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Abstract  The research aims to educational technology 
for microscopic concept of virtual physics laboratory (VPL) 
on the concept of heat transfer. Heat transfer is one of the 
concepts in physics that is often considered difficult by 
students because it contains abstract and microscopic 
concepts. This is exacerbated by not conducting 
experimental activities, therefore the media is needed in the 
form of virtual labs that can visualize the process of heat 
transfer microscopically. This research method is research 
and development using Phases of the 4-D model which 
includes 4 Phases: defining, design, developing and 
disseminating. VPL media that has gone through the 
Phases of validation and revision, then through the testing 
phase is limited to 60 students. The results of VPL media 
expert obtained an average value of 87,50 % with a very 
good category, results of VPL content expert obtained an 
average value of 84.44 % with a very good category, and 
the results of Test were limited to students obtaining an 
average score of 86 % with a very good category. It can be 
concluded that the learning media developed in the form of 
VPL can visualize the process of microscopic heat transfer 
that can be used in physics learning.  

Keywords  Educational Technology, Learning Media, 
Virtual Physics Laboratory (VPL), Microscopic Concept 

1. Introduction
Science is born from the observation of a natural 

phenomenon which is studied continuously and 
systematically so that a concept of science is obtained. 
Science can be claimed as scientific knowledge, that is, a 
science that has been tested for truth through systematic or 
scientific methods [3]. Physics is one branch of Science 
specifically studying physical phenomena that occur in the 

universe both macroscopic and microscopic [10]. If 
microscopic phenomena can be understood, the 
macroscopic phenomenon can also be easily understood 
[19]. Physics learning has been trapped in method routines 
that are formulaic and problem solving, so the learning 
process, especially physics subjects in schools, has not 
produced the results as expected [17].  

The process of learning physics should be a learning 
process that involves complex student activities. In each 
study, efforts must be made to deliver students to the 
mastery of the competencies proclaimed. In the minimum 
learning process there are two very important elements, 
namely the learning model and learning media, where both 
aspects are interrelated [14]. Learning media becomes a 
tool that can be used to visualize abstract concepts, so 
students can more easily understand the concepts being 
taught. The use of instructional media by teachers in 
learning activities becomes an important part that must be 
prepared carefully and planned in teaching and learning 
activities. 

The use of appropriate learning media can facilitate 
students in understanding abstract concepts as a whole. The 
concept of physics that is considered difficult is one of 
them is the transfer of heat. This concept is difficult to 
understand because it cannot be observed directly by 
students. This is in accordance with the results of the study 
"Characteristic of physics consists of microscopic 
properties and macroscopic. Physics is defined as a concept 
that can be observed with the eye and measured [18]. Heat 
transfer contains concepts that are difficult to observe 
directly by students so that the use of learning media in 
learning activities has an important role as a teacher's aide 
in explaining the concept of heat transfer. The results of a 
preliminary study conducted by researchers in several 
teacher in senior high schools in Indonesia with the method 
of interviewing several physics teachers showed that in 
general the availability of learning media was still very 
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lacking and needed in physics learning. Based on the 
preliminary study that has been carried out, it can be 
concluded that the need for a learning media in learning 
physics, especially in microscopic concepts. Therefore, 
given the importance of the function and role of learning 
media as a means of teachers in the learning process, the 
need for the development of learning media that can 
visualize microscopic concepts. The development of 
various visualization media of physical phenomena that are 
abstract and microscopic until now has been carried out for 
the benefit of the social learning process, including e.g.: 
optical simulation [2]; simulation of electricity and 
magnetism [8]; virtual laboratory simulation of core 
physics [12]; virtual laboratory simulation about science 
learning [7]; virtual laboratory simulation of electric circuit 
[15]; virtual laboratory simulation of modern physics [6]; 
Virtual simulation of thermal expansion [19]; heat transfer 
simulation [20]; virtual laboratory simulation [9]; 
simulation of battery dry cell [18].  

Based on the research that has been done before by the 
researchers it can be concluded that the development of 
learning media in physics learning has been widely carried 
out especially on microscopic concept [4]. Until now, 
learning media in the form of simulations developed 
mostly not yet virtual labs are still limited to ordinary 
simulations which visualize microscopic physical 
phenomena [23] but, not yet facilitated for model 
manipulation. As for the learning media on the concept of 
heat transfer, the development is only limited to ordinary 
simulation media, not yet virtualized. Therefore, the need 
for the development of learning media that can visualize 
concepts or physical phenomena concerns heat transfer by 
conduction, convection and radiation at the microscopic 
level. 

2. Virtual Laboratory (VL) 
Virtual Laboratory is one of the multimedia learning 

formats categorized into simulation and experiment or 
experimental groups. The simulation format is a format 
that tries to match the dynamic processes that occur in the 
real world, for example to simulate flying plane, where 
the user seems to be doing activities flying an airplane, 
running a small business, or controlling a nuclear power 
plant [15]. Basically this format tries to provide 
experience of real-world problems that are usually 
associated with a risk. The format of experiments or 
experiments is similar to simulations, but is more aimed at 
practical activities in science, biology, chemistry and 
physics laboratories [22]. The program provides a series 
of tools and concepts, then users can conduct experiments 
or experiments according to instructions and then be able 
to develop other experiments based on these instructions. 
It is expected that in the end the user can explain a 
particular concept or phenomenon based on the 

experiments they have done in a VL [5]. VL can be used 
to transfer both conceptual and procedural knowledge. VL 
can be used to overcome the limited tools and chemicals 
for lab work, can provide a visualization of how the 
laboratory is done. 

Based on some experts' opinions, it can be concluded 
that VL as a product of computer-based learning media 
and technology innovation can be applied in schools with 
information technology in the `learning process. VL are 
cheaper, safer and suitable for use by students who have a 
visual learning style because students can explore VL 
according to their speed and needs. VL is very useful as a 
medium for teaching safe and inexpensive. 

Functions and Uses of VL can be used to support a 
practicum system that runs conventionally and also 
provides a visualization of how the practicum is carried 
out, as good as overcoming obstacles that make practicum 
difficult to do, so that chemical experiments that cannot be 
carried out in a real laboratory because the limitations of 
tools and concept like real to do with a VL. By using a 
virtual lab, students can freely explore knowledge through 
replacing various parameters contained in the 3 simulation 
practices, so that analysis can be obtained without having 
to use instruments and chemicals that are dangerous and 
expensive. Virtual labs or simulation laboratories have 
been used for two purposes in chemical education. First, 
virtual labs are used to provide and show visual 
representations of chemistry concepts to students and the 
second virtual laboratory is used to provide students with 
readiness in laboratory activities [16]. The advantages of 
Virtual laboratory in learning at school are familiar. A lot 
of learning in schools is not possible for practicum 
activities because certain reasons use virtual labs to assist 
in mastering concepts. The use of virtual labs is still 
carried out of course because the VL has advantages [7] 
suggested that the advantages of virtual labs are as 
follows: 
a. Improve creative thinking skills and scientific 

problem solving. 
b. Develop skills in the ICT field without ignoring 

laboratory knowledge. 
c. You don't have to bring in actual practical equipment, 

which sometimes doesn't make it affordable. 
d. Practicum can be done anywhere and anytime. 
e. Safety, with learning using a virtual laboratory of 

student safety is guaranteed because it does not 
experiment directly. This is beneficial if research is 
carried out with hazardous substances. 

f. Can expand student experience, because it provides 
an opportunity to explore places in the world that are 
impossible in the real world. For example nuclear 
production, explosive mountain processes, and life in 
space. 

g. The opportunity to investigate, provides the 
opportunity for students to experiment with 
simulations in the surrounding environment.   
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The one of the advantages of using a VL is the 
visualization at the microscopic [1]. The submicroscopic 
visualization of the virtual laboratory can be used as an 
alternative learning because traditional teaching is not 
enough to attract students' interest and is considered 
boring. Based on the advantages expressed by the experts, 

it can be seen that the virtual laboratory use in learning 
can be done if practical laboratory activities in the 
laboratory are not possible. The following is an analysis of 
the availability of virtual laboratory simulation media on 
the heat transfer material that has been developed [21].  

Table 1.  Analysis of Availability of Virtual Simulation Media in Heat Transfer Material 

Media Developed Virtual Simulation of Heat Transfer Source Information 

 

https://phet.colorado.edu/en/simul
ation/legacy/energy-forms-and-ch
anges 

This conduction and convection 
simulation cannot display 
physical processes 
microscopically and cannot 
display data only as a description 
of physical phenomena. 

 

http://www.hk-phy.org/energy/do
mestic/heat_phy/flash/heat_transfe
r3.swf 

This simulation can display the 
heat transfer physical process 
microscopic. However, model 
manipulation and expansion 
have not been able 

 

http://sustainability.sellafeldsitesc
om/resources/heatonthemove/heat
onthemove.swf 

This simulation cannot display 
the physical process of heat 
transfer microscopically. 

 

http://www.fossweb.com/delegate/
ssi-foss-ucm/Contribution%20Fol
ders/FOSS/multimedia/Weather_o
n_Earth/heatandenergy/HeatandEn
ergy.swf 

This simulation can display the 
heat transfer physical process 
microscopic, but not yet model 
manipulation and expansion in 
learning. 

 

https://www.google.co.id/url?sav
m=bv.108194040.d.c2E 

This simulation can display the 
heat transfer physical process 
microscopic, but not yet model 
manipulation and expansion in 
learning. 

 

http://physicsmaster.orgfree.com/
E-Media/Fisdas/11-Kalor.swf 

This simulation can display the 
heat transfer physical process 
microscopic, but have not been 
able to manipulate the model 
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Based on Table 1, information was obtained that some 
simulation media on the concept of heat transfer still 
lacked and could not be said as a virtual laboratory 
simulation media. Therefore, a media development design 
was needed to get a product in the form of a virtual 
laboratory on the concept of heat transfer. 

3. Material and Method 
The research is a research and development (R & D) that 

is oriented towards product development. In this study the 
product developed was in the form of Virtual Physics 
Laboratory (VPL) media on the concept of heat transfer. 
The design of this study refers to several Phases of the 
development research model. The development research 
model used is a 4-D model developed [13]. The 4-D 
development model consists of four main Phases, namely: 
Define, Design, Development and Disseminate. But in this 
study only carried out until the Development Phase, 
namely limited Test to students to find out students' 
responses to the media that have been developed. This 
development research was carried out in the 2018/2019 
academic year, namely in the odd semester. The location of 
this research is in one of the teacher colleges in Indonesia. 
The subjects of the Test in the media development research 
Virtual Physics Laboratory (VPL) on the concept of heat 
transfer were students of 5 semesters of 60 people. This 
Phase was carried out to determine the students' responses 
to the VPL media developed. The object of this research is 
virtual lab-based learning media on the concept of heat 
transfer which can visualize macroscopic and microscopic 
phenomena. The instruments used to collect data in this 
study are Questionnaires compiled include three types 
according to the role and position of the respondents in this 
development research. The research instrument was in the 
form of a questionnaire compiled based on the grid that had 
been developed and arranged using a questionnaire scale.  

3.1. Media Evaluation Questionnaire for Virtual 
Physics Laboratory (VPL) in Media Experts 

The media assessment instrument was tested by media 
experts to measure the feasibility of VPL media that had 
been developed by researchers. Making instruments for 
data collection is based on the criteria for making good 
interactive multimedia by several experts and reference 
sources, including the opinions expressed [11]. The criteria 
for assessing multimedia-based computer-assisted teaching 
said to be good are as follows: 
a. Ease of navigation. A program must be designed as 

simply as possible so language learners do not need to 
learn computers first. 

b. Cognition is knowledge and presentation of 
information. This criterion is to assess the content of 
the program itself, whether the program has fulfilled 
the learning needs of the learner or not. 

c. Media integration where the media must integrate 
language aspects and skills that must be learned. To 
attract the interest of learners the program must have 
an artistic appearance. 

d. The program developed must provide the learning 
desired by the learner. The following is the aspect 
used to assess VPL media in Table 2. 

Table 2.  Questionnaire Aspect Media Expert 

No  Rated Aspect Indicators of assessment aspects 

1 Quality of 
media design 

 Reliable  
 Maintainable  

2 Media 
interactivity 

 Communicative 
 Creative in the following ideas 

pouring ideas Visual (layout 
design, typography, color) 

 Mobile media (animation, movie, 
interactive layout, navigation icon) 

3.2. Questionnaire for Media Evaluation of Virtual 
Physics Laboratory (VPL) in Content Experts 

The questionnaire is used to obtain data on the validity 
of VPL media products developed by researchers through 
testing by material experts. Following are the questionnaire 
grids in Table 3. 

Table 3.  Questionnaire Aspect for Content Experts 

No  Rated aspect Indicators of assessment aspects 

1 Suitability of media with curriculum 

 Material conformity with basic competencies 
 Material depth 
 The relevance of learning objectives with basic competencies 
 Ease to be understood, systematic, coherent, clear flow of logic 
 Completeness and quality of study aid concept 
 Compatibility of material with learning objectives  

2 Motivation to learn 
 Presentation of material logically and systematically 
 Material presentation motivates learning 

3 Language 
 Compliance with Indonesian language rules 
 Language effectiveness and efficiency 
 Completeness of information in the media 
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3.3. Student Response Questionnaire 

Questionnaire for student responses is done to see student activities during the learning process with the multimedia 
learning model that is applied. Observations made are structured observations using a scale that is carried out on student 
learning activities during the teaching and learning process. The questionnaire grid to find out student responses to VPL 
media is shown in Table 4. 

Table 4.  Grid of Student Response Questionnaire 

No  Rated aspect Indicators of assessment aspects 

1 Relevance 
 Update in using media 
 Can facilitate understanding the concept or material 
 Have content that is in accordance with student interests 

2 Confidence 
 Can motivate learning 
 Encouraging feelings can learn the contents of learning material 
 Encourage curiosity in learning 

3 Satisfaction 
 Feeling happy after learning the material 
 Ease in using media 

3.4. Research Procedural 

The research procedure is concrete and detailed steps, the elaboration of the chosen development model, namely the 
4-D model. Therefore, according to the development model above, the procedure of this study is described in Figure 1. 

 

Figure 1.  4D Model  
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Based on Figure 1, obtained information, the first step, 
defining is done by analyzing the curriculum done to 
gather information. Continued with a needs analysis 
carried out to see firsthand the state of the school, the 
potential it possesses, the availability of learning media 
facilities. The results of this field study concluded that 
physics subjects, especially heat transfer material, require 
media in learning. As well as material analysis is also 
called the learning design Phase. Learning design making 
contains elements (1) identification of competency 
standards; (2) analysis and determination of basic 
competencies; (3) formulation of indicators of success; (4) 
Making benchmark reference test items; (5) development 
of learning strategies; and (6) development and selection 
of learning media. The second step, the design of media 
development is carried out through the following steps: (1) 
Creating a schematic flowchart that is used as a navigation 
channel on the media developed. (2) Collecting supporting 
concept such as clip art images, animations, images, 
sounds, etc. that are used to create media. (3) Creating a 
storyboard that is used to make the correct frames. (4) 
Producing concept through computers using Adobe Flash 
based on storyboards and flowcharts. (5) Prepare 
instruments to assess the media developed by media, 
content and student experts. The third step, the evaluation 
phase of the VPL product consists of (1) validating the 
product through content experts and media experts, then 
proceeding with data analysis and product revisions. (2) 
Limited Test involving 30 students, followed by data 
analysis and product revisions. The fourth step, 
Disseminate is the final Phase in research and 
development where product development is promoted to 
be acceptable to users, either individuals, groups, or 
systems. This Phase of dissemination (disseminate) is the 
Phase of the use of devices that have been developed on a 
wider scale, for example in other classes, in other schools, 
by other teachers. The disseminate Phase in this research 
and development cannot be done due to time constraints. 
Therefore the research and development of Virtual 
laboratory Media according to the 4-D model only reaches 
the Phase of development or limited testing phase.  

Data analysis using quantitative data analysis methods. 
Data is obtained from the results of questionnaires given 
to media experts, teacher and student content experts on 
the assessment of the media being developed. In addition, 
data is also taken from suggestions and criticisms 
regarding the quality of virtual multimedia products used 
in science learning. 

4. Results and Discussion 
The research on the development of virtual physics 

laboratory (VPL) was carried out based on the Research 
and Development (R & D) procedure using a 4-D 
(defining, designing, developing and disseminating). In 

this study, it was only carried out until the development 
Phase, namely until the Test Phase was limited to students, 
due to time and cost limitations. 

4.1. Results of the Defining Phase 

This define phase is carried out by curriculum analysis 
conducted is to identify the basic competencies of the 
2013 curriculum and understand the depth and breadth of 
competencies that must be developed, then describe and 
base competencies into several indicators. The basic 
competencies of matter of heat transfer are found in basic 
competencies. The analyzing the effect of heat and heat 
transfer which includes the thermal characteristics of a 
material, capacity, and heat conductivity in everyday life. 
Then from the basic competencies described into several 
indicators, namely (1) Explain how heat can move by 
conduction, convection and radiation, (2) Analyzing 
factors that affect the rate of heat transfer by conduction, 
convection, and radiation. 

At the Phase of the virtual lab media needs analysis 
aims to determine the availability of media and the type of 
media used by the teacher when teaching, especially on 
heat transfer. Based on the results of interviews with 
physics teachers in several senior secondary schools, it 
was shown that there was still a low availability of 
physics learning media, especially in heat transfer 
concept. 

The content analysis phase is done by adjusting the 
content with the basic competencies contained in the 2013 
curriculum in Indonesia. The purpose of the content 
analysis is so that the content in the media is developed in 
accordance with the basic competencies contained in the 
heat transfer content. After the content analysis has been 
completed, then proceed to the next Phase, namely the 
design planning Phase. 

4.2. Results of the Design Phase 

Based on the findings at the defining Phase, media 
design was carried out to obtain VPL products on the 
concept of heat transfer. At the design Phase, the VPL 
media work system is designed in the form of a flowchart 
which then designs VPL media in the form of storyboards 
by adjusting the results of the defining Phase of analysis 
of curriculum, needs and content. 

4.3. Results of the Development Phase 

4.3.1. Development of Media Virtual Physics Laboratory 
(VPL) 

The design of the media design of the Virtual Physics 
Laboratory (VPL) has been completed, the next Phase is 
the development of media. The initial Phase in the 
development of media is the process of making media that 
refers to flowcharts and storyboards that have been 
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compiled at the design Phase. At the development Phase, 
it is done by perfecting the VPL media with the Adobe 
Flash application that has been developed by the 
researcher and has been improved based on the feasibility 

test and suggestions from the expert team. This Phase 
includes validation, revision, limited test and final product. 
The following is the display of VPL media that has been 
developed as shown in Table 5. 

Table 5.  Display of Virtual Physics Laboratory (VPL) Products 

VPL Screen Display Description on the VPL Screen Display 

 

Main Display of VPL 

a. "Virtual Physics Laboratory Heat Transfer" is a media title. 
b. The "basic competency" menu button shows a screen containing basic 

competencies. 
c. The "destination" menu button shows the learning destination screen. 
d. The menu button "basic theory" shows a screen of the basic theory of 

heat transfer. 
e. The "simulation" menu button shows the simulation screen for heat 

transfer. 
f. The "info" menu button shows the screen information media maker. 

 

Display of basic media theory 

a. The "conduction" menu button shows the conduction theory screen. 
b. The "convection" menu button shows the convection theory screen. 
c. The menu button "radiation" shows the radiation theory screen. 
d.  The "menu" button shows the main screen. 
e. The "info" menu button shows the media maker information screen. 

 

Display conduction simulation 

a. The "conduction" menu button shows the simulation screen for heat 
transfer by conduction. 

b. The menu button "convection" shows the simulation screen for heat 
transfer by convection. 

c. The menu button "radiation" shows the simulation screen of heat 
transfer by radiation. 

d. Button scroll "length of object" shows changes in length of object. 
e. The scroll button "cross-sectional area" indicates changes in the 

cross-sectional area of the object. 
f. The menu button "microscopic display" shows the appearance of 

objects microscopically conduction. 
g. "Play" menu button to indicate starting the conduction simulation. 
h. "Reset" menu button to indicate repeat conduction simulations. 
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Display convection simulation on gaseous substances 

a. Button checklist to choose to simulate convection in liquid or gas. 
b. Check the checklist button to show the candle on the gas substance 

simulation display. 
c. Check the "log" button to show the log in the simulation display on 

the gas substance. 
d. The checklist button is "microscopic display" to display the view 

microscopically in the simulation of gaseous substances. 
e. "Play" menu button to indicate starting the conduction simulation. 
f. Reset" menu button to indicate repeat conduction simulations. 

 

Display convection simulation in liquid 

a. Check "Bunsen" button to show Bunsen in the display of liquid 
convection simulation. 

b. Check the "microscopic display" button to show the microscopic 
appearance of the liquid convection simulation. 

c. "Play" menu button to indicate starting the conduction simulation. 
d. "Reset" menu button to indicate repeat conduction simulations. 

 

Display radiation simulation 

a. Button check "candle" to show the candle on the radiation simulation 
display. 

b. The checklist "microscopic display" button for 
show microscopic appearance in radiation simulation. 

c. "Play" menu button to indicate starting the conduction simulation. 
d. "Reset" menu button to show repeat conduction simulations. 

 

4.4. Results of the Dissemination Phase 

4.4.1. Media Evaluation Validation Virtual Physics 
Laboratory (VPL) by Experts 

Products that have been made are then consulted to be 
validated by media experts and physics content. This 
assessment aims to obtain input, suggestions, opinions, 
and evaluations of the media that have been made. 
Validation also aims to determine the feasibility of the 
media that has been produced, then tested on students to 
get the expected media development. In this validation 
Phase there are 4 validators consisting of 2 lecturers and 1 
computer teacher as media experts and 1 lecturer as a 

content expert. The results of expert media research can 
be seen in each of the results of the validation 
recapitulation. In general, the results of the validation of 
aspects of media substance by media expert validators are 
some notes and suggestions that are used to improve the 
media.  

From the overall validation that has been done by 
content experts and media experts, the results show that 
the VPL media that has been developed by researchers on 
average is very feasible with some improvements that 
must be made to improve the media. The results of media 
validation and content are shown in Table 6 and Table 7. 
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Table 6.  Results of VPL Simulation Evaluation Validation Media Experts 

No Assessment Aspect 
Rating Score 

I II III 

Quality of VPL Design 

1 All navigation buttons are easy to find, attractive and function 
good 3 3 4 

2 Fonts, font size, font color and letter layout are used 4 4 4 

3 Clarity of simulation, simulation size, and simulation layout 4 3 4 

4 Suitability simulation, simulation size and simulation layout 4 4 3 

5 Background of virtual laboratory simulation media 3 3 4 

6 Text and simulation used 4 4 4 

7 Display color composition used in laboratory virtual simulations 4 4 4 

Total  26 25 27 

Average (percentage) 26 (92, 85%) 

Category Very Good  

Virtual Laboratory Media Simulation Interactivity 

1 Ease of use of the navigation buttons 4 3 4 

2 Clarity of the link button in another page 4 3 4 

3 Ease of material structure to be understood 3 3 4 

4 The use of language is simple and clear 4 2 4 

Total  15 11 16 

Average (percentage) 14 (87, 5%) 

Category Very Good 

Table 7.  Results of VPL Simulation Evaluation Validation Content Expert 

No Assessment Aspect 
Rating Score 

I II III 

Conformity VPL with Curriculum: 

1 Relationship between content and basic competencies 5 4 5 

2 Systematic presentation of content to achieve competence 4 4 5 

3 Achievement of practical learning / demonstration goals 4 4 4 

4 Consideration of the level of difficulty of the content 4 5 4 

5 Suitability between simulations is displayed with content / content 3 4 5 

6 Content relevance with visualization and simulation given 4 5 4 

Total  24 26 27 

Average (percentage) 25, 67 (85, 56%) 

Category Very Good 
Motivational Aspects of Learning: 
 

1 Simulation can develop logical thinking in understanding the 
concept of heat transfer 4 4 5 

2 Simulation can motivate 4 4 4 

Total  8 8 9 

Average (percentage) 8,33 (83,33) 

Category Very Good 

Language aspects 

1 The language used 4 5 4 

2 Complete sentence / information needed by the user 3 4 5 

3 Use of words according to Enhanced Spelling 4 5 4 

Total  11 14 13 

Average (percentage) 12 (84, 44%) 

Category Very Good 
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Based on Tables 6 and Table 7, information is obtained 
that the VPL media that has been developed is in 
accordance with the content of heat transfer and with the 
appearance and interactivity of simulations that are 
already quite good. The media can already be used in 
research after improvements are made based on 
suggestions from experts, so that the media is truly 
suitable for use in physics learning, especially in heat 
transfer concept. 

4.4.2. Student Response to the Media Virtual Physics 
Laboratory (VPL) 

VPL media that has been validated by the expert team 
and revised based on the comments and suggestions of the 
expert team, then conducted a limited Test to students 
with a sample of 30 students. This Test was conducted to 
determine students' responses to media that have been 
made from aspects of media and concept. The following is 
the result of evaluating student responses to VPL media. 

Table 8.  Average Results of Assessment of Student Response to VPL 
Media in Limited Test 

No 
Statement Rating Result 

 Average Criteria 

1 
I feel Learning using simulation is a 
new learning that is carried out at 
our institution 

86,8 Very 
Good 

2 
I feel that SV-FM is used to facilitate 
me to understand physics concepts 
that are not visible to the eye 

80,6 Good 

3 

I feel that SV-FM which is used in 
physics learning further increases 
my motivation to learn changes in 
matter. 

86 Very 
Good 

4 I feel that SV-FM used in learning is 
interesting and easy to understand 87,6 Very 

Good 

5 I feel SV-FM in physics learning can 
help me understand the concept 77,2 Good 

6 
I feel SV-FM in learning physics can 
help me understand microscopic 
concepts of physics2 

82,6 Very 
Good 

7 
I feel that SV-FM that is used can 
make it easier for me to study 
physics 

86,8 Very 
Good 

8 
I feel happy to learn using SV-FM 
and hope that it can be used on other 
subjects 

86,6 Very 
Good 

Score NP (%) 86% 

Category Very Good 

Based on Table 8. The information is obtained that 
students' responses to VPL media can be categorized very 
well. It can be concluded that the learning media 
developed in the form of virtual laboratory media can 
visualize the process of heat transfer that can be used in 
physics learning. 

4.4.3. Characteristics of the Media Virtual Physics 
Laboratory (VPL) 

VPL media design on heat transfer content that has been 

validated and revised based on suggestions and notes from 
experts contains the initial display, main view, basic theory 
display, basic competency schedule, display of learning 
objectives and simulation display. The initial appearance of 
the media is as shown in the following image. 

 

Figure 2.  Initial Display of VPL 

The initial display there is a column "username" and 
"password" and a "login" button. In this initial view, the 
user must enter the username and password data from the 
builder to log in and enter the main media menu. 

 

Figure 3.  Display of VPL Main Menu 

In the main menu display, there is a button "basic 
competencies, goals, basic theory, simulation, logout and 
info". The button "info serves to display profile 
information for media developers. The "logout" button 
functions to exit the media. The "basic competency" button 
serves to display basic competencies on the subject of heat 
transfer. "Destination" button to display the learning 
objectives. Button "basic theory" to display heat transfer 
concept (conduction, convection, and radiation).  
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"Basic theory" button to display the basic theory of heat transfer by conduction, convection, and radiation. In this 
display there are buttons for conduction, convection and radiation, each of which functions to get to the theory that 
corresponds to the button. Following is the basic view of the theory. 

 

Figure 4.  Display of the Basic Theory Menu 

"Simulation" button to display a heat transfer simulation as shown in the following figure. 

 

Figure 5.  Conduction Simulation 
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The demonstration or conduction experiment simulation display there is one object that is clamped by a buffer and 
placed on a table, this rod can be changed in length and cross-sectional area. There are two thermometers that are used as 
indicators of temperature rise at both ends of the rod, as well as Bunsen as a heat source. The form of simulation that can 
be done in this view is a simulation of heat transfer by conduction at one end of the heated rod using Bunsen. In this 
simulation can be shown the microscopic process of heat transfer by conduction. Heat transfer can be observed with an 
increase in temperature at the end of the Bunsen that does not experience direct contact with the heat source using a 
thermometer. Heat transfer can be observed with solid constituent particles that experience direct contact with heat 
sources which vibrate more strongly than particles that do not experience direct contact. The greater the vibration, the 
greater the kinetic energy. The large kinetic energy causes the particles nearby to vibrate to be stronger than before, then 
onwards to the other constituent particles. This can be seen by changing the color gradation of particles from blue 
(indicating lower temperatures) to red (indicating higher temperatures). 

The simulation it can also show variable relations of object length and cross-sectional area of objects with heat transfer 
rate. The length and cross-sectional area of the Bunsen can be changed to show the relationship that the larger the Bunsen 
length, the smaller the heat transfer rate as well as possible, whereas if the cross-sectional area is changed to be enlarged, 
the heat transfer rate becomes even greater. This can be shown from the process of heat transfer in solid constituent 
particles, temperature rise in the thermometer and in the heat transfer rate equation. At the display of the heat transfer rate 
there is an equation that can explain the relationship between the length and cross-sectional area of the Bunsen. 

 

Figure 6.  Conduction Simulation on Two Bunsen 

The conduction simulations on one rod, a simulation of conduction heat transfer can also be carried out between two 
objects. This simulation serves to show the factor of thermal conductivity of a content can affect the rate of heat transfer. 
In this simulation, the heat transfer of the object's rod can be observed with the temperature rise in the thermometer on 
each end of the aluminum and copper rods. In addition, microscopically heat transfer is shown by aluminum and copper 
constituents. The heat transfer rate of copper will be greater than the heat transfer rate of aluminum because the thermal 
conductivity of copper is greater than that of aluminum. This is indicated by particle vibrations and color gradations of the 
bonding particles making up each content and the heat transfer rate equation. Meanwhile, in each simulation display the 
heat transfer process is a menu bar at the top which shows a demonstration simulation / experiment in the heat transfer 
process that is currently active and another menu button that directs the user to the desired simulation. In addition there is 
a "menu" button that functions to return to the main menu appearance. 

When a user clicks the convection button on the menu bar, the user will be directed to the demonstration / convection 
experiment display. In the initial display, the convection simulation screen has a box on top of which there is a 
chimney-shaped hole in the right and left ends respectively. 
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Figure 7.  Simulation of Convection on Gas 

The form of simulation that can be done on this screen is a simulation of heat transfer by convection in the gas. 
Convection in gas, for example, occurs when hot air rises and cooler air drops. This can be observed through this 
simulation. When the candle is lit it will make the air around the candle will be higher than before so that it moves upward 
through the carriage closest to the candle, when the air around the candle rises, the place is replaced by cooler air that 
enters the other chimney. This situation continues to occur so that there is air flow. This can be observed with the 
movement of smoke from wood that has been burned and placed at one end of the chimney and microscopic view. 

In convection simulation not only can you display convection simulations on gaseous substances, but can also display 
demonstration / experimental simulations on liquids. In the initial display of the simulation screen, the heat transfer by 
convection in the liquid contains a container containing water below which Bunsen as a heat source is placed on the table. 

The form of simulation that can be done on this screen is a convection simulation when cooking water. In this 
simulation it can show the microscopic process of heat transfer by convection. Heat transfer can be observed with 
particles below which are closer to the heat source having greater kinetic energy, this can be seen from the movement of 
particles and changes in color coloration of the constituent particles of water. In this section the water will expand so that 
the density of the water becomes smaller than the density of the water that is still cooler above it, consequently this water 
molecule will move up. The part of the water that experiences expansion will move up because the density is smaller, the 
water molecule that is beside the left and right will try to fill the position of the rising part of the water. 

When the user clicks on the radiation button on the menu bar, the user will be directed to the radiation experiment 
simulation screen. At the beginning of the radiation simulation screen, there are props, namely a thermo scope that is used 
to observe the process of heat transfer by radiation. In this thermos cope there are dark, light-colored lampshades which 
are both connected with a (U) shaped pipe filled with alcohols that have a low density. In the middle, the candle is placed 
as a heat source which can emit thermal radiation on the two glass lamps. 
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Figure 8.  Convection Simulation on Liquid Substances 

 

Figure 9.  Radiation Simulation 

The form of simulation that can be done on this 
simulation screen is radiation simulation through wax as a 
heat source that emits thermal radiation at two different 
colored lights which are connected by a pipe (U) filled with 
alcohol as an indicator of temperature changes in both 

lights. In this simulation can be shown the microscopic 
process of heat transfer by radiation. Heat transfer can be 
observed with the rise or fall of alcohol as a temperature 
indicator on both lights. The black lights will absorb more 
heat than the white lights, this will cause the air to be 
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blackened to experience a faster temperature change which 
will make the movement of the air molecules faster and 
will result in higher air pressure in the black lights which 
will encourage alcohol go to the white light pipe section, so 
that the alcohol will be seen down next to the black light 
pipe section and will be seen rising beside the white light 
pipe section. 

In addition, microscopic black light constituents that 
have direct contact with thermal radiation sources have 
greater kinetic energy than before because black lights 
absorb more heat from the emission of thermal radiation 
compared to white lights which absorb less heat and reflect 
more light. Thermal radiation, this is because black lights 
have greater emissivity than white lights. This 
phenomenon can be shown or visualized by the movement 
of the light molecules and changes in the color gradation of 
the particles. 

4.4.4. Feasibility of the Media Virtual Physics Laboratory 
(VPL) 

The description of the results of previous studies, the 
media Virtual Physics Laboratory (VPL) that has been 
developed has been assessed by experts. The evaluation 
validation test is carried out by 4 experts consisting of 
media experts and content experts. Based on the results of 
VPL media validation assessment, it obtained an average 
value of 84.17% and was declared very well. The results of 
the average assessment of the feasibility of each expert on 
VPL media are shown in Figure 10. 

 

Figure 10.  Percentage of VPL Evaluation Validation Media Expert and 
Content Expert 

The Media Virtual Physics Laboratory (VPL), which has 
been validated by a team of experts, was revised based on 
suggestions and notes from the expert team, then limited 
Test were conducted. The average of percentage of VPL 
evaluation validation expert is 85,97 %  the was 
conducted in the department of physics education.  

5. Conclusions 

Based on the results of the research and discussion, it 
can be concluded that the Media virtual physics laboratory 
(VPL) which was developed as a tool in physics learning, 

especially in heat transfer concept has the characteristics 
of (1) displaying both macroscopic and microscopic 
phenomena. (2) Some simulations can be changed so that 
users like to do real labs. (3) Equipped with navigation 
buttons so that they are easy to use (user friendly) and 
attractive and informative. The results of VPL media 
expert obtained an average value of 87,50 %  with a very 
good category,  results of VPL content expert obtained 
an average value of 84.44 % with a very good category, 
and the results of Test were limited to students obtaining 
an average score of 86 % with a very good category. 
Based on the results of the study, it can be concluded that 
the learning media developed in the form of virtual 
laboratory media can visualize the process of microscopic 
heat transfer that can be used in physics learning. 

Based on the results of the research and discussion that 
have been conducted, the researcher can suggest the 
following (1) media that has been developed by the 
researcher, can be continued by other researchers to be 
implemented into the school and used as a means for 
schools to support teaching and learning activities. (2) For 
further research it can be considered the development of 
VPL on the concept of heat transfer, more variables are 
developed so that practicum activities will be virtualized 
better. 
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