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Abstract 

Argumentation abilities can be developed using electronic modules based on socio-scientific issue themes in 

biotechnology materials. The purpose of this project is to gather data regarding the efficacy of using 

electronic modules centered on socio-scientific issues to enhance students' perceptions of biotechnology and 

their ability to argue. A quasi-experimental approach was taken in this investigation. The non-equivalent 

control group design is the research methodology employed. The sample consisted of 120 students from 

Class XII who were selected with the purposive sampling technique. The experimental group was taught 

using a socio-scientific issue-based electronic module integrated with a problem-based learning model, 

whole the control group received instruction using a conventional electronic module without socio-scientific 

issue integration. The findings demonstrated that there was a significant average difference in 

argumentation skills between the experimental and control classes. The results of the Mann-Whitney test on 

the value of argumentation skills indicate that there is a difference in the effectiveness of utilizing regular 

modules to increase students' argumentation abilities against electronic modules based on socio-scientific 

issue issues is 0.002 (2-tailed = 0.002) < (0.05). The findings indicated that the average difference between 

the experimental class and the control class was significant in students' perceptions of biotechnology. The 

findings demonstrated that students' perceptions of biotechnology differed significantly on average across 

the experimental and control classes. According to the results of the Mann-Whitney test on the value of 

students' perceptions of biotechnology, the effectiveness of using electronic modules based on socio-scientific 

issue issues differs from that of regular modules in terms of improving students' perceptions of biotechnology 

is 0.003 (2-tailed = 0.003) < (0.05). The N-Gain score requirements for enhancing students' reasoning skills 

through the use of electronic modules centered on socio-scientific issue topics. 
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INTRODUCTION 

The field of education continues to undergo 

changes and developments to shape the next 

generation of the nation as quality human resources 

with various skills (Wüstenberg et al., 2014). The 

skills that must be imparted to students among 

communication skills, problem-solving, creativity, 

critical thinking, and collaboration are critical 

thinking skills. Argumentation skills are part of the 

critical thinking skills process that explain 

reasoning and enhance students' ability to assess 

credible information (Hanegan & Bigler, 2009). 

Argumentation skills lie at the intersection of 

creative thinking skills and critical thinking skills; 

both skills can be honed through argumentation 

skills (Glassner & Schwarz, 2007).  

According to previous research, students' 

argumentation skills are categorized as very poor, 

with low average scores in argumentation skills, 

particularly in biotechnology material. This can be 

caused by various factors in the learning process, 

including less innovative teaching methods and the 

lack of habituation for students to express their 

opinions (Bögeholz et al., 2017). So far, students 

are rarely trained in argumentation skills, and they 

are seldom invited to discuss or debate during the 

classroom learning process. Students' 

argumentation skills need to be trained so that they 

can meet these challenges and analyze problems 

related to science or knowledge based on existing 

evidence and facts. 

Discussion activities that address socio-

scientific issues are one way for students to present 

their arguments because these discussions provide 

a problem to be debated, allowing students to make 

decisions (Chu et al., 2017). Socio-scientific issue 

issues-based learning can improve 21st-century 

abilities like problem-solving (Zamakhsyari & 

Rahayu, 2020) critical thinking (Pratiwi et al., 

2016), decision-making, and argumentation 

(Purwati et al., 2019). Students can use life 

experiences, moral principles, and scientific data to 

support their arguments in this setting (Chowdhury 

et al., 2020). 

One of the subjects in biology that can equip 

students with critical thinking skills is 

biotechnology, and one of the skills that can be 

imparted is argumentation skills. In addition, 

biotechnology is a subject that has many socio-

scientific issues. This is in line with Dawson and 

Venville (2009) who state that this is because the 

topic of biotechnology is too controversial as it 

generally not only contains scientific content but 

also socio-scientific issues in the form of 

economic, social, and political aspects. 

Research worldwide has revealed that 

students still have limited knowledge and negative 

attitudes towards biotechnology (Sáez et al., 2008). 

Therefore, a study is needed to measure students' 

understanding of the factors that influence their 

perceptions of biotechnology. Students' 

perceptions of an issue are a comprehensive 

assessment of the impact, utility, and limitations of 

biotechnology and are influenced by the interaction 

between knowledge, attitudes, and motivation, 

particularly interest and enthusiasm for the subject 

matter (Fonseca et al., 2012a).  

Students' skills in argumentation can lead to 

better understanding and perceptions of 

biotechnology, thereby influencing learning and 

academic achievement (Kaya et al., 2010). Based 

on the results of previous studies, there is a need 

for learning support tools that can enhance 

students' argumentation skills based on socio-

scientific issues and students' perceptions of 

biotechnology. A module is one of the learning 

assistance resources. Modules are educational 

materials that cover a variety of subjects, are 

arranged according to instructional design, and are 

given to students to utilize in class activities 

(Kemdikbud, 2020). To improve reasoning 

abilities and attitudes towards biotechnology, 

modules must be developed in conjunction with the 

application of learning methodologies or models 

(Irwan et al., 2019). 

Innovation or adjustments need to be made 

to address the issues of limited time and available 

books at school, one of which is through certain 

media that assist in the learning process, namely 

electronic modules. In this electronic module, 

students can access it flexibly without being bound 

by place and time (Tekin et al., 2020). 
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The characteristics of electronic modules are 

e-modules are designed to be self-instructional, 

allowing students to learn independently without 

constant teacher intervention (Banjer et al., 2021). 

E-modules leverage technology to provide 

continuous learning opportunities without space 

and time limitations, this includes the use of videos, 

animations, links to various sources, and formative 

tests  (Nuraini & Ronoatmodjo, 2018). The 

development of e-modules often involves rigorous 

validation processes by experts to ensure their 

effectiveness and feasibility (Banjer et al., 2021). 

This can address issues in distance learning. The 

form of innovation in the development of 

electronic modules in learning is the module based 

on problem-based learning (PBL) (Saifuddin et al., 

2020). The problem-based learning model is used 

to encourage students to enhance their higher-order 

thinking processes. Therefore, the biotechnology 

module based on socio-scientific issues integrated 

with PBL has the potential to activate 

argumentation skills. 

METHOD 

This study's quasi-experimental research 

design uses a non-equivalent control group design 

type.. This research design was chosen because it 

relates to the objective of this study, which is to 

determine the effectiveness of an electronic module 

based on socio-scientific issues in improving 

students' argumentation skills and their perception 

of biotechnology. Two classes were the subject of 

the study: the experimental class, which used 

electronic modules for learning based on socio-

scientific issue concerns utilising a problem-based 

learning approach, and the control class, which 

used modules without any socio-scientific issue 

issue. The determination of subjects was conducted 

through purposive sampling, which involved 

selecting 12th-grade students who met the criteria 

of having adequate devices or smartphones capable 

of downloading electronic modules and who had 

not yet covered biotechnology material at the high 

school level. 

The population in this study consists of 12th-

grade students, totaling 120 students from one of 

the high schools in West Bandung Regency. The 

sample was selected using a purposive sampling 

technique, in this study consists of two classes that 

will become the control class and the experimental 

class. Students in the experimental class who were 

given treatment with an electronic module based on 

ocio-scientific issues consisted of 60 students, and 

the control class also consisted of 60 students. 

A perception questionnaire and an 

argumentation rubric were the research tools 

utilized. Toulmin's theoretical framework served as 

the foundation for the development of the 

argumentation rubric, which measures the quality 

of students' argumentation using the elements of 

claim, data, warrant, backing, qualifier, and 

rebuttal. This allows for the systematic and 

objective measurement of argumentation. The 

perception questionnaire was also used to gauge 

how students felt about the material they were 

learning and the subject they were studying. 

Twenty statement items covering interest, 

comprehension, material relevance, and students' 

attitudes toward the learning process and the topic 

under study were included in the Likert scale 

format. 

Expert judgement, or the evaluation by 

professionals with expertise in biology education 

and learning assessment, was used to determine the 

validity of the instrument in this study by ensuring 

that each statement item was appropriate for the 

construct being measured. The instrument's degree 

of internal consistency was then ascertained by 

analyzing its reliability using Cronbach's Alpha 

coefficient. The 20 statement items have high 

reliability, according to the analysis results, which 

revealed a Cronbach's Alpha value of 0.822. As a 

result, the instrument was deemed adequately 

dependable, consistent, and appropriate for use in 

the research. 

The e-module's Problem-Based Learning 

(PBL) phases start with Problem Analysis and 

Learning Issues, where students analyze contextual 

issues and identify learning problems that require 

further investigation. The following phase is called 

Discovery and Reporting, during which students 

investigate topics, gather information, and present 

their conclusions as the foundation for creating 

solutions. The learning process ends with reflection 
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to assess the method, outcomes, and knowledge 

acquired. Next, in the Solution Presentation stage, 

students present their developed solutions along 

with supporting arguments. 

RESULTS AND DISCUSSION 

In this section, the findings and discussion 

are presented. The class utilising an electronic 

module based on socio-scientific issues and the 

control class using a conventional electronic 

module (not based on socio-scientific issues) 

differed in their ability to argue, as explained in the 

first section. The second section describes how the 

class that used electronic modules based on socio-

scientific issue concerns and the control class that 

used conventional electronic modules (not based 

on socio-scientific issue issues) differed in how the 

students saw biotechnology. 

The following presents the findings related 

to students’ argumentation skills. The Mann 

Whitney U Test, normality tests, and homogeneity 

tests were used to examine the differences in 

reasoning skills data between the experimental and 

control classes. Table 1 displays the findings of the 

statistical data analysis. 

Table 1. Statistical Analysis of Pre-test Results on 

Differences in Students' Argumentation Skills 
Data Type Pretest 

Group Control Experiment 

N 60 60 

Mean 2.23 2.43 

Standard Deviation 0.767 0.871 

Test of 

Normality 

(Kolmogorov

-Smirnov) 

Sig. 0.000 0.000 

Inter Not normal 

Test of 

Homogenity 

(Levene’s 

Test) 

Sig. 0.176 

Inter Not homogenous 

Mann 

Whitney U 

Test 

Sig. 0.186 

Inter Not Significant 

Based on the average of the experimental 

and control classes, the argumentation level of 

students in the pretest was 2.23 out of a maximum 

score of 5 for the experimental class and 2.43 out 

of a maximum score of 5 for the control class. It 

can be seen that the students' level of 

argumentation is level 2, which means arguments 

with supporting data but no counterclaims. This is 

consistent with research at higher levels, which is 

dominated by level 2, although some reach level 3. 

The dominance of argumentation skills at Level 2 

may be influenced by cognitive development at 

higher levels during the formal operational phase. 

At this stage, high school students can discuss 

alternative viewpoints on issues or provide ideas or 

suggestions that they believe will help guide the 

discussion on the problems identified in the 

research (Amalia & Kustijono, 2017). 

After completing the pretest, students 

received an experimental educational module using 

an electronic module based on socio-scientific 

issues, while the control class used a regular 

electronic module. After completing the learning, 

the students were retested and given a posttest. The 

results of the post-test analysis are shown in Table 

2. 

According to Table 1 and 2, the 

experimental class that used an electronic module 

to learn about socio-scientific issue concerns often 

improved their scores more than the control class 

that also used an electronic module. In the 

experimental class, the difference in score 

improvement between the final test (post-test) and 

the first test (pre-test) is 0.62, whereas in control 

class, the difference in score improvement between 

the final test (post-test) and the first test (pre-test) 

is 0.17. 

Table 2. Statistical Analysis of Post-test Results 

on Differences in Students' Argumentation Skills 
Data Type Posttest 

Group Control Experiment 
N 60 60 

Mean 2.40 3.05 

Standard Deviation 0.741 1.171 

Test of 

Normality 

(Kolmogorov-

Smirnov) 

Sig. 0.000 0.000 

Inter Not Normal 

Test of 

Homogenity 

(Levene’s 

Test) 

Sig. 0.004 

Inter Homogenous 

Mann Whitney 

U 

Sig. 0.002 

Inter Significant 

The difference in the pretest–posttest gain between 

the experimental class, and the control class is also 

presented in Figure 1. 



Mardiyah, F. H., Purwianingsih, W., Solihat, R. 

EDUSAINS, Volume 17 Nomor 02 Tahun 2025, 124-133 
This is an open access article under CC-BY-SA license (https://creativecommons.org/licenses/by-sa/4.0/) 

 

 

Figure 1. The pre-test and post-test results  

In the post-test data, the average level of 

inference achieved in the experimental class was 

higher than the average achieved in the control 

class. Students who studied socio-scientific issues 

in the electronic module achieved better results at 

the reasoning level of 3.05 than students in the 

control class at the reasoning level of 2.40.  

This is consistent with the findings of Sadler 

and Zeidler (2005) that a socio-scientific issue-

based learning environment involves students in 

independent scientific learning, reasoning, and 

moral reasoning. When faced with social science 

issues, students raise controversial social science 

problems (Sadler, 2004). The socio-scientific 

issues discussed are closely related to contextual 

life, making it easier for students to discuss. 

The increase in the level of discussion in 

experimental education can also be caused by the 

content or materials used, namely biotechnology 

issues. Biotechnology is one of the concepts in 

biology that can test students' critical thinking 

abilities, and one of the skills that can be enhanced 

is reasoning ability (Christenson et al., 2017). In 

addition, biotechnology is full of social science 

issues. This is in line with the statement by 

(Dawson & Venville, 2013) that the topic of 

biotechnology generally is not only scientific but 

also involves social science issues in the form of 

social, economic, and political dimensions. Often 

controversial in the field of new science and 

technology. 

A meaningful learning environment that 

encourages students to use their argumentation 

abilities is provided by educational media with 

electronic modules centred on socio-scientific 

issue topics (Jho et al., 2014). One of the outcomes 

of socio-scientific issue-based learning is the 

improvement of students' argumentation skills by 

applying their skills in debating, critiquing, 

discussing, and negotiating based on evidence 

(Eggert et al., 2017). 

According to Norris and Phillips (2003), in a 

socio-scientific issue-based setting, students can 

integrate and apply their knowledge of science 

content and fundamental science literacy skills 

(i.e., the capacity to read and write science texts 

and various styles of representation). As they 

collaborate and apply their knowledge of 

arguments to a scientific problem or topic, students 

in this setting provide a variety of ideas in order to 

develop their argumentation skills. In other words, 

students are expected to debate, discuss, defend, 

and eradicate biases using their knowledge of what 

constitutes strong evidence and strong statements 

in such a setting (Yapıcıoğlu, 2018). 

Students may be able to engage in debate in 

two significant ways through the usage of 

electronic modules centred on socio-scientific 

issue topics: (1) Social negotiation: students can 

debate, defend, and remove biases in arguments to 

reach an agreement; and (2) epistemic 

understanding of arguments: students learn what 

makes an argument strong and can use that 

knowledge to inform and critique others (Chen et 

al., 2016). 

The difference in achievement scores 

between the experimental class and the control 

class is influenced by the learning media used. This 

is consistent with the findings of Iordanou and 

Constantinou (2015) who claimed that students 

may formulate arguments for debates, present them 

for public review, and then amend them after 

learning about their advantages and disadvantages. 

Students improve their arguments and make better 

conclusions as a result of the construction and 

critique process. Socio-scientific issue 

argumentation exercises help students understand 

how society makes well-informed decisions on 

socio-scientific issue issues and involve them in the 

decision-making process with evidence support. 
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The electronic module-based learning media 

on socio-scientific issues used in education, such as 

Zoom, Google Meet, WhatsApp, academic portals, 

and others, have limitations due to unstable internet 

connections (Wahidah et al., 2018). This is 

supported by research showing that electronic 

learning media modules based on socio-scientific 

issues are very helpful for students, as they do not 

require an internet package, are not limited by 

unstable internet connections, and can be operated 

by students anywhere (Iordanou & Constantinou, 

2015). 

Teaching methods and learning media need 

to be integrated based on learning materials. One 

form of integration in this research is the 

development of electronic modules based on socio-

scientific issues. The electronic module becomes a 

solution to facilitate the learning of material for 

students. This is in line with survey findings that 

100% of students are interested in participating in 

multimedia-enhanced learning. Learning using 

smartphones can support more active learning 

without being constrained by time and place.  

(Larasati, 2019). The learning experience provided 

to students through mobile and innovative 

technology is equipped with personalized content 

and learning pathways to enhance higher-order 

skills and facilitate independent learning (Amalia 

& Kustijono, 2017). 

Furthermore, the study's findings indicate 

that students in the biotechnology course they are 

enrolled in employ electronic modules related to 

tissue culture, animal cloning, recombinant DNA, 

hybridoma technology, and in vitro fertilisation. 

Since the use of biotechnology has a big influence 

on society, the community is involved in decision-

making and takes a critical position towards its 

application (Fonseca et al., 2012b). 

According to Kolarova (2011), students 

between the ages of 15 and 19 who get modern 

biotechnology instruction can be inspired to make 

choices and develop a critical mindset regarding 

the use of contemporary biotechnology in society. 

Khishfe (2012) gave pupils the task of debating and 

making decisions regarding genetically modified 

organisms (GMOs) and animal cloning. There are 

many biotechnology topics that can be addressed in 

Indonesia, such as issues related to biotechnology 

in the fields of agriculture, health, and genetic 

engineering. 

The assessment of argumentation skills is 

used to obtain N-gain test results. The results 

obtained come from the pre-test and post-test 

results in the control class and the experimental 

class. During the learning and research period, the 

control class used a regular electronic module, 

while the experimental class used an electronic 

module based on socio-scientific issues. Based on 

the N-gain calculations, the conclusions from the 

pre-test and post-test calculations are presented in 

Table 3. 

Tabel 3. N-gain Results Argumentation Skills Pre-

test and Post-test Control and Experimental 

Classes 

Group 

Score 

G

ai

n 

N

-

ga

in 

N-

gai

n 

per

cen

t 

(%) 

Desc 

Pret

est 

Pos

ttest 

Control 
44.6

7 

48.0

0 

3.

33 

0.

00 
0 Low 

Experim

ent 

48.6

7 

61.0

0 

12

.3

3 

0.

31 
31 

Interme

diate 

Based on the results of the N-gain percent 

test calculations in Table 3, it shows that the 

average N-gain percent for the experimental class 

(learning using electronic modules based on socio-

scientific issues) is 31%, which falls into the 

ineffective category. In contrast, the control class 

(which uses electronic modules that are not 

grounded in socio-scientific issues) has an average 

N-gain percentage of 0%, placing it in the category 

of extremely ineffectual. As a result, using 

electronic modules that focus on socio-scientific 

issue topics does not help students become better 

argumentators. In the meantime, students' ability to 

argue is not greatly enhanced by the usage of 

electronic modules that are not grounded in socio-

scientific issue topics. 

Although the Mann–Whitney U test 

indicated a statistically significant difference, the 

N-gain results suggest that the magnitude of 

improvement was relatively low. The relatively 

low N-gain may be attributed to several factors, 



Mardiyah, F. H., Purwianingsih, W., Solihat, R. 

EDUSAINS, Volume 17 Nomor 02 Tahun 2025, 126-133 
This is an open access article under CC-BY-SA license (https://creativecommons.org/licenses/by-sa/4.0/) 

 

including the short duration of the intervention, 

which limited students’ opportunities to deeply 

engage with the learning process. In addition, 

students were not yet accustomed to learning 

through socioscientific issues (SSI), requiring an 

adaptation period to effectively develop higher-

order thinking and argumentation skills. The 

implementation of discussions in a predominantly 

online setting also constrained interaction, 

collaboration, and depth of exchange among 

students. Furthermore, the learning process tended 

to emphasize cognitive aspects more strongly than 

affective components, which may have reduced 

students’ emotional engagement and personal 

connection with the issues discussed. 

The application of socio-scientific issue 

issues for classroom learning provides a 

meaningful learning environment for students to 

enhance their reasoning skills (Jho et al., 2014). 

One of the outcomes of socio-scientific issue-based 

learning is the improvement of students' 

argumentation skills because the learning applies 

students' skills in debate, critique, discussion, and 

negotiation based on evidence (Eggert et al., 2017). 

As they collaborate and use their epistemic 

understanding of arguments on a scientific issue or 

topic, students in his socio-scientific issue-based 

environment provide a variety of ideas to develop 

their argumentation skills. This implies that 

students are encouraged to argue, defend, debate, 

and discuss while having a clear understanding of 

what constitutes strong evidence and a strong claim 

in this setting (Yapıcıoğlu, 2018). 

Two significant aspects of socio-scientific 

issue issues can offer students an argumentative 

environment: (1) social negotiation, where students 

can discuss, defend, and eliminate argument biases; 

and (2) epistemic understanding of arguments, 

where students can gain a deeper understanding of 

what constitutes a good dispute and use this 

understanding to inform and critique others (Chen 

et al., 2016). 

Students can develop arguments and share 

their opinions during discussion or problem-

solving activities that have been incorporated with 

PBL learning in the module, especially in the 

socio-scientific issue feature. They can then 

receive feedback from their peers to understand the 

arguments' strengths and weaknesses and make 

improvements (Bathgate et al., 2015). Better 

decisions and stronger arguments can result from 

the process. Due to the evidence-based support and 

the improved comprehension of the information 

presented in socio-scientific issue issues, 

discussion activities that develop argumentation 

skills using socio-scientific issue issues can have 

an impact on students' decision-making (Lindahl & 

Lundin, 2016). Therefore, the goal of discussion 

exercises involving socio-scientific issue topics is 

not only to foster friendships with people who hold 

different views and accept arguments, but also to 

arrive at a judgement that is accepted by both 

parties through debate and analysis of the available 

data (Hancock et al., 2019). 

The students' perceptions referred to in this 

study consist of several indicators, namely attitude, 

the importance of biotechnology, and interest in 

biotechnology. The attitude section is assessed on 

a four-point Likert scale. The way to measure 

students' perceptions of biotechnology is by using 

a questionnaire given to the students. The aspects 

discussed regarding students' perceptions of 

biotechnology include statistical analysis, students' 

perceptions per indicator such as the importance of 

biotechnology, cognitive, affective, behavioral, 

interest in biotechnology, and interest in an activity 

related to biotechnology (Klop & Severiens, 2007), 

gain and N-gain analysis, and the significance test 

of students' perceptions of biotechnology in the 

experimental class and the control class. The 

results of the statistical data analysis can be seen in 

Table 4. 

Table 4. Data Analysis of Pre-test Results of 

Student Perception Questionnaire on 

Biotechnology 
Group Pretest 

Data Type Control Experiment 

N 60 60 

Mean 60.18 56.05 

Test of 

Normality 

(Kolmogor

ov-

Smirnov) 

Sig. 0.200 0.005 

Inter Normal Normal 

Test of 

Homogenit

y 

Sig. 0.015 

Inter Homogenous 
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Group Pretest 

Data Type Control Experiment 
(Levene’s 

Test) 

Mann 

Whitney U 

test 

Sig. 0.017 

Inter Significant 

Based on the research findings in Table 4, 

the pre-test scores differ significantly, indicating 

that the control and experimental class students 

have different levels of perception about 

biotechnology before the learning process. The 

normality test on the experimental class and the 

control class showed normal results for the control 

class, while the experimental class showed non-

normal data, and the homogeneity test indicated 

non-homogeneous results in the pre-test. There is a 

difference between the average students' 

perceptions of biotechnology in the experimental 

and control classes. The experimental class's 

average is 60.18, whereas the control class's is 

56.05. Next, the average comparison test using the 

Mann Whitney U test was conducted to determine 

the difference between the control class and the 

experimental class in the pre-test results. The 

results of the Mann Whitney U test reveal that the 

pre-test results between the experimental class and 

the control class have considerable argumentation 

skills. Therefore, the next step is to statistically 

analyze the data using gain or the difference 

between the post-test and pre-test data. The gain 

analysis data of the student perception 

questionnaire about biotechnology can be seen in 

Table 5. 

Table 5. Data Analysis of Post-test 

Results of Student Perception Questionnaire on 

Biotechnology 
Group Postest 

Data Type Control Experiment 
N 60 60 

Mean 4.7 9.8 

Test of 

Normality 

(Kolmogor

ov-

Smirnov) 

Sig. 0.003 0.000 

Inter Normal Normal 

Test of 

Homogenit

y 

(Levene’s 

Test) 

Sig. 0.041 

Inter Homogenous 

Mann 

Whitney U 

test 

Sig. 0.003 

Inter Significant 

Based on the research findings in Table 5, 

the normality test on the experimental class and the 

control class shows non-normal data results, and 

the homogeneity test shows non-homogeneous 

results in the gain test. The average gain in students' 

impression of biotechnology in the control class 

differs from the average perception of students in 

the experimental class, which is 9.8 for the 

experimental class and 4.7 for the control class. 

Next, the average comparison test utilising the 

Mann Whitney U test was undertaken to evaluate 

the difference between the control class and the 

experimental class in the pre-test data. The 

experimental class and the control class shown 

considerable gains in argumentation skills, 

according to the results of the Mann Whitney U 

test. 

The Mann Whitney U test on students' 

perceptions of biotechnology after the learning was 

completed revealed a figure (2-tailed = 0.003) < α 

(0.05), which can be interpreted as significant. This 

indicates that there is a difference in the 

effectiveness of the control class and the 

experimental class, or that the use of regular 

electronic modules and socio-scientific issue-based 

electronic modules has a different effect on 

students' perceptions of biotechnology. Instead of 

being solely absorbed through books and texts, 

perceptions of biotechnology are anchored in the 

surrounding culture and portrayed as social science 

topics. This also supports the hypothesis (Hani & 

Mustapit, 2020) that although education plays an 

important role in public understanding, the goal of 

public perception of science cannot be achieved 

through education alone. Human cognition is 

influenced by cultural barriers (scientific culture), 

and the societal culture that elevates the modern 

education system has a significant impact on the 

level of human cognition. 

These findings highlight the fact that 

students in the experimental class and those in the 

control class had different perspectives about 

biotechnology. Learning about biotechnology is 

integrated into the curriculum, and students seem 

to understand the content of biotechnology. 

However, the increase in biotechnology knowledge 

does not necessarily lead to a significant increase 
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in the acceptance of biotechnology (Moreno-

Guerrero et al., 2020). This is evidenced by the gain 

scores of the control and experimental classes, 

which were 4.7 and 9.8, respectively. That means 

the students' perception of biotechnology in the 

experimental class using the socio-scientific issue-

based electronic module had a higher increase in 

perception compared to the students using the 

electronic module published by the Ministry of 

Education and Culture. 

Developments in biotechnology bring up a 

number of ethical and societal concerns, as well as 

questions and uncertainties about possible hazards 

(Indriyani, 2019). Many experts in the field of 

science education agree that teaching 

biotechnology raises issues in the fields of politics, 

economics, ethics, and education. In order for 

students to comprehend these issues and be able to 

find the answers, they must obtain quality 

education as members of the next generation 

(Mohapatra et al., 2010). One of the earliest 

technologies in which the general public can 

engage in arguments on its use is biotechnology. 

The general public's perception of biotechnology is 

highly varied and difficult to generalise. 

Perceptions vary depending on factors like age, 

gender, education, culture, and the kind of 

biotechnology product (Črne-Hladnik et al., 2012). 

The absence of conversation about the topic 

in schools is the cause of the disparity in 

perception. It is uncommon for biotechnology-

related topics to be discussed in the classroom. 

Numerous educators possess the abilities and 

expertise required to facilitate class discussions on 

biotechnology-related topics, particularly the 

social, political, ethical, and economic facets of the 

topics under debate (Permana et al., 2016). The 

quantity of subjects in the science curriculum feels 

restrictive to other educators (Reis, 2004). It is also 

true that many scientific teachers avoid talking 

about the social, moral, and ethical ramifications of 

science and technology in the classroom because 

they see their work as fact-based instruction (Tal et 

al., 2019). 

One of the most crucial elements in personal 

decision-making is the level of public interest in 

biotechnology products. Technology and risks can 

play a significant role in science literacy and 

education. For instance, according to Casanoves et 

al (2015) it is crucial to give students the chance to 

develop their own opinions about the advantages 

and disadvantages of contemporary biotechnology 

in addition to providing them with relevant content 

(Gardner & Jones, 2011). 

Perceptions of biotechnology are rooted in 

the culture of the environment and are presented in 

the form of social science issues, not just absorbed 

through books and texts. This also supports the 

hypothesis (Hani & Mustapit, 2020) that although 

education plays an important role in public 

understanding, the goal of public perception of 

science cannot be achieved through education 

alone. Human cognition is influenced by cultural 

barriers (scientific culture), and the societal culture 

that elevates the modern education system has a 

significant impact on the level of human cognition. 

These findings highlight the fact that 

students in the experimental class and those in the 

control class had different perspectives about 

biotechnology. Learning about biotechnology is 

integrated into the curriculum, and students seem 

to understand the content of biotechnology. 

However, the increase in biotechnology knowledge 

does not necessarily lead to an increase in 

recruitment (Moreno-Guerrero et al., 2020). This is 

evidenced by the gain scores of the control and 

experimental classes, which are 4.7 and 9.8, 

respectively. According to the Ministry of 

Education and Culture, this indicates that the 

students' understanding of biotechnology has 

increased in the experimental class that used an 

electronic module centred on socio-scientific 

themes. 

The assessment of students' perceptions of 

biotechnology is used to obtain N-gain test results. 

The results obtained come from the pre-test and 

post-test results in the control class and the 

experimental class. The experimental class used an 

electronic module centred on socio-scientific 

themes during the learning and research period, 

while the control class used a standard electronic 

module. Based on the N-gain calculation, the 

conclusion of the pre-test and post-test calculations 

is presented in Table 6. 
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Table 6. N-gain Results of Student Perception 

About Biotechnology Pre-test and Post-test 

Control and Experimental Classes 

Group 

Score N-

gai

n 

N-gain 

percen

t (%) 

Desc Pret

est 

Postt

est 
Control 60,18 64,88 0,07 7 Low 

Experim

ent 
56,05 65,85 0,21 21 Low 

According to the results of the N-gain 

percent test calculations in Table 2.3, the 

experimental class (learning with electronic 

modules based on socio-scientific issues) had an 

average N-gain percent value of 21%, which is 

ineffective, while the control class (learning with 

electronic modules not based on socio-scientific 

issues) had an average N-gain percentage of 7%, 

which is very ineffective. This indicates that using 

electronic modules based on socio-scientific issues 

is ineffective in improving students' perceptions of 

biotechnology, while using electronic modules that 

are not based on socio-scientific issues is very 

ineffective. 

This is supported by research that when 

individuals observe an object, the perception 

between one individual and another is likely to 

differ even though the observed object is the same. 

Responses to the perceived object can be either 

positive or negative (Jayanti & Arista, 2019).  Even 

though the observed object is the same, each 

individual has a different perspective or viewpoint, 

resulting in differing perceptions (Walgito, 2015). 

The reason for this difference in perception 

is the lack of discussion about this topic in schools. 

Discussion about biotechnology topics is not 

common in class. Many educators lack the abilities 

and expertise required to facilitate class discussions 

on biotechnology-related topics, particularly those 

pertaining to the social, political, ethical, and 

economic facets of the topics under debate 

(Indriyani, 2019). The quantity of subjects in the 

science curriculum feels restrictive to other 

educators (Reiss & Straughan, 1997) is also true 

that many scientific teachers avoid talking about 

the social, moral, and ethical ramifications of 

science and technology in the classroom because 

they see their job as factual instruction (Tal et al., 

2019). 

One of the most crucial elements in 

personal decision-making is the level of public 

interest in biotechnology products. Technology 

and risk can play a significant role in science 

literacy and education (Casanoves et al., 2015) 

argue that, for example, learning biotechnology is 

not just about content, but also about giving 

students the opportunity to learn based on 

understanding the strengths and weaknesses of 

modern biotechnology and forming their own 

opinions (Gardner & Jones, 2011). 

CONCLUSION 

Students' perspectives on biotechnology and 

their ability to argue can be improved by 

employing electronic modules that are based on 

socio-scientific issue topics. Argumentation skills 

between students from the experimental class or 

the class that uses socio-scientific issue-based 

electronic module learning and students from the 

control class or the class that uses electronic 

module learning show a significant average 

difference in improving argumentation skills. 

However, pupils' ability to argue is not improved 

by using electronic courses centred on socio-

scientific issue topics. Meanwhile, the use of 

electronic modules that are not based on socio -

scientific issues is very ineffective in improving 

students' argumentation skills. 

There was a notable average difference in 

the way pupils in the experimental class and those 

in the control class saw biotechnology. There is a 

difference in the effectiveness of using socio-

scientific issue-based electronic modules 

compared to regular electronic modules, but the N-

Gain score criteria for using these modules to 

improve students' perceptions of biotechnology fall 

into the low category (N-gain = 0.21). Therefore, 

enhancing students' understanding of 

biotechnology by the use of socio-scientific issue-

based electronic modules is ineffective. In the 

meantime, students' impressions of biotechnology 

are not improved by the employment of electronic 

modules that are not grounded in socio-scientific 

issue issues. 

The comparatively low N-gain, however, 

points to a number of drawbacks, such as the 
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intervention's brief duration, students' 

unfamiliarity with SSI-based learning, and limited 

interaction because the majority of the discussions 

took place online. Additionally, the learning 

exercises tended to focus more on cognitive than 

affective aspects. In order to gain a more thorough 

understanding of the effects of SSI-based learning, 

it is advised that future research implement SSI-

based e-modules over a longer period of time, 

incorporate blended or in-person learning 

environments, and investigate affective, ethical, 

and attitudinal outcomes. 
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