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Abstract

The limitation of laboratory facilities in conducting practical chemistry
learning activities has become one of the triggers for less optimal learning
processes. Implementation of virtual laboratory simulation becomes a
solution to overcome the limited equipment of practicum activities. It is
possible to overcome some of the challenges that are currently being
experienced in chemistry education by making effective use of virtual
laboratories. The primary aim of this research is to investigate the impact
of virtual laboratories and self-efficacy on the improvement of problem-
solving skills among engineering students in the context of applied
chemistry education. The research employs a quasi-experimental design
to examine the impact of independent variables on dependent variables.
Participants in this study are students enrolled in the Refrigeration and
Air Conditioning Engineering and Utility Engineering Technology
programs within the Mechanical Engineering Department of Bali State
Polytechnic. The study utilized data collection instruments consisting of
tests assessing problem-solving skills and questionnaires measuring self-
efficacy. The current study employs analysis of covariance (ANCOVA)
as a statistical method to examine the hypothesis.The hypothesis testing
results show that using virtual laboratories has a better effect than
problem-solving skill demonstrations when it comes to electroplating
learning activities. The observed correlation between self-efficacy and
improved problem-solving skills does not seem to result in a significant
1mpact.
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INTRODUCTION

Having knowledge

of today's multidisciplinary science is essential to

supporting the skills and competencies that engineers possess to deal with complex
global problems. This qualification becomes a demand for mechanical engineering
students in vocational higher education to understand the basic science related to
the competence of the field of science possessed by the vocation so that they can
compete in the world of industry and work. A good conceptual understanding of
basic sciences, such as chemistry, plays an important role in supporting the
development of competence in the field of mechanical engineering, so it is essential
to optimize learning activities in the classroom as well as in the laboratory. A
laboratory is a place for conducting scientific research where a student can develop


http://dx.doi.org/10.21009/JTP2001.6
http://journal.unj.ac.id/unj/index.php/jtp
http://dx.doi.org/10.21009/JTP2001.6
http://journal.unj.ac.id/unj/index.php/jtp

Arsani, et.al. /Jurnal Teknologi Pendidikan 26 (1), 171-182

scientific thinking, conduct scientific research, and acquire knowledge of the
principles of physics and experimental techniques through the use of equipment.
Science laboratories are designed for a specific purpose, which includes an
understanding of scientific concepts, interests, and motivations, practical skills, and
problem-solving skills.

A laboratory serves as a dedicated space for the purpose of conducting
scientific research, enabling students to cultivate their scientific reasoning, engage
in scientific investigations, and gain comprehension of the fundamental principles
of physics and experimental methodologies by utilizing specialized equipment.
Science laboratories are purposefully constructed to facilitate the acquisition of
scientific knowledge, comprehension of scientific principles, cultivation of
scientific curiosity, development of practical abilities, and enhancement of
problem-solving aptitude. Learning science, technology, engineering, and math
requires laboratory practice. Virtual labs offer safe practice without worrying about
equipment damage and give students the freedom to practice as much as they want
without being time-restricted.Learning activities in laboratories are one of the
identities of teaching chemistry to conduct scientific experiments through scientific
approaches and skill development. The availability of laboratories in chemical
learning is also an important component in explaining the application of chemical
concepts to the field of mechanical engineering to serve as a reference in solving
field problems related to chemistry, but most educational institutions have limited
laboratory facilities.

The limitation of laboratory facilities becomes an obstacle to conducting
chemical practice activities, so it requires a learning medium to facilitate practice
activities. The digital age today offers many solutions and innovations in various
forms of learning media applications that can facilitate practical activities, such as
virtual laboratories that can be accessed through an internet connection. Virtual
laboratories can be used as learning media to support practical activities in an effort
to improve student learning outcomes and as a solution to the limitations of
laboratory facilities. The use of virtual labs can help students prepare themselves
before entering a real laboratory and improve their knowledge, skills, and learning
performance. Virtual applications in learning refer to the use of technology to create
a simulated and interactive learning environment that positively impacts students'
understanding and improves learning outcomes (Annis Kandriasari et al., 2023;
Sukmawati et al., 2023; Jusuf et al., 2021; Aulia et al., 2021; Durukan et al., 2020).

Virtual experiments provide flexible learning opportunities that can
overcome time, speed, and space barriers for students (ElI Kharki et al., 2021;
Hamed & Aljanazrah, 2020; Bortnik et al., 2017) The implementation of virtual
laboratories contributes to increased motivation and effectiveness for learning
activities (Santos & Prudente, 2022; Gunawan et al., 2019). The advantages of a
virtual laboratory are that it is easy to use, easy to understand theoretical concepts,
plenty of time available, satisfactory knowledge theory, a secure environment,
advancement of new expertise, driven by group collaboration, a comfortable place,
and more time to experiment (Emda, 2017). A virtual laboratory serves as a medium
used to motivate students to understand a material concept and become a solution
for overcoming the limitations or absence of a laboratory device. A virtual chemical
laboratory is a simulation of chemical experiments that serves to address the
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limitations of the availability of tools and materials in chemical laboratories and
create opportunities to conduct experiments with cheap funding. Referring to some
research findings, virtual laboratory applications in chemistry learning can improve
learning outcomes (Rizal Ramadhan et al., 2022; Nais et al., 2019; Nais et al., 2018;
Ramos et al., 2016; Kolil et al., 2020).

Learning outcomes describe skills, abilities, knowledge, or values that can
be measured as a result of the learning process. Chemistry, as one of the courses
considered difficult by most students with competences that are not linear with the
field of chemistry, is likely to cause anxiety that can affect student self-efficacy and
problem-solving skills related to the application of chemical concepts to the
engineering field. Self-effectiveness refers to the individual's belief in the ability to
solve problems with the best results in a particular task, as well as the main
development factor of the individual in using the difficulties experienced. Self-
efficacy is a key factor in completing a task successfully. In the field of education,
self-efficacy is critical to producing behavioral changes that result in improved
performance over the course of learning. Students in chemistry often acquire
anxiety about completing experiments due to the perceived negative results of a
lack of understanding and inappropriate experimentation. Students' self-efficacy in
doing laboratory experiments suffers as a result of their nervousness. Problem-
solving skills refer to a person's ability to solve problems effectively and promptly
without any obstacles. Problem-solving skills help in identifying the source of
problems and finding effective solutions. Based on the above description, the
implementation of virtual laboratory simulation can be an option as a medium for
practice development activities due to the limited facilities of the laboratory on
campus, as well as its impact on improved self-efficacy and student problem-
solving skills.

Problem-solving is an important part of learning chemistry as a broadly
transferable skill for engineering students to generalize what they have learned. The
steps used to assess problem-solving skills are Polya's model , which consists of
four steps of solution, namely: (1) To understand the problem, the learner must
identify information, data availability, assumptions, and the desired solution at this
stage. (2) develop a plan: at this stage, the student must attempt to link information
and data in accordance with the intended solution; if this integration is not
sufficiently evident, the student must develop a plan that outlines how to combine
the available information with what is desired. (3) apply the plan: the student is
expected to implement a planned approach for issue solving; (4) glance backward
at this phase; the dawn look back indicates rethinking and re-examining the results
and the solution process. The level of self-efficacy that an individual possesses can
vary across different domains of tension. The research aims to investigate the
impact of the use of virtual laboratories and the level of self efficacy on student
problem-solving skills on vocational higher education in the context of applied
chemistry learning. The Virtual Laboratory aims to provide a more interactive and
in-depth learning experience while assisting students in building confidence in their
ability to tackle complex problems in the field of applied chemistry. The research
innovation introduces a virtual laboratory designed to enhance self-efficacy in
optimizing problem-solving skills, particularly within the context of applied
chemistry learning in vocational colleges. Through this approach, students can gain
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practical experience in chemical experiments without the need for expensive or
limited physical equipment. This claim is supported by several research findings
that show the use of virtual laboratories and the development of self-efficacy have
positive effects on learning outcomes and can be successfully implemented in the
context of teaching chemistry(Chan et al., 2021; Peechapol, 2021).

The hypothesis of the research is that (1) there is a difference in problem-
solving skills between those learning with a virtual laboratory and a real
demonstration; (2) there are differences in troubleshooting skills with different
levels of self-efficacy; and (3) there is an interaction between virtual labs and real
demonstrations and a different level of self-efficacy versus problem-solving
skills.The results of this research are expected to have important implications for
the innovative findings of learning methods that can be applied in vocational
colleges and strengthen the use of technology in the learning process.

METHODS

The study uses a quasi-experimental design to test the influence of
independent variables on dependent variables. The independent variable in this
study is the virtual laboratory, while the moderator variable is self-efficacy, and the
dependent variable is problem-solving skills. Another factor that can influence the
dependent variable is variable involvement, which was incorporated in this study
through a 2 x 1 factorial design. Participants in the study consisted of 62 students
from the study program of refrigeration and air conditioning engineering and utility
engineering technology. Research subjects are parallel classes determined non-
randomly, as experimental and control groups. The group experiments were
conducted by utilizing a virtual laboratory that featured a simulation of the metal
coating process using the electroplating method. The control group observed and
studied the electroplating process through a live demonstration.
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Figure 1. Outline of Research Design
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The virtual laboratory simulation system encompasses several key
components designed to facilitate the learning of chemistry in the context of
electroplating materials. One such component is the inclusion of practical
procedures and interactive 3D simulations. By incorporating these elements, the
system enables students to engage in laboratory experiments by means of virtual
simulations. 2) This instructional video demonstrates the practical application of
electroplating techniques for coating metals. 3) An animated presentation is utilized
to enhance the understanding of the electroplating.

RESULTS & DISCUSSION

The data collection instruments employed in this study encompass problem-
solving skills tests and self-efficacy questionnaires. The primary objective of data
analysis is to derive significance and interpretation from the data acquired
subsequent to the process of learning. Using analysis of covariance (ANCOVA) to
test the hypothesis in this research with the assistance of the SPSS version 22
application.

Figure 2. Features Virtual Laboratory Electroplating

-175 -



Arsani, et.al. /Jurnal Teknologi Pendidikan 26 (1), 171-182

Table 1. Rubric for Assessing Problem-Solving Skills (Thi Dang Chi & Trung Ninh, 2018)

No Steps Problem-Solving Skill Criteria (Score)
Model 0 1 2 3
1 Understandi No information There's little ~ There's Appropriate
ng the or no images, information, information, information
problem no reaction there's a there's accompanied
equations or picture, but  pictures, there by images,
symbols used no similarity are reaction reaction
of reactions  equations, but  equations and
or symbols it's only defined.
used partially
defined.
2 Making There's no plan Candevelop Candevelopa Can choose a
Planning or no coherent  an initial good plan but  good strategy
plan to solve phase plan can't approach  and approach
the problem. but only problems the problem
perform part  systematically. systematically.
of all the No conceptual
components errors.
of the plan.
3 Planning A limited The job is The work The work
Implementa number of jobs  partially displayed has ~ shown is
tion are displayed. displayed. gaps. The logical. The
The calculation The reaction equation of
equation is calculation equations and  reaction and
completely contains calculations calculation is
wrong. major errors. are mostly completely
correct but correct
may contain
minor errors.
4 Reviewing  Wrong answer Can givean  Get the right Can get the
back and no answer  appropriate  answers but right answers
statemen answer can't give an and give the
statement, appropriate perfect answer
even if the statement of statement.
answer is answers.
wrong.
RESULTS & DISCUSSION

The distribution of pre-test values for each group, if combined with the self-
effectiveness of the student, does not show an extreme difference in average values

between the groups of students with low self-efficacy and high self-efficacy.
Students with hight self-efficacy scored 28.55 in the control group and 31.23 in the
high self-efficacy, whereas in the experimental group, they obtained scores of 29.56
and 32.45 for low self-efficacy and high self-efficacy, as shown in Table 2.
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Tabel 2. Descriptive Analysis Pre-test and Post-test Problem-Solving Skills and Self-

Efficacy
Groups Self- Pre-test Post-Test
Efficacy
(SE) Mean SD n Mean SD n
Control SE Hight 28.55 3.53 7 50.89 11.21 7
SE Low 31.23 8.69 23 60.23 9.12 23
Total 30.61 7.83 30 58.05 10.26 30
Experiment SE Hight 32.45 9.53 12 69.57 13.23 12
SE Low 29.56 6.52 20 71.02 8.70 20
Total 30.65 7.76 32 70.48 10.44 32
SE_Hight 31.01 7.96 19 62.68 15.31 19
Total SE_Low 30.45 7.72 43 6525 1036 43
Total 30.62 7.73 62 64.46 12.02 62

According to the data presented in Table 2, the experimental group achieved
higher mean scores on the post-test when compared to the control group. In relation
to self-efficacy, it is observed that students with lower levels of self-efficacy tend
to exhibit a higher likelihood of experiencing certain outcomes compared to
students with higher levels of self-efficacy.

80
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58.05
60
50
40
30.61 30.65

30
20
10

0

Pre-test mcontrol mExperiment ~ Post-test

Figure 3. Average Pre-Test and PostTest Values for Problem Solving Skills

The observed results showed variations in the pre-test and post-test averages
between the control and experimental groups. The experimental group's average
values showed higher averages than the controlgroup, as shown in Figure 3. In
relation to student self-efficacy, there is no significant difference observed between
high and low self-efficacy when compared to the average values obtained in both
the control and experimental groups, as depicted in Figure 4.
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Figure 4. Comparison of Pre-Test and Post-Test Results in Relation to Self-Efficacy

The inter-variable influence test is a primary method employed to evaluate the null
hypothesis. The test results against the hypothesis of this study showed: (1) the significance
value on the post-test of problem-solving skills is 0.00, which means less than 0.05. This
result indicates that the null hypotheses are rejected or that there is a significant difference
in problem-solving skills between groups of students who received different treatment in
the learning process, (2) The second null hypothesis tested was that there was no
difference in problem-solving skills between groups of students with self-efficacy.
The test results showed that the significance value obtained was 0.64, or greater
than 0.05. This result meant that the null second hypothesis was accepted or that
there were no significant differences in troubleshooting skills among groups of
students with self-efficacy, (3) The obtained significance value is 0.174, or greater
than 0.05. This value has an influence on the outcome of the third accepted null
hypothesis, which means that there is no interaction between the treatment of the
use of virtual laboratory simulations and real demonstrations and self-efficacy
toward problem-solving skills.

Table 3. Tests of Between-Subjects Effects

Source Dependent Variable F p
(Problem-Solving Skill)
Corrected Model post-test 9.339 0.00
Method (Demonstration & Vir.Lab) post-test 26.474 0.00
Self Efficacy post-test 3.556 0.064
Method * Self Efficacy post-test 1.894 0.174

The skill of problem-solving is associated with the ability to resolve a
problem involving critical, logical, and systematic thinking, which is one of the
significant objectives of the implemented learning process. Referring to the results
of the hypothesis testing, the use of virtual laboratories has a more positive impact
than demonstrations of problem-solving skills on learning activities about
electroplating. Virtual laboratories can facilitate the interpersonal development of
learners by addressing individual differences in groups and improving problem-
solving skills. One important skill that engineering students can use to generalize
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or build on what they have learned is problem-solving, which is an important part
of learning chemistry (Lawrence S. Brown, 2019).

The results obtained, in conjunction with comparable findings from other
studies, suggest a favorable influence of utilizing a virtual laboratory on educational
achievements (Veza et al., 2022; Gunawan et al., 2017). According to study
findings (Gunadi et al., 2023; Nais et al.,, 2019), students can learn more
independently and overcome time and space constraints in the learning process by
utilizing technology and readily available information.

These findings lend support to the implementation of the suggested learning
environment in laboratory-based educational practices as a viable substitute for
physical laboratories (Solikhin et al., 2022; Ahmed & Hasegawa, 2021). Virtual
chemistry laboratories should be considered as an effective supplement to or
replacement for conventional laboratories (Chan et al., 2021; Srinivasa et al., 2021;
Gunawan et al., 2018; Ali et al., 2014).Virtual laboratories can provide better
learning outcomes on cognitive, affective, and skill aspects than practice in real
laboratories  (Faruk et al., 2023; Chan et al., 2021; Huang et al., 2020 ). When
combined with self-efficiency, it gives insignificant results to problem-solving
skills. These results differ from the research that has been done that self-
effectiveness improves learning outcomes (Gungor et al., 2022; Romika & Atun,
2021). The results of this research provide significant implications for changes in
learning methods applicable to vocational college, particularly in the domain of
applied chemistry. The presence of a virtual laboratory aids students in cultivating
confidence in their capacity to tackle intricate challenges within applied chemistry.
These research contributions have the potential to enhance students' problem-
solving skills in applying chemical concepts in the field of engineering and offer
solutions to the limited equipment and laboratory facilities in chemistry learning.

CONCLUSION

Based on the results and explanations provided, this study concludes that
there is a difference in problem-solving skills between the control group students
and the experiment., while no disparities were found in problem-solving skills
among student groups with varying self-efficacy levels. Additionally, there was no
observed interaction between the applied method and the self-efficacy of problem-
solving skills. It is suggested that virtual laboratories could serve as either
supplementary tools or replacements for physical labs, especially in instances where
the latter is unavailable. Further research is recommended to explore the
relationship between virtual chemistry laboratories and self-efficacy in problem-
solving skills among mechanical engineering students.
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