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The media virtual lab was developed with a spreadsheet that displayed 
168 electrolysis reactions and performed reaction calculations. The 
implementation is done to improve the Science Process Skills (SPS) 
using the power of media. The design is an application of the model 
Analysis, Design, Development, Implementation, and Evaluation 
(ADDIE) of Research and Development (R&D). The VL was validated 
and revised by three media experts, who gave 88 on a score scale and 
were categorized as the highly qualified assessment of media, material, 
and visual communication. VL is used more in experimental classes 
than in control classes and SPS. Both of these classes include 
descriptions of tests, while SPS description tests generated normal but 
distributed data with a value of 0,502>0,05. The Levene test with a value 
of 0.849>0.05 indicates that the data is homogenous. The VL is there is 
a significant difference because the result of t test value obtained are 

0,000<0x7E>0.05. The percentage score of each indicator from the 

experimental class is compared with the control class, which has a high 
percentage of each indicator. The farthest difference is the domain for 
movement manipulation and procedure implementation skills. This 
lends evidence to the hypothesis test that using VL can augment SPS. 
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INTRODUCTION 

The high school science education 

system has a chemistry part. Implementing 

Education 5.0 in all subjects in the industrial 

era should be regarding curriculum, learning, 

and supporting tools [1]. For this purpose, it 

is necessary to cope with the challenges and 

trends of globalization [2]. Over the years, 

teachers must master technology and some 

clever media use. Computer-based media, 

including science, have been widely applied 

in education to enhance students' motivation 

compared to conventional learning [3], [4]. 

SPS are fundamental skills that 

serve as indicators and competence for 

student training [9], [12]. Besides group 

discussions, SPS on forecasting indicators 

can be trained through learning and practical 
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activities [5]. It is essential to equip the 

teachers with the knowledge to accomplish 

students' SPS relevant to the subjects taught 

[6]. Teaching practice of science 

communication skills must connect content to 

augment students to compete in the age of 

globalization [7], [8]. SPS improvement 

correlates positively with students' academic 

performance [9]. 

Chemistry material consists of 

theoretical and practical studies that require 

learning tools as a medium to support 

understanding concepts. The practical 

activities are only allocated time to explain 

the teachings of the materials, direct practical 

procedures, or conclude [10]. Learning this 

problem can hinder the teaching and learning 

process and students' understanding levels, 

especially in understanding abstract 

chemistry learning concepts [11]. The 

advance of media technology is increasingly 

visualizing and situating textbook knowledge 

that was once abstract and difficult. Media 

are tools to deliver information, which is the 

essence of learning [12]. 

Before undertaking practical work, 

students must know the hazards of using 

laboratory equipment and materials [13]. 

Virtual laboratories are a medium that can 

overcome the difficulty of understanding 

concepts comprehensively [14]. Students 

have double-way interaction, which they can 

repeat if they don't understand it [15]. 

Teachers play an essential role and thus 

need effective strategies and resources; 

computer simulations and animation can be 

used as pedagogical resources to improve 

pedagogical and teacher skills [16], [17]. 

Virtual simulation has advantages over 

physical learning in investigating 

unobservable phenomena [18]. The positive 

influence can serve as a benchmark for 

infusing technology within Indigenous 

knowledge in other scientific concepts [19], 

[20] 

According to school observations, 

many teachers still struggle to conduct 

scheduled practical sessions. This challenge 

includes the lack of important tools and 

material chemicals to conduct practicals, 

limited time to set up and prepare the 

practical tools and materials, and the 

unavailability of laboratory staff or technicians 

to assist with laboratory activities. These are 

some of the most important challenges facing 

chemistry teachers. Low absorption capacity 

is found in the case of chemistry due to these 

issues. Particularly for Electrolysis, a 

practical and well-defined explanation is 

critical for understanding the concepts 

associated with chemical reactions. 

The Virtual STEM Laboratory (VL) is 

a tool that can increase students' literacy in 

STEM and stimulate their creativity [21], 

which helps these students in their education 

and skills for work. It has been purposefully 

developed to investigate students' capacities 

to represent chemistry ideas by 

storyboarding content, with a focus on 

electrolysis cell material [22]. For example, 

previously developed virtual practicum media 

were already equipped with features 

calculation reactions and online bypass 

media operation [23]. In previous versions of 

the VL, solution options were limited to six per 

practical, and only small screens, such as the 

ones mounted on smartphones, were used, 
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making it prone to error in the practical 

process [24]. 

This study presents the development 

of a virtual electrolysis material laboratory 

based on interactive spreadsheets. This new 

iteration has evolved from previous media 

iterations and introduces key concepts of 

electrolysis, instructional videos, and 

crossword games as new interactivity means. 

The media includes real practicum videos, 

and students can be exposed to as many as 

168 electrolysis reactions for further practical 

understanding. VL information is used to 

develop an interactive, spreadsheet-based 

approach to improve SPS in this interactive 

case. 

 

 

METHODS  

1.Research Design 

The research design is development 

design, commonly called R & D (research 

and development). The research method 

implemented was the development of a VL 

using spreadsheet software in electrolysis 

materials with the ADDIE model. ADDIE is a 

popular design used in the development 

name changes analysis, design, 

development, implementation, and evaluate 

 

2. Participants and Sampling 

The place for researching the 

development of virtual laboratory media 

based on a spreadsheet was at the Islamic 

Boarding School in semester one in 

November of the 2023/2024 academic year. 

The school is an integrated Islamic boarding 

school with a science program. in Aceh 

Besar. 

The population of this study was 105 students 

of grade XII with four homogeneous class 

groups of Islamic Boarding Schools. The 

sampling method used in this research is 

purposive sampling, and the research 

samples are classified as class XII-A and XII-

B. The first steps were interviews and needs 

analysis when kicking off this research. The 

interviews showed information about the 

obstacles in the school, such as materials 

that are difficult to understand, models, and 

learning media that are used. The situation or 

students’ interest in the process of teaching 

and learning conducted and the learning 

media used are also studied and analyzed by 

researchers. 

 

3. A Development of Virtual Laboratory 

This is the second stage to perform 

after making the analysis, and in this stage, 

we already have the design that we would like 

to create according to the requirements of the 

product we are going to build. The VL design 

is interactive and utilizes easy-to-use 

spreadsheet software patients are familiar 

with to facilitate understanding of their 

learning material. A clear description of the 

research course is given in Figure 1. 

Developing a product by modifying 

the VL to a previously designed configuration. 

The extractor will provide the developed 

media to the validator to test the design and 

material. The validator who analyzes the 

media is a media, material, and language 

expert. As experts corrected, virtual labs are 

enhanced virtual input that can be perfect for 

production. 

http://dx.doi.org/10.26811/peuradeun.v7i1.268
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Figure 1. Flow diagram 
 

4. Instruments Development 

Based on the assessment rubric we 

created earlier, we calculate how many 10 

SPS essay questions students will fill in after 

learning. The questions cover six indicators: 

observation, recording the data and 

information, following the instructions, 

measuring, manipulating movement, and 

implementing the techniques and 

procedures, in addition to three expert 

validators' initial pass of validation, 

construction, relevance, and clarity test 

phases. So, 30 students were tested to see 

the results of their answers. The reliability test 

results are 0.0704 for the reliability category, 

from 15 essay questions to 10 questions, 

which can be used. The experimental class 

(EC) implements VL in a spreadsheet-based 

form, while the control class (CC) implements 

practical video media. 

5. Implementation  

The samples had studied electrolysis 

material before; classes XII MIA-1 were used 

as an experiment class, and XII MIA-2 was 

used as a control class with the total number 

of samples. The research design at the 

implementation stage used a nonequivalent 

posttest-only control group design with a 

description of the treatment presented in 

Table 1. 

Table 1. Research Design 

Class Treatment Posttest 

Control XK OK1 
Experimental XE OE1 

In which:  
XK = Treatment without the use of VL media  
XE       = Treatment using VL media  
OK1 & OE1  = Posttest experimental and control classes 
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RESULTS AND DISCUSSION 

1. Analysis 

According to the results of the 

questionnaire conducted with the teacher, the 

lack of chemicals and labs in the laboratory 

makes it impossible to implement the 

laboratory. Table 2 shows the outcomes of 

the requirements analysis. 

 

Table 2. Results of needs analysis 

Aspects analyzed Find Results Recommendation 

Field Studies The school already has a computer laboratory 
and science facility, but the chemical 
equipment for the practice is still inadequate.   

Develop media for virtual practicums 
as an alternative to a restricted 
supply of chemical materials and 
tools.  

Learning Process  Applied chemistry learning is still centered on 
the teacher, and the pupil cannot perform the 
chemical practice until the skill has been 
trained to see its achievement. 

Encourage the media to highlight the 
accomplishments of the SPS basic 
students in their educational journey. 

Teaching 
Materials  

Teaching materials in the learning process 
include textbooks and chemistry lessons; 
teachers rarely use other media as a learning 
resource.  

Virtual media development is a VL of 
teaching materials to facilitate 
teachers and pupils.  

Electrolysis 
Reaction Matter 
 

The material of the electrolysis reaction 
requires practicum to prove the concept. 
Electrolysis is an abstract theory that can't 
explain electrolysis reactions at a sub-
microscopic level. 

The electrolysis material must be 
sub-microscopically described using 
a VL-based spreadsheet that can 
help describe the reaction clearly.    

 

The study was conducted on 

students and teachers of Islamic Boarding 

School in Aceh Besar using field observation 

and literature studies. Observations were 

made to find out how students' and teachers' 

teaching and learning processes are affected 

by the results of the observations obtained, 

which showed that students do not 

understand and lack skills in chemistry 

learning, especially the electrolysis material. 

This is the abstract nature of electrolysis 

material not to understand electrolysis 

reactions at the submicroscopic level so 

students need media in the form of a virtual 

laboratory. 

 
2. Design 

Conclusion The laboratory virtual 

design approach based on the electrolysis 

material spreadsheet is refined according to 

the identification of previous needs analysis 

results. This material is related to electrolysis 

with a sub-microscopic model of the reaction. 

The coverage in this VL includes cover 

(cover page design with menu option 

understanding the concept, VL, student 

worksheets) and framework design. The 

introduction also presents elementary 

competencies and indicators that will help 

clarify the measurable impact. In addition to a 

video explanation of the electrolysis material, 

an animation of the electrolysis reaction 

occurs to clearly show the students' 

understanding of the concept of learning 

outcomes obtained. References: Several of 

the chemical reactions (based on references) 

we show are also demonstrated as 

references. It brings the ideas of the content 

down to the submicroscopic level with 

explanations of how atoms and molecules fit 

into the concept. This is according to the 

visual need to understand abstract notions. 
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Figure 2. Animated video of electrolysis material 

 

Figure 3. Display of electrolysis reactions 

 

Figure 4. Game crossword 

 
Relying on the conception of VL that 

displays sub-microscopic molecules in 2D, 

there are 168 electrolyze reactions that could 

emerge through the electrolysis reaction of 

the solution and decomposition of diverse 

compounds with electrode type selection. 

Electrolysis video practicum of some 

compounds to enhance the understanding of 

practicum participants/objects of study in a 

real way, then game crossword, a word 

guessing game with some statements related 

to electrolysis material. 



 JKPK (Jurnal Kimia dan Pendidikan Kimia), Vol.9, No. 3, 2024,  pp. 405-417         411 

  

This last is a test question for 20 test 

questions to see the students take this 

vocabulary concept teacher responses 

(choice question). 

 

3. Development 

a. Media Validation 

Validation is performed in the 

developmental phase to approach the 

applicability of virtual media in the laboratory 

experimentally. The VL validity test obtained 

an average score of 88.4 with a very qualified 

category using a Likert scale, while the media 

validity tests visual communications and 

material. New media can be used after 

testing its validity phase via product reformed 

with the eligible minimum category [26]. 

Below is a summary of the validation results 

by the 15 experts. 

 
Figure 5. Chart results of the validation 

 

This media has been revised twice, 

based on expert validators' assessments, 

comments, and suggestions, before being 

declared a very suitable virtual laboratory 

media. Validators focused on media 

appearance and materials, which were 

aspects of improvement. Here are some 

comments and recommendations from media 

experts. This media went through two 

revision stages based on comments and 

suggestions from expert validators before 

finally being declared a virtual laboratory 

media that was very appropriate for use. 

One of the areas that was improved 

by the validator focused on the visual aspects 

of communication and materials. The button 

is a hyperlink placed in the top left corner to 

easily bring the user back to the main menu 

to change to other available menus without 

scrolling. Using input and direction from that 

validator, we added that the menu icon 

should link to the home page, and we added 

descriptions of "Home." Moreover, the output 

screen on the previous virtual application 

showed that the index number was incorrect, 

so the researcher revised the chemical 

formula by writing the index with subscript 

letters. So, after the amendment, the battery 

was placed on both electrodes, giving a 

frozen description of the competition of 

oxidation and reduction ion reactions. The 

displayed tools and weights had been 

constructed in electrolysis cells based on the 

submicroscopic description of the response. 

100 96
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Finally, a program showing the calculation 

results of the virtual laboratory appears to be 

complete without the assistance of scrolling. 

 

b. Small Scale Trial 

A small-scale group trial was 

conducted on 30 students who studied 

electrolysis content in high school. 

Respondents populated the assessment on 

the lift for each variable SUS. The data were 

analyzed to calculate a total score based on 

the positive and negative statements 

formula—Table 3. October 2023 shows SUS 

scores calculated for each of the 

respondents. 

 
Table 3. Student response results (small scale trial) 

Respondents SUS Questionnaire Statement Items 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
Number of ratings 91 89 89 60 107 106 89 105 99 66 

% 76 74 74 50 89 88 74 88 83 55 
Total  750.83 

Average SUS Score 75.08 

Resulting in a few problems from the 

test, i.e., some categories E and scale 

statement 10 categories D. The respondents 

assume that the users still need expert 

guidance about learning the system and not 

much need to learn the material for 

electrolysis. The suggestions will be 

considered a final product to be implemented 

in learning material of chemistry electrolysis. 

The usage test steps in the Table 3 

above each execute consistent with the SUS 

calculation guideline. A range of acceptability 

determines the scoring average of the 

response values of the student of 75.05 

under the interpretations. 

 

4. Implementation 

The test adopts descriptive question 

formats to accommodate and evaluate the 

student's thinking skills, which are validated 

qualitatively and quantitatively. Validating 

instrument tests were conducted by 3 experts 

toward three aspects: assessment 

construction, relevance, and question item 

clarity, so the instrument is valid and proper 

to use. 

Table 4. The Results of the normality test 

Instructional Media 

Shapiro-Wilk 

Statistic 𝓪 Definit
ion 

SPS 
Experimental 0.117 0.05 Normal 

Control 0.502 0.05 Normal 

 

Program propagates  [27] has been 

applied to test the SPS instrument on the 

essay questions. According to the calculation 

results of 15 descriptive questions that are 

declared valid and feasible for use, 10 

questions. The result obtained a reliability 

value of 0.704, which has a high category 

(reliable). If data is NOT in a normal 

distribution, then complete a t-test so that the 

statistical test will be down. Thus, in this 

article, normality tests are conducted using 

the SPSS application, which is evident in 

Table 4. 

Shapiro Test was performed to 

determine whether the analysis between the 

two classes was normally distributed—a real 

level of 0.05, with a sample of 25 in each CC 

and EC. As can be seen in the above Table, 

https://e-hakcipta.dgip.go.id/index.php/c?code=ZjU2ZTQ3ZWE0NWFlYjVmMDQ3NWY2ZThiZGIwYWVmNjEK
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the EC value was 0.117, smaller than the CC 

for the statistical value. The CC gets the 

value 0.502 > 0.05. This means we can 

assume that the aCC class is a wide 

classification, the two sample classes 𝓪 > 

0.05, applying CC and one at the best 

accuracy. When the calculated value is 

greater than 0.05, then Hₒ is accepted, so it 

can be concluded that in CC and EC, data are 

normally distributed. 

The t-test and homogeneity test for 

both sample classes were the next steps. The 

data on the test result was inputted into the 

SPSS application for analysis. Table 5 shows 

the results of this data set for homogeneity of 

variances to examine whether the two 

samples are homogenous [28]. The output of 

two Levene tests using SPSS shows we 

achieved a value with p = 0.849 (p > 0.05). It 

means that the two classes compared are 

quite similar. Therefore, the variance of the 

two compared classes is homogeneous. 

 

Table 5. Homogeneity and T-test 

 

Levene’s 
Test for 

Equality of 
Variances 

t-test for Equality of Means 

 F 
Sig

. 
t df 

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

SPS Equal variances 
assumed 

0.155 0.69
6 

8.388 48 0.000 16.600 1.988 

Equal variances 
are not 
assumed. 

8.388 47.61 0.000 16.600 1.988 

 

 

Figure 6. SPS outcomes in the CC and EC 

 

The sig. (2-talled) value is 0.000. The 

p-value is less than this significance output of 

0.05. Hence, it can be deduced that Hₒ is 

rejected and H1 is accepted. The difference 

https://doi.org/10.61445/tofedu.v1i2.30
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between the results of the science process 

skills test that utilizes a virtual laboratory is 

tremendous, with a value of 16.60 [9] 

compared to the research conducted by Ekici 

& Erdem [29], which yielded a value of 6.69. 

So, the result is a significant difference 

between using VL and SPS. The results were 

a reference of research [30] that achieved a 

value of 0.040 < 0.05 in its significance of the 

difference in CC by utilizing flipped 

classrooms through e-learning. Therefore, 

VL media can enhance SPS, which can be 

concluded accordingly. Now, have a look at 

the comparison graph below. 

The percentage of each indicator for 

the experimental class is higher than that of 

the control class. The most significant 

difference comes in the skill of manipulating 

movements and executing processes. This 

further solidifies the hypothesis test, which 

states that virtual laboratories can improve 

the SPS. 

 

5.Evaluation 

The sample was a response to the 

VL test sheet of 25 students of the Islamic 

Boarding School. The sample used as 

respondents is the experimental class that 

ensured that they had implemented VL in the 

learning process before filling out the 

questionnaire sheet. They utilized the media 

in the learning process before answering the 

questionnaire sheet. For the category, the 

percentage strongly agreed at 56.7, agreed 

at 43, and disagreed at 0.33. The percentage 

is 89 with the category “very interesting,” 

based on the fact of lift analysis. Interestingly, 

respondents who researched developing 

interactive e-module media also got results 

with very attractive criteria [31], [32]. The 

category accomplishment is great since a few 

components impact it; for instance, the 

appeal and substance angle, content in 

recordings that are anything but difficult to 

comprehend and clear, the illustration used, 

for example, pictures and video liveliness can 

give inspiration, movement, and increment 

client fascination [33]. All three of these 

studies share a commonality of criteria 

concerning media development that attains 

high user satisfaction results. 

 

CONCLUSION 

 The VL-based spreadsheet on 

electrolysis material developed at the revision 

stage can be used as a medium in the 

learning process by pupils and educators, 

with expert validation results of 88% in a 

qualified category. The student then replies 

that the virtual lab shows 89.1% from the 

experiment they worked on, so depicting the 

answer is very interesting. The media has 

been applied to Islamic Boarding School 

students. All classes had completed 

electrolysis learning before the description 

test questions. The extracted scores were t-

test (p score = 0.000 < 0.05). According to 

these numbers, the EC and the CC have 

significant differences. For that reason, a VL 

could improve the SPS. 
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