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Abstract

This study aims to evaluate the impact of implementing virtual simulation in Biology learning on
concept understanding by Agrotechnology students. Along with the development of technology,
technology-based learning, especially virtual simulation, has begun to be applied to support the
understanding of more complex concepts. Although a number of previous studies have shown the
successful use of virtual simulations in various disciplines, there are still research gaps that need
to be filled regarding the application of virtual simulations in the context of Biology education,
especially in Agrotechnology study programs. This creates a phenomenon where students have
difficulty in understanding these concepts. This research fills the gap by evaluating the application
of virtual simulation as a learning method in overcoming this challenge. Using an experimental
method, this study involved 30 students as samples, who were tested using pretest and posttest to
measure the improvement of their understanding of Biology concepts. The results of the analysis
showed that the application of virtual simulation resulted in a significant increase in students'
understanding, which was reflected in the N-gain score with an average of 78.25. This value
indicates a substantial increase in understanding of Biology concepts after using virtual simulation
as a learning method. This finding supports the effectiveness of virtual simulation in improving
the understanding of complex concepts, so it can be an effective alternative in learning in Biology.
The results of this study provide positive implications for the use of technology in education,
especially in improving the quality of learning in higher education.
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Introduction

Biology learning has an important role in supporting the development of student
competencies, especially in study programs such as agrotechnology that require a deep
understanding of biological concepts. As the foundation of science that underlies various
applications in agriculture, biology covers complex material such as genetics, ecology, and
biotechnology that are essential in natural resource management. However, challenges often
arise from the abstraction and complexity of the material that is difficult to understand if only
delivered theoretically (Gunawan., 2020). To overcome this, innovative learning approaches,
such as project-based learning, the use of digital technology, and interactive simulations, can
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help students connect theory with real practice (Akmal et al., 2024). In addition, collaborative
learning can improve concept understanding while developing interpersonal skills (Habibi et
al., 2024). With effective strategies, biology learning not only improves students' understanding
cognitively, but also supports their applicative skills in sustainable agriculture.

Biology as a branch of natural science has a very important role in human life (Amakraw
& Kartika., 2022). This science not only discusses living things and their interactions with the
environment, but also provides a scientific basis for understanding various natural phenomena
related to life (Aziz et al., 2024). In the context of education, learning biology is one of the
subjects that plays a strategic role in building students' understanding of various important
concepts, such as cell structure, ecosystems, genetics, and evolution. This understanding is not
only relevant for academic needs, but also the basis for environmentally sound decision making
(Susanti et al., 2023).

Biology learning often faces challenges in the process of delivering material (Muhajarah
& Sulthon., 2020). One of the main obstacles is the nature of biology which includes abstract
and complex concepts. Many topics, such as cell metabolic processes or genetic mechanisms,
require visualization and in-depth understanding in order to be well mastered by students.
Conventional learning methods dominated by lectures and texts are often unable to provide a
real picture, making it difficult for students to connect theories with phenomena that occur in
nature (Nurmalasari et al., 2024).

Limited learning facilities, such as laboratories and teaching aids, are another obstacle
that is often faced, especially in schools with limited resources (Sari et al., 2024). In fact,
practicum activities are one of the most effective methods in improving students' understanding
of biological concepts. Through practicum, students can directly observe, experiment, and draw
conclusions from the biological phenomena studied. However, without the support of adequate
facilities, this activity becomes difficult to implement optimally.

In higher education, especially in agrotechnology study programs, concept understanding
is an important element underlying students' ability to analyze, solve problems, and apply
science in agriculture (Bota et al., 2024). However, facts show that many students face
difficulties in understanding concepts that are abstract and multidisciplinary, such as the
interaction of genetics with the environment, ecosystem dynamics, or the application of modern
agricultural technology (Marzia., 2023). This obstacle is often exacerbated by the use of
conventional learning methods that are less able to facilitate in-depth and interesting
visualization of concepts.

Advances in educational technology offer great opportunities to overcome these
challenges, one of which is through the use of virtual simulations (Wahyudi & Jatun., 2024).
This technology allows students to visualize processes that are difficult to observe directly, such
as the dynamics of microorganisms in soil or the mechanism of plant growth in various
environmental conditions (Lasaiba., 2023). However, the application of virtual simulation in
agrotechnology learning has not been widely practiced, and its effectiveness in improving
students’ concept understanding has not been widely studied.

The increasingly complex needs of the agricultural world, such as increasing sustainable
productivity, mitigating the effects of climate change, and applying modern technology, require
agrotechnology graduates to have a strong understanding of concepts and critical thinking
skills. This phenomenon shows the urgency to evaluate the impact of technology-based learning
methods, such as virtual simulation, in supporting the improvement of the quality of student
understanding (Jenita et al., 2023). Therefore, this research focuses on the phenomenon of the
gap between the learning needs that are relevant to the demands of the times and the
effectiveness of the learning approaches currently applied (Liriwati., 2023).

Advances in educational technology provide great opportunities to overcome challenges
in learning biology (Demmanggasa et al., 2023). Various innovations, such as the use of visual
media, computer simulations, and interactive applications, have been developed to help
students understand biology material better. These technologies can simulate biological
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processes that are difficult to observe directly, such as cell division, organism life cycles, or
ecosystem interactions. With this approach, students can gain a more interesting and in-depth
learning experience, despite not going directly to the field (Wulanndari et al., 2024).

Technology-based approaches, the development of project-based learning methods and
collaboration are also a concern in biology learning (Trianasari et al., 2024). This method aims
to increase student involvement in the learning process by connecting biology concepts with
real problems relevant to everyday life (Hapsari et al., 2022). For example, students can be
asked to analyze the impact of pollution on local ecosystems or devise conservation strategies
for certain species. This approach not only strengthens students' understanding of the material,
but also develops critical thinking and problem-solving skills.

Effective biology learning also requires the role of teachers who are able to integrate
various learning methods and media (Pare & Muniarti., 2024). Teachers do not only act as
information conveyors, but also as facilitators who encourage students to actively learn. In this
case, pedagogical competence and the use of technology by teachers are key factors in the
success of biology learning (Suyanto et al., 2020). Therefore, teacher training and professional
development in this area are needed to answer the demands of 21st century education.

Thus, learning biology has great challenges and opportunities in developing students'
understanding of life science (Sudarisman., 2020). Research and innovation in the field of
biology education continues to be needed to produce more effective learning methods and
media, according to the needs of students in the digital era. This effort is expected to make
biology learning not only an academic activity, but also a means to form a generation that cares
about life and the environment.

Concept understanding is an important foundation in the learning process in higher
education, especially for agrotechnology students who must master various disciplines, such as
biology, ecology, and agricultural technology. A good understanding not only helps students
master the theory, but also supports the application of science in agronomic practices. However,
the complexity of the material taught is often a challenge for students to understand abstract
concepts, such as the interaction of genetics with the environment or ecosystem dynamics, thus
requiring a more effective learning approach.

The use of innovations in learning, such as virtual simulations, project-based learning,
and interactive digital media, has grown rapidly to support improved understanding of concepts.
These innovations offer clearer visualization and provide a more engaging learning experience
for students. Evaluating the impact of implementing these methods is important to ensure their
effectiveness in improving students' concept understanding. In addition, this evaluation also
helps educational institutions identify obstacles faced by students, such as limited facilities or
lack of motivation to learn.

Research on evaluating the impact of learning on agrotechnology students' concept
understanding is very relevant in the context of the needs of the world of work. Students who
have a strong understanding of concepts are expected to be able to face challenges in the
agricultural sector, such as climate change, technological innovation, and sustainability
practices. Therefore, the results of this study are expected to provide recommendations for the
development of more innovative learning strategies and support the improvement of
agrotechnology students' competencies holistically.

There have been many studies related to learning in agrotechnology study programs,
especially those related to the effectiveness of conventional learning methods, such as lectures
and group discussions, in improving students' academic competence. However, most of these
studies have not deeply explored the use of modern learning technologies, such as virtual
simulations or interactive digital media, which have the potential to provide more effective
visualization and learning experiences. This limitation suggests a research gap in evaluating the
contribution of innovative technologies to agrotechnology students' concept understanding.

In addition, studies that evaluate the impact of learning on concept understanding often
focus on certain aspects and have not integrated the multidisciplinary characteristics that
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characterize agrotechnology study programs. For example, studies that combine biological,
ecological and agricultural technology elements in one evaluation framework are still rare. In
fact, a multidisciplinary approach is very important to ensure students can understand and apply
concepts holistically in a complex and dynamic agricultural context.

On the other hand, although technologies such as virtual simulation have been widely
applied in other fields, such as medicine and engineering, their application in agrotechnology
learning is still minimally discussed. Research that specifically evaluates the extent to which
this method is able to improve students' concept understanding, as well as identifying barriers
and opportunities for its implementation, is still very limited. Therefore, this research aims to
fill the gap by examining the impact of learning innovations on agrotechnology students'
concept understanding through relevant and technology-based approaches.

Method

This study used a quantitative approach with an experimental design to evaluate the
impact of the application of virtual simulation in Biology learning on concept understanding by
Agrotechnology students. The sample used in this study consisted of 30 students who were
selected purposively, namely students who took Biology courses in the Agrotechnology study
program. The experimental design applied was a one-group experiment with pretest and
posttest. Before the treatment, students were given a pretest to measure their level of
understanding of Biology concepts. Furthermore, students were given treatment in the form of
learning Biology using virtual simulations, which allowed them to interact directly with the
material in a visual and practical form. After the treatment, students were given a posttest to
measure the improvement of their understanding of the material that had been taught. The
instrument used to collect data is a test question consisting of questions that measure students'
understanding of the Biology concepts that have been taught. The data obtained from the pretest
and posttest were analyzed using descriptive statistical techniques to describe the distribution
of values, and t-paired sample test analysis to test the significant difference between pretest and
posttest values. This study aims to provide an overview of the effectiveness of virtual simulation
in improving the understanding of Biology concepts by Agrotechnology students, as well as
providing insight into the potential application of technology in learning in higher education.

Result and Discussion
Result

Descriptive statistical analysis of pretest and postest was used to describe the data before
and after an intervention or treatment in the study. This approach helps in identifying changes
that occur in the measured variables, such as increase or decrease, by presenting statistical
values such as mean and standard deviation. Through this analysis, the researcher can obtain a
clear picture of the tendency and variation of the data, which forms the basis for further analysis,
including inferential statistical tests, in assessing the effectiveness of the treatment applied.

Table 1. Descriptive Statistical Analysis of Pretest Postest

Nilai N Min Max Mean SD V
Pretest 30 35 55 44,125 6,5110 42 390
Posttest 30 65 85 78,047 5,3810 28,943

Source: SPSS Data Processing, 2025

Based on Table 1 which shows the descriptive statistical analysis for the pretest and
posttest, it can be concluded that the application of virtual simulation in learning biology has a
significant impact on concept understanding by Agrotechnology students. In the pretest, the
mean value was 44.125 with a range of values between 35 and 55, and the standard deviation
(SD) was 6.5110, which reflects a considerable variation among participants. The coefficient
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of variation (V) on the pretest was 42.390, indicating a high level of variation in concept
understanding before the application of the virtual simulation. After the treatment, on the
posttest, the mean score increased to 78.047, with a range of scores between 65 to 85. This
indicates a significant improvement in concept understanding after the virtual simulation was
implemented. In addition, the lower standard deviation on the posttest, 5.3810, indicated that
participants' understanding was more concentrated around the mean, and the lower coefficient
of variation (28.943) indicated a decrease in the variation of scores among participants. Overall,
these results illustrate that the virtual simulation applied in learning biology had a significant
positive impact on the understanding of concepts by Agrotechnology students, and showed that
the variation in students' understanding after the application of the simulation was more
controlled and more evenly distributed.

Table 2. Normality Test

Shapiro-Wilk
Statistik Df Sig
Pretest 0,893 30 0,14
Posttest 0,889 30 0,25

Source: SPSS Data Processing, 2025

Based on the normality test results displayed in Table 2, the pretest and posttest data
showed normal distribution, which is an important prerequisite for conducting further
parametric statistical analysis. In the pretest data, the Shapiro-Wilk statistical value is 0.893
with a significance value (Sig.) of 0.14, which is greater than 0.05, indicating that the pretest
data distribution is not significantly different from the normal distribution. Something similar
was found in the posttest data, which had a Shapiro-Wilk statistical value of 0.889 and a
significance value of 0.25, also greater than 0.05, indicating that the posttest data followed a
normal distribution. With normally distributed data, parametric statistical analysis such as t-test
for paired samples can be used to measure significant differences between the pretest and
posttest scores of students who participated in virtual simulation in biology learning. This
difference reflects the impact of virtual simulation on the understanding of biological concepts.

Virtual simulations are expected to increase student interaction and understanding of
material that may be difficult to understand only through conventional methods. The results
showing normal distribution in the pretest and posttest data provide a strong basis for testing
the research hypothesis, namely whether the application of virtual simulation really has a
significant impact on concept understanding by Agrotechnology students. By using appropriate
statistical methods, this study can produce more valid and reliable findings, providing a clear
picture of the effectiveness of virtual simulation in the context of biology education. In addition,
the results of this analysis are expected to provide recommendations for the development of
technology-based learning methods to improve the quality of learning in agrotechnology and
biology in general.

Table 3. Homogeneity Test
Levene Statistic Df1 Df2 Sig.
0,779 1 44 0,389

Source: SPSS Data Processing, 2025

Based on the results of the homogeneity test using the Levene test shown in Table 3, the
Levene statistical value is 0.779 with a significance value (Sig.) of 0.389. This significance
value which is greater than 0.05 indicates that there is no significant difference in variance
between the pretest and posttest groups. In other words, the data obtained shows uniformity of
variance between the two groups, which means that the assumption of homogeneity of variance
has been met. This is one of the basic requirements that must be met in order for parametric
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statistical analysis, such as the t-test, to be validly applied. In the context of the study, the results
of the homogeneity test which showed that the variances between the pretest and posttest groups
were not significantly different provide a strong indication that the differences found between
the pretest and posttest results are more a result of the treatment given, namely the use of virtual
simulation in learning, rather than uncontrolled external factors.

The virtual simulation applied in learning biology aims to provide a more in-depth and
interactive understanding of concepts for Agrotechnology students. In this case, the assumption
of homogeneity of variance that has been met makes it possible to conduct a t-test to assess
whether there is a significant difference in the understanding of biological concepts before and
after students follow the virtual simulation. Since the results of the homogeneity test showed
no violation of the assumption of uniform variance, further analysis can be done using the t-test
to compare pretest and posttest scores. Significant t-test results will provide statistical evidence
that the use of virtual simulations has a positive impact on improving the understanding of
biological concepts among Agrotechnology students. Therefore, the homogeneity test that
meets this assumption provides a strong basis for continuing the analysis and ensuring the
integrity and validity of the research results obtained.

Table 4. Hypothesis Test (Paired Sample t-test)

Pair 1 Mean SD Std. Error T Df Sig.  (2-
Mean tailed)
Pretest- - 2,999 0,625 - 30 0,000
Posttest
33,913 54,238

Source: SPSS Data Processing, 2025

Based on the results of hypothesis testing using the paired sample t-test shown in Table
4, a significant difference was found between the pretest and posttest scores, indicating that the
application of virtual simulation in learning Biology has a positive impact on concept
understanding by Agrotechnology students. The average difference in scores between the
pretest and posttest was 2.999, indicating a significant increase in concept understanding after
the treatment. The standard deviation (SD) value of 0.625 indicates that the difference in
participants' scores is relatively concentrated, with not too large variations among respondents,
indicating consistency in treatment results. With a standard error of the mean (Std. Error Mean)
of 0.238, the measurement of the average difference between the pretest and posttest was
accurate.

The t-value obtained was 33.913 with a degree of freedom (Df) of 30, which indicates a
highly statistically significant difference between the two groups. The significance value (Sig.)
of 0.000, which is much smaller than 0.05, allows the rejection of the null hypothesis, which
states that there is no difference between the pretest and posttest. This indicates that the virtual
simulation applied in learning Biology has a significant impact on improving concept
understanding by Agrotechnology students. This significant increase confirms that the use of
virtual simulation as a learning method is effective in deepening students' understanding of
Biology material, which is reflected in the clear difference in scores between the pretest and
posttest. Thus, the results of this study provide strong evidence of the successful application of
virtual simulation in improving the understanding of Biology concepts among Agrotechnology
students.

Tabel 5. Uji N-gain score
N-gain score Min Max Mean
Pretest-Postest 65 85 0,78,25
Source: SPSS Data Processing, 2025
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Based on Table 5 which shows the results of the N-gain score test, the N-gain score is
obtained between 65 to 85, with an average (Mean) of 78.25. This N-gain score is used to
measure the extent of the improvement that occurred between the pretest and posttest, where a
score close to 1 indicates a very significant improvement. The high average N-gain score, 78.25,
indicates that the treatment given, in this case the application of virtual simulation in Biology
learning, has resulted in a significant increase in participants' understanding or performance.
This indicates that most of the respondents, in the context of Agrotechnology students,
experienced substantial progress in understanding Biology concepts after participating in the
virtual simulation. The application of technology such as virtual simulation is proven to have a
positive impact on the understanding of concepts by students, as reflected in the high N-gain
results. Thus, these results reinforce the conclusion that the use of virtual simulations in learning
Biology has a significant effect in improving Agrotechnology students' understanding of the
material taught, supporting the effectiveness of technology-based learning methods in the
context of higher education.

Discussion

Virtual simulation has become an increasingly relevant technology in education,
including in biology learning (Suryanti et al., 2019). The application of virtual simulation in
biology learning offers an innovative approach to improve the understanding of complex and
abstract concepts, especially for students in agrotechnology (Lase et al., 2024). This technology
allows students to observe, explore and learn about biological processes through interactive and
detailed digital models, without time or place constraints. This provides an immersive learning
experience and allows them to understand the relationships between variables more clearly
(U;inuha et al., 2024).

The effectiveness of implementing virtual simulation can be seen from its impact on
concept understanding by agrotechnology students. This technology enables the representation
of complex biological processes, such as photosynthesis, the nitrogen cycle, or microbial
interactions with plants, in a visual and dynamic manner. In this way, students can identify
patterns that are difficult to understand through conventional learning methods. Virtual
simulation also provides flexibility for students to repeat virtual experiments, try different
scenarios, and analyze results independently, thus improving critical and analytical skills
(Efendi., 2024).

In addition to these advantages, virtual simulations offer a safe and resource-efficient
learning environment. In traditional biology studies, field experiments are often time-
consuming, costly, and involve risks to the ecosystem. Virtual simulations provide a solution
by providing a digital representation of the environment, allowing students to explore the effects
of environmental changes on plant growth or biological interactions without damaging real
ecosystems (Suryani., 2024).

However, evaluating the impact of using virtual simulations needs to be done
comprehensively to measure the extent to which this technology can improve concept
understanding compared to traditional learning methods (Istiqgomah et al., 2023). Aspects such
as student engagement, their ability to apply concepts in real situations, and overall mastery of
the material are important indicators of the success of the application of this technology (Syukur
& Sutrisno., 2023).The application of virtual simulations in learning biology provides a great
opportunity for agrotechnology students to understand important concepts in depth. With the
continuous development of technology, the integration of virtual simulations into the
curriculum can be an effective solution to face the challenges in learning biology, especially in
supporting students' understanding of abstract and complex material.

This study shows that the application of virtual simulations in biology learning has a
significant impact on improving students' understanding of concepts when compared to
conventional learning methods (Abdi et al., 2021). The higher average difference in posttest
scores in the experimental group using virtual simulations, compared to the control group
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applying traditional methods, shows that virtual simulations not only increase students'
understanding of the material taught, but also increase their involvement in the learning process
(Mubhali et al., 2021).

Virtual simulations allow students to visualize complex biological processes more
realistically and interactively, such as cellular metabolism mechanisms and ecosystem cycles.
Concepts that were previously considered abstract and difficult to understand through lecture
or text methods can be explained more easily through the visualization provided by the
simulation. Students can also gain a deeper and more comprehensive understanding of the
material studied, which leads to an increase in the quality of student learning outcomes (Hakim
etal., 2024).

Providing clearer visualization, virtual simulations encourage students' active
involvement in the learning process (Palyanti., 2023). Students not only receive information
passively, but also have the opportunity to explore the material in more depth and connect
theory with practical applications (Rachmawati et al., 2022). This experience allows students
to solve problems and understand the relationship between concepts with one another, which
helps deepen understanding of the material studied.

Another advantage of virtual simulation is the flexibility it offers, which allows students
to learn without time and space constraints. By using simulations, students can conduct
experiments or study processes that are difficult to do in a real laboratory setting. This not only
overcomes resource or facility limitations, but also provides opportunities for students to
practice and repeat learning according to their pace and needs (Victoria et al., 2021).

Virtual simulation allows students to visualize biological processes interactively and
dynamically, making previously abstract material more concrete and easy to understand (Indah
& Fadilah., 2024). This feature allows students to see firsthand how various biological
processes occur, such as how energy is generated through cellular respiration or how
interactions between organisms in an ecosystem contribute to environmental balance. Through
this visualization, students gain a clearer understanding and engage in a deeper learning
experience (Parinussa et al., 2024).

This approach supports the theory of constructivism proposed by Vygotsky (1978), which
states that learners build their own understanding through active and meaningful learning
experiences (Dewi & Fauziati., 2021). Virtual simulations provide space for students to interact
with learning materials, participate in virtual experiments, and explore further information
according to their needs and interests (Zulfikhar et al., 2024). In this context, students not only
passively learn concepts, but also actively engage in the knowledge construction process by
connecting theory with practical applications, as well as testing hypotheses or predictions based
on their understanding.

This active learning process facilitates the development of critical and analytical thinking
skills in students (Dwijananti & Yulianti., 2020). In challenging simulations, students are
required to consider various factors that affect the outcome of a biological process, such as
environmental factors, genetics, or interactions between species. This encourages them to think
more deeply and systematically, develop the ability to solve problems, and evaluate and analyze
information more critically (Fristadi & Bharata., 2020).

Virtual simulations also provide flexibility for students to repeat processes or experiments
that are difficult to do in a real laboratory (Arifin et al., 2022). Students can learn from mistakes
in simulations and refine their understanding through repeated experiments. This ability is
essential for developing deep conceptual understanding, especially in topics that require a
thorough understanding, such as ecosystem dynamics or cellular metabolic processes. In this
way, virtual simulations not only enrich the learning experience, but also support a more holistic
and integrated understanding.

The integration of virtual simulations in biology learning not only improves in-depth
understanding of concepts, but also prepares students to face more complex challenges in the
real world (Azizah., 2024). The use of this technology provides an opportunity to learn
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independently, improve analytical skills, and facilitate experiential learning, which is very
relevant to the needs of 21st century learning that demands mastery of critical thinking skills,
problem solving, and adaptability to rapid technological developments.

Based on the N-gain score test results shown in Table 5, the average N-gain score is 78.25,
with a range of values between 65 to 85. This value illustrates the level of improvement in
understanding or performance of participants after following the treatment, in this case the
application of virtual simulations in Biology learning. This high N-gain score indicates that
most Agrotechnology students experienced a significant increase in understanding of Biology
concepts after using virtual simulations as part of the learning process.

The application of virtual simulations has proven effective in improving students'
understanding of Biology material, which may be more difficult to understand with traditional
learning methods (Indah et al., 2024). Virtual simulations allow students to interact directly
with learning materials in a more visual and practical form, making it easier to understand
concepts that are abstract or complex. This can be seen from the high N-gain value, which
shows that students can more easily absorb and understand Biology material after treatment.

With an average N-gain score that reached 78.25, it can be concluded that virtual
simulation has a significant impact on improving the understanding of Biology concepts by
Agrotechnology students. This increase indicates that educational technology, especially virtual
simulation, can be a very effective method in supporting more interactive and thorough
learning. Therefore, these results support the importance of technology integration in the
learning process to improve teaching effectiveness, particularly in areas that require deep
conceptual understanding.

Biology learning plays an important role in equipping students with a deep understanding
of the basic concepts of life, especially in the field of agrotechnology (Syafitri., 2023). In the
context of implementing virtual simulations, biology learning can be enhanced by utilizing
interactive technology to explain complex biological processes. Virtual simulations allow
students to study topics such as photosynthesis, the nitrogen cycle, and the interaction of
organisms with the environment visually and dynamically. This approach provides an
opportunity for agrotechnology students to understand abstract material through a more
immersive learning experience (Siregar et al., 2023).

Agrotechnology students are often faced with the need to understand applicable
biological concepts, such as crop management and ecosystem analysis. By using virtual
simulation in learning, they can study the impact of environmental changes on plant growth,
interactions between organisms, or plant responses to environmental stress. This technology
not only facilitates theoretical understanding but also helps students connect these concepts to
practical applications in the field (Manggo., 2024).

The advantage of virtual simulation-based biology learning lies in its ability to provide a
safe, interactive, and resource-efficient learning experience. Students can conduct virtual
experiments without the need for expensive laboratory equipment or a long time (Nirvana.,
2021). In addition, this technology allows the exploration of various scenarios that are difficult
to do in a real environment, such as modeling the impact of climate change on plants or
analyzing the role of microorganisms in biogeochemical cycles.

Evaluating the impact of implementing virtual simulations on students' understanding of
concepts is one of the important steps in measuring the success of the method (Muhali et al.,
2021). Indicators such as increased understanding of material, analytical abilities, and concept
application skills in the field can be used as a reference to assess its effectiveness. Biology
learning that integrates virtual simulations not only increases student involvement in the
learning process but also equips them with relevant skills to face challenges in the field of
agrotechnology (Kurniawan et al., 2023).

The integration of virtual simulation in biology learning provides a great opportunity for
agrotechnology students to understand important concepts more deeply and applicatively. With
the support of this technology, students can prepare themselves to face the complexity of the
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world of work in agriculture and the environment, while contributing to the development of
innovative sustainable solutions.

Evaluating the impact on concept understanding is an important step to measure the
effectiveness of a learning method, especially in agrotechnology which often focuses on
biological and technical concepts (Rante et al., 2019). Concept understanding by
agrotechnology students involves the ability to understand theories, relate them to practical
applications, and evaluate the implications of these concepts for sustainable agricultural
systems. Therefore, the evaluation carried out must cover various aspects, from the mastery of
theoretical knowledge to the ability to analyze and apply it in a real context (Setyawan., 2024).

One method used to evaluate concept understanding is to observe improvements in
learning outcomes through formative and summative tests. Indicators that can be used include
students' ability to explain basic concepts, such as photosynthesis, nutrient cycling, or crop
management, as well as how they relate these concepts to actual problems in agrotechnology,
such as climate change or natural resource management. The use of evaluation tools, such as
essay questions, interactive quizzes, and problem-based project assignments, can provide a
comprehensive picture of students' level of understanding (Grahani et al., 2024).

The application of technology, such as virtual simulation, is also one of the important
variables to evaluate in improving concept understanding (Muthmainnah., 2017). This
technology allows students to observe complex biological processes directly through digital
representations, allowing them to identify patterns or relationships that may be difficult to
understand through theory alone. Evaluation of this application can be done by comparing the
learning outcomes of students who use virtual simulation with those who use conventional
learning methods. Aspects assessed include the level of participation, improvement of
analytical skills, and students’ success in completing case-based assignments.

The impact on concept understanding can also be evaluated through interviews or surveys
that explore students' perceptions of their learning experience. This approach can reveal the
extent to which the learning methods help them understand the material, increase motivation,
and provide confidence in applying concepts in the field. Supporting factors, such as the
availability of technology facilities, support from lecturers, and the relevance of the material to
industry needs, also need to be considered in this evaluation.

The results of this evaluation are expected to provide useful insights for the development
of more effective and relevant learning methods. In the context of agrotechnology, a thorough
evaluation not only improves the quality of learning but also ensures that students have the
necessary competencies to face challenges in modern agriculture. Thus, evaluating the impact
on concept understanding is a strategic step in producing graduates who are competent and
ready to contribute to sustainable agricultural development.

Evaluation of the impact on concept understanding by agrotechnology students is very
important to assess the success of the learning process and the extent to which students can
connect theory with practical applications in agriculture. Good concept understanding includes
not only theoretical knowledge, but also the ability to apply the knowledge in real contexts,
such as crop management, natural resource conservation, and climate change impact analysis.
Therefore, evaluation needs to be comprehensive, from testing basic knowledge through
formative and summative tests, to assessing practical skills that involve analyzing real problems
in the field.

One important aspect of evaluation is the use of technology in learning. The application
of virtual simulation, for example, gives students the opportunity to learn complex biological
processes, such as photosynthesis or biogeochemical cycles, through dynamic and interactive
digital representations. Evaluating the impact of implementing virtual simulations can be done
by comparing the learning outcomes of students using this method with those using
conventional approaches. Aspects to be assessed include increased student participation,
analytical skills, and understanding of concepts that were previously difficult to grasp only
through theory or laboratory experiments.
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In addition, it is important to evaluate students' experiences through surveys or interviews,
which can provide a more in-depth picture of their perceptions of the learning methods used
(Suhendra & Suprianto., 2023). Factors such as lecturer involvement, material relevance to
industry needs, and facility and technology support also need to be considered, as they can all
affect the success rate of learning (Muzakir., 2023). By collecting data from various sources,
evaluation can provide clearer insights into the effectiveness of learning methods in improving
students' understanding of concepts and skills.

The results of this evaluation will not only help in improving the quality of learning in
agrotechnology, but also provide direction for curriculum development that is more responsive
to the development of science and technology. Thus, the evaluation of the impact on concept
understanding serves not only as a measuring tool, but also as a basis for innovation in
education, which will produce agrotechnology graduates who have practical skills and strong
theoretical understanding to face global challenges in sustainable agriculture

Conclusion

Based on the N-gain score test results obtained in this study, it can be interpreted that
the application of virtual simulations in learning Biology has had a significant impact on the
understanding of concepts by Agrotechnology students. The average N-gain score of 78.25
shows a substantial increase in students' understanding after participating in the virtual
simulation. This suggests that virtual simulation is effective in facilitating students'
understanding of more complex Biology concepts, which may be difficult to understand
through traditional learning methods. In other words, the direct interaction with learning
materials in a visual and practical form offered by virtual simulations can increase student
engagement and accelerate their understanding of the material. The high N-gain value
strengthens the argument that virtual simulation can be a very effective method in improving
the quality of learning in Biology, especially among Agrotechnology students.
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