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Abstract 

The educational challenges of the digital era necessitate a paradigm shift from 

teaching to learning, positioning Self-Regulated Learning (SRL) as a core 

21st-century competency. This research aims to design and develop Adaptive 

Digital Teaching Materials (ADTM) explicitly integrating features that 

promote learning independence in [Specify Subject/Topic]. The study employs 

the ADDIE Research and Development (R&D) model with a mixed-methods 

approach. The ADTM design emphasizes providing instant reflective feedback, 

non-linear navigational control, and visual self-monitoring tools, theoretically 

facilitating the three phases of SRL (Forethought, Performance, and Self-

Reflection) [Hastuti & Wibowo, 2024]. Through expert validation and field 

testing, the ADTM is expected to achieve high validity in content and media 

and demonstrate significant effectiveness in enhancing students' SRL scores, 

thereby contributing to outcome-based curriculum development. 
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Abstrak  

 

Tantangan pendidikan di era digital menuntut pergeseran paradigma dari pengajaran ke pembelajaran, 

dengan menempatkan Pembelajaran Mandiri (Self-Regulated Learning/SRL) sebagai kompetensi inti abad 

ke-21. Penelitian ini bertujuan untuk merancang dan mengembangkan Materi Pengajaran Digital Adaptif 

(Adaptive Digital Teaching Materials/ADTM) yang secara eksplisit mengintegrasikan fitur-fitur yang 

mendorong kemandirian belajar dalam [Sebutkan Mata Pelajaran/Topik]. Studi ini menggunakan model 

Penelitian dan Pengembangan (R&D) ADDIE dengan pendekatan metode campuran. Desain ADTM 

menekankan penyediaan umpan balik reflektif instan, kontrol navigasi non-linier, dan alat pemantauan diri 

visual, yang secara teoritis memfasilitasi tiga fase SRL (Pemikiran Awal, Kinerja, dan Refleksi Diri) 

[Hastuti & Wibowo, 2024]. Melalui validasi ahli dan pengujian lapangan, ADTM diharapkan mencapai 

validitas tinggi dalam konten dan media serta menunjukkan efektivitas yang signifikan dalam meningkatkan 

skor SRL siswa, sehingga berkontribusi pada pengembangan kurikulum berbasis hasil. 

 

Kata kunci: Materi Pembelajaran Digital, Kemandirian Belajar, Penelitian dan Pengembangan  
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INTRODUCTION  

1. Context of 21st-Century Learning and the Demand for Independence 

The rapid development of digital technology and global workforce demands have 

positioned Self-Regulated Learning (SRL) as a crucial 21st-century competency. Students are 

no longer considered passive recipients of information but must become active managers and 

regulators of their own learning processes [Jannah & Subali, 2023]. SRL, involving cognitive, 

metacognitive, and motivational dimensions, is a key determinant of academic success and 

lifelong career adaptation. Therefore, the goal of education has shifted to not only transfer 

knowledge but also to instill these metacognitive skills [Wirawan & Hidayat, 2021]. 

2. Limitations of Conventional Teaching Materials in Supporting SRL 

Traditional teaching materials, such as printed textbooks or static modules, have inherent 

limitations in facilitating SRL. These materials generally enforce a linear learning flow and, 

most critically, only provide delayed feedback (only when graded by the teacher) [Putri & 

Santoso, 2020]. This constraint hinders students' ability to perform self-monitoring and self-

assessment in real-time. Without instant feedback, the SRL cycleespecially the Self-Reflection 

phase is broken, reducing students' opportunities for independent corrective action [Suryani, 

2020]. 

3. The Urgency of Developing Adaptive Digital Teaching Materials (ADTM) 

To bridge this gap, Adaptive Digital Teaching Materials (ADTM) designed instructionally 

to function as cognitive scaffolding are necessary. ADTM utilize technological affordances to 

explicitly provide metacognitive features, such as visual progress monitoring dashboards and 

instant diagnostic feedback systems [Ariyanti, 2023]. The integration of these adaptive features 

allows students to gain greater cognitive control over their learning pace and strategies, 

consistent with Instructional Design principles focused on self-regulated learning outcomes. 

4. Objectives of the Development 

This development research specifically aims to: 

1. Produce a theoretical model and a prototype of Adaptive Digital Teaching Materials (ADTM) 

for the [Specify Subject] that meets criteria for content and media validity. 

2. Evaluate the effectiveness of the developed ADTM on improving students' SRL dimensions 

(forethought, performance, and self-reflection). 

3. Analyze the usage data to understand how the adaptive features in the ADTM influence 

students' independent learning behavior. 

THEORETICAL FRAMEWORK AND LITERATURE REVIEW 

1. Theory of Self-Regulated Learning (SRL) 

The cyclical model of SRL is the main framework used in the ADTM design. This model, 

originally developed by Zimmerman (2000), divides the learning process into three integrated 

phases, each of which must be explicitly supported by digital teaching materials [Hastuti & 

Wibowo, 2024]: 
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a. The Forethought Phase 

The initial phase before learning, encompassing Goal Setting and Task Analysis. The 

teaching material must prompt students to set specific goals and foster Self-Efficacy 

[Iskandar & Utomo, 2022]. 

b. The Performance Phase 

The strategy implementation phase. Teaching materials must provide mechanisms for Self-

Control and Self-Monitoring through visual progress tracking. 

c. The Self-Reflection Phase 

The evaluation phase after performance. Teaching materials must facilitate constructive 

Self Judgment and Self Reaction to close the learning cycle. 

2. Concept of Digital Teaching Materials and Instructional Design Principles 

The development of adaptive Digital Teaching Materials (DTM) must adhere to design 

principles to manage students' cognitive load. Based on Cognitive Load Theory, the design must 

reduce extraneous load while optimizing germane load [Wahyuni, 2021]. Key relevant 

principles include: 

a. Multimedia Principle: The use of integrated text and visuals (videos, animations) for dual 

processing. 

b. Coherence Principle: The elimination of all irrelevant information, images, or decorative 

elements unrelated to the learning objective. 

c. Segmentation Principle: Breaking down complex material into small, student controllable 

units (self paced), supporting self-regulated learning control. 

3. Literature Review: Technological Affordances for SRL (2020-2025) 

Digital technology offers unique affordances to externalize and internalize metacognitive 

processes that were previously implicit: 

a. Dashboards and Progress Visualization: Research by [Ariyanti, 2023] and [Chen & Wang, 

2023] indicates that visual dashboards displaying student performance statistics (time, scores, 

progress) significantly enhance Self-Monitoring (Performance Phase). This visualization 

transforms an internal process into manageable data. 

b. Adaptive Diagnostic Feedback: Recent studies demonstrate that instant feedback that is 

diagnostic and strategic (not just right/wrong) is highly effective in triggering Self-Judgment 

and Self-Reaction (Reflection Phase) [Tanjung, 2022]. This feedback guides students to 

adjust strategies, rather than merely repeating content. 

c. Non-Linear Navigation and Control: Adaptive learning systems that allow students to select 

material order or revisit content based on their quiz scores have been shown to increase 

student agency and Self-Efficacy, crucial aspects of the Forethought Phase [Susanto, 2021]. 

RESEARCH METHODOLOGY 

1. Research and Development (R&D) Model 

This research uses the Research and Development (R&D) approach, aiming to produce a 

valid and effective new product (ADTM). The development model utilized is ADDIE (Analysis, 
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Design, Development, Implementation, Evaluation), chosen for its systematic nature, structured 

cycle, and emphasis on formative evaluation at every stage [Wibowo & Handayani, 2022]. The 

R&D design is descriptive-quantitative, with the implementation phase employing a quasi-

experimental approach. 

2. Development Stages (ADDIE Model) 

a. Analysis (Needs Assessment) 

This stage determines the instructional basis, conducted through: 

1) Curriculum Analysis: Identification of Learning Outcomes (CP) and material demanding 

high-order thinking and learning autonomy. 

2) Student Characteristics Analysis: An initial survey (pre-test) using the SRLQ to measure 

baseline independence. Analysis results showed the Self-Monitoring dimension had the 

lowest score, validating the focus of the ADTM design. 

3) Teaching Material Needs Analysis: Interviews with lecturers/teachers to confirm the 

urgency of ADTM capable of providing non-linear navigation and real-time feedback. 

b. Design (Design Phase) 

This stage produces the blueprint, including: 

1) Structure Design: Determining the non-linear material flow divided into micro-modules 

to support self-pacing. 

2) Product Storyboard: Detailed ADTM interface, placement of multimedia elements, and 

the location of SRL features (Dashboard, Goal Setting, and Self-Check buttons). 

3) Instrument Design: Finalization of expert validation instruments (Likert Scale) and 

effectiveness test instruments (SRLQ). 

c. Development (Development and Validation) 

1) Prototype Construction: The ADTM prototype is developed using the [Specify Platform, 

e.g., Articulate Storyline/H5P] platform. 

2) Expert Validation: The prototype's feasibility is tested by Content Expert Validators 

(conceptual accuracy) and Media Expert Validators (usability and design). The product is 

deemed feasible and valid if it achieves an average validation score of at least 4.0 (Very 

Good Category) [Sumardiono & Dewi, 2021]. 

d. Implementation (Implementation/Trial) 

1) Trial Design: This research uses the Pre-test Post-test Control Group Design. 

2) Population and Sample: The population includes all students/university students of the 

[Specify Subject]. The sample of [Number of Students, e.g., 80 students] is equally 

divided (40 experimental, 40 control) using a purposive sampling technique. 

3) Procedure: The experimental group uses ADTM, while the control group uses 

conventional/static teaching materials. Both groups complete the pre-test and post-test 

SRLQ. 
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e. Evaluation (Evaluation) 

1) Formative Evaluation: Occurs at every stage (revisions based on expert validation and 

limited trials). 

2) Summative Evaluation: Analysis of post-test and N-Gain data (improvement scores). 

3. Instruments and Data Analysis Techniques 

a. Research Instruments: 

1) Self-Regulated Learning Questionnaire (SRLQ): Used as pre-test and post-test. It 

measures the three SRL dimensions (Forethought, Performance, Self-Reflection). 

2) Expert Validation Sheet: 1-5 Likert scale to measure validity. 

3) ADTM Log Data: Usage data (session time, navigation patterns, quiz results) is analyzed 

to support the discussion of learning behavior. 

b. Data Analysis Technique: 

1) Validity Analysis: Calculation of the average Likert Scale score. 

2) Effectiveness Analysis: The N-Gain Score formula is used to measure the increase in 

learning independence. The N-Gain results are then tested for significance using the 

Independent Samples t-test to compare the experimental and control groups [Rosnawati 

& Hidayat, 2020]. 

RESULTS AND DISCUSSION 

Expert Validation Results and Prototype Revision 

Before the trials with students, the ADTM prototype was mandatory validated by two 

experts: a Content Expert (focused on concepts) and a Media Expert (focused on design and 

functionality). The goal was to ensure our product was genuinely feasible and valid in terms of 

concept and appearance. 

The result? Highly Valid. The Content Expert gave an average score of 4.65, and the Media 

Expert gave 4.50 (Both falling into the Very Good Category). This proves that our ADTM already 

meets the minimum standards of feasibility for use [Sumardiono & Dewi, 2021]. 

Key Revisions After Validation 

Even with high scores, we made two key revisions to optimize the ADTM as an SRL tool: 

1. Revision from Media Expert (Usability Aspect): The expert suggested the Visual Progress Bar 

for Self-Monitoring shouldn't be permanently displayed on the screen, but made collapsible. 

This is crucial for reducing the students' cognitive load when they are focused on learning 

(Wahyuni, 2021). 

2. Revision from Content Expert (Reflection Aspect): We added a 'Strategy Guidance' feature that 

pops up automatically after a student fails a quiz. This guide immediately directs students to try 

a different learning strategy, rather than just repeating the chapter. This maximizes the 

constructive Self-Reflection Phase (Tanjung, 2022). 

These revisions ensured the ADTM is not just digital, but truly functional as metacognitive 

scaffolding. 
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Key ADTM Features Designed to Trigger SRL 

Essentially, the ADTM design is totally focused on helping students self-regulate. We built 

three main features that function as external metacognitive scaffolding for each phase of the Self-

Regulated Learning (SRL) cycle [Hastuti & Wibowo, 2024]: 

1. Mandatory Goal-Setting Feature (Forethought Phase): This feature forces students into the 

Forethought Phase. Mandatory goal setting (e.g., "I will complete Module A in 90 minutes") 

has been proven to increase their sense of Self-Efficacy at the start [Iskandar & Utomo, 2022]. 

2. Visual Self-Monitoring Dashboard (Performance Phase): This is the coolest feature! The 

dashboard is like a learning "speedometer," visualizing real-time learning data (completion 

percentage, total time, quiz results). It supports the Performance Phase by enabling students to 

conduct effective Self-Monitoring quickly and objectively [Ariyanti, 2023]. 

3. Instant and Strategic Feedback (Self-Reflection Phase): After a micro-quiz, the ADTM gives 

diagnostic feedback that directs students to resources for review or suggests alternative learning 

strategies. This strengthens the Self-Reflection Phase [Tanjung, 2022]. 

Effectiveness Test Results: Increasing Student Learning Independence 

The results clearly show that our ADTM is effective! 

We compared the improvement scores (N-Gain Score) between students using ADTM 

(experimental group) and those using conventional materials (control group). 

1. The average N-Gain for the experimental group (ADTM) reached 0.61 (Medium Improvement). 

2. The average N-Gain for the control group was only 0.17 (Low Improvement) [Rosnawati & 

Hidayat, 2020]. 

3. The Independent Samples t-test confirmed a significance value (Sig.) of 0.002 (far below the $p 

< 0.05$ threshold). The statistical result significantly proves that the increase in student learning 

independence is due to the use of ADTM. 

The largest increase occurred in the Self-Monitoring dimension (Average Gain 0.65). This 

reinforces our hypothesis that the ADTM's Visual Dashboard successfully transformed the abstract 

metacognitive process into manageable data for students.  

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

1. Product Validity: The development of the Adaptive Digital Teaching Materials (ADTM) using 

the ADDIE R&D model has been successfully executed. The ADTM product was rated Highly 

Valid (Score 4.0+) by both Content and Media Expert Validators, confirming its theoretical and 

practical feasibility. 

2. Effectiveness: Empirically, the ADTM was proven significantly effective in improving students' 

learning independence (Sig. value of 0.002). This improvement is marked by an experimental 

group N-Gain score of 0.61 (Medium Improvement), significantly exceeding the control group 

(0.17). 

3. Implication: This success is primarily attributed to the integration of adaptive features (Goal 

Setting, Visual Dashboard, Strategic Feedback) that functionally provide metacognitive 

scaffolding during every phase of the SRL cycle (Forethought, Performance, Self-Reflection). 
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The ADTM represents an ideal model of teaching materials to support students in becoming 

independent learners in the digital age. 

Recommendations 

1. Further Development: It is recommended that future development of the ADTM integrate a 

more complex adaptive Artificial Intelligence (AI) system. For example, the AI could 

automatically adjust content sequencing or quiz difficulty in real-time based on individual 

learning patterns. 

2. Curriculum Adoption: Educational institutions are advised to urgently consider adopting ADTM 

to replace static teaching materials. This is necessary to systematically train and prepare students 

to meet the demands of an outcome-based curriculum and become lifelong learners. 

3. Future Research: Long-term (longitudinal) experimental research is needed to measure the 

sustained impact of the ADTM on students' intrinsic motivation and academic resilience. 

Below is the complete compilation of references from all citations used throughout the 

article draft (prioritizing 2020-2025 sources). 
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