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PAPER

The Affecting Factors of Students’ Attitudes Toward 
the Use of a Virtual Laboratory: A Study in Industrial 
Electrical Engineering

ABSTRACT
Virtual laboratory (VL) has become increasingly popular in Post-COVID-19 to support practi-
cal learning in the remote learning system. The use of VL was responded to by students with 
different attitudes. This study discusses the factors that influence the perception of Industrial 
Electrical Engineering (IEE) students in responding to the use of the VL in the learning process 
of the Electrical Machines Practicum Course. Based on the technology acceptance model (TAM), 
students’ attitudes toward using VL (are influenced by perceived ease of use (PEU) and perceived  
usefulness (PU). At the same time, PU also acts as an intervening variable. The research involved 
IEE students of the Electrical Engineering Department, at Universitas Negeri Padang. Data col-
lection was carried out by survey using a questionnaire. Quantitative data were analyzed using 
variant-based structural equation modelling (SEM), with partial least square (PLS) or PLS-SEM. 
The results showed a significant positive effect between PEU and PU from the VL used against 
A. PU’s role as an intervener was also positive in mediating the effect of PEU on A so it became 
more prominent. Thus, it can be concluded that PEU and PU are the factors that must be consid-
ered in choosing VL to be applied to a practical learning process in the remote learning system.

KEYWORDS
virtual laboratory (VL), students’ attitudes toward use (A), perceived ease of use (PEU), 
perceived usefulness (PU), IEE Students

1	 INTRODUCTION

The COVID-19 pandemic, which emerged at the end of 2019, has accelerated 
changes in the implementation of learning. With restrictions on activities, communi-
cation, and direct interaction during the learning process, the choice of implement-
ing distance learning by using internet-based communication technology was the 
only option so that the implementation of learning could still occur. Remote learning 
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by utilizing internet-based communication technology has experienced a significant 
increase, followed by the emergence of learning applications that can support the 
implementation of remote learning in both cases and practice [1] [2]. In the practical 
or experimental learning process in engineering education, the learning process that 
was previously carried out in a hands-on laboratory must be carried out remotely by 
utilizing internet-based communication technology [2–4]. This change that is happen-
ing so fast certainly requires innovations to optimize the implementation of learning, 
such as innovations in methods, models, strategies, and learning media. Thus, remote 
learning can still be effectively implemented to achieve optimal learning outcomes 
even though the learning is not carried out in a hands-on laboratory [5] [6].

The changes in how to implement learning at the beginning of the COVID-19 pan-
demic also occurred in engineering education. Engineering education with practical 
learning certainly also requires innovations that can optimize the learning process, 
especially practical learning. Innovations have been made to ensure that the imple-
mentation of practical learning that is carried out remotely remains optimal, just like in 
a hands-on laboratory [6] [7]. Innovations in practicum learning media have emerged 
during the COVID-19 pandemic, such as animations, videos, and the use of a virtual 
laboratory (VL), which is more complete and represents a hands-on laboratory [8–10].

The VL is one of the practical learning media that has begun to be widely used 
and has experienced a significant increase in its use in the learning process after 
the COVID-19 pandemic. Practical learning based on VL is increasingly in demand 
to support the implementation of remote learning using Internet-based communi-
cation technology [4] [6] [10]. Learning that is carried out in a hands-on laboratory 
is then carried out remotely using VL technology. This implementation of practical 
learning can be done anytime and anywhere. The VL is a laboratory where the com-
puter-operated application is used to observe or carry out practical and experimental 
activities that are designed to have the same form and function as a hands-on labo-
ratory [10] [11]. In other words, a VL is a representation of a hands-on laboratory, so 
it is hoped that the experience of students carrying out practical and experimental 
learning will remain the same as learning in a hands-on laboratory. Some research 
results indicate that the VL is effectively used as a medium for practical learning 
in the practicum learning process for students of vocational, engineering, science, 
and nursing education [8–10]. In addition, the VL can also help optimize the imple-
mentation of practicum learning even though it is carried out remotely and not in 
a hands-on laboratory, which is indicated by achieving optimal learning objectives.

During the post-COVID-19 period, the learning process and activities were gradu-
ally carried out face-to-face through a 50–50 policy where the learning process was 
blended between face-to-face and online learning. The VL is still used as a medium for 
practical learning in combination with hands-on laboratory work [10] [12] [13]. Several 
studies have shown that the application of VL in the practical learning process makes 
an important contribution to achieving learning objectives and learning outcomes in 
remote learning and blended learning that combines hands-on laboratory learning 
with remote learning using VL [9] [14]. However, students respond with different atti-
tudes towards the type of VL that is applied in the learning process. The learning pro-
cess certainly requires a good and positive attitude response from students towards the 
applied VL so that the learning process can take place optimally [9] [15]. Therefore, lec-
turers or educators need to know the factors that influence students’ attitudes toward 
the use of VL in the learning process. Understanding these factors will assist lecturers 
in ensuring that the VL selected and used in the learning process is responded to with 
a good and positive attitude by students so that VL implementation can be optimal.

Based on the theory adopted from the technology acceptance model (TAM), stu-
dent attitudes toward the use of VL in the learning process are defined as attitudes 
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towards use (A) [16]. A is influenced by two important factors, namely student per-
ceptions of the perceived benefits of using VL, which are defined as perceived use-
fulness (PU), and student perceptions of the ease of use of VL, which are defined as 
perceived ease of use (PEU) [16] [17]. Other result studies also support that these 
two factors positively and significantly influence A [16] [18]. At the same time, PU 
also acts as an intervening variable that mediates the effect of PEU on A [16]. This 
study analyzes the factors affecting the attitudes of IEE students towards using VL in 
the practical learning process of the Electrical Machines Practicum Course (EMPC), 
which is held with remote learning systems. Specifically, this study analyzes and 
discusses: (1) the direct effect of PEU on PU; (2) PEU’s direct influence on A; (3) PU’s 
direct influence on A; (4) the indirect effect of PEU on A through PU as an interven-
ing variable; and (5) the simultaneous effect of PEU and PU on A. The purpose of this 
study was to reveal the affecting factors of the attitudes of IEE students towards the 
use of VL in the learning process of EMPC in the electrical engineering department, 
faculty of engineering, Universitas Negeri Padang, during the post-COVID-19 period.

The benefit of this research is to generate information about the factors that 
influence students’ attitudes toward the use of VL technology in the learning pro-
cess. This study can serve as a valuable resource for lecturers and teaching staff in 
identifying and selecting the appropriate type of VL technology that aligns with the 
student’s characteristics. Consequently, the implementation of VL-based practical 
learning can be optimized, enhancing the overall learning experience. In addition, 
the results of this study provide a foundation for further research to explore other 
factors that influence student attitudes toward using the VL and to enrich the lit-
erature on the use of technology in learning, thus providing a broader view of the 
factors that impact student attitudes toward technology in learning.

2	 LITERATURE REVIEW

2.1	 Industrial electrical engineering students

Industrial electrical engineering (IEE) students are students who engage in learn-
ing about the design, development, and application of electrical technology to solve 
problems in the industry [6] [19]. They generally study a wide variety of electrical 
engineering subjects, including the basics of electrical engineering, mathematics, 
physics, control systems, instrumentation, and measurement. They also learn about 
industrial technology such as automation, robotics, production systems, and indus-
trial management [6] [20]. After graduation, IEE students have various career options, 
such as becoming control system engineers, industrial mechanical engineers, or 
working in other fields related to industrial electricity. In the era of Industry 4.0 and 
digitalization, the role of IEE students is increasingly important, as electrical tech-
nology has become an inseparable part of modern industrial systems. Therefore, 
IEE students are expected to become a workforce capable of facing challenges and 
innovating to create new solutions in the industry.

2.2	 Virtual laboratory

A VL is a computer-based simulation of a physical laboratory environment or 
equipment that enables users to perform experiments and manipulate digital equip-
ment in a virtual space [10] [11]. VLs provide a flexible, cost-effective, and secure 
alternative to traditional laboratory settings, especially in situations where access to 
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a physical laboratory is limited or restricted. Students and researchers can use VLs 
to learn and practice laboratory procedures, test hypotheses, and analyze data in a 
controlled, iterative environment [6] [10]. VLs are extensively used in various fields, 
including science, engineering, medicine, and education, and they are constantly 
advancing with the development of new technologies [8–10]. The VL used in this 
study is the Power SIM (PSIM) application.

Power SIM is a software application used for simulation and design in the fields 
of electrical engineering and electronics. It is a user-friendly and powerful tool that 
allows for the simulation, analysis, and optimization of various electrical and elec-
tronic systems such as electric machines, motor drives, power electronics, rectifi-
ers, inverters, power supplies, and other electrical field simulations [21] [22]. This 
application provides various analysis tools, including transient analysis, frequency 
analysis, and parameter sweep. It is widely used in industry and education, par-
ticularly in engineering education, for designing, testing, and analyzing electrical 
and electronic systems. Electrical engineers, researchers, and educators also prefer 
this software for its simplicity, accuracy, and versatility. Furthermore, this applica-
tion can be integrated with other software, such as MATLAB or Simulink, for more 
sophisticated and comprehensive simulations [21] [23]. Figure 1 presents the display 
of the PSIM application when EMPC is used in this study.

Fig. 1. The display of the PSIM application when EMPC is used

2.3	 Attitudes toward the use of a virtual laboratory

Attitudes toward the use of a VL refer to students’ attitudes toward laboratory 
applications used in the learning process. It is important to consider students’ atti-
tudes toward VLs because they can influence the success of using them in the learning 
process and achieving learning objectives [16]. Based on the TAM, students’ attitudes 
toward using VLs in the learning process (A) are influenced by two factors: PEU and 
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PU [16] [17]. Several studies have found that these two factors significantly and posi-
tively affect A. PU also acts as an intervening variable that mediates the effect of PEU 
on A [16] [18]. This study analyzes the factors that influence the attitudes toward the 
use of the VL by IEE students in the EMPC, which is held via remote learning systems.

3	 METHODS

Non-experimental, explanatory, and descriptive research with a quantitative 
approach is the type of research applied in this study [24] [25]. Survey-based quanti-
tative research has been applied to achieve research objectives [25] [26]. The research 
variables in this study include PU, PEU, and A. Partial least squares-structural equa-
tion modeling (PLS-SEM) was used to analyze the research data. PLS-SEM analysis 
was carried out using the Smart PLS application to determine the direct, indirect, 
total, and simultaneous effects of exogenous variables on endogenous variables.

3.1	 Participants

Participants in this research were 118 IEE students who took part in the practical 
learning process of EMPC in the IEE study program, electrical engineering depart-
ment, faculty of engineering, Universitas Negeri Padang, Indonesia. They are stu-
dents who underwent the learning process for an electric machine practicum using 
a VL, specifically the PSIM application, through a remote learning system for one 
semester. The responses they provided through research instruments served as ref-
erence data for the data analysis conducted in this study.

3.2	 Research instruments

The data collection instrument used in this research was a questionnaire using a 
Likert scale (1–5) with indicators obtained based on a literature review as presented 
in Table 1.

Table 1. Variables and indicators of research instrument

Variables Theoretical Framework Indicators

Perceived Ease of Use [16]–[18] PEU.1. The PSIM application used in EMPC is easy to use
PEU.2. The PSIM application used in EMPC is easy to learn
PEU.3. The PSIM application used in EMPC is easy to access
PEU.4. The PSIM application used in EMPC is easy to understand
PEU.5. The PSIM application used in EMPC is convenient

Perceived Usefulness [16], [18] PU.1. The PSIM application used in EMPC helps to save time
PU.2. The PSIM application used in EMPC helps to save cost
PU.3. The PSIM application used in EMPC helps me to be self-reliable
PU.4. The PSIM application used in EMPC helps to improve my knowledge
PU.5. The PSIM application used in EMPC helps to improve my performance
PU.6. The PSIM application used in EMPC is effective
PU.7. The PSIM application used in EMPC is efficient

Attitudes Toward Use [16], [18], [27] A.1. The PSIM application used in EMPC is enjoyable
A.2. I am pleased enough with the PSIM application used in EMPC
A.3. I am satisfied with the performance of the PSIM application used in EMPC
A.4. The PSIM application used in EMPC is pleasant to me
A.5. The PSIM application used in EMPC gives me self-confidence
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4	 RESULTS

4.1	 Research model analysis

In this study, the factors that influence IEE students’ attitudes toward the use of 
VL technology in the practical learning process are revealed and analyzed using 
PLS-SEM analysis. In detail, this study reveals the direct effect of PEU on PU, PEU on 
A, and PU on A. In addition, it also reveals the indirect effect of PEU on A through PU 
as an intervening variable and the simultaneous effect of PEU and PU on A. The ini-
tial research model based on the study of the literature is presented in Figure 2. This 
study uses reflective indicators, namely indicators that are embodiments or reflec-
tions of the variables. Table 1 shows detailed indicators for each variable studied.

Fig. 2. Initial research model

The initial research model is then analyzed to ensure that it meets the assump-
tions and pre-requirements of the analysis. That is, each variable (inner model) and 
indicator (outer model) does not have a multicollinearity problem and meets the 
goodness of fit (GoF) criteria. The results of the outer VIF value analysis are pre-
sented in Table 2. The results of the outer VIF value analysis in Table 2 show that all 
VIF values for each indicator are below 5 (VIF < 5), so it can be seen that there are no 
multicollinearity problems for each indicator [24] [28].

Table 2. The outer VIF values analysis

Indicators VIF Indicators VIF Indicators VIF

PEU.1 1.758 PU.1 2.332 A.1 2.388

PEU.2 2.117 PU.2 2.163 A.2 2.589

PEU.3 2.344 PU.3 2.457 A.3 1.789

PEU.4 3.417 PU.4 1.755 A.4 1.675

PEU.5 1.989 PU.5 2.765 A.5 2.430

PU.6 3.234

PU.7 2.236
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The next step is to test multicollinearity for latent variables. As with indicator 
measurements, latent variables must also be ensured that they do not have mul-
ticollinearity between variables. Inner VIF value analysis results are presented 
in Table 3. It shows that all VIF values between latent variables are below 5 
(VIF < 5), so it can be seen that there are no multicollinearity problems between 
latent variables [24] [28].

Table 3. The inner VIF values analysis

PEU PU A

PEU – 1.231 1.220

PU – – 1.294

The next analysis is the GoF analysis presented in Table 4 to ensure the research 
model meets the GoF criteria. The results of the GoF analysis show that when 
viewed from the standardized root mean square (SMSR) value which is less than 
0.08 [24] [25], the NFI value is greater than 0.9 [24] [25], and the root mean square 
theta (RMS Theta) value is less than 0.102 [24] [25] the research model meets the 
GoF criteria. After the initial model meets the requirements, assumptions, and 
GoF criteria, further analysis can be carried out, such as analysis of indicators and 
analysis of research variables. The results of the PLS-SEM analysis are presented 
in Figure 3.

Table 4. The GoF analysis results

SRMR 
< 0.08

[24], [28]

NFI 
> 0.9

[24], [25], [28]

RMS Theta 
< 0.102

[24], [25]
GoF

Saturated Model 0.057 0.993 0.079 Fit

Estimated Model 0.057 0.993 0.079 Fit

Fig. 3. PLS-SEM analysis of the final research model
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4.2	 Indicator analysis

The indicator analysis in PLS-SEM is called the outer model analysis. The analysis 
of the indicators includes convergence validity, construct reliability, AVE, discrimi-
nant validity, cross-loading, and the unidimensionality of the model. The ability of 
the indicators to measure their variables is called internal consistency reliability,  
which can be seen from the value of Cronbach’s Alpha. Table 5 shows that Cronbach’s 
Alpha value for each tested variable is > 0.6. So, all tested variables are declared 
reliable [24] [25]. Unidimensionality tests are also needed to ensure that there are 
no problems with measurement. Based on Table 5, all constructs fulfill the unidi-
mensional requirements because the composite reliability value is greater than 0.7. 
All variables tested have also been declared valid and meet the convergent validity 
criteria [25] [28]. This is because the AVE value for each variable is greater than 0.50, 
as presented in Table 5.

Table 5. The results of outer model analysis results

Cronbach’s Alpha
(> 0.7)

Rho_A
(> 0.7)

Composite Reliability
(> 0.7)

AVE
(> 0.5)

Internal Consistency 
Reliability

Unidimensionality 
of the Model

Convergent  
Validity

PU 0.838 0.848 0.816 0.673 Reliable Reliable Valid

PEU 0.804 0.815 0.886 0.722 Reliable Reliable Valid

A 0.777 0.725 0.816 0.528 Reliable Reliable Valid

4.3	 Variable analysis

Variable analysis in PLS-SEM is known as inner model analysis. The inner model 
analysis is an analysis conducted to determine the relationship between variables 
and reveal direct effects (path coefficient), indirect effects, total effects, and simul-
taneous effects of exogenous variables on endogenous variables. The results of the 
inner model analysis are presented in Table 6.

Table 6. The results of inner model analysis

PU A
R 

Square
R Square  
AdjustedPath 

Coefficients
Indirect  
Effects

Total  
Effect

Path 
Coefficients

Indirect  
Effects

Total  
Effect

PEU 0.409 – 0.409 0.222 0.381 0.603
0.568 0.564

PU – – – 0.538 – 0.538

P-Value 0.001 0.003 0.011 0.001 0.000 0.008 0.000 0.002

Direct effects analysis is based on the direct influence of an exogenous variable 
on endogenous variables. In PLS-SEM analysis, this direct effect value is indicated by 
the path coefficient value, which ranges from −1 to +1. The value that gets closer to +1 
means that the relationship between the two variables is getting stronger and more 
positive. Whereas a value close to −1 indicates a weak and negative relationship [24] 
[25] [28]. The results of the inner model analysis in Table 6 show that: (1) The direct 
effect of PEU on PU is 0.409, which means that if PEU increases by one unit, PU can 
also increase by 40.9% (positive influence). The influence given is also expressed 
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as significant because the P-value is less than 0.05 (P-value < 0.05) [24] [28]; (2) The 
direct effect of PEU on A is 0.222, which means that if PEU increases by one unit,  
A can also increase by 22.2% (positive influence). The influence exerted by PEU 
on A is also significant because the P-value is less than 0.05 (P-value < 0.05) [24] [25]; 
and (3) The direct effect of PU on A is 0.538, which means that if PU increases by one 
unit, A can also increase by 53.8% (positive influence). The influence exerted by PEU 
on A is also significant because the P-value is less than 0.05 (p-Value < 0.05) [24] [25].

Indirect effects analysis is based on the indirect influence of an exogenous vari-
able on endogenous variables through an intermediary variable called an interven-
ing variable. The results of the inner model analysis in Table 6 show that the indirect 
effect of PEU on A through PU as the intervening variable is 0.381, which means that 
if PEU increases by one unit, A can increase indirectly by 38.1% through PU as the 
intervening variable (influence positive). The indirect effect exerted by PEU on A is 
also significant because the P-value is less than 0.05 (P-value < 0.05) [24] [25]. Total 
effects analysis is an analysis of the total effect or overall effect, which is the result 
of the sum of the direct and indirect effects. The direct effect of the exogenous vari-
ables is then summed up with the indirect effects of the intervening variables on the 
endogenous variables. In this study, an analysis of the total effect of PEU on A was 
carried out. Based on the results of the inner model analysis in Table 6, it can be seen 
that the total effect of PEU on A is 0.603. If PEU increases by one unit, A in total can 
increase by 74.2% (positive effect). The total influence exerted by PEU on A is also 
significant because the P-value is less than 0.05 (P-value < 0.05) [24] [25].

The criterion for the R square value is if the value is ≥ 0.67 (strong category), 
0.33 ≤ R square > 0.67 (medium category), or ≥ 0.19 (weak category) [24] [25]. 
Whereas the adjusted R square value is used as a reference in assessing the ability  
of the variables (PEU and PU) to influence variable A. Table 6 shows that the  
R square value of the joint effect of PU and PEU on A is 0.568, with an adjusted  
R square value of 0.564. Thus, it can be explained that all exogenous constructs (PEU 
and PU) simultaneously affect A by 0.564, or 56.4% (moderate category). The joint 
influence exerted by PEU and PU on A is also significant because the P-value is less 
than 0.05 (P-value < 0.05) [24] [25].

5	 DISCUSSION

The analysis of the effect of PEU on PU revealed a significant and positive direct 
effect of PEU on PU from IEE students. The amount of influence given is 40.9% (mod-
erate category). When PEU increases by one unit, PU will also experience an increase 
as a result of the effect of an increase in PEU of 40.9%. This finding aligns with pre-
vious studies that also show the positive and significant influence of the ease of use 
of technology on individuals’ perceptions of its usefulness in facilitating their daily 
activities [8] [11] [15]. Moreover, other studies have also yielded similar outcomes, 
highlighting the impact of PEU on PU of technology adoption in educational envi-
ronments [16] [18] [27]. The convergence of findings across studies enhances the 
robustness and generalizability of the observed association between PEU and PU. 
These results further substantiate the notion that enhancing the user-friendliness of 
VL technology can heighten its perceived usefulness among students.

The analysis results also indicated a positive and significant influence of PEU on 
A from IEE students. The total influence given is 60.3% (medium category), com-
prising direct effects (22.2%) and indirect effects mediated by PU as an intervening 
variable (38.1%). These findings are consistent with previous studies that have also 
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observed a significant and positive impact of PEU on A in the context of technology 
adoption within educational environments [9] [16]. Moreover, similar results have 
been reported in studies examining the relationship between PEU and A across dif-
ferent fields, further emphasizing the positive influence of PEU on A [9] [10] [16]. The 
role of PU as an intervening variable, mediating the effect of PEU on A, is particularly 
noteworthy. PU plays a crucial role in mediating the effect of PEU on A, increasing 
from 22.2% to 38.1%. This finding aligns with previous research that has identified 
PU as an important mediator between PEU and A [8] [11] [15]. Collectively, these 
findings provide robust evidence supporting the significant influence of PEU on A 
among IEE students. Additionally, they underscore the important role of PU as an 
intermediary variable in shaping students’ attitudes. Understanding this relation-
ship can aid educators and practitioners in designing interventions that enhance 
PEU and, subsequently, improve students’ attitudes toward the use of the VL in the 
learning process.

Additionally, another factor that influences variable A is PU. The analysis results 
revealed a significant and positive direct effect between PU and A among IEE stu-
dents, which amounts to 53.8% (medium category). This implies that a one-unit 
increase in PU results in a corresponding 53.8% increase in A. When the application 
of the VL can assist and facilitate students in comprehending learning materials 
effectively, it enhances their attitude toward the use of the VL. These findings are 
consistent with previous studies conducted in the context of technology acceptance 
in education, which also found a significant and positive influence between PU and 
A [3] [8] [10] [16]. Additionally, studies investigating technology acceptance in dif-
ferent environments have yielded consistent results with the findings of this study, 
emphasizing the positive impact of PU on A. The consistency of the findings strength-
ens the robustness and generalizability of the observed relationship between PU 
and A [3] [10] [16]. These results further support the notion that when university 
students perceive VL as useful for their learning experience, it positively influences 
their attitude toward its use. Understanding the significant influence of PU on A has 
practical implications for educators and practitioners. By focusing on enhancing the 
perceived usefulness of VL and aligning them with students’ learning needs, edu-
cators can foster positive attitudes and engagement among students. This, in turn, 
may lead to more effective utilization of VL in the learning process and improved 
learning outcomes [10] [11] [29].

6	 CONCLUSION

 The application of VL in practical learning has become increasingly popular 
after the COVID-19 pandemic. The results of the research analysis show that two 
factors positively and significantly influence students’ attitudes toward using the 
PSIM application as the VL, their perceptions of the ease of use of the VL applica-
tions and the benefits they can feel when using the VL. These two factors collectively 
exert both direct and indirect influence on students’ attitudes towards the use of 
VL in the learning process. At the same time, students’ perceptions of the benefits 
that can be felt from the use of the VL also play an excellent role as an intervening 
variable in mediating the influence exerted by students’ perceptions of the ease of 
use on their attitudes towards the use of the VL in the EMPC. These factors can be 
considered when determining the type of VL that will be applied in a practicum 
learning process.

The study was conducted within a specific context, namely IEE students at 
EMPC, and therefore, the results cannot be generalized to other fields or contexts. 
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Additionally, this study only focused on one VL application, namely PSIM, and did 
not consider other virtual laboratories. Therefore, future research can investigate 
the factors that influence students’ attitudes toward the use of the VL in other fields 
or disciplines to determine the generalizability of the findings. Furthermore, future 
research can compare different VL applications to identify their strengths and weak-
nesses in improving students’ attitudes toward the use of the VL. This can provide 
insight into the most effective types of VLs and inform the development of more 
effective VL applications.
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