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Abstract

Virtual experiments have been developed on the concept of thermodynamics. This study was intended to analyze the
level of understanding of students' thermodynamic concepts after learning with virtual labs. Model testing used the
pretest-posttest control group design. The research subjects were fifty-four students divided into two groups,
experimental and control groups. An essay test was given to test the level of conceptual understanding of students.
Data was processed to examine differences in improvement in both groups. The results showed an increase in mastery
of students' thermodynamic concepts in both groups. The increase in mastery of the thermodynamic concept in the
experimental group was higher than the control group. However, statistical analysis showed that the differences
between the two groups were not significantly different. The concept of temperature and expansion is the concept with
the highest increase.
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1.

Introduction

Experimental activity is an essential component of physics learning. Through experiment, students can develop their
thinking skills and creativity. Many skills can be developed through the activities of physics experiment. Students can
practice observing, measuring, assembling tools, communicating, and teaming up to solve problems. Physical
experimental activities are also important for training students' process skills. Sinaradi (1998) stated that students need
to be trained to acquire various skills such as observing, measuring, classifying, interpreting data, experimenting, and
communicating, which can be adjusted to the material being studied and the level of thinking of students. One of the
factors that influence the success of physics experiment is the availability of resources that includes materials and
equipment, space and furniture, laboratory staff, and technicians. Sufficient resources will support the implementation
of experimental activities, on the contrary, the limitations of tools and materials are the reasons for educators not to
conduct experimental activity. Thermodynamics is a part of physics, which consists of several abstract concepts. This
leads to low of students' mastery of physics concepts. In its study, physics has several principles, laws, and abstract
theoretical concepts that need to be proved through a series of experiments. Some of the materials in physics, the proof
of principle and law cannotbe done with ordinary experiments that require simple materials. It requires some
equipment with sophisticated technology. This then led to the emergence of innovations in physics learning, such as
the use of virtual labs in the form of computer simulations. The development of virtual labs presents innovations in
learning and physics experiment. Physical experiment using computer technology is called virtual labs. Finkelstein
(2005) stated that the computercould be used to support the physics teaching in collecting, presenting, and processing
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data. The computer can also be used to modify experiment and display complete experiment in virtual form. As stated
earlier, that experiments could affect creativity and high order thinking skills, this also applies to virtual laboratory
applications. Research by Adawiyah et al. (2019) and Gunawan et al.(2018) shows that students' creative thinking
skills increase after the application of virtual laboratories. Better creativity will support better understanding of
concepts. This is mainly because students will find aneasier method in the process of understanding physics concepts.
If their creative thinking skills are better then they will easily find a way in understanding the concept.One of the highlevel thinking skills is critical thinking skills, which are very influential in the process of understanding physics
concepts. Students who have good critical thinking skills will be easier to avoid understanding the wrong concept.
Understanding the wrong concept is very much avoided in physics learning. Apparently, the application of virtual labs
also supports developing critical thinking skills, as evidenced by the research of Mashami & Gunawan (2018) which
concluded that virtual labs were able to provide a positive influence in improving critical thinking skills. The
application of virtual labs has been proven to elevate several factors that support the process of understanding better
physics concepts, such as creativity and critical thinking skills. It can be understood that the application of virtual labs
has enormous potential to deliver students to a far better comprehension of physics concepts. However, the problem
that arises is whether all that applies to all physics concepts. As in the thermodynamic concept which has so many
complex and abstract concepts that attract the attention of many researchers.The application of virtual experiment in
physics teaching is believed can easily help students understand abstract physics concepts that can not be explained
by simple experiments. Virtual laboratory generally contains a virtual simulation that fits the learning purposes. In the
context of education, computer simulation can help instructors simplify complex system operation and output
methods, and help students to present simulation results that match their cognitive ability levels (Sun et al.
2013).Actual simulations with student learning environments can be developed through comprehensive virtual
experiments. Computer simulations must enable teachers to adjust to the curriculum, and allow students to identify
problems, plan, and apply their ideas (Shyr 2010). According to Wolf (2010), a virtual laboratory has been proposed
for savings and ease in maintaining laboratory facilities.Nance et al.(2009) suggested that a virtual research
environment helps saving resources and financial investment. Tetouret al.(2011) revealed other advantages besides
the cost efficiency of the implementation of virtual experiments areaccurate measurement and the simplification of
observation. Chenet al.(2013)revealed that a visualizedcomputerize learning environment can help students improve
their misconception related to abstract physics concept.Amendola & Miceli (2016) revealed that the virtual lab media
provided a new tool for learning the laws and experimental science phenomena. Virtual experiments allow students
to observe phenomena by collecting, extracting, and interpreting experimental data. The aim is to train students to
understand how real physics experiments are carried out. Students' understanding of thermodynamic concepts needs
to be improved, one of which is through the development of computer simulations as virtual labs of thermodynamic
concepts. The purpose of this study was to examine the effectiveness of using virtual labs to improve students'
comprehension of thermodynamic concepts.

2.

Methodology

3.

Results and Discussion

This study has successfully developed a model of virtual labs for learning the concept of thermodynamics.
Development of the model begins with initial analysis and draft design. The expert further validated the draft model.
Testing the effectiveness of virtual labs model on improving student concept mastery using experimental method with
pretest-posttest control group design. Instruments used in the form of mastery test of thermodynamic concepts. The
subjects of this study were students who follow fundamental physics courses that were divided into two groups (the
experimental group and the control group). The improvement of students’ mastery of concepts could be known from
the magnitude of a normalized gain (N-gain). This is intended to avoid mistakes in interpreting the improvement of
the score of each student. The average of N-gain score is categorized into three category, namely low (g<0.3), medium
(0.3 ≤ g ≤0.7) and high (g > 0.7) The analysis of research data began with statistical test in the form of normality test
and homogeneity test. Furthermore, hypothesis testing was done to examine the level of significance of differences in
mastery of thermodynamic concepts in both classes.
This research has successfully developed several virtual experiments for learning the concept of thermodynamics. The
developed virtual experiments have been validated by experts on aspects of physics content, learning, and the
technology used. This article discussed the results of empirical testing that has been implemented. In learning the
concept of thermodynamics in both classes, related data were obtained from the initial test, final test, and N-gain. The
following describes the measurement results after the learning of thermodynamic concepts. Before testing the
hypothesis, the normality and homogeneity test on the mastery of thermodynamic concepts was firstly done in both
classes. Table 1 shows the results of normality tests that have been done on the mastery of the concept of
thermodynamic data.
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Table 1. Normality Test of Conceptual Understanding of Thermodynamics in Both classes
KolmogorovValue of
Interpretation
Smirnov test
Sig.
Experimental Class
Pre-test
.200(*)
Post-test
.126 Normally Distributed
N-gain
.200(*)
Control Class
Pre-test
.200(*)
Normally Distributed
Post-test
.200(*)
N-gain
.042 Non-Normally Distributed
Table 1 shows that there were normally distributed data except the N-gain value which was not normally distributed.
This implied the type of statistical test used. Meanwhile, the homogeneity test results showed that the test data in both
classes came from a homogeneous population.After the prerequisite test data analysis, the hypothesis testing then
being performed. The result of normality test indicated that there was distribution of data that was not normally
distributed. The solution of the non-normally distributed data, in this case, is using Mann-Whitney test. The tests were
performed on thermodynamic concept mastery data covering pre-test, post-test, and N-gain tests. Table 2 shows the
results of the hypothesis test data mastery of the concept.
Table 2. Hypothesis Test Results
MannWhitney Test
Value of Sig.
Interpretation

Pre-test

Post-test

N-gain

.882
.159
.075
There is no difference between the two
sample groups

Table 2 shows that there was no statistically significant difference in the mastery of concepts in both classes before
and after treatment. However, the improvement of mastery of the thermodynamic concept in the experimental group
was higher than the control group.
Besides described in general, this study also analyzed each sub thermodynamic concepts namely the concept of
temperature and expansion, the law on the ideal gas, gas kinetic theory, thermal energy transfer, and thermodynamic
law. Improvement in each sub concept was analyzed to determine the level of understanding of students. Data shows
that understanding thermodynamic concepts in both classes has increased after treatment. Comparison of the increase
in mastery of concepts in both classes in each sub-concept can be seen in Figure 1.
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Figure 1. Comparison of N-gain Score on Thermodynamic Concepts in Both Classes
Figure 1 shows that the improvement in the experimental group was higher than the control group in all sub-concepts.
The highest increase occurred in the concept of temperature and expansion. It was also the concept with the largest
difference increase compared to other sub-concepts. This was understandable because the concept was much studied
in high school, making it easier for most of the students. It also proved the effectiveness of developed interactive
simulations in helping students recall the material of the previous study. The results of this study are supported by the
results of research conducted by Zacharias & Constantinou (2008).The studywas conducted by comparing the results
of direct and virtual treatment in physics experiments, especially on temperature and heat materials. The research
found that the virtual experimental model was also succeeded in increasing students' comprehension of the concepts
of temperature and heat.Other research also revealed similar results. Gunawan et al. (2018) and Hermansyah et al.
(2019) revealed that the application of virtual labs in physics learning could improve student conceptual understanding
significantly. The learning process using this virtual laboratory helps students work independently by exploring
features freely based on the worksheet provided.Users can change a variable and directly see the effect on other
variables. Features and menus provided in virtual labs give participants the freedom to use their imagination. Students
were allowed to make plans and stages that they find easier to understand a concept. This virtual laboratory was
provided with student worksheet that contains some open questions which encourage students’ respond to possible
answers to a problem. Computer simulation is one of the essential tools for understanding thermodynamics and
statistical mechanics. The results of Tsai & Landau (2004) showed that the use of computer simulations proved to be
more efficient in calculating the values of physical variables, including in larger systems, with more accurate results.
The use of simulations was quite successful because it is more efficient and accurate. A new approach to the simulation
was obtained by modifying some estimates and circumstances at each phase of the physical process. There are some
difficulties commonly encountered by students in learning thermodynamics concepts such as interpret the graph,
equations, and physical process, understanding the concept of thermodynamics and its application in everyday life.
There is an assumption that thermodynamic concepts seem to separate from real life. The conventional learning that
only emphasizes the aspect of common mathematical equations done by lecturers makes students difficult to
understand the concept of thermodynamics. Students are assisted in learning abstract thermodynamic concepts.
Students' difficulties in aspects of graphics can be overcome by appropriate visualization, for example visualization
of isochoric, isobaric, isothermic, and adiabatic processes.Experiments in the form of interactive simulations in this
model provide learning opportunities for students to make estimates and prove the truth of their expectations
independently.This is following the results of research conducted by McIntyre et al.(2008), which stated that computer
couldbe used for visualization, animation, calculation, reasoning in order to help students learn physics. Analysis of
content and pedagogy were easier to do, thus the resulting curriculum as what is expected. The virtual laboratory for
some students was also considered as a fun game. They can try and learn to make predictions that are further proved
by themselves. In short, this helps to reduce the difficulty and tension in physics learning that is generally felt by some
students while studying physics. Nevertheless, learning on this concept still needs to be optimized since there were
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still many students who have not to reach maximal achievement in both experiment and control class. The results of
the statistical analysis also showed that there was no significant difference between the students’ comprehension of
the concept in both classes. It was also influenced by the type of problem used in this concept, which was quite a lot
of matter in the form of a mathematical problem. In the case of a mathematical calculation, the ability of the two
classes is not significantly different. In contrast to procedural and conceptual issues, the students' mastery of the
experimental class was higher than the control class. It means learning that has been done with virtual labs gave
students a better understanding of the concepts and related procedures. Finkelstein (2005), found that conceptual
mastery can be improved through the use of computer simulations. Computer technology can also help the process of
gathering data analysis, experimental modification,and presentation in virtual form. McKagan et al. (2008) found that
students' mental intuitions and models can be improved with the help of visualization of concepts, abstract processes,
and microscopic processes that can not be observed. Zacharia (2003) stated that students' positive attitudes toward
physics also increased after learning by using simulations. Interactive simulation helps students to visualize the
problem and follow up the solution. The use of a virtual lab is effective in improving students' generic science skills,
especially on logical inference indicators and concept-building capabilities (Gunawan et al. 2013). Finkelstein et al.
(2005)argue that the application of computer simulation on direct current electric circuit learning could help students
master concepts, complete tasks, assemble real circuit, and explain how it works. The recent researches have
emphasized that the use of the simulations bea benefit in the teaching process of Science concepts (Gorghiu et al.
2009). Donnelly et al. (2013) have found that the implementation of virtual chemistry laboratory could overcome the
difficulties of discovery learning that teachers typically encounter in working in the laboratory. Virtual laboratories
can be used as a risk-free environment for education and training. Virtual laboratory utilization is proven to help
achieve the stated goals (Noor & Wasfy 2008). Theory and practice can be combined through the use of virtual
laboratories. Students are able to improve problem solving skills (Gunawan et al. 2017) as well as their creativity in
learning (Gunawan et al 2017). This pattern enables the development of interactive experiments, sharing experiments,
data management, semantic integration, and support for web-based graphical user interfaces (Ciepela et al. 2010).In
their study, Zacharia & Constantinou (2008) compared the effects of experiments performed physically and virtually.
Gunawan et al. (2018) stated that virtual simulations help students to be creative, especially for aspects of elaboration
and fluency. The results show that the experimental mode is equally effective in increasing students' understanding of
the concepts of temperature and heat.

4.

Conclusion

This research has successfully developed several virtual experiments to improve students’ mastery of thermodynamic
concepts. The implementation of virtual laboratory was proven to make it easier for students to understand the concept
of thermodynamics better than the control group who study conventionally. Improved mastery of the concept of
experimental group was higher than the control group on all sub-concepts of thermodynamics. The concept of
temperature and expansion is a sub-concept with the highest increase, which is equal to 72.9% in the high
category.Although there was a substantial increase, the differences in mastery of the thermodynamic concepts in the
two groups did not differ significantly.
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