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ABSTRACT: This study aims to improve students' scientific literacy through the application 
of virtual laboratories on optical materials. The research uses mixed or method method, with 
exploratory sequential design in the Nonequivalent Control Group Design. Samples were taken 
using purposive sampling technique. This study involved 25 students of class VIII 1 as an 
experimental class and 25 students of class VIII 3 as a control class at SMP Negeri 1 Pugung. 
Data collection techniques using observation methods, questionnaires, tests and interviews. The 
data were analyzed using independent sample t-test and homogeneity test to see the learning 
effectiveness of the two sample groups. The results of the study show that the application of 
virtual laboratories effectively increases scientific literacy with N-gain of 0.44 (medium criteria). 
Improvement of experimental class scientific literacy on the indicator "draw or evaluate 
conclusions" with N-gain 0.62 (medium category) and scientific literacy indicators "explain 
scientific phenomena" with N-gain 0.17 (low category), and indicator "define data or scientific 
evidence "with 0.52 digits (medium category).  
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1. INTRODUCTION 

 
The 21st century learning process is characterized by the development of science and technology 
in various fields of life in society, namely learning that can prepare students to be literate in 
science and technology, able to think logically, critically, creatively, and be able to argue correctly 
[10]. 21st century education not only pay attention to the material of the field of study 
(coresubjects) as happened in the previous century, but also emphasizes life skills, learning and 
thinking skills, and literacy in information and communication technology (ICTliteracy) [11]. 
 
Science literacy is a very important thing to be mastered by each individual because this is closely 
related to how one can understand the environment and other problems faced by modern 
society that are very dependent on the development of science and technology [9]. Science 
literacy is defined as the capacity to use scientific knowledge, identify questions and draw 
conclusions based on facts to understand the universe and make decisions from changes that 
occur due to human activities [8]. Scientific literacy in several countries is still relatively low, this 
can be seen from the results of The Trend in International Mathematics and Science Study 
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(TIMSS) report in 2011 showing that the results of student achievement in mathematics and 
science were still low [4]. The results of the 2015 Program for International Student Assessment 
(PISA) study revealed that Indonesian students' scientific abilities were still low. In the 2015 
PISA results report, the average score of Indonesian student science is 403. Occupying 62 ranks 
from 69 participating countries. [11] This shows that scientific literacy skills, creative thinking 
skills, as well as student science process skills are still low, so they are unable to work on higher 
level questions [3]. The low quality of science learning in Indonesia is due to the ineffectiveness 
of the learning process, where learning is still teacher-centered, students are not accustomed to 
developing their thinking potential [10]. Many teachers teach by way of lectures because the 
teacher considers science to be a collection of knowledge that must be transferred to students 
[5]. 

 
The results of a survey of 15 science teachers in Lampung province showed that 66.7% of 
schools had science laboratories and 36.4% of schools did not have optical material laboratory 
equipment. Abstract concepts of science require practicum in the laboratory and the teacher is 
tasked with assisting students in learning, guiding students to practice operating their theories 
in class and guiding students to conduct trials in the laboratory [1].As a solution to overcome 
the limitations of laboratory tools, practicum activities on science learning can be done through 
a virtual laboratory. A virtual laboratory is a laboratory that can simulate a real laboratory 
environment and is defined as a learning environment where students convert their theoretical 
knowledge into practical knowledge by conducting experiments [11]. 

 
Some research results discuss the use of virtual laboratories in several learning processes 

and several levels of education. The overall results of the study revealed that learning using 
virtual laboratories significantly affected various students' abilities, which ultimately improved 
the quality of learning. Therefore, based on the background above, this study aims to use virtual 
laboratories to improve students' scientific literacy. 
 

 
2. METHOD 
 
The research method used is a mixed-method method, with the design of exploratory sequential 
design in the Nonequivalent Control Group Design form (table 1). The study was conducted at 
Pugung 1 Public Middle School in May-June 2018. The study population was all eighth grade 
students. The sample was taken by purposive sampling technique and obtained two classes for 
research, namely class VIII 1 as the experimental class and class VIII 3 as the control class. 
 
Table. 1. Research Design 
 

GROUP Pretest Treatment Posttest 

Experiment O1    X O2 

Control O3 - O4 

 
The control group was given treatment with learning to use the existing textbooks in schools, 
while the experimental group was given learning using virtual laboratories. After that, the two 
groups were given the same test / problem to measure scientific literacy. The data in this study 
are quantitative and qualitative data. Quantitative data in the form of students' scientific literacy 
obtained from the pretest and posttest scores. Qualitative data in the form of student responses 
obtained from questionnaires and interviews with learning using virtual laboratories. Student 
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scientific literacy is reviewed based on the normalized gain ratio or N-gain using the following 
Hake (1999) formula: 
 
g=(Spos - Spre) / (Smax – Spre) 
Explanation: 
g=  average N-gain, 
Spos=  average posttest score,  
Spre=    average pretest score,  
Smax=    maximum score 
Criteria N-gain high if g>0,7, while if 0,7>g>0,3, and low if g<0,3. 
 
Data on students' scientific literacy skills are obtained by tests.Qualitative data in the form of 
student responses were obtained through questionnaires, and learning delays during using 
virtual laboratories were obtained through observation sheets and interviews with students after 
learning. Quantitative data in the form of pretest and posttest scores, and N-gain values in the 
experimental and control classes were analyzed using the t-test. To test the hypothesis, the two 
average average test and the two average difference test were used. Qualitative data were 
analyzed descriptively. 
 
C. RESULTS AND DISCUSSION 
 
           The results of data analysis showed that the virtual laboratory had an effect on student 
learning result on optical material (Table 2). 
 
Table 2. Results of t-test n-Gain scientific literacy 
 

No Class Pretest 
X    +  Sd 

Posttest 
X    +  Sd 

n- Gain 
X    +  Sd 

test-t 

1. Control 36,80 +  13,52 56,32 +  13,21 0,30  +  0,16 ,000 

2. Experiment 37,60  +  13,86 64,80   +  9,73 0,44 +  0,08 ,000 

 
Table 2 shows that the control class has an n-Gain value = 0.30, while the experimental class 
has an n-Gain value of 0.44. Based on this data in the experimental class there was a significant 
improvement in student scientific literacy. The results of the t-test analysis, the value of sig (0.00) 
<005, which means that Ho is rejected thus there is a significant difference in N-Gain between 
the control class and the experimental class. 
Based on the results of research and data analysis it can be seen that the use of virtual 
laboratories effectively improves students' scientific literacy, in terms of a significantly different 
t test. Based on the results of data analysis, there was an increase in students' scientific literacy 
abilities which was seen from the difference in n-Gain values. Literacy improvement in the 
experimental class because in the experimental class virtual laboratories were used that were 
validated and learned using the Adobe Flash Player CS 6 application computer so that the 
experimental class students gained new experiences in learning. Virtual laboratories are a series 
of laboratory tools in the form of interactive multimedia-based computer software that are 
computer-operated and can simulate activities in the laboratory as if the user were in a real 
laboratory [13]. A potential virtual laboratory to provide significant improvements and a more 
effective learning experience. This fosters students to think critically, creatively, analytically. 
Another supporting factor is the high virtual laboratory user response, the implementation of 
learning with good virtual laboratories and high student activity. 
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The independent t-test test results obtained Sig. (2-tailed) <0.05 means that both groups have a 
significant variance / difference in the mean mean between the two classes. The data shows that 
the achievement of students' scientific literacy skills in the experimental class is better than the 
control class. These results reject H0 and accept H1, which is the effect of using virtual 
laboratories in improving students' scientific literacy on the eighth grade junior high school / 
MTs optical material. There is an increase in indicators of students' scientific literacy abilities in 
virtual laboratory-based learning, as shown in Picture 1. 

 
 

 
 

 
Picture 1. Improved scientific literacy indicators 

Explanation: 
A. Explaining  of scientific phenomena 
B. Interpreting scientific data or evidence 
C. Attract or evaluate conclusions 
The increase in scientific literacy skills in the experimental class was caused by the use of virtual 
laboratories in the experimental class using computer simulations on optics. Learning with the 
help of virtual laboratory media makes students become motivated and active in solving 
problems in the virtual laboratory because learning is more student-centered so as to enable 
students to learn better than conventional learning without the help of the media with lecture 
methods. This is supported by student physics learning outcomes research using structured 
inquiry learning models with virtual-lab media better than students' physics learning outcomes 
using conventional learning models because activities in virtual laboratories have invited 
students to be active in learning, develop communication skills and emphasize concept 
discovery process [7]. 
The scientific literacy that is the focus of this research includes indicators explaining scientific 
phenomena, interpreting data and drawing conclusions. In Figure 1, it appears that the scientific 
literacy indicator that experienced the highest increase in the experimental class is interpreting 
the data while the indicator that has the lowest value is explaining the scientific phenomenon. 
The ability to interpret data in the experimental class experienced a significant increase 
compared to the control class, in the control class obtained n-Gain of 0, 29 in the low category 
and n-Gain in the experimental class 0.49 in the medium category. The indicator "interpreting 
data" has the highest increase because at the time of the learning process using a virtual 
laboratory students directly carry out the science process that is conducting experiments directly, 
observing the process so as to produce data, interpreting the data until drawing a conclusion. 
the computer can be used to support the implementation of physical practicum both for 
collecting data, presenting, and processing data [6]. 

 
Indicators "explaining scientific phenomena" get the lowest results, even though during the 
learning process using virtual laboratories the results of development in which there are linkages 
between subject matter and the phenomena found in daily life. But in reality students are still 
not actively looking for concepts through experiments and looking for information from various 
sources. This is because students lack reading skills, students are not used to express ideas that 
are owned and are not used to practicing. In addition, students are still familiar with 
memorization [13]. 
Based on the students' answers from the results of the post-test in the experimental class the 
students were able to answer the questions correctly which was accompanied by the right 
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reasons. There are several students who have been able to connect between scientific concepts. 
In the control class many students answer questions without giving reasons. 
When learning using a virtual laboratory students look more motivated, more interested in 
learning and more confident. In general, student responses to virtual laboratories are very high 
(Table 3). 

 
Table 3. Student Response Results to Virtual Laboratories. 

No. Rated aspect Percentage % Criteria 

1. Motivation to Learn 84,61 Very High 
2. Interest in learning by using 

a virtual laboratory 
95,19 Very High 

3. Grow confidence 92,30 Very High 
Average 90,7 Very High 

 
The interview results show that almost all students enjoy learning to use virtual laboratories. 
The results of interviews and student responses indicate that most students feel happy learning 
by using a virtual laboratory, motivated to learn optical material and they assume that virtual 
laboratories can foster confidence. In addition to the time problem, the number of concepts 
taught is also related. In order to be able to improve scientific literacy, students should be 
selected through several concepts. While in this study, students only trained in scientific literacy 
through a single concept, so that the improvement was not optimal. 
 
IV. CONCLUSIONS AND SUGGESTIONS 
 
Conclusion 
Based on the results of research and discussion it can be concluded that virtual laboratories 
effectively improve students' scientific literacy.The indicator that has the highest value is 
interpreting data and indicators explaining scientific phenomena having the lowest value. 
In addition, students have a good / positive response to learning using virtual laboratories. 
 
Suggestion 
       Suggestions for further research are: 1) Prospective other researchers to pay attention to 
the management of time when learning using a virtual laboratory because the activities carried 
out are relatively complex, 2) The concepts that are taught should be more than one so that the 
improvement of scientific literacy is optimal. 
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