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ABSTRACT

This study analyzes the effectiveness of virtual laboratory-based distance learning as a means
of improving the learning outcomes of students’ cognitive abilities and practical skills in the
Computer Numerical Control course. This study utilized a pre-experimental design with a one-
group pretest-posttest structure. The research subjects were 31 second-year vocational students
from the Department of Mechanical Engineering at Universitas Negeri Padang who had recently
participated in four distance learning sessions. The research instruments included a pre-test, a
post-test, and a student perception survey to assess the effectiveness of virtual laboratory treat-
ment. The findings of this study demonstrate that the presence of a virtual laboratory enhances
learning outcomes in terms of cognitive abilities. The pre-test value for cognitive abilities was
52.04, which increased to 82.36 in the post-test. Similarly, the pre-test value for practical skills
was 56.98, which improved to 83.44 in the post-test. These improvements significantly contrib-
ute to the enhancement of learning outcomes, as indicated by an average N-gain value of 0.642
in the medium/effective category. We conclude that the use of virtual laboratory media through
the Metaverse platform is effective for distance learning. This method reduces the initial require-
ment of 24 hours of face-to-face learning to just five hours of more effective self-study.

KEYWORDS
virtual laboratory, distance learning, computer numerical control, cognitive ability, practice
skills

1  INTRODUCTION

Technology and scientific advancements in the modern age 5.0 have created a
system that enhances the quality of collaborative, creative, and innovative learning.
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This system has a profound impact on society as a whole and is closely related to the
field of education [1] [2] [3] [4]. Education is the cornerstone of Indonesia’s devel-
opment, as it raises the standard and caliber of individuals who can contribute to
the progress of a morally advanced nation [5] [6]. Moreover, the presence of rapidly
advancing technology has brought about significant changes in several countries,
including Indonesia, which has had a positive impact on students. The COVID-19 pan-
demic has highlighted the importance of developing online or remote learning sys-
tems that do not require face-to-face interaction [7] [8] [9]. This is an opportunity and
a challenge for every university to adopt distance learning using digital technology-
based learning media [10] [11] [12].

Distance learning is a form of education that allows lecturers and students to
interact indirectly without being physically present in the same location [13] [14].
Implementing distance education with communication systems in higher education
is relevant to 21st-century skills that focus on developing a highly intelligent society
that encourages the use of the latest information technology [15] [16]. Technology’s
presence and growth offer opportunities to utilize digital learning media such as
augmented reality (AR) [17], virtual reality (VR) [18], artificial intelligence, and
Metaverse platforms. These technologies have emerged as significant trends since
2022 [19] [20] [21]. Therefore, the importance of education has a positive impact on
improving the quality of life within the scientific community.

According to data from the Central Bureau of Statistics, the main factor contrib-
uting to the high unemployment rate in the education sector from 2020 to 2022 is
the number of vocational education graduates in the highest unemployment cate-
gory, which accounts for 6-8% [22]. Meanwhile, vocational education is considered
competent in preparing highly skilled human resources to maximize Indonesia’s
demographic advantage and avoid the middle-class income trap [23] [24]. However,
the impact of the post-COVID-19 era has affected the quality of vocational education
graduates in the workplace. This is primarily due to the absence of practical activi-
ties that help develop specific skills or competencies during the pandemic.

Digital-based learning media have been widely developed, and one such medium
is VR, which can visualize practical learning, equipment, machines, and virtual lab-
oratory rooms [25] [26]. VR in the Department of Mechanical Engineering is a new
educational trend that requires further study to determine its effectiveness in specific
competencies. The use of VR, which provides an immersive simulation experience
and a real-time 3D learning environment, has a positive impact on students who are
learning computer numerical control (CNC) course [27], It is able to increase the effec-
tiveness of learning materials and improve learning outcomes. Other than that, the
advantages provided by Metaverse’s VR technology are noteworthy. Metaverse is a
new technology platform that allows users to enter the virtual world through a virtual
laboratory. This not only saves budget by eliminating the need for a physical laboratory
environment but also enhances learning by providing real-time interaction for both
theoretical and practical aspects. This technological advancement has the potential
to revolutionize the use of technology in universities [28] [29] [30]. Therefore, virtual
laboratory facilities are a significant development program for universities to train
mechanical engineering vocational students to improve cognitive and practical learn-
ing as an alternative means of distance education activities from 2020 to 2021 [31].

This research focuses on enhancing students’ cognitive abilities and practical skills,
aswell as evaluating the efficacy of a remote virtual laboratory with 360° visual capabili-
ties. The novelty of this research lies in the utilization of a virtual laboratory to study the
CNC course. The aim is to measure students’ cognitive and practical skills in a research
publication, which has not been extensively explored before. This research contrib-
utes to the education sector, which has a significant impact on science and technology.
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It focuses on the universal accessibility of virtual laboratories for computer numerical
control lectures, which simulate real-time theory and practice. With the presence of
virtual laboratories, higher education institutions can significantly reduce their bud-
get for purchasing consumables and maintaining physical laboratories. This, in turn,
enhances students’ ability to learn independently, regardless of their location or time
constraints. The time used for learning becomes more flexible. Therefore, this research
presents an opportunity and is logical in assessing the use of virtual laboratories as
instructional media. The research objectives that need to be addressed in this study are:

1. What is the impact of virtual laboratory media treatment using the Metaverse
Platform on increasing the effectiveness of distance learning?

2. How effectively does the Virtual Laboratory media use the Metaverse Platform to
improve students’ cognitive abilities and practical skills?

3. How do students perceive the effectiveness of virtual laboratory in learning com-
puter numerical control?

2  METHODOLOGY
2.1 Research roadmap

This research aims to develop a virtual laboratory on the Metaverse platform for
distance learning. The validity and practicality of this laboratory have been tested in
CNCcourses.Theresearchisbased onthe developmentof ARand VRfrom 2019to 2022.
The successful implementation and publication of this research have been docu-
mented in [32] [33] [34] [35]. This research is a continuation of a study conducted in
2023 that tested the effectiveness of CNC learning. The study utilized VR technology,
specifically the Oculus Quest 2 device, to combine the real world and the virtual
world through the Metaverse platform. This combination created a virtual space
for users to interact through distance learning, guided by previous research [36].
The research roadmap (see Figure 1) is as follows:

Media Development Programming Effectiveness of Learning
Learning CNC Programming

Based on Augmented Reality

_NC Programming
Based Augmented Reality

Development of Learning Media
Based on Virtual Laboratory in
CNC Programming Course

Effectiveness of Virtual Laboratory
CNC for Distance Learning
Using Metaverse Platform

Fig. 1. Research roadmap
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2.2 Subject and research procedure

This study utilized a pre-experimental design with a one-group pretest-posttest
structure [37], [38]. Purposive sampling was conducted on 31 second-year students
from the Department of Mechanical Engineering at Universitas Negeri Padang. The
questionnaire was initially administered to an equal number of male and female
students. However, after collecting the data, it was discovered that 25 male stu-
dents (83.87%) and six female students (16.13%) belonged to a single group where
the same lecturer provided the virtual laboratory learning treatment. One group
received the same initial pre-test, treatment, and final post-test [39]. This study has
limitations in the absence of a control group and the small number of participants,
with experiments conducted only four times during each meeting. The flow of the
research procedures is shown in Figure 2.

Implementation of Distance. CNC Tools and Machines
Learning , Limitations Tools
and Machines, and the
Expensive CNC Machine

iJIM [ Vol. 17 No. 24 (2023)
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Pre-Test Treatment or Posttest L
Measure Intervention Measure gescrlpt[on:
Participant: |:|J> 4 Times Lecture |:> Participant: 1= Pre-Test BEfc_)re Treatment
31 Students — 31 Students X =Treatment Given to Students
30 Question . | 30 Question O, = Post-Test After Treatment
Items _ Items By
L e
\ A \ :E

Fig. 2. Research procedure

This research builds upon previous studies on the design of virtual laboratory
CNC learning media. In one year, the press has been designed, and it has success-
fully passed the test for validity and practicality in both categories. However, in the
second year, the researcher intends to examine the effectiveness of this medium as
a training model for CNC learning classes. There is also a fishbone diagram of the
research that has been designed in Figure 3, as shown below.

i Effectiveness on
Design
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Practicality of Media
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Fig. 3. Fishbone diagram of the research
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2.3 Data collection

Questionnaires were distributed to students who attended classes both before and
after the lecture in order to assess the utilization of virtual laboratory devices inte-
grated with the Metaverse Platform and the efficacy of distance learning. The instru-
ment used was based on the aspects of cognitive ability and practice skills developed
by D. Nathanael [39]. Indicators assessed from research instruments on pre-test, post-
test, and student perception surveys have undergone a trial stage and have been eval-
uated by three experts in media and learning materials for virtual laboratory CNC.
These experts, who have 30-40 years of pedagogical and research experience, hold
the titles of doctor and professor. The indicators assess cognitive ability and practice
skills [40]. The Aiken V coefficient was used to examine the information gathered from
the experts [41], with an interpretation of greater than 0.05, which is known to be the
r-table value of 0.3550 [42]. As indicated in Table 1, each question item was assessed
using a 5-point Likert scale that ranged from “strongly agree” to “strongly disagree.”

Table 1. Statistical validity and reliability of the instruments

Aspects Indicators Validity ~Reliability

Cognitive ability | Knowledge of laboratory work safety 0.73
Introduction to CNC laboratory tools and machines 0.67
Working principle of the CNC lathe machine 0.65 0.81
CNC lathe machine setup 0.63
Visual display of the CNC machine 0.72

Practice skills | Using safety devices 0.71
Basic CNC programming 0.66
Operation of the lathe and CNC milling machine according to 0.53 0.89
the procedure
Programming flat and multilevel CNC machine commands 0.56
Practice using CNC lathes and milling machines in a virtual 0.68

Cognitive ability and practical skills were assessed using thirty objective and essay
questions specifically designed for the learning material. These questions were val-
idated by three lecturers who had pedagogical experience in CNC courses. The reli-
ability test was assessed based on the knowledge of CNC among 31 students who had
completed the course in the previous semester. Based on Cronbach’s alpha analysis, a
cognitive ability of 0.81 meets the criteria of > 0.70, indicating strong reliability [43]. The
assessment instrument was administered using a Likert scale with the Aiken V coeffi-
cient formulation [41]. It evaluated student practical skills with a reliability coefficient
of 0.89 in the relevant category. The paired sample t-test compares the means of one
group while analyzing the evaluation results of students’ cognitive and practical skills.

2.4 Data analysis technique

The effectiveness of the virtual laboratory using the Metaverse platform on stu-
dents’ cognitive abilities and practical skills was measured by obtaining scores from
an initial test before learning and the final test given after an entire series of learning.
The validity of the Pearson correlation coefficient test,the reliability of the Cronbach’s
alpha test, and the normality of the Shapiro-Wilk test were used to analyze the data.
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The data acquisition results were analyzed using SPSS with a paired sample t-test.
The understanding results were obtained by assigning scores to the misconception
diagnostic test using the Rights Only method [42]. In this method, a correct response
is given a value of 1. In contrast, the value of the incorrect response is 0. Each stu-
dent’s score was based on the number of correct answers. Table 2 provides a com-
prehensive summary of the data analysis.

Table 2. Data analysis technique

Test Type Purpose of the Analysis

Descriptive statistics Analyzing the mean, standard deviation, and significance level

of the data.

Normality test Shapiro-Wilk

Descriptive statistics (explore method) | We are determining whether data acquisition is normally distributed

with a sample of 31 students.

Paired sample t-test

Parametric We examined the mean difference between the pre-test and post-test

In paired samples.

Normalized gain

Pre-test and Post-test We are measuring the improvement of student learning outcomes

with the treatment of virtual laboratory effectiveness by calculating
the difference in pre-test and post-test values.

Student perception analysis

Survey Survey of students’ perceptions of the effectiveness of the Virtual

Laboratory as a learning medium containing ten closed questions.

iJIM [ Vol. 17 No. 24 (2023)

The effectiveness of learning is superior when using the virtual laboratory device
approach with the Metaverse platform. The comparison of N-gain values demon-
strates that this approach significantly impacts distance learning activities and
understanding of basic CNC concepts. According to Meltzer [44], N-gain is the aver-
age of the treatment given to the learning that measures the effectiveness of the
provided learning media. The benefit of N-gain is that it can distinguish the impact
of the treatment and is not limited to the population of the pre-test and post-test.
Finally, a survey was conducted to determine students’ perceptions of the effective-
ness of the virtual laboratory using a Likert scale.

Table 3 provides an interpretation of the N-gain value by D. E. Meltzer [44], which
measures the improvement of learning outcomes and the effectiveness of the virtual
laboratory used by students.

Table 3. N-gain classification and effectiveness interpretation category

Percentage (%) N-Gain Category
70-100 ()=0.70 High/Very Effective
0.31-0.75 0.31<(g)<0.70 Medium/Effective
0-0.30 (g)<0.30 Low/Less Effective
3  RESULTS

3.1 Virtual laboratory CNC using the metaverse platform

This study aims to enhance students’ cognitive abilities and practical skills in
computer numerical control distance learning. It also seeks to evaluate the effec-
tiveness of using 3D VR media in a real-time virtual laboratory environment as a
treatment method.

International Journal of Interactive Mobile Technologies (iJIM) 9
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Fig. 4. Visualization of the usage of the virtual laboratory for CNC course

The display is provided using the Metaverse platform device, which is mounted
on the user’s head and provides a separate visual image for each eye. When the
user enters the Metaverse world, they are greeted with the login menu to access the
CNC virtual laboratory of the Department of Mechanical Engineering at Universitas
Negeri Padang. The design of the virtual laboratory closely resembles the actual lab-
oratory model, with a similarity level of over 90% [35] (see Figure 4).

- a) -7 000® B

Fig. 5. a) Virtual laboratory login screen, b) Simulation of the use of TU 3A CNC machine

The experience received by students is more realistic, especially when objects dis-
played have images, sound, text, animation, and interactive video about the use of the
axis and milling machine. This helps students understand the effect of motion deviation
on the XYZ axis. The features that support students in following the learning process in
the virtual laboratory include a study room that introduces the basic theory and work-
ing principles of machines, along with G-code programming. The practice room operates

10 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 17 No. 24 (2023)


https://online-journals.org/index.php/i-jim

Effectiveness of Distance Learning Computer Numerical Control Based on Virtual Laboratory

CNC machines in accordance with standard operating procedures and inputs basic CNC
programming commands for both flat and multilevel manufacturing (see Figure 5).

mil

Metaverse

Fig. 6. a) Virtual laboratory theory study room, b) Safety health education and XYZ-axis system of CNC machine

In distance learning, students are not limited to focusing solely on the theory and
practice of CNC machines. Safety and health education, however, is provided as a
preventive measure in the event of accidents and occupational diseases during face-
to-face learning. This helps enhance students’ understanding of theory, practice, and
safety in the laboratory, improving their cognitive abilities and fostering effective-
ness, creativity, and collaboration (see Figure 6).

After the pre-test, the effectiveness test was conducted by administering the treat-
ment using virtual laboratory media integrated with the Metaverse platform for four
distance learning sessions.

3.2 Descriptive analysis of the normality test of the virtual laboratory CNC

The Shapiro-Wilk test allows us to analyze statistical data for normality testing,
using SPSS software to calculate the values of the normal distribution. If the obtained
data has a significance value (p-value > 5% or 0.05), then it can be categorized as nor-
mally distributed.

Table 4. Descriptive analysis of the normality test on students’ cognitive ability

Measure Mean Std. Dev N Statistics (S-W) p-Value Note
Pre-Test 52.04 12.82 31 0.958 0.263 Normal
Post-Test 82.36 7.33 31 0.942 0.095 Normal

The analysis results are presented in Table 4, which includes the average value,
standard deviation, the number of respondents (31 people), and the significance level
of students’ cognitive abilities. The average value obtained in the pre-test was 52.04,
with a standard deviation of 12.82. In contrast, the average post-test score was 82.36,
with a standard deviation of 7.33. Descriptive analysis indicates an enhancement in
the average cognitive abilities of students, evident in the post-test scores having a
smaller standard deviation compared to the pre-test scores. It is concluded that after
using virtual laboratory media for the treatment, students’ scores are closer to the
average, while their cognitive abilities remain at a similar level.

Table 4 presents the results of the normality test. It indicates that the cognitive
abilities of students in the pre-test are normally distributed [S-W = 0.958; p-value >
0.05 = 0.263], as well as in the post-test [S-W = 0.942; p-value > 0.05 = 0.095].
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Based on the results of normality testing on students’ cognitive abilities, it is appro-
priate to proceed with a paired sample t-test.

Table 5. Descriptive analysis of the normality test on practical skills

Measure Mean Std. Dev W\ Statistics (S-W) p-Value Note
Pre-Test 56.98 14.28 31 0.935 0.060 Normal
Post-Test 83.44 9.08 31 0.942 0.093 Normal

The results of the descriptive analysis of students’ practical skills are presented
in Table 5. The average pre-test score was 56.98, with a standard deviation of 14.28.
In contrast, the average post-test score was 83.44, with a standard deviation of 9.08.
Based on a descriptive analysis, there is an increase in the average value of practical
skills. However, the standard deviation of the post-test is lower than that of the pre-
test. This indicates that after using virtual laboratory media for instruction, the value
of students’ practical skills becomes diverse and significant compared to the average.

The results of the normality test on practical skills are shown in Table 5.
The pre-test was also normally distributed [S-W = 0.935; p-value > 0.05 = 0.060],
and the post-test was normally distributed [S-W = 0.942; p-value > 0.05 = 0.093].
Based on the results of normality testing on students’ cognitive abilities, a paired
sample t-test can be conducted.

3.3 Result of paired sample T-test virtual laboratory CNC

A paired sample t-test was conducted to determine the difference between the
means of two paired samples. The samples in this study were from the same subject,
but the treatment was administered at different times. The results of the paired sam-
ple t-test are presented in Table 6.

Table 6. Paired sample t-test results for cognitive ability and practical skills

Descriptive Statistics Paired T-Test
Aspects
Pre-Test Mean SD  Post-Test Mean SD df  Sig. (2-tailed)
Cognitive ability 52.04 12.81 82.36 799 | -12.678 | 30 0.000
Practical skills 56.98 14.28 83.44 9.08 | -14.786 | 30 0.000

The results of the paired sample t-test are presented in Table 6. There was a sig-
nificant difference in the mean cognitive ability of [t = —=12.678; df = 30; p-value.
(2-tailed) < 0.05 = 0.000] and student practical skills of [t = -14.786; df = 30; p-value.
(2-tailed) < 0.05 =0.000]. These results indicate a significant effect on cognitive ability
and practical skills. The treatment given after students use virtual laboratory-based
media integrated with the Metaverse platform can improve their learning outcomes.
This was followed by the N-gain test to determine the extent of the influence.

3.4 Analysis of N-gain values for improving learning outcomes using virtual
laboratory effectiveness

Normalized gain aims to measure the magnitude of the increase in learning out-
comes resulting from the effectiveness of the virtual laboratory using the Metaverse
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platform. This is done by calculating the difference or comparison between pre-
test and post-test scores, with a sample size of 31 students from the Department of
Mechanical Engineering at Universitas Negeri Padang.

Table 7. Results of the analysis of the N-gain value on improving student learning outcomes
with the effectiveness of the virtual laboratory treatment

Aspects N  Pre-Test Mean  Post-Test Mean N-Gain Score  SD Category
Cognitive ability | 31 52.04 82.36 0.623 0.205 | Effective
Practical skills 31 56.98 83.44 0.625 0.169 | Effective

The N-gain test results are shown in Table 7. The cognitive ability aspect of the
pre-test was 52.04. After being treated, the post-test value increased to 82.36, with
a standard deviation of 0.205. The N-gain score was 0.623, which falls into the
medium/effective category. Simultaneously, the practical skills aspect had a pre-test
value of 56.98. After treatment, it showed a post-test value of 83.44, with a standard
deviation of 0.205. The N-gain score was 0.625, falling into the medium/effective cat-
egory. Therefore, it can be concluded that there is an increase in cognitive and prac-
tical learning outcomes from pre-test to the post-test. This indicates that the virtual
laboratory using the Metaverse platform is effective for distance learning.
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Fig. 7. Improving learning outcomes with the aid of virtual laboratory

Figure 7 visualizes the extent to which the improvement of learning outcomes
influences the effectiveness of the virtual laboratory on students’ cognitive ability
and practical skills. The improved results yielded an overall average N-gain score of
0.642 in the medium/effective category.

3.5 Students’ perception of virtual laboratory CNC in distance learning
The survey was conducted to determine the perceptions of students who have partic-
ipated in the distance learning process in CNC and to assess the objectives and pedagog-

ical impact on the effectiveness of virtual laboratory learning. It contains ten questions
with Likert scale measurements ranging from “strongly disagree” to “strongly agree.”
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Fig. 8. Students’ perceptions of virtual laboratory in CNC learning

Based on the results of the student perception survey (see Figure 8), the overall
average value for each question item was as follows: 44% of students strongly
agreed, 41% agreed, 6% were neutral, and 9% disagreed on the effectiveness of
virtual laboratory CNC as a form of distance learning. The results of the discussion
above show that 85% of students positively benefit from learning CNC materials,
particularly in regards to the theory and practice of operating lathes, milling
machines, G-code programming, and the application of work safety in face-to-face
laboratories. The findings of this study are supported by research [45] [46] [47],
which demonstrate that the use of VR media in CNC learning can enhance students’
cognitive abilities and practical skills, leading to improved learning outcomes.

4  DISCUSSION

Based on a review of previous research literature examining student acceptance
of adopting learning environments with virtual laboratory technology, theoreti-
cal modeling supports both theoretical and practical learning with significant effi-
ciency, cognitive, and practical benefits [48] [49]. Likewise, research results from
K. A. A. Gamage [50] emphasize the need for universities worldwide to adapt to the
impact of COVID-19 by implementing pedagogical measures such as virtual laborato-
ries. These remote laboratories should focus on technology, engineering, and science
and should also consider the potential for enhancing student learning experiences
[51]. This study also aims to determine the effectiveness of a virtual laboratory for
CNC by building upon the research conducted by W. M. Roth and M. K. McGinn
[52]. This research focuses on cognitive and practical abilities that offer an alterna-
tive perspective for addressing the challenges learners face in problem-solving and
assessing their learning difficulties. The findings of this study on the effectiveness of
virtual laboratory learning in enhancing student learning outcomes in the cognitive
abilities of computer numerical control courses [53]. This is because the develop-
ment of VR technology trends provides opportunities for the use of virtual distance
learning. It streamlines learning time and allows students to work independently. As
a result, when students are given the task of operating CNC machines, they already
have a solid foundation in theory and cognitive abilities. The findings of this study
focus on improving learning outcomes in students’ practical skills through the use of
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virtual laboratories in CNC programming courses [54]. Utilizing this medium results
in the development of vocational students who have a comprehensive understand-
ing of the cognitive and practical aspects of operating CNC machines, thereby pre-
paring them for entry into the industrial world.

The effectiveness of the virtual laboratory using the Metaverse platform as a treat-
ment model has several advantages. It has been found to have a significant impact
on the learning outcomes of CNC courses, particularly in the mastery of material
related to the operation of lathe training unit 2A, milling machine training unit 3A,
work safety in the laboratory, and G-code programming inputted on the computer.
The research results above include the outcomes of the learning outcomes review
and surveys, which were analyzed using descriptive analysis, normality tests, paired
sample t-tests, and N-gain. The other advantages of the virtual laboratory are that it
can save on budget by reducing the use of consumables in face-to-face laboratories.
Additionally, it provides real-time interaction through voice features, screen sharing,
and chat menus. This allows for both theoretical and practical learning to be con-
ducted using Metaverse technology, which can be accessed anytime and anywhere
by the user. This represents an advancement for universities as educational and
pedagogical institutions to keep up with the technological trends in 2023 [55].

5 CONCLUSION

This research contributes to the education sector by significantly enhancing the
universal accessibility of science and technology in virtual laboratories for distance
learning. Using the Metaverse platform, virtual laboratory media effectively enhance
students’ learning outcomes and cognitive and practical abilities in CNC courses by
providing an authentic, realistic, and real-time 3D learning environment. The tech-
nology presentation provided evidence that CNC teaching can be interesting, inter-
active, and collaborative. This approach creates a more varied learning experience
and fosters a different atmosphere.

The findings of this study on the use of virtual laboratories for learning have
been widely applied. However, measuring students’ cognitive and practical abilities
after using the virtual laboratory media on the Metaverse platform has shown an
increase in learning outcomes and the effectiveness of distance learning. Initially,
it required 24 hours of face-to-face learning, but now it only requires five hours of
more effective self-study. This is one of the key findings of this research. The purpose
of this research is to inspire teachers and learners to continuously develop and stay
updated with technological advancements in order to enhance the quality of educa-
tion in Indonesia.

6  LIMITATIONS AND FUTURE WORK

This study has provided valuable insights into the effectiveness of distance learn-
ing using virtual laboratories. However, it is important to acknowledge certain lim-
itations. The research design employed a pre-experimental approach, utilizing a
one-group pre-test-post-test structure without including a control group for compar-
ison. This design limitation makes it challenging to establish a clear cause-and-effect
relationship between virtual laboratory interventions and the observed improve-
ments in learning outcomes. The sample size was relatively limited, comprising 31
second-year students from the Department of Mechanical Engineering at Universitas
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Negeri Padang. Expanding the size and diversity of the sample would provide a
more robust foundation for making generalizations and gaining a deeper under-
standing of the effects of virtual laboratories. Furthermore, the experiments in this
study were conducted four times during meetings. This limited number of experi-
ments may not have fully captured the entire range of potential results and may not
have taken into account the long-term effects of the virtual laboratory intervention.

To address the recognized constraints and make further progress in virtual
laboratory-based remote learning, additional measures are needed. Future research
should incorporate a control group to enhance the rigor of evaluating the efficacy of
virtual laboratories compared to traditional teaching techniques. This can improve
the establishment of more explicit causal links and strengthen the validity of the
findings. Subsequently, a more extensive and diverse sample of students from vari-
ous departments and institutions will be included to improve the generalizability of
the results. This will enhance our understanding of how virtual laboratories impact
educational achievements in various settings. By incorporating different frequen-
cies of experiments and adjusting the duration of virtual laboratory sessions, one
can determine the most effective number and timing of sessions to optimize learn-
ing outcomes. This can provide valuable insight into the most efficient implementa-
tion options. By addressing these constraints and exploring opportunities for future
research, we can enhance our understanding of the potential of virtual laborato-
ry-based distance learning and improve its implementation in educational settings.

7  ACKNOWLEDGEMENT

We would like to thank Lembaga Penelitian dan Pengabdian Masyarakat
Universitas Negeri Padang for funding this work with a No. 492/UN35.13/LT/2023
decree. We would also like to express our gratitude to the CAD/CAM/CNC Laboratory
research group.

8  REFERENCES

[1] D.Ydyrysbayev, L. S. Kakimova, B. G. Sailaubaikyzy, S. Y. Talgatbekovich, A. Urmatova,
and E. Orazbaev, “Determining the digital transformation in education in the society 5.0
process,” International Journal of Emerging Technologies in Learning (ifET), vol. 17, no. 18,
pp. 136-145, 2022. https://doi.org/10.3991/ijetv17i18.32331

[2] M. Schols, “Factors that foster teacher educators’ engagement in technology learning in
the workplace,” International Journal of Advanced Corporate Learning (ifAC), vol. 12, no. 2,
p. 36, 2019. https://doi.org/10.3991/ijjacv12i2.10271

[3] A.D. Samala, R. Marta, S. Anori, and Y. Indarta, “Online learning applications for stu-
dents: Opportunities & challenges,” Educational Administration: Theory and Practice,
vol. 28, no. 3, pp. 1-12, 2022.

[4] R. Novalinda, M. Glatman, Syahril, R. E. Wulansari, and C. T. Tin, “Constructivist
Computer-Based Instruction (CBI) approach: A CBI flipped learning integrated problem
based and case method (PBL-cflip) in clinical refraction course,” International Journal
of Online and Biomedical Engineering (iJOE), vol. 19, no. 5, pp. 42-56, 2023. https://doi.
org/10.3991/ijoev19i105.37707

[5] C. Kustandi, D. N. Fadhillah, R. Situmorang, D. S. Prawiradilaga, and S. Hartati, “VR use
in online learning for higher education in Indonesia,” International Journal of Interactive
Mobile Technologies (i/IM), vol. 14, no. 1, pp. 31-47, 2020. https://doi.org/10.3991/ijim.
v14i01.11337

16 International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 17 No. 24 (2023)


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijet.v17i18.32331
https://doi.org/10.3991/ijac.v12i2.10271
https://doi.org/10.3991/ijoe.v19i05.37707
https://doi.org/10.3991/ijoe.v19i05.37707
https://doi.org/10.3991/ijim.v14i01.11337
https://doi.org/10.3991/ijim.v14i01.11337

iJIM [ Vol. 17 No. 24 (2023)

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(18]

Effectiveness of Distance Learning Computer Numerical Control Based on Virtual Laboratory

B. K Prahani, I. A. Rizki, B. Jatmiko, N. Suprapto, and T. Amelia, “Artificial intelli-
gence in education research during the last ten years: A review and bibliometric
study,” International Journal of Emerging Technologies in Learning (iJET), vol. 17, no. 8§,
pp. 169-188, 2022. https://doi.org/10.3991/ijet.v17i08.29833

T. Karakose, H. Polat, and S. Papadakis, “Examining teachers’ perspectives on school
principals’ digital leadership roles and technology capabilities during the covid-19
pandemic,” Sustainability (Switzerland), vol. 13, no. 23, pp. 1-20, 2021. https://doi.
org/10.3390/su132313448

D. Karahoca, Z. F. Zaripova, A. R. Bayanova, L. S. Chikileva, S. V. Lyalyaev, and
X. Baoyun, “During the Covid-19 pandemic, students’ opinions on distance education in
department of engineering,” International Journal of Engineering Pedagogy ({JEP), vol. 12,
no. 2, pp. 4-19, 2022. https://doi.org/10.3991/ijep.v12i2.29321

D. Y. Mohammed, “The web-based behavior of online learning: An evaluation of differ-
ent countries during the COVID-19 pandemic,” Advances in Mobile Learning Educational
Research, vol. 2, no. 1, pp. 263-267, 2022. https://doi.org/10.25082/AMLER.2022.01.010
C.Lukita, S. Suwandi, E. P. Harahap, U. Rahardja, and C. Nas, “Curriculum 4.0: Adoption of
industry era 4.0 as assessment of higher education quality,” IJCCS (Indonesian Journal of
Computing and Cybernetics Systems), vol. 14, no. 3, p. 297, 2020. https://doi.org/10.22146/
ijces.57321

R. Firmansyah, D. M. Putri, M. G. S. Wicaksono, S. F. Putri, A. A. Widianto, and M. R. Palil,
“Educational transformation: An evaluation of online learning due to COVID-19,”
International Journal of Emerging Technologies in Learning (ifET), vol. 16, no. 7, pp. 61-76,
2021. https://doi.org/10.3991/ijetv16i07.21201

M. R. Kabir, A. Islam, and S. A. Deena, “Explaining the adoption of technology-based
design of higher education during and after COVID 19 period from a developing country
perspective,” Interaction Design and Architecture(s), no. 46, pp. 88-119, 2020. https://doi.
org/10.55612/s-5002-046-005

R.Nurmalasari, Marsono, and A. K. Mahamad, “The role of Machine Element Applications
(MEA) as interactive mobile learning to support the implementation of distance learn-
ing in machine element course,” International Journal of Interactive Mobile Technologies
(i/IM), vol. 16, no. 5, pp. 216-223, 2022. https://doi.org/10.3991/ijim.v16105.28997

F. Carrién-Robles, V. Espinoza-Celi, and A. Vargas-Saritama, “The use of augmented real-
ity through assemblr edu to inspire writing in an ecuadorian efl distance program,”
International Journal of Engineering Pedagogy (iJEP), vol. 13, no. 5, pp. 121-141, 2023.
https://doi.org/10.3991/ijep.v13i5.38049

A. Lahlali et al,, “Students’ alternative conceptions and teachers’ views on the imple-
mentation of pedagogical strategies to improve the teaching of chemical bonding con-
cepts,” International Journal of Engineering Pedagogy (JEP), vol. 13, no. 6, pp. 90-107,
2023. https://doi.org/10.3991/ijep.v13i6.41391

S. Papadakis, “Apps to promote computational thinking and coding skills to young age
children: A pedagogical challenge for the 21st century learners,” Educational Process:
International Journal,vol. 11,no. 1, pp. 7-13, 2022. https://doi.org/10.22521/edupij.2022.111.1
A. Fortuna, W. Waskito, P. Purwantono, A. Kurniawan, W. Andriani, and M. Alimin,
“Designing learning media using augmented reality for engineering mechanics course,”
Journal of Engineering Researcher and Lecturer, vol. 2, no. 1, pp. 18-27, 2023. https://doi.
org/10.58712/jerel.v2i1.20

A. D. Samala, F. Ranuharja, B. R. Fajri, Y. Indarta, and W. Agustiarmi, “ViCT—Virtual
Campus Tour environment with spherical panorama: A preliminary exploration,”
International Journal of Interactive Mobile Technologies (iJIM), vol. 16, no. 16, pp. 205-225,
2022. https://doi.org/10.3991/ijim.v16i16.32889

International Journal of Interactive Mobile Technologies (iJIM) 17


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijet.v17i08.29833
https://doi.org/10.3390/su132313448
https://doi.org/10.3390/su132313448
https://doi.org/10.3991/ijep.v12i2.29321
https://doi.org/10.25082/AMLER.2022.01.010
https://doi.org/10.22146/ijccs.57321
https://doi.org/10.22146/ijccs.57321
https://doi.org/10.3991/ijet.v16i07.21201
https://doi.org/10.55612/s-5002-046-005
https://doi.org/10.55612/s-5002-046-005
https://doi.org/10.3991/ijim.v16i05.28997
https://doi.org/10.3991/ijep.v13i5.38049
https://doi.org/10.3991/ijep.v13i6.41391
https://doi.org/10.22521/edupij.2022.111.1
https://doi.org/10.58712/jerel.v2i1.20
https://doi.org/10.58712/jerel.v2i1.20
https://doi.org/10.3991/ijim.v16i16.32889

Prasetya et al.

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

(29]

(30]

[31]

(32]

[33]

S. Mystakidis, “Metaverse,” Encyclopedia, vol. 2, no. 1, pp. 486-497, 2023. https://doi.
org/10.3390/encyclopedia2010031

R. V. Kozinets, “Immersive netnography: A novel method for service experience
research in virtual reality, augmented reality and metaverse contexts,” Journal of Service
Management, vol. 34,no. 1, pp. 100-125, 2023. https://doi.org/10.1108/JOSM-12-2021-0481
K. Bhugaonkar, R. Bhugaonkar, and N. Masne, “The trend of metaverse and augmented
& virtual reality extending to the healthcare system,” Cureus, vol. 14, no. 9, pp. 1-7, 2022.
https://doi.org/10.7759/cureus.29071

B. P. Statistik, “Open unemployment rate by education level 2020-2022,” BPS, 2023.

M. A. Ramadhan, S. S. Handoyo, and W. Cahyati, “Trends of vocational education and
training research in building construction engineering,” Jurnal Pendidikan Teknologi
Kejuruan, vol. 4, no. 2, pp. 47-52, 2021. https://doi.org/10.24036/jptkv4i2.20723

R. E. Wulansari and R. A. Nabawi, “Efforts to improve problem solving skills and critical
thinking skills through problem-based integrated computer assisted instruction (CAI) in
vocational education,” Jurnal Pendidikan Teknologi Kejuruan, vol. 4, no. 4, pp. 111-117,
2021. https://doi.org/10.24036/jptk.v4i2.21123

S. Papadakis, M. Kalogiannakis, and N. Zaranis, “Teaching mathematics with mobile
devices and the Realistic Mathematical Education (RME) approach in kindergarten,”
Advances in Mobile Learning Educational Research, vol. 1, no. 1, pp. 5-18, 2021. https://
doi.org/10.25082/AMLER.2021.01.002

A.D.Samalaand M. Amanda, “Immersive Learning Experience Design (ILXD): Augmented
reality mobile application for placing and interacting with 3D learning objects in engi-
neering education,” International Journal of Interactive Mobile Technologies (i/IM), vol. 17,
no. 5, pp. 22-35, 2023. https://doi.org/10.3991/ijim.v17i05.37067

I. Osegho and V. Nwadinobi, “Computer-Based Technology (CBT) assessment imple-
mentation in a nigerian higher institution and a lecturer’s work stories: Implication for
E-counselling,” International Journal of Advanced Corporate Learning (iJAC), vol. 12, no. 3,
p. 33, 2019. https://doi.org/10.3991/ijacv12i3.11341

E Salvetti, R. Gardner, R. Minehart, and B. Bertagni, “Advanced medical simulation:
Interactive videos and rapid cycle deliberate practice to enhance teamwork and
event management — effective event management during simulated obstetrical cases,”
International Journal of Advanced Corporate Learning (iJAC), vol. 12, no. 3, p. 70, 2019.
https://dol.org/10.3991/ijjacv12i3.11270

H. Kim and M. Kim, “Presence and effectiveness of online learning using a metaverse
platform: Gather.town,” International Journal of Information and Education Technology,
vol. 13, no. 4, pp. 690-695, 2023. https://doi.org/10.18178/ijiet.2023.13.4.1854

P. Chatwattana, P. Saisong, K. Rojanapasnichwong, and W. Khiankhokkruad, “The vir-
tual laboratory learning environment: VLLE on metaverse for university in Thailand,”
International Journal of Engineering Pedagogy (iJEP), vol. 13, no. 5, pp. 3041, 2023. https://
doi.org/10.3991/ijep.v13i5.38565

A.D.Samala et al.,, “Global publication trends in augmented reality and virtual reality for
learning: The last twenty-one years,” International Journal of Engineering Pedagogy ({JEP),
vol. 13, no. 2, pp. 109-128, 2023. https://doi.org/10.3991/ijep.v13i2.35965

F. Prasetya, B. R. Fajri, and F. Ranuharja, “Development design augmented reality-based
jobsheet in CNC programming subjects,” International Journal of Innovation, Creativity
and Change, vol. 10, no. 11, pp. 50-67, 2020.

F. Prasetya, B. R. Fajri, B. Syahri, F. Ranuharja, A. Fortuna, and A. Ramadhan, “Improved
learning outcomes of CNC programming through Augmented Reality jobsheet learning
media,” INVOTEK: Jurnal Inovast Vokasional dan Teknologi, vol. 21, no. 3, pp. 221-233,
2021. https://doi.org/10.24036/invotek.v21i3.957

18 International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 17 No. 24 (2023)


https://online-journals.org/index.php/i-jim
https://doi.org/10.3390/encyclopedia2010031
https://doi.org/10.3390/encyclopedia2010031
https://doi.org/10.1108/JOSM-12-2021-0481
https://doi.org/10.7759/cureus.29071
https://doi.org/10.24036/jptk.v4i2.20723
https://doi.org/10.24036/jptk.v4i2.21123
https://doi.org/10.25082/AMLER.2021.01.002
https://doi.org/10.25082/AMLER.2021.01.002
https://doi.org/10.3991/ijim.v17i05.37067
https://doi.org/10.3991/ijac.v12i3.11341
https://doi.org/10.3991/ijac.v12i3.11270
https://doi.org/10.18178/ijiet.2023.13.4.1854
https://doi.org/10.3991/ijep.v13i5.38565
https://doi.org/10.3991/ijep.v13i5.38565
https://doi.org/10.3991/ijep.v13i2.35965
https://doi.org/10.24036/invotek.v21i3.957

iJIM [ Vol. 17 No. 24 (2023)

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Effectiveness of Distance Learning Computer Numerical Control Based on Virtual Laboratory

F. Prasetya, B. R. Fajri, R. E. Wulansari, Primawati, and A. Fortuna, “Virtual reality adven-
tures as an effort to improve the quality of welding technology learning during a pan-
demic,” International Journal of Online and Biomedical Engineering (iJOE), vol. 19, no. 2,
pp. 4-22, 2023. https://doi.org/10.3991/ijoev19i02.35447

F. Prasetya, B. Syahri, B. R. Fajri, R. E. Wulansari, and A. Fortuna, “Utilising virtual labora-
tory to improve CNC distance learning of vocational students at higher education,” TEM
Journal, vol. 12, no. 3, pp. 1506-1518, 2023. https://doi.org/10.18421/TEM123-31

T. R. Knapp, “Why is the one-group pretest—posttest design still used?,” Clinical Nursing
Research, vol. 25, no. 5, pp. 467-472, 2016. https://doi.org/10.1177/1054773816666280

J. R. Fraenkel, N. E. Wallen, and H. Hyun, “How to design and evaluate research in edu-
cation, 11th edition,” in McGraw-Hill, New York, 2023. Available: https://www.worldcat.
org/title/1260689573

Koyimah, W. Widodo, N. Suprapto, and B. K. Prahani, “Effectiveness of interactive
microcontroller based speed sensors to improve students’ analytic thinking skills,”
International Journal of Online and Biomedical Engineering (iJOE), vol. 16, no. 9,
pp. 173-182, 2020. https://doi.org/10.3991/ijoev16i109.15185

D. Nathanael, S. Mosialos, G. C. Vosniakos, and V. Tsagkas, “Development and evaluation
of a virtual reality training system based on cognitive task analysis: The case of CNC
tool length offsetting,” Human Factors and Ergonomics in Manufacturing, vol. 26, no. 1,
pp. 52-67, 2016. https://doi.org/10.1002/hfm.20613

S. Syahril, R. A. Nabawi, and D. Safitri, “Students’ perceptions of the project based on the
potential of their region: A project-based learning implementation,” Journal of Technology
and Science Education, vol. 11, no. 2, pp. 295-314, 2021. https://doi.org/10.3926/jotse.1153
L. R. Aiken, “Three coefficients for analysing the reliability and validity of ratings,”
Educational and Psychological Measurement, vol. 45, no. 1, pp. 131-142, 1985. https://doi.
org/10.1177/0013164485451012

M. Hanif, “The development and effectiveness of motion graphic animation videos to
improve primary school students’ sciences learning outcomes,” International Journal of
Instruction, vol. 13, no. 4, pp. 247-266, 2020. https://doi.org/10.29333/iji.2020.13416a

R. D. Hays, R. Anderson, and D. Revicki, “Psychometric considerations in evaluating
health-related quality of life measures,” Quality of Life Research, vol. 2, no. 6, pp. 441-449,
1993. https://doi.org/10.1007/BF00422218

D. E. Meltzer, “The relationship between mathematics preparation and conceptual
learning gains in physics: A possible ‘hidden variable’ in diagnostic pretest scores,” in
American Journal of Physics, 2002, pp. 1259-1268. https://doi.org/10.1119/1.1514215

S. Wang, J. Meng, Y. Xie, L. Jiang, H. Ding, and X. Shao, Reference Training System for
Intelligent Manufacturing Talent Education: Platform Construction and Curriculum
Development,vol. 34, no. 3, Springer US, 2023. https://doi.org/10.1007/s10845-021-01838-4
R. Kumar, S. Sharma, R. Kumar, S. Verma, and M. Rafighi, “Review of lubrication and
cooling in computer numerical control (CNC) machine tools: A content and visualisation
analysis, research hotspots and gaps,” Sustainability, vol. 15, no. 6, p. 4970, 2023. https://
doi.org/10.3390/su15064970

M. Ryan, Y. Wang, R. Liu, Q. Xiao, and Y. Zhang, “Immersive virtual reality training with
error management for cnc milling set-up,” in Proceedings of ASME 2022 17th International
Manufacturing Science and Engineering Conference, MSEC 2022, 2022, pp. 1-26. https://doi.
org/10.1115/MSEC2022-85770

Z. Snezhko, D. Babaskin, E. Vanina, R. Rogulin, and Z. Egorova, “Motivation for mobile
learning: Teacher engagement and built-in mechanisms,” International Journal of
Interactive Mobile Technologies (i/IM), vol. 16, no. 1, pp. 78-93, 2022. https://doi.
org/10.3991/ijimv16i01.26321

International Journal of Interactive Mobile Technologies (iJIM) 19


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijoe.v19i02.35447
https://doi.org/10.18421/TEM123-31
https://doi.org/10.1177/1054773816666280
https://www.worldcat.org/title/1260689573
https://www.worldcat.org/title/1260689573
https://doi.org/10.3991/ijoe.v16i09.15185
https://doi.org/10.1002/hfm.20613
https://doi.org/10.3926/jotse.1153
https://doi.org/10.1177/0013164485451012
https://doi.org/10.1177/0013164485451012
https://doi.org/10.29333/iji.2020.13416a
https://doi.org/10.1007/BF00422218
https://doi.org/10.1119/1.1514215
https://doi.org/10.1007/s10845-021-01838-4
https://doi.org/10.3390/su15064970
https://doi.org/10.3390/su15064970
https://doi.org/10.1115/MSEC2022-85770
https://doi.org/10.1115/MSEC2022-85770
https://doi.org/10.3991/ijim.v16i01.26321
https://doi.org/10.3991/ijim.v16i01.26321

Prasetya et al.

[49] R. Estriegana, J. Medina-merodio, and R. Barchino, “Student acceptance of virtual labo-
ratory and practical work: An extension of the technology acceptance model,” Computers
& Education, vol. 135, pp. 1-14, 2019. https://doi.org/10.1016/j.compedu.2019.02.010

[50] K. A. A. Gamage, D. . Wijesuriya, S. Y. Ekanayake, A. E. W. Rennie, C. G. Lambert, and
N. Gunawardhana, “Online delivery of teaching and laboratory practices: Continuity of
university programmes during COVID-19 pandemic,” Education Sciences, vol. 10, no. 10,
pp- 1-9, 2020. https://doi.org/10.3390/educsci10100291

[51] S.M. Reeves and K. J. Crippen, “Virtual laboratories in undergraduate science and engi-
neering courses: A systematic review, 2009-2019,” Journal of Science Education and
Technology, vol. 30, no. 1, pp. 16-30, 2021. https://doi.org/10.1007/s10956-020-09866-0

[52] W. M. Roth and M. K. McGinn, “Graphing: Cognitive ability or practice?” Science
Education, vol. 81, no. 1, pp. 91-106, 1997. https://doi.org/10.1002/(SICI)1098-
237X(199701)81:1<91::AID-SCE5>3.0.CO;2-X

[53] S. Hoang et al, “Evaluating the learning performances for CNC machine practice
in mechanical engineering degree courses based on students’ mental workload,”
International Journal of Mechanical Engineering Education, vol. 51, no. 3, pp. 1-16, 2023.
https://doi.org/10.1177/03064190231185326

[54] W. Ye, “Exploring the use of industrial robots in CNC machine tool programming and
operation courses,” in 2022 7th International Conference on Mechatronics System and
Robots (ICMSR), IEEE, 2022, pp. 47-52. https://doi.org/10.1109/ICMSR2020.2022.00017

[55] A.D.Samala et al, “Metaverse technologies in education: A systematic literature review
using PRISMA,” International Journal of Emerging Technologies in Learning (i/ET), vol. 18,
no. 5, pp. 231-252, 2023. https://doi.org/10.3991/ijet.v18i05.35501

9 AUTHORS

Febri Prasetya is a Senior Lecturer and Head of CNC/CAD/CAM Laboratory in the
Department of Mechanical Engineering, Faculty of Engineering at Universitas Negeri
Padang. His research areas include Instructional Media, Education Technology, and
Vocational Education (E-mail: febriprasetya@ft.unp.ac.id).

Aprilla Fortuna holds a Bachelor’s in Mechanical Engineering Vocational
Education from Universitas Negeri Padang. He has been an undergraduate Teaching
Assistant at Universitas Negeri Padang for two academic terms and has become a
candidate for Master of the World’s Premier Universities. His research areas include
Educational Technology, Mobile Learning Technology, Augmented Reality, Virtual
Reality, and Vocational Education (E-mail: aprillafortuna@student.unp.ac.id).

Agariadne Dwinggo Samala is a dedicated researcher and an Assistant
Professor at the Faculty of Engineering, Universitas Negeri Padang (UNP), Indonesia,
specialising in Informatics and Computer Engineering Education. Additionally, he
is the Coordinator of EMERGE (Emerging Technologies, Multimedia, and Education
Research Group) based in Indonesia, where he contributes to advancing research
initiatives. He is an external member of the Digital Society Lab at the Institute for
Philosophy and Social Theory, University of Belgrade, Serbia. With a deep pas-
sion for education, he has conducted impactful research on Technology-Enhanced
Learning (TEL), Emerging Technologies in Education, Flexible Learning, 21st Century
Learning, and Technology, Vocational Education and Training (TVET) (E-mail: agari-
adne@ft.unp.ac.id).

Bayu Ramadhani Fajri graduated with a Diploma 3 (D3) in Multimedia at
Politeknik Kota Malang in 2011, then graduated with a Diploma 4 (D4) in animation
at Institut Teknologi Bandung in 2013 and continued his master’s in 2014 with a

20 International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 17 No. 24 (2023)


https://online-journals.org/index.php/i-jim
https://doi.org/10.1016/j.compedu.2019.02.010
https://doi.org/10.3390/educsci10100291
https://doi.org/10.1007/s10956-020-09866-0
https://doi.org/10.1002/(SICI)1098-237X(199701)81:1%3c91::AID-SCE5%3e3.0.CO;2-X
https://doi.org/10.1002/(SICI)1098-237X(199701)81:1%3c91::AID-SCE5%3e3.0.CO;2-X
https://doi.org/10.1177/03064190231185326
https://doi.org/10.1109/ICMSR2020.2022.00017
https://doi.org/10.3991/ijet.v18i05.35501
mailto:febriprasetya@ft.unp.ac.id
mailto:aprillafortuna@student.unp.ac.id
https://drive.google.com/file/d/1swJ-UQXE_XfEnMLFs3SFpGlz4KmTmTa-/view?usp=sharing
mailto:agariadne@ft.unp.ac.id
mailto:agariadne@ft.unp.ac.id

Effectiveness of Distance Learning Computer Numerical Control Based on Virtual Laboratory

Master of Design at the same campus, graduating in 2016. He is currently a working
as a Lecturer in the Animation study program, Faculty of Engineering, Universitas
Negeri Padang (E-mail: bayurf@ft.unp.ac.id).

Fiki Efendi is a Lecturer in the Department of Mechanical Engineering, Faculty of
Engineering at Universitas Negeri Padang. His research areas include Instructional
Media, Education Technology, and Vocational Education (E-mail: fikiefendi@
ftunp.ac.id).

Abel Nyamapfene is a Professor of Engineering Learning & Teaching — UCL
Institute of Education & Faculty of Engineering at University College London. His
research areas include Engineering Education, Engineering Practice and Education,
Vocational Education and Training Curriculum and Pedagogy, Higher Education,
and Engineering Practice (E-mail: a.nyamapfene@ucl.ac.uk).

iJIM | Vol. 17 No. 24 (2023) International Journal of Interactive Mobile Technologies (iJIM) 21


https://online-journals.org/index.php/i-jim
mailto:bayurf@ft.unp.ac.id
mailto:fikiefendi@ft.unp.ac.id
mailto:fikiefendi@ft.unp.ac.id
mailto:a.nyamapfene@ucl.ac.uk

