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Abstract—The purpose of this study was to investigate the effect of virtual 
laboratory simulation in chemistry on learning achievement, self-efficacy, and 
learning experience for first-year undergraduate students. This research was 
quasi-experiment with a two-group pretest-posttest design. The research used a 
purposive sampling of 95 first-year undergraduate students who enrolled in gen-
eral chemistry subject. The participants were classified into two groups that con-
sisted of the control group and the experimental group. Each group comprised 
members with low and high knowledge levels from the pre-test score. The control 
and experiment groups were required to learn chemistry topics in a traditional 
lecture for 3 hours. For the experimental group, students attended learning with 
the virtual lab simulation in chemistry for 1.5 hours. The results demonstrated 
that virtual lab simulation in chemistry had a positive effect on learning achieve-
ment, self-efficacy, and learning experience. The students who participated in the 
traditional lecture followed by virtual lab simulation had significantly higher 
knowledge and self-efficacy scores than learning through only a traditional lec-
ture. Moreover, the effect of virtual lab simulation differed depending on levels 
of the students’ initial knowledge and self-efficacy at pre-test, the group of low 
knowledge and self-efficacy levels gained a positive impact that was higher than 
the high-level group. The results of the learning experience found that virtual lab 
simulation encouraged students’ motivation in learning and understanding the 
concept of chemistry via interactive 3D simulation. The results of this study in-
dicated that virtual lab simulation could be an effective tool in supporting learn-
ing achievement and self-efficacy for learning chemistry. It was effective when 
a traditional lecture in chemistry was supplemented by virtual lab simulation-
based learning. 

Keywords—virtual laboratory simulation, self-efficacy, learning achievement, 
chemistry 

196 http://www.i-jet.org

https://doi.org/10.3991/ijet.v16i20.23561


Paper—Investigating the Effect of Virtual Laboratory Simulation in Chemistry on Learning… 

1 Introduction 

Simulation-based learning refers to the use of simulation for learning purposes [1], 
it is a method of teaching and learning for supporting knowledge acquisition, develop-
ment of skill and competencies and training dangerous tasks in a safe learning environ-
ment [2]. The simulations are used in various fields of education and training [3]: 
STEM (science, technology, engineering, and mathematics) education, medical educa-
tion, and management. Chernikova et al. [3] demonstrated that simulation-based learn-
ing gave a chance for students to practices complex skills in higher education and elim-
inated limitations of learning in a real-life situation, the simulation affected positively 
learning and was an effective tool to facilitate the learning of complex skills. 

Many students perceive that chemistry is difficult, complex, and abstract which re-
quired effort to understand. The reasons for chemistry that are difficult to learn, are the 
nature of the science itself makes it inaccessible and the problem of traditional teaching 
methods [4]. Kolil et al. [5] indicated that chemistry was perceived as a challenging 
subject resulting in reduced enrollment in chemistry course, the council of graduate 
schools exposed that enrollment of the undergraduate student in chemistry was slightly 
down over the past decade (2006-2016) with more than 1%. 

Self-efficacy is the powerful determinant affecting students’ learning achievement 
and performance. It was presented by Bandura [6] that be defined as the belief in one’s 
capability to organize and execute the actions required to produce particular results [7]. 
It is an important factor to students’ learning that affects students’ motivation, self-
regulation, and learning achievement. There are many studies that indicate self-efficacy 
positively affects student’s learning achievement [8,9,10,11,12]. For learning in chem-
istry, self-efficacy refers to one’s beliefs about his or her ability to successfully perform 
specific tasks in chemistry [13]. The self-efficacy for learning chemistry can affect the 
effort that students spend on an activity, the student’s persistence for learning, and the 
level of learning achievement. Students with high self-efficacy in learning chemistry 
are likely to try for learning and performing challenging tasks when compared with low 
chemistry self-efficacy [13].  

However, few studies have investigated the effect of virtual lab simulation on self-
efficacy. The purpose of this research was to study the effect of virtual lab simulation 
in chemistry on learning achievement, self-efficacy in the context of learning chemis-
try, and learning experience for first-year undergraduate students. 

1.1 Objective 

This study aimed to evaluate the effect of virtual laboratory simulation in chemistry 
on learning achievement, self-efficacy and learning experience of first-year 
undergraduate students.  
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2 Methodology 

2.1 Method 

To study the effect of virtual lab simulation, the experiment was performed using a 
quasi-experiment with a two-group pretest-posttest design (Figure 1). The samples con-
sisted of 95 first-year undergraduate students at Southeast Asia University, Thailand 
who participated in a general chemistry course. Participants were evaluated a prior 
knowledge and self-efficacy for chemistry learning (pre-test) with 30 minutes for clas-
sification of experiments groups. The participants were classified into two groups, the 
control group (N=45) and the experimental group (N=50). Each group comprised mem-
bers with low (pre-test scores = 0-7) and high (pre-test scores = 8-15) knowledge from 
the pre-test. The control and experiment groups were required to learn chemistry sub-
ject for the topic of chemical bonds in a traditional lecture method for 3 hours. In addi-
tion, the experimental group attended learning with virtual lab simulation on the same 
topic and it took 1.5 hours. The virtual lab simulation as a tool for learning was devel-
oped by Labster [14]. Then, both groups were evaluated knowledge and self-efficacy 
levels (post-test). Moreover, the participants who learned via virtual lab simulation 
were inquired about a student’s opinions via in-depth interview to obtain information 
about the learning experience. 

 
Fig. 1. Quasi-experiment with a two-group pre-test/post-test design 
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Features of virtual lab simulation system comprise four elements to support student’s 
learning in chemistry: 1) Interactive 3D simulation (Figure 2), it helps students under-
stand the concepts of chemistry and prepare students for the laboratory experiment, the 
system allows students to practice laboratory experiment via virtual simulation before 
performing in the real lab; 2) Gamification and storytelling, the systems use gamifica-
tion and storytelling approaches to motivate the students in learning; 3) Provide a quiz 
question with feedback, the student can learn the concept via quiz question with feed-
back; and 4) Provide the theoretical information.  

 
Fig. 2. Illustration of virtual laboratory simulation [14] 

2.2 Measurement 

For this study, the measurement of self-efficacy for chemistry learning was devel-
oped as an instrument to investigate the effect of virtual lab simulation in chemistry on 
student’s self-efficacy. It measured student’s beliefs their own ability to understand the 
concept of a specific topic in a chemistry course and to successfully perform relevant 
laboratory experiment. This study selected the topic of chemical bonds (ionic & cova-
lent bonds) because it is one of the fundamentals and abstract in chemistry. The six 
questionnaire items of student’s self-efficacy measurement were developed with a 5-
point Likert scale (1 = cannot do, 3 = can do with a moderate confidence and 5 can do 
with high confidence) that adapted from concepts of Smist [15] and Merchant et al. 
[16]. Example items are “I am confident that I can explain the concept of ionic and 
covalent bonds”, I can do well on the exam question of chemical bonds and receive a 
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score above 70%. The questionnaire was high reliability with the Cronbach’s Alpha 
0.89. 

Knowledge level was assessed with multiple-choice 15 questions on chemical bonds 
(ionic and covalent bonds) to investigate the effect of virtual simulation in chemistry 
on student’s learning achievement. Students received one point for every question an-
swered correctly and zero for an incorrect answer.  

3 Results 

The results of this study consisted of: the effect of virtual lab simulation on learning 
achievement, self-efficacy, and learning experience. The comparison of pre-test and 
post-test scores were shown in Table 1. 

Table 1.  Comparison of average pre-test and post-test scores of knowledge and self-efficacy 
for experimental and control groups 

Measure Phase Experimental group Control group 

x,ˉ ±SD 
x,ˉ ±SD 

Low knowledge High knowledge Total 
Knowledge level Pre-test 4.80±1.71 8.93±0.88 6.04±2.43 6.27±1.79 

Post-test 10.97±1.36 13.87±0.64 11.84±1.79 9.24±1.76 
Self-efficacy Pre-test 2.82±0.59 3.63±0.40 3.07±0.66 3.11±0.54 

Post-test 3.84±0.48 4.46±0.21 4.03±0.50 3.70±0.59 

3.1 Learning achievement  

The result of virtual lab simulation in chemistry on students’ learning achievement 
was shown in Figure 3. The average pre-test and post-test scores of students’ knowledge 
in the experimental group were 6.04 and 11.84, respectively. In the control group, av-
erage pre-test and post-test scores of students’ knowledge were 6.27 and 9.24, respec-
tively. The paired samples t-test analysis for the experimental group and control group 
showed that the average post-test scores of students’ knowledge for both groups were 
significantly higher than the pre-test score (P < 0.01). In addition, the average post-test 
score of students’ knowledge for the experimental group was significantly higher than 
the control group which increased by 28.14 % (P<0.01). To study the effect of virtual 
lab simulation on learning achievement in different initial knowledge of students, the 
samples of the experimental group were classified into two groups based on pre-test 
scores: low (N = 35, pre-test scores 0-7) and high (N=15, pre-test scores 8-15) 
knowledge level groups that were shown in Figure 4. The result demonstrated that the 
knowledge scores of each group increased significantly (P <0.01) as a result of the 
virtual lab simulation. The low knowledge level group was affected by the virtual lab 
simulation that was higher than the high knowledge level group, students’ knowledge 
score of the low knowledge level group increased from 4.80 at pre-test to 10.97 at post-
test, the increase was greater than the high knowledge level group by 24.90 %. 
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Fig. 3. Comparison of average pre/post-test knowledge scores of experimental and control 

groups. 

 
Fig. 4. Comparison of average pre/post-test knowledge scores of low and high knowledge 

level groups in experimental group. 
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3.2 Self-efficacy 

The results of self-efficacy were described in Figure 5-6. Paired samples t-test 
demonstrated that there was significantly a difference between average pre-test and 
post-test scores of self-efficacy for both experimental and control groups (P<0.01). For 
the experimental group, students’ self-efficacy increased significantly from 3.07 at pre-
test to 4.03 at post-test, the increase was higher than the control group by 62.71 %. 
From independent t-test analysis, showed a significant difference in the post-test score 
of self-efficacy between the experimental and control groups (P<0.01). The post-test 
score of the experimental and control group were 4.03 and 3.70, respectively which 
post-test score of the experimental group was significantly higher than the control 
group. For the experiment group, average self-efficacy scores for both low and high 
knowledge level groups increased significantly (P<0.01) as shown in Fig 6. Paired sam-
ples t-test indicated that self-efficacy score for the low knowledge level group increased 
significantly from 2.82 in pre-test to 3.84 in post-test which increased by 36.17 %, while 
the high knowledge group increased significantly 22.86%. These results demonstrated 
that the virtual lab simulation had positively a higher impact on self-efficacy for the 
low knowledge level group than the high knowledge level group.  

 
Fig. 5. Comparison of average pre/post-test self-efficacy scores of experimental and control 

groups. 
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Fig. 6. Comparison of average pre/post-test self-efficacy scores of low and high knowledge 

level groups in experimental group. 

3.3 Learning experience 

To study the learning experience of students who participated in virtual lab simula-
tion learning, in-depth interviews were used to gain students’ opinions and feedbacks. 
Five students who participated in the virtual lab simulation were interviewed for 20-30 
minutes per person. The results of the analysis of students’ opinions via in-depth inter-
views were shown in Table 2, which indicated that the students who participated in 
virtual lab simulation-based learning had a positive learning experience as follows: 1) 

encouraging learning motivation, virtual lab simulation motivated students to learn. 2) 
easy to understand the concept through interactive 3D visualization and practice, the 
students indicated that virtual lab simulation helped them to visualize the chemical bond 
formation. 3) able to interact and perform the experiment, the students could perform 
laboratory experiment through simulation laboratory that was like a real lab. 4) able to 
learn with theory and quiz questions, the virtual lab simulation allowed students to learn 
via theory and quiz questions, students would be asked multiple questions when they 
learned and performed the experiment with virtual lab simulation. 5) receiving progress 
feedback, the system enabled students to perceive learning progress and feedbacks. 
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Table 2.  Students’ opinions for virtual lab simulation through in-depth interview  

Positive Experience Students’ opinions 

Encouraging learning motivation 
“I enjoyed learning with the simulation”  
“I enjoyed learning with storytelling” 
“I feel like playing a game” 

Easy to understand the concept through  
interactive 3D visualization and practice 

“I could not visualize chemical bond formation but virtual 
simulation made me understand easily” 
“I could visualize chemical bond formation” 

Able to interact and perform the experiment 
“I could interact with lab equipment like a real lab 
“I could perform the experiment like a real lab” 
“It was easy to perform the experiment” 

Able to learn with theory and quiz questions “I could read the theory when met the questions” 

Receiving progress feedbacks “I was able to get progress when I perform the experiment” 
“I received feedback when I answer a question” 

4 Discussion 

The study of the effect of virtual lab simulation in chemistry on learning achieve-
ment, self-efficacy, and learning experience. The findings of this study demonstrated 
that the virtual simulation-based learning environment had a positive effect on learning 
achievement, self-efficacy, and learning experience. Independent samples t-test showed 
the students who participated in the traditional lecture followed by virtual lab simula-
tion had higher scores of knowledge and self-efficacy than students who learned with 
only the traditional lecture. These results were consistent with Makransky et al. [17] 
who found that simulation-based virtual learning environment increased students’ 
knowledge, intrinsic motivation, and self-efficacy in medical education. In addition, 
Makransky et al. [18] demonstrated that virtual simulation increased the knowledge of 
microbiology, intrinsic motivation and self-efficacy in the fields of microbiology. 
Elangovan and lsmail [19] indicated that 3D computer simulation enhanced signifi-
cantly learning achievement and memory retention for biology when compared with a 
traditional lecture. Additionally, the research of Merchant et al. [16], who studied the 
effect of 3D virtual reality environment on the learning of valence shell electron pair 
repulsion (VSEPR) theory, the result showed that 3D virtual reality environment had 
positively an impact on the score of test. The effect of virtual lab simulation in chem-
istry differed depending on the students’ initial knowledge and self-efficacy (pre-test), 
the groups of low knowledge and self-efficacy level gained positively more impact than 
high knowledge and self-efficacy groups. It agreed with Markransky et al. [17] indi-
cated that the strength of the effect of simulation-based learning depended on student’s 
initial knowledge, the low initial knowledge group gained a positive impact which was 
higher than the high initial knowledge group. The finding of learning experience found 
that students who participated in virtual simulation-based learning had a positive expe-
rience for learning chemistry through the virtual lab simulation as follows: encouraging 
learning motivation, easy to understand the concept through visualization and practice, 
able to interact and perform the experiment, able to learn with theory and quiz ques-
tions, and receiving progress feedbacks. The results provided evidence that virtual lab 
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simulation in chemistry enables students to: 1) visualize the concept of chemistry 2) 
motivate them to learn, 3) perform laboratory experiment like a real lab environment. 
It demonstrated virtual simulation-based learning resulted in enhancing student’s 
knowledge and self-efficacy. Moreover, it also gave the opportunity to interact with lab 
equipment and perform laboratory experiment as well as a repeating experiment which 
enables students to learn the concepts of chemistry via practice and visualization. The 
increase of self-efficacy might be due to the features of virtual lab simulation comprised 
four elements to support student’s learning in chemistry: 1) Interactive 3D simulation, 
it enabled students to easily understand the theoretical information and concepts in 
chemistry and preparing students for the laboratory experiment, the system enabled 
students to perform laboratory experiment via virtual simulation before performing in 
the real lab; 2) Gamification and storytelling, the systems used gamification and story-
telling approaches to motivate the students; 3) Provided a quiz questions with feed-
backs, the student could learning the concept via quiz questions with feedbacks that 
there were reports that feedback is one of the most important factors for supporting self-
efficacy [20]; and 4) Provided the theoretical information. These features might be the 
cause of enhancing the student’s knowledge and self-efficacy in learning chemistry. It 
was consistent with the sources of self-efficacy described in Bandura [7] that was per-
formance accomplishment, refer to students’ actual experiences of success in task per-
formance [13], the best way to improve students’ performance was practice [21]. The 
virtual lab simulation allowed students to understand the concepts of chemistry through 
interactive 3D visualization and to perform successfully a task via the virtual lab ex-
periment. These results indicated that virtual lab simulation could be an effective tool 
for enhancing learning achievement and self-efficacy for learning chemistry via learn-
ing and practice in the virtual lab. It was effective when a traditional lecture in chemis-
try was supplemented by virtual laboratory simulation. 

5 Conclusion 

This research presented the effect of virtual lab simulation in chemistry on the learn-
ing achievement, self-efficacy and learning experience of first-year undergraduate stu-
dents. The results demonstrated that the virtual lab simulation had a positive impact on 
student’s learning achievement and self-efficacy. The student who learned chemistry 
through a traditional lecture supplementing by virtual lab simulation had higher scores 
of knowledge and self-efficacy than learning with only a traditional lecture. the effect 
of virtual lab simulation depended on the students’ initial knowledge and self-efficacy 
levels at the pre-test score, the group with low levels of knowledge and self-efficacy 
gained the positive effect that was higher than high-level groups. Moreover, the virtual 
lab simulation-based learning contributed to students’ motivation in learning and 
helped them understand complex concepts in chemistry as well as preparing to perform 
in a real laboratory experiment that could connecting theory with practice. These results 
showed evidence that virtual lab simulation has the potential to be an effective tool for 
learning chemistry. 
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