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Abstract: This study aims to develop a Bio-Genetics Ebook based on In Silico 

DNA Sequencing and analyze its influence on critical thinking and 
environmental literacy of grade X students at SMA Negeri 30 Jakarta. The 

learning media in the form of an ebook produced examines and analyzes 
populations and species by utilizing computing technology in the form of 
DNA sequencing using NCBI in DNA analysis and Mega to obtain a 

phylogenetic tree. The student needs analysis stage revealed that students 
need interactive learning media that is easy to carry anywhere. The design 
stage produced an ebook design with superior content of in silico DNA 

sequencing, bioinfo, case studies, and quizzes. From the results of the media 
and material feasibility test carried out at the development stage, the results 

were 84% and 89% respectively. The ebook was considered suitable for use 
and only required minor adjustments. Educators and students evaluated the 
small group trial, with scores of 84% and 82% respectively, indicating that 

the trial could be used as a biology learning medium. The use of In Silico 
DNA Sequencing-based Bio-Genetics Ebook on critical thinking skills and 
environmental literacy of students has increased, according to the results of 

the MANOVA hypothesis test which also showed a significance value of 
0.00 <0.05. Thus, the developed ebook is suitable for use as a biology 
learning medium and to improve critical thinking skills and environmental 

literacy of students. 
 

Keywords: Critical thinking; DNA sequencing; E-Book; Environmental 
literacy; Hannafin & Peck 

  

Introduction 
 
In the era of globalization and technological 

advancement, the main challenge facing the world is 
how to prepare the younger generation to face 
increasingly complex environmental problems, such as 
climate change and declining biodiversity (Weiskopf et 
al., 2020; Kim et al., 2024). For this reason, critical 
thinking skills and environmental literacy are very 
important. Critical thinking allows students to evaluate, 
analyze, and solve problems independently (O’Reilly et 
al., 2022; Altun & Yildirim, 2023). In addition, 
environmental literacy teaches an understanding of the 
relationship between humans and the environment and 

the impact of human activities on ecosystems (Van De 
Pol et al., 2023; Ming et al., 2024). The results of initial 
observations at SMA Negeri 21 Jakarta showed that the 
low critical thinking skills and environmental literacy of 
students were due to the lack of variation in teaching 
models and the inability of students to relate material to 
real environmental issues (Salvatore & Wolbring, 2022; 
Ginting et al., 2023), addition, some students want 
technology-based learning, such as e-books, which can 
improve their understanding and involvement in 
environmental issues.  

E-books as a learning medium offer various 
advantages, such as ease of access, interactivity, and 
environmental sustainability. One example of the 
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innovative use of e-books is by using in silico DNA 
sequencing software. This technology helps students 
analyze biodiversity more effectively without the need 
for direct laboratory experiments, and provides insight 
into species adaptation and the impact of climate change 
on genetic diversity. In silico DNA sequencing-based e-
books can be a solution (Duncavage et al., 2023; Alam et 
al., 2022). This e-book provides easy access, interactivity, 
and contains DNA sequencing concepts to study 
biodiversity effectively (Krehenwinkel et al., 2019; 
Gostel & Kress, 2022). E-books as a learning medium 
offer various advantages, such as easy access, 
interactivity, and environmental sustainability (Haleem 
et al., 2022; Al Mulhim & Zaky, 2023). One example of 
the innovative use of e-books is by using in silico DNA 
sequencing software (Marques et al., 2024; Malamon, 
2024).  

In silico DNA sequencing is a technique used to 
analyze DNA sequences without a direct laboratory, 
which is effective in monitoring biodiversity 
(Theissinger et al., 2023; Kalendar et al., 2024). This 
technology helps students analyze biodiversity more 
effectively without the need for direct laboratory 
experiments, and provides insight into species 
adaptation and the impact of climate change on genetic 
diversity. The use of interactive e-books with 
multimedia content can improve students' critical 
thinking skills and environmental literacy, as well as 
help them understand environmental impacts 
scientifically and practically (Rubini et al., 2023; 
Cahyono et al., 2024). 

 

Method 
 

This study aims to develop learning media in the 
form of an Ebook Bio-Genetics based on DNA 
Sequencing in silico that can encourage students to think 
critically and increase awareness of environmental 
issues through a trial implemented at SMA Negeri 21 
Jakarta in the even academic year of 2024-2025. The 
target of the study was grade X students with the 
distribution of needs analysis questionnaires in grade XI 
and two biology educators. The trial was conducted with 
a sample of 30 students for small group tests and 60 
students for effectiveness tests. This study is a 
development research using an adaptation of the 
Hannafin and Peck model (1988) in (Hyun et al., 2025). 
The Hannafin and Peck model consists of 3 phases, 
namely needs analysis, design, and development and 
implementation. The three phases are connected to the 
evaluation and revision phases. In the third phase, the 
development and implementation stage, the designed 
product is validated and given criticism or suggestions 
by experienced validators or experts in the material and 

media experts. The revised product was tested limited to 
students of class X SMAN 21 Jakarta, if there were 
criticisms or suggestions from media experts and 
material experts, the ebook was immediately revised. 
 
Table 1. Scoring Criteria 
Score Criteria 

85-100 Very Eligible 

70-84.90 Eligible 
55-69.90 Fair 
40-54.90 Less Eligible 

25-39.90 Not Eligible 

 
Data obtained from the results of the Pretest-

posttest of critical thinking and environmental literacy 
using SPSS V 25.0, with the following steps: 

 
Prerequisite Test 

The data that has been collected is first subjected to 
prerequisite tests including normality tests, 
homogeneity of variance, and homogeneity of 
covariance matrix. The normality test aims to determine 
whether the data in the experimental class and control 
class come from a normally distributed population or 
not. The normality test used is the Kolmogorov-Smirnov 
test with a significance value of >0.05. The homogeneity 
test is carried out to determine whether the data 
obtained from the two groups have the same variance or 
not. The test consists of two stages, namely the 
homogeneity of variance and covariance matrix tests. 
The homogeneity of variance test uses the Leven' Test 
with a significance value of> 0.05. The homogeneity test 
of the covariance matrix utilizes the Box's M test. The 
Box's M test is used to assess the MANOVA hypothesis 
which requires uniformity of the covariance matrix of 
the dependent variable between groups. The decision-
making criteria in this test if the significance value is> 
0.05. 

 
Hypothesis Testing 

Hypothesis testing is done through the MANOVA 
test, which is a multivariate form of ANOVA. The 
MANOVA test functions to assess the relationship 
between several independent variables totaling two or 
more variables simultaneously. 

 
Effectiveness Test (N-gain) 

Normalized gain or N-gain is used to evaluate the 
improvement of critical thinking and environmental 
literacy of students after going through the pretest and 
posttest. The data will be transformed into an N-gain 
value (g). 
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Result and Discussion 
 

This study developed an e-book Bio-Genetics based 
on DNA sequencing in silico to improve critical thinking 
skills and environmental literacy of students at SMA 
Negeri 21 Jakarta. The development model used 
adapted the Hannafin & Peck (1988) in (Moses Adeleke 
Adeoye et al., 2024) procedure, which includes the stages 
of needs analysis, design, development, and 
implementation, complemented by evaluation and 
revision at each stage. The results of the needs analysis 
were carried out by distributing questionnaires to 30 
grade X students who had studied the concept of 
biodiversity. The analysis showed that although the use 
of technology by students was quite high, there was still 
room to improve its use in biology learning through e-
books (Abdulrahaman et al., 2020; Liu et al., 2024; 
Coman et al., 2020). Students also showed great interest 
in the use of e-books as a learning medium (Al Kamil et 
al., 2023). In addition, environmental issues were 
considered very important by students and could be 
integrated into the development of e-books (Şeker, 2023; 
Mensah, 2019). However, some students were still 
unfamiliar with the concept of DNA sequencing in silico, 
which indicated the need to introduce this technology 
further (Vashisht et al., 2023; Ally et al., 2024).  

Educators usually use media such as PowerPoint 
and printed books, and often provide PDF files as 
supporting learning resources (Jones, 2003; Pantiwati et 
al., 2024). Therefore, to attract students' interest, 
educators need to provide interesting technology-based 
content. Respondents in this study consisted of 2 biology 
educators who teach class X of the Independent 
Curriculum. The questionnaire provided included 10 
questions. Educators revealed that biodiversity material 
is often difficult for students to understand, especially 
when faced with analytical questions or assignments. To 
support learning, educators often share PDF files. The 
results of observations show that the media currently 
used is less effective and needs improvement, such as 
adding variations in the material. The development of 
learning media will be adjusted to the facilities available 
at the school, such as laptops, smartphones, projectors, 
and internet networks.  

 

 
Figure 1. Draft ebook 

 
The development and implementation stage of the 

ebook was found in the experimental class of class X-7 
and X-3 and the control class X-7 and X-3 using the 
ebook published by the Ministry of Education and 
Culture with a scientific approach. In order to find out 
the differences in critical thinking skills and 
environmental literacy, a pretest and posttest were 
conducted on each group. The results of the study are 
shown in the following table. 
 
Table 2. Results of Descriptive Analysis 
Statistics Critical thinking Environmental literacy 

 Control Experiment Control Experiment 

Mean 66.00 83.67 83.87 92.00 
Median 60.00 90.00 85.00 90.00 

Standard 
deviation 

12.86 5.65 5.92 5.50 

varians 165.51 99.88 35.15 30.34 

Minimum 
value 

40 50 60 80 

Maximum 

value 

90 90 90 90 

 
At the development stage includes validation by 

biology education lecturers who have expertise in the 
field of materials and media. 

 
Table 3. Media and Material Testing 
Aspect Indicator Assessor Assessor Average score Mark Information 

  1 2    
Media Design 18 19 289 84 Worthy 

 Graphics 20 18 380   
 User convenience 19 17 278   
Material Curriculum 20 19 346.60 89 Not feasible 

 Material 18 20 380   
 Language 16 19 299   
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Based on the table, it can be interpreted that the 
DNA sequencing-based bio-genetics ebook containing 
biodiversity learning in the media is stated as feasible 
and the material is stated as very feasible to use with a 
few revisions. Furthermore, the ebook was tested on a 
small group of 30 students and 2 educators with the 
following results. 
 
Table 4. Results of the Educator Trial 
Aspect Percentage Category 

Appearance 86.30 Very Worthy 

Material 85.65 Very Worthy 
Benefit 83 Worthy 

Average 84.08 Worthy 

 
Table 5. Results of Student Trials 
Aspect Percentage Category 

Appearance 84.50 Worthy 
Material 87.33 Very Worthy 

Benefit 76.50 Worthy 
Average 81.46 Worthy 

 
Based on the table above, it can be interpreted that 

the in silico DNA sequencing-based bio-genetics ebook 

is suitable for use as a learning medium with minor 
revisions. The theoretical feasibility test was conducted 
to assess the validity and reliability of the In Silico DNA 
Sequencing-based Bio-genetics Ebook to improve 
students' critical thinking skills and environmental 
literacy. The feasibility test aims to test the extent to 
which the ebook can support the objectives set in this 
study, namely improving students' critical thinking 
skills and environmental literacy. 

Based on the table of normality test results, it is 
known that the significance value of critical thinking and 
environmental literacy is greater than 0.05, so it is said 
that all research data is normally distributed. The 
homogeneity of variance test uses the Leven' test with a 
significance value of >0.05. 

The homogeneity test results table shows that the 
significance value of critical thinking skills and 
environmental literacy is greater than 0.05. It is 
interpreted as both data vary equally or are 
homogeneous. Then a homogeneity test of the 
covariance matrix is carried out as a requirement for the 
MANOVA test. The homogeneity test of the covariance 
matrix is seen from the Box's M Test Covariance test. 
With a significance value > 0.05.

 
Table 6. Results of the Normality Test 
Class α  Significance of normality Information 

 0.05 Critical thinking Environmental literacy Data Normal 
Pretest control  0.021 0.200  

Posttest control  0.070   
Pretest Experiment  0.093   
Posttest Experiment  0.200   

Table 7. Results of the Homogeneity Test 
Data α Significance Information 

Critical Thinking 0.05 0.51 Homogeneous data 
Environmental 

Literacy 

 0.48  

 
Table 8. Results of the Covariance Homogeneity Test 
Box s M test f Significance 

5.187 1.66 0.17 

 
Based on the homogeneity covariance test table, the 

significance value obtained is 0.17 > 0.05. In accordance 
with the basis for decision making, the covariance matrix 
of the dependent variable has the same variance 
(homogeneous), so that the MANOVA analysis as a 
hypothesis test can be continued. The criteria for 
meeting the hypothesis test have been met, the author 
continues the test, namely the hypothesis using the 
MANOVA test. The following are the results of the test 
of effects between subjects in testing the first and second 
hypotheses shown in the following table. 
 

Table 9. Test Results of the Test of Between Subjects 
Effects 
Variables f Significance (p value) 

Critical Thinking 11.722 0.001 
Environmental Literacy 13.037 0.001 

 
The test result table shows that the thinking ability 

of students who are taught by the E-Book Genetics based 
on DNA sequencing in silico produces a significance 
value of less than 0.05. This shows that there is a 
significant difference in critical thinking ability between 
the use of the E-Book Genetics based on DNA 
sequencing in silico and the Biodiversity Textbook 
(Valdez-Baez et al., 2022; Heather & Chain, 2016; 
Akpoviri et al., 2023). Likewise, the significance value of 
environmental literacy of students' scientific attitudes is 
0.05. The third test used multivariate testing is shown in 
the following table 10. 

Based on the table 10, it is known that the results of 
the Pillai's Trace, Wilks' Lambda, Hotelling's Trace, 
Roy's Largest Root tests have a significance value of 
0.000 <0.05. So according to the basis for decision 
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making, it can be concluded that there is a significant 
influence of the DNA Sequencing-Based Genetics E-
Book on the critical thinking skills and environmental 
literacy of class X students of SMA Negeri 30 Jakarta. 

The results of the effectiveness analysis on critical 
thinking skills and environmental literacy are as follows 
table 11.

 
Table 10. MANOVA Test Results 

 Effect Value f Significance 

Ebook Bio-Genetics Based on DNA Sequencing Pillai’s Trace 0.264 11. 848 0.000 
 Wilks Lambda  0.706  

 Hotelling’s Trace  0.416  
 Roy’s Largest Root  0.416  

 
Table 11. Results of N-gain Critical Thinking and Environmental Literacy 

  Control class  Experiment 

 N- Gain Interpretation N- Gain Interpretation 

Critical Thinking 0.33 Currently   
Environmental Literacy 0.26 Low   

Based on the table shown that critical thinking skills 
and environmental literacy are based on control and 
experimental classes. The results obtained in critical 
thinking in the control class have an N-gain value of 0.33 
with a moderate interpretation and the experimental 
class has an N-gain value of 0.83 with a high 
interpretation. Thus, the average N-gain value of the 
experimental class is superior to the control class. While 
in the results of environmental literacy (Khairani et al., 
2023), the control class has an N-gain value of 0.26 with 
a low interpretation and the experimental class is 0.55 
with a moderate interpretation. This shows that the 
experimental class in the results of environmental 
literacy N-gain is superior to the control class (Wahyu et 
al., 2020; Pan & Hsu, 2020). So, it can be concluded that 
there is an increase in critical thinking and 
environmental literacy in students (Ardiansyah et al., 
2024; Chao, 2024). 
 

Conclusion  
 

The Bio-genetics e-book based on DNA Sequencing 
In Silico that was developed is suitable for use as a media 
and source of biology learning. The use of e-books has 
been proven to improve critical thinking skills and 
environmental literacy of students of SMA Negeri 21 
Jakarta class X. The increase in critical thinking skills 
consecutively includes the dimensions of interpretation, 
analysis, evaluation, inference, explanation, and self-
regulation. The increase in environmental literacy 
consecutively occurs in the dimensions of 
environmental knowledge, attitudes towards the 
environment, cognitive skills, and behavior towards the 
environment. 
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