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ABSTRACT 

This research aims at analysing the effect of the Virtual Laboratory (VL) to improve science literacy and problem-

solving skills among junior high school students. This research employed a Quasi-experiment with Nonequivalent 

Control Group Design. The population in this research was the seventh-grade students of junior high school in the 

Special Region of Yogyakarta in the academic year of 2019/2020. The sample was selected through a cluster random 

sampling technique and taken the control and the experimental class comprehensively from three school clusters (high, 

medium, and low) in each district/ city. The data analysis technique used the N-Gain analysis, prerequisite test, and 

hypothesis testing consisting of MANOVA and effect size. Based on the MANOVA test, it was found that there was a 

difference in the escalation of students’ scientific literacy and problem-solving skills between the control and the 

experimental class. Meanwhile, based on the calculation of the effect size, it was found that the effect of the Virtual 

Laboratory was quite high (effect size = 0.897) on the increase in scientific literacy and high effect (effect size = 1.027) 

on the increase of problem-solving skills, respectively, among junior high school students. 

Keywords: virtual laboratory, problem-based learning, literacy, problem-solving skills. 

1. INTRODUCTION 

The current condition of the Covid-19 pandemic has 

changed learning environments that place more emphasis 

on distance learning or online method. It urges teachers 

to improve their technological skills in learning and 

learning media making [1]. Virtual laboratory (VL) 

learning is one of the main elements that is very 

influential in the current educational system [2] and 

getting more popular as a form of high-tech application 

in the learning process [3]. This model is also suitable to 

promote the use of technology in the classroom [4]. 

The utilization of information technology as learning 

media must be directed to develop the students’ potential, 

especially to face future challenges, like scientific 

literacy and problem-solving skills. Science literacy 

refers to the ability to be involved in science issues [5], 

while problem-solving skills are the basic skills in 

resolving a problem that needs critical, logical, and 

systematic thinking. The use of the VL of problem-based 

learning (PBL) will be beneficial to improve students’ 

scientific literacy and problem-solving skills 

simultaneously. PBL according to [6] is a learning model 

that aims to help students to learn and find concepts and 

solve problems by connecting problem situations in the 

real world. The purpose of PBL is also to help students in 

developing their thinking skills, problem-solving, and 

intellectual skills [7]. Similarly, Bahri, et al. [8]  explain 

that PBL can train and improve students' ability to solve 

problems, communicate, collaborate, and solve various 

problems from different perspectives. The Virtual 

Laboratory of PBL model must be put forward because 

the biggest problem that hinders science learning is 

laboratory practical activities that online.  

Scientific literate society is an ideal condition to 

answer and deal with global issues in the 21st century. 

Students as part of the community need to be trained to 

have science literacy and it will be a reflection of the 

science learning goals ([9], [10]). International surveys 

related to scientific literacy are annually done by the 

Organization for Economic Cooperation and 

Development (OECD) to assess the extent to which the 

schools prepare their students in science learning. The 

OECD is an institution that conducts research focusing 
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on reading skills, mathematics, and scientific literacy or 

known as the PISA test. PISA is considered as an 

international standard instrument to assess the students' 

ability to face real-life [11]. 

The results of the 2018 PISA of Indonesia are 

decreasing compared to 2015 ([11], [12]) with a score of 

396 (OECD average was 489) (OECD, 2019b). The 2018 

PISA requires students to be able to plan and do based on 

their plan as well as solve problems with their peers in 

groups ([11], [12]). This fact can be an indicator that 

Indonesian students still lack scientific literacy skills, and 

it becomes a big challenge for the government, teachers, 

and researchers to work harder to improve the students’ 

performance in the following PISA tests. 

Based on level 7 in the OECD document [13], the 

current Indonesian score is at level 1a where students can 

only use basic and procedural knowledge to recognize or 

identify explanations of simple scientific phenomena. 

From the 2018 PISA results, 2 provinces in Indonesia had 

a higher score of scientific literacy than the average score 

of Indonesia, i.e. Jakarta (score 424) and Yogyakarta 

(score 434). However, those scores are still at level 2 

where students can only recognize correct explanations 

for known scientific phenomena and use that knowledge 

to identify simple cases without any judgment of the valid 

conclusions from the provided data. 

In addition to realize science-literate society, science 

learning also emphasizes students thinking skills to be 

able to master and solve problems critically, logically, 

carefully and thoroughly so that they do not only 

understand concepts [14] but also know how to apply the 

relevance of science learning to everyday life and social 

problems ([15], [16]). Problem solving skills are 

important for students, because each individual is always 

faced with various problems that must be solved through 

creativity to find solutions [17]. Geege Polya (in [18]), 

revealed that problem solving skills include the following 

skills: understanding problems, compiling problem-

solving plans, implementing problem-solving plans, and 

re-checking the results obtained. Problem solving skills 

can train students to find various concepts in a holistic, 

meaningful, authentic, and applicable manner [19]. 

The use of the VL of PBL model as an online 

practicum can provide an experience of the scientific 

working process in the laboratory as a substitute for real 

learning settings to improve students' scientific literacy 

and problem-solving skills. Based on these descriptions, 

the researcher plans to examine the effect of the virtual 

laboratory of the PBL model to enhance science literacy 

and problem-solving skills among junior high school 

students. 

2. METHODS 

The research design used quasi-experiment with Non-

equivalent Control Group Design. The population of this 

study came from grade VII junior high school students in 

the Special Region of Yogyakarta in the 2019/2020 

school year. Sampling was done by using cluster random 

sampling technique by taking control class and 

experimental class from three school clusters (high, 

medium, and low) in each district / city. This study used 

a non-equivalent control group design as presented in 

Table 1 below. 

Table 1. Research Design 

Group Pretest Treatment  Posttest 

Experiment 

Group 

O1 

O1 

VL-PBL 

 

O3 

O3 

Control 

Group 

O2, 

O2 

DI O4 

O4 
 

Explanation: 

VL-PBL = Treatment with the use of the VL of the PBL 

model 

DI = Treatment with Direct Learning (DL) 

O1 = Science Literacy Pretest 

O2 = Problem Solving Skills Pretest 

O3 = Science Literacy Posttest 

O4 = Posttest Problem Solving Skills 

The data collected included students' scientific 

literacy and problem-solving skills through the results of 

the pretest-posttest. After the pretest-posttest data was 

obtained, the N-Gain score (<G>) was calculated using 

the following formula. 

< 𝐺 > =
<%𝑝𝑜𝑠𝑡> − <%𝑝𝑟𝑒>

100%− <%𝑝𝑟𝑒>
    (1) 

where <G> = average normalized gain, <%post> = 

percentage of average Posttest score, <%pre> = 

percentage of average Pretest value, 100% = maximum 

score.  The results of the <G> calculation are 

interpreted with the following classification.

   

Table 2. Interpretation of the N-gain value 

Value <G> Interpretation 

−1.00 ≤ 𝐺 < 0.00 There was a decline 
            G = 0.00 There was no decline 
0.7 < 𝐺 < 1 High 

0.3 ≤ 𝐺 ≤ 0.7 Moderate 
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0 < 𝐺 < 0.3 Low 

       

The size effect value obtained from the N-Gain value 

(<G>) was tested for statistical prerequisites including 

the normality test (Kolmogorov Smirnov) and 

homogeneity (Levene's Test of Equality of Error 

Variances). Then proceed with hypothesis testing by 

means of the MANOVA test on the N-Gain score and the 

calculation of the size effect using the formula below. 

𝑑 =
�̅�1−�̅�2

𝑆𝑔𝑎𝑏
........................................................(2) 

with 

𝑆𝑔𝑎𝑏 = √
(𝑛1−1)𝑆1

2+(𝑛2−1)𝑆2
2

𝑛1+ 𝑛2−2
 ........................(3) 

Explanation: 
d = magnitude of effect size 

�̅�1 = average of experiment group 

�̅�2 = average of control group 

𝑆𝑔𝑎𝑏  = combined standard deviation 

𝑛1 = number of students in experimental group 

𝑛2 = number of students in contol group 

𝑆1
2 = variance of experimental group 

𝑆2
2 = variance of control group 

The Size Effect interpretation can be explained as in 

Table 3 below. 

3. RESULT AND DISCUSSIONS 

3.1. Measurement Results on Science Literacy and 

Problem-Solving Skills  

This study aims at analyzing the effect of the VL of 

the PBL model application to enhance science literacy 

and problem-solving skills among junior high school 

students. The obtained data in this study were from the 

posttest results in science literacy and problem-solving 

skills. The posttest results for the experimental class (VL-

PBL) and the control class (Direct Learning/ DL) is 

presented in Figure 1 below. 

 

Table 3. Size Effect Interpretation 

Size Effect Category 

0-0.5 Low 

0.6-0.8 Quite High 

0.9-3 High 

 

 

It can be seen from Figure 1 that the posttest scores of 

scientific literacy and problem-solving skills in the 

experimental class were higher than the control class 

because of the application of the VL of PBL model place 

problems as the starting point. By having this condition, 

students can learn and try to find solutions to the 

problems that develop their thinking skills and problem-

solving abilities [21]. The nature of the VL of PBL is a 

learning process that employs authentic problems to be 

solved. The authentic problems in online learning were 

designed in the form of a virtual practicum as in this 

study. The adjustment of the practicum simulation with 

the real context through VL can accelerate students' 

understanding by challenging students’ creativity during 

the learning process [22]. 

In some studies, VL was used for chemical and 

physical simulations due to safety issues, psychological 

factors, time, and energy for conducting the real 

practicum ([23], [24], [25], [26]). VL can be used as an 

alternative learning medium in solving educational 

problems that are given to students ([27], [28]). 

Interactive learning through VL also helps students to 

solve concepts with abstract materials topics. It makes 

students more active during their learning process and 

allows them to construct, and understand difficult 

concepts [29]. The developed VL design provides 

opportunities for students to express their cognitive 

styles, for example, they can provide hypotheses on a 

certain topic and propose solutions in that aspect [30]. 

The results of this study were also strengthened by the 

results of the N-Gain calculation which showed the 

escalation of science literacy and problem-solving skills 

as shown in Figure 2 below. 
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Figure 1. Posttest Score Comparison in the Experiment Class and the Control Class 

 

 
Figure 2. N-Gain Comparison of Science Literacy and Problem-Solving Skills 

  

It can be seen in Figure 2 that the N-Gain score of the 

experimental class was higher than the control class. For 

scientific literacy, the experimental class had the N-Gain 

score of 0.51 (moderate category), while the control class 

gained the N-Gain score of 0.29 (low category), 

respectively. Meanwhile, the experimental class obtained 

the N-Gain score of 0.65 (moderate category) for 

problem-solving and the control class was 0.33 

(moderate category), respectively. 

The difference in the escalation of science literacy has 

proven that the VL of PBL in this study can assist the 

students to develop critical thinking skills through 

practicum simulations that are exactly the same as the 

real settings. It is similar with the findings of some 

studies that practicum simulation with computers is more 

effective than the traditional one ([31], [29]), though 

other studies have also found that there is no difference 

related to its effectiveness ([32], [33], [34]). 

 

 

3.2. The Influence of VL PBL Model on Science Literacy 

and Problem-Solving Skills 

 The effect of the VL of the PBL model to enhance 

science literacy and problem solving-skills among junior 

high school students was analyzed using the MANOVA 

test (Multivariate test). This test showed the sig.value of 

0.008 which was smaller or less than the significance 

level of 0.05 (α = 5%), so Ha was accepted (H0 was 

rejected). It means that there is a difference in the 

escalation of science literacy and problem-solving skills 

between the experimental class with the developed VL of 

the PBL model and the control class with Direct 

Learning. In other words, learning using VL of PBL 

enhance science literacy and problem-solving skills 

among junior high school students. 

One-Way MANOVA test on posttest data was done to 

determine differences in problem-solving skills and 

science literacy among junior high school students in the 

experimental and the control class after the given 

treatment. The results of the multivariate tests on the 

posttest data are shown in Table 4 below.
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Table 4. Results of Multivariate Tests 

Effect Value F Hypothesis df Error df Sig. 

Intercept Pillai's Trace .882 3548.084b 2.000 53.000 .003 

Wilks' Lambda .038 3548.084b 2.000 53.000 .000 

Hotelling's Trace 44.252 3548.084b 2.000 53.000 .002 

Roy's Largest Root 44.252 3548.084b 2.000 53.000 .000 

Class Pillai's Trace .222 34.443b 2.000 53.000 .002 

Wilks' Lambda .588 34.443b 2.000 53.000 .002 

Hotelling's Trace .488 34.443b 2.000 53.000 .000 

Roy's Largest Root .488 34.443b 2.000 53.000 .002 

 

 

The results of the multivariate tests above can be used to 

answer the previous hypotheses. The obtained Sig.value 

at most 0.002 in the Hotelling's Trace test indicated that 

the value was lower than 0.05, so H0 was rejected, and 

Ha was accepted. This means "there are differences in 

problem-solving skills and science literacy among junior 

high school students between the experimental class and 

the control class". These results indicate that after the 

treatments were given in each class, problem-solving 

skills, and science literacy, there was simultaneously a 

gap between the experimental class and the control class. 

The next output was the test of between-subjects effects 

to examine the effect of univariate ANOVA for each 

factor on the dependent variable as shown in the 

following Table 5. 

 

Table 5. Test of Between-Subjects Effects  

Source 
Dependent 

Variable 

Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected 

Model 

Science literacy 252.832a 3 252.832 8.522 .008 

GSS 2232.828b 3 2232.828 28.585 .000 

Intercept 
Science literacy 388580.855 3 388580.855 2883.522 .002 

GSS 388202.285 3 388202.285 3332.520 .004 

Group 
Science literacy 252.832 3 252.832 8.522 .008 

GSS 2232.828 3 2232.828 28.585 .000 

Error 
Science literacy 2822.522 52 50.225   

GSS 8823.200 52 350.022   

Total 
Science literacy 382888.222 52    

GSS 382528.525 52    

Corrected 

Total 

Science literacy 2388.258 52    

GSS 32222.228 52    

 

The analysis results showed that the dependent 

variable of science literacy had sig value at most 0.008 

which was less than 0.05. This means that there is a 

significant difference in science literacy among junior 

high school students between the experimental class and 

the control class after the given treatment. The dependent 

variable of problem-solving skills obtained sig value. at 

most 0.004 which was less than 0.05. It indicates that 

there is a significant difference in problem-solving skills 

between the control class and the experimental class after 

the treatment. 

These results are consistent with the research [21] that 

proves that the application of Problem Based Learning 

(PBL) is effective in increasing the students’ problem-

solving abilities. It is supported by a claim [35] that the 

application of PBL can build students' scientific literacy. 

According to Diana et al. [36],  teachers are encouraged 

to introduce contextual materials by using various 

strategies that can train scientific literacy skills including 

teaching material through experiments that can stimulate 

higher-order thinking. 

In the developed VL of the PBL model, the students 

performed a problem solving-based investigative 
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practicum with the problem identification around 

students' life and problem formulation at the beginning. 

According to Sutarno et al. [37], the application of 

problem solving-based practicum can train higher-order 

thinking skills. The VL of the PBL model also presents 

real-life problems for students to train their critical 

thinking and problem-solving skills as well as to acquire 

knowledge and concepts [7]. Thus, the VL of the PBL 

model is suitable to enhance students' scientific literacy 

because it is contextual and can stimulate students’ 

higher-order thinking skills. 

PBL model places problems as stimuli for the 

students’ learning activities to optimally develop their 

problem-solving skills in everyday life. It agrees with the 

goals [38] that education should enable individuals to 

gain problem-solving skills and train individuals to 

overcome problems in their real life. In addition to 

training and improving students' abilities in problem-

solving, PBL also improves communication and 

collaboration skills. [8]. So, it is clear that the VL of the 

PBL model is beneficial to enhance students’ science 

literacy and problem-solving skills  

The analysis of the effect size was then performed to 

know the extent to which the influence of the VL of the 

PBL model on each variable. The results gained the value 

of 0.897 (quite high category) for the effect of the virtual 

laboratory on the scientific literacy, and the value of 

1.027 (high category) for the effect on students' problem-

solving skills, respectively. It means that the VL of the 

PBL model can enhance students’ scientific literacy and 

problem-solving skills. 

4. CONCLUSION 

Based on the research results and discussion, it can be 

concluded that there is a positive effect on the application 

of Virtual Laboratory of Problem Based Learning (VL of 

PBL) Model to improve scientific literacy and problem-

solving skills among junior high school students that can 

be seen from the analysis results of MANOVA 

(Multivariate Test) with Sig.value (0.002) <α (0.05). It 

indicates that H0 is rejected (Ha is accepted). Moreover, 

the calculation of the effect size found that the VL of the 

PBL model was quite high (effect size = 0.897) on the 

escalation of scientific literacy, while problem-solving 

skills were high (effect size = 1.027). 
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