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Abstract: The main purpose of this research was to investigate the effects of virtual laboratories on students’ conceptual
understanding of biology with an emphasis on the foetal developmental process. Quasi-experimental design under a
guantitative method was employed. A biology achievement test (BAT) via pre-posttest was used for data collection. Four
secondary schools from Rwamagana district, with 162 students, were purposively selected based on the availability of smart
classrooms, computers, projectors, and internet connectivity. Fromthese schools, the experimental and control groups were
selected randomly with 81 students in each group. Data were analyzed through descriptive statistics and independent sample
t-tests using a statistical package for social science (SPSS). The results reveal that the students in the experimental group who
were administered virtual laboratory instructions achieved higher mean scores than the students in the control group who
taught using the traditional lecturing method (chalk-talk method) at [t (160) = -.540, p = 0.000; p<.05]. This indicates that
virtual laboratories in teaching biology concepts have a greater impact on students’ conceptual understanding. The study
recommends biology teachers to strive to use virtual laboratories in teaching biology as an alternative way of improving
students' conceptual understanding of abstract concepts. Further study should explore the contribution of virtual laboratories
on the student's conceptual understanding of other difficult and abstract biology topics towards students' conceptual
understanding.
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i goals of sustaining education that is compatible with
L Introductlon socioeconomic and technological demands (Ministry of
The science of biology is a discipline that greatly Education, 2018).

contributes to scientific and economic development of
nations by addressing particular conditions in society
(Awosika, 2008). Biology is regarded as a foundational
subject that prepares students for the real wirld of work
through different working areas such as medicine,
agriculture, industries, food science, pharmaceuticals, and
environmental studies (REB,2015). In thisregard, biology
is a science subject that can assist countriesto achieve their

However, most biological concepts are abstract. For
instance, the process of human development is relatively
abstract and complex, with many knowledge points and
large periods (Guo, 2018). It is often a challenging topic
for the studentsto understand fully and master in time.
Therefore, multivariate learningstrategies, such as inquiry-
based learning, laboratory approach, discovery, and
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cooperative learning, are considered as the best teaching
and learning methods. All these strategies are learner-
centered andhave the potential to enable students’ in-depth
comprehension of scientific concepts in general and
biology. For this reason, in terms of science-active
learning, Rwanda implemented CBC in 2016 changing
from knowledge-based to competence-based learning to
fulfill the development of students’ self-directed, practices
of lifelong learning, suitable skills, and knowledge as well
as the capacity to use those skills in day-to-day life
situation (Ndihokubwayo & Habiyaremye, 2018).
Additionally, this new approach to teaching and learning
promotes inclusiveness, cooperative learning, and active
engagement in learning activities through a learner-
centered approach.

Active learning enhances students' understanding, and
retention of information, and aids them to improve critical
thinking and problem-solving skills (Ndihokubwayo,
2017). From this perspective, laboratory activities are
essential to stimulating students’ interest and developing
scientific skills (Ndihokubwayo et al., 2019). Laboratory
work helps students learn science by acquiring conceptual
and theoretical knowledge, as well as by building an
awareness of the nature and methods of science (Ottander
& Grelsson, 2006). Besides, students understand abstract
concepts deeply through laboratory activities because they
are engaged in practical activities that involve data
collection, analysis, and forming judgments. Therefore,
through laboratory, practical activities, students can plan
investigations, use scientific reasoning, manipulate
equipment, record data, analyze, present, and discuss their
results,and come up with conclusions (National Science
Teachers Association, 2007). Moreover, laboratory
experiments can facilitate fruitful learning by forming a
connection between the newly discovered information and
the existing information (Ambusaidi et al., 2018). Thus, it
improves students” understanding of scientific concepts.

Besides, laboratory practical has great importance in
science teaching and learning, the implementation of
laboratory practical activities encountered the problems of
inadequateteacher preparation, inadequate implementation
of the procedure, lack of school laboratories, short supply
of laboratory equipment, space constraints, overcrowded
classrooms, dangerous experiments, and teaching and
learning materials that are expensive to purchase and to
maintain (Ndayambaje et al., 2021, Cossa & Uamusse,
2015, Miyamoto et al., 2019). In addition, some laboratory
experiments can put the students in danger when involving
the use of chemicals, and some accidents like burning,
electrical shock, and infection, might occur (Muhamad et
al., 2012). Consequently, Biology subjecttaught by using
the traditional method of teaching as opposed to inquiry
and innovative activity-oriented where the teachers direct
students to learn abstract concepts through memorization
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of facts that lead to students’ poor conceptual
understanding (Ndayambaje etal.,2021 & Sibomanaetal.,
2021).

Therefore, in line with the advancement of technology to
advance education, the introduction of information,
communication, and technology such as virtual learning,
simulation, animation, and video in education was taken
into account to find an appropriate alternative way for
effective science teaching and learning, to improve
students understanding (Suryantietal.,2019, Tatli & Ayas,
2010 & Ambusaidi et al., 2018). In this regard, Tlysiz
(2010) noted that computer-based learning via virtual
laboratory was one alternative practical tool for effective
scientific learning. A virtual laboratory is defined as a
computer-based activity in which students use a computer
interface to interact with an experimental apparatus or
other activity (Hatherly, 2009). Moreover, virtual
laboratory is an interactive simulation that allows the
students to conduct scientific experiments that are not
currently available in a real laboratory with low cost and
safety (Ambusaidi et al., 2018).

Virtual reality technology has brought fresh insights to
support and improve the quality of education by
demonstrating scientific phenomena to students without
using actual resources. For instance, in European countries
like Denmark, virtual laboratory is designed with computer
software with experimental simulations under control, to
allow the user to conduct scientific investigations cheaply,
with a high level of safety, and more time-efficient than
traditional laboratories (Suryanti etal., 2018). Also, in the
United States of America(USA) virtual laboratory was
designed for enhancing students’ learning and motivation
in order to achieve learning objectives (Swan & Donnell,
2009).

Various experiment simulations are created as tools or
media to enhance the understanding of scientific concepts
(Suryanti et al., 2019). This is because, virtual laboratory
allows students to make mistakes with no repercussions
compared to a real laboratory (Hamed & Aljanazrah,
2020). For instance, in Botswana virtual laboratory was
used in teachingand learning to eliminate the constraints
of real laboratories such as the time taken to set up the
equipment, high-cost equipment, and level of safety,
accuracy, and reliability of outcomes (Pearson & Kudzai,
2015). Additionally, Yamada et al. (2006) showed that
virtual lab producesdetailedimages of humanembryos and
visualizes the sequential morphogenetic movements
occurringin the embryo. For that reason, technologies in
education by using computer-based instruction via virtual
laboratories enhance science learning and support physical
laboratories in order to concretize and clarify the concept.



Numerous researchers such as Muhamad et al. (2012),
Hamed, and Aljanazrah. (2020), Ambusaidi et al. (2018),
Suryanti et al. (2019), and Tatli and Ayas. (2010), focused
on the effects of using virtual laboratories as a
supplementary tool to physical lab in science subjects in
general. Therefore, this study investigated the effects of
virtual laboratories on the student’s conceptual
understanding of the foetal developmental process within
the secondary schools of Rwamagana district as this
instructional strategy had just implemented in this district
as opposedto the previously-used typical lecture teaching
strategy. The study was guided by the following questions:

1) Is there statistical differences in pre-test scores
between students who learned foetal
developmental process using virtual laboratory
instruction and those who learned it through
lecture-based traditional teaching methods?

2) s there a statistical difference in post-test scores
between students who learned foetal
developmental process using virtual laboratory
instruction and those who learned it through
lecture-based traditional teaching methods?

2. Literature Review

The key goals of Rwanda's education system are to
promote equitable access to education, and quality of
learning, and to provide citizens with the skills and
knowledge essential for the country's socio-economic
development (MINEDUC, 2018). Achieving such goals,
advancedtechnology, and the use of the computer as recent
advancement in technology, across all levels of education
is a logical way (Mugiraneza, 2021). Presently, computer-
based learning has been used in education to achieve
numerous purposes and the role of virtual -based learning is
becoming more effective in teaching and learning.

2.1 Understanding virtual laboratory

The description of the virtual laboratory depends on how
different people may perceive it and how it has affected
teaching and learning for various target groups. A virtual
laboratory is defined as the use of computer simulations,
models, and a range of other learning technologies to
support real laboratories (Scheckler, 2003). In a similar
way, virtual laboratory is an interactive experiment
simulation in which all manipulations are performed on a
computer (Suryanti etal., 2019). It was further explained
by Udinetal. (2020) asasimulation and animation labthat
uses virtual technology to provide students with an
interactive virtual learning environment. Therefore, in the
present study, a virtual laboratory is understood as an
interactive environment for designing and carrying out
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computer-simulated experiments that accurately represent
the real world.

2.2 The effect of wusing virtual
laboratory on students’ conceptual
understanding of biology

Effective and meaningful learning in science takes place if
the studentsrelate what theyare learningwith everyday life
experiences. Forthatreason, laboratory experiments are an
important component of learning science subjects, biology
included. Thisviewissupportedby Muhamad etal. (2012)
who stated that laboratory instruction is an important
component for learning and understanding abstract
scientific concepts. However, all scientific experiments
cannotbe carried out in a real laboratory, forexample, cell
structure and cell organization, cell division, the chemical
composition of cells, and the foetal development process.
Therefore, computer-based learning via virtual laboratory
supports science learning to overcome limitations
associated with physical laboratory (Dyrbergetal.,2017).
Since, the use of computer-based learning in teaching and
learning sciences, including biology becomes popular and
has been continuously adapted in various fields of
education (Hlasnaetal., 2017).

Human embryo development undergoes complicated
morphological changes. for the students to fully understand
and analyze such dynamic movements visualizing
embryonic structures supported by computer-assisted is
essential. In this regard, the virtual laboratory has more
benefits in teaching and learning sciences, and their effect
has been reported by numerousscholarssuch as (Swan &
O’Donnell., 2009, Flowers, 201 1, Muhamad et al., 2012 &
Dyrberg et al., 2017). For instance, In Jordan, the study
conducted by Alfalah (2020)showedthat virtual laboratory
isthe most effective approachfor teachingembryology that
helps studentsto visualize complex structures and their
dynamic evolution. Alfalah’s study also showed that
virtual laboratory enhances the student's conceptual
understanding, satisfaction, and learning outcome. Within
the same line, in the study conducted by Swan &
O’Donnell (2009) and Flowers (201 1) in the United States
of America on the contribution of virtual biology
laboratories, the analysis of the findings revealed that
conceptual understanding of the students that went through
the virtual experiments performed better than the students
taught by traditional lecture teaching method.

A virtual laboratory is highly suitable for teaching abstract
biology topicswhich are complex for the student to fully
understand thephenomena. This viewpointis backed up by
the study conducted in Japan by Widiyatmoko (2018) on
the effectiveness of simulation on conceptual
understanding of science subjects. The author used an
integrative review of the literature by reviewing published



papers on the effectiveness of virtual labs in science
learning. The researcher’s findings indicated that virtual
laboratory allows learners to observe a real-world
experience, and they can interact with it. In general,
concepts that are difficult for students to grasp can be
understood experimentally in science learning, particularly
in biology. This is supported by the study conducted in
New Zealand and Indonesia by Dyrberg et al. (2017),
Suryanti et al. (2019), and Azizah and Aloysius (2020).
The authors used a quasi-experimental approach to
compare the learners who were involved in virtual
experimentsand the participants in traditional instruction.
The findings showed that the students who participated in
virtual laboratory instruction performedbetter comparedto
students who only had a “chalk and talk” experience. Thus,
the usage of a virtual laboratory allows students to broaden
their experiences and enhance students critical thinking as
well as conceptual understanding of different scientific
concepts.

A study was conducted in Zimbabwe and Botswana, by
Nelson (2020) and Hamed and Aljanazrah. (2020) on the
effective use of virtual labs in teaching biology which
revealed that the effective use of virtual laboratory
activities had a positive impact on students' academic
achievements and attitudes toward biology, compared to
traditional methods. On the other hand, a study conducted
in Kenya by Mochama et al. (2020) revealed that the
conceptual understanding of the students in the
experimental group performed better than that of the
controlgroup at tcal = 2.019; df = 50, p = 0.049. Another
study conducted in Rwanda on the effectiveness of Virtual
Laboratories in teaching and learning biology by
Byukusenge et al. (2022) revealed that effective use of
virtual laboratories improves students’ conceptual
understanding, laboratory or practical skills, and
motivation and attitudes toward biology. Therefore, using
a virtual laboratory in science instruction is suitable and
convenient, especially when it is appropriately utilized.

In this study, numerous researchers have emphasized the
effect of virtual laboratories on the student's conceptual
understanding of biology in general and other sciences
subjects. However, in Rwanda, no research has been
conducted on the effect of virtual laboratories to enhance
students’ understanding of foetal developmental process.
Therefore, it is on that weakness this study wishes to
investigate the effect of virtual laboratory on students’
conceptual understanding of biology concepts, particularly
foetal developmentprocess.

2.3 Theoretical Framework

This study was guided by the constructivism theory of
learning, which holds that knowledge is actively
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constructed by the learner and not passively transmitted by
the teacher. This theory deals with the involvement of the
students in intelligent action, and social interaction with
themselves and with the teacher in practical activities and
the tools that help them to construct their knowledge
(Olusegun, 2015). Based on this theory, a deep
understanding of abstract scientific conceptsoccurs when
the students are actively engaged in the process of
knowledge acquisition by linking new ideas to previous
knowledge (Koretsky et al., 2008). Thus, contents
delivered by computer assistance technology extend
students' ability to understand abstract concepts and
achieve learning objectives.

Thistheory iscompatible with this study because of theuse
of virtual laboratories in teaching and learning human
development students, engaged in virtual experiments
through the provision of animation, video, and audio
content. In addition, virtual laboratory allows the learners
to construct their knowledge and relate new knowledge to
previous knowledge in meaningful ways (Amineh & Asl,
2015). Therefore, teachers actas facilitators and ensure that
the learnersare active participants in virtual experimentsto
achieve learning objectives.

3. Methodology

3.1 Research Design

The main objective of this study was to investigate the
effects of virtual laboratories on the student’s conceptual
understanding of the foetal developmental process. The
quasi-experimental design was adapted to explain the
variation of data under hypothesized conditions (Cohen et
al., 2007 & Creswell,2014). Thus, Pre- and post-tests were
utilized in this study to measure the effect of virtual
laboratory on students' conceptual understanding foetal
development process.

3.2 Population and sampling

In this study, the population consists of all senior one
students in Rwamagana district. As human development is
a subject introduced in senior one, the researcher used
senior one classes. From the population, four schools were
purposively selected, based on the availability of the
internet, computers, projectors, and smart classrooms. The
four schools were randomly split into a control group
composed of 81 students and an experimental group
composed of 81 students. The experimental group learned
through virtual laboratory instruction while the control
group learned through the traditional teaching approach.



3.3 Instruments

The biology achievement test was constructed by the
researcher based on the competencies and learning
objectives highlighted in the seniorone biology book and
syllabus. The biology achievement test was made of
multiple-choice questions. The data collection instruments
informofa biology achievement test were used to measure
the students' conceptual understanding of foetal
development of control and experimental groupprior to the
intervention. The students from the experimental group
were taught via virtual experiments and control group was
taught with the traditional teacher-centered method. After
the intervention, the post-test was given to both controland
experimental group to measure the effect of virtual
laboratory on students' conceptual understanding of foetal
development.

3.4 Validity and reliability

To ensure the reliability and validity of the instruments, the
supervisor and two biology educational experts from
University of Rwanda, College of Education, validate the
instruments before their use. This was done to make sure
that the test's face and content were valid. In this study also
the pilot study under test-retest reliability was used to
analyze the feasibility and relevance of the instruments.
The small group of students from two schools apart from
four schools under the study who used the virtual
laboratory in learning biology (experimental group) and a
small group who was taughttheoretically were given apre-
test before intervention. After, the students were given a
post-test twice over a period. The Pearson correlation
coefficient(r) was used to correlate the obtained scores
from the first time and the second. Thus, Pearson
correlation coefficient (r) was equal to 0.74, which is
considered as acceptable for an instrument to be reliable.
This assured that the tools were appropriate for collecting
trustworthy data.

3.5 Ethical consideration

Before collecting the data, the researchers obtained ethical
clearance from the Director of Research and Innovation at
the University of Rwanda College of Education. Also,
before we collected data fromthe field we wrote aresearch
authorization letter to the Mayor of Rwamagana District
requesting to conduct research in his district. The
permission letter was obtainedand the Mayor wrote a letter
that introduced a researcher to the four sector coordinators
and school head teachers. Later, the permission to work
was guaranteed by sectors ‘coordinators and school head
teachers. Therefore, this study valued the ethical issuesand
dignity of all participants, and the names of the schoolsand
students were not mentioned.

3.6 Data analysis

The collected datafromthe pre and post-test were analyzed
by using SPSS statistical package version 25. Means and
standard deviations forachievement tests were analyzed by
usingdescriptive statistics anda t-testto determine whether
there is a significant difference between the two means for
each test, before and after the intervention. The t-test was
pre-determined at a=0.05 significance level to reject or
accept the null hypotheses.

4. Results and Discussion

The results were presented as guided by the research
questions.

Q1. Is there a statistical difference in pre-testscores
between students who learned foetal developmental
process using virtual laboratory instruction and those
who learned it through lecture-based traditional
teaching methods?

To measure the impact of a virtual laboratory on the
students ‘conceptual understanding of the foetal
developmental process, the experimental and control
groups were administered pre- and post-test biology
achievementtests to compare the mean scores differences
of students before and after using virtual laboratory in
learning.

Tablel: Pre-testscores analysis by using descriptive and inferential statistical test

Group N Mean Std.Deviation T Df Sig.(2tailed)
Pre-test Experimental 81 13.95 3.660
score 0.566 160 0.573
Control 81 14.32 4.620

T-value significantat p <0.05.
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The findings of table 1 present the mean score of the
control group and experimental group, with [t (160) =
0.565515, p = 0.572516; p>.05]. This informs that the
mean score of the control and experimental group was
approximately the same. Therefore, we fail to reject the
null hypothesis which means that there was no statistical
variation in the mean score of the control and experimental
group. Thus, the results indicate that the student's
conceptual understanding and their characteristics are at
the same standard for the study. Hence the students'
conceptual understanding before the use of VL in teaching
and learning was the same.

Q2. Is there a statistical difference in post-test scores
between students who learned foetal developmental
process using virtual laboratory instruction and those
who learned it through lecture-based traditional

teaching methods?

In this study, the students in the control group were taught
by the traditional teaching approach (chalk-talk approach),
while those in the experimental group were taught using
VL in their learning. After instruction, a posttest was
administered to the students in both groups to examine
whether there is a statistical difference in conceptual
understanding based on the scores they obtained.

Table 2: Post-test scores analysis by using descriptive and inferential statistical test

Group N Mean Std.Deviation T Df Sig.(2tailed)
Post-test ~ Control 81 14.02 5.408
score -0.540 160 0.000
Experimental 81 18.30 4.349

T-value significantat p <0.05.

Table 2 representsthe resultof the post-test. The findings
indicated that the students in the experimental group and
control group performed differently with [t (160) = -.540,
p = 0.000; p<.05]. This showed that virtual laboratories
have a greater effect on students' conceptual understanding
than traditional teaching methods. In the same context,
these findings indicate that students in the experimental
group who went through virtual laboratory performance
level and understanding of the concepts related to the foetal
developmental process were more.

Since the P-value was equal to 0.000 and was less than the
significant level of 0.05, Therefore, we reject the null
hypothesis (HO) which states that there is no significant
difference in the mean score achievement of the students
taught the foetal developmental process by using virtual
laboratory and those who taught by traditional methods.
This means that there is a significant difference in the
students' conceptual understanding when students learned
using virtual laboratory and students learned with
traditional lecture methods.

Discussion

Thisstudy was to investigate theeffect of virtual laboratory
on the student's conceptual understanding of the biological
concept. Our focus topic was foetal development process.
The researcher administered the test to both control and
experimental groups to check whether the virtual
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laboratory affects the student's conceptual understanding
or not. As indicated in Table 2 the post-test result obtained
fromthe experimental group are higherthanthe resultfrom
the control group. Therefore, there is a significant
difference in the students' conceptual understanding
between students who learned by utilizing virtual
laboratories and students who learned with traditional
lecture methods. Then, this study showed that using virtual
laboratories in teaching and learning biology improves the
student’s conceptual understanding more than traditional
lecturing methods.

The findings are in line with that of Suryanti et al. (2019)
who investigated the impact of virtual laboratories as
media to improve students' conceptual understanding of
molecular biology. Their finding of post-test results
showed that the students involved in virtual experiments
conceptual understanding was higher. This is because
students taught in virtual laboratories are actively
participating in the teaching and learning process, which
enhanced their conceptual understanding. This is also
supported by the constructivist learning theory guiding this
study, whereby the students understand deep abstract
scientific concepts when they are actively engaged in the
process of knowledge acquisition by linking theory with
new life situations (Koretsky et al., 2008). Moreover,
virtual laboratory increases students’ motivation and
interest, enhancing critical thinking and problem-solving
skills (Flowers, 2011). Hence, virtual learningenvironment



by using animation and simulation for the abstract topic,
where the students are actively engaged in the learning
process, provides the students with opportunities to
understand abstract concepts more easily.

In the same context, the studies by Swan and Donnell
(2009), Herga and Dinevski (2012), and Muhamad et al.
(2012) investigated the contribution of a virtual laboratory
and they found that the students who learned contents in
class using a virtual laboratory level of conceptual
understanding in term of score obtained were better than
the students in the control group. Therefore, a virtual
laboratory, when used effectively, has a positive impacton
the student's conceptual understanding of sciences subjects
including biology. Additionally, the findings agreed with
Udinetal. (2022), whorevealed that a virtual laboratory is
an alternative way of lesson delivery that improves
students' conceptual understanding of complex biological
contents. Inthisregard, effective use of virtual laboratories
involves fundamental concepts that promote coherent
conceptual understanding and connection with real-world
phenomena. This offers the studentsto do experiments,
collect data, and prepare reports for experiments with
developing experimental skills.

Thisstudy also showed that the students validate their prior
knowledge in a virtual laboratory and generate new ideas
on the foetal development process via manipulation of the
virtual experiment. This view is supported by Muhamad et
al. (2012) who showed that the use of virtual lab-based
learning to conduct scientific experiments enables the
students' deeper understanding of the topic they learned in
a more meaningful manner by linking what they already
know with new knowledge. Virtual laboratory leads
students to find and carry out investigations so that the
learning process becomes more meaningful (Azizah
&Aloysius, 2020). Thus, all those activities involved in the
virtual experiment have a significant influence on the
student's conceptual understanding.

The use of virtual laboratories has a positive influence on
students' conceptual understanding of abstract biology
concepts as revealed by the study findings. This agrees
with the results of research conducted by Ramadhan and
Irwanto (2017) showed that the use of virtual laboratories
in learning has a positive influence on students'
understanding. This is because virtual laboratory enhances
students ‘creativity, critical thinking, motivation, and
learningoutcome. Inthe same context, the study conducted
by Zaturrahmi etal. (2020) and Faour and Ayoubi (2018)
showed that the usage of virtual laboratories in the
classroom has increased the learning process' effectiveness
and efficiency while also enhancing the students
‘understanding and learning achievement. Thus, virtual
laboratory improves the students ‘conceptual
understanding and independent learning.
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Our focus in this investigation was to determine whether
there was a difference between students taught using the
virtual laboratory instructions and those taught using the
conventional lecture teaching approach in terms of the
mean score on students’ conceptual understanding of foetal
developmental process topic, in biology subject. The
findings of this study revealed that when the virtual
laboratory is used effectively, it has a significant influence
on the student's conceptual understanding. This is because
virtual experiment provides students with interest,
intention, motivation, and collaboration by sharing ideas
and reflecting on what they are observing.

5. Conclusion and recommendations
5.1 Conclusions

The objective of the present study was to investigate the
effect of virtual laboratories on the student's conceptual
understanding of biology. Thiswas achieved by comparing
the mean-score achievements of senior one students who
were taught foetal developmental stages under virtual
laboratory experiments and those who were taught the
same concept by the traditional lecturing method (chalk-
talk method). The pre and post-test biology achievement
tests were administered to both the control and
experimental group. The findings revealed that virtual
laboratory experiment has a more significant influence on
students’ conceptual understanding of biology than
traditional teaching method.

5.2 Recommendations

Based on the findings, this study recommends teachers
strive to use virtual laboratories in teaching biology as an
alternative way of improving students' conceptual
understanding. Virtual laboratory practice should also be
a frontline and fundamental instructional method for
biology teaching, and other science subjects like chemistry
and physic should also adopt it. Students should take
virtual laboratories as a vital method for learning biology
in particular. This also recommends further researchersto
explore the effect of virtual laboratories on the student's
conceptual understanding of other biology topics that are
difficult forthe students to understand. Sincethis study was
carriedoutonly on seniorone students, further research can
be conducted to examine the effects of virtual laboratories
on students' conceptual understanding of biology at other
educational levels.
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