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Abstract 

This study aimed to develop and assess the validity, feasibility, and effectiveness of a problem-based 
learning e-module for plant development. The research was conducted at Universitas Negeri Malang 
and involved 63 third-semester biology students. The research followed the ADDIE model (Analysis, 
Design, Development, Implementation, and Evaluation). The validity test and expert assessment were 
conducted by three faculty members (one content expert, one media expert, and one practitioner 
expert). The effectiveness was evaluated based on pretests and posttests on problem-solving skills and 
self-efficacy and analyzed using ANCOVA for each indicator. The results of the media validity test 
showed a score of 89.33% in the valid category, the content experts obtained a score of 100% in the very 
valid category, and the practitioner experts obtained a score of 96.19% in the very practical category. 
The test results for problem-solving skills and self-efficacy showed significant values (0.002) and 
(0.023), respectively, both below 0.05. This indicates a significant difference in the mean scores between 
classes that used the problem-based e-module and classes that used problem-based learning without 
e-modules. Based on these findings, it can be concluded that the developed e-module is highly suitable 
as a learning resource for students. 
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INTRODUCTION  

Problem-solving skills refer to an individual's ability to explore and generate 
creative strategies to acquire knowledge in order to find solutions to encountered 
problems (Csapó & Funke, 2017). Problem-solving is an essential component of the 
problem-solving process because it enables the easy resolution of arising issues by 
understanding the problem at hand (Özreçberoğlu & Çağanağa, 2018). These skills are 
considered indicators of intellectual behavior and high-level thinking abilities that 
students should master (Akben, 2020; Zajuli et al., 2019). 

An analysis was conducted to assess the need for problem-solving skills among 
biology education students at Universitas Negeri Malang who were enrolled in the 
Plant Development Structure course. The average values of students' problem-solving 
skills were as follows: 70.9% for identifying problems, falling into the category of 
sufficient; 56.9% for applying problem-solving steps, falling into the category of 
insufficient; 76.5% for identifying solutions, falling into the category of sufficient; 
46.8% for evaluating solutions, falling into the category of very insufficient; 56.7% for 

mailto:hadiradira2@gmail.com
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Hadira et al. Development of E-Modules Based on Problem ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, March 2024 Vol. 8, No. 1 | 87 

 

defending solutions, falling into the category of insufficient; 40.8% for applying real-
world applications, falling into the category of very insufficient; 42.3% for inductive 
reasoning, falling into the category of very insufficient; and 43.4% for deductive 
reasoning, falling into the category of very insufficient. The analysis clearly indicates 
the need for improvement in all aspects of problem-solving skills (Malik et al., 2023). 

The low problem-solving skills can also be attributed to students' incomplete 
mastery of problem identification. Another factor contributing to the low problem-
solving skills is the difficulty students face in learning abstract concepts (Putranto et 
al., 2022). Therefore, stricter supervision during task implementation is necessary to 
support students in developing their problem-solving skills (Y. I. Sari et al., 2021). 
Additionally, possessing good problem-solving skills alone is not sufficient; belief in 
self-efficacy also plays a crucial role in the effective utilization of problem-solving 
skills (Ancel, 2016). 

Self-efficacy is a key concept in education that contributes to enhanced learning, 
success, and student motivation (Van Dinther et al., 2011). Self-efficacy influences 
one's feelings, thoughts, motivation, and behavior, meaning that internal beliefs 
impact abilities and personal decision-making (Bandura, 1993). Self-efficacy is a 
critical aspect of belief, as it determines an individual's ability to persist and have 
confidence in problem-solving (Kırkıç & Çetinkaya, 2020). Furthermore, self-efficacy 
is an important variable for predicting behavioral changes in students (Demirören et 
al., 2016). 

Based on the analysis of self-efficacy needs among biology education students at 
Universitas Negeri Malang, the indicators reveal that the average level of task 
completion is 54%, which falls into the insufficient category. The indicator for task 
difficulty is 61.3%, categorized as sufficient. The indicator for optimism in facing tasks 
is 62.1%, falling into the sufficient category. The indicator for perseverance in learning 
is 58.9%, categorized as insufficient. The indicator for perseverance in task completion 
is 62.1%, falling into the sufficient category. The indicator for mastery of assigned tasks 
is 58.1%, categorized as insufficient. The indicator for mastery of learning materials is 
60.5%, categorized as sufficient. The indicator for time management is 61.3%, 
categorized as sufficient. Based on the analysis conducted, all indicators of self-
efficacy are categorized as insufficient, indicating the need for improvement (Malik et 
al., 2023). 

The low self-efficacy is influenced by internal and external factors among 
students (Mukti & Tentama, 2019). Internal factors include interest, patience, 
resilience, character, and learning motivation. External factors include attachment 
style, warmth, goal orientation, enactive mastery experiences, and verbal persuasion 
(Dewi et al., 2023). Lack of engagement in the learning process also contributes to low 
self-efficacy among students (Freire et al., 2020). To address these issues, efforts 
should be made to enhance problem-solving skills and self-efficacy in plant 
developmental structure learning. The first step is to improve the quality of learning 
(Fuad et al., 2017). One way to do this is by developing innovative teaching materials 
and creating learning tools that align with current advancements (Kukulska-Hulme et 
al., 2022). 

An electronic module, or e-module, is a digital version of a printed module that 
can be accessed on a computer and designed using appropriate software 
(Syarlisjiswan et al., 2021). E-modules are self-instructional, self-contained, stand-
alone, adaptive, and user-friendly (Depdiknas, 2008). E-modules can meet the diverse 
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learning needs and problem-solving skills of students, as they are practical and 
effective for learning (Neo et al., 2015). Research has shown that e-modules are 
effective in improving problem-solving skills (Malik et al., 2023). 

Furthermore, efforts to enhance self-efficacy also involve innovative approaches, 
such as utilizing e-modules, although there are limitations. Due to educational policies 
that limit access to guidance lessons, e-modules can become a promising tool to 
reinforce students' self-efficacy (Yosef et al., 2023). Several studies have shown that 
students who successfully use e-learning modules have strong reading 
comprehension skills (Vallespin, 2021), positive attitudes towards academic 
performance (Bacomo et al., 2022), and high levels of involvement (Rajabalee & 
Santally, 2021). The effectiveness of using modules during classroom activities has 
also been demonstrated in various studies (Saper & Iksan, 2016; Wardani & Daharnis, 
2022), showing a moderate level of effectiveness (Ambayon, 2020). 

The development of an e-module should employ an approach, method, or model 
that provides a focused and structured learning process (Uma’iyah et al., 2023). When 
developing e-module teaching materials to enhance students' problem-solving skills 
and self-efficacy, the problem-based learning model is more effective. Problem-based 
learning is a constructivist learning model that emphasizes prior knowledge to help 
students solve problems (Mulyanto et al., 2018). 

Problem-based learning instructional models have been shown to enhance 
students' problem-solving abilities (Parno et al., 2019). Integrating an e-module with 
an instructional model is considered to be a supportive approach in facilitating 
student activities and making learning more effective in achieving the intended 
learning objectives (Jaenudin et al., 2017). The problem-based learning instructional 
model challenges students to explore and discover new knowledge, provides 
opportunities for them to apply their knowledge in real-world scenarios, and allows 
students to master learning concepts as a means of solving real-world problems (Y. P. 
Sari et al., 2019). Furthermore, the problem-based learning model has been found to 
be associated with students' self-efficacy in learning (Demirören et al., 2016). 

The Plant Developmental Structure course has the potential to motivate students 
to enhance their problem-solving skills and self-efficacy. This course greatly assists 
students in improving their understanding and insight into problem-solving 
approaches related to plant symptoms. Common learning challenges encountered in 
the plant developmental structure material include difficulties in identifying 
structures and comprehending the relationship between the structure and function of 
plant tissues and organs. Based on a needs analysis conducted with biology education 
students at Universitas Negeri Malang, 86% of them expressed interest in using 
instructional materials in the form of e-modules for learning about plant 
developmental structures. This is because students require easily accessible 
instructional materials in the form of e-modules that can be flexibly used anytime and 
anywhere, using the electronic devices they possess. 

The needs analysis conducted with Biology Education lecturers at Universitas 
Negeri Malang has indicated a significant demand for the development of interactive 
e-modules that integrate problem-solving skills and self-efficacy. This is crucial in 
providing students with new insights and a deeper understanding of the plant 
developmental structure material. Additionally, it complements students' existing 
learning resources and harnesses the positive benefits of smartphone usage. Thus, the 
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aim of this research is to develop a problem-based learning e-module on plant 
developmental structure to enhance students' problem-solving skills and self-efficacy. 

METHOD  

Research Design and Procedures  
The e-module is developed using the ADDIE development model (Analysis, 

Design, Development, Implementation, and Evaluation) (Branch, 2014). The analysis 
phase aims to identify learning needs, desired learning objectives, and learning 
environment conditions, as well as to develop a product development plan. The 
analysis stage involves distributing a needs analysis questionnaire to students and 
teachers, creating a schedule and plan for the sequence of activities in the e-module 
development, and designing a storyboard. 

The design phase aims to create a product that addresses the analyzed issues and 
produces an initial design concept. In this stage, the design activities involve creating 
a learning activity design, assessing the validity and feasibility of the e-module, and 
designing field test procedures for use in the implementation phase. The design stage 
becomes crucial to ensure that the developed e-module meets the desired standards 
and can provide an optimal learning experience. 

The development phase aims to actualize the ideas designed in the design phase. 
This stage involves creating content, selecting supporting media, developing guides 
for students and instructors, and conducting formative revisions carried out by 
instructional experts, subject matter experts, and practitioners to test the theory and 
feasibility of the e-module for improvement. Formative revision consists of three 
stages: individual trials, small group trials, and field trials. 

The implementation phase aims to apply learning using the developed product, 
which is the revised and validated e-module from the development phase. The 
implementation phase's main goal is to successfully integrate the e-module into the 
learning process, providing a positive impact on students. In this stage, the e-module 
is implemented in the learning environment according to the predetermined plans 
and objectives. This involves executing learning activities using the e-module, both by 
students and educators, and ensuring that all components of the e-module function 
properly. 

The evaluation stage is conducted after the implementation process in the 
classroom and data has been obtained. The results of this stage can serve as a 
benchmark for the developed e-module, confirming its validity. Validation of the e-
module involves experts in media, content, and field practitioners. The criteria for 
content experts include biology professors with a minimum Ph.D. level of 
understanding of the developmental structure of plants. Practitioner experts are 
Biology professors with a minimum of a Master's level of understanding of the 
developmental structure of plants. Criteria for media and instructional material 
experts include expertise in instructional design and a minimum of a Master's level of 
understanding in Learning Technology. 

Data Analysis on Validity and Practicality  
The validity and practicality of the module are assessed by employing the 

following formula. The research and development data analysis technique 
encompasses quantitative and qualitative descriptive analysis. Quantitative analysis 
is utilized to examine the validation scores of the e-module, as assessed by content 
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experts, instructional material experts, biology education practitioners, problem-
solving skills tests, and self-efficacy questionnaires administered to students. 
Qualitative descriptive analysis is employed to evaluate comments and suggestions 
from content experts, instructional material experts, and biology education 
practitioners. The pretest and posttest results of problem-solving skills and self-
efficacy are analyzed using analysis of covariance (ANCOVA). The data analysis 
outcomes of e-module validation and practicality are presented using a Likert scale, 
subsequently subjected to descriptive analysis in terms of percentages, and aligned 
with the validity and practicality criteria outlined by Akbar (2013). The formulas 
applied is presented in Equation 1 with, v: Percentage of e-module validity; Tse: Total 
validator assessment score; and TSh: Maximum total assessment score. 

v = 
TSe

TSh
  x 100% .................................................................................................... (Equation 1) 

The percentage of e-module validity is adjusted according to the criteria outlined 
in Table 1 to evaluate the results of the validity analysis data. 

Table 1. Validity Criteria for E-module 

Value Range (%) Validity Criteria 

81.00-100.00 Very Valid 

61.00-80.00 Valid 

41.00-60.00 Less valid 

21.00-40.00 Invalid 

00.00-20.00 Very Invalid 

The percentage of practicality in the e-module is adjusted according to the 
criteria for evaluating the data from the practicality analysis, as specified in Table 2. 

Table 2. Practical Criteria for E-module 

Value Range (%) Validity Criteria 

81.00-100.00 Very Practical 

61.00-80.00 Practical 

41.00-80.00 Less Practical 

21.00-40.00 Not Practical 

00.00-20.00 Very Impractical 

e-Module’s Effectiveness  
The research was conducted utilizing a Quasi-Experimental Design with a 

Nonrandomized Control Group Pretest-Posttest Design (Fraenkel et al., 2012). The 
study population consisted of all third-semester students majoring in biology 
education at Universitas Negeri Malang. The sample for this study included 63 
students, who were divided into two classes: an experimental class and a control class. 
Random sampling was employed as the sampling technique. The quasi-experimental 
research design involved administering a pretest (measurement before treatment) and 
posttest (measurement after treatment) to both the experimental class, which 
implemented an e-module-based problem-based learning, and the control class, 
which utilized a problem-based learning model without an e-module. The design of 
this quasi-experimental research can be seen in Table 3 Q1, representing pretest scores 
of problem-solving skills and self-efficacy; with Q2, representing posttest scores of 
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problem-solving skills and self-efficacy; X1, representing treatment with a problem-
based learning-based e-module; and X2, representing treatment with a problem-based 
learning model. 

Table 3. The Effectiveness Test Design 

Subjects Pretest Treatment Posttest 

Treatment Group Q1 X1 Q2 

Control Group Q2 X2 Q2 

The effectiveness of the e-module was assessed by analyzing the pretest and 
posttest results of problem-solving skills using ANCOVA for each indicator. The 
effectiveness test data consisted of quantitative data that was analyzed through a one-
way ANCOVA. Prior to conducting ANCOVA, prerequisite tests, such as normality 
and homogeneity tests, were performed. ANCOVA was selected to analyze the 
differences in the mean problem-solving skills and self-efficacy of students in the 
experimental and control groups. The reason for choosing ANCOVA was its accuracy 
in assessing the impact of the treatment on problem-solving skills and self-efficacy 
while minimizing potential bias stemming from initial differences between the 
treatment and control groups. The utilization of ANCOVA provided greater 
confidence in the observed results, facilitating a stronger interpretation of the 
treatment's effects on problem-solving skills and self-efficacy. The ANCOVA analysis 
was conducted using SPSS 23. 

Ethical Considerations  
The research described in this study adheres to ethical principles in research 

involving human subjects. Prior to data collection, informed consent was obtained 
from all participants, including content experts, instructional material experts, biology 
education practitioners, and third-semester students majoring in biology education at 
Universitas Negeri Malang. Participants were fully informed about the study's nature, 
purpose, and their rights as participants. They were assured of confidentiality and 
anonymity, with all data securely stored and accessible only to authorized personnel. 
The study protocol was reviewed and approved by the appropriate institutional 
review board (IRB) or ethics committee of Universitas Negeri Malang, ensuring 
compliance with ethical guidelines and standards. Throughout the research process, 
participants' dignity, privacy, and well-being were prioritized, and any potential risks 
or discomfort associated with participation were minimized. Finally, the research 
findings will be disseminated transparently and responsibly, contributing to 
knowledge advancement while upholding the highest ethical standards in research 
practice. 

RESULTS AND DISCUSSION 

Results 
The development of the e-module on plant developmental structure, utilizing 

problem-based learning, is based on the ADDIE model. The model consists of five 
stages: Analysis, Design, Development, Implementation, and Evaluation. During the 
analysis stage, the focus is on conducting a needs analysis to establish the foundation 
for e-module development. This involves determining learning objectives and 
formulating them through a research method based on learning outcomes. The 
content for the e-module is compiled from various sources such as books and journals. 
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The e-module is designed using Google Sites and involves the collaboration of experts 
in media and instructional design, subject matter experts, and lecturers specializing in 
plant developmental structure. 

The design phase is where concrete learning plans start to take shape after 
gathering the results of the needs analysis. This phase produces an initial design of 
the e-module on plant developmental structure, aimed at enhancing the problem-
solving skills and self-efficacy of biology students. It involves detailed planning of the 
entire learning process, taking into consideration the students' needs, the technology 
utilized, and the learning objectives to be achieved. 

The third stage is development, where the actual process of e-module 
development takes place. The outcome of this stage is a validated e-module on the 
developmental structure of plants, ready to be implemented. Based on research 
findings, the e-module consists of three main sections: the main part, which includes 
the cover, introduction, usage instructions, graduate learning outcome standards, and 
learning outcomes; the core section, which contains content, student learning activities 
involving problem-based learning, and evaluations; and the closing section, which 
includes a glossary of important vocabulary used in the e-module and a bibliography. 
Figures 2 and Figure 3 display some of the key features of the e-module. 

 

Figure 1. The Main Display Features of the E-module 

 
a 

 
b 

 
c 

Figure 2. (a) Content Features, (b) Student Worksheet Features,  (c) Glossary 
Features 



Hadira et al. Development of E-Modules Based on Problem ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, March 2024 Vol. 8, No. 1 | 93 

 

The implementation phase involves the application of the designed product, 
which is the problem-based learning-based e-module on plant developmental 
structure that has been revised and validated. The researcher conducts the learning 
process following the syntax of problem-based learning. Students participating in this 
study are first provided with an informed consent form. At the beginning of the 
learning, students are given an initial test (pretest), and at the end of the learning, they 
are given a final test (posttest) on problem-solving skills and self-efficacy. 

The evaluation phase is the final stage in the development of the e-module. The 
purpose of the evaluation phase is to assess the quality of the problem-based learning-
based e-module on plant developmental structure before or after implementation. The 
intended evaluation is to improve the e-module at each stage, resulting in an e-module 
suitable for the learning process. According to Branch (2014), there are three levels of 
evaluation in the ADDIE model: level one perceptions, level two learning, and level 
three performance. 

Expert Content Validation 
Validation by content experts consists of eight aspects, comprising a total of 40 

questions. These aspects encompass the evaluation of the title, examples or 
illustrations, images/photos/videos, language, depth or breadth of content, accuracy 
of material concepts, currency of material, and contextual relevance of material. The 
findings of the content expert validation analysis are provided in Table 4. 

Table 4. Expert Content Validation 

Aspects 
Maximum 

Score 
Obtained 

Score 
Average 

Score (%) 
Criteria  

Title 15 15 100 Very Valid 

Examples of Illustrations 15 15 100 Very Valid 

Images/Photos/Videos 15 15 100 Very Valid 

Language 15 15 100 Very Valid 

Depth or Breadth of Content 55 55 100 Very Valid 

Accuracy of Material Concepts 55 55 100 Very Valid 

Currency of Material 15 15 100 Very Valid 

Contextual Relevance of Material 15 15 100 Very Valid 

Average Total 200 200 100 Very Valid 

Table 4 displays the results that indicate a validation analysis by content experts 

with a 100% validity rate. This high validity rating confirms that the content of this e-

module has been thoroughly reviewed and requires no revisions. The material's 

completeness and comprehensiveness have been tailored to meet the predetermined 

competencies. Furthermore, the coherent structure of the e-module will enhance 

students' understanding of key concepts throughout the learning process. By aligning 

the content with the expected competencies and proficiency levels in education (Tsai 

et al., 2017), instructors can effectively oversee the teaching materials within the e-

module. 

Media Expert Validation 
Validation by media experts includes 13 aspects, comprising a total of 45 

questions that assess various elements such as e-module design, e-module cover 
design, self-instruction, self-containedness, stand-alone capability, adaptivity, user-
friendliness, consistency, media device compatibility, multimedia utilization, and 
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software applications. The findings of the media expert validation analysis are 
presented in Table 5. 

Table 5. Media Expert Validation 

Aspects 
Maximum 

Score 
Obtained 

Score 
Average Score Criteria 

Cover design of the e-module 30 28 93.33% Very Valid 

E-module design 70 63 82.85% Very Valid 

Self-instruction 25 24 96% Very Valid 

Self-contained 5 4 80% Valid 

Stand alone 5 5 100% Very Valid 

Adaptive 10 10 100% Very Valid 

User friendly 15 15 100% Very Valid 

Consistency 15 15 100% Very Valid 

Media devices 5 5 100% Very Valid 

Utilization of multimedia 10 9 90% Very Valid 

Software applications 5 4 80% Valid 

Design 10 8 80% Valid 

Layout of the e-module 20 20 100% Very Valid 

Average Total 225 210 89.33% Very Valid 

Table 5 presents the results that indicate a validation analysis percentage of 

89.33%. This percentage signifies that the validation analysis conducted by media 

experts falls within the valid category. The validation test for this E-module has 

resulted in a decision with minor revisions. The validation results of the e-module 

ensure that the outlined learning objectives can be objectively measured and aligned 

with the predetermined indicators (Kurniawan & Syafriani, 2021). These findings are 

consistent with previous research, suggesting that an e-module is considered valid 

when it proves to be beneficial for education (Ananda & Usmeldi, 2023). Furthermore, 

these results align with the research findings, demonstrating that the objectives and 

purpose of the e-module are designed for universal usability and effectiveness 

throughout various settings and times (Putri & Junaedi, 2022). 

Practitioner Expert Validation 
Validation by expert practitioners comprises seven aspects, encompassing a total 

of 21 statements that assess the completeness of components, characteristics of the e-
module, presentation, language, material, access and usage, as well as learning 
objectives. The outcomes of the analysis conducted during the validation process by 
expert practitioners are presented in Table 6. 

Table 6. Practitioner Expert Validation 

Aspects 
Maximum 

Score 
Obtained 

Score 
Average 

Score 
Criteria  

Completeness of components 5 5 100% Very practical 

Characteristics of the e-module 15 13 86.67% Practical 

Presentation 15 15 100% Very practical 

Language 15 14 93.33% Very practical 

Material 20 19 95% Very practical 

Access and usage 20 20 100% Very practical 

Learning objectives 15 15 100% Very practical 

Average total 105 101 96.19% Very practical 
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Table 6 displays the results that indicate a percentage of 96.19%. This percentage 
signifies that the validation analysis conducted by expert practitioners falls within the 
highly practical category. The test conducted by the validator for this e-module 
resulted in minor revisions. A practical and user-friendly e-module facilitates the 
learning process, improves efficiency, utilizes easily comprehensible language, and 
can be adapted by students according to their own pace of learning (Yerimadesi et al., 
2023). The practicality validation of the e-module's validity is evaluated based on its 
alignment with its components and its compliance with the steps of the learning 
model (Yulkifli et al., 2023). 

Effectiveness Test Results 
The effectiveness test results of the e-module were obtained by analyzing the 

pretest and posttest scores of problem-solving skills. The problem-solving skills 
consisted of eight items, each containing a different indicator. Additionally, self-
efficacy was measured using forty-three statements. The data from the pretest and 
posttest were analyzed using ANCOVA data analysis. 

Table 7. The Results ANCOVA of Problem-Solving Skills 

Source 
Type III Sum of 

Squares 
Df 

Mean 
Square 

F Sig. 

Corrected Model 928.686a 2 464.343 10.400 .000 
Intercept 4697.082 1 4697.082 105.199 .000 
X 211.472 1 211.472 4.736 .033 
Treatment 445.740 1 445.740 9.983 .002 
Error 2678.965 60 44.649   
Total 371917.000 63    
Corrected Total 3607.651 62    

According to Table 7, the p-value (0.002) is less than 0.05. This suggests a 
statistically significant difference in the average self-efficacy between the group using 
the problem-based learning-based e-module and the group using the problem-based 
learning model without the e-module. 

Table 8. The Results of ANCOVA for Self-Efficacy 

Source 
Type III Sum of 

Squares 
Df 

Mean 
Square 

F Sig. 

Corrected Model 606.316a 2 303.158 9.791 .000 
Intercept 1765.186 1 1765.186 57.012 .000 
X 292.156 1 292.156 9.436 .003 
Treatment 167.646 1 167.646 5.415 .023 
Error 1857.684 60 30.961   
Total 341264.000 63    
Corrected Total 2464.000 62    

Based on Table 8, the significance value (0.023) is less than 0.05, indicating a 
statistically significant difference in mean self-efficacy between the class using the 
problem-based learning-based e-module and the class using the problem-based 
learning model without the e-module. The e-module developed in this study is based 
on problem-based learning and includes comprehensive components that facilitate 
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independent and conventional learning for students. Furthermore, it enhances content 
mastery for both professors and students. The integration of technology in the e-
module makes the presentation and delivery of information visually accessible, which 
is crucial in the learning process. E-modules have been shown to be highly effective 
in facilitating student learning and improving their understanding of the material 
(Sadimin et al., 2017). The development of the e-module aims to enhance students' 
problem-solving skills through the problem-based learning model, and it has the 
potential to improve their problem-solving abilities (Fernandu et al., 2022). Previous 
research has also indicated that the development of e-modules can enhance students' 
problem-solving skills (Malik et al., 2023) and increase their self-efficacy (Jeske et al., 
2014). 

Based on the results of the effectiveness test, there is a significant difference in 
the mean scores of self-efficacy and problem-solving skills between the class using 
problem-based learning e-modules and the class using the problem-based learning 
model without e-modules. The e-module adapts the characteristics, format, and 
sections of printed modules in general (Effendi et al., 2018). The development of e-
modules can enhance problem-solving skills and self-efficacy in students, as it offers 
several advantages. Students tend to be more diligent in completing learning 
materials through the e-module. Additionally, the developed e-module can train 
students to enhance their thinking skills in the problem-solving process (Novita et al., 
2022). In this study, the e-module focuses on the developmental structure of plants. 
The problems addressed in the learning process are derived from real-life issues faced 
by students, enabling them to more easily conduct investigations to solve problems 
(Rahayu & Kuswanto, 2021). 

The learning activities outlined in the e-module prioritize group discussions, 
where students engage with their peers to analyze problems presented in the articles 
provided within the e-module. Through these discussions, students have the 
opportunity to express their opinions and interact with group members to find 
appropriate solutions to the issues at hand. This process can positively contribute to 
the development of students' self-efficacy, which refers to an individual's belief in 
their ability to succeed in a specific task or activity. The selection of appropriate 
learning resources can also facilitate students' understanding of the taught material 
(Daryono & Rochmadi, 2020; Rahmatunisa et al., 2022). Additionally, educators 
should provide varied learning experiences to prevent students from becoming bored 
during the classroom learning process (Amhag et al., 2019). The e-module itself is 
interactive, facilitates navigation, displays images, text, and videos, and is equipped 
with tests that provide automatic feedback (Rehman & Fatima, 2020). 

In the development research, the learning model used is problem-based 
learning. Problem-Based Learning is an innovative instructional model characterized 
by the use of real-world problems to help students apply their existing knowledge to 
solve a problem. It can enhance problem-solving skills and self-efficacy (Setiawati & 
Agoestanto, 2023). The use of problem-based learning-based e-modules can 
significantly enhance students' self-efficacy and problem-solving skills. By presenting 
learning content interactively and allowing students to engage in project-based 
problem-solving actively, e-modules provide opportunities for students to develop 
self-efficacy in tackling tasks and challenges. Problem-based learning begins with the 
presentation of an open, unstructured, and contextual real-world problem, which 
triggers and motivates students to identify and learn the concepts necessary to solve 
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the problem (Rubini et al., 2019). Students participate in group discussions to solve 
the presented problem. After completing the group discussion, students communicate 
the outcomes of their group discussions through presentations (Balan et al., 2019). 

CONCLUSION 
The research on the development of an e-module for plant development 

structure, which incorporates the problem-based learning model, to enhance problem-
solving skills and self-efficacy in biology students, in accordance with the taught 
material, has been found to be valid. According to the results of the validation test, the 
e-module received a rating of 89.33% from media and instructional experts, 
categorizing it as valid; a rating of 100% from material experts, categorizing it as 
highly valid; and a rating of 96.19% from practitioner validation, categorizing it as 
highly practical. The effectiveness test results for problem-solving skills showed a 
significant value of 0.002 (less than 0.05). Similarly, the effectiveness test for self-
efficacy yielded a significant value of 0.023 (less than 0.05). This indicates a significant 
difference in mean self-efficacy and problem-solving skills between the class using the 
problem-based learning e-module and the class using the problem-based learning 
model without the e-module. 

RECOMMENDATION 
The development of e-modules should be conducted with careful consideration 

for network connectivity support in order to enhance the seamless utilization of 
media. Furthermore, the integration of e-module development with diverse learning 
models beyond problem-based learning should be explored while taking into account 
the specific characteristics of the course and lecture material. In tandem with the rapid 
advancements in digital technology, e-modules ought to incorporate more 
sophisticated interactive elements, such as simulations, interactive animations, and 
other multimedia components that can augment engagement. This will contribute to 
the creation of a compelling and impactful learning experience, aligning with the 
ongoing evolution of digital technology. 
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