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This study aims to create a virtual lab in science-physics learning based on a 

valid, practical, and effective STEM-based virtual lab for junior high school 

students. The research was conducted using Research and Development. The 

research was conducted at SMP Negeri Unggul Tunas Nusa (junior high 

school). This research was carried out in the even semester of the 2021/2022 

academic year. The subjects used in this study were students of class VII Tusa 

at SMPN Unggul Tunas Nusa in the academic year 2021/2022, totaling 29 

students. The sampling technique used is random sampling. Based on the 
analysis, the average percentage assessment of all aspects is 87.89%, meaning 

the STEM-based virtual lab product is very feasible. The STEM-based virtual 

lab is assessed for teachers' and students' use. Practical criteria for teachers 

and students. The pretest means of student learning outcomes scored 24.57, 

while the posttest means after being applied to a STEM-based virtual lab 

scored 84.45. The average score of N-gain student learning outcomes is 0.80, 

which is high and able to improve student learning outcomes. The results of 

this study are expected to be used as an alternative for a teacher to improve 

student learning outcomes. 
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INTRODUCTION  

Physicists study abstract and concrete 

concepts. Learning media make abstract, 

microscopic, and difficult-to-explain 

concepts easier and more engaging for 

students. In laboratory activities, media use 

can be done with real objects or tools. Using 

props, pictures, videos, and computer 

simulations in virtual lab can also provide 

learning experiences (Hadija et al., 2020). 

The virtual lab is interactive multimedia-

based software that can be used to simulate 

laboratory activities so that students seem to 

be doing it themselves (Munirudin & 

Madlazim, 2017). A virtual lab helps 

students understand complex topics by 

visualizing them. The virtual lab can also 

strengthen practice activities that can't be 

conducted in real, replacing the actual 

practice. If impossible. 

Virtual lab are very important in learning 

physics because it teaches many abstract 

concepts. This virtual lab can help teachers 

apply abstract concepts to become more 

concrete. 

Based on the results of observations at 

SMPN Unggul Tunas Nusa conducted by 

researchers, teachers have made various 

efforts in the teaching and learning process, 

both offline and virtual. The difficulties 

encountered during the practice are internal 

and external. Internal difficulties include an 

uncomfortable practice room and a lack of 

valuable equipment. In addition, skills, 
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readiness, habits, attitudes, interest in 

practice, knowledge of practical material, 

and student motivation are internal factors 

that will affect practical activities. External 

difficulties can come from teachers' 

laboratory staff/teaching load, time 

allocation, manuals, and the school 

environment (Khaerunnisa, 2019). Practical 

activities in the laboratory are not always 

carried out properly due to obstacles such as 

limited facilities or difficulty in getting 

access to observe objects directly in the open. 

One of the science topics that can be studied 

theoretically and experimentally is 

temperature and its changes. The most 

dominant thing is that students still have 

difficulty reading the thermometer directly 

and determining the unit conversion. 

Efforts to improve the quality of learning 

and success in carrying out practice in the 

laboratory must be equipped with adequate 

facilities and infrastructure, good 

management or service, and able to meet the 

expectations of students (Ilhamdi et al., 

2020). Teachers need tips or efforts to find 

learning strategies that allow students to 

experience the material in everyday life 

directly. This kind of learning will more 

easily stick to the material in students' 

memories. The facilities and infrastructure at 

SMPN Tunas Nusa, such as 

computers/laptops, are adequate to make it 

easier for students to do practical learning 

using a virtual lab. The learning process so 

far will be more effective when using an 

approach that supports virtual lab in the 

learning process (Mauliza, 2018). The 

approach that can help implement the 

learning process is the STEM approach. 

The STEM approach integrates 

technology/engineering design concepts into 

science/mathematics teaching and learning in 

the school curriculum. The implementation 

of learning will be more optimal if the STEM 

approach collaborates with simulations that 

provide learning simulations as a substitute 

for physics laboratories in schools (Hsu et al., 

2017). A simulation suitable for use with the 

STEM approach is a virtual lab. Media that 

has been used are less helpful in building 

STEM knowledge. That is why virtual lab 

were developed to build STEM knowledge. 

The development of a virtual lab in 

science-physics learning based on the STEM 

approach is very suitable for the learning 

process. Several studies have revealed that 

virtual lab with a STEM approach can 

improve the skills possessed by students, as 

well as their experiences and abilities in 

integrating STEM into the learning process 

(Fithri et al., 2021; Syukri et al., 2018). The 

STEM approach to learning is expected to 

produce meaningful learning for students 

through the systematic integration of 

knowledge, concepts, and skills. Some of the 

benefits of the STEM approach make 

students better able to solve problems 

innovators, inventors, independent, logical 

thinkers, and technological literacy (Sasmita 

et al., 2021; Syukri et al., 2018). The STEM 

approach positively affects the development 

of scientific process skills and improves the 

students' attitudes and motivation. A virtual 

lab based on the STEM approach is very 

impactful for students and has a significant 

effect, and is an alternative for students in 

developing the learning process in schools 

and the real world (Gunawan et al., 2015; 

Hamed & Aljanazrah, 2020; Ismail et al., 

2016; Potkonjak et al., 2016; Rohim, 2020). 

The use of virtual lab in online learning 

based on the STEM approach is the focus of 

research by researchers. The use of virtual lab 

will make it easier for students to explore 

their abilities (Jaya, 2013). The virtual lab 

developed by the researcher can be run via a 

computer/laptop. The virtual lab developed is 

designed or designed in STEM-based 

science-physics learning at SMP Aceh Barat 

Daya. The main characteristic of the virtual 

lab based on the STEM approach consists of 

development steps by applying the STEM 

approach and using the steps of the 

engineering design process (EDP) consisting 

of ask, imagine, plan, create, and improve.  



Jurnal ilmiah pendidikan fisika Al-Biruni, 11 (2) (2022) 151-164  153 

To date, many virtual lab developments 

have been carried out for the benefit of the 

physics learning process, including 

simulations of heat and its changes by 

(Alizkan et al., 2019); a simulation of 

Newton by (Baklanov et al., 2020); a 

simulation of heat and transfer by (Wibowo, 

2016); simulation of oscillations by (Rizal et 

al., 2018); a simulation of physics in 

SMP/MTs by Sri (Wahyuni et al., 2022); a 

simulation of parabolic motion by (Lestari & 

Manstur, 2021); simulation of dry cell battery 

by (Wibowo et al., 2017). While the existing 

virtual lab is mostly just an ordinary virtual 

lab that does not use an approach and the 

virtual lab on temperature material and 

changes is only developed to see temperature 

changes when a thermometer is dipped in 

cold and hot water. Therefore, this study aims 

to create a virtual lab in science-physics 

learning based on a valid, practical, and 

effective STEM-based virtual lab for junior 

high School students. The virtual lab that was 

developed also makes it easier for students to 

use it because it does not require the internet 

or a special application to open the 

application. 

 

METHODS 

The research was conducted using 

Research and Development (R&D) research 

and development methods. This study's 

research and development model refers to the 

4-D development model. This research was 

conducted at SMP Negeri Unggul Tunas 

Nusa, located in Ujung Padang, Susoh, 

Southwest Aceh Regency. This research was 

carried out in the even semester of the 

2021/2022 academic year. The subjects used 

in this study were students of class VII Tusa 

at SMPN Unggul Tunas Nusa in the 

academic year 2021/2022, totaling 29 

students. 

In terms of development research 

procedures, we reveal the 4D model namely 

Define, Design, Develop, and Disseminate. 

The flowchart model chosen is the flowchart 

model for the simulation program. The 

resulting flowchart can be seen in Figure 1. 
 

Figure 1. STEM-based virtual lab flowchart with the 

theme of Temperature and Changes 
 

Figure 1, it can be seen that the virtual 

lab starts with start and ends with Close. 

Students are required to enter the username 

and password provided. The following 

display is in the form of essential 

competencies, indicators, and learning 

objectives. The following display is 

instructions for using a STEM-based virtual 

lab. This is used to make it easier for students 

to use a STEM-based virtual lab. 

Furthermore, the main menu displays case 

material, preparation stage, and experimental 

simulation, which is equipped with 

evaluation questions on the experiment. 

Before closing the STEM-based virtual lab, 

the user can save the evaluation results of the 

questions that have been done. 

This study uses instruments, namely 

virtual lab assessment sheets before being 

used in practical activities, teachers and 

student response questionnaires to test the 

practicality of virtual lab products based on 

Start 

Opening 
About 

Program 

Username and 

Password 

Instruction 

Main Menu 
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the STEM approach, and observation sheets 

on the implementation of virtual lab based on 

the STEM approach and effectiveness to 

measure student learning outcomes. 

Quantitative data analysis carried out 

included pretest and posttest data analysis. A 

good test is needed to get an idea of students' 

science skills. Before the description test is 

used, the questions are validated by expert 

lecturers. The revised expert lecturer 

validation results are tested to determine the 

validity, difficulty level, discriminatory 

power, reliability, and normality test. 

 

RESULTS AND DISCUSSION 

Define 

One of the problems in schools today is 

the limited facilities and infrastructure that 

can facilitate students to build their 

knowledge independently. Based on the 

results of observations made at SMP Negeri 

Unggul Tunas Nusa, the learning process is 

still teacher-centered. The teacher only 

conveys the material without doing practicals 

in the laboratory. The material that the 

teacher entirely gives to students causes 

students not to be able to build their ability to 

find new concepts. 

Based on interviews conducted with 

students, it is known that they are very rarely 

involved in the learning process that involves 

practice due to inadequate tools and materials 

and many tools and materials that cannot be 

reused, so it is necessary to develop a virtual 

lab based on a STEM approach that can 

facilitate them with various drawbacks and 

difficulties that exist in natural laboratories 

as a STEM approach can help students be 

more creative, technology literate and able to 

connect STEM education with the world of 

work (Morrison, 2006). 

The results of the curriculum analysis 

show that SMP Negeri Unggul Tunas Nusa 

uses the 2013 curriculum as a reference for 

learning. At this stage, the researcher 

identifies the core competencies (KI) and 

essential competencies (KD) needed to 

develop a virtual lab in science-physics 

learning based on the STEM approach to 

temperature and change. The researchers set 

several indicators related to temperature and 

its changes based on this. The development 

of a virtual lab refers to the essential 

competencies and indicators of competency 

achievement, written in Table 1. 

 

Table 1. Basic Competencies and Competency Achievement Indicators 

Basic Competencies Competency Achievement Indicators 

3.4 Analyzing the concepts of temperature, 

expansion, heat, and heat transfer, also their 

application in everyday life, including 

mechanisms to maintain body temperature 

stability in humans and animals 

3.4.2 Describe the different types of thermometers. 

3.4.3 Determine the temperature scale by measuring the 

temperature using a thermometer 

4.4 Conducting experiments to investigate the 

effect of heat on the temperature and shape of 

objects and heat transfer 

4.4.1 Determine the temperature scale by measuring the 

temperature using a thermometer 

According to the physics instructor's 

interview, kids only listen to what the teacher 

says during learning exercises. When pupils 

don't comprehend, they ask questions. 

Student answers questions. Not all are quiet 

or chat with their neighbors. Students can't 

answer physics issues on their own. Students 

can't understand physics because of this. 

Students liked physics classes but often 

got bored with the material and lab work. 

They don't conduct much practical work in 

the lab due to obstacles like not enough tools 

and materials and rusted tools. 

Based on the findings, STEM-based 

science and physics learning virtual lab 

products were created to help students 

complete experiments without being in the 

lab. This helps pupils comprehend physics by 

getting them moving. 

 

Design 
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This virtual lab consists of several parts: 

a diamond display containing a username and 

password, a virtual lab display, essential 

competencies, core competencies, learning 

objectives, materials, simulations, developer 

identities, and evaluation questions. The 

pictures of some parts of the virtual lab 

design based on the STEM approach for 

more details are presented in Figure as 

follows: 

 
Figure 2. Diamond display 

 

 
Figure 3. STEM approach-based virtual lab preview 

 

 
Figure 4. Basic Competencies Menu Display and  

  Indicator 

 

 

 
Figure 5. Material and video depicting the imagined 

                aspect 

 

 
Figure 6. Display of the case from the ask aspect 

 

 
Figure 7. Display Menu Plan 

 

 
Figure 8. Technology Characteristic Display 
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Figure 9. Display Aspect create 

 

 
Figure 10. Display of mathematical characteristics 

 

The constructed virtual lab design is 

evaluated utilizing an instrument in the form 

of a validation sheet questionnaire. The 

instrument is supplied to professional 

validators to assess the viability of the virtual 

lab before being given to students and 

teachers once the product is ready for testing. 

Questionnaire on a validation sheet to 

examine numerous areas of the virtual lab 

assessment, including presentation 

feasibility, content feasibility, and language 

and writing feasibility. A teacher and student 

response questionnaire was also created to 

assess the feasibility of implementing a 

virtual lab based on the STEM approach. 

 

Develop 

The validation stage is included in the 

virtual lab development stage and is 

delivered to three professional lecturers in 

the previously designed virtual lab. 

The validator's recommendation is 

utilized as a reference for refining the product 

results to create a virtual lab that is based on 

a good STEM approach and can be used as a 

learning medium to improve student learning 

outcomes. Table 2 shows some suggestions 

and improvements: 
 

Table 2. Validator suggestion revision 

Section Revision 

Simulation At the simulation stage in the virtual lab, where initially there were no case studies, 

a case study was added according to the material temperature and its changes 

Engineering and plan 

stage 
 At the engineering stage, different room temperatures were added, initially, 

the room temperature was 20o C, and after being revised, room temperature 

variations were made 

 At the planning stage, which initially did not appear in the virtual lab, after 

being revised, a new page was added so that students could plan their picture 

of the practice to be carried out. 

Improvements to 

indicators with sufficient 

scale 

 Improved the appearance of the virtual lab to make it more attractive 

 Improve the instructions/steps of the virtual lab 

 Improved the virtual lab to make it easier for students to use 

 Improving aspects of technology 

 

The main characteristic of this virtual lab 

based on the STEM approach consists of 

development steps by applying the STEM 

approach and using the steps of the 

engineering design process (EDP) consisting 

of ask, imagine, plan, create, and improve. 

The simulation section consists of three 

practical simulations based on solving 

problems in the case study. The developed 

virtual lab also makes it easier for students to 

use because it does not require the internet or 

a particular application to open the 

application. Virtual lab on temperature 

materials and changes are only developed to 

see temperature changes when a thermometer 

is dipped in cold and hot water. 

Therefore, the developed virtual lab has 

novelty because the developed virtual lab 

practicum explains in more detail and makes 

variations so that students can compare the 

concept of temperature and its actual 

changes. After the virtual lab has been 
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revised according to the validator's 

suggestions, the validator fills out the virtual 

lab assessment sheet. The assessment is 

based on the feasibility of the presentation, 

the content, and the feasibility of language 

and writing. The results obtained can be seen 

in Table 3. 

 

Table 3 . Virtual Lab Feasibility Test Analysis Results 

No Aspect 
Percentage of Assessment Results from the Three 

Validators 

1 Serving Eligibility 
86.67% 

Very Eligibility 

2 Content Eligibility 
85.33% 

Very Eligibility 

3 Language and Writing Eligibility 
91.67% 

Very Eligibility 

Average Percentage of All Aspects 87.89% 
 

 

Table 3 shows that the average 

percentage assessment of all aspects obtained 

is 87.89%, which means that the virtual lab 

product based on the STEM approach is 

classified in the very feasible category. The 

assessment is obtained from the average of 

the three aspects of the assessment. Suppose 

you look at each aspect, in terms of the 

feasibility of presentation, the feasibility of 

the content, and the aspect of language and 

writing. In that case, all three are included in 

the very feasible category. After going 

through a validation process by a validator 

consisting of three expert lecturers who 

showed that the virtual lab produced was 

very feasible, the virtual lab based on the 

STEM approach was tested on class VII Tusa 

students and teachers at SMPN Unggul 

Tunas Nusa. 

Disseminate 

Student learning outcomes were 

assessed using pretest and post-test questions 

in the form of essay questions consisting of 6 

questions regarding the material temperature 

and its changes. The pretest-posttest data 

obtained were then processed and analyzed 

to see whether there was an increase in 

student learning outcomes before and after 

the implementation of the STEM-based 

virtual lab. To see the results of increasing 

student learning outcomes, researchers used 

the N-gain test with the help of SPSS. The 

data obtained have also been tested for 

normality using the Shapiro-Wilk test with 

the help of SPSS. The results of data 

processing or analysis of the average pretest-

posttest scores obtained can be seen in Table 

4.
 

Table 4 . Results of Data Processing Student Learning Outcomes 
Average Value Normality N-Gain Category 

Pretest Posttest Sig. Pretest Sig. Posttest 
0.80 High 

24.57 84.45 0.57 0.19 

The average scores students received on 

pre- and post-tests provide insight into the 

learning that took place for that particular 

student body. It is possible to see in the table 

that is located above that the average 

acquisition of the pretest test scores for 

student learning outcomes before the 

implementation of a virtual lab based on the 

STEM approach showed a score of 24.57; 

this demonstrates that students' knowledge of 

temperature material and its changes are still 

low. The purpose of the posttest, which was 

administered after the session, was to 

determine whether or not a STEM-based 

virtual lab led to an improvement in the 

learning outcomes of the class as a whole. 

The results of the posttest that were collected 

showed that the average value was 84.45. 

The Shapiro-Wilk test was carried out in 

SPSS to acquire the pre-test and post-test 
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scores. The data that was acquired has a 

normal distribution if the significant value is 

greater than 0.05, and vice versa. Given that 

the significant value acquired from the pre-

test score was 0.57 and the post-test score 

was 0.19, it is possible to conclude that the 

pre-and post-test scores obtained by both 

students followed a normal distribution 

because they were greater than 0.05. A score 

of 0.80 was achieved in the high category of 

the N-gain test to investigate whether or not 

there was an improvement in the learning 

outcomes of students. This demonstrates an 

increase in the learning outcomes of students 

as a result of the implementation of a virtual 

lab that takes a STEM-based approach. 

During the process of developing a 

virtual lab based on the STEM methodology, 

the observation sheet served as the primary 

tool for determining how effectively learning 

was put into practice. The observation sheet 

that was used had been used before and was 

taken from (Ismail et al., 2016). The 

outcomes of the investigations carried out are 

shown in the following table, which may be 

found in Table 5. 

 
Table 5. Virtual Lab Implementation Observation 

Data Based on STEM Approach 

No Observer 
Percentage 

(%) 
Category 

1 Observer 1 

83.01 % Very High 
2 Observer 2 

3 Observer 3 

4 Observer 4 

 

Based on table 5, it can be seen that the 

results of the observation of the virtual lab 

based on the STEM approach obtained an 

average percentage of 83.01%, with a very 

high category. The high level of student 

activity is because students are very actively 

involved in the learning process during the 

learning process using a virtual lab based on 

the STEM approach. Learning activities 

using a virtual lab based on the STEM 

approach indirectly students understand the 

use of computers in terms of the development 

of students to be technology literate. 

Based on the results of observations 

observing the virtual lab activities based on 

the STEM approach of students during the 

learning process, the results obtained can 

support increasing students' abilities to the 

concept of temperature and its changes, 

which are measured using students' learning 

outcomes tests. Based on the test analysis 

results, there was an increase in the pretest-

posttest as seen from the N-gain score of 

0.80, and was in the very high category 

(Table 5). The results obtained can be said 

that the virtual lab based on the STEM 

approach is very well used as a learning 

medium to improve student learning 

outcomes. 

Based on the results of the analysis that 

has been done, students give very practical 

results to the virtual lab based on the STEM 

approach that has been developed. It is shown 

that the questionnaire score obtained is 96.15 

and is in the very practical category. This 

shows that students are very enthusiastic and 

very interested in learning using a virtual lab 

based on the STEM approach to the concept 

of temperature and its changes. (Kurniasari et 

al., 2020) also conveyed this, who said that 

the virtual lab practicum media was 

instrumental in supporting practical learning. 

Using a virtual lab based on the STEM 

approach, students also have a guide in 

carrying out practicals to increase students' 

creativity. So, it can be concluded that the 

virtual lab based on the STEM approach is 

practical to apply in learning. 

Based on the results of the analysis 

obtained from the teacher's response 

questionnaire, it was found that the teachers’ 

response questionnaire gave very practical 

results to the virtual lab based on the STEM 

approach that was developed. The 

questionnaire results obtained in the 

practicality test of the teachers’ response 

questionnaire of 3.31 were then matched with 

the interpretation of the teachers’ response in 

table 3.8 so that it was included in the very 

practical category. Thus, the developed 

virtual lab can be used by the teachers as a 
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learning medium to improve student learning 

outcomes. 

 

Discussion 

The 4D development model 

(Thiagarajan et al., 1974) was selected as a 

reference for this research because it has a 

systematic and more uncomplicated stage to 

generate a decent product. This choice was 

made based on the research results that have 

been carried out. Overall, this decision was 

made. The generated product has been put 

through the testing phase to determine its 

feasibility, which includes the level of 

validity, practicality, and efficacy, and 

actions to revise the product to produce better 

versions of it, which are currently in the 

stages of development. Therefore, it is 

generally accepted that products for the 

virtual lab that is based on the STEM 

methodology can successfully be built 

utilizing 4D models. 

The validity of this study can be found in 

the validity of presentation, as well as the 

feasibility of the material, as well as the 

feasibility of the language and writing. After 

passing through the validation process, the 

results of the process analysis are used as 

guidance for updating the product (Rokhim 

et al., 2020). According to the findings of the 

evaluation, the score on the presentation 

feasibility indicator is 86.67 percent, the 

score for the content feasibility indicator is 

85.33 percent, and the score for the language 

and writing eligibility is 91.67 percent. As a 

result, the product, which has undergone 

multiple rounds of changes, has been deemed 

to be very genuine. Both the presentation and 

the content of quality educational media are 

indicators of its value as a teaching tool 

(Nurrita, 2018). According to the findings of 

(Muchson et al., 2018), the percentage of 

virtual lab feasibility ranges between 81 to 

100, indicating that the development of a 

virtual lab can be considered to be very 

practical for use in educational settings. 

Therefore, the presentation of all of the 

information and media in a unified unit 

serves to support and strengthen each other 

as we create this product. 

The findings of a user or user evaluation 

might provide insight into the practicability 

of a product. If the respondent indicates that 

the product generated may be implemented 

in the field and the level of implementation 

of the product falls into the "good" category, 

then the product that was developed might be 

considered to have some degree of 

practicality (Haviz, 2016). The average score 

that was attained by all 29 students was 

96.15, and the score that the instructor 

awarded was 3.31. The score is understood to 

be an effective evaluation criterion for both 

the responses of the instructor and the pupils 

(Riduwan, 2009). In a pedagogical sense, the 

newly generated medium is incredibly 

helpful in supporting practical learning 

(Rokhim et al., 2020). Therefore, it is 

possible to conclude that the product in the 

form of a virtual laboratory that takes an 

approach based on STEM is stated to be 

highly useful in its application. 

The efficiency can be observed in the 

research, which demonstrates that the results 

of the post-test scores on the question 

indicators are greater than the pretest scores 

that were acquired. This suggests that effect 

was achieved. This demonstrates that the 

implementation of a virtual lab centered on 

STEM principles, which has been carried 

out, is very effective in enhancing the 

learning results for students. This adheres to 

(Mauliza, 2018) theory, which argues that the 

virtual lab can be successfully implemented 

in a setting where all aspects are carried out. 

This follows the logic of the theory. Students 

learning results and attitudes can be 

significantly improved by the use of the 

virtual lab. 

The difference in scores between the 

pre-test and the post-test may be attributable 

to an increase in student interest or a new 

learning environment that inspires students to 

feel more passionate about carrying out 

virtual laboratories based on the STEM 

approach. Students feel more at ease and are 

exposed to more engaging content while they 
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are learning with the help of a virtual lab that 

is based on the STEM approach. This adheres 

to (Junaidi et al., 2016) idea, which claims 

that establishing a virtual lab in which 

students believe that the learning carried out 

adds a new subtlety and stimulates them to 

understand physics. 

When using a virtual lab that is based on 

the STEM approach, students have an easier 

time understanding temperature-sensitive 

material and the changes that it undergoes. 

This can lead to improved learning results. 

Students have the opportunity to be actively 

involved in the learning process, which 

enables them to rapidly develop their abilities 

with the components contained in a virtual 

lab based on a STEM approach. This 

approach includes aspects of science in the 

form of knowledge and understanding of 

concepts, as well as aspects of technology in 

the form of the capability to use technology 

in the use of virtual tools. Lab, engineering in 

the form of systematic skills in compiling 

work stages sequentially, and mathematics in 

the form of students' abilities in generalizing 

data and unit conversion. These are the three 

areas that will be covered in this unit. (Ismail 

et al., 2016) theory, which claims that a 

virtual lab based on a STEM approach 

comprises four skills, namely science, 

technology, engineering, and mathematics, 

can be used in this situation. This is by 

(Ismail et al., 2016) theory. Because the 

presence of these four competencies will 

generate curiosity among the students, it will 

lead to increased interest in the lessons that 

are being offered by the teacher. Recognize 

the students. 

Students engage in an in-depth 

exploration of each practical step in the 

virtual lab as part of the learning process. The 

focus of their investigation is on the idea of 

temperature and how it varies. They can 

locate and comprehend the content in the 

virtual lab very fast, which increases the 

students' level of interest and motivation. 

According to (Nolen & Koretsky, 2018), the 

use of a virtual lab had a seamless impact on 

the activities that students participated in 

throughout their practice experiences. This 

finding is consistent with what was stated by 

(Nolen & Koretsky, 2018). This is also 

backed by research, which suggests that the 

value of learning outcomes utilizing virtual 

laboratories shows a value of 49 percent. This 

value indicates that virtual lab are effectively 

used to increase student learning outcomes. 

According to the findings of the study done 

by (Herga et al., 2016), making use of a 

virtual lab that offers visualization can be an 

effective technique to pique the attention of 

students in the process of learning a topic that 

is generally regarded as being dull. 

Following the findings of the 

investigation into the N-gain test, all things 

considered, there was an increase in the 

number of students both before and after they 

were administered a test that fell into the high 

category. According to (Rissanen, 2014) 

theory, which claims that STEM-based 

learning can increase students' skills 

relatively rapidly and make it easier for 

students to understand a learning material, 

this finding is consistent with that idea. In 

addition, according to (Permanasari, 2016), 

education centered on STEM subjects can 

teach students how to apply the knowledge 

they gain to the process of design, which is a 

kind of problem-solving that is tied to both 

the environment and technology. 

Overall, student learning outcomes using 

a virtual lab based on the STEM approach are 

valid, practical, effective to use, and 

appropriate to be applied in schools 

following the applicable curriculum and are 

one of the 21st-century characteristics 

regarding the use and utilization of 

technology. Following the research, (Dewi et 

al., 2019) states that the virtual lab based on 

the STEM approach is very feasible to use 

and can be applied to learning. With various 

activities carried out based on the virtual lab 

based on the given STEM approach, it can 

make it easier for students to understand the 

temperature material and its changes so that 

when given a test, students will be easier to 

complete and the results obtained will be 

higher than the previous results. 
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Based on the research results obtained, 

the virtual lab based on the STEM approach 

can be used as a learning medium for 

educators to improve student learning 

outcomes. Interest in a virtual lab based on a 

STEM approach can increase students' 

motivation by attracting their attention, 

maintaining their attention, and creating 

involvement in the learning process 

(Smaldino et al., 2011). So, the existence of 

a virtual lab based on the STEM approach 

can help students more easily understand and 

discover new concepts by being directly 

involved in the discovery of new concepts. 

Virtual lab based on the STEM approach also 

encourages students to be more proficient in 

using technology, which is a form of 

technology-centered change in society 5.0. 

As with the virtual lab based on the STEM 

approach, students are more required to play 

an active role in generalizing and 

constructing their knowledge so that students 

better understand the experiment. Thus, a 

virtual lab based on the STEM approach can 

help students improve learning outcomes 

(Permanasari, 2016). 

 

CONCLUSION AND SUGGESTION 

This study resulted in the creation of a 

virtual lab based on a STEM approach to the 

concept of temperature and its variations. 

The construction of a virtual lab based on the 

STEM approach was developed and 

validated for validity by a validator 

consisting of three experts. The virtual lab 

product based on the STEM approach had an 

average percentage assessment of 87.89 

percent, which places it in the extremely 

feasible category. 

Teachers and students are given 

practicality, which results in very practical 

criteria. This may be observed in the value of 

the teachers' questionnaire, which received a 

score of 3.31 in the extremely practical 

category, and the students' response 

questionnaire, which received a score of 

96.15 in the same category. 

The virtual lab, which uses a STEM 

approach, is also assessed. The N-gain 

average score of student learning outcomes 

shows an improvement in learning outcomes 

of 0.80, which is in the high category and is 

very useful to implement since it can improve 

student learning outcomes. 
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