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ABSTRACT 
 

This study aims at developing the virtual laboratory for electric engine practicum subject. This study 
is development research that refers to the 4D model as proposed by Thiagarajan, Semmel and 
Semmel, which consisted of four stages namely, define, design, develop, and disseminate. The 
limited trial of the developed product is administered toten students, whereas the field trial is 
conducted on 22 students. This study shows that the developed virtual laboratory is categorized as 
very appropriate based on the validation result, it has also gained positive responses from students. 
During the limited and field trials, the student's process skills are above 85 points. Classically, the 
students’ learning result is within the high category with the average score of 87.5 for a limited trial, 
and during the field test, the students’ learning result is very high with the average score of 92.5.   

 
Keywords: 4D Model, Electric engines, Practicum subject, Virtual laboratory. 
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1. Introduction 
Practicum in higher education, in general, is aimed at developing the concept and validating the 

knowledge gained through relevant learning within the class. In relation to learning within the class, 
practicum activities are neededin order for students to gain concrete knowledge experience and as 
means to confront misconceptions of the new knowledge (Hodson, 1996:5). Through the 
implementation of practicum, students will have experience. Hence, they will gain memory of the 
event, a description of their experience with long-lasting effect (White and Mitchell, 1994).  

Regardless, that formally, practicum has become a fixed component in science-technology 
learning in higher education, it has yet to be optimally done to achieve the learning objectives as 
mandated by the curriculum, considering that practicum implementation sometimes needs a budget, 
time, and manpower in its preparation.  

Universitas Negeri Gorontalo (henceforth will be called as UNG), especially the engineering 
faculty has integrated laboratory for all majors, including electrical engineering major. The electrical 
engineering major also has its separate laboratory. For electrical engines subject, the practicum should 
be done in Energy Conversion Laboratory, however, as UNG has yet to have the Energy Conversion Lab 
and on the other hand this is a core subject, then the practicum for this subject is implemented in 
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Electrical Engineering Power Lab, with all its limited facilities and tools. This has impacted on the 
implementation of the practicum, where students find it hard to carry out the practicum, which as a 
consequence, their knowledge and process skill in electrical engines practicum subject to become low. 

As the solution for this situation, currently, there is a software-based application that is often 
called as a virtual lab. This virtual lab is one of the computer-based learning media. Usage of computer 
media in learning, lecturer, plays a significant role as facilitator to increase the learners’ understanding 
of the topic being taught (Kutluca, 2010). In addition, computer media usage can also support science 
teaching and learning (Liu, 2015). 

According to Sutrisno (2011), virtual practicum means that students conduct experiments using 
the available software on the computer where students are virtually experimenting just as in real 
practicum. The usage of the virtual lab can help students in higher education institutions where facilities 
are limited, and this virtual lab still enables students to have a scientific attitude in discovering the 
concept without having to work in a real lab (Sunarno 2009). In addition, the virtual lab can bring the 
sense of safety on the students during the experiment; they can relate the experiment with their daily 
experience; they have the opportunity to investigate macro-molecule dimension and the symbolic 
dimension of the experiment (Tatli & Ayas, 2012). 

In its application, although technological factors are "enabling tools" 'for a VLab, students grant 
more importance to human factors and pedagogical factors. Teacher and their interaction with 
students through the communication environment is v3 (Blázquez et al., 2009). Thus, the skills of 
teachers and students in operating the laboratory become important in the application of virtual lab 
therefore the assessment of students’ responses in the development of virtual lab is an important part 
to be considered. As the results of research Yuniarti et al., (2017) which suggests that students give the 
positive responses, it means students can operate and simulate the experiment of planting and 
painting bacteria easily. 

Some researches indicate that the use of laboratory can improve the students’ responses and 
learning outcomes, as research Herga and Dinevski’s (2012) research which suggests that the use of 
virtual lab effectively improves students’ learning outcomes compared with traditional learning. This is 
supported by the research of Bajpai and Kumar (2015) which states that it is easier to improve 
conceptual understanding of photoelectric effect materials by using a virtual lab rather than using a real 
lab. 

In various levels of education, virtual lab is considered effective in improving students’ learning 
outcomes as the research of Tarng et al., (2014) which suggests that virtual lab can improve students’ 
learning outcomes. This is support0ed by the results of Herga et al's (2016) study which states that 
virtual lab effectively improve students' conceptual abilities. This is supported by research. 

Based on this description, the development of virtual laboratory for electrical engines 
practicum subject will be developed. Within the development of this virtual lab, it has to be interactive, 
dynamic, animative, not boring, and supported the user willingness to learn and understand the topics 
(Jaya, 2012) 

 

2. Research method 
This study is a research development type of research by using the Four D design as proposed 

by Thiagarajan, Semmel, and Semmel (Trianto, 2009), which consists of four stages namely: define, 
design, develop and disseminate. The developed product in this study is the virtual lab learning media 
for electrical engines practicum subject. This study is carried out for one year from March 2017 to March 
2018. The trial stage is conducted in Electrical Department of UNG with ten subjects, and the field trial is 
also implemented in the electrical department with 22 students as its subject. The stages in this study 
are presented in table 1 below. 

 
Table 1: Research stages 

Stages Activities 

Define a. front-end analysis 
The objective is to find the basic problems in electoral engines practicum subject that 
needs a new innovative solution.  

3
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b. Students Analysis 
Students’ characteristics analysis comprises (1) level of ability or intellectual 
development. (2) individual skills or social skill that the students currently have and can 
be further developed to achieve the set learning objectives  
c. Task analysis  
Task analysis is carried out by identifying the electrical engineer students’ skills based on 
the analysis of the program in the developed electrical engines practicum subject and the 
characteristics of the electrical engines topics. 
d. Concept Analysis  
The concept analysis in this study is (1) basic competencies and core competencies 
analysis in the electrical engines practicum subject, and (2) learning resource analysis that 
is collecting and identifying the learning resources that support the implementation of 
the virtual-based electrical engines practicum subject.  
e. Formulating the Learning Objectives 
Formulating the learning objectives in this subject through the implementation of virtual 
lab-based electrical engines practicum subject by referring to the result of concept and 
tasks analysis. 

Design The design phase consists of determining the test, the learning media, in this case, the 
virtual lab and the learning format and learning tools and the instruments needed to be 
based on the result of the analysis. In this stage, the initial design of the developed 
electrical engines practicum subject that is based on virtual laboratory will be available.  

Develop In this developing stage, the following steps are taken: (1) model validation by the expert. 
The expert team involved in this study consist of: expert of learning technology, expert of 
electrical engines study, expert of learning evaluation, (2) Revision of the model based on 
the input from the experts during the validation step, (3) limited trial during the electrical 
engines practicum lecture; (4) revision of the model based on the result of the limited 
trial, and (5) field trial 

disseminate This step aim was to share the development product in bigger group than the field test, 
such as other classes, other schools, or other teachers. Instruments which used in this 
research were learning instrument and data collecting instrument. 

 
The instrument used in this study are: 1) validation paper for the expert to assess the validation 

of the virtual lab, (2) students’ responses questionnaire, (3) observation sheet on the students’ process 
skill, and (4) student learning output test 

The data analysis on this study is described as follow:  
1. Validity analysis 
The result of validity analysis from the expert will be analyzed through the following steps  
Calculating average score from each assessment component aspects with the formula:  
 

 𝑥 =
𝛴𝑥

𝑛
 

 
Notes:  
x : average score 
n : Total Validator 
Σx: total score for each assesses aspects  
Further, this score is transformed into five scale score: 
1. Calculating the ideal average score (xi) 
2. Calculating the deviation of ideal standard (sbi) 
3. Determining the assessment criteria based on Table 2: 
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Table 2: Assessment criteria  

The range of quantitative category  Category  

i X +X i sb 〈 8.1 Very good 
i X + i X X i sb 6.0≤ 〈+i sb 8.1 Good  
i X - i X X i sb 6.0≤ 〈+ i sb 6.0 average 
i X -i X X i sb 8.1≤ 〈- i sb 6.0 less 
i X X ≤ -i sb 8.1 Highly less  

(Widoyoko, 2009) 
 
1) Students’ responses analysis  
The questionnaire instrument is used to test the appropriateness of the product. This 

instrument uses the Likert scale. The category of the responses is: highly agree (SST), agree (ST), 
disagree (TS), and highly disagree (STS). The responses toward the questionnaire are given the point of 
4,3,2,1 for positive responses and 1,2,3,4 for negative responses. The individual score is stated using 

                𝑃 =
𝑓

𝑁
𝑥100% 

Sudijono (2008)  
f is the currently investigated frequency, N is number of cases (number of frequency/number of 

the individual), and P is the percentage number.  
2) Analysis of the students’ process skill 
Steps to analyze the observation result of science process skills were: (a) Calculating average 

score between two observers; (b) Summing and averaging each students’ score in every science 
process skill aspects; (c) Changing student average quantitative score to qualitative score with five 
scales. Conversion criteria of the score can be seenin Table 2; (d) Calculating average score for each 
science process skills aspects in experiment 1, 2, 3, 4, and 5; (e) confirming based on the criteria in table 
3. 
 
Table 3: Criteria of the students’ process skill  

Score Criteria  

81,25% <score ≤ 100% Very good  
62,50% <score ≤ 81,25% good 
43,75% < score ≤ 62,50% Moderately good 
25% < score ≤ 43,75% good 

(Sudijono, 2008) 
 

3) Learning outcome analysis  
The learning outcome analysis consists of individual accomplishment of the students with the 

minimum accomplishment of 80 points, classically converted based on the criteria as shown in Table 4.  
 
Table 4: Students’ learning outcome criteria  

Students’ learn Interval  

Very low 0 ≤ HB < 40 
Moderately low 40 ≤ HB < 60 
moderate 60 ≤ HB < 75 
High  75 ≤ HB < 90 
Very high  90 ≤ HB < 100 

(Hobri, 2010:58) 
 

3. Findings and discussion  
In Define stage, the analysis shows that the basic problem in electrical engine practicum is the 

lack of facilities to carry on the practicum, the lack of tools available, which the operation need high 
precision, due to small error can cause the damage of this practicum facility. The analysis of the 
students’ characteristic reveals: (1) the ability or intellectual development of the students is within the 
average range; (2) the students who have individual and social skills that can be developed to achieve 

1

2

4
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the set learning objectives, for instance, individual skill which consists of science processing skill, and 
social skill such as ability to state ideas and work together in a group, and tolerance 

Based on these problems and the basic skill of the students, the material analysis which consists 
of core competence and learning objectives in electrical engines practicum, that is the DC electric 
engine modeling, controlling the DC electric engines that connect to the anchor, and simulation of DC 
electric engine with Simulink model, and regulating the Ea anchor current in DC electric motor. The 
considered appropriate learning source to be developed based on the basic problem analysis, students’ 
skill, and material characteristics is virtual laboratory learning media. 

The design phase, selection, and usage of media include the description of the abstract 
situation according to the objective, concept, and environmental condition as well as the facility and 
time slot needed for learning. The created virtual laboratory program consists of materials with 
pictures, animation, and interactive simulation. This helps students to understand the concept. In this 
stage, in addition to the development of virtual lab media, practicum model is also developed along 
with the practicum scenario, observation sheet for students’ process skill and learning output test. 

In the development stage, the validation, limited trial, and field trial tests are administered. The 
validation is carried out by four validators: 2 experts in electrical engines learning and two experts in 
learning media. The validation result toward the virtual lab media, practicum module, practicum 
scenario, and learning output test is presented in the following table.  

 
Table 5: Experts’ validation result  

No Learning Kits Assessment Category 

1 Virtual Lab Very appropriate 
2 Practicum module Very appropriate 
3 Practicum scenario Very appropriate 
4 Process skill test Appropriate  

 
Following the validation, the virtual lab media and its learning kit are tested in limited trial and 

field trial. The trials are conducted for five practicum activities. The following is students’ responses, 
students’ process skills, and students’ learning output during the limited and field trials.  

1. The analysis result on the students’ responses  
On the limited trial, the students’ responses on 

the usage of the virtual lab for electric engines 
practicum are showed in the following graphic.  

The percentage of students who strongly agree 
on the usage of this virtual lab on electrical engines 
practicum subject is 20%,and 80% said that they agree. 
There are no students that said that they disagree with 
the usage of this virtual laboratory.  

During the field trial, students’ responses on the 
usage of the virtual lab are shown in the following 
figure:  

Percentage of students who strongly agree on 
the usage of this virtual lab for the electrical engines 
practicum is 30%, whereas 70% said that they agree. There 
are no students that disagree on the usage of this virtual 
lab for the subject. This shows that the students respond 
positively toward the usage of a virtual lab.  

In general, a lecture that provides students with 
the opportunityto play a role through the usage of 
computer media actively will have a positive impact on 
the students’ responses (Yusuf & Subaer, 2013), as 
Students prefer computer-assisted tools than the 

textbooks for learning purpose (Rajendran et al., 2010). 

Figure 1: Students’ Responses during the limited trial 

Figure 2: Students’ responses on field trial class 

6
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Research by Henlenti et al. (2014) shows that students can have positive response toward virtual lab 
media used during the learning process. A similar result is also shown by a study conducted by Maulinda 
and IShafit (2017), in which they founded that students provided positive response for the usage of a 
virtual lab. This means that students do provide positive response toward the usage of a virtual lab.  

2. The Result of Students’ Process Skill Analysis  
The observation on the students’ process skill during the limited trial is presented in the 

following figure 3.  
Further, students’ process skill during field trial is 

presented in the figure 4 below. 
Based on Figure 3 and 4, it is evident that all 

students’ process skills during the five times electrical 
engines practicum subject meeting are above 85. This 
shows that virtual lab usage has a positive impact on the 
students’ process skills. This is similar to Widyaningsih 
and Yusuf’s (2016) study which showed that the 
students’ process skills in science are within the good 
category when using the virtual lab media. This finding is 
also echoed by Riswanto and Dewi’s (2017) research 
which revealed that through virtual lab-based learning 
has resulted in 85.71% of students obtain process skill in 
science score of ≥71. Based on these results, virtual lab 
usage can be recommended in electrical engines lecture 
to increase students’ process skills. 

3. Students’ learning output  
The test on the students’ learning output in 

electrical engines practicum subject by using the virtual lab shows that classically, the students’ learning 
output is within the high category with the average score of 87.5 and during limited trial and field trial, 
the average score is 92.5. Below is the graphic of average students’ score. 
 

 

 
 

Figure 4: Students’ process skill during the field trial Figure 5: Average students’ learning output score  
 
Figure 5 above indicates that the usage of the virtual lab has made the students’ learning 

output score within the high and very high categories. The test of the students’ learning output 
implemented in this research shows that the usage of the virtual laboratory can increase the students’ 
understanding of the concept, as their learning output shows their concept mastery before and after 
the learning activity. This result is consistent with the result of a study conducted by Atmojo (2012) 
which stated that conceptual understanding would be better if the students involved actively in the 
learning process. Through the usage of this virtual lab, students can be actively involved. Hence it can 
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Figure 3: Students’ process skills during limited trial 
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increase their conceptual understanding. This result is also backed up by Anisah et al. (2013) who stated 
that virtual laboratory is the implementation of technology to increase the conceptual understanding 
of the learners. Similarly, Permana et al. (2016) also stated that virtual laboratory could increase 
students’ conceptual understanding. The improvement would be better than the students who 
passively or just listening to the teacher explanation (Yuniarti et al.: 2012). The increase of conceptual 
understanding of the students shows their ability in solving various problems, either using the concept 
or implementation of that concept in new situations. 

 

4. Conclusion  
Several conclusions are reached based on findings and discussion above. Those are: (1) virtual 

laboratory developed in this study is within a very good category based on the result of the validation, 
(2) the usage of virtual laboratory in electrical engines practicum subject has gained positive responds 
from the students, where during the limited trial 20% of the students strongly agree while the rest 80% 
agree with the usage of this virtual laboratory. Meanwhile, during the field trial, 30% of the students are 
strongly agreeing and the rest 70% of the students agree with the usage of this virtual lab in learning, 
(3) in average students’ process skill during the limited trial and field trial is above 85 points, (4) 
classically, the learning output of the students are within the high category with the average score of 
87.5 during the limited trial and very good category with the average score of 92.5 points during the 
field trial. 
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