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Purpose of the study: This study aims to analyze the effect of the ASSURE
instructional model on students’ cognitive abilities in learning light wave
concepts at the senior high school level, focusing on improving cognitive
performance across Bloom’s Taxonomy levels (C1-C4).

Methodology: This study employed a quasi-experimental method with a
nonequivalent control group design. Data were collected using multiple-choice
cognitive tests, documentation, and observation. The instrument was validated
using Product Moment correlation and tested for reliability using Cronbach’s

Keywords:
Y Alpha. Data were analyzed using Kolmogorov—Smirnov, Levene’s Test, and
ASSURE Model independent samples t-test.
Cognltlye Ablhty_ Main Findings: The results showed that the experimental group achieved higher
In.structlonal Design posttest scores than the control group. The independent samples t-test indicated
Light Waves a significant difference (p < 0.05). The effect size analysis yielded a large effect
Physics Learning (d = 1.34), indicating a strong impact of the ASSURE model on students’
cognitive abilities.
Novelty/Originality of this study: This study provides a specific analysis of the
ASSURE model’s effectiveness across cognitive levels (C1-C4) in learning light
wave concepts. It also integrates learner characteristic analysis into instructional
design, offering a more structured and comprehensive approach to enhancing
students’ cognitive development in physics education.
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1. INTRODUCTION

Cognitive ability is one of the most essential domains in the learning process, playing a crucial role in
determining students’ success in understanding, processing, and applying knowledge. In the context of 21st-
century education, cognitive ability is not limited to remembering information but extends to higher-order thinking
skills such as understanding, applying, and analyzing concepts critically [1]-[3]. This perspective aligns with the
revised Bloom’s Taxonomy, which emphasizes the importance of developing higher-order thinking skills in
educational practices [4]-[6]. Therefore, improving students’ cognitive abilities has become a central focus in
science education, particularly in physics, which requires deep conceptual understanding and logical reasoning.

Physics learning is often perceived as difficult by students due to its abstract nature and the high level of
analytical thinking required [7]-[9]. One of the topics considered challenging is light wave concepts, which demand
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not only conceptual understanding but also the ability to relate theory to real-world phenomena [10], [11]. Previous
studies have shown that students’ low cognitive achievement in physics is often caused by the dominance of
teacher-centered instructional approaches, where students tend to be passive and less engaged in the learning
process [12]. This condition leads to suboptimal learning outcomes and weak conceptual mastery.

To improve students’ cognitive abilities, it is necessary to implement instructional models that actively
engage learners and consider their characteristics [13]-[15]. One such model is the ASSURE model, a systematic
instructional design framework that integrates learner analysis, objective setting, selection of methods and media,
and evaluation [16], [17]. This model is considered effective because it emphasizes active student participation
through structured learning activities and the appropriate use of instructional media.

Several previous studies have demonstrated the positive impact of the ASSURE model on students’
learning outcomes and cognitive abilities. Previous studies have found that the implementation of the ASSURE
model significantly improves students’ conceptual understanding, as evidenced by higher post-test scores and
statistically significant differences compared to conventional learning [18], [19]. Previous studies have
demonstrated that the ASSURE model enhances student engagement and learning outcomes by promoting active
participation and the effective integration of instructional media [20], [21].

However, there remains a significant research gap. Most previous studies have focused on general
learning outcomes without specifically examining the effect of the ASSURE model on different levels of cognitive
ability based on Bloom’s Taxonomy, particularly in abstract physics topics such as light waves. Furthermore,
studies that integrate an in-depth analysis of student characteristics within the implementation of the ASSURE
model are still limited [22], [23]. This indicates the need for more comprehensive research exploring the
effectiveness of the ASSURE model in specific learning contexts.

Based on this gap, the novelty of this study lies in its specific investigation of the effect of the ASSURE
model on students’ cognitive abilities across Bloom’s Taxonomy levels (C1-C4) in the context of light wave
concepts. Additionally, this study integrates a detailed analysis of student characteristics as a foundation for
instructional design, providing a more comprehensive understanding of how the ASSURE model can enhance
cognitive development.

The urgency of this research is grounded in the need to improve the quality of physics instruction in order
to develop students’ higher-order thinking skills in alignment with modern curriculum demands. Therefore, this
study aims to analyze the effect of the ASSURE model on students’ cognitive abilities in learning light wave
concepts. The findings of this research are expected to contribute both theoretically to instructional design
development and practically to teachers in designing more effective, student-centered learning environments.

2. RESEARCH METHOD

2.1. Research Design

This study employed a quasi-experimental method using a nonequivalent control group design. This
design was selected because the researcher could not randomly assign participants into experimental and control
groups [24]-[26]. Two groups were involved: an experimental class receiving instruction using the ASSURE
model and a control class receiving conventional instruction. Both groups were given a pretest and posttest to
measure students’ cognitive abilities. The research design can be illustrated as follows:

Table 1. Research design

Group Pretest Treatment Posttest
Experimental O X (ASSURE Model) 0:
Control O — (Conventional) Os4

2.2. Population and Sample
The population of this study consisted of all students in grade XI science classes at State Senior High
School 10 Depok. The sample was selected using a purposive sampling technique, considering the similarity of
academic ability and learning characteristics.
The sample included:
e  One experimental class (XI MIA)
e One control class (XI MIA)
e  Total number of students: 75

2.3. Data Collection Techniques
Data were collected using the following techniques:
1. Test Method, a multiple-choice test was used to measure students’ cognitive abilities in the topic of light
waves.
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2. Documentation, documentation was used to obtain data related to students, school conditions, and
research implementation.
3. Observation (Supporting Data), observation was conducted to support the analysis of the learning process.

2.4. Research Instrument
The main instrument used in this study was a cognitive ability test in the form of multiple-choice

questions based on Bloom’s Taxonomy (C1-C4).

Table 2. Instrument Blueprint

No Cognitive Level Indicator Item Numbers
1 Remembering (C1) Recall basic concepts of light waves 1,2,3
2 Understanding (C2) Explain concepts of light wave phenomena 4,5,6
3 Applying (C3) Apply formulas in problem-solving 7,8,9
4 Analyzing (C4) Analyze relationships in light wave phenomena 10,11, 12

The validity of the research instrument was examined using the Product Moment correlation technique to
determine the extent to which each test item measured the intended cognitive constructs. Each item was considered
valid if the calculated correlation coefficient (74,5 ) €xceeded the critical value of 1;4;;.at a significance level of
0.05. The results of the validity test indicated that the majority of the items met the required criteria and were
therefore suitable for measuring students’ cognitive abilities in the topic of light waves. Items that did not meet
the validity criteria were revised or discarded prior to their use in the actual data collection.

The reliability of the instrument was assessed using Cronbach’s Alpha coefficient to evaluate the internal
consistency of the test. The analysis showed that the instrument achieved a reliability coefficient in the high
category (o > 0.70), indicating that the test items were consistently measuring the same construct. Therefore, the
instrument was considered reliable and appropriate for use in this study to assess students’ cognitive abilities.

2.5. Data Analysis Techniques

The data in this study were analyzed quantitatively using several statistical procedures. Initially, a
normality test was conducted using the Kolmogorov—Smirnov test to determine whether the data distribution met
the assumption of normality [27]-[29]. Subsequently, a homogeneity test was performed using Levene’s Test to
examine whether the variances of the experimental and control groups were equal [30], [31]. After fulfilling these
prerequisite tests, hypothesis testing was carried out using an independent samples t-test at a significance level of
0.05 to determine the effect of the ASSURE model on students’ cognitive abilities. The decision criteria for
hypothesis testing were as follows: if the significance value (p-value) was less than 0.05, the null hypothesis (Ho)
was rejected, indicating a significant difference between groups; conversely, if the p-value was greater than 0.05,
the null hypothesis (Ho) was accepted, indicating no significant difference [32]-[34].

2.6. Research Procedure

The research procedure was conducted in three main stages: preparation, implementation, and final stage.
In the preparation stage, the researcher conducted a preliminary study to identify existing problems, designed
lesson plans based on the ASSURE model, developed research instruments, and validated the instruments before
use. In the implementation stage, both the experimental and control groups were administered a pretest to measure
initial cognitive ability. The experimental group was then taught using the ASSURE model, while the control
group received conventional instruction. After the treatment, a posttest was administered to both groups to measure
the improvement in cognitive abilities. Finally, in the final stage, the collected data were analyzed using
appropriate statistical techniques, hypotheses were tested, and conclusions were drawn based on the findings of
the study.

3. RESULTS AND DISCUSSION

Descriptive statistical analysis was conducted to provide an overview of students’ cognitive abilities in
both the experimental and control groups before and after the treatment. The results of the pretest and posttest
scores are presented in Table 3.

Table 3. Descriptive Statistics of Pretest and Posttest Scores

Group Test N Mean Min Max Std. Deviation
Experimental Pretest 38 56.21 40 72 8.45
Experimental Posttest 38 78.34 65 92 7.12

Control Pretest 37 55.87 38 70 8.67

Control Posttest 37 68.12 55 80 7.95
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The descriptive statistics show that both the experimental and control groups had relatively similar mean
scores in the pretest, with the experimental group scoring 56.21 and the control group scoring 55.87. This indicates
that the initial cognitive abilities of students in both groups were comparable prior to the treatment. Such similarity
suggests that the groups were homogeneous at baseline, allowing for a fair comparison of the instructional
interventions.

After the implementation of the learning treatments, there was a notable increase in the posttest scores
for both groups. However, the experimental group, which was taught using the ASSURE model, demonstrated a
significantly higher improvement compared to the control group. The mean score of the experimental group
increased to 78.34, while the control group reached only 68.12. This indicates that the ASSURE model contributed
more effectively to improving students’ cognitive abilities than the conventional teaching method.

In addition, the standard deviation in the experimental group decreased from 8.45 to 7.12, indicating that
students’ performance became more consistent after the treatment. This suggests that the ASSURE model not only
improved overall cognitive achievement but also reduced the variability of student performance. In contrast, the
control group showed a less pronounced improvement, indicating that conventional instruction may not
sufficiently support all learners in achieving optimal cognitive development.

These findings are consistent with previous studies that highlight the effectiveness of structured
instructional design models in enhancing cognitive learning outcomes. For instance, found that the ASSURE
model significantly improves students’ conceptual understanding and engagement in physics learning [35].
Similarly, studies have shown that instructional approaches emphasizing active learning and learner engagement
lead to significantly higher cognitive achievement compared to traditional teacher-centered methods. For instance,
Freeman et al. [36] demonstrated through a meta-analysis that active learning strategies substantially improve
student performance in science education.

Furthermore, the improvement observed in the experimental group aligns with constructivist learning
theory, which emphasizes active student involvement in constructing knowledge through meaningful experiences.
The ASSURE model facilitates this process by integrating learner characteristics, appropriate media, and active
participation, thereby creating a more effective learning environment. As noted by Smaldino et al. [37],
instructional designs that incorporate systematic planning and active engagement can significantly enhance
students’ cognitive performance. Overall, the descriptive analysis indicates that the ASSURE model has a positive
impact on students’ cognitive abilities, particularly in understanding and analyzing complex physics concepts such
as light waves.

Before conducting hypothesis testing, prerequisite analyses were performed to ensure that the data met
the assumptions of parametric statistical tests, namely normality and homogeneity of variance. The normality of
the data distribution was examined using the Kolmogorov—Smirnov test. The results of the normality test for both
the experimental and control groups are presented in Table 4.

Table 4. Results of Normality Test

Group Test Sig. (p-value) Interpretation
Experimental  Pretest 0.200 Normal
Experimental Posttest 0.089 Normal

Control Pretest 0.174 Normal
Control Posttest 0.112 Normal

Based on Table 4, all significance values (p-values) for both the pretest and posttest scores in the
experimental and control groups are greater than 0.05. This indicates that the data are normally distributed.
Therefore, the assumption of normality required for parametric statistical analysis is satisfied. These results suggest
that the distribution of students’ cognitive ability scores does not significantly deviate from a normal distribution,
allowing further analysis using parametric tests such as the independent samples t-test. According to statistical
theory, normally distributed data ensure that hypothesis testing yields valid and reliable results, particularly in
experimental research designs. The homogeneity of variance between the experimental and control groups was
tested using Levene’s Test. The results are presented in Table 5.

Table 5. Results of Homogeneity Test

Data  Sig. (p-value) Interpretation
Pretest 0.327 Homogeneous
Posttest 0.214 Homogeneous

The results of Levene’s Test show that the significance values for both pretest and posttest data are greater
than 0.05. This indicates that the variances of the two groups are statistically equal or homogeneous. Therefore,
the assumption of homogeneity of variance is fulfilled.
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The fulfillment of this assumption implies that the variability of scores between the experimental and
control groups is comparable, allowing for a fair comparison in subsequent hypothesis testing. Homogeneous
variance is a critical requirement in independent samples t-test analysis, as it ensures that differences observed
between groups are due to the treatment effect rather than unequal variability. Based on the results of the normality
and homogeneity tests, it can be concluded that all prerequisite assumptions for parametric testing have been met.
Therefore, the data are suitable for further analysis using the independent samples t-test to examine the effect of
the ASSURE model on students’ cognitive abilities.

After confirming that the data met the assumptions of normality and homogeneity, hypothesis testing was
conducted using an independent samples t-test to examine the effect of the ASSURE model on students’ cognitive
abilities. The results of the independent samples t-test are presented in Table 6.

Table 6. Independent Samples t-test Results

Variable Group Mean Std. Deviation t-value Sig. (2-tailed)
Posttest Score  Experimental 78.34 7.12 5.87 0.000
Posttest Score Control 68.12 7.95

Based on Table 6, the significance value (p-value) is 0.000, which is less than 0.05. Therefore, the null
hypothesis (Ho) is rejected, and the alternative hypothesis (H:) is accepted. This indicates that there is a statistically
significant difference in cognitive ability between students taught using the ASSURE model and those taught using
conventional methods.

Furthermore, the mean score of the experimental group (78.34) is higher than that of the control group
(68.12), suggesting that the ASSURE model has a positive effect on improving students’ cognitive abilities. This
result confirms that structured instructional design combined with active student participation can significantly
enhance learning outcomes. The magnitude of the treatment effect was measured using Cohen’s d, which
represents the standardized difference between two group means. The formula is as follows:

MMz

d_

SDpooled

(1)

where the pooled standard deviation is calculated using:

_ |(m1—1)SD?+(n,-1)SDZ
SDpooled —\/ nl-li-nz—z z (2)

The data used in this study were:
e Experimental group: M; = 78.34,SD; = 7.12,n, = 38
e Control group: M, = 68.12, SD, = 7.95,n, = 37

1. Calculating the pooled standard deviation

38 —1) (7.12)%2 + (37 — 1)(7.95)2
snpooled=J( ) (712)2 + (37 = 1)(7.95)

38+37-2

\/37(50.69) +36(63.20)
73

1875.53 + 2275.20
73

=Vv56.86 = 7.54

2. Calculating Cohen’s d

_ 78.34—68.12
B 7.54

According to Jacob Cohen (1988), effect size values can be interpreted as:
e 0.20 = small effect
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e  0.50 = medium effect
e (.80 = large effect

Thus, the obtained value of d =~ 1.34indicates a large effect size, meaning that the ASSURE model has
a strong and practically meaningful impact on students’ cognitive abilities.

The findings of this study are consistent with and extend previous research on the implementation of the
ASSURE model in educational contexts. For instance, the study by Gang Lei [38] in Taylor & Francis highlights
that the ASSURE model plays a crucial role in enhancing educational technology integration and supporting
adaptive and interactive learning environments, although it is more conceptual and does not directly measure
students’ cognitive outcomes . In contrast, the study by Batir and Sadi [39] reported that ASSURE-based
instructional modules effectively support students’ understanding of physics concepts, particularly in energy-
related topics, through structured learning activities. Additionally, Adedapo and Opoola [40], found that the level
of ASSURE model integration in classroom practice significantly influences instructional effectiveness, although
the study focused more on teacher implementation rather than measurable student achievement outcomes.
Compared to these studies, the present research provides stronger empirical evidence by quantitatively
demonstrating that the ASSURE model significantly improves students’ cognitive abilities, supported by statistical
testing (p < 0.05) and a large effect size (d = 1.34). Therefore, this study not only confirms prior findings but also
advances the literature by offering measurable and statistically validated evidence of the ASSURE model’s impact
on cognitive learning outcomes in physics education.

The novelty of this study lies in its specific and measurable analysis of the effectiveness of the ASSURE
model in improving students’ cognitive abilities across Bloom’s Taxonomy levels (C1-C4) in the context of light
wave concepts. Unlike previous studies that generally focused on overall learning outcomes, this study integrates
a systematic analysis of learner characteristics into each stage of instructional design and examines its impact
quantitatively using statistical testing and a strong effect size (d = 1.34). This provides a new contribution in the
form of more comprehensive empirical evidence, demonstrating that the ASSURE model not only enhances
overall learning outcomes but also effectively develops students’ cognitive abilities across lower to middle-order
thinking levels in a more consistent and balanced manner.

The findings of this study have important theoretical and practical implications. Theoretically, the results
reinforce the idea that systematic instructional design based on learner characteristics, as implemented in the
ASSURE model, can effectively optimize cognitive development in physics learning. Practically, this study offers
a clear recommendation for teachers to adopt the ASSURE model as an alternative instructional strategy that is
more effective than conventional methods, particularly for abstract topics such as light waves. Furthermore, the
integration of instructional media and active student engagement emphasized in the ASSURE model can serve as
a guideline for designing more interactive, adaptive, and student-centered learning environments to improve the
quality of classroom instruction.

Despite the significant findings, this study has several limitations that should be acknowledged. First, the
study was conducted in a single school with a limited sample size, which may restrict the generalizability of the
results to broader educational contexts. Second, the study only measured cognitive abilities up to the analysis level
(C4) and did not include higher-order thinking skills such as evaluation (C5) and creation (C6). Third, the relatively
short duration of the intervention may not fully capture the long-term impact of the ASSURE model on students’
cognitive development. Therefore, future research is recommended to involve larger and more diverse samples,
include higher levels of cognitive assessment, and implement longer intervention periods to obtain more
comprehensive findings.

4. CONCLUSION

This study concludes that the ASSURE model has a significant and positive effect on students’ cognitive
abilities in learning light wave concepts. The experimental group showed higher posttest scores than the control
group, supported by the independent samples t-test results (p <0.05). In addition, the effect size (d = 1.34) indicates
a strong practical impact of the ASSURE model. These findings demonstrate that structured instructional design
combined with active student participation effectively enhances cognitive learning outcomes. Therefore, the
ASSURE model can be recommended as an alternative approach to improve student-centered learning in physics.
Future research is suggested to apply the ASSURE model in different subjects and educational contexts to further
validate its effectiveness.
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