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Abstract: This research investigated the development and implementation 
of a STEM-based electronic module (e-module) designed to enhance science 
literacy and science process skills among high school students in chemistry 
learning. The study employed a qualitative analysis approach to examine 
the design process, implementation challenges, and educational outcomes 
of integrating Science, Technology, Engineering, and Mathematics 
principles into digital chemistry learning materials. Results indicate 
significant improvements in students' scientific explanation abilities and 
experimental design skills, suggesting that well-designed STEM-based e-
modules can effectively bridge theoretical understanding with practical 
applications in chemistry education.  
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Introduction  
 

The rapid advancement of digital technology has 
transformed educational landscapes worldwide, 
creating new opportunities for innovative teaching and 
learning approaches (Slipchyshyn et al., 2024). In science 
education, particularly chemistry, the integration of 
digital resources with interdisciplinary frameworks has 
become increasingly important for developing students' 
21st-century competencies. Electronic modules (e-
modules) have emerged as versatile instructional 
materials that can support flexible and interactive 
learning experiences, potentially addressing the 
limitations of traditional teaching methods in 
developing critical scientific competencies (Rosman et 
al., 2024). 

Science literacy represents a fundamental 
educational goal, encompassing the ability to 
understand scientific concepts, recognize scientific 

questions, use evidence to draw conclusions, and apply 
scientific knowledge in real-world contexts 
(Sekaringtyas et al., 2024). Chemistry education, with its 
abstract concepts and complex phenomena, presents 

unique challenges for developing science literacy 
(Ulwan et al., 2024). Similarly, science process skills—the 
intellectual abilities used to conduct scientific 
investigations—are essential for students to engage 
meaningfully with chemistry content. Traditional 
approaches to chemistry education often emphasize 
content knowledge over these broader competencies, 
creating a disconnect between classroom learning and 
real-world application (Himmah et al., 2024) 

The integration of Science, Technology, 
Engineering, and Mathematics (STEM) education offers 
a promising approach to address these challenges 
(Simmons et al., 2023; Alfarraj & Alzahrani, 2024). STEM 
education emphasizes interdisciplinary learning and the 
application of knowledge to solve authentic problems, 
thereby fostering critical thinking, creativity, and 
innovation. When embedded within digital learning 
environments, STEM approaches can potentially 
transform chemistry education from isolated fact 
memorization to integrated understanding and 
application (Jamaluddin et al., 2023). 

This study aims to develop and evaluate a STEM-
based e-module for chemistry learning, specifically 
designed to enhance science literacy and science process 
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skills. The research seeks to answer three questions: 
How can a STEM-based e-module be effectively 
designed for chemistry education? What impact does 
this e-module have on students' science literacy and 
science process skills? What challenges and 
opportunities emerge during implementation? By 
addressing these questions, this study contributes to the 
growing body of knowledge on innovative instructional 
materials that bridge theoretical understanding with 
practical applications in science education. 

 

Method  
 
This study employed a qualitative research 

approach to develop, implement, and evaluate a STEM-

based e-module for chemistry learning. The qualitative 
design allowed for in-depth exploration of the 
development process, implementation dynamics, and 
educational outcomes, providing rich contextual 
understanding beyond quantitative measures alone. The 
research was conducted in three phases: e-module 
development, implementation, and evaluation (Jung, 
2024). 

The development phase employed the ADDIE 
(Analysis, Design, Development, Implementation, 
Evaluation) model, a systematic instructional design 
framework widely used in educational resource 
development. The implementation phase involved 
teacher training, classroom integration, and 
observational data collection. The evaluation phase 
included expert validation, teacher interviews, student 
assessments, and thematic analysis of qualitative data 
(Khan, 2024). 
 

 
Figure 1. Qualitative method 

 
Development of STEM-Based E-Module 

The development of the STEM-based chemistry e-
module followed the ADDIE model's five sequential 
stages. In the Analysis stage, educational needs, learner 
characteristics, content requirements, and technological 
constraints were systematically assessed through 
literature review, curriculum analysis, and stakeholder 

consultations. This foundational analysis identified 
appropriate chemistry topics, learning objectives, and 
STEM integration opportunities (Oktariani & Saputri, 
2024). 

The Design stage involved constructing the 
instructional blueprint, including content organization, 
learning activities, assessment strategies, and user 
interface elements. Special attention was given to 
aligning chemistry content with STEM principles, 
ensuring that science concepts were connected with 
technological applications, engineering design 
challenges, and mathematical analysis opportunities. 
The Problem-Based Learning (PBL) approach was 
incorporated as the pedagogical framework, structuring 
the e-module into five progressive stages: problem 
orientation, learning organization, guided investigation, 
solution development, and reflective evaluation. 

In the Development stage, the e-module was 
created using the Canva platform and its Heyzine 
feature, which enables conversion of PDF files into 
interactive digital formats. Content creation included 
writing explanatory text, designing graphics, recording 
instructional videos, developing simulations, and 
programming interactive elements. The e-module 
focused on chemical reactions, incorporating 
multimedia explanations, virtual laboratory 
simulations, experimental design activities, and data 
analysis tools (Wati et al. 2021; Siregar & Silaban, 2023). 

The Implementation stage involved field testing 
with chemistry teachers and students in controlled 
educational settings. This phase included teacher 
training sessions, classroom integration of the e-module, 
and observational data collection. The Evaluation stage 
encompassed expert validation, user feedback 
collection, and assessment of the e-module's impact on 
science literacy and science process skills. 
 
Participants and Setting 

The study involved multiple participant groups to 

ensure comprehensive evaluation of the STEM-based e-
module. Chemistry education experts (n=5) with 
specializations in instructional design, STEM education, 
and digital learning participated in the validation 
process, providing expert assessment of the e-module's 
content accuracy, pedagogical alignment, and 
technological functionality. 

Chemistry teachers (n=10) from diverse 
educational backgrounds participated in 
implementation and evaluation activities. These 
teachers represented various teaching experiences, 
technological proficiencies, and school contexts, 
providing a range of perspectives on the e-module's 
classroom applicability and effectiveness. Teacher 
participants engaged in training workshops, classroom 
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implementation, interview sessions, and feedback 
surveys. 

Student participants (n=92) from three chemistry 
classes in secondary education settings used the STEM-
based e-module during regular instructional periods. 
These students represented diverse academic 
backgrounds, learning preferences, and technological 
experiences. Student participation included completing 
pre-assessment and post-assessment measures of 
science literacy and science process skills, engaging with 
the e-module's learning activities, and providing 
feedback on their learning experiences. 
 
Data Collection Methods 

Multiple data collection methods were employed to 
ensure methodological triangulation and 
comprehensive understanding of the research questions. 
Expert validation utilized structured assessment 
instruments evaluating the e-module's content validity, 
instructional design, technological functionality, and 
STEM integration quality. These instruments employed 
Likert-scale ratings and open-ended response formats, 
generating both quantitative quality indicators and 
qualitative improvement suggestions. 

Teacher perspectives were collected through semi-
structured interviews exploring implementation 
experiences, perceived benefits, observed challenges, 
and professional development needs. These interviews, 
averaging 45 minutes in duration, were audio-recorded, 
transcribed, and subjected to thematic analysis. 
Supplementary teacher data included implementation 

logs, classroom observation notes, and feedback 
questionnaires. 

Student learning was assessed through pre-test and 
post-test measures of science literacy and science 
process skills. The science literacy assessment evaluated 
three dimensions: explaining scientific phenomena, 
evaluating and designing scientific inquiry, and 
interpreting data and evidence scientifically. The science 

process skills assessment examined observational 
accuracy, predictive reasoning, experimental design 
capacity, data analysis proficiency, and conclusion 
formulation. Additional student data included learning 
artifacts, engagement metrics, and satisfaction 
questionnaires. 
 
Data Analysis Procedures 

Data analysis employed a multi-method approach 
appropriate for the qualitative research design. Expert 
validation data were analyzed using descriptive 
statistics for quantitative ratings and thematic analysis 
for qualitative feedback. Percentage scores were 
calculated for each evaluation dimension, with scores 
above 80% considered "very valid" based on established 
validation criteria1. 

Interview transcripts and observational data 
underwent thematic analysis following a six-step 
process: familiarization with data, initial coding, theme 
identification, theme review, theme definition, and 
interpretation. This process identified recurring 
patterns, emergent concepts, and significant insights 
regarding e-module development, implementation, and 
impact. Coding reliability was enhanced through 
investigator triangulation, with multiple researchers 
independently coding data samples before consensus 
discussions. 

Student assessment data were analyzed using 
descriptive statistics and normalized gain calculations. 
The N-Gain formula [(post-test score - pre-test 
score)/(maximum score - pre-test score)] quantified 
learning improvements, with values below 0.3 
considered "low," 0.3-0.7 "medium," and above 0.7 
"high"4. Complementary qualitative analysis of student 
work samples and feedback provided contextual 
understanding of these quantitative indicators.  

 

Result and Discussion 
 

Development and Validation of STEM-Based E-Module 
The development process resulted in a 

comprehensive STEM-based chemistry e-module 
focused on chemical reactions (Nguyen et al., 2020; Aris 
et al., 2024). The e-module integrated multimedia 
elements, interactive simulations, collaborative 
activities, and assessment tools within a Problem-Based 
Learning framework. Each learning sequence began 
with a real-world chemical challenge, progressed 
through guided investigation and knowledge 
application, and culminated in student-generated 
solutions and reflective analysis (Costa et al., 2023; 
Ibrahim et al., 2025). 
 
Table 1. Expert Validation Results for STEM-Based 
Chemistry E-Module 
Validation Aspect Percentage Score Interpretation 

Content Accuracy 94.60% Very Valid 
Curriculum Alignment 93.80% Very Valid 
STEM Integration 95.20% Very Valid 
Learning Objectives 92.00% Very Valid 
Activity Sequencing 91.50% Very Valid 
Assessment Alignment 93.40% Very Valid 
User Interface 89.70% Very Valid 
Navigation 90.50% Very Valid 
Multimedia Elements 92.30% Very Valid 
Overall Validation 92.50% Very Valid 

 
Expert validation results indicated high quality 

across all evaluation dimensions, as shown in Table 1. 
The content validation yielded a 94.6% approval rating, 
with particular strengths in scientific accuracy, 
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curriculum alignment, and STEM integration. 
Instructional design validation achieved 92.3% 
approval, with positive assessments of learning 
objectives, activity sequencing, and assessment 
alignment. Technological functionality validation 
reached 90.8% approval, with commendations for user 
interface design, navigation intuitiveness, and 
multimedia integration. 

Qualitative feedback from expert validators 
highlighted several strengths, including the authentic 
integration of STEM principles, the effective scaffolding 
of complex chemistry concepts, and the engaging 
multimedia presentations. Suggested improvements 
included enhancing accessibility features, expanding 

differentiation options for diverse learners, and 
strengthening connections between virtual simulations 
and laboratory activities. 
 
Impact on Science Literacy 

Science literacy assessments revealed significant 
improvements following implementation of the STEM-
based e-module. Pre-test and post-test comparisons, 
presented in Table 2, demonstrated gains across all three 
dimensions of science literacy. The most substantial 
improvement occurred in the "explaining scientific 
phenomena" dimension, with an N-Gain value of 0.58, 
similar to findings reported in previous research.

 
Table 2. Science Literacy Assessment Results (n=92) 
Science Literacy Dimension Pre-test Mean Post-test Mean N-Gain Interpretation 

Explaining Scientific Phenomena 57.3 82.4 0.58 Medium 
Evaluating and Designing Scientific Inquiry 52.1 76.9 0.52 Medium 
Interpreting Data and Evidence 54.8 79.5 0.55 Medium 
Overall Science Literacy 54.7 79.6 0.55 Medium 

Qualitative analysis of student responses revealed 
deeper conceptual understanding and improved 
scientific reasoning following e-module 
implementation. Students demonstrated enhanced 
ability to explain chemical reactions using scientific 
principles, connect laboratory observations with 
theoretical models, and apply chemistry knowledge to 
real-world contexts. They also showed greater facility in 
distinguishing between observations and inferences, 
identifying variables in experimental designs, and 
evaluating the strength of scientific evidence. 

 
Impact on Science Process Skills 

Science process skills assessment results, presented 
in Table 3, indicated substantial improvements across all 
five skill categories. The most significant gains occurred 

in experimental design (N-Gain=0.61) and observational 
accuracy (N-Gain=0.59), suggesting that the STEM-
based e-module effectively developed these 
foundational scientific capabilities. 

Qualitative analysis of student performance on 
practical tasks revealed more sophisticated scientific 
thinking following e-module implementation. Students 
demonstrated improved ability to design controlled 
experiments, operationalize variables, select appropriate 
measurement techniques, analyze experimental errors, 
and formulate evidence-based conclusions. These 
improvements were particularly evident in collaborative 
problem-solving activities, where students effectively 
applied science process skills to authentic chemistry 
challenges. 

 
Table 3. Science Process Skills Assessment Results (n=92) 
Science Process Skill Pre-test Mean Post-test Mean N-Gain Interpretation 

Observational Accuracy 61.8 84.3 0.59 Medium 
Predictive Reasoning 58.2 80.7 0.54 Medium 
Experimental Design 50.6 80.8 0.61 Medium 
Data Analysis 53.9 78.4 0.53 Medium 
Conclusion Formulation 56.3 79.8 0.54 Medium 
Overall Science Process Skills 56.2 80.8 0.56 Medium 

Teacher Perspectives on Implementation 

Thematic analysis of teacher interviews identified 
four dominant themes regarding e-module 
implementation: instructional benefits, implementation 
challenges, pedagogical adaptations, and professional 
development needs. These themes provide contextual 
understanding of the e-module's classroom integration 

and highlight important considerations for educational 
practice. 

Regarding instructional benefits, teachers 
consistently reported enhanced student engagement, 
with one participant noting that "students were visibly 
more motivated when working with the e-module 
compared to traditional instruction." Teachers 



Jurnal Penelitian Pendidikan IPA (JPPIPA) April 2025, Volume 11, Issue 4, 1124-1132 

 

1128 

particularly valued the integration of virtual simulations 
with hands-on activities, which they believed helped 
students connect abstract concepts with observable 
phenomena. They also appreciated the embedded 
assessment tools, which provided immediate feedback 
on student understanding. 

Implementation challenges identified by teachers 
aligned with findings from previous research on STEM 
education7. Resource limitations presented significant 
obstacles, with teachers citing inadequate technological 
infrastructure, limited laboratory equipment, and 
insufficient instructional time as primary concerns. One 
teacher explained, "While the e-module is well-
designed, my classroom has only five computers for 
thirty students, making implementation logistically 
difficult." Teachers also noted varying levels of student 
technological proficiency and initial resistance from 
some colleagues accustomed to traditional teaching 
methods. 

Pedagogical adaptations emerged as teachers 
integrated the e-module into their instructional 
practices. Most teachers reported shifting toward more 
facilitative teaching roles, with greater emphasis on 
guiding student inquiry rather than direct instruction. 
One participant described this transition: "I found 
myself asking more questions and providing fewer 
answers, allowing students to construct understanding 
through exploration and discussion." Teachers also 
developed various implementation strategies, including 
rotating station models, peer teaching arrangements, 
and blended learning approaches combining home and 
classroom activities. 

Professional development needs identified by 
teachers included technical training on e-module 
functionality, pedagogical guidance on facilitating 
STEM-based learning, and collaborative opportunities 
to share implementation experiences. Several teachers 
expressed interest in sustained professional learning 
communities focused on digital STEM education, 
suggesting that isolated training events were insufficient 
for developing long-term implementation capacity. 
 
Discussion 

This study has demonstrated the potential of 
STEM-based e-modules to enhance science literacy and 
science process skills in chemistry education (Dibyantini 
et al., 2023). The findings reveal that carefully designed 
digital resources integrating science, technology, 
engineering, and mathematics can positively impact 
student learning outcomes while presenting 
implementation challenges that require systematic 
attention. Four key insights emerge from this research, 
each with significant implications for educational 
practice and future research (Aguilera et al., 2021; 
Arango-Caro et al., 2025). 

First, the STEM-based e-module effectively 
improved students' science literacy, particularly their 
ability to explain scientific phenomena (Annisa et al., 
2023; Septiadevana et al., 2024). This improvement can 
be attributed to several design features, including 
authentic problem scenarios, multimedia explanations 
of chemical processes, and opportunities to connect 
theoretical models with observable evidence (Bone et al., 
2024). The integration of engineering design challenges 
and technological applications provided meaningful 
contexts for chemistry concepts, helping students 
develop deeper conceptual understanding rather than 
superficial memorization. These findings align with 
previous research indicating that STEM-based 
approaches can significantly enhance scientific 
explanation abilities (Widiana et al., 2024). 

The medium-level gains observed across all science 
literacy dimensions suggest that while the e-module was 
effective, there remains room for improvement (Zhan et 
al., 2022; Wang et al., 2025). The relatively stronger gains 
in explaining scientific phenomena compared to 
evaluating scientific inquiry may reflect the inherent 
challenge of developing higher-order scientific thinking 
skills within limited implementation timeframes. Future 
iterations of the e-module might incorporate more 
scaffolded opportunities for experimental critique and 
design, potentially enhancing these more sophisticated 
science literacy dimensions (Ma’fiyah et al., 2025). 

Second, the e-module demonstrated effectiveness 
in developing students' science process skills, with 
particularly strong impacts on experimental design 
capabilities (Hamidi et al., 2024). The engineering 
components of the STEM framework appeared 
especially valuable for this development, as they 
required students to apply scientific knowledge in 
designing solutions to chemistry-related problems. The 
virtual laboratory simulations provided safe 
environments for experimental exploration, while 
structured guidance helped students develop 
methodological rigor in their investigations (Oanh, 
2024). These findings suggest that well-designed digital 
resources can effectively develop scientific practices that 
traditionally required physical laboratory experiences 
(Letnar et al., 2025). 

The improvement in science process skills appeared 
somewhat uneven across skill categories, with stronger 
gains in experimental design and observation compared 

to data analysis and conclusion formulation (Burns & 
Davenport, 2025). This pattern may reflect the cognitive 
complexity of these latter skills, which require 
integration of multiple scientific practices and abstract 
reasoning abilities. Future e-module development might 
incorporate additional scaffolding for these more 
complex science process skills, possibly through guided 
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analysis of exemplary data sets and structured reasoning 
frameworks (Hanum et al., 2024). 

Third, teacher perspectives revealed both 
opportunities and challenges in implementing STEM-
based e-modules in chemistry education (Pathuddin et 
al., 2024). The enhanced student engagement and deeper 
conceptual understanding reported by teachers 
highlight the pedagogical value of these digital 
resources (Pepin et al., 2021; Pepin & Rezat, 2025). 
However, the technological infrastructure limitations, 
time constraints, and professional development needs 
identified by teachers underscore the systemic 
challenges facing educational innovation. These 
findings suggest that effective implementation requires 
attention not only to instructional design but also to 
broader educational ecosystem factors including 
resource allocation, scheduling practices, and teacher 
preparation. 

The pedagogical adaptations described by 
teachers—particularly their transition toward more 
facilitative instructional approaches—reflect how 
educational technologies can catalyze instructional 
change beyond the specific content they address (Atit et 
al., 2020; Liu et al., 2024). This finding suggests that 
STEM-based e-modules may serve not only as student 
learning resources but also as teacher professional 
development tools, encouraging reflection on 
instructional practices and epistemological beliefs about 
science teaching and learning (Dewi et al., 2024). 

Finally, the systematic development process 
produced a high-quality educational resource validated 
by subject matter experts and educational technology 
specialists (Krokhmal et al., 2024). The ADDIE model 
provided a structured framework for integrating content 
expertise, pedagogical knowledge, and technological 
capabilities, resulting in an e-module that effectively 
balanced these dimensions. The interactive 
development and validation process ensured alignment 
with educational standards, STEM principles, and user 
experience considerations, highlighting the importance 
of methodical design approaches in educational 
resource development (Saxena et al., 2024). 

The expert validation results, which consistently 
rated the e-module as "very valid" across multiple 
dimensions, provide evidence for the effectiveness of the 
development approach. However, the qualitative 
feedback suggesting improvements in accessibility and 

differentiation highlights ongoing tensions in 
educational resource design between standardization 
and personalization, technological innovation and 
universal access, and comprehensive content coverage 
and manageable cognitive load 

 

 

Conclusion  
 

This research has demonstrated that carefully 
designed STEM-based e-modules can effectively 
enhance science literacy and science process skills in 
chemistry education. The integrative approach, 
combining science content with technological 

applications, engineering design challenges, and 
mathematical analysis, provides students with rich 
learning opportunities that connect theoretical 
understanding with practical application. The digital 
format enables interactive engagement, multimedia 
representation of complex concepts, and personalized 
learning pathways, addressing limitations of traditional 
instructional materials. The findings reveal medium-

level improvements across all dimensions of science 
literacy and science process skills, with particularly 
strong gains in explaining scientific phenomena and 
designing experiments. These results suggest that 
STEM-based e-modules can develop not only content 
knowledge but also the higher-order thinking skills and 
scientific practices essential for comprehensive science 
education. The positive teacher perspectives, despite 
implementation challenges, indicate the pedagogical 
value of these digital resources in chemistry classrooms. 
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