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Purpose of the study: This study aims to determine the effect of offline web-
based interactive multimedia on students' biology learning outcomes in the
human and ruminant digestive systems. The study also aims to compare the
effectiveness of this media with conventional learning media in the form of
presentation slides.

Methodology: The study used a quasi-experimental method with a two-group
pretest-posttest design. The sample was selected using cluster random
sampling. The research instrument was a multiple-choice biology learning
outcome test. Data analysis used the Chi-square test, Fisher's exact test, and the
t-test. Data processing was performed using Microsoft Excel and the Statistical
Package for the Social Sciences software.

Main Findings: The results showed that the pretest and posttest data were
normally distributed and homogeneous. There was no significant difference in
pretest scores between the experimental and control groups. There was a
significant difference in posttest scores between the two groups. The group
using offline web-based interactive multimedia achieved higher learning
outcomes than the group using presentation slides. This medium has been
proven effective in improving students' biology learning outcomes.

Novelty/Originality of this study: The novelty of this research lies in the
application of offline web-based interactive multimedia to biology learning,
specifically the concept of the human and ruminant digestive systems. This
research provides an innovative alternative digital learning media that can be
used without an internet connection, thereby expanding the use of educational
technology and adding empirical references regarding the effectiveness of
interactive media in improving student learning outcomes.
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1. INTRODUCTION

The development of information technology has brought about significant changes in the world of
education, particularly in the learning process in schools [1], [2]. The use of technology allows the delivery of
learning materials to be more engaging, interactive, and easily understood by students [3], [4]. One example of
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this technology is the use of interactive multimedia in teaching and learning activities. Interactive multimedia
can combine elements of text, images, animation, audio, and video in a single learning medium [5], [6]. This
media presence provides teachers with the opportunity to create more effective and student-centered learning.

Biology learning is a field of study that demands a deep understanding of concepts [7], [8]. Much
biology material is abstract and complex, making it difficult for students to grasp if presented solely through
lectures. One topic often considered difficult is the concept of the human and ruminant digestive systems [9],
[10]. This material covers biological processes involving various interconnected organs and mechanisms.
Therefore, learning media that can visualize these concepts clearly and systematically are needed [11], [12].

The use of appropriate learning media can increase student engagement in the learning process [13],
[14]. To date, biology learning in many schools is still dominated by textbooks and conventional explanations
[15], [16]. This often results in students being less active and having difficulty optimally understanding the
material. The lack of variety in learning media can also reduce students' interest in biology [17], [18]. As a
result, their learning outcomes do not reach the expected level.

Offline web-based interactive multimedia offers an innovative and practical alternative to learning
media [19], [20]. This media can be accessed without an internet connection, making it more flexible for use in
various school settings. Through interactive displays, students can learn independently by exploring the material
according to their needs [21], [22]. Engaging visualization features enable students to understand biological
processes more concretely. Thus, offline web-based interactive multimedia has the potential to increase the
effectiveness of biology learning.

Student learning outcomes are influenced by various factors, one of which is the use of learning media
that are appropriate to the characteristics of the material [23], [24]. Interactive media can stimulate students'
attention and increase their learning motivation. When students are actively involved in the learning process,
conceptual understanding tends to improve [25], [26]. This positively impacts students' ability to remember,
understand, and apply the material they have learned. Therefore, the use of interactive multimedia requires
further study to determine its effectiveness on biology learning outcomes [27], [28].

Various previous studies have shown that the use of interactive multimedia can improve student
learning outcomes in various subjects [29], [30]. However, most research still focuses on online-based
multimedia, which relies on internet access. Furthermore, there is limited research specifically examining the
effectiveness of offline web-based interactive multimedia in biology learning, particularly on concepts of the
human and ruminant digestive systems. This situation indicates a research gap that requires further study.
Furthermore, there are still few studies that integrate easy offline access with interactive visualizations in
complex biology material.

The novelty of this research lies in the use of offline web-based interactive multimedia as a biology
learning medium for concepts of the human and ruminant digestive systems. This research is important because
it offers a digital learning solution that can be implemented without reliance on an internet connection, making it
relevant to schools with limited technological facilities. The urgency of this research is heightened given the
need for innovative learning media to improve student learning outcomes in abstract and complex biology
material. The results are expected to contribute to the development of technology-based biology learning
strategies. Therefore, the main objective of this study is to determine the effect of offline web-based interactive
multimedia on students' biology learning outcomes in concepts of the human and ruminant digestive systems.

2. RESEARCH METHOD
2.1. Research Methods and Design

This study employed a quasi-experimental method because it was conducted in a classroom setting,
preventing the researcher from randomly grouping subjects [31], [32]. This method was chosen to achieve
maximum control over the research variables, reflecting the conditions in the field. This approach aims to
approximate actual experimental conditions, even though not all variables can be fully controlled. Thus, the
study can still provide an objective picture of the effects of the treatment.

The study involved two groups: an experimental group and a control group. The experimental group
received treatment using offline web-based interactive multimedia, while the control group received learning
media in the form of presentation slides. A comparison of the two groups was conducted to determine
differences in learning outcomes after the treatment [33]. This design allows for a more measurable analysis of
the effectiveness of interactive multimedia use.

The research design used a two-group pretest and posttest (Two Group Pretest-Posttest Design). In this
design, both groups were first given a pretest to determine students' initial abilities. Next, the experimental and
control groups were given different treatments based on the learning media used. After the learning process was
completed, both groups were given a posttest to measure learning outcomes. The pretest and posttest results were
then compared to determine the effect of offline web-based interactive multimedia on students' biology learning
outcomes. The research design is shown in the Table 1.
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Table 1. Research Design

Class Pretest Treatment Posttest
Experiment Y, Xa Y2
Control Y, XB Y>

Based on the research design above, both groups were given the same pretest. After being given
different treatments, both groups were given the same posttest. The results of both posttests were compared
(tested for differences), as were the results of the pretest and the posttest for each group. A significant difference
between the two posttests in the experimental group indicates the effect of the treatment.

2.2. Population and Sample

The population in this study was all students at Tarumajaya 1 State Senior High School, Bekasi,
enrolled in the even semester of the current academic year. This population was selected because it met the
research needs, which focused on biology learning at the senior high school level. All students in the population
had characteristics relevant to the research objectives. Therefore, this population was considered representative
for examining the effect of offline web-based interactive multimedia use on student learning outcomes. Sampling
was conducted using a cluster random sampling technique, which selects samples based on randomly selected
classes [34]. From the available classes, two classes were determined as research groups. One class was
designated as the experimental group receiving learning using offline web-based interactive multimedia, while
the other class was designated as the control group using presentation media. Random selection was carried out
to minimize bias in group determination. With this technique, the obtained sample is expected to represent the
characteristics of the research population.

2.3. Data Collection Techniques

The data collection technique in this study was conducted using a learning outcome test developed by
the researcher. The test instrument was first tested to determine its validity and reliability before being used in
the study. This was done to ensure the instrument could accurately and consistently measure student learning
outcomes. The research instruments consisted of a pre-test and a post-test, administered to all study subjects. The
pre-test was administered before the learning process began to determine students' initial abilities in the material
to be studied. After the entire learning series was completed, students were given a post-test to measure
improvements in learning outcomes following the treatment. The instruments used in the pre-test and post-test
were of the same format and level of difficulty. A comparison of the results of these two tests was used as a basis
for determining the effect of offline web-based interactive multimedia on students' biology learning outcomes.

2.4. Research Instruments

The instrument used in this study was a biology learning outcome test. This instrument aims to measure
students' mastery of the learning material provided. The test format used was a written test in the form of
multiple-choice questions on the concept of the human and ruminant digestive systems [35]. This test format was
chosen because it was considered effective in objectively measuring students' conceptual understanding. The
preparation of the research instrument was carried out in several stages. The first stage was to determine the
concept and subconcepts of the material based on the applicable curriculum. Next, an instrument outline was
prepared as a guideline for creating questions. After that, the questions were arranged according to the
predetermined indicators and consulted with the supervisor for input and improvements. The final stage was a
trial of the instrument to determine the quality of the questions before being used in the study. The instrument
outline used in this study is as follows:

Table 2. Research Instrument Grid for Learning Outcome Test

Question Number

No. Learning Indicators Sub Concept Cl %) 3 ca Amount
1. Explain the digestive tract and Digestive tract and 5 3,47 4
glands that make up the human glands in humans
digestive system.
2. Identify the structure and function Human digestive 6 1 10 3
of the human digestive organs. organs
3. Explain the function of human food  Food substances 9,12,13 2,8 5
and the beneficial substances it
contains.
4. Explain various examples of Diseases and 14 11,16,17 15 5

disorders and prevention of diseases
that occur in the digestive tract.

disorders of the
digestive system
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5. Explain the digestive organs and The digestive 18 19,20 3
digestive processes in ruminant system in ruminant
animals. animals
Amount 6 5 4 5 20

2.5. Data Analysis Techniques

The data obtained through the research instruments were analyzed to answer the research problem
formulation and test the research hypotheses. Prior to hypothesis testing, prerequisite analysis tests were
conducted, including normality and homogeneity tests. These prerequisite tests aimed to determine whether the
data were normally distributed and had homogeneous variance. The results of the prerequisite tests formed the
basis for determining the statistical techniques used in the hypothesis testing phase.

Normality testing was conducted using the chi-square test to determine whether the research data were
normally distributed. The test criteria were that if the calculated chi-square value was less than the table chi-
square, the data were considered normally distributed [36]. Once the data were deemed normal, a homogeneity
test was conducted using the Fisher exact test. This test aimed to determine the equality of variance between the
experimental and control groups. If the calculated F value was less than the table F value, the two groups were
considered homogeneous.

After all analysis requirements were met, the hypothesis testing was conducted using the t-test. This test
was used to determine whether there were differences in learning outcomes between the experimental group
using offline web-based interactive multimedia and the control group using presentation media. Testing was
conducted on the results of the pre-test and post-test for both groups. Test decisions are determined based on a
comparison between the calculated t-value and the t-table value at a predetermined significance level. The results
of this analysis are used to determine the effect of offline web-based interactive multimedia on students' biology
learning outcomes.

3. RESULTS AND DISCUSSION
3.1. Testing Data Analysis Prerequisites

Once the research data is obtained, it will be processed through hypothesis testing. Prior to conducting
the hypothesis testing, prerequisite data analysis tests, namely normality and homogeneity tests, are conducted to
determine whether the data obtained is normally distributed and has a homogeneous variance. The results
obtained after conducting the prerequisite data analysis tests are as follows:

3.1.1. Pretest and Posttest Normality Test

In this study, a normality test was conducted using the Chi-Square test to determine whether the
research data were normally distributed. Data were declared normally distributed if the calculated chi-square
value was less than or equal to the table chi-square at the specified significance and confidence levels [37]. This
test was conducted on the pre-test and post-test data in both research groups. The results of the normality test
were used as a basis for determining the feasibility of using parametric statistical analysis in the next stage. The
results of the pre-test and post-test normality tests for both research samples are presented in Table 3 below.

Table 3. Results of the Pretest-Posttest Normality Test

Statistics Experiment Control
Pretest Posttest Pretest Posttest
N 35 35 35 35

X 36.83 75.11 29.53 66.17

S 10.37 10.38 11.37 8.44
XZcount 9.5859 4.3135 8.5934 6.8742
Xable 11.070 12.592 12.592 11.07
Conclusion Normal Normal Normal Normal

Based on Table 3, it can be concluded that the initial and final test data for both the experimental and
control groups are normally distributed. This is indicated by the calculated chi-square value being less than or
equal to the table chi-square value. By fulfilling these requirements, the data are deemed to meet the assumption
of normality. Therefore, parametric statistical analysis can proceed to the next stage.

3.1.2. Pretest-Posttest Homogeneity Test

After both groups of research samples were declared normally distributed, the next step was to conduct
a homogeneity test. This test aims to determine whether the data variances in both groups are similar or
homogeneous. In this study, the homogeneity test was conducted using the Fisher exact test. Data are considered
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homogeneous if the calculated F value is less than or equal to the table F value at a significance level of 0.05.
The results of the homogeneity test for both groups of research samples are presented in Table 4 below.

Table 4. Results of the Pretest — Posttest Homogeneity Test

Statistics Pretest ‘ Posttest .
Control Experiment Control Experiment
S? 129.228 107.543 71.2 107.6444
Fcount 12016 15119
Fiable 1.7571 1.7571
Homogen Homogen

Homogeneity testing was conducted at a 95 percent confidence level with a significance level of 0.05
and degrees of freedom for each group of 35. Based on the results in Table 4.4, it can be concluded that the
initial and final test data for both the experimental and control groups come from a homogeneous population.
This is indicated by the calculated F value being smaller or equal to the F table according to the testing criteria.
Thus, both groups have equal variances and are suitable for further hypothesis testing.

3.2. Hypothesis Testing

After conducting the analysis prerequisite test, it turns out that the data obtained meets the
requirements, namely the data is normally distributed in both the control and experimental groups, then its
homogeneity is also met because both samples are calculated to be included in the homogeneous sample criteria.
Thus, the hypothesis testing using the established formula, namely the t-test, can be continued.

3.2.1. Test of Equality of Two Pretest Means

Hypothesis testing was conducted to determine whether there was a significant difference between the
initial test scores of the experimental and control groups. This test used a t-test at a 95 percent confidence level.
The null hypothesis is accepted if the calculated t-value is between the negative t-table value and the t-table
value, while the alternative hypothesis is accepted if the calculated t-value is outside that range. This test aims to
ensure that the initial abilities of both groups are at an equivalent level before being given treatment. The results
of the hypothesis testing on the initial test scores of both groups are presented in Table 5 below.

Table 5. Results of the Equality Test of Two Averages of the Pretest Results of the Control and Experimental

Groups
Statistics Control Experiment
N 36 36
X 29.528 26.833
S? 129.228 107.543
Scombinalion 10.881
teount 1.032
ttable 1.667
Comparison -1.667 <1.032 < 1.667
Results teount < table = Ho accepted and H, rejected

Based on Table 5, it can be seen that there is no significant difference between the average initial test
scores in the control group and the experimental group. The results of the t-test calculation show that the
calculated t value of the initial test is smaller than the t table value at the 95 percent confidence level. This
condition indicates that the null hypothesis is accepted according to the established testing criteria. Thus, the
initial abilities of students in both groups can be stated as equivalent before being given the learning treatment.
This equivalence indicates that both groups have comparable initial conditions for use in the study.

3.2.2. Test of Equality of Two Posttest Means

Hypothesis testing was conducted to determine whether there was a significant difference between the
final test scores of the experimental and control groups. This test used a t-test at a 95 percent confidence level.
The null hypothesis is accepted if the calculated t value is between the negative t table value and the t table
value, while the alternative hypothesis is accepted if the calculated t value is outside that range. This test aims to
determine the effect of the learning treatment provided on student learning outcomes. The results of the
hypothesis testing on the final test scores of the two groups are presented in Table 6 below.
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Table 6. Results of the Equality Test of Two Posttest Means for the Control and Experimental Groups

Statistics Control Experiment
N 36 36
X 66.167 75.111
s? 71.2 107.6444
Scombination 9.456
tcount 3 964
ttable 1.667
Comparison 3.964 > 1.667
Results teount > tiable = Ho rejected and Ha accepted

Based on Table 6, the results of the t-test calculation show that the calculated t value of the final test is
greater than the t value at a 95 percent confidence level. In accordance with the testing criteria, this condition
indicates that the null hypothesis is rejected and the alternative hypothesis is accepted. Thus, there is a significant
difference between the average final test scores of the control group and the experimental group. These results
indicate that learning using offline web-based interactive multimedia has an impact on student learning
outcomes. Therefore, it can be concluded that the use of offline web-based interactive multimedia is more
effective than the use of presentation media in improving student biology learning outcomes.

The use of offline, web-based interactive multimedia in biology learning demonstrates that integrating
digital technology can be an effective strategy to support the learning process for complex and abstract material.
The human and ruminant digestive system requires strong visualization skills to enable students to understand
the interrelationships between organs and the systematic biological processes that occur. The presence of
interactive multimedia allows for a more concrete presentation of material through a combination of text,
images, animations, and interactive navigation, helping students develop a deeper conceptual understanding [38].
This reinforces the view that utilizing learning media appropriate to the material's characteristics contributes to
improving the quality of the learning process.

Pedagogically, the effectiveness of interactive multimedia lies not only in its visualization aspect but
also in its ability to create more student-centered learning [39], [40]. Offline, web-based media provides
opportunities for students to explore the material independently, adjust their learning pace to their individual
abilities, and repeat sections as needed. This encourages active learning, which has the potential to increase
student cognitive engagement. In the context of biology learning, active engagement is crucial because
conceptual understanding is not achieved through memorization alone; it requires elaboration and linking
biological concepts [41], [42].

This research also demonstrates that the use of learning technology does not always have to rely on
internet connectivity. In many educational contexts in Indonesia, limited network access remains a major
obstacle to implementing digital learning. Therefore, the development of offline web-based multimedia is a
relevant solution because it can deliver digital learning experiences without requiring stable internet
infrastructure [43], [44]. These findings provide the perspective that digital education innovations should be
tailored to real-world school conditions to ensure more inclusive and applicable implementation.

From a learning development perspective, the results of this study emphasize the importance of media
innovations that are not only visually appealing but also designed based on learning needs. The success of
interactive media is influenced by the quality of instructional design, the alignment of content with the
curriculum, and ease of use by both students and teachers [45]. Therefore, the development of digital learning
media must consider strong pedagogical principles so that technology truly functions as a learning facilitation
tool, not simply a visual complement to learning.

This research also provides theoretical contributions to the study of educational technology, particularly
in the context of biology learning at the secondary school level. To date, most research has focused on online-
based media that require internet network support. This study broadens the scope of this study by demonstrating
that offline web-based media also has significant potential to enhance learning effectiveness. Therefore, this
research enriches the alternative approaches to developing digital media that are adaptive to various educational
conditions.

This research has significant practical implications for education, particularly in the development of
biology learning media. The results can serve as a reference for teachers in selecting and developing more
innovative learning media to improve the quality of classroom learning. The implementation of offline web-
based interactive multimedia can also be a real solution for schools with limited internet access, making it easier
to achieve equitable use of educational technology.

Furthermore, this research impacts the development of educators' digital competencies. Teachers are
encouraged to be more creative in utilizing available technology to create engaging and effective learning. In the
long term, the implementation of this type of media can improve students' digital literacy, strengthen
independent learning skills, and foster a learning culture that is more adaptive to developments in educational
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technology. Despite its important contribution, this study has limitations: it was conducted in only one school
with a limited sample size. Therefore, generalizing the results to a wider population requires caution. Different
student characteristics, learning environments, and school facilities can influence the effectiveness of interactive
multimedia use.

4. CONCLUSION

Based on the research results and data analysis, it can be concluded that learning using offline web-
based interactive media has a positive effect on students' biology learning outcomes. This can be seen from the
results of the t-test calculation, which obtained a calculated t value of 3.964, and a t table value of 1.667, which
means the alternative hypothesis (Ha) is accepted and the null hypothesis (Ho) is rejected. Future research can
examine the influence of using offline web-based interactive multimedia on other aspects of learning, such as
learning motivation, critical thinking skills, long-term concept retention, and students' problem-solving skills.
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