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ABSTRACT 
The development of learning technology in industry 4.0 in the last few years was growing rapidly one of 

which was a virtual application. One of the virtual learning applications developed was a virtual laboratory. 

The use of virtual laboratories in Revolution 4.0 was very useful especially educational institutions that did 

not have enough space and equipment. Virtual laboratory research had been carried out in recent years. The 

development of virtual laboratories developed was the media, models, and materials in virtual laboratories. 

The existing virtual laboratory was one-way learning. Virtual laboratories had no feedback with users 

especially the desires and abilities of users in virtual laboratories. Laboratory learning based on user desires 

and abilities as needed. This learning model was known as personalization. This research developed a virtual 

laboratory that was personalized by utilizing artificial intelligence. The ability and will of the user were 

processed by artificial intelligence to determine the model, media, and materials suitable for the user. The 

results of testing in this virtual laboratory obtained accuracy values according to users based on personalized 

obtained at 90.8%. 

Keywords: virtual laboratory, artificially intelligent, personalized, web learning 

1. INTRODUCTION

Information technology has developed very rapidly in 

recent years, especially in education. The use of information 

technology in the world of education to smooth learning in 

the classroom and improve student competencies and 

abilities. One of the increased abilities and competencies of 

students is practical skills in the use of tools in the 

laboratory. Limited school space and funding means that 

not all schools have laboratory equipment. For this reason, 

information technology-based laboratories are needed, one 

of which is a virtual laboratory that has functions like a real 

laboratory [1-4]. Several laboratory applications have been 

developed with various features in them. This laboratory 

application has advantages and disadvantages of each. 

Laboratory applications developed function online and 

offline so they have advantages and disadvantages of each 

feature they have. The focus of the development of several 

laboratory applications is the development of tools in the 

laboratory but the laboratory is not developed intelligently 

based on the suitability of students' abilities [4-8]. 

Previous research on laboratory applications requires 

substantial resources to be run online and offline. Large 

resource users for content, tools, and rules in the laboratory 

are very inhibiting for students who have few resources, 

especially memory and internet data communication [5-9]. 

To overcome the problem of limited resources, an 

intelligent virtual laboratory application is needed that does 

not require large resources so that it can be used by all 

students and can be accessed anytime and anywhere as 

desired by students [7-11]. Some smart applications in 

virtual laboratories do not have interactions with students. 

The interaction needed by students is the desire of students 

to use which modules, what tools, and which content. 

Laboratory interaction with students is expected that 

students can run virtual laboratory applications according to 

their abilities and desires and can be carried out anywhere 

and anywhere [9-11]. For this reason, intelligent virtual 

laboratories are needed with minimal use of resources and 

there are interactions with students according to the ability 

and willingness of students to carry out practices in 

laboratories such as actual laboratories.  

The utilization of this virtual laboratory application requires 

artificial intelligence so students can interact with this 

application so that this virtual laboratory is smart. Artificial 

intelligence in virtual laboratories is used for students to be 

able to choose according to the wishes of practicum material 

that is by their abilities for all material in a virtual 

laboratory. One of the artificial intelligence algorithms that 

suit students' desires and abilities is the Expert System 

algorithm [11-17]. The expert system in the virtual 

laboratory functions to classify students' abilities in 

practicum material. This classification is obtained based on 

the interaction of this virtual laboratory with students in the 

form of a pre-test before starting the practicum and post-test 

after completing the practicum so students can module 

according to their abilities and evaluated according to their 

abilities. This expert system method facilitates students' 

mastery of the material, if students do not have a targeted 

score then students may not continue in the next module 

even though students feel according to their abilities.  

This research develops intelligent virtual laboratories where 

students use laboratories based on their abilities and desires. 

Advances in Social Science, Education and Humanities Research, volume 446

Proceedings of the International Conference on Learning Innovation 2019 (ICLI 2019)

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 101

Advances in Social Science, Education and Humanities Research, volume 446

Proceedings of the International Conference on Learning Innovation 2019 (ICLI 2019)



Classification of abilities and desires of students in virtual 

laboratories utilizing artificial intelligence with expert 

system algorithms. The expert system in a smart virtual 

laboratory is tasked with taking data based on pre-test and 

post-test in each module that students work on practicum 

for each module in the virtual laboratory and classifying 

students 'abilities and students' wishes.  

2. METHOD

This research uses an experimental method in which the 

development of materials, media, and models are tested 

directly and immediately corrected if it is not as intended. 

The steps used in this study are shown in Figure 1 below : 

(1) Identification of problems and limitations, (2)

Analyzing problems and limitations, (3) Analyzing

Learners and Contexts, (4) Creating criteria for each

problem, (5) Developing Tests based on criteria, (6)

Designing and developing strategies, (7) Developing and

designing steps (8) Designing and developing the system as

a whole, (9) Revision of each step, (10) Evaluation and

Retest [18-19].

Based on Figure 1, there are 10 stages so that the results of

this study are in the form of prototypes that are directly

tested and evaluated on all students who use this virtual

laboratory.

Figure 1 Model of web learning development 

The experimental method used in this research is to test all 

materials, models, and media used in this virtual laboratory. 

Testing on every media, model, and media is done based on 

media experts, model experts, material experts, small 

groups, and large groups. Expert test of materials, models, 

and media to get according to students' abilities in 

practicum. These test results are in the form of media, 

models, and valid materials for the practicum modules that 

will be used by students [18-19]. 

Virtual laboratories are tested in small groups for students 

who take electrical machinery courses. This test is to get any 

module information that becomes students' difficulties and 

obstacles in completing a practicum. Small group testing is 

done firstly based on students' abilities so that validity is 

obtained from each module that is developed based on the 

media, models, and materials contained in each module. 

The next stage in this research is large group testing. This 

large group consists of 20 students who are done together 

on the subject matter of electric machines. The purpose of 

testing this large group is to test the revision in the previous 

testing stages so that a valid virtual laboratory is found that 

matches the material, models, and media for the material of 

electrical machines and in by the ability of students to carry 

out the practicum of electrical machines [19- 20]. 

This study uses a questionnaire instrument. This 

questionnaire instrument is to validate each practicum 

module. Validation in each module is based on the 

validation of materials, media, and models used in each 

module. Media experts, material experts, and model experts 

validate each module. The results of the validation in the 

form of a questionnaire were carried out on every media, 

material, and model in each module so that the valid 

modules were by the students' abilities. filling out this 

validation questionnaire is closed so that it has an 

alternative answer from each questionnaire. The answers of 

these experts have a score then total all the score results. 

The answers for each questionnaire have a Likert scale 

which has 4 categories of answer choices [19-21]. 

In the research method, data analysis used is the percentage 

form (%). The results of calculations on data analysis to see 

the feasibility of a virtual laboratory in the form of valid or 

invalid. Indicator valid or not modules in the virtual 

laboratory in the form of the feasibility indicator used in 

equation 1 where the data equation per item is used as an 

indicator of eligibility [19]. 

� �
∑�

∑��
� 100% (1) 

Description: 

P = Score Percentage 

∑x = total of respondents in an item 

∑x1 = total of item value 

 

Table 1  Indicator level criteria 

No Score Indicator Description 

1 80% - 100% Valid Without Revision 

2 60% - 79% Enough Valid Minor Revision 

3 50% - 59% Not Enough Valid Major Revision 

4 0% - 49% Invalid Not Feasible 
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2.1 Design Virtual Laboratory 

This smart virtual laboratory uses its framework where the 

hardware devices as shown in Figure 2. This smart virtual 

laboratory is run online with a server as a service where 

there are user wishes and a database server that contains 

modules of electrical machines. Users of this system must 

first be registered in the system online. This system is 

adaptive to the user's device so that users do not need to 

have large resources in running a virtual laboratory both on 

smartphones and notebooks. 

Figure 2 Design Virtual laboratory 

2.2 Virtual Laboratory Model 

This virtual laboratory application is carried out on the 

subject of electrical machines. This application has 3 

account categories namely lecturer, students, and admin. 

Lecturer service provider practicum modules that have been 

validated, students as service users, and admins as service 

regulators. The interaction between the three accounts is 

shown in Figure 3. The first interaction between the lecturer 

and the virtual laboratory is uploading valid practicum 

modules, pretest modules, and post-test modules. The 

second interaction between students and virtual laboratories 

is students do a pre-test to get a classification on which 

modules they are mastered. The details of the steps in this 

virtual laboratory are shown in Figure 3. 

Figure 3 Model of virtual laboratory’s system 

The process of using a virtual laboratory is as follows: 

1) students register in the virtual laboratory as student

accounts then students are required to do a pre-test

to determine which modules they master.

2) The results of the pre-test score are processed by an

expert system to determine the modules students

have mastered and the levels in each module 

according to difficult, moderate or easy abilities; 

3) The results of step 2 are matched to the database in

the virtual laboratory module and which levels are

suitable for students to download;

4) students work on practicum in a virtual laboratory

according to their abilities and can choose whatever

they want;

5) Students finish doing the practicum then do a post-

test to get the results of the practicum module

results;

6) The value of the results of the practicum module in

the post-test is used by the expert system to

determine whether students continue or do the

practicum again.

3. RESULT AND DISCUSSION

The display of the Virtual Laboratory web application as 

shown in Figure 4. 

Figure 4 The display of virtual laboratory’s web application 

Virtual Laboratory also provided a questionnaire to be 

tested according to the research development model of 

learning Walter Dick and Lou Carey, namely a 

questionnaire for instructional media experts registered in 

the Virtual Laboratory as lecturers, questionnaires for 

material experts registered in the Virtual Laboratory as 

lecturers, questionnaires for learning model experts 

registered with the Virtual Laboratory as lecturers, 

questionnaires for small groups registered with the Virtual 

Laboratory as students, and questionnaires for large group 

testing registered with the Virtual Laboratory as students. 

3.1 Testing Results of Learning Media Experts 

Testing in this virtual laboratory starts with media testing. 

Media testing is carried out by media experts conducted by 

information systems experts and learning experts. These 

experts are obtained from the instructors of electrical 

machines and instructors in learning materials. Validate 2: 

This media expert was conducted in a questionnaire. The 

results of the questionnaire validation as shown in Table 2. 

Analysis of the data in table 2 shows the overall feasibility 

of the learning media used where virtual laboratory-based 

learning is done very well. Based on table 2, for all aspects 
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of the assessment of the two media experts with an average 

value of 98.5%. The conclusion from testing the media used 

in this virtual laboratory is valid and does not need to be 

revised. 

3.2 Testing Results of Learning Material 

Experts 

Subsequent testing in this virtual laboratory is testing the 

material on each module in the virtual laboratory. This 

material testing uses expert material testing. Material expert 

testing was carried out by 2 lecturers as instructors in 

electrical machinery courses. The test is carried out as 

follows: the material expert fills in a web-based 

questionnaire where the material expert accesses the 

modules in the virtual laboratory. 

Analysis of the data on the results of testing the material 

referred to in Table 1 obtained the results as shown in Table 

3. The results of the data analysis obtained as follows:

1. 2 material experts in electrical machines as a

whole Virtual Laboratory material is very good.

2. The average results based on Table 3 with all

aspects obtained by 89.7%, so based on Table 1

Eligible to be developed and valid.

Conclusion: the material in the virtual laboratory according 

to competence and curriculum used is valid and does not 

need revision. 

3.3 Testing Results of Learning Model Experts 

The third test is testing the model on each virtual laboratory 

module. Model testing is carried out by 2 learning model 

experts who teach learning evaluation subjects. This 

learning model expert filled out a web-based questionnaire. 

The data testing of the virtual laboratory learning model by 

2 learning model experts is shown in Table 4. Data analysis 

based on Table 4 is as follows: 

1. 2 expert examiners of the learning model in the

virtual Laboratory that has been designed have

met the assessment criteria according to Table 1.

2. The average result of 2 expert model examiners

obtained by 94.8%.

Conclusion: the learning model in a virtual laboratory is 

valid and does not need to be revised. 

3.4 Testing Results of Small Group 

The fourth test is testing in small groups. The small group 

consisted of 10 students who took electrical machinery 

courses. This test uses a web-based questionnaire. The 

results of the questionnaire as shown in Table 5. Analysis 

of the data from Table 5 is the result of the average total 

score of all aspects of the assessment of 80.4%. 

The conclusions for testing this small group based on the 

results of Table 5 referring to Table 1 are valid.  

3.5 Testing Results of Large Group 

The final test in this study is large group testing. The 

number of participants in this large group is as many as 24 

students who take electrical machinery courses. Participants 

fill out a web-based questionnaire. The results of this large 

group test are shown in Table 5. The results of the data 

analysis are based on table 5 as follows: 

1. 24 students provide valid assessment aspects.

2. The average results of testing this large group of

84.4%.

Conclusion: This virtual laboratory is feasible and valid for 

use in practicum electrical machines. 

The results of the overall data analysis are shown in Figure 

4. The overall results for the 5 tests are as follows:

1. Average media expert testing at 98.5%

2. Material expert testing by 89.7%

3. Expert testing of the model by 95.2%

4. Testing small groups of 80.4%, and

5. Testing large groups of 84.4%

For this reason, the average result of this virtual laboratory 

test was 90.8%. The overall average value is based on Table 

1, so the intelligent virtual laboratories for electric 

machinery courses are valid and do not need revision. 

Figure 5 Diagram of testing results 
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Table 2 Testing for media experts 

No Item Amount Average(%) 

1 Usefulness 8 100 

2 Attraction 5 97,5 

3 Proficiency 4 96,9 

Total 17 98,5 

Table 3 Testing for  material experts 

No Item Amount Average(%) 

1 Usefulness 10 83,75 

2 Attraction 3 91,7 

3 Proficiency 7 93,75 

Total 20 89,7 

Table 4 Testing for  model experts 

No Item Aim (%) Content (%) Technology (%) Message Design (%) 

1 Usefulness 100 100 100 100 

2 Attraction 75 100 100 90 

3 Proficiency 100 100 83,3 94,3 

Total 91,66 100 94,4 94,7 

Table 5 Testing for  small groups 

No Item Amount Average(%) 

1 Framework 13 82,3 

2 Framework  Materials 5 78,5 

Total 18 80,4 

Table 6 Testing for large groups 

No Item Amount Average(%) 

1 Framework 13 84,6 

2 Framework  Materials 5 84,2 

Total 18 84,4 
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4. CONCLUSION

This research develops intelligent virtual laboratories by 

utilizing artificial intelligence. This virtual laboratory is 

intelligent where students can interact with the 

laboratory by the abilities and desires of students. The 

abilities and desires of these students are classified as 

artificial intelligence. Artificial intelligent Algortima 

used in this virtual laboratory is an expert system. The 

expert system classifies students based on their abilities 

and according to which modules can be used by students 

based on their abilities. Students can choose according to 

their wishes, which module is preferred based on the 

classification of expert systems. Testing in this study was 

carried out on every module in the virtual laboratory. The 

test results show that this virtual laboratory is valid and 

does not need to be revised in every module.   
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