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Abstract: Physics is a scientific field that studies a lot of abstract concepts which in the learning 
process demands a lot of ability to do mental depictions of something being studied. This 
study aims to describe the cognitive learning outcomes of students who apply PhET virtual 
laboratory and Real Laboratory on elasticity and Hooke's law. The subjects of this study were 
two classes totaling 70 students of class XI MIPA SMA Negeri 2 Pekanbaru. This research uses 
quasi-experimental research with a quantitative approach and tests (pre-test and post-test) as 
data collection methods. To analyze the data, several analyzes were used, namely descriptive 
analysis (Absorption Power, Learning Effectiveness and Normal Gain Test) and Inferential 
analysis (t-test). The results showed that the average value of the pre-test class that 
implemented the PhET virtual laboratory was 44.40 and the post-test score was 76.20, while 
the average value of the pre-test class that implemented the Real Laboratory was 43.80 and 
the score was 43.80, post-test was 84.20. The absorption category achieved by the two classes 
is in the same category, namely good and the effectiveness of the learning used is in the 
effective category. This shows that the learning outcomes of the two classes have increased 
with the average gain test being classified in the moderate criteria, namely 0.54 and 0.70. In 
summary, the use of PhET Virtual Laboratory and Real Laboratory has a significant effect on 
students' cognitive physics learning outcomes. PhET Virtual Laboratory and Real Laboratory 
are effective for teaching Elasticity and Hooke's Law as an alternative to physics experimental 
activities. 
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Introduction  
 

Natural science (IPA) is a way of systematically 
understanding nature, mastering knowledge, facts, 
concepts, principles, discovery processes, and having 
scientific insight (Religia, 2017). Science is not only the 
mastery of knowledge in the form of facts, concepts, or 
principles but also a process of discovery (Khairunnisyak, 
2018). To master and understand science cannot be 
separated from observation or laboratory experiments. 

Physics learning has a very important role for 
improve the quality of a nation. Physics learning is 
directed to the goal is that students can develop skills 
intellectually, think critically, logically, and scientifically 
and able to understand the concept, and solve problems 
especially those that related to everyday life. To achieve 
this goal, teachers must be skilled in choosing suitable 
models and media to be applied in the classroom 
(Siswadi, et al., 2016). Physics is a scientific field that 
studies a lot of abstract concepts which in the learning 
process require a lot of ability to do mental depictions of 
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something being studied (Azhar, 2013). Science, 
especially physics, is a process and product, a process 
that refers to the stages/procedures for finding physical 
products (facts, concepts, principles, theories, or laws) 
which are carried out through scientific steps (Hanna, et 
al., 2017). 

In science, one of the important aspects in finding 
applicable principles or laws is observation or 
observation of events, which includes the design and 
implementation of experiments (Giancoli, 2014). This is 
because, through experimental activities, students do 
think and also work on their hands.  Familiarizing 
students in formulating, facing, and solving problems is 
one way to achieve mastery of a concept becomes better 
(Siti, et. al., 2016). Experimental activities in learning 
physics have a motivational role in learning, provide 
opportunities for students to develop a number of skills, 
and improve the quality of student learning outcomes. 
The success of learning physics in schools does not only 
depend on the good formulation of the applicable 
curriculum or syllabus but is also supported by the 
availability of adequate learning suggestions. To 
develop aspects of the process and aspects of scientific 
attitude, it is necessary to carry out experimental 
(demonstrative) activities on the material being studied 
(Azhar, 2013). The advantage of the experimental 
method is that it can make students more confident in 
truth or conclusion based on their own trials rather than 
just accept the teacher's words or read a book, students 
can develop attitudes to conduct better exploratory 
studies (Istiqomah, et al., 2016) 

In physics learning generally, the problem that 
arises is the lack of understanding of the material 
presented by the teacher. This problem influenced by 
teacher-centered learning and lack of variety in learning, 
so as to make students are less active in gaining 
knowledge (Rumansyah, et al., 2016). The teacher is a 
determinant in instilling concepts into students, so that 
the teacher's mastery of the subject matter, the ability to 
choose and use learning models and techniques as well 
as the teacher's ability to determine learning media 
greatly determine the success of the learning process in 
addition to the potential and abilities of students 
(Rohwati, 2012). Based on the results of field research 
conducted by Mustachfidoh (2013) states that the 
learning process in the classroom is more directed at 
students memorizing information without being 
required to understand and develop information that is 
remembered in everyday life. 

Traditional educational methods are carried out 
through face-to-face teaching where knowledge and 
learning are all regulated by the teacher. Some of these 
traditional learning methods and materials are effective, 
but there is increasing interest among educators and 
researchers to introduce a more useful method for 
enhancing the learning and teaching experience 

(Herfana, et al. 2019). The knowledge transfer process in 
the classroom is one-way, causing students to get bored 
and have difficulty understanding lessons, especially 
abstract physics material (Doyan, et al., 2018). Teaching 
and learning interactions in the classroom cannot be 
separated from the media used by the teacher in 
delivering teaching materials. The use of appropriate 
learning media in the teaching and learning process can 
generate new desires and interests of students, generate 
motivation stimulate learning activities, and even 
provide psychological effects for students (Azhar, et al., 
2021). 

The laboratory has a very important role in learning 
Physics. Students' laboratory activities can be trained 
and equipped with several skills such as measuring, 
communicating, interpreting data, and making 
conclusions (Masril, et al., 2018). Laboratory-based 
science learning is one of experimental learning which 
means that science learning, especially physics, will be 
better if it is supported by experimental activities by the 
teacher or the students themselves in a guided 
laboratory in the laboratory (Hartina, et al., 2019). From 
the results of Arista, et al., (2013) research that physics 
teachers tend not to use physics laboratories optimally, 
for example, teaching aids and practicum, but teachers 
only teach theory and lectures in class, so students find 
it difficult to understand physics subject matter which is 
generally general in nature experiment.  

Based on observations made at SMAN 2 Pekanbaru, 
the tendency of learning implementation is still teacher-
centered and reading books. The implementation of 
physics learning still uses the lecture method (the 
teacher as a learning resource), students only take notes 
from reading books and work on the questions on the 
student worksheet individually. Such learning 
tendencies result in the weak development of students' 
self-potential in learning so that the learning 
achievement achieved is less than optimal. Learning 
physics using practicum is still rarely implemented. 
Some of the reasons put forward include: learning with 
practicum takes a lot of time and energy, the 
implementation of the practicum is not assisted by 
laboratory assistants or laboratory technicians, and 
others. 

One of the physics materials that require reasoning 
through practicum is the material on Elasticity and 
Hooke's Law in class XI. Materials on Elasticity and 
Hooke's Law include physics materials that require 
simple experiments in discovering applicable principles 
and theories so that student competency achievement 
becomes better. 

Overcoming this in conducting practicals can be 
done by carrying out simple experiments through the 
laboratory. One alternative laboratory that allows to 
supports the learning process is a learning system using 
a virtual laboratory. To improve students' scientific 
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skills, especially in practical material, the learning 
strategy must undergo several changes. One learning 
approach that is suitable to be applied is virtual 
laboratory-based learning (Ratih, et al., 2020).  
According to Lerianti (2014), "Virtual Laboratory is a 
series of laboratory tools in the form of interactive 
multimedia-based computer software, which is 
operated with a computer and can simulate activities in 
the laboratory as if the user was in a real laboratory". 
With the virtual laboratory, students are expected to be 
able to do practicum independently or in groups 
without fearing that the equipment will be damaged or 
run out. Virtual class or e-learning is a form of internet 
use that is able to facilitate students in the learning 
process. The use of virtual classes is currently an 
interesting thing for many users, especially educators, 
who are almost entirely using Android-based 
smartphones (Sari, et al., 2021).  To support the learning 
process, in this study two kinds of laboratories were 
used, namely virtual laboratories and real laboratories.  

Lab-Vir can be defined as a series of computer 
programs that can visualize abstract phenomena or 
complex experiments carried out in real laboratories, 
thereby increasing learning activities in an effort to 
develop the skills needed in problem-solving (Yusuf and 
Subaer, 2013). A virtual laboratory is an interactive 
simulation software specially designed for experimental 
activities. According to Munir (2012), simulation is 
artificial that resembles real conditions and situations or 
doing real exercises without having to face actual risks. 
With this simulation, students can collect data quickly in 
any situation without fear of damage to the tool. With 
the existence of a virtual laboratory, students are more 
flexible independently or in groups to carry out 
practicals without fear of the equipment being damaged 
or running out. Practicum can also be carried out even 
though the tools in the physical laboratory are not 
available and there is no longer any reason for teachers 
not to carry out practical activities, it can even be an 
alternative for schools that do not have laboratory 
facilities so that students' scientific work competence can 
be achieved. 

The learning process can be supported by the 
presence of computer simulation media that can reduce 
the real state of scientific phenomena. One of the easiest 
simulation media to download is PhET (Physics 
Education Technology (Suporwoko, et al., 2017). The 
PhET Interactive Simulation developed by the 
University of Colorado Boulder provides dynamic 
access and represents hard-to-see things in real 
experiments, making investigations fun for students. 
The advantage offered by the PhET simulation is that it 
can be accessed and downloaded free of charge on the 
http://PhET.colorado.edu and can be used without being 
connected to the internet (Hidayati and Masril, 2019). 
The purpose of making this software is to help students 

visualize concepts completely and clearly, then ensure 
effective education and continuous usability. The use of 
a virtual PhET laboratory can make it easier for students 
to understand physics materials that are concrete or 
abstract. 

The term real laboratory is used to describe a 
laboratory that has a real form, which is a place in which 
there are all tools and materials that are really real to be 
used for the purposes of practical activities. According 
to Budiyono, (2009), a real laboratory is a special place 
laboratory that is equipped with real tools and materials 
to conduct experiments (practicums) in physics, 
chemistry, or biology. In general, this laboratory is used 
in schools or universities to carry out practical activities. 
 
Method  
 

This study uses a Quasi-Experiment research type. 
The research design used is the Randomized Pretest-
Posttest Group Design, which is a research design in 
which the sample is taken randomly from a 
homogeneous population. The place of research was 
carried out at SMA Negeri 2 Pekanbaru. The time of the 
implementation of this research is in the academic year 
2021/2022 odd semester from July-November 2021. 

The population in this study were students of class 
XI MIPA SMA Negeri 2 Pekanbaru in the odd semester 
of the 2021/2022 academic year which consisted of 4 
classes. Sampling in this study using a random sampling  
technique. The research sample was taken randomly 
from two classes that have equal ability without 
randomizing the students in their class. Equality 
between the two classes can be seen from the results of 
the students' final exams in the previous semester with 
normality and homogeneity tests. then obtained class XI 
MIPA 4 as the experimental class I which implemented 
a virtual PhET laboratory with 35 students and class XI 
MIPA 3 as the experimental class II which implemented 
the Real laboratory with 35 students. Figure 1 is a chart 
of the research used. 

In the process of data collecting, the technique used 
by the researcher was in the form of a test of students' 
cognitive physics learning outcomes in the form of pre-
test and post-test given before and after treatment. The 
data analysis technique used in the form of descriptive 
data analysis is seen from the average absorption, 
learning effectiveness, and Normal Gain Test, as well as 
using inferential analysis with t-test. After being 
processed, then the cognitive physics learning outcomes 
of the two experimental classes were tested using the 
independent test, the t-test was used to determine the 
difference in cognitive physics learning outcomes of 
students who apply PhET virtual laboratory and real 
laboratory. 
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Figure 1. Flowchart of Method 

 
Result and Discussion 

 
Research on the effect of the application of the 

virtual PhET laboratory and real laboratory on the 
learning outcomes of class XI students on the subject of 
Elasticity and Hooke's Law at SMAN 2 Pekanbaru, there 
are two variables. The independent variable is "PhET 
virtual laboratory and real laboratory", while the 
dependent variable is "Cognitive learning outcomes". 

The data analyzed in this study is the data on 
cognitive physics learning outcomes for students in the 
experimental class I and experimental class II. Data on 
students' cognitive physics learning outcomes were 
obtained from the posttest results which were carried 
out after the implementation of the PhET virtual 
laboratory in experimental class I and the real laboratory 
in experimental class II. 
 

 
Figure 2. PhET virtual laboratory 

After learning is done using a virtual PhET 
laboratory and a real laboratory, it was found that the 
students' absorption for each indicator in experimental 
class I and experimental class II varied. 
 
Table 1. Average Absorption and Learning 
Effectiveness 
Aspects of 
Descriptive 
Analysis 

Experimental Class I Experimental Class II 

% Category % Category 

Average 
Absorption  76.20  Good  84.20  Good 

Learning 
Effectiveness  76.20  Effective  84.20  Effective 

description: 
Experimental Class I: Apply the PhET virtual Laboratory 
Experimental Class II: Apply the Real Laboratory 

 
Based on the results of data analysis, it was 

obtained that the average absorption of students in the 
experimental class II which implemented a real 
laboratory was higher than the experimental class I 
which applied the Virtual PhET laboratory. This is 
shown in experimental class I the average absorption of 
students reached 84.2% and the experimental class II 
76.4%. The percentage of average absorption of 
experimental class I and experimental class II is in the 
same category that is good, but the average absorption 
power of experimental class II is higher than that of 
experimental class I with a difference of 8% in value. 

The effectiveness of learning through the 
application of PhET virtual laboratories and real 
laboratories refers to the average absorption value of 
students in the experimental class I and experimental 
class II. From the average absorption value of students 
obtained, the effectiveness of learning in experimental 
class I and experimental class II are in the same category, 
namely effective. 

After seeing student absorption and learning 
effectiveness, to see how the students' cognitive physics 
learning outcomes improve, they can use the Normal 
Gain Test. The Normal Gain test was carried out to see 
the category of increasing cognitive physics learning 
outcomes for students in experimental class I and 
Experiment class II by calculating the difference between 
the pretest and posttest results obtained by students. 
 
Table 2. Normal gain test results 

Sample Data 
Mean 
Value of 
pretest 

Mean 
Value of 
Posttest 

Mean of 
Normal 
Gain 

Category 

Experimental 
Class I 44.40 76.20 0.54 Medium 

Experimental 
Class II 43.80 84.20 0.70 Medium 

 
Based on Table 2, the increase in student learning 

outcomes obtained from the average score of Normal 
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Gain is both in the medium category. The experimental 
class I obtained a Normal Gain score of 0.70 while the 
experimental class II obtained an average Normal Gain 
score of 0.54. However, experimental class II had a 
slightly larger improvement score than experimental 
class I with a difference of 0.24. This result means that 
the increase in cognitive physics learning outcomes of 
experimental class II students who apply a real 
laboratory on elasticity and Hooke's Law is better than a 
class that applies a PhET virtual laboratory. 

After the descriptive analysis was carried out, it 
was followed by an inferential analysis using the t-test. 
Before conducting the inferential analysis, the researcher 
conducted a normality test which aims to determine 
whether the data distribution is normal or not. After the 
normality test was carried out, the researcher continued 
for the homogeneity test which aims to determine 
whether the data distribution is homogeneous or not. 

Based on the data obtained by the normality test, 
the pretest data from experimental class I was 0.70 and 
the experimental class II was 0.136. The pretest 
normality test for the two experimental classes had a 
significance value of 0.05, so it can be concluded that the 
pretest data for experimental class I and experimental 
class II were distributed. normally. Then the posttest 
data normality test for the experimental class I was 0.054 
and the experimental class II was 0.076, the posttest 
normality test for both classes had a significance value 
of 0.05, so it can be concluded that the post-test results 
for the experimental class I and the experimental class II 
were normally distributed. 

After the data obtained from the pretest-posttest 
results of the experimental class I and the experimental 
class II were normally distributed, then the next test was 
the homogeneity test which was carried out using SPSS 
25. experimental class II has a significance value of 0.05. 
So, we can conclude that the experimental class I and 
experimental class II data are homogeneously 
distributed. 

After the prerequisite test is met, hypothesis testing 
is carried out. Hypothesis testing on parametric statistics 
using the t-test technique. Testing this hypothesis is 
done through the Independent-Sample T-Test. After 
obtaining tcount, then it is compared with the distribution 
of ttable. 

Based on the Independent Sample T-Test test on 
SPSS 25, it was found that the students' cognitive physics 
learning outcomes obtained tcount of -2.805 with df of 68 
and ttable of -1.667. The results of hypothesis testing 
indicate that t table tcount or -1.667 > -2.805, it can be stated 
that H0 is rejected and Ha is accepted at the 95% 
confidence level. It can be interpreted that there is a 
significant difference in learning outcomes between the 
class that implements the virtual PhET laboratory and 
the class that implements the real laboratory in class XI 
MIPA SMA Negeri 2 Pekanbaru. 

Based on the results of data analysis carried out, it 
shows that the average score of student learning 
outcomes in experimental class II using a real laboratory 
is higher than the experimental class I using a virtual 
PhET laboratory. This achievement of learning outcomes 
can be caused by learning to use a real laboratory in the 
learning process, its use is included in the effective 
category. The direct role of students in conducting 
practicals with real equipment shows that most students 
are more enthusiastic in participating in learning so that 
student learning outcomes are obtained higher than the 
learning outcomes of students who use PhET virtual 
laboratories. 

Learning by applying real laboratories provides 
opportunities for students to share ideas and consider 
experimental results better. In addition, the 
experimental class II students have an interest in 
conducting experiments because they have never 
conducted experiments using a real laboratory before. 
Direct learning experiences through real laboratories 
will produce knowledge that is easy to remember and 
understand and lasts a long time. This is in accordance 
with research conducted by Putri, (2018) which states 
that classes that apply real experiments are more 
effective in increasing mastery of concepts than virtual 
ones. Harmonious research also proves that learning to 
apply to real laboratories provides opportunities for 
students to share ideas and consider the most 
appropriate answer to a problem given by the teacher 
(Kadir, 2014). 

Meanwhile, the implementation of the Virtual 
PhET laboratory has lower cognitive physics learning 
outcomes. This is due to various weaknesses that cause 
students to be less focused in participating in learning. 
When the learning activities took place, many students 
were not used to using the PhET virtual laboratory 
independently because previously students had never 
experimented with a real laboratory so students had 
difficulty operating and assembling the tools found in 
the virtual PhET laboratory. In addition to the difficulty 
of students in assembling the tools and materials 
contained in the PhET virtual laboratory, several other 
factors that cause students to be less focused when 
learning are as follows: First, the use of the PhET virtual 
laboratory requires students to always be connected to 
the internet, so that during the experimental activities, 
the internet connection sometimes disconnects and 
causes student experiments to take longer. Second, the 
use of the PhET virtual laboratory is accessed through 
each student's smartphone, which causes researchers as 
teachers to find it difficult to control students who freely 
open pages other than the PhET virtual page, this affects 
students' focus in understanding the concept of the 
experiment being carried out. 
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Conclusion  
 

Based on the results of the descriptive and 
inferential analysis conducted on students' cognitive 
physics learning outcomes on Elasticity and Hooke's 
Law in class XI SMA Negeri 2 Pekanbaru, the 
conclusions that can be drawn are as follows: First, The 
application of a virtual PhET laboratory and a real 
laboratory can improve students' cognitive learning 
outcomes on the subject of Elasticity and Hooke's Law in 
class XI of SMA Negeri 2 Pekanbaru with the category of 
student absorption in the experimental class I and 
Experiment II is good and the category of learning 
effectiveness by applying the PhET virtual laboratory 
and real laboratories are effective. Second, the increase in 
cognitive learning outcomes in classes that apply PhET 
virtual laboratories and real laboratories are both in the 
moderate category. The tendency to improve cognitive 
learning outcomes is better in classes that apply to real 
laboratories. Third, there is a significant difference in 
student learning outcomes between classes that apply 
the PhET virtual laboratory media and classes that apply 
real laboratory media to the materials of Elasticity and 
Hooke's Law. 

Thus, the application of a virtual PhET laboratory 
and a real laboratory is effective in improving students' 
cognitive learning outcomes on the subject of Elasticity 
and Hooke's Law in class XI of SMA Negeri 2 
Pekanbaru. 
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