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INTRODUCTION

Mathematics education plays an important role in developing students’ logical, systematic, and
analytical thinking. It also requires students to communicate ideas through symbols, diagrams, mathematical
language, and multiple representations. These competencies help students connect mathematical knowledge
with real-life situations and make reasoned decisions (Uredi & Doganay, (2023). Effective instruction should
therefore provide opportunities for students to reason, interpret information, and connect new concepts with
their prior knowledge rather than merely memorize procedures. Haque (2024) further emphasizes that the use
of multiple representations can support students’ learning of mathematical and statistical concepts.
Accordingly, mathematics instruction needs to be designed to promote active engagement and meaningful
conceptual development.

Conceptual understanding is a fundamental component of mathematics learning because it enables
students to explain concepts, recognize relationships, and apply knowledge in different situations. Students
with strong conceptual understanding can connect mathematical topics and solve problems systematically
(Baiduri et al., (2021). Conceptual understanding extends beyond recalling formulas; it involves restating
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concepts in one’s own words, classifying mathematical objects, presenting concepts in different forms,
identifying examples, and applying appropriate procedures. However, preliminary classroom observations and
informal discussions with Grade VIII mathematics teachers at SMP Negeri 2 Langsa suggested that some
students experienced difficulties in learning statistical concepts, particularly measures of central tendency. The
teachers also indicated that students showed limited interest during predominantly teacher-directed instruction
and had few opportunities to use visual or interactive learning media. Although these preliminary findings were
not obtained through a formal diagnostic assessment, they indicated a need for a learning approach that could
support students’ active construction of statistical concepts.

Discovery learning offers a constructivist approach in which students develop knowledge through
exploration, investigation, and guided problem-solving. Khasinah (2021) explains that discovery learning
encourages students to construct knowledge by actively examining information and identifying conceptual
relationships. Similarly, Handajani (2020) escribes discovery learning as a model that guides students to
discover mathematical concepts through a structured investigative process. When students directly observe
patterns, propose ideas, and test their reasoning, they may develop a more meaningful understanding of the
relationships among concepts (Widia, (2020). Thus, discovery learning is relevant to the present study because
it positions students as active participants while teachers provide guidance and facilitate the learning process.

Discovery learning is implemented through a sequence of interrelated stages. These stages generally
include stimulation, problem identification, data collection, data processing, verification, and generalization
(Kristin and Rahayu, (2016). During stimulation and problem identification, students are introduced to a
situation that encourages curiosity and the formulation of questions. They subsequently collect and process
relevant information to identify patterns or relationships. In the verification stage, students examine whether
the evidence supports their initial ideas, while the generalization stage enables them to formulate broader
conclusions. This sequence is consistent with concept-based mathematics learning because it engages students
in observing, analyzing, verifying, and communicating mathematical relationships. Nevertheless, its
effectiveness may depend on the availability of appropriate learning media that allow students to explore
concepts directly.

Interactive technology can support discovery learning by providing visual and manipulable
representations of mathematical ideas. Rahmah and Fitri Apriyani (2024) report that PhET Simulation can
provide an interactive learning environment that supports students’ learning outcomes. Through simulations,
students can manipulate variables, observe changes, and examine relationships that may be difficult to
represent through static explanations alone. Dy et al. (2024) also found that PhET interactive simulations
supported students’ performance by enabling exploration and experimentation in a simulated environment.
Although much of the existing evidence comes from science education, the interactive and visual
characteristics of PhET may also help students investigate statistical concepts, such as changes in the mean,
median, and mode when data values are modified. Therefore, integrating PhET Simulation with discovery
learning may provide students with a more concrete environment for exploring measures of central tendency.

Previous studies have reported positive outcomes from the use of PhET Simulation in different
learning contexts. Astuti and Muzana (2020) applied PhET-based simulation learning to support students’
understanding of physics concepts. In mathematics education, Hikmah et al. (2023) reported that the use of
PhET Simulation influenced elementary students’ mathematics learning outcomes. Marito et al. (2022) also
described improvements in students’ understanding of science learning through PhET-based activities.
Collectively, these studies indicate that interactive simulations can provide students with opportunities to
engage with learning content rather than receive information passively. However, the findings primarily
concern science subjects or general learning outcomes, and they do not fully explain how PhET-assisted
instruction supports specific indicators of mathematical conceptual understanding.

Research on the integration of PhET Simulation into mathematics instruction, particularly in learning
measures of central tendency at the junior secondary level, remains limited. Previous studies have often focused
on final achievement scores without examining conceptual understanding through indicators such as
classification, representation, example identification, and algorithmic application. Moreover, the educational
value of simulation media may depend on how the media are integrated into a structured instructional model.
The use of digital media alone may not ensure meaningful learning when students are not guided to investigate,
interpret, verify, and generalize the observed relationships. Comparing discovery learning supported by PhET
Simulation with the same learning model without simulation support can therefore help clarify the additional
contribution of interactive simulation media.

This study aimed to determine whether students taught through discovery learning supported by PhET
Simulation demonstrated significantly higher mathematical conceptual understanding than students taught
through discovery learning without PhET Simulation. It was hypothesized that students receiving PhET-
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assisted discovery learning would obtain significantly higher posttest scores than students receiving discovery
learning without simulation support.

METHOD

Research Design

The study employed a quantitative approach with a quasi-experimental posttest-only control group
design. The design was selected because the participants were organized in existing classes, making individual
random assignment impractical. Two intact Grade VIII classes participated in the study. The experimental
group received discovery learning supported by PhET Simulation, whereas the control group received
discovery learning without PhET Simulation. Both groups studied the same mathematical content, followed
the same discovery learning stages, received equivalent instructional time, and completed the same posttest at
the end of the intervention. The research design is presented in Table 1.

Table 1. Posttest-only control group design

Group Treatment Posttest
Experimental Discovery learning supported by PhET Simulation (X1) O1
Control Discovery learning supported by PhET Simulation (X2) 02

In this design, (Xi) represents discovery learning supported by PhET Simulation, (X5) represents
discovery learning without simulation support, and O; and O, represent the posttest administered to the
experimental and control groups, respectively.

Because the study did not administer a pretest, the initial comparability of the two classes was assessed
using information provided by the mathematics teacher and the students’ previous classroom assessment
results. The teacher indicated that the two classes had relatively similar academic characteristics, prerequisite
knowledge, and mathematics achievement. After the two classes had been identified as comparable, their
assignment as the experimental and control groups was determined randomly. This procedure was intended to
reduce systematic differences between the groups while preserving the natural classroom setting.

Participants and Research Context

The study was conducted at SMP Negeri 2 Langsa during the second semester of the 2024-2025
academic year. The population comprised 216 Grade VIII students distributed across seven classes. The sample
consisted of 50 students from two intact classes, with 25 students in each group. Class VIII-7 served as the
experimental group, whereas Class VIII-6 served as the control group.

The two classes were selected through purposive sampling. The selection was based on information
from the mathematics teacher and previous classroom assessment results indicating that the classes had
relatively comparable mathematics achievement, prerequisite competencies, learning characteristics, and
exposure to the statistical content examined in the study. Thus, the sampling procedure was used to identify
two intact classes that were considered suitable for comparison within the quasi-experimental design.

After the classes had been selected, their designation as the experimental and control groups was
determined randomly. The study was conducted during regular mathematics lessons to preserve the natural
classroom context. Both groups studied measures of central tendency, including the mean, median, and mode.
The learning objectives, subject matter, instructional duration, and posttest procedures were maintained as
consistently as possible across the two groups. The primary difference between the groups was the use of PhET
Simulation during discovery learning in the experimental group.

Instructional Procedures

The instructional intervention in both groups followed the six stages of discovery learning:
stimulation, problem identification, data collection, data processing, verification, and generalization Kristin
and Rahayu (2016). In both groups, the teacher acted as a facilitator who guided students through the
investigative process rather than directly presenting the concepts.

In the experimental group, PhET Simulation was integrated into each stage of discovery learning.
During the stimulation stage, students observed data-related situations presented through the simulation. In the
problem-identification stage, they formulated questions concerning changes in the mean, median, and mode.
During data collection, students manipulated data values and recorded the resulting changes in measures of
central tendency. They then processed the information to identify patterns and relationships among the data.
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During the verification stage, students compared the results displayed in the simulation with their
manual calculations and initial predictions. In the generalization stage, they formulated conclusions concerning
the effects of changes in data values on the mean, median, and mode. The simulation was therefore used as an
exploratory medium that allowed students to visualize and examine statistical relationships dynamically.

The control group followed the same discovery learning stages and studied the same mathematical
content without PhET Simulation. Students explored the concepts through teacher-prepared examples,
worksheets, classroom discussions, and manual calculations. They identified problems, collected and processed
information, verified their calculations, and formulated conclusions using non-simulation learning resources.
Thus, both groups received discovery learning, while interactive simulation support was provided only to the
experimental group.

Research Instruments

The independent variable in this study was the instructional treatment, consisting of discovery learning
supported by PhET Simulation and discovery learning without PhET Simulation. The dependent variable was
students’ mathematical conceptual understanding of measures of central tendency, as reflected in their posttest
scores.

Data were collected using an essay-based test designed to measure students’ mathematical conceptual
understanding. The instrument was developed according to the curriculum objectives and the statistical content
taught during the intervention. Essay items were selected because they allowed students to demonstrate their
reasoning, present statistical information, and explain the procedures used to solve problems.

The instrument measured three indicators of conceptual understanding:

1. Classification, referring to students’ ability to classify data or mathematical objects according to relevant
statistical characteristics.

2. Representation, referring to students’ ability to organize, present, and interpret statistical information in
forms such as tables, diagrams, or mathematical expressions

3. Algorithmic application, referring to students’ ability to select, apply, and explain appropriate procedures
for calculating and interpreting the mean, median, and mode.

Each test item was aligned with one or more of these indicators. Students’ responses were scored
using a predetermined rubric that assessed the accuracy of the answer, the appropriateness of the representation
or procedure, and the clarity of the reasoning provided.

The research instrument and supporting learning materials were reviewed by two expert validators
before implementation. One validator served as a subject-matter expert, while the other served as a media
expert. The subject-matter expert evaluated the accuracy of the mathematical content, its alignment with the
curriculum and learning objectives, and the correspondence between the test items and the indicators of
conceptual understanding. The media expert evaluated the clarity of the instructions, the suitability of the
learning materials, the visual presentation, and the appropriateness of the PhET-assisted activities for Grade
VIII students.

The validators also assessed the relevance of the test items, clarity of language, feasibility of classroom
implementation, and consistency between the instructional activities and assessment instrument. Revisions
were made based on their comments before the instrument was administered.

After expert validation, empirical item validity was examined using Pearson’s product—-moment
correlation. Items were considered acceptable when their correlation coefficients met the predetermined
validity criteria. Instrument reliability was assessed using Cronbach’s alpha to determine the internal
consistency of the essay-based test.

The quality of the test items was also examined through difficulty and discrimination analyses. The
difficulty index was used to classify items as easy, moderate, or difficult, whereas the discrimination index was
used to evaluate the ability of each item to distinguish between students with relatively high and low levels of
conceptual understanding. Items that met the required validity, reliability, difficulty, and discrimination criteria
were retained. Items that did not meet the criteria were revised or excluded before the final posttest was
administered.

Supporting instructional instruments included learning modules and student worksheets developed
according to the discovery learning stages. The experimental-group worksheets included instructions for
exploring measures of central tendency through PhET Simulation, whereas the control-group worksheets
addressed the same learning objectives through examples, discussion activities, and manual calculations.

Data Collection

Data collection was conducted after both groups had completed the instructional treatment. The
experimental and control groups took the same essay-based posttest under comparable classroom conditions.
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The same test instructions, completion time, scoring rubric, and administration procedures were applied to both
groups.

No pretest was administered because the study used a posttest-only design. Therefore, the assumption
of initial group comparability was based on the mathematics teacher’s assessment, previous classroom
achievement results, and the selection of two classes with relatively similar academic characteristics. The
completed posttests were scored using the predetermined rubric, and the resulting scores were used as the
primary data for analysis.

Data Analysis

The data were analyzed using descriptive and inferential statistics. Descriptive statistics included the
number of participants, minimum and maximum scores, means, and standard deviations for the experimental
and control groups. These statistics were used to describe the distribution and general pattern of students’
posttest scores.

Before hypothesis testing, normality and homogeneity assumptions were examined. The Shapiro—
Wilk test was used to assess the normality of the posttest scores in each group because each group consisted of
25 students. The data were considered normally distributed when the significance value was greater than .05.
Levene’s test was used to examine the equality of variances between the groups. The variances were considered
homogeneous when the significance value was greater than .05.

After the assumptions had been satisfied, an independent-samples t-test was conducted to compare
the mean posttest scores of the experimental and control groups. The significance level was set at (alpha=.05).
A significance value below .05 indicated a statistically significant difference between the two groups. The
research hypothesis was supported when the experimental group obtained a significantly higher mean posttest
Table 2 presents the descriptive statistics for the posttest scores of the experimental and control groups In
addition to statistical significance, Cohen’s d was calculated to estimate the magnitude of the difference
between the two groups. The effect size was calculated by dividing the difference between the group means by
the pooled standard deviation. Based on the reported descriptive statistics, the estimated Cohen’s d was 0.82,
indicating a large effect. This value should be verified using the final dataset before publication.

Ethical Considerations

Permission to conduct the study was obtained from SMP Negeri 2 Langsa before data collection. The
school administration and mathematics teacher were informed about the objectives, instructional procedures,
and data-collection process.

Students’ identities were anonymized during data analysis and reporting. The collected information
was used solely for research purposes and was not presented in a way that allowed individual participants to
be identified. Both groups continued to receive the mathematics content required by the school curriculum, and
the instructional treatment was implemented as part of regular classroom learning activities.

RESULTS AND DISCUSSION

Results

This section presents the descriptive statistics, assumption tests, and inferential analysis of students’
posttest scores. The analysis compared the mathematical conceptual understanding of students who received
discovery learning supported by PhET Simulation with that of students who received discovery learning
without simulation support.

Descriptive Statistics of Students’ Performance
Table 2 presents the descriptive statistics for the posttest scores of the experimental and control groups.

Table 2. Descriptive Statistics of Students’ Posttest Scores

Group N Minimum Maximum Mean Std Deviation
Experimental 25 44 100 78.76 17.06
Control 25 28 97 62.88 21.50

The experimental group obtained a mean posttest score of 78.76 (SD = 17.06), whereas the control
group obtained a mean score of 62.88 (SD = 21.50). The difference between the group means was 15.88 points.
The experimental-group scores ranged from 44 to 100, while the control-group scores ranged from 28 to 97.

These descriptive results indicate that the experimental group achieved a higher overall posttest score
than the control group. However, inferential analysis was required to determine whether the observed
difference was statistically significant.
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Assumption Testing

Before conducting the independent-samples #-test, the normality and homogeneity assumptions were
examined. The Shapiro—Wilk test was used to assess the distribution of scores in each group. The results are
presented in Table 3.

Table 3. Results of the Shapiro-Wilk normality test

Group Shapiro-Wilk Statistics df p
Experimental 928 25 076
Control 923 25 061

The Shapiro—Wilk test produced a significance value of .076 for the experimental group and .061 for
the control group. Both values were greater than .05, indicating that the posttest scores in both groups did not
significantly deviate from a normal distribution.

Levene’s test was subsequently conducted to examine the equality of variances between the two
groups. The result is presented in Table 4.

Table 4. Results of Levene’s test for homogeneity of variance

Levene Statistics dfy df, P
2.233 1 48 142

Levene’s test yielded a significance value of .142, which was greater than .05. Therefore, the
assumption of equal variances was satisfied. The normality and homogeneity results supported the use of an
independent-samples #-test.

Comparison of Posttest Scores

An independent-samples #-test was conducted to determine whether the mean posttest scores differed
significantly between the experimental and control groups. The results are presented in Table 5.

Table 5. Independent samples t-test results

Comparison ¢ df P Mean 95% CI for Cohen’s d
P Difference the diffrence
Experimental- 2.892 48 .006 15.88 [4.84,26.91] 82
Control

The experimental group obtained a significantly higher mean posttest score than the control
group, #(48)=2.892, p =.006. The estimated mean difference was 15.88 points, with a 95% confidence interval
ranging from 4.84 to 26.91. Because the confidence interval did not include zero, it supported the presence of
a statistically significant difference between the groups.

Cohen’s d was calculated using the difference between the two group means divided by their pooled
standard deviation. The resulting effect size was 0.82, indicating a large standardized difference between the
experimental and control groups. Accordingly, the null hypothesis was rejected, and the research hypothesis
was supported. Students who received discovery learning supported by PhET Simulation demonstrated higher
overall posttest scores in mathematical conceptual understanding than students who received discovery
learning without simulation support.

Discussion

This study examined differences in students’ conceptual understanding of statistical measures of
central tendency between two instructional conditions, discovery learning supported by PhET Simulation and
discovery learning without media support. The results showed a statistically significant difference in posttest
scores. Students in the experimental group achieved higher mean scores compared to the control group. This
finding indicates that integrating PhET Simulation into discovery learning improves students’ conceptual
understanding of statistical concepts.

The findings align with constructivist learning theory. Conceptual understanding develops through
active knowledge construction. Discovery learning requires students to engage in exploration, problem
identification, data collection, data processing, verification, and generalization. These stages guide students to
connect new knowledge with prior understanding. This process leads to structured and meaningful learning
outcomes .

The higher performance in the experimental group reflects the added value of simulation media. PhET
Simulation provides dynamic visual representations of abstract statistical concepts. Students observe how
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changes in data affect mean, median, and mode. This direct interaction supports conceptual clarity. Students
do not rely only on symbolic or verbal explanations. Instead, they engage with visual and interactive
representations. This process strengthens understanding of relationships among statistical concepts.

The findings support previous studies. Anisatu Rahmah and Fitri Apriyani (2024) reported that PhET
Simulation helps students understand abstract concepts through interactive visualization. Syarifah and Desi
(2020) found improved conceptual understanding in physics using simulation based learning. Nurul Hikmah
et al. (2023), Azizah, et al. (2025), Aulia and Pramuditya (2025), Putri, et al. (2025) reported increased
mathematics learning outcomes after implementing PhET Simulation. These studies confirm that simulation
based learning enhances student understanding across disciplines .

From the perspective of discovery learning characteristics, simulation enhances exploratory learning
activities. Students interact with data through manipulation and observation. They test ideas and receive
immediate feedback. This condition supports deeper engagement. Activities such as classifying data,
representing concepts, and applying algorithms become more structured. Visual support reduces cognitive load
during learning. Students focus on understanding relationships rather than memorizing procedures.

The control group followed the same discovery learning stages without simulation. Learning relied
on static representations such as textbooks and board explanations. This condition limits opportunities for
experimentation. Students must rely on abstract reasoning without visual support. As a result, conceptual
understanding develops at a lower level compared to simulation supported learning.

The findings indicate that instructional strategy alone does not determine learning outcomes. Media
integration influences the effectiveness of the learning process. Discovery learning without appropriate media
support does not fully address the challenges of abstract mathematical concepts. Students benefit from tools
that provide concrete representations of abstract ideas.

The implications of this study relate to instructional design in mathematics education. Teachers should
integrate interactive media into discovery learning. PhET Simulation provides opportunities for students to
explore statistical concepts through direct manipulation. Instructional activities should focus on data
exploration and interpretation. Learning tasks should guide students to construct meaning through interaction.

Several limitations should be noted. The sample size was limited to one school. The design used
posttest only measurement without baseline comparison. The study focused on a single topic, central tendency
in statistics. These factors limit generalization of findings.

Future research should involve larger samples across multiple schools. Studies should include pretest
and posttest designs to measure learning gains. Additional variables such as student engagement and motivation
should be examined. Further research should also explore the use of simulation in other mathematical topics.

Overall, the findings show that integrating discovery learning with PhET Simulation leads to higher
conceptual understanding in statistics. The combination of student centered learning and interactive media
provides a more effective learning environment. This approach supports students in constructing mathematical
knowledge through active engagement.

CONCLUSION

This study examined the effectiveness of discovery learning supported by PhET Simulation in
facilitating students’ conceptual understanding of statistical measures of central tendency at the junior
secondary level. The findings showed that students who learned through discovery learning with PhET
Simulation achieved higher posttest scores compared to those who learned through discovery learning without
media support. The statistical analysis confirmed a significant difference between the two groups, indicating
that the integration of simulation media enhances conceptual understanding.

The results indicate that discovery learning promotes active engagement through structured stages
such as exploration, problem identification, and generalization. The addition of PhET Simulation strengthens
this process by providing dynamic visual representations of abstract statistical concepts. Students interact
directly with data, observe patterns, and test relationships among variables. This process supports deeper
understanding of concepts such as mean, median, and mode. The findings also align with previous studies that
report improved conceptual learning through simulation based environments.

This study contributes empirical evidence on the role of interactive media in mathematics learning,
particularly in supporting conceptual understanding rather than procedural knowledge. The results suggest that
instructional design should combine student centered learning models with appropriate technological tools.
Such integration improves students’ ability to represent, interpret, and apply mathematical concepts in
meaningful ways.

The study has limitations. The sample size was limited to one school and involved a specific grade
level. The design did not include pretest measurement, which limits analysis of learning gains. The focus was
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restricted to statistical material, so findings may not generalize to other mathematical topics. Future research
should involve larger samples, include pretest and posttest designs, and examine other variables such as student
engagement and reasoning processes across different mathematical domains.
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