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existence of some abstract concepts in the chemistry, on the other hand, have created great
deal of misunderstanding among students. Therefore, this research aims to investigate the
necessity of paying attention to the role of conducting book-based experiments in the virtual
and in-person chemistry environment in schools as an effective driving factor in the success
and understanding of students. Materials and Methods: The present study is classified as
applied research in terms of its purpose, a survey study in terms of data collection, and a
quantitative comparative study in terms of data analysis. The tool of the study is a
questionnaire, and on this basis, six conceptual chemistry questions were prepared, and the
correct response rate of statistical population of students to the questionnaire was examined.
Cronbach’s alpha (0.959) obtained indicated a very high reliability of the questionnaire and
good internal consistency among the questions. While the questionnaires were completed in

How to Cite: Shahdost-Fard, F., Javanmardi one group without any practical and virtual training, for the other group, the concepts in
Nacini, P., & Shirvani, M. (2026). Comparison duestion were taught through a practical experiment and a virtual laboratory with the help of
software, followed by answering the questions. Findings: Based on the results obtained from
the population under study, school students for whom the experiments were conducted have a
deeper understanding of chemistry concepts and a better ability to apply and generalize to
similar situations in life, and their level of misunderstanding is lower because the significance
level for most of the questionnaire items is lower than 0.05. Conclusion: It was found that
doing book-based experiments has a positive effect on better learning and removing
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Extended Abstract

Introduction
Frequent changes in educational content, on one hand, and the existence of some abstract concepts in the chemistry lesson,
on the other hand, have created considerable misunderstanding among students. Therefore, this research aims to investigate the
necessity of paying attention to the role of conducting book experiments in the virtual and in-person chemistry environment in
schools as an effective driving factor in the success and understanding of students. With the advancement of technology, virtual
experiments have become an effective tool in education, and conducting software-based experiments, especially in situations
where access to physical laboratories is limited, can play an effective role in improving learning. A virtual laboratory is an
alternative learning environment to risky and expensive real laboratories that can be made publicly available to students and
teachers. Learning based on virtual laboratories not only provides meaningful learning through understanding important
concepts, principles, and processes; but also allows students to identify and overcome their weaknesses by allowing them to
repeat an experiment. This study aims to investigate how textbook experiments and creative activities are conducted both
virtually and in person in schools and their effective role in increasing motivation improving the quality of student learning and
reducing common misunderstandings in chemistry. For this purpose, six questions were selected from six different topics in
the field related to the concept of acidity and solubility. Based on virtual education with software for some people in the school,
the results of two separate groups in two different schools were examined to evaluate the effectiveness of virtual education.
Four research questions were posed:
e Does practical training in a laboratory setting affect students’ learning compared to purely theoretical training?
e Does practical training in a laboratory setting based on software affect students’ learning compared to purely
theoretical training?
e How does students’ learning compare to topics they encounter daily versus topics they have no prior mental
background on?
e Does the use of practical/software laboratory training affect students’ learning of challenging topics and everyday
topics?
Methodology
The present study is classified as applied research in terms of its purpose, and as a survey study in terms of data collection,
and as a quantitative comparative study in terms of data analysis. The tool of the study is a questionnaire, based on which six
conceptual chemistry questions were prepared, and the correct response rate of statistical population of students to the
questionnaire was examined. Cronbach's alpha (0.959) obtained indicated a very high reliability of the questionnaire and good
internal consistency for the questions. While the questionnaires were completed in one group without any practical and virtual
training, for the other group, the concepts in question were taught through a practical experiment and a virtual laboratory with
the help of software, and then the questions were answered. The present study was conducted in the statistical population of
tenth-grade science students in the academic year 2022-2023. One class from Hazrat Sakineh Girls' High School (30 students)
and one class from Azadi High School in Marvdasht (30 students) were randomly selected. The two schools were selected in
such a way that the tenth-grade laboratory teacher of both classes was the same. Consultation with the principal, interview with
the teacher, and comparison of the average grade of the two selected classes showed that both classes have almost the same
scientific level, and the only difference between them is the laboratory facilities of the two schools. In one school, due to the

presence of a laboratory and the required facilities, all the experiments in the tenth-grade laboratory textbook were carried out
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practically (group one), and in the other group, due to the lack of school facilities, was taught only theoretically. Thus, 30
students of the same gender and grade were selected as samples from the two classes under study. The research questionnaire
was distributed among the sample members of the two classes, and then the resulting data was collected.

Results and Discussion

Based on the results obtained from the statistical population under study, school students for whom the experiments were
conducted have a deeper understanding of chemistry concepts and a better ability to apply and generalize to similar situations
in life, and their level of misunderstanding is lower because the significance level for most of the questionnaire items is lower
than 0.05.

Conclusion

Conducting experiments and engaging students’ multiple senses plays an important role in the process of learning abstract
concepts and theories of experimental sciences, especially chemistry. This enables students to participate in practical work
instead of listening to the teacher’s lectures about concepts, and by increasing their motivation, their scientific skills are also
enhanced. The results of this study, which aimed to investigate the effect of conducting practical activities and experiments in
schools on students’ understanding, its effect on reducing misunderstandings, and analyzing related hypotheses, show that there
is no significant difference between the responses of the two groups of students to questions that they frequently encounter in
their living environment. However, there is a significant difference between the responses of the two groups of students to more
challenging questions whose understanding depends on conducting practical and experimental activities. The results of this
study show that, according to the questions posed, students who received training based on practical experiments answered
more questions correctly than the students who received only theoretical training. In addition, software-based experimental
teaching also resolved students’ misunderstandings in question six. This shows that conducting textbook experiments
consolidates the concepts learned, and since the student’s mind is engaged in this problem during the practical experiment and
searches for a solution, the topic which has been learnt is forgotten later. Conducting experiments through software also leads
to improved learning and a deeper understanding of the material than purely theoretical training due to the involvement of
students’ minds with related topics and audio-visual training in a software environment to simulate a face-to-face laboratory
environment. Thus, conducting more research in this field with a larger statistical population and achieving broader results will
lead to better and more accurate decisions to improve the quality of education, especially for courses with both theoretical and
practical content, while preventing the risks of conducting experiments in a real environment that threaten the health of students

and teachers, will provide a safe and peaceful environment for educating the future generation of the country.
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