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Purpose of the study: This study aims to determine the effect of using Flash-
based learning media on students’ learning achievement in chemistry,
specifically on the topic of atomic structure, compared to conventional teaching
methods.

Methodology: This study employed a quasi-experimental design using a

OnlineFirst Dec 30, 2024 pretest-posttest control group design. The instrument used was a multiple-choice

test consisting of 20 items. Data were collected through pretest and posttest. Data
analysis included validity and reliability testing, homogeneity test using F-test,
and hypothesis testing using t-test with pooled variance.
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Main Findings: The results showed that students taught using Flash media
achieved higher learning outcomes compared to those taught using conventional
methods. The experimental group demonstrated better average scores and higher
classical completeness. Statistical analysis indicated a significant difference
between both groups, confirming that Flash media positively affects students’
achievement in atomic structure learning.

Novelty/Originality of this study: This study introduces the application of
specifically designed Flash media for atomic structure learning, integrating
interactive animation and conceptual visualization. It provides empirical
evidence of its effectiveness, offering a more focused approach compared to
previous general multimedia studies and contributing to innovation in chemistry
learning media development.
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1. INTRODUCTION

Chemistry learning is a field of study that demands an understanding of abstract concepts and higher-
order thinking skills [1], [2]. Many concepts in chemistry, particularly atomic structure, cannot be directly
observed, making them often difficult for students to grasp [3], [4]. This impacts student interest in learning and
achievement in chemistry [5], [6]. Teachers are required to present material in an engaging and understandable
manner. Therefore, learning innovations are needed that can bridge abstract concepts into more concrete ones.

Atomic structure, as a fundamental material in chemistry, plays a crucial role in understanding more
advanced concepts [7], [8]. However, many students struggle to understand the structure of subatomic particles
and electron configurations. Learning methods that are still dominated by conventional methods tend to lead to
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students being passive and less actively engaged [9], [10]. This condition results in low student learning outcomes
in this material. Therefore, a more interactive and technology-based learning approach is needed [11], [12].

Developments in information technology offer significant opportunities to improve the quality of learning
[13], [14]. One innovation that can be implemented is the use of multimedia-based learning media such as Flash
[15], [16]. Flash media can present engaging animations, visualizations, and interactions that can help students
grasp abstract concepts [17], [18]. The use of this media can also increase student motivation and attention in
learning. Thus, Flash media has the potential to be a solution for effective chemistry learning.

Flash media has the advantage of displaying simulations of microscopic processes that cannot be directly
observed. The visualizations presented can help students develop a better conceptual understanding [19], [20].
Furthermore, the interactive features in Flash media enable students to learn independently and exploratively [21],
[22]. This aligns with modern learning principles that emphasize student-centered learning [23], [24]. Therefore,
the use of Flash media in chemistry instruction warrants further study.

Several previous studies have shown that the use of multimedia-based media can improve student learning
outcomes [25], [26]. However, most of these studies have focused on general media use and have not specifically
examined the effectiveness of Flash media on atomic structure. Furthermore, research that optimally integrates
interactivity and visualization is still limited. This situation indicates a research gap that requires further study.
Therefore, research that specifically examines the effect of Flash media on student achievement in atomic structure
is needed.

The novelty of this research lies in the use of Flash media, specifically designed to visualize atomic
structure concepts interactively and systematically. This media not only presents information but also engages
students in the learning process through animation features and interactive exercises [27], [28]. Furthermore, this
study directly examines the effect of this media use on student achievement. This approach is expected to provide
new contributions to the development of chemistry learning media. Thus, this research has added value compared
to previous studies.

The urgency of this research is based on the need to improve the quality of chemistry learning in schools.
Low student achievement in atomic structure is a problem that needs to be addressed immediately. The use of
innovative learning media is expected to be an effective solution to improve student understanding. Furthermore,
this research also supports the use of technology in education in accordance with the demands of the digital era.
Therefore, this research is crucial to provide alternative, more effective and innovative learning strategies.

2. RESEARCH METHOD
2.1. Type of Research

This study employed a quasi-experimental design because the subjects were not randomly assigned but
were placed in naturally formed groups, such as students in a single class [29], [30]. This design was chosen
because field conditions did not permit regrouping of the subjects. A pretest-posttest control group design was
employed in this study. The pretest was administered to measure students' initial abilities before the treatment was
administered. Meanwhile, the posttest was used to determine students' abilities after receiving the treatment. If the
pretest results indicate a difference in initial abilities between the two groups, then hypothesis analysis is conducted
based on the difference in scores (gain). However, if there is no significant difference in initial abilities, then
hypothesis testing can be carried out directly using posttest scores. Thus, this research design allows researchers
to evaluate the effects of the treatment more accurately. The research design used is as follows:

Table 1. Research Design

Class Pretest Use of Flash Media Posttest
Experiment Yes Yes Yes
Control Yes No Yes

2.2. Research Population and Sample

The population is the entire subject targeted in a study. In this study, the population includes all tenth-
grade students consisting of classes X1, X2, X3, X4, and X5 at Mataram 2 State Senior High School. This
population was selected because it has characteristics that match the research objectives. In addition, all classes
are at the same level, allowing for comparisons. Thus, this study population has a fairly good level of uniformity.
The sample is a portion of the population that is used as the object of research and is considered to be representative
of the entire population [31], [32]. The sampling technique in this study was carried out by lottery because the
subjects have been divided into natural groups in the form of classes. The research sample consisted of two classes,
namely one class as the experimental group and one class as the control group. Based on the lottery results, class
X2 was designated as the experimental class, while class X3 was designated as the control class. Each class
consisted of 42 students, resulting in a total sample of 84 students. This number is considered representative
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because it covers approximately 40% of the total population of tenth-grade students at Mataram 2 State Senior
High School. With this number, the sample is considered sufficient to represent the population as a whole.

2.3. Data Collection Instruments and Techniques

The instrument used in this study was an objective multiple-choice test [33], [34]. This test consists of
two main parts: the stem, which represents the question statement, and the options, which represent alternative
answers. Each question item has five answer choices: A, B, C, D, and E. Of these five, only one answer is correct,
while the other options serve as distractors. Scoring was done by assigning a value of 1 for a correct answer and 0
for an incorrect answer. The instrument used in this study was systematically designed through the preparation of
a question outline. In addition, the instrument was also pre-tested to ensure its validity and reliability before being
used in the study. The outline of this research instrument can be seen in Table 2.

Table 2. Research Instrument Grid

Learning materials Indicator Question Number Amount
The development of atomic Explain the 'development of atomic theory
. .~ from Dalton's atomic theory to the modern 1,3 2
theory from Dalton's atomic atom

theory to modern atomic . . .
y Explain the constituent particles of atoms

theory (protons, neutrons, and electrons). 24 2
Determine the number of protons,
neutrons, and protons based on mass 7,8,11,12,14, 15 6
number.

Atomic structure Class.ify elements into isotgpes, isotones,
and isobars based on atomic number and 5,6 2

mass number.
Determine electron configuration and 9, 10, 13, 16, 17, 18,
. ) 8
relative atomic mass. 19, 20
Amount 20

The data collection process is a crucial stage in any research because it determines the quality of the
results obtained. The data collected in this study consisted of several types according to the analysis needs. The
first data was the results of a pretest, which was used to determine students' initial abilities regarding atomic
structure before treatment was given [35], [36]. Next, data regarding student achievement in atomic structure was
obtained through testing techniques. The test instrument used had undergone validity and reliability testing, thus
ensuring its suitability for use in research. Thus, the data obtained was expected to be accurate and objectively
reflect students' abilities.

2.4. Data Analysis Techniques

Before conducting further data analysis, it is first necessary to test whether the obtained data have
homogeneous variance. A homogeneity test is performed using pretest data to ensure equality of variance between
the groups being compared. Homogeneity of variance is tested using the F-test, comparing the largest variance
with the smallest variance [37]. The variance for each group is calculated based on student scores, averages, and
sample size. The test criteria are: if the calculated F-value is less than the F-table, then the data variance is
considered homogeneous. Conversely, if the calculated F-value is greater than the F-table, then the data variance
is considered non-homogeneous. The results of this test serve as the basis for determining the subsequent analysis
techniques to be used in hypothesis testing.

To test the research hypothesis, a difference test, namely the t-test, is used. In this test, there are two
approaches: separated variance and pooled variance. The choice of t-test formula is adjusted according to the
sample size and the results of the homogeneity of variance test. The separated variance formula is used in several
situations: when the sample size is the same but the variance is homogeneous, when the sample size is the same
but the variance is not homogeneous, and when the sample size is different but the variance is not homogeneous
[38]. The degrees of freedom used in the calculation are adjusted accordingly. Meanwhile, the pooled variance
formula is used when the variances of the two groups are homogeneous, whether the sample sizes are the same or
different. After the calculated t value is obtained, it is then compared with the t table value at a 5% significance
level. If the calculated t value is less than or equal to the t table, the alternative hypothesis is rejected. Conversely,
if the calculated t value is greater than the t table, the alternative hypothesis is accepted. Thus, the t test results are
used to determine whether or not the treatment effect is present in the study.
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3.  RESULTS AND DISCUSSION
3.1. Student Learning Achievement Data

Student learning achievement data was obtained from the results of the final test conducted at the end of
the learning process. The final test was given to two classes, namely class X2 as the experimental class and class
X3 as the control class. The results obtained showed that in the experimental class, student scores were in the range
of 45 to 100 with an average score of 78.05. Meanwhile, in the control class, the range of scores obtained was 30
to 95 with an average score of 68.69. The minimum completion criteria set for atomic structure material is 70.
Based on these criteria, the classical learning completion level was obtained in each class. The experimental class
showed a classical completion level of 80.95 percent, while the control class reached 64.29 percent. Thus, there is
a difference in learning achievement between the two classes. A summary of the student learning achievement
data is presented in Table 3.

Table 3. Student Learning Achievement

Aspects Experimental Class Control Class
Number of students 41 42
Highest score 100 95
Lowest score 45 30
Average score 78.05 68.69
Classical completion 80.95% 64.29%

3.2. Results of the Homogeneity of Variance Test

The homogeneity of variance between the experimental and control classes was tested using the F-test.
The data used in this test included the pre-test and post-test data, as the data must meet the homogeneity of variance
requirement before conducting a difference test. This test aims to ensure that both groups have equal variances so
that they can be compared accurately. Based on the calculations on the pre-test data, the experimental class had
the largest variance of 187, while the control class had the smallest variance of 143.4. The calculated F-value was
1.304. Meanwhile, the F-table value at the 5 percent significance level with 40 degrees of freedom in the numerator
and 41 in the denominator was 1.69. Because the calculated F-value was smaller than the F-table value, it can be
concluded that the variances of the two groups were homogeneous.

This homogeneity test on the pre-test data was then used as the basis for conducting a difference test to
determine students' initial abilities in atomic structure. Furthermore, a homogeneity test was also conducted on the
post-test data to ensure the suitability of further analysis. In the final test data, the experimental class variance was
297.33 and the control class variance was 190.32. The calculated F value obtained was 1.56, while the F table
value remained at 1.69 at the same significance level. These results indicate that the calculated F value is smaller
than the F table, so the variance of the two groups is also declared homogeneous. By fulfilling the requirements
for homogeneity of variance in both types of data, the analysis can be continued with a difference test. This test
aims to determine the effect of the use of learning media on student learning achievement.

3.3. Hypothesis Test Results

Based on the results of the homogeneity test on the initial test data, the data were then analyzed using a
difference test. The type of test used was a t-test with a pooled variance approach because the F-test results showed
that the variances of both groups were homogeneous. The results of the analysis showed that the calculated t-value
was 0.25, while the t-table value was 1.99. Because the calculated t-value was smaller than the t-table, it can be
concluded that both groups had equal initial abilities in the atomic structure material before being given treatment.
Furthermore, the final test data that had met the homogeneity requirements were also analyzed using a t-test with
a pooled variance approach. The calculation results showed that the calculated t-value was 3.24. This value was
then compared with the t-table value at 81 degrees of freedom, which was 1.99. Because the calculated t-value
was greater than the t-table, the null hypothesis was rejected. Thus, the alternative hypothesis was accepted, which
showed that the use of Flash media had a significant effect on student learning achievement compared to
conventional learning in atomic structure material.

The results of this study indicate that the use of Flash media in chemistry learning has a positive impact
on student achievement. This can be explained by the characteristics of Flash media, which can present abstract
concepts more concretely through animated visualizations. In the topic of atomic structure, concepts such as the
arrangement of subatomic particles and electron configuration are often difficult to understand when presented
verbally only [39]. With dynamic visual displays, students can construct clearer mental representations of these
concepts. This supports improved conceptual understanding, which ultimately impacts learning outcomes.

Furthermore, the use of Flash media also contributes to increased student engagement during the
learning process. Interactive media allows students to not only passively receive information but also actively
participate in the learning process [27]. This interactivity encourages students to explore the material
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independently, making the learning process more meaningful. This high level of engagement contributes to
increased student motivation. With increased motivation, students tend to be more focused and strive for a deeper
understanding of the material.

From a learning theory perspective, these results align with the constructivist approach, which
emphasizes that knowledge is actively constructed by students. Flash media provides students with opportunities
to construct their understanding through visual-based and interactive learning experiences [40]. This process helps
students connect new concepts with prior knowledge. Thus, learning is not simply rote memorization but also
fosters conceptual understanding. This is a crucial factor in improving student achievement.

On the other hand, conventional learning tends to be teacher-centered and provides little opportunity
for students to actively interact with the material [41]. This method often leads to students having difficulty
grasping abstract concepts. Without adequate supporting media, students rely solely on limited verbal
explanations. This situation can hinder the process of internalizing concepts in the long term. Therefore, the use
of innovative media such as Flash is an effective alternative to overcome this limitation.

The findings of this study also reinforce previous research that suggests that multimedia-based media
can improve the quality of learning. However, the strength of this study lies in the application of Flash media,
specifically designed for atomic structure. The integration of visualization and interactivity provides a more
comprehensive learning experience [42]. This demonstrates that selecting media appropriate to the material's
characteristics significantly influences learning success. In other words, media effectiveness is determined not
only by the technology but also by its suitability for the material being taught.

Nevertheless, there are several things to consider when implementing Flash media. The success of using
this media depends heavily on the teacher's readiness to manage technology-based learning [43]. Furthermore, the
availability of supporting facilities, such as computers or projectors, is also a crucial factor. Without adequate
resources, the media's effectiveness will not be optimal. Therefore, the implementation of learning media requires
careful planning.

Overall, the use of Flash media can be an effective alternative learning innovation for improving student
achievement in atomic structure. This media not only helps students understand abstract concepts but also increases
motivation and engagement in learning. The implications of this research indicate that technology integration in
chemistry learning is essential in the modern era. With the appropriate use of media, the learning process can be
more engaging, interactive, and meaningful for students.

4. CONCLUSION

Based on the results of the research and discussion, it can be concluded that chemistry learning
achievement using Flash Media is better than student learning achievement using conventional methods on the
topic of students' Atomic Structure.
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