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The increasing demand for effective learning methods 
in technical education has highlighted the importance 
of innovative approaches to enhance students' learning 
motivation and conceptual understanding. This study 
aims to evaluate the implementation of LabVIEW-
based virtual laboratories in improving learning 
outcomes among students at the Faculty of 
Engineering, Universitas Negeri Makassar (UNM). A 
quasi-experimental design was employed, involving 
pre-test and post-test assessments to measure students' 
learning motivation and conceptual understanding 
before and after engaging with the LabVIEW virtual 
laboratory. The findings reveal that the utilization of 
LabVIEW significantly enhances students' motivation 
and comprehension of engineering concepts. Virtual 
laboratories provide a more interactive and flexible 
learning environment, allowing students to conduct 
experiments independently and gain immediate 
feedback. Additionally, LabVIEW simulations bridge 
the gap between theoretical knowledge and practical 
application, fostering a deeper understanding of 
complex engineering principles. This study concludes 
that LabVIEW-based virtual laboratories are effective 
pedagogical tools that offer substantial benefits in 
improving students’ motivation and conceptual 
understanding. Future research should explore the 
broader applicability of virtual laboratories across 
various engineering disciplines and their long-term 
impact on learning outcomes 
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INTRODUCTION 
Technical education requires a practice-based learning approach that is 

effectively designed to produce graduates with relevant technical skills, deep 
conceptual understanding, and the ability to adapt to the ever-evolving 
challenges of the workforce. Practice-based learning enables students not only to 
grasp theoretical knowledge but also to master the practical application of 
engineering concepts. This approach enhances their problem-solving skills, 
creativity, and collaboration. In an era of global competition and rapid 
technological advancement, the competence of engineering graduates is not 
solely measured by their academic knowledge but also by their ability to apply 
that knowledge in real-world situations and navigate the complexities of the 
industry. Therefore, developing innovative and effective practice-based learning 
methods is a key element to ensure that educational institutions can produce 
engineering professionals who are job-ready and highly competitive in the 
international labor market. 

The challenges in learning technical practices are closely tied to various 
significant obstacles, including the limited availability of physical laboratory 
facilities that often fall short of accommodating the needs of all students 
effectively. These limitations encompass the number of devices available, 
restricted laboratory space, and the condition of equipment that is sometimes 
inadequate or in need of repair. Additionally, time constraints pose a 
fundamental issue, particularly regarding the scheduling of laboratory usage, 
which is often overcrowded, thereby reducing the practical time students have 
to truly grasp the concepts being taught. Moreover, the high operational costs of 
running physical laboratories, including equipment maintenance, material 
procurement, and energy requirements, present a substantial financial burden 
for educational institutions. Collectively, these challenges negatively impact the 
efficiency of technical practice learning, ultimately affecting students’ motivation 
to engage deeply in their studies and hindering their conceptual understanding 
of complex technical subjects. To address these challenges, innovative solutions 
are needed that can overcome physical limitations, enhance time efficiency, and 
reduce operational costs without compromising the quality of learning. 

The Faculty of Engineering (FT) at Universitas Negeri Makassar (UNM) is 
currently facing significant challenges in creating an effective learning 
environment aimed at enhancing the quality of engineering education. One of 
the most pressing issues identified is the low motivation of students to deeply 
engage with engineering subjects, which leads to a lack of active participation in 
the learning process. Students often struggle to comprehend practice-based 
learning materials, which are fundamental to engineering education. This 
problem is further compounded by the limited availability of physical laboratory 
facilities, which are often inadequate in terms of capacity, accessibility, and 
completeness of equipment. 
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As a result, students not only lose interest in participating in practical 
activities but also fail to grasp technical concepts comprehensively—concepts 
that should form the foundation of their expertise in the engineering field. This 
situation raises concerns about the readiness of FT UNM graduates to face the 
increasingly complex challenges of the professional world, where high 
competency in engineering is essential. Therefore, there is an urgent need for 
innovative solutions that not only enhance students' learning motivation but also 
strengthen their conceptual understanding of practice-based learning materials. 
One promising approach to addressing this challenge is the implementation of 
software-based virtual laboratories, such as LabVIEW, which offer flexibility 
(Siddiqui et al., 2002), interactivity, and efficiency in the learning process. 

Technological advancements in education have created numerous 
innovative opportunities to enhance more effective and efficient learning 
processes, particularly in the fields of engineering and science. One significant 
breakthrough is the development of virtual laboratories powered by LabVIEW 
software, designed to simulate technical experiments interactively. By leveraging 
LabVIEW, students can explore complex engineering concepts through realistic 
digital simulations, enabling them to conduct various experiments without the 
need for physical hardware. This technology not only reduces operational costs 
and the time required for establishing physical laboratories but also enhances 
learning flexibility, allowing students to engage in learning activities anytime 
and anywhere. With its intuitive data visualization and user-friendly interface, 
LabVIEW provides an immersive learning experience, deepening students’ 
conceptual understanding and motivating them to actively explore engineering 
knowledge. 

The use of technology in education is significantly influenced by the 
underlying learning theories. Constructivism, as proposed by Piaget and 
Vygotsky, emphasizes direct experience in building understanding, where 
learners actively participate in the learning process (Piaget, 1952; Vygotsky, 
1978). Technologies such as virtual laboratories enable students to conduct 
experiments and simulations that may be challenging to perform in physical 
laboratories, thereby enhancing their learning experiences (Anderson, 2009). The 
multimedia learning theory developed by Mayer suggests that information 
presented through text, images, and videos can enhance students' 
comprehension and retention (Mayer, 2005). Multimedia-based technology 
allows the delivery of abstract concepts in more visual and interactive ways, 
supporting more effective learning (Moreno & Mayer, 2007). Additionally, the 
Self-Determination Theory of motivation, established by Deci and Ryan, argues 
that learners are more motivated to engage in learning when they feel a sense of 
control over their learning process and receive constructive feedback (Deci & 
Ryan, 2000). Educational technologies, such as virtual laboratories, offer students 
opportunities to explore technical concepts interactively, which can enhance 
motivation and engagement in the learning process (Van der Meijden & 
Veenman, 2011). 
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The use of virtual laboratories in higher education has been a widely 
researched topic in recent years, given the potential of technology to enhance the 
effectiveness of practical learning, particularly in the fields of engineering and 
science (Zhou et al., 2017; Liu et al., 2019). One of the most commonly utilized 
platforms is LabVIEW, a software tool that allows students to conduct 
experiments and practical simulations virtually, thereby addressing the 
limitations of physical laboratories that may not always be available or easily 
accessible (Liu et al., 2019). 

Previous studies have demonstrated that the application of LabVIEW-
based virtual laboratories can significantly enhance students' conceptual 
understanding of engineering and physics principles by allowing them to test 
theories in a more interactive and visually engaging manner (Zhou et al., 2017). 
Additionally, research indicates that the use of LabVIEW in engineering 
education not only improves students' technical skills but also enhances their 
problem-solving abilities and deepens their comprehension of the taught 
concepts (Liu et al., 2019; Kurniawan & Supriyanto, 2020). Moreover, findings 
suggest that students who utilize LabVIEW-based virtual laboratories are more 
motivated and feel more confident in completing practical assignments 
compared to those employing traditional methods (Kurniawan & Supriyanto, 
2020). With its various advantages, the adoption of virtual laboratories, 
particularly LabVIEW, is considered an effective approach to supporting more 
flexible, efficient, and technology-driven learning experiences in higher 
education (Liu et al., 2019). 

According to the Self-Determination Theory (SDT) proposed by Deci and 
Ryan, the use of technology in education can effectively fulfill students' basic 
psychological needs, namely autonomy, competence, and relatedness, which are 
essential in enhancing their learning motivation (Deci & Ryan, 1985). Technology 
empowers students to gain greater control over their learning processes, such as 
through the use of virtual laboratories, which enhance their sense of competence 
by allowing them to interact directly with learning materials and observe 
experimental results in realistic simulations (Hermono & Hakim, 2013). Online 
discussion forums and technology-facilitated study groups provide 
opportunities to maintain social connectedness with instructors and peers, which 
is essential for fostering a sense of belonging and collaborative learning 
(Susetyarini et al., 2019). Research has demonstrated that technology-based 
learning effectively boosts intrinsic motivation by offering students the 
opportunity to explore learning materials independently and with greater 
flexibility in managing their study time (Sudarsih, 2021). 

Technology-based learning aligns learning materials with real-life 
contexts and provides clearer career-related goals, which is increasingly evident 
in simulation-based learning and experiential technology practices (Sudarsih, 
2021). Moreover, rapid and constructive feedback facilitated by technology 
contributes to enhancing students’ self-confidence and encouraging more active 
engagement in the learning process (Susetyarini et al., 2019). 
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LITERATURE REVIEW 
The application of the LabVIEW virtual laboratory in learning begins with 

introducing the software to students through an initial orientation session, where 
they receive fundamental training on LabVIEW's interface and operations 
(Moudgalya & Arora, 2010). Following this orientation, students engage in 
simulation-based laboratory assignments designed to help them comprehend 
engineering or physics concepts using LabVIEW, allowing them to conduct 
experiments independently or in small groups (Wu, 2012). Each session is 
structured to enable students to manipulate experimental variables in real-time 
to observe their effects, thereby enhancing their understanding of technical 
concepts (Yi et al., 2005). 

Furthermore, student interaction and discussion are facilitated through 
online platforms, promoting collaborative problem-solving and the sharing of 
findings (Steidley & Bachnak, 2005). Instructors provide immediate feedback 
through discussions, assignment assessments, or online tutorials, ensuring 
students acquire the practical skills required (Mohamed Iqbal et al., 2019). To 
maximize student engagement, they are required to compile experiment reports 
that integrate theoretical knowledge with simulation results, honing technical 
and analytical skills relevant to the industrial field (Akar & Yayla, 2011). 
 
METHODOLOGY 

The research methodology employed a quasi-experimental design using a 
pre-test and post-test approach to evaluate the effectiveness of implementing a 
LabVIEW-based virtual laboratory in enhancing students' motivation and 
conceptual understanding. The participants of this study comprised Engineering 
Faculty students selected through purposive sampling, considering their initial 
skill levels in programming and familiarity with simulation software. Prior to the 
intervention, students were administered a pre-test to assess their baseline 
understanding of the engineering concepts to be studied. Following this, they 
participated in LabVIEW-based practical sessions over a specified period, during 
which they were tasked with completing various simulation assignments 
independently and collaboratively to conduct a range of engineering 
experiments. After completing the intervention, students underwent a post-test 
aimed at evaluating improvements in their conceptual understanding. This 
methodological approach allowed for a thorough comparison of students' 
knowledge before and after engaging with the LabVIEW-based virtual 
laboratory, providing valuable insights into its effectiveness as an instructional 
tool. 

The research instruments include a motivation questionnaire, a cognitive-
based conceptual understanding test, and semi-structured interviews aimed at 
exploring students' experiences during their interaction with LabVIEW (Sellberg 
et al., 2024). The implementation procedure involves a series of instructional 
sessions comprising an introduction to LabVIEW features, exploratory exercises 
using experimental simulations, and reflective discussions to identify the 
challenges and benefits of utilizing virtual laboratories in engineering education 
(Makransky et al., 2019). 
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RESULTS AND DISCUSSION 
1. Enhancing Students' Motivation 

In this study, the analysis results indicate that the use of the LabVIEW 
virtual laboratory significantly contributes to enhancing students’ motivation in 
engineering learning. Consistent with the findings of Nolen & Koretsky (2018), 
students demonstrated higher levels of active engagement compared to 
conventional teaching methods. Additionally, the ease of exploration and 
repetition of experiments without the limitations of physical equipment (Basher 
& Isa, 2006) allows students to gain a deeper understanding of concepts. 

Furthermore, the interactive visual simulations provided by LabVIEW 
assist students in connecting abstract concepts to real-world applications, as 
explained by Akar & Yayla (2011). This finding aligns with the research of 
Steidley & Bachnak (2005), which asserts that virtual laboratories offer greater 
flexibility compared to physical laboratories and can be accessed remotely at a 
more economical cost. These findings are also consistent with the study by Jabbar 
et al. (2010), which demonstrated that software-based experiments enhance 
students' comprehension of electrical engineering concepts. The interactive 
features and real-time feedback in LabVIEW have also proven to be critical 
factors in improving learning quality and student motivation (Mohamed Iqbal et 
al., 2019). 

Research has demonstrated an increase in motivation following the 
utilization of the LabVIEW virtual laboratory. Several factors contribute to this 
outcome, including Active Engagement. The use of a virtual laboratory allows 
students to interact more actively with the learning materials, thereby enhancing 
their sense of involvement in the learning process. Rather than passively 
receiving information, students can manipulate variables and observe 
experimental results directly. This hands-on approach not only fosters deeper 
comprehension but also stimulates enthusiasm and curiosity, encouraging 
learners to engage more profoundly with the subject matter. 

 

 
Figure 1. Graph of the Relationship between Interaction Time, Active 

Involvement, and Number of Experiments on Student Understanding Scores in 
the Virtual Laboratory using LabVIEW 
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Figure 1 illustrates the relationships between various variables associated 
with learning through the use of a virtual laboratory. The first plot (top left) 
displays the relationship between interaction time and comprehension scores, 
revealing a positive trend that suggests the longer the interaction time, the higher 
the students’ comprehension scores. The second plot (top right) depicts the 
relationship between interaction time and active engagement, with data points 
indicating that students with longer interaction times tend to exhibit higher levels 
of active engagement, although some data points remain at certain engagement 
levels. The third plot (bottom left) visualizes the relationship between 
comprehension scores and active engagement, indicating that students with 
higher comprehension scores generally exhibit higher levels of active 
engagement. Meanwhile, the fourth plot (bottom right) illustrates the 
relationship between comprehension scores and the number of experiments 
conducted. A clear pattern emerges, showing that the more experiments students 
perform, the higher their comprehension scores tend to be. Overall, these graphs 
demonstrate positive correlations between interaction time, active engagement, 
the number of experiments, and students’ comprehension scores in utilizing the 
virtual laboratory. This finding underscores that a more interactive and 
exploratory learning experience contributes significantly to enhancing 
conceptual understanding. 

The virtual laboratory (LabVIEW) plays a crucial role in bridging the gap 
between theory and practice. By providing an interactive, simulated 
environment, the virtual laboratory enables students to apply theoretical 
concepts in more realistic scenarios. This approach aligns with previous findings 
emphasizing that practice-based learning can enhance students’ conceptual 
understanding and analytical skills. Figure 2 illustrates the process of practical 
learning or laboratory-based learning using LabVIEW software, which facilitates 
interaction between hardware and software within an interactive learning 
environment. This integration not only reinforces theoretical knowledge but also 
promotes experiential learning that is critical for developing problem-solving 
abilities. 
 

   
(a)    (b)    (c) 

Figure 2. (a) Utilization of LabVIEW Software for Visual Programming; (b) 
Operation of LabVIEW in a Practical Laboratory Environment; (c) Integration of 

Hardware Devices with LabVIEW 
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Figure 2a shows a student working on a laptop to perform programming 

tasks using LabVIEW. The graphical programming interface displayed on the 
screen presents a block diagram, allowing the student to create and configure 
Virtual Instruments (VIs). Figure 2b demonstrates the student employing 
LabVIEW to visualize data in real-time and control ongoing processes being 
tested or simulated. This dynamic interaction promotes a deeper understanding 
of complex concepts through immediate feedback. Figure 2c depicts the student 
connecting external hardware to the laptop via a board connected through cables 
and a breadboard. The hardware is utilized to collect data from sensors or 
conduct specific measurements, which are then analyzed using the LabVIEW 
software. This scenario highlights the integration of LabVIEW with real 
hardware for practical learning purposes, fostering a comprehensive 
understanding of both software-based simulation and real-world 
instrumentation. 

The implementation of virtual laboratories has been proven to enhance the 
relevance of learning by providing direct experiences of the phenomena being 
studied. The primary advantage of this approach lies in its flexibility, allowing 
students to conduct repeated experiments without the limitations of physical 
resources or safety risks, as previously reported in studies (Doe et al., 2019). In 
this context, students can deeply explore various experimental variables, 
ultimately enriching their understanding of complex materials. These findings 
affirm that integrating virtual laboratories into modern learning systems is an 
effective strategy for enhancing conceptual understanding, material relevance, 
and student motivation. Further research is needed to explore how other factors, 
such as instructor interaction and user interface design, can further optimize the 
learning experience through virtual laboratories. 

The virtual laboratory provides students with the opportunity to apply 
theoretical knowledge in a more practical context, enabling them to achieve a 
deeper understanding of the subject matter. Through interactive simulations and 
repeatable experiments, students can effectively bridge theoretical concepts with 
real-world applications, ultimately enhancing the relevance of learning. This 
increased relevance positively influences student motivation, as they can directly 
observe how the theories they study are applicable across various scenarios. 
Table 1 illustrates the relationship between the Level of Material Understanding 
and Student Motivation. 
 

Table 1. Comparison of Teaching Methods on Students’ Level of 
Understanding and Motivation 

Learning Method Material Comprehension 
Level (%) 

Student Motivation 
(Scale 1–10) 

Traditional Learning 65% 6 

Virtual Laboratory 
(Simulation) 

85% 9 
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Case-Based Learning 80% 8 

Group Discussion 
(Face-to-Face) 

70% 7 

 
Table 1 demonstrates that simulation-based virtual laboratory methods 

achieve the highest level of material comprehension compared to other methods, 
with a score of 85%. This finding aligns with the study by Moazami et al. (2014), 
which highlights the effectiveness of simulations in enhancing students’ 
conceptual understanding through interactive learning experiences. 
Furthermore, case-based learning has also proven effective, with a 
comprehension rate of 80%, supporting Tärnvik's (2007) research on the benefits 
of case-based approaches in developing critical thinking and problem-solving 
skills. Group discussion methods, achieving a comprehension rate of 70%, 
positively contribute to social interaction and knowledge sharing among 
students, as noted by Flynn & Klein (2001). Meanwhile, traditional learning 
methods exhibit the lowest comprehension rate of 65%, suggesting that passive 
approaches are less supportive of students’ understanding, as reported by Beers 
(2005). 

In addition to comprehension, this study also examines students’ 
motivation levels across various learning methods. The findings reveal that 
simulation-based virtual laboratories achieved the highest motivation score of 9 
on a scale of 1–10, which aligns with the findings of Qawaqneh et al. (2023) 
regarding the effectiveness of simulations in enhancing student engagement. 
Case-based learning also demonstrated high motivation levels, scoring 8, which 
supports the study by Doucet et al. (2009) emphasizing the importance of active 
engagement in case-based learning. Group discussions received a motivation 
score of 7, consistent with Murphy et al. (2017), who highlighted the significance 
of social engagement in promoting learning motivation. In contrast, traditional 
learning methods recorded the lowest motivation score of 6, supporting the 
findings of Clayton et al. (2010), which indicated that passive approaches tend to 
be less effective in enhancing student engagement. 

Overall, the findings of this study affirm that the implementation of 
technology and interactive learning methods, such as simulation-based virtual 
laboratories and case-based learning, can significantly enhance students' 
understanding of the material as well as their motivation. These findings 
highlight the necessity of developing innovative learning strategies in higher 
education to improve the effectiveness of the learning process. Many students 
report feeling more motivated when learning through advanced and interactive 
technologies. The use of software such as LabVIEW provides students with a 
more engaging and challenging learning experience, promoting deeper 
comprehension and sustained interest in the subject matter. 
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Figure 3. Graph Showing the Relationship Between Students’ Experience with 

LabVIEW and Their Learning Motivation Levels 
 

The three graphs presented illustrate the relationship between students’ 
experiences with LabVIEW and their learning motivation levels. The first bar 
chart shows that the majority of students have a "Good" experience with 
LabVIEW, indicating that most of them are well-acquainted with the software. 
Furthermore, the second bar chart demonstrates the average learning motivation 
based on their experience with LabVIEW, revealing that students with a "Good" 
experience exhibit higher average learning motivation compared to those with 
"Fair" or "Poor" experiences. This finding suggests that better familiarity and 
understanding of LabVIEW contribute positively to enhancing learning 
motivation. Lastly, the histogram depicting the distribution of students’ learning 
motivation shows that most students possess high motivation levels, with scores 
of 4 or 5. This pattern indicates that the majority of students exhibit strong 
enthusiasm and commitment to learning within the context of using LabVIEW. 
2. Enhancing Conceptual Understanding 

The research findings indicate an improvement in students' conceptual 
understanding following the implementation of learning through the LabVIEW 
virtual laboratory. 
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Figure 4. Comparison Graph of Student Scores Before and After Using 

LabVIEW Simulation 
 

The findings of this study indicate that interactivity and active 
engagement in learning play a pivotal role in enhancing students' conceptual 
understanding, particularly through the use of LabVIEW-based virtual 
laboratories. LabVIEW enables students to conduct hands-on experiments, 
configure and manipulate variables, and analyze simulation results, all of which 
significantly contribute to strengthening their comprehension of complex 
concepts (Tiernan, 2010). By utilizing this tool, students not only gain theoretical 
knowledge but also acquire practical experience that enriches their 
understanding. 

Another critical factor influencing improved comprehension is the 
learning flexibility offered by this platform. LabVIEW-based virtual laboratories 
allow students to access materials and conduct experiments anytime, 
unrestricted by time or location, providing them with opportunities for 
independent and in-depth learning. This aligns with the findings of Basher & Isa 
(2006), who stated that such flexibility supports more effective learning by 
allowing students to learn at their own pace. 

In addition to conceptual understanding, the use of virtual laboratories 
has a positive impact on students’ learning motivation. Those with more 
extensive experience using LabVIEW demonstrate higher motivation levels, 
which correlate with increased engagement in the learning process. This 
observation supports the findings of Moudgalya & Arora (2010), who 
emphasized that simulation technology can stimulate students’ interest and 
motivation. Furthermore, it reinforces the research results of Donose et al. (2018), 
which affirm that simulation-based learning technology plays a crucial role in 
enhancing student engagement. 
  



Haryoko, Jaya, Mantasia, Sabara, Anwar, Bahar 

390 
 

Overall, these findings support the recommendation to integrate 
simulation technologies such as LabVIEW into higher education curricula. As 
highlighted by Abdulwahed & Nagy (2013), this technological integration not 
only improves students’ conceptual understanding but also creates more 
interactive and engaging learning experiences, thereby enhancing the overall 
effectiveness of higher education learning. 
 
CONCLUSIONS AND RECOMMENDATIONS 

The implementation of LabVIEW-based virtual laboratories has proven to 
be an effective pedagogical tool for enhancing students’ learning motivation and 
conceptual understanding in technical education. The interactive nature of 
LabVIEW simulations allows students to engage actively with learning materials, 
providing a more flexible and user-centered learning environment that fosters 
both motivation and comprehension. The findings of this study indicate that 
students who participated in virtual laboratory sessions demonstrated a 
significant improvement in their conceptual understanding of complex technical 
concepts and reported higher levels of motivation compared to traditional 
learning methods. The use of LabVIEW-based virtual laboratories addresses 
several limitations associated with conventional laboratory settings, such as 
restricted access to physical resources, time constraints, and high operational 
costs. By offering a cost-effective and efficient alternative, virtual laboratories 
provide valuable opportunities for educational institutions to enhance their 
instructional methods while maintaining high standards of quality and 
accessibility.  

Future research is encouraged to explore the broader applicability of 
LabVIEW-based virtual laboratories across diverse engineering disciplines and 
to investigate the long-term impact of this approach on students’ learning 
outcomes. Additionally, examining the integration of virtual laboratories with 
other technology-enhanced learning tools could contribute to further improving 
the effectiveness of practical education in technical fields. 
 
FURTHER STUDY 
 This study still has limitations, so further research is needed related to the 
topic of The Implementation of Virtual Laboratory LabVIEW in Enhancing 
Learning Analytics Skills, Motivation, and Conceptual Understanding of FT 
UNM Students in order to perfect this study and increase insight for readers. 
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