Analysis

Normalized gain (V-gain) was calculated to describe the extent of improvement in students’
critical reasoning scores from pretest to posttest relative to the maximum possible
improvement. The N-gain values were used to characterize the degree of observed
improvement in the experimental and control groups. Group-level values should be calculated
and reported using a consistent procedure, with an explanation of whether the reported value
represents the mean of individual students’ normalized gains or a normalized gain calculated
from group mean scores. The method used to interpret the resulting values should also be stated
explicitly. Because normalized gain describes the relative change in scores rather than directly
testing a treatment effect, it should be interpreted alongside the between-group comparisons
and other inferential results.

Statistical Significance and Interpretation

A significance level of .05 was used as the reference threshold for the inferential analyses.
Results with p < .05 were interpreted as statistically significant, whereas results with p > .05
were interpreted as not statistically significant. For each analysis, statistical significance was
considered together with the direction and magnitude of the observed differences. Where
feasible, effect sizes and confidence intervals should be reported to clarify the practical
importance and precision of the findings. The conclusions concerning the influence of STEM-
integrated TaRL learning should be based primarily on analyses that directly compare the
experimental and control conditions, taking account of the pretest scores and the quasi-
experimental design. Changes within the experimental group and differences among initial-
ability categories provide complementary information but should not, on their own, be treated
as conclusive evidence of a causal treatment effect.

Result and Discussion
The analysis included an independent sample t-test and a paired sample t-test, as well as

normality and homogeneity tests to ensure that the statistical assumptions were met.
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Subsequently, the ANCOVA test was used to evaluate the effectiveness of the learning process
by controlling for pretest scores. The N-Gain test was then conducted to assess the
improvement in learning outcomes. In this study, a difference test was conducted to determine
whether there was a statistically significant difference between the experimental class and the
control class. The following are the mean scores of critical reasoning abilities in the
experimental and control classes at two schools, namely SMA N 1 Kendal and SMA N 2
Kendal, presented in Figures 1 and 2.
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Figure 1. Average Pretest and Posttest Scores of Critical Reasoning Skills at SMA Negeri 1
Kendal

Figure 1. The improvement in students’ critical reasoning skills in the experimental and control
classes at SMA Negeri 1 Kendal. The experimental class showed an increase in the average
score from 26 in the pretest to 60 in the posttest, representing an improvement of 34 points.
Meanwhile, the control class increased from 21 to 42, representing an improvement of 21
points. These results indicate that the experimental class achieved greater progress than the
control class. The higher improvement in the experimental class suggests that the integration
of Teaching at the Right Level (TaRL) and STEM learning may be more effective in
developing students’ critical reasoning skills than conventional instruction. This improvement
may be associated with learning activities that accommodate students’ initial ability levels and
engage them in contextual problem-solving, investigation, and analytical reasoning.
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Figure 2. Average Pretest and Posttest Scores of Critical Reasoning Skills at SMA Negeri 2
Kendal

Figure 2. The improvement in students’ critical writing skills at SMA Negeri 2 Kendal in both
the experimental and control classes. The experimental class showed an increase in the average
score from 36 in the pretest to 57 in the posttest, representing an improvement of 21 points.
Meanwhile, the control class increased from 22 to 46, representing an improvement of 24
points. Although both classes demonstrated improved performance, the control class showed a
slightly greater increase in absolute score points. However, the experimental class achieved a
higher posttest score of 57 compared with 46 in the control class. These findings suggest that
STEM-integrated Teaching at the Right Level (TaRL) may support the development of
students’ critical writing skills, although further statistical analysis is needed to determine
whether the differences in improvement between the two classes are statistically significant.

Table 1. Results of the Test of Differences in Average Critical Thinking Skills

School Group n | Mean | df | t-value | Sig. (2-tailed)
SMA Negeri 1 Kendal | Experimental | 36 | 59.97 | 70 4.087 0.000
Control 36 | 4453 | 70
SMA Negeri 2 Kendal | Experimental | 36 | 57.03 | 70 2.837 0.006
Control 36 | 46.42 | 66.54

Table 1. presents the results of the independent-samples t-test comparing students’ critical
thinking skills in the experimental and control classes at SMA Negeri 1 Kendal and SMA
Negeri 2 Kendal. At SMA Negeri 1 Kendal, the experimental class achieved a higher mean
score (59.97) than the control class (44.53), with a t-value of 4.087 and a significance value of
0.000 (p < 0.05). Similarly, at SMA Negeri 2 Kendal, the experimental class obtained a higher
mean score (57.03) than the control class (46.42), with a t-value of 2.837 and a significance
value of 0.006 (p < 0.05). These results indicate statistically significant differences in critical
thinking skills between the experimental and control classes at both schools, with the
experimental classes achieving higher mean scores. The findings support the potential
effectiveness of STEM-integrated Teaching at the Right Level (TaRL) in improving students’
critical thinking skills compared with conventional instruction.
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Table 2. Results of the Difference Test for Average Improvement in Critical Reasoning Skills

School n | df | t-value | Sig. (2-tailed)
SMA Negeri 1 Kendal | 36 | 35 | -11.185 0.000
SMA Negeri 2 Kendal | 36 | 35 | -12.070 0.000

Table 2. presents the results of the paired-samples t-test examining the improvement in
students’ critical reasoning skills at SMA Negeri 1 Kendal and SMA Negeri 2 Kendal. At SMA
Negeri 1 Kendal, the analysis yielded a t-value of —11.185 with a significance value of 0.000
(p < 0.05), while at SMA Negeri 2 Kendal, the t-value was —12.070 with a significance value
0f 0.000 (p <0.05). These results indicate statistically significant differences between students’
pretest and posttest scores at both schools, suggesting that students’ critical reasoning skills
improved following the learning intervention. The larger absolute t-value at SMA Negeri 2
Kendal indicates stronger statistical evidence of a pretest—posttest difference, although the
magnitude of improvement should be assessed using the actual score differences or effect sizes.
Overall, the findings suggest that STEM-integrated Teaching at the Right Level (TaRL) may
contribute to improving students’ critical reasoning skills.

Table 3. Summary of Ancova Test Results of SMA N 1 Kendal

Source of . . .
Variation F Sig. Decision
Pretest (Covariate) | 3.546 | 0.069 Not Significant
Initial Ability | ¢ 346 1 001 Significant
Group
Overall Model 14.369 | 0.000 Significant
. 5 . .
Adjusted R? 0.534 B The model explains 53.4% of the variance in
posttest scores.

Table 3. presents the results of the ANCOVA analysis for SMA Negeri 1 Kendal to examine
the effects of students’ initial ability levels on posttest scores while considering pretest
performance as a covariate. The results show that the pretest covariate was not statistically
significant (F = 3.546, p = 0.069), indicating that pretest scores did not have a significant effect
on posttest scores in this model. In contrast, the initial ability group showed a statistically
significant effect (F = 8.346, p = 0.001), suggesting that posttest performance differed
significantly across students’ initial ability levels. Furthermore, the overall model was
statistically significant (F = 14.369, p < 0.001), with an adjusted R? of 0.534, indicating that
the model explained 53.4% of the variance in posttest scores. These findings suggest that
students’ initial ability levels played an important role in explaining differences in critical
reasoning performance at SMA Negeri 1 Kendal. However, the significant overall model alone
does not establish the independent causal effect of STEM-integrated TaRL without a clearly
specified treatment-group effect in the ANCOVA results.
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Table 4. Summary of Ancova Test Results of SMA N 2 Kendal

Source of . -
Variation F Sig. Decision
Pretest (Covariate) | 0.122 | 0.730 Not Significant
Initial Ability ¢ 193 | 9,000 Significant
Group
Overall Model 88.558 | 0.000 Significant
. 5 . .
Adjusted R? 0.882 B The model explains 88.2% of the variance in
posttest scores.

Table 4. presents the results of the ANCOVA analysis for SMA Negeri 2 Kendal, examining
the effects of students’ initial ability levels on posttest scores while controlling for pretest
performance. The results indicate that the pretest covariate was not statistically significant (F =
0.122, p = 0.730), suggesting that pretest scores did not significantly contribute to explaining
posttest performance in this model. In contrast, the initial ability group showed a statistically
significant effect (F = 18.003, p < 0.001), indicating significant differences in posttest scores
among students with different initial ability levels. Furthermore, the overall model was
statistically significant (F = 88.558, p < 0.001), with an adjusted R? of 0.882, meaning that the
model explained 88.2% of the variance in posttest scores. These findings highlight the
importance of students’ initial ability levels in explaining differences in critical reasoning
performance at SMA Negeri 2 Kendal. However, the independent effect of STEM-integrated
Teaching at the Right Level (TaRL) cannot be established from these results alone unless the
treatment-group effect is also reported in the ANCOVA model.

Table 5. Results of Advanced Test of SMA N 1 Kendal

Group Comparison | Mean Difference | Sig. Interpretation
Low vs. Medium -18.610 0.001 Significantly different
Low vs. High -12.450 1.000 | Not significantly different
Medium vs. High 6.160 1.000 | Not significantly different

Table 5. presents the results of the post hoc comparisons of students’ critical reasoning skills
across different initial ability groups at SMA Negeri 1 Kendal. The results show a statistically
significant difference between the low- and medium-ability groups, with a mean difference of
—18.610 and a significance value of 0.001 (p < 0.05), indicating that the two groups differed
significantly in their posttest performance. In contrast, the comparison between the low- and
high-ability groups showed no statistically significant difference (mean difference = —12.450,
p = 1.000). Similarly, no statistically significant difference was found between the medium-
and high-ability groups (mean difference = 6.160, p = 1.000). These findings suggest that, at
SMA Negeri 1 Kendal, the most pronounced statistically significant difference in critical
reasoning performance occurred between students in the low- and medium-ability groups,
whereas the differences involving the high-ability group were not statistically significant.

Table 6. Results of Advanced Test of SMA N 2 Kendal

Group Comparison | Mean Difference | Sig. Interpretation
Low vs. Medium -23.609 0.000 | Significantly different
Low vs. High -46.533 0.000 | Significantly different
Medium vs. High -22.924 0.000 | Significantly different
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Table 6. presents the results of the post hoc analysis comparing students’ critical reasoning
skills across the low, medium, and high initial ability groups at SMA Negeri 2 Kendal. The
results indicate statistically significant differences among all three pairwise comparisons, with
a significance value of 0.000 (p < 0.001) for each comparison. Specifically, the mean difference
between the low and medium groups is —23.609, between the low and high groups is —46.533,
and between the medium and high groups is —22.924. These findings suggest that students’
critical reasoning scores differ significantly according to their initial ability levels, with the
largest mean difference observed between the low and high groups. The negative mean
differences indicate the direction of the comparisons as reported in the table, suggesting that
the scores of the first group in each comparison are lower than those of the second group.
Overall, the findings highlight the importance of considering students’ initial ability levels
when implementing integrated STEM learning using the Teaching at the Right Level (TaRL)

approach.
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Figure 3. Comparison of N-Gain Scores for Students’ Critical Reasoning Skills between the
Experimental and Control Classes at SMA N 1 Kendal

Apart from carrying out an overall N-Gain test analysis, this research also carried out an N-
Gain test analysis on each critical reasoning indicator. This aims to determine the results of
increasing each indicator of students' critical reasoning skills. The results of the N-Gain test
analysis for each indicator are presented in Figure 3. for SMA N 1 Kendal.
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Figure 4. N-Gain of Each SMA N 1 Kendal Indicator

Apart from carrying out an overall N-Gain test analysis, this research also carried out an N-
Gain test analysis on each critical reasoning indicator. This aims to determine the results of
increasing each indicator of students' critical reasoning skills. The results of the N-Gain test
analysis for each indicator are presented in Figure 4. for SMA N 1 Kendal.
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Figure 5. N-Gain of Each SMA N 2 Kendal Indicator

Based on the analysis results presented in Figure 5, the implementation of physics learning
using the TaRL approach integrated with STEM was able to produce different levels of critical
reasoning abilities in the experimental and control classes. The TaRL approach enables
teachers to adjust learning strategies based on students' ability levels so that each group receives
a learning experience that suits its needs. This is in line with research conducted by Ningrum
(2023), which found that through learning using the TaRL approach, students can be mapped
into several groups, making it easier for teachers to provide treatment according to their
characteristics and learning needs.

The Integration of STEM and TaRL in Developing Students’ Critical Reasoning Skills

The integration of Science, Technology, Engineering, and Mathematics (STEM) in learning
provides opportunities for students to connect knowledge and skills across four interrelated
disciplines. Through this integration, students are encouraged to engage in problem-solving
activities that require them to analyze situations, make decisions, formulate and test
hypotheses, evaluate possible solutions, and conduct investigations. These activities create
meaningful learning experiences in which students actively construct knowledge rather than
simply memorize concepts. As a result, STEM-integrated learning can support the development
of students’ critical reasoning abilities by encouraging them to apply logical and systematic
thinking when addressing problems (Davidi, et al., 2021).

The effectiveness of STEM-integrated learning can be further supported by the Teaching at the
Right Level (TaRL) approach, which considers differences in students’ initial abilities and
learning needs. By adjusting learning activities to students’ levels of understanding, teachers
can provide appropriate guidance and opportunities for students to develop their reasoning
skills gradually. When combined with STEM, TaRL allows students to engage in contextual
problem-solving activities that correspond to their learning readiness while encouraging them
to apply concepts to real-world situations. This combination may create a more supportive
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learning environment in which students can develop conceptual understanding and critical
reasoning through active participation.

In this learning process, students are encouraged to examine problems from multiple
perspectives and establish connections between theoretical knowledge and practical
applications. For example, solving contextual problems may require students to identify
relevant information, interpret data, consider alternative solutions, and determine the most
appropriate course of action. These processes encourage students to move beyond superficial
understanding toward deeper analysis and evidence-based reasoning. Therefore, the integration
of STEM and TaRL can provide a structured learning experience that supports students in
developing the ability to think critically, systematically, and independently.

In this study, students’ critical reasoning abilities were examined through five indicators:
identifying, reasoning and analyzing, providing effective reasons, using systematic thinking,
and concluding, as proposed by Trilling & Fadel (2009). These indicators represent
interconnected dimensions of critical reasoning that can be developed through meaningful
learning experiences. The integration of STEM and TaRL provides opportunities for students
to practice these skills through contextual investigations and structured problem-solving
activities. Thus, this instructional approach offers a relevant framework for supporting the
development of critical reasoning, particularly when learning activities are designed to
accommodate students’ abilities and encourage active engagement with real-world problems.

Developing Analytical Reasoning and Evidence-Based Explanations

The ability to identify relationships among different types of information, concepts, data, and
opinions is an essential component of critical reasoning. Students need to recognize relevant
information, distinguish between important and less relevant details, and connect existing
knowledge with new information to understand a problem comprehensively. Learning
activities that incorporate contextual questions can facilitate this process because they require
students to interpret information within meaningful situations rather than rely solely on
memorized knowledge. This is consistent with the findings of Nikmah (2024), who reported
that contextual learning questions enable students to identify patterns, reflect on previously
acquired knowledge, and establish connections with new knowledge.

Beyond identifying information, students also need to develop the ability to reason and analyze
by examining how and why particular events or phenomena occur. Instead of focusing
exclusively on questions about what happened, learning activities should encourage students
to investigate the underlying causes, processes, and relationships involved. This approach
allows students to consider alternative explanations, evaluate the relevance of available
information, and construct logical arguments. Through analytical activities, students can
broaden their perspectives and deepen their understanding of complex issues. Mollick (2022)
emphasizes the importance of analytical abilities in enabling individuals to examine subjects
from different perspectives and enrich their thinking processes.

The ability to provide effective reasons is another important aspect of critical reasoning.
Students must be able to support their opinions and proposed solutions with relevant facts,
logical explanations, and appropriate evidence. In STEM-integrated learning, this ability can
be developed through activities that require students to explain the procedures they use, justify
their decisions, and evaluate whether their proposed solutions are supported by the results of
their investigations (Bhakti et al., 2020; Stevenson et al., 2026). Such activities also encourage
students to communicate their ideas clearly and respond to alternative arguments. Critical
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reasoning therefore serves as an important foundation for constructing convincing explanations
and developing meaningful academic communication (Sapia, et al., 2022).

The relationship between analytical reasoning and evidence-based explanations is particularly
important because students must evaluate information before using it to support a conclusion.
They need to determine whether the available evidence is relevant, whether their reasoning is
logically consistent, and whether their explanations adequately address the problem. Through
structured discussions, investigations, and problem-solving tasks, students can practice these
processes and become more aware of the importance of evidence in developing arguments.
Consequently, learning activities that emphasize analysis, justification, and evaluation can
provide opportunities for students to strengthen their critical reasoning abilities. The extent of
improvement in each indicator, however, should be interpreted using the specific empirical
results obtained in this study.

Developing Systematic Thinking, Decision-Making, and Conclusion-Drawing Skills

Systematic thinking is an important component of critical reasoning because it enables students
to organize information, examine relationships among variables, and evaluate possible
solutions in a logical sequence. In the context of STEM-integrated learning, students may be
required to observe a problem, collect relevant data, analyze the information, and determine
the relationships between different components. These activities encourage students to
approach problems methodically rather than make decisions based on assumptions or
incomplete information. When supported by the TaRL approach, systematic problem-solving
activities can be adapted to students’ learning readiness, allowing them to develop these skills
progressively (Andriani & Trisnowati, 2025; Ardana et al., 2026).

Decision-making is closely related to systematic thinking because it requires students to
evaluate available information and select the most appropriate course of action. Effective
decision-making involves several interconnected processes, including observing data,
verifying information, considering alternatives, drawing conclusions, and determining
appropriate actions. Students who engage in these processes learn to evaluate the possible
consequences of their choices and provide logical justifications for their decisions. Karahan et
al. (2023) highlight decision-making as an important thinking ability that students need to
develop. Therefore, learning activities that require students to compare alternatives and justify
their choices can provide opportunities to strengthen both systematic thinking and critical
reasoning.

Drawing conclusions is another essential indicator because it requires students to synthesize
information and determine whether their conclusions are supported by the evidence they have
examined. Rather than simply repeating information, students need to interpret findings,
identify relevant relationships, and formulate conclusions that logically follow from their
analysis. This process involves evaluating the quality of information and ensuring that the
conclusions correspond to the evidence available. Critical reasoning encompasses the ability
to analyze information, evaluate its relevance and reliability, and draw conclusions based on
the information possessed (Ariadila, et al., 2023). Consequently, conclusion-drawing should
be understood as the outcome of a systematic process of information analysis and evaluation.

The five indicators of critical reasoning are therefore interconnected rather than independent
abilities. Identifying relevant information provides the basis for analysis, analytical reasoning
supports the development of effective explanations, and systematic thinking helps students
evaluate alternatives before making decisions and drawing conclusions. The integration of
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STEM and TaRL can provide opportunities for students to practice these processes through
contextual investigations and structured problem-solving activities. Nevertheless, claims
regarding improvements in specific indicators should be supported by the corresponding
findings from the study. By connecting the theoretical framework with empirical results, the
discussion can provide a more comprehensive explanation of how integrated STEM learning
may contribute to the development of students’ critical reasoning abilities.

Conclusion

This study shows that STEM-integrated TaRL learning significantly improves students' critical
reasoning abilities. This is evidenced by the results of the independent sample t-test analysis,
with significance values of 0.000 and 0.006 (<0.05), indicating that TaRL learning has a
significant effect on improving critical reasoning abilities. This demonstrates that TaRL
learning is more effective than conventional learning in schools in developing critical reasoning
abilities. This improvement is reflected in students' abilities to identify, reason and analyze,
provide effective reasons, use systems thinking, and draw conclusions. The STEM-integrated
TaRL learning approach demonstrates learning through experiences adjusted to students' levels
of learning readiness based on their initial abilities. The learning process involves contextual
problem-solving, understanding the engineering design process, utilizing technology, applying
mathematical concepts, and engaging in collaborative discussions, which can effectively
develop critical reasoning abilities. This learning approach is not only pedagogically effective
but also relevant for preparing students to face the development of 21st-century skills.
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