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Abstract: This study aims to develop a scientific literacy-based e-module to enhance 
students’ conceptual understanding and concept analysis skills in plant diversity 
learning. Conventional text-based materials often fail to support students in analyzing 
and classifying plant morphological characteristics; therefore, an interactive digital 
learning medium is needed. This study employed a Research and Development (R&D) 
method using the ADDIE model, including analysis, design, development, 
implementation, and evaluation. The developed e-module integrates scientific literacy 
components, such as data analysis and problem-solving activities, to support meaningful 
and independent learning. Validation results by media and material experts showed high 
feasibility with scores of 88.78% and 89.52%, while practicality test results by teachers 
and students reached 90.68% and 89.34%, indicating that the e-module is very feasible 
and practical. The effectiveness test showed that both students’ conceptual 
understanding and concept analysis skills achieved an N-gain score of 0.69, categorized 
as moderate. These findings indicate that the e-module is effective in improving students’ 
conceptual understanding and concept analysis skills. In addition, the integration of 
scientific literacy components in the e-module has the potential to support students’ 
scientific literacy. Therefore, this e-module can be used as an effective learning medium 
in biology learning and contributes to improving the quality of education, particularly in 
supporting Sustainable Development Goal 4 (Quality Education). 
 
Keywords: Concept analysis; Conceptual understanding; E-module; Plant diversity; 

Scientific literacy 

  

Introduction  
 
Learning is a process of interaction between 

educators, students, and learning resources within a 
learning environment aimed at optimally developing 
students' potential (Hamdani & Sari, 2023; Sanjaya, 2013; 
Susanto, 2016). In secondary school biology, learning not 
only focuses on mastering concepts but is also directed 
toward helping students understand natural 
phenomena and develop scientific skills applicable to 
everyday life (Depdiknas, 2006; Novita & Kurniawan, 

2022; Rustaman, 2011). Biology learning includes several 
key aspects, including scientific context, scientific 
attitudes, scientific processes, and content knowledge, as 
emphasized in science education frameworks (Bybee, 
2013; OECD, 2022). Therefore, the success of biology 
learning is greatly influenced by the availability of 
relevant, systematic learning resources that support 
meaningful learning processes (Arsyad, 2017; Pribadi, 
2017). Previous studies have shown that the use of 
innovative, technology-based learning resources can 
improve the quality of science learning and enhance 
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student engagement (Aldilla & Usmeldi, 2024; Fitria et 
al., 2023) Crompton et al., 2021). In line with these 
developments, the integration of digital learning 
resources has become increasingly important in 
supporting effective biology learning. 

In addition, several studies indicate that digital 
learning resources such as e-modules can facilitate 
deeper conceptual understanding and support students’ 
active learning processes (Putri et al., 2023; Sugianto et 
al., 2023). Studies published in JPPIPA also confirm that 
e-module development based on scientific literacy and 
problem-based learning significantly improves 
students’ understanding and engagement in science 
learning. Furthermore, international studies highlight 
that digital learning environments enhance higher-order 
thinking skills and self-directed learning in science 
education (Martin & Bolliger, 2018; Sung et al., 2019) 
(Crompton et al., 2021;. These developments are closely 
related to the rapid advancement of information and 
communication technology in education (Fitri et al., 
2022; Musdalifah et al., 2024). 

The development of information and 
communication technology has had a significant impact 
on the use of learning media in education. In the 21st 
century and the era of the Industrial Revolution 4.0, the 
integration of technology into learning has become 
essential to support the development of students' 
higher-order thinking skills, particularly concept 
analysis skills (Anggraeni et al., 2021; Mardiana et al., 
2020). The use of digital learning media has also been 
shown to increase students' learning motivation through 
a scientific literacy approach by presenting materials in 
a more interactive manner. This is supported by findings 
from JPPIPA and other national journals which show 
that technology-integrated learning significantly 
improves students’ engagement and conceptual 
understanding (Mayasari et al., 2023). In addition, 
international research confirms that technology-
enhanced learning environments contribute to the 
development of analytical thinking and scientific 
reasoning skills (Mayasari et al., 2023; OECD, 2022; 
Sugianto et al., 2023). Despite these advancements, 
various reports indicate that students' literacy levels in 
Indonesia remain relatively low, resulting in limited 
ability to understand and analyze scientific concepts 
(OECD, 2022; Sape et al., 2024). This condition highlights 
the need for innovation in developing learning media 
that facilitate more interactive and contextual learning 
(Ayani et al., 2025; Suryanti & Festiyed, 2023). 

This issue is also reflected in the local context. 
Empirical evidence from SMAN 1 Maja indicates that 
students' conceptual understanding and concept 
analysis skills in plant diversity remain relatively low. 
Classroom observations show that approximately 50% 

of students experience difficulties in understanding 
plant diversity concepts, while the average score is 67, 
which is below the minimum Criteria for Achieving 
Learning Objectives (KKTP) of 70. This condition reflects 
a gap between actual learning outcomes and the 
expected level of achievement. This study is important 
because students’ conceptual understanding and 
concept analysis skills in plant diversity are still limited, 
even though these competencies are essential for 
supporting meaningful learning. These difficulties are 
related to the characteristics of plant diversity material, 
which require students not only to understand 
classification concepts but also to distinguish between 
plant groups such as Bryophyta, Pteridophyta, and 
Spermatophyta, as well as to analyze their specific 
morphological characteristics (Etobro & Fabinu, 2017). 
These demands make the material relatively complex, 
especially when learning is still dominated by 
memorization rather than meaningful concept analysis 
(Clark & Mayer, 2016; Lestari et al., 2020; Lumbantobing, 
2023). 

One of the contributing factors to this condition is 
that the learning process is still largely dominated by 
lecture-based methods and the use of less engaging 
printed textbooks, causing students to be passive and 
less involved in learning activities. This condition 
contributes to low conceptual understanding and 
concept analysis skills in biology learning. Other studies 
also indicate that the limited variety of learning media 
negatively impacts student engagement and 
participation in science learning. Studies from JPPIPA 
further show that conventional teaching methods 
without interactive media limit students’ opportunities 
to develop inquiry skills and scientific reasoning. 

Therefore, to address these challenges, various 
studies have shown that the use of digital teaching 
materials such as e-modules can improve learning 
effectiveness by presenting content in a more engaging 
and interactive manner through the integration of text, 
images, animations, videos, and interactive evaluations 
(Munir, 2017; Putri et al., 2023; Sahni & Singh, 2020; Sari 
et al., 2022). The development of e-modules in science 
learning has been shown to enhance students' 
conceptual understanding and concept analysis skills by 
providing more contextual and independent learning 
experiences (Aldilla & Usmeldi, 2024; Sugianto et al., 
2023). Furthermore, e-modules can increase student 
engagement and support independent learning, as they 
can be accessed flexibly through digital devices (Branch, 
2009; Kamila et al., 2024). 

In addition to the use of digital media, the 
integration of appropriate learning approaches is also 
essential. The integration of a scientific literacy approach 
into learning is a crucial factor in supporting students' 
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concept analysis skills. Scientific literacy is not only 
related to understanding scientific concepts but also 
includes the ability to analyze data, evaluate scientific 
information, and apply scientific concepts in various 
everyday contexts (OECD, 2022). Research shows that 
scientific literacy-based learning can improve students' 
data analysis and interpretation skills in understanding 
scientific phenomena (Anwar et al., 2024). Furthermore, 
the application of scientific literacy in learning can 
support students' ability to analyze and interpret 
scientific information (Fadha et al., 2023). 

However, previous studies have not fully 
integrated scientific literacy approaches with digital e-
modules specifically to improve both conceptual 
understanding and concept analysis skills 
simultaneously, particularly in plant diversity learning. 
In this context, the integration of scientific literacy into 
the e-module plays a crucial role in bridging students’ 
conceptual understanding and concept analysis skills in 
plant diversity learning. Plant diversity learning 
involves understanding the classification and 
characteristics of various plant groups, which are often 
considered complex due to their abstract nature and 
reliance on memorization. To address these challenges, 
the developed e-module integrates scientific literacy 
through interactive features such as observation videos 
of plant phenomena, links to scientific articles, data 
interpretation activities, and PISA-based assessment 
tasks. In addition, the e-module is equipped with high-
quality macro-photo visualizations of plant structures as 
well as explanatory videos, which are not available in 
conventional printed textbooks (Pratama et al., 2025). 
These features enable students to observe and analyze 
plant morphological characteristics more clearly, 
thereby helping to transform abstract concepts into more 
concrete understanding. By incorporating contextual 
phenomena, inquiry-based activities, and problem-
solving tasks, the e-module encourages students to 
actively engage in concept analysis processes. Therefore, 
the developed e-module not only serves as a content 
delivery medium but also facilitates the development of 
students’ conceptual understanding and concept 
analysis skills, in line with the principles of 21st-century 
education and the Sustainable Development Goals 
(SDGs) (Astuti et al., 2022; Hayati et al., 2023). 

Based on these considerations, the development of 
a scientific literacy-based e-module on plant diversity is 
essential. The developed e-module is designed using 
digital technology to enable a more systematic, 
interactive, and accessible presentation of the material. 
By utilizing a scientific literacy approach, this e-module 
is expected not only to help students understand plant 
diversity concepts but also to train their concept analysis 
skills in identifying and classifying plant morphological 

characteristics. Therefore, this study aims to develop a 
scientific literacy-based e-module on plant diversity and 
to evaluate its feasibility and effectiveness in improving 
students' conceptual understanding and concept 
analysis skills (Firdaus, 2023; Mayasari et al., 2023; 
Suryanti & Festiyed, 2023).  

The novelty of this study lies in the integration of 
scientific literacy components into a digital e-module 
specifically designed for plant diversity learning, which 
facilitates both conceptual understanding and concept 
analysis skills through interactive and contextual 
learning features. This integrated approach has not been 
widely explored in previous studies, particularly in the 
context of simultaneously enhancing these two 
competencies. 

 
Method  
 

The method used is R & D (Research and 
Development) and uses the ADDIE development model, 
which consists of five stages: Analysis, Design, 
Development, Implementation, and Evaluation with the 
aim of developing an e-module on plant diversity. 

The first stage is the analysis stage. At this stage, an 
analysis of learning conditions and needs is conducted 
as the basis for developing learning resources in the 
form of e-modules. This includes the analysis of biology 
material, student characteristics, and existing learning 
media. Data for the needs analysis are obtained through 
questionnaires distributed to students and interviews 
with biology teachers. The results of this stage serve as 
the foundation for designing a scientific literacy-based 
plant diversity e-module. 

The next stage is the design stage. At this stage, the 
researchers develop the structural framework of the e-
module, the system for presenting the material, and the 
evaluation instruments. The design integrates scientific 
literacy contexts to enable students to connect plant 
diversity concepts with real-life phenomena in their 
environment. 

 The development stage involves creating the e-
module based on the designed framework. At this stage, 
the e-module is developed by integrating various 
features such as scientific literacy-based activities, 
observation videos, macro-photo visualizations, and 
data interpretation tasks. The developed e-module is 
then validated by subject matter experts, media experts, 
and instructional experts to assess its validity in terms of 
content, design, and usability. The results of this 
validation process are used to revise and improve the e-
module before implementation (Indra & Sari, 2023; 
Rahmawati et al., 2022).  

The results of the validation process were used to 
revise and improve the e-module. Subsequently, a 
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limited trial was conducted with a small group of 
students to assess the practicality, usability, and clarity 
of the e-module. The findings from this stage were used 
for further revisions before proceeding to the 
implementation stage. 

The developed e-module was validated by two 
subject matter experts, two media experts, two biology 
teachers, and students to assess its validity in terms of 
content, design, and usability. The validation process 
was conducted using a Likert-scale questionnaire. The 
obtained scores were then converted into percentages 
and interpreted based on the following criteria: 81–100% 
(Very Worthy), 61–80% (Eligible), 41–60% (Quite 
Decent), and ≤40% (Not Feasible). The results of this 
validation were used as the basis for revising and 
improving the e-module before further testing. 

The research instruments used in this study 
included validation sheets, questionnaires, and test 
instruments. The validation sheets were used by experts 
to assess the validity of the e-module in terms of content, 
media, and instructional design. Questionnaires were 
used to collect data on students’ responses and to 
evaluate the practicality of the e-module during the 
limited trial. Meanwhile, test instruments in the form of 
pretest and posttest were used to measure students’ 
conceptual understanding and concept analysis skills 
before and after the implementation of the e-module. 

The research instruments used in this study 
included validation sheets, questionnaires, and test 
instruments. The research instruments used in this study 
included validation sheets, questionnaires, and test 
instruments. The validation sheets were used by experts 
to assess the validity of the e-module in terms of content, 
media, and instructional design. Questionnaires were 
used to collect data on students’ responses and to 
evaluate the practicality of the e-module during the 
limited trial. Meanwhile, test instruments in the form of 
pretest and posttest were used to measure students’ 
conceptual understanding and concept analysis skills 
before and after the implementation of the e-module. 
The test instrument was designed not only to measure 
conceptual understanding and concept analysis but also 
to assess aspects of scientific literacy, including the 
ability to analyze scientific phenomena, interpret data, 
and apply biological concepts in real-life contexts. 

The implementation stage involves applying the e-
module in biology learning activities with students. The 
effectiveness of the e-module was tested using a pre-
experimental method with a one-group pretest–posttest 
design involving 36 tenth-grade students at SMAN 1 
Maja. The trial was conducted on a small scale. The 
sampling technique used was total sampling, as all 
students in the class were involved in the study. Data 
were collected through pretest and posttest and 

analyzed using the N-gain formula to determine the 
improvement in students’ conceptual understanding 
and concept analysis skills. 

The final stage is the evaluation stage. This stage 
involves a comprehensive review of each stage of the 
development process, including analysis, design, 
development, and implementation. The evaluation aims 
to assess the overall feasibility of the e-module in terms 
of validity, practicality, and effectiveness, and to 
determine whether further revisions are needed before 
the final product is established. 

 

 
Figure 1. ADDIE model development flowchart 

 
Result and Discussion 
 

The findings from the research and development 

(R&D) stages conducted by the researchers in 
developing the e-module. The process began with the 
research and information gathering stage, which 
involved a needs analysis. At this stage, it was found 
that e-learning materials are essential for plant diversity 
learning in high school. Initial findings indicate that 
teachers require learning media that support the 
characteristics of modern students who are highly 
dependent on internet-based resources. (Helen, 2021). 
Previous studies also show that the use of information 
technology (IT)-based learning can be more engaging 
and enjoyable for students. Furthermore, the industrial 
revolution era demands the integration of technology 
into the learning process (Lestari et al., 2020; Martin & 
Bolliger, 2018). 

The design stage was carried out based on the 
results of the analysis stage. The findings indicated that 
students needed biology instruction on plant diversity. 
Furthermore, the results also showed that students had 
a low level of conceptual understanding, which helped 
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the researchers determine the appropriate materials for 
the design of the developed e-module. 

In addition, the e-module is equipped with 
interactive features such as evaluation questions and 

multimedia content that support students’ engagement. 
These features allow students to interact directly with 
the learning materials and receive immediate feedback. 

 

 

 

 
(a)  (b) 

 

 

 
(c)  (d) 

 

 

 

(e)  (f) 
Figure 2. E-modul based scientific literacy display: (a) Main page; (b) Content display of plant diversity material; (c) Video-
based exercise feature; (d) Pretest and posttest feature; (e) Students’ activities during the small-scale; and (f) e-module trial 

results. 

 
Once the e-module is completed, the next step is to 

conduct a product (e-module) trial. The expert trial 
consists of a trial by material experts and a trial by 
learning media experts. After being declared suitable by 
the experts, a field trial is conducted with users, namely 
teachers and students (Mayer, 2002). This trial is 
conducted to determine the accuracy and relevance of 
the material outlined in the developed e-module, as well 
as its effectiveness. The following is a summary of the 
results of the assessment by material experts, learning 
media experts, and users of the scientific literacy-based 
plant diversity e-module product (Branch, 2009).   

Figure 3. Validity results of the e-module 
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After obtaining the scores from the trial results of 
material experts, media experts and users (teachers and 
students), they are then converted to the values on Table 
1. 

 
Table 1. Percentage Scale (Arikunto, 2019) 

Trial Result Value % Criteria 

0 – 20  Totally Unworthy 
21 – 40 Not feasible 
41 – 60 Quite Decent 
61 – 80 Eligible 
81 – 100 Very Worthy 

 
Based on the results of the assessment by 2 media 

experts, 2 learning material experts, and users (2 
teachers and 36 students) using a closed questionnaire, 

the figures obtained were 88.78%, 89.52%, 90.68%, and 
89.34%, respectively. If entered into the test results 
criteria table, it can be said that the interactive e-module 
product based on Firebase which has been developed to 
be very worthy for use in learning (Hwang et al., 2020) 
Nugroho, 2021). The use of Firebase enhances the 
functionality of the e-module by enabling real-time data 
synchronization and efficient data management, which 
supports continuous assessment and interactive 
learning (Sung et al., 2019). 

This research was conducted by 36 students of class 
X-4 at SMAN 1 Maja in the odd semester of the 
2025/2026 academic year. This research was conducted 
in 4 class meetings. 

 

 

Table 2. Scientific Literacy Results in Conceptual Understanding 
Indicator Pre Test (%) Post Test (%) N-Gain Category 

Explaining scientific phenomena 46.20  83.40 0.69 Moderate 
Understanding scientific concepts 48.10  85.20 0.71 High 
Applying scientific knowledge 47.50 82.50 0.67 Moderate 
Identifying scientific facts    49.30 87.10  0.75 High 

Average  47.83     84.66 0.69 Moderate 

 

 
Figure 4. Comparison of students’ pretest and posttest scores in scientific literacy for conceptual understanding 

 
Table 2 and Figure 4 shows that students’ 

conceptual understanding improved across all 
indicators. The average pretest score increased from 
47.83% to 84.66% in the posttest, with an N-Gain value 
of 0.69 categorized as moderate. The highest 
improvement was observed in identifying scientific facts 
and understanding scientific concepts. 

Improvement in learning outcomes, including 
conceptual understanding and concept analysis skills. 
Thus, the developed e-module has a positive 
contribution to improving the quality of biology 
learning. These findings confirm that the developed e-
module is both feasible and effective in improving 

students’ conceptual understanding. The increase in 
pretest to posttest scores and the N-gain value in the 
moderate category indicate that the research objectives 
have been achieved, especially in terms of the product's 
effectiveness on students' learning outcomes 
(conceptual understanding and concept analysis skills) 
(Haryanto et al., 2025; Nurjanah et al., 2022). 

The increase in average scores from pretest to 
posttest indicates that learning using scientific literacy-
based e-modules not only improves understanding but 
also helps students improve their conceptual analysis. 
Concept analysis (C4) require students to not only 
understand concepts but also be able to describe, 
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connect, and evaluate the information obtained. In the 
context of plant diversity material, this ability is reflected 
in students' skills in identifying morphological 
characteristics and classifying plants based on certain 
characteristics. 

The results of this study are in line with research 
findings published in JPPIPA which show that the use of 
digital-based teaching materials such as e-modules can 
improve students' conceptual understanding and 

concept analysis skills, including analytical and 
problem-solving abilities (Aldilla & Usmeldi, 2024). 

The e-module developed in this research is 
designed by integrating various components of scientific 
literacy, such as the presentation of contextual 
phenomena, data analysis activities, and problem-
solving-based practice questions. This combination 
provides students with the opportunity to actively build 

understanding through deeper thinking processes. 
 
Table 3. Scientific Literacy Results in Concept Analysis (C4) 

Indicator Pre Test (%) Post Test (%) N-Gain Category 

Interpreting data and evidence 45.80 81.70 0.66 Moderate 
Evaluating scientific inquiry 47.20   83.10 0.68 Moderate 
Analyzing relationships 48.00 85.50 0.72 High 
Drawing conclusions 46.30 82.90 0.68 Moderate 

Average 46.83 83.30 0.69 Moderate 

 

Figure 5. Comparison of students’ pretest and posttest scores 
in scientific literacy for concept analysis (C4) 

 
Table 3 and figure 5 indicates that students’ concept 

analysis skills (C4) also improved significantly. The 
average score increased from 46.83% to 83.30%, with an 
N-Gain value of 0.69 in the moderate category. The most 
notable improvement occurred in analyzing 
relationships between concepts. 

The improvement occurred in the cognitive domain 
at both the comprehension level (C2) and the analysis 
level (C4). In terms of the learning process, the scientific 
literacy-based e-module provides a more interactive 
learning experience compared to conventional methods. 
Students are not only passive recipients of information 
but are also actively involved in observing, analyzing, 
and drawing conclusions. These activities support the 
development of concept analysis skills as students are 
engaged in tasks that require critical thinking. 

Furthermore, improved learning outcomes 
(conceptual understanding and concept analysis skills) 
are also influenced by the flexible nature of e-modules, 
which can be accessed anytime. This allows students to 
study independently at their own pace. This gives them 
a greater opportunity to understand the material in 
depth, especially in areas they find difficult. 

The findings of this study reinforce previous 
research showing that integrating scientific literacy into 
learning can improve students' critical thinking and 
concept analysis. Therefore, the use of scientific literacy-
based e-modules can be an alternative solution to 
address students' low concept analysis in biology, 
particularly in complex topics such as plant diversity. 

A closer look reveals that improving students' 
concept analysis is influenced not only by the 
presentation of the material but also by the learning 
activities designed within the e-module. Activities such 
as analyzing plant morphological images, classifying 
them, and interpreting data provide cognitive 
stimulation that encourages students to think at a higher 
level. In this study, a scientific literacy-based e-module 
facilitated this process through contextual and problem-
based presentation of material. 

Although the N-Gain results were in the moderate 
category, this still indicates that learning was effective. 
The moderate N-Gain result may be influenced by 
factors such as limited learning time, differences in 
students’ initial abilities, and adaptation to digital 
media. 

 
Conclusion  
 

The developed scientific literacy-based e-module is 
feasible, practical, and effective for use in biology 
learning within the scope of this study. The e-module 
was found to be highly feasible with an average 
validation score of 89.58% and effective in improving 
learning outcomes (conceptual understanding and 
concept analysis skills), as indicated by an N-Gain value 
of 0.69 (moderate category). These findings indicate that 
the e-module meets the predetermined success criteria 
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and can effectively improve students’ conceptual 
understanding and concept analysis skills. 
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