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2025 materials available cannot be expected to include the accessibility
elements needed to bridge this cognitive divide. The current study
attempts this integration for the first time, combining Universal Design
for Learning and a STEM-SDGs approach specifically to support slow
learners. The study aimed to create a valid, usable, beneficial, and
inclusive module for Phase D (Grade VIII) students using the R&D
approach (ADDIE model). The study incorporated six expert
validators, a practicality trial to slow learners (N=10), and a quasi-
experimental field study with 73 learners (Experimental N=34 vs
Control N=39). The module had a V-Aiken rating of 0.87 (Very Valid),
and 92.1% was rated Very Practical. Effectiveness testing showed that
the module had a significant positive differentiating factor: the
experimental group had evidence of a “High” N-Gain (0.78) compared
to the control group's “Medium” N-Gain (0.40). The findings of the
study attest that the UDL-based module was effective in bridging
complex concepts and can serve as an adaptive resource to advance
Equity in Science Education.
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INTRODUCTION

Scientific literacy is pivotal even at the Junior High School Level (Phase D). Elements,
Compounds, and Mixtures provide a basic set of core concepts (Hendry, 2006; Indriyati et al., 2024).
However, current educational curricula emphasize the need to elevate Higher Order Thinking Skills
(HOTS) through the application of the STEM approach (Oktariani et al., 2020). On the other hand, the
analysis of the Junior High School chemistry materials shows the predominance of Lower Order
Thinking Skills (LOTS) that are limited to the lower four levels of thinking, C1-C4. C5 (evaluating) and
C6 (creating) are infrequently taught and assessed (Syahida & Irwandi, 2015). The situation is made
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worse by the inclusion of disabilities in the educational materials (Salend, 2016). Slow learners are
identified as students whose academic performance falls significantly below the expected grade
(Alhamuddin et al., 2022; Mohammad & Mahmoud, 2014) and have a hard time understanding material
that is complex and abstract and is steeped in high levels of concentration and cognitive effort (Chew &
Cerbin, 2021; Septiana et al., 2024; Sweller, 1993; Wirawan & Putri, 2025).

Since the properties of atoms and molecules are abstract and cannot be directly seen (Aisyah et
al., 2023), more repetitions, longer training sessions, and more focused teaching are needed (Cleugh,
2021; Septiana et al., 2024). Thus, it is safe to assume that standard teaching materials are not enough
to close the cognitive gaps. Effective development of teaching materials must offer strong cognitive
scaffolding. The Guided Discovery Learning approach is highly relevant for slow learners to construct
knowledge autonomously (Janssen et al., 2014; Poniyati et al., 2024). Modules are ideal media as they
facilitate structured, guided learning and flexible study (Indriyati et al., 2024; Ridha, 2021).

Moreover, the design of systems that facilitate water purification embodies STEM integration,
as these systems are technologically precise, designed for project-based learning, and STEM-compatible
(Alhamuddin et al., 2022; Assaf et al., 2024). The identification of problems and the structured
development of solutions are STEM, which offers a heuristic for breaking down concepts from
abstraction to a lower level of complexity (English, 2023; Garvin, 2000). Furthermore, the integration
of some SDGs (e.g., SDG 6; SDG 12) offers a relevant contextualization (Ortigara et al., 2018; Zahro
et al., 2024) that guides you to the real problem. The SDGs, alongside problem linkage of abstraction,
help to eliminate the burden of mental processing, and are a vital designing instrument (Ivshina et al.,
2015; Nuswowati et al., 2024)

These remain a problem gap. Furthermore, no instructional tools exist that integrate UDL with
STEM and SDGs, specifically targeting slow learners, focusing on Elements, Compounds, and Mixtures
(M. li & Wang, 2024; Meyer et al., 2014). The modular development of STEM has been the focus of
numerous studies. However, these materials are mainly directed to average to high performing learners
and reflect a gap for slow learners (Afwina et al., 2021; Indriyati et al., 2024; Nurhayati et al., 2021;
Rasmi et al., 2023; Sholikhah & Arif, 2024; Syahirah et al., 2020; Wildana et al., 2023; Zulaiha &
Kusuma, 2020). Literature explicitly combining STEM, Inclusive Education for Slow Learners, and
SDGs in a single teaching product remains highly limited.

To address this gap, this study introduces a specific novelty: the development of an instructional
product that synergizes UDL principles with a STEM-SDGs framework (Fovet, 2021). Unlike previous
modules, this product is uniquely designed to function as a cognitive bridge. Based on this background,
the problem formulation is: "How can the development of an Inclusive STEM Module Based on SDGs
on the topic of Elements, Compounds, and Mixtures yield a product that is valid, practical, and effective
for slow learner students in Phase D?" The objective is to produce such a module for Grade VIII students
at SMP N 1 Pemulutan Barat.

RESEARCH METHOD
Research Design

This study utilizes a Research and Development (R&D) approach to produce an educational
product and rigorously test its feasibility (validity, practicality) and effectiveness (Liana et al., 2022;
Yulastri et al.,, 2017). The development procedure follows the ADDIE model (Analyze, Design,
Development, Implement, Evaluate) (Indriyati et al., 2024; Rusdi et al., 2022).

To ensure comprehensive data analysis, a Mixed Methods framework was selected. This design
is considered most appropriate because quantitative data alone cannot fully capture the nuances of
inclusive education. Specifically, a Concurrent Triangulation design was used during validation to
synthesize scores with expert advice, while an Embedded Design was applied during field testing. Here,
quantitative data (N-Gain) served as the primary measure, while qualitative data (observations) provided
essential context regarding the module's function in bridging cognitive gaps (Dini et al., 2023;
Oksaviona et al., 2023). The integration of the ADDIE model with the quasi-experimental and mixed-
methods structure is summarized in Table 1.
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Population and Sample

The research was conducted at SMP N 1 Pemulutan Barat. For the effectiveness test, the sample
comprised 73 Grade VIII students divided into two groups: the Experimental Group (N=34) using the
STEM-SDGs Module, and the Control Group (N=39) using the Conventional Module. For the
practicality test, subjects were selected via purposive sampling, comprising 10 slow-learning students
from the Experimental Group and one Science teacher.

Identification of Slow Learners

To ensure subject suitability and validity, slow learners were identified through a strict, multi-
tiered screening process:

1. Academic Screening: Students with Science scores consistently below the Minimum Mastery
Criteria (KKM) for the last two semesters (Iryana et al., 2024).

2. Teacher Validation: Teachers/counselors validate students' challenges in understanding and
processing abstractions and the need for instructions to be repeated.

3. Professional Validation: Validated psychological testing of an individual at the lower end of the
average IQ spectrum from 70-85 (Lederman et al., 2023; Nurhasanah & Nida, 2016; Septiana et
al., 2024). This assessment was done at the Physiotherapy Unit of Lembaga Pendidikan Hasanah
Gemilang School, a center of special education.

Data Collection and Analysis

Collection of Data and Its Analysis. The data were gathered using Expert Validation Sheets,
Practicality Questionnaires, a battery of Cognitive Assessments (Pre-Test/Post-Test), and Observation
Sheets. The employed analysis was

1. Validity: Calculated using the V-Aiken Coefficient.

2. Practicality: Descriptive percentages (Very Practical: 81-100%; Practical: 61-80%; Moderately
Practical: 41-60%; Less Practical: 21-40%; Not Practical: 0-20%).

3. Effectiveness: Measured using Normalized Gain (N-Gain). Categories: High (g > 0.70), Medium
(0.30 £ g < 0.70), and Low (g < 0.30).

4. Prerequisite Tests: Homogeneity was confirmed via Levene’s test (p = 0.416) and initial equality
via an Independent t-test (p = 0.883).

Research Procedures

The procedure followed the five stages of ADDIE (Figure 1):
1.  Analysis
Analysis of curriculum (Phase D), learning outcomes, and slow learner characteristics (need for
concrete visualization) (Aisyah et al., 2023; Kimianti, 2019; Piskurich, 2015; Septiana et al., 2024).
2. Design
Structuring content based on guided discovery flow (Poniyati et al., 2024; Wales & Stager, 1980)
integrating UDL visuals and designing instruments.
3. Development Stage
Draft I was validated by six experts (Material/STEM, Media, Inclusive Pedagogy) using V-Aiken,
then revised into Draft II.
4. Implementation Stage (Field Implementation and Effectiveness Testing)
Field trial with 73 students. The Experimental Group received the STEM-SDGs Module over three
sessions (45-90 minutes each). Practicality data were collected from 10 slow learners and the
teacher. Effectiveness was measured by comparing pre-test and post-test gains against the Control
Group.
5. Evaluation Stage
Synthesis of validity, practicality, and N-Gain data to determine final product feasibility.
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Figure 1. Research Procedure Flowchart (ADDIE Model).
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Table 1 presents the ADDIE development model matrix and its integration with the mixed methods
approach.

Table 1. Matrix of ADDIE Development Model and Mixed Methods Integration.

ADDIE Stage Key R&D Quantitative Data Qualitative Data Mixed Methods
Activity Function
Analyze Needs and - Teacher Identification of
Curriculum Interviews/Curriculu  Inclusive
Analysis m Documents Design Needs
(Kimianti, 2019;
Muhammad et al.,
2013)
Development  Initial V-Aiken Validator Written Expert Triangulation of
Product Score (Oksaviona et Input/Suggestions (Ki Construct &
Validation al., 2023) mianti, 2019) Content Validity
(Draft I)
Implementati  Field Teacher/Student Field Observation Confirming
on Implementati  Practicality Scores Notes/Student Usability in
on (Botutihe et al., 2025)  Interviews Real Context
Evaluation Final Product Mean Validity, Findings Analysis Determination
Determinatio  Practicality, Effectiven  (Synthesis) of Product
n ess (N-Gain) Feasibility
RESULTS AND DISCUSSION

The needs analysis revealed that slow learners struggle primarily with the microscopic
distinctions between Elements, Compounds, and Mixtures due to a lack of visual scaffolding (Li et al.,
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2024; Poniyati et al., 2024). To address this, the module was designed using Universal Design for
Learning (UDL) principles. Key features include:

1. To begin with, the author applied the Multiple Means of Representation through the use of 3D
modeling for the differentiation of atoms and compounds (Kariman et al., 2019; Poniyati et al.,
2024);

2. The author then discussed the Visual Accessibility (14pt fonts, high contrast) to reduce cognitive
load.

3. Third, the author illustrated the Contextual Engagement through STEM activities related to SDG 6
(Clean Water), where students relate concrete engineering activities to abstract concepts (Oyewo
et al., 2022; Sanchez-Garcia & Reyes-de-Cozar, 2025).

Regarding the results for Product Validity and Practicality, the product was feasible due to the
specialists' validation. As presented in Table 2, the module received a total V-Aiken Coefficient of 0.87
(Very Valid). Interestingly, the aspect of “Implementation of STEM & SDGs” received the highest score
of 0.90, which affirmed the rigorous and excellent contextual framework (Septiana et al., 2024;
Wintribrata et al., 2025).

Table 2. Results of the Inclusive STEM module Validity Test Based on V-Aiken Coefficient

Validation Aspect Average V-Aiken Validity Category
Content Suitability & Material  0.88 Very Valid
Depth

Implementation of STEM & 0.90 Very Valid

SDGs

Quality of Module Design & 0.85 Very Valid
Interactivity

Inclusive Pedagogical 0.88 Very Valid
Adaptability & Scaffolding

Overall Product Average 0.87 Very Valid

Figure 1 presents the results of the product validity test in the form of the average V-Aiken score.

0,9
0,89
0,38
0,87
0,86
0,85
0,84
0,83

0,82
Content Implementation Quality of Inclusive
Suitability & of STEM Module Design Pedagogical
material Depth &SDGs & Interactivity Adaptaility

&Scaffolding

Figure 1. Results of Product Validity Test Chart (Average V-Aiken).

Regarding practicality, the limited-scale test with 10 slow learners and one teacher (Table 3)
yielded an overall score of 92.1% (Very Practical). This high score confirms that the inclusive features
effectively scaffolded learning and were user-friendly for students with specific needs (Guedes et al.,
2024; Poniyati et al., 2024).

Table 3. Results of the Inclusive STEM module Practicality Test
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Test Practicality Aspect Assessed Average Practicality
Respondents Percentage (%)  Category
Science Teacher Ease of management, time suitability, 95.2 Very
(N=1) teaching assistance (Botutihe et al., 2025) Practical
Slow Learner Ease of understanding, learning interest, 89 Very
Students (N=10) ease of interaction, and visualization Practical
features (Septiana et al., 2024)
Overall Average 92.1 Very
Practical

Effectiveness was measured by comparing cognitive outcomes. As detailed in Table 4, the
Experimental Group (STEM-SDGs Module) achieved an N-Gain of 0.78 (High Category), significantly
outperforming the Control Group's score of 0.40 (Medium Category). This demonstrates the superior
efficacy of the inclusive approach.

Table 4. Descriptive Statistics and N-Gain Score Averages

Group Number of Pre-test Mean Post-test Mean N-Gain Mean
Students (N)

Experiment 34 26.68 83.38 0.78
(STEM-SDGs
Module)
Control 39 26.56 56.03 0.40
(Conventional
Module)
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Figure 2. Comparing the N-Gain Mean score of the Experimental Group and the Control Group.

Scientific Contribution: The Module as a Cognitive Bridge. This study highlights how cognitive
accessibility plays a crucial role in the learning success of slow learners by functioning as a cognitive
bridge between abstract concepts and learners’ mental processing. The higher N-Gain score of the
experimental group (0.78) compared to the control group (0.40) supports cognitive load theory,
indicating that UDL-based 3D visual models help reduce extraneous cognitive load by externally
anchoring mental visualization, thereby freeing working memory to focus on concept acquisition.
Furthermore, integrating STEM learning with SDG contexts, particularly SDG 6 (Clean Water),
provided concrete and meaningful anchors for abstract concepts such as separation and water
purification, shifting learning from rote memorization toward meaningful problem-solving. This finding
expands the theoretical application of UDL within STEM education, emphasizing that accessibility
involves adaptive instructional design rather than lowering academic expectations.

Limitations of the Study. Despite the positive findings, this study has several limitations that
should be acknowledged. First, the research was conducted in only one school, which limits the
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generalizability of the results. Second, the sample size was relatively small (N = 10), which may affect
the strength of the conclusions, particularly regarding practicality and effectiveness. Third, the scope of
the content was limited to the topics of Elements, Compounds, and Mixtures, which may not fully
represent other abstract scientific topics. Finally, the short implementation duration of only three
learning sessions was insufficient to assess long-term retention of scientific concepts among the learners.

Operational Recommendations and Future Research. Based on the study’s findings, several
recommendations are proposed for inclusive STEM classrooms and future research. Teachers are
encouraged to apply heterogeneous grouping strategies in STEM projects by pairing slow learners with
regular learners to support peer scaffolding, using module visuals as shared learning references. For
slow learners, the engineering component of STEM activities should be carefully scaffolded by breaking
tasks into smaller, clearly defined steps with checklist-based milestones to prevent cognitive overload.
Future research should involve larger and more diverse samples across multiple schools to improve
generalizability, incorporate longitudinal designs to examine long-term retention of scientific concepts,
and extend the application of the UDL-STEM framework to other highly abstract topics, such as Energy
and Genetics, to further test its broader potential.

CONCLUSION

This study developed an Inclusive STEM module based on the SDGs that addresses the
cognitive needs of slow learners in Phase D and demonstrated high effectiveness (V-Aiken 0.87; N-
Gain 0.78 vs. 0.40) and high practicality (92.1%), showing that UDL-based visual scaffolding and the
STEM—-SDGs framework can successfully make abstract science concepts more accessible. The findings
confirm the module’s strong scientific contribution in providing evidence that inclusive visual pathways
support learning for slow learners, with instruction designed to help students adapt to the curriculum
rather than simplifying content. The study recommends that teachers use the module as a guide for
differentiated instruction through purposeful pairing, facilitative teaching, and contextual integration of
SDG 6 (Clean Water). At the same time, educational developers should prioritize cognitive accessibility
using strong visuals and real-world global issues. Future research is suggested to examine long-term
retention, impacts on other learning variables such as science process skills and creativity, and the
module’s effectiveness in reducing achievement gaps in inclusive classrooms.
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