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Abstract: Modules are instructional materials used in flexible STEM education. With this, the 

Plan-Do-Study-Act action research model was employed to design, implement, and evaluate a 

self-learning module on Assessment in Learning (ASL) 2 for preservice teachers. Three education 

experts validated the ASL 2 module during the design phase. The Math and Science preservice 

teachers (N = 95) used and rated the validated module utilizing a pretest/posttest exam, survey 

questionnaire, and open-ended questions. The findings revealed that ASL 2 adhered to the prescribed 

module structure, format, and relevant outcomes-based education (OBE), technological, pedagogical, 

and content knowledge (TPACK), universal design for learning (UDL), and inclusivity frameworks. 

The preservice teachers had significant learning gains in assessment in four ASL chapters and 

provided positive perceptions and feedback regarding the module. Hence, the ASL module is a valid, 

practical, and effective instructional tool, particularly in flexible STEM education. The second cycle 

of the PDSA model, considering other learning outcomes and specializations, is recommended to be 

implemented in other teacher education institutions.  

Keywords: assessment in learning 2, module, flexible learning, STEM education 

 

 

 

https://dx.doi.org/10.3934/steme.2025007


131 

 

STEM Education  Volume 5, Issue 1, 130–151 

1. Introduction  

The needs of a new generation of learners have led to considerable changes in education in the 

twenty-first century. Students now have unparalleled access to information due to the rapid growth of 

technology, particularly in information and communication technology (ICT), which calls for 

innovative approaches to teaching and learning. In this setting, flexible learning has gained 

significance. Shurville et al. [1] define flexible learning as "a set of educational philosophies and 

systems concerned with providing learners with increased choice, convenience, and personalization 

to suit the learner." It addresses the demand for more flexible and student-centered educational 

approaches by giving students autonomy over where, when, and how they learn. 

Modular instruction has become a viable way to apply flexible learning in teacher education 

institutions, particularly in STEM education. This form of instruction involves using self-contained 

learning activity packages that enable independent student engagement with course material [2,3]. 

This approach works exceptionally well when teachers and students are geographically and 

temporally apart. Self-learning modules (SLMs) are essential components of modular training 

because they provide students with various tasks, control over learning pace, ways to demonstrate 

understanding in multiple contexts, and ways to demonstrate knowledge [4]. These features are 

intended to stimulate students' interest and curiosity. Additionally, learning results for a diverse 

student body can be improved by modules that include chances for both independent and 

collaborative learning. 

Despite the demonstrated benefits of SLMs, the development of these resources has primarily 

entailed general education settings or broader subject areas, leaving significant gaps in STEM 

education, particularly for courses like Assessment in Learning 2 (ASL 2). As a component of 

professional STEM education, teacher education institutions in the Philippines offer ASL 2, which 

builds on Assessment in Learning 1 (ASL 1). While ASL 1 focuses on traditional assessment 

instruments and standard test development, ASL 2 emphasizes real learning experiences, process- 

and product-oriented evaluations, and the creation of performance-based rubrics. The Commission 

on Higher Education (CHED) Memorandum Order No. 75, series 2017, and the Philippine 

Professional Standards for Teachers (PPST) have reorganized ASL 2 to align with contemporary 

professional STEM education demands. However, resources for ASL 2, particularly self-learning 

modules tailored for flexible STEM education, remain scarce. This lack of accessible and 

context-specific SLMs limits the potential for independent and self-paced learning among 

pre-service teachers. 

In this study, we address this critical gap by developing, implementing, and evaluating an SLM 

designed for ASL 2. The research innovatively integrates multiple educational frameworks to ensure 

the module’s effectiveness, relevance, and inclusivity. Outcomes-Based Education (OBE) aligned the 

module’s content and structure with desired learning outcomes, focusing on process- and 

product-oriented assessments critical in STEM education. Universal Design for Learning (UDL) 

principles informed the module’s design to promote accessibility and inclusivity, offering diverse 

means of engagement, representation, and expression to cater to a wide range of learners. 

Technological, Pedagogical, and Content Knowledge (TPACK) ensured technology integration into 

pedagogical strategies and content delivery, fostering an engaging and contemporary learning 

experience. The synergy of these frameworks highlights our innovative approach to module 

development, filling a crucial gap in the field. 
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Furthermore, we provide empirical evidence of the module’s effectiveness by evaluating its 

impact on pre-service teachers’ entry and exit performance and gathering their perceptions and 

qualitative feedback. By critically analyzing the module's alignment with OBE, UDL, and TPACK, 

the study contributes to the literature on flexible STEM education. It offers practical insights for 

enhancing instructional practices in teacher education. The findings address the scarcity of 

specialized SLMs for ASL 2 and extend the discourse on innovative and flexible teaching strategies 

in STEM education. 

2. Literature review  

Modular instruction is an alternative instructional design that uses developed instructional 

materials based on the needs of students in STEM education. Students are encouraged to work on 

interesting and challenging activities to maintain focus and attention [5]. Evidence suggests that 

modular instruction is more effective than traditional instruction in meeting the needs of today's 

students in terms of both the quality of learning and content in various fields of education [3,6‒9].  

However, problems may arise when implementing modular instruction. For example, a teacher 

who mainly uses traditional methods of instruction often needs help switching to a modular one. The 

teacher must ensure that modules are engaging, informative, memorable, and built according to 

student's age and individual peculiarities. The material, examples, and tasks should be selected 

considering students' needs, life experiences, and current situations in the country and the world. [10]. 

These are presented from the perspective of the student, instructor, and administrator. Despite these 

problems, it has emerged as one of the most promising alternatives in higher education today, 

especially individualized learning and its adaptability to a larger group of students [11]. 

The development of self-learning materials is an integral process in modular instruction. One of 

the most notable self-learning materials in modular instruction is the module. A module is a form of 

individualized instruction that enables students to use a self-contained package of learning activities. 

These activities guide learners to know or to be able to do something. Further, a learning module 

contains activities to help students understand specific lessons [12]. Nardo [5] concluded that 

students can use modules without much teacher intervention but need instruction where the teacher is 

physically present.  

Based on research, modules have advantages. Learning becomes more effective, and a system of 

assessment other than marks or grades is established. Users study the modules in their working 

environment without disturbing the typical duties and responsibilities. Additionally, modules can be 

administered in single-use, small-group, or large-group settings, and they are flexible so that 

implementation can be made using a variety of patterns. Moreover, modules are more appropriate for 

mature students, enabling them to control their learning and accept greater responsibility for learning. 

Modules already get wider accessibility in the present educational scenario and are economical. 

Furthermore, the disadvantages include appropriateness only for mature students, demands for smart 

classrooms considering that modules are more effective when aided with technologies for learning, 

and some activity sheets were answered by only parents/guardians [13]. 

The UDL approach is increasingly drawing attention from researchers and educators as a possible 

solution to promote content accessibility and fill the gap between learner abilities and individual 

differences [14]. It stands at the forefront of contemporary efforts to create universal access to 

educational curricula for all students, including those with disabilities. The UDL underscores the 
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need for flexible approaches to teaching and learning that meet the needs of different kinds of 

learners [15]. CAST, Inc. suggested guidelines for implementing UDL [16]. These guidelines offer 

concrete suggestions that can be applied to any discipline or domain to ensure all students can access 

and participate in meaningful, challenging learning opportunities. UDL proposes three essential 

principles. These are the provisions of multiple means of engagement, representation, and action & 

expression.  

When designing instruction in UDL, teachers must ensure to spark excitement and curiosity for 

learning among students; students can tackle challenges with focus and determination; they can 

harness the power of emotions and motivation in learning; they can interact with flexible content that 

does not depend on a single sense like sight, hearing, movement, or touch; they can communicate 

through languages that create a shared understanding; they can construct meaning and generate new 

understandings; they can interact with accessible materials and tools; they can compose and share 

ideas using tools that help attain learning goals; and they can develop and act on plans to make the 

most out of learning [16]. 

A framework for teacher knowledge for technology integration called TPACK is another 

conducive framework for crafting self-learning modules. Koehler and Mishra [17], the framework's 

authors, extended Lee Shulman’s construct of pedagogical content knowledge (PCK) by including 

technology knowledge. The TPACK framework for teacher knowledge is described in detail as a 

complex interaction among three bodies of knowledge: Content, pedagogy, and technology. The 

interaction of these bodies of knowledge, both theoretically and in practice, produces the flexible 

knowledge needed to integrate technology use into teaching successfully [17]. Using the TPACK 

framework is crucial to developing learning materials because teachers are guided on optimizing and 

effectively using technology in teaching and learning. 

Last, OBE has become an essential approach to teaching. Decisions about the curriculum are 

driven by the exit learning outcomes that the students should display at the end of the course. In OBE, 

the product defines the process. Thus, it can be summed up as results-oriented thinking. It is the 

opposite of input-based education, where we emphasize the educational process and are happy to 

accept whatever result [18]. In developing self-learning modules, outcomes are carefully defined, 

and the activities and inputs are ensured to be constructively aligned and consistent with these 

outcomes.  

The shift from conventional STEM education to a flexible one has posed a more significant 

challenge in sustaining quality education. In teacher education institutions, amalgamating 

self-learning material, UDL, TPACK, and OBE is an exciting topic worth researching. A module 

developed based on the abovementioned principles and guidelines could foster quality and 

meaningful STEM learning among students in teacher education institutions. 

3. Methods 

3.1. Research design 

We evaluated the practice of using modules to teach and learn ASL 2. In particular, we followed 

the Plan-Do-Study-Act (PDSA) model, which has four phases: Planning for a solution, doing the 

solution while measuring progress, studying progress measures whether the solution is suitable or 

requires adjustment, and acting on the solution by adopting, adapting, or abandoning it [19]. 
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Professional teachers can use the PDSA model in formulating and conducting action research [20] 

because it provides a cyclical approach to research and focuses on a specific research problem [21]. 

Through this model, the researchers have appropriately developed, validated, implemented, and 

evaluated the ASL 2 modules.  

3.2. Research participants 

The study participants included third-year Math and Science preservice teachers (N = 95) who 

used the modules in their ASL 2 course in the second semester at a state university in Central Visayas, 

Philippines. Most participants were 21 (79.29%) and females (71.72%). Most of them used 

smartphones (63.13%) as primary learning gadgets and had moderate internet access (80.81%). 

 

Figure 1. Demographic profile of the Math and Science preservice teachers. 

3.3. Research instruments 

We utilized four researcher-made instruments, which were administered online: (1) module, (2) 

pretest/posttest exam, (3) perceptions questionnaire, and (4) open-ended questionnaire.  

ASL 2 Module. The module has five parts following the institutional format and is translated into 

a digital platform using the university’s learning management system (https://cnu.neolms.com), as 

seen in Figure 2.  

https://cnu.neolms.com/
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Figure 2. The flexible module in the University’s LMS. 

 

These parts include Take Note, which stimulates interest in the lesson; Take On, which presents 

the content; Take Action, which elicits student performance; Take Off, which assesses such 

performance; and Take the Lead, which extends student understanding to more realistic and practical 

situations. Three education experts validated the ASL 2 module to evaluate its structure and 

adherence to OBE, TPACK, UDL, and inclusivity. 

Pretest/Posttest Exam. This exam comprised 55 items distributed across the five chapters of ASL 

2. Eleven items comprised each chapter: performance-based assessment, authentic assessment, 

affective assessment, scoring performance-based assessment, and assessment of one's practice. These 

items were pilot-tested on 30 fourth-year students who had already taken the course. The results of 

the pilot testing showed that the tool had a Cronbach's alpha of 0.80, suggesting good internal 

consistency. This means the tool was reliable and could be used in the context of the study. 

Perception Questionnaire. The preservice teachers also responded to a 25-item perception 

questionnaire on their perceptions of the ASL 2 module. There are 25 items in the questionnaire, 

which are categorized into six aspects. These aspects include OBE (6 items), TPACK (6 items), UDL 

(5 items), inclusivity (3 items), and satisfaction (5 items). This tool was also pilot-tested on the same 

30 fourth-year students. The Cronbach's alpha for OBE items is 0.96, TPACK is 0.96, UDL is 0.91, 

inclusivity is 0.94, and satisfaction is 0.92. Overall, the internal consistency is 0.98, making the tool 

reliable for the study. 

Open-ended Questionnaire. A researcher-made open-ended questionnaire was administered to 

gather preservice teachers' feedback on using the ASL 2 module. Three questions were raised: (1) 

How do you find the module? (2) How satisfied are you with the module? and (3) What have you 

experienced using the module?  
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3.4. Data gathering procedure 

The researchers subjected the study to an ethics review by the university ethics committee. Once 

ethics certification was secured, they asked permission from the college dean and informed consent 

from the study participants for voluntary participation.  

The first part of the study involved designing and developing the ASL 2 module in STEM 

education. The researchers crafted the module following the institutional format and considering the 

four frameworks of OBE, TPACK, UDL, and inclusivity. After crafting, the module was sent for 

validation to experts and teachers, who evaluated the module structure and frameworks. Their 

evaluation and improvement points were used to revise the ASL 2 module. The revised module was 

finalized for implementation in the ASL 2 class.  

Once the module was implemented, the researchers sought pertinent permissions to conduct the 

study at the state university. The study manuscript was sent to the research ethics committee for 

ethics review. Once ethics certification was given, permission was asked from the college dean to 

conduct the study, and informed consent was requested from the study participants for their 

voluntary participation in the said research. When these permissions were secured, the revised 

module was used in the ASL 2 class.  

A pretest was given to the preservice teachers during the orientation week to obtain their 

preliminary knowledge about assessment in learning. After pretesting, the module was employed in 

the ASL 2 class. The preservice teachers used the modules, from answering the activities in Take 

Note to understanding the content in Take On. They then demonstrated their understanding of 

assessment in Take Action and Take Off. Finally, they applied their knowledge to realistic and 

practical situations in Take the Lead. The use of the modules lasted for over a semester. 

After a semester of implementation, the preservice teachers were given the posttest, survey, and 

qualitative questionnaires. The collected data were managed and organized in Microsoft Excel for 

data presentation. These data were stored in a file encrypted with a password and kept confidential. 

All names remained anonymous.   

3.5. Data analysis 

We used Statistical Package for Social Sciences (SPSS) version 22.0 to analyze the data in this 

study. To evaluate the extent of compliance with module standards and students' perceptions, 

percentages and weighted means were calculated, accompanied by appropriate qualitative 

descriptions to contextualize the findings. Descriptive and inferential statistical techniques were used 

to examine the pre-service teachers' pretest and posttest results. The results were summarized using 

descriptive statistics, such as means, standard deviations (SDs), and effect sizes. Inferential analysis 

was performed using a t-test for dependent samples to see whether there were any significant 

differences between the pretest and posttest scores. 

The research locale's criterion-referenced grading system, which sets the minimum passing score 

at 60% of the best possible score, was the foundation for the success criterion. The passing score for 

the pretest and posttest combined was 33 out of 55 points, with the passing score for each chapter 

being 6.6 out of 11. Institutional standards guided the success criteria, guaranteeing conformity with 

established grading procedures that measure student performance against predetermined thresholds 

instead of normative comparisons. 
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The decision to utilize mean and SD for ordinal scales was made because the ordinal scales 

employed in this work resembled interval features, enabling parametric statistical techniques. The 

underlying premise of this method is that the distances between scale points are about equal. The 

data were examined for distributional traits, such as normality and homogeneity of variances, which 

are essential to applying mean correctly and SD to support this assumption. Furthermore, the 

utilization of mean and SD is consistent with social science and educational research norms, 

improving comparison with previous studies and streamlining the dissemination of results to 

interested parties. With efforts to reduce the impact of any outliers, the mean and SD are considered 

to fairly reflect the general trends in the data given the sample size. 

The effect size was interpreted based on Cohen's guidelines, which state that values of 0.2, 0.5, 

and 0.8 generally denote small, medium, and large effects. The decision to interpret effect sizes was 

motivated by the need to go beyond statistical significance and measure the changes in pretest and 

posttest performance to provide a more nuanced understanding of the self-learning module's practical 

impact on students' learning outcomes. 

Recurring themes were found in the qualitative data from student input, and these keywords were 

subsequently visualized using WordCloud Generator (https://monkeylearn.com), an online tool. This 

method made detecting recurring themes in the students' responses easier, enhancing the quantitative 

results and allowing for a more thorough assessment of the self-learning module's efficacy. 

4. Results and discussion 

External assessors evaluated the crafted module on ASL 2 according to module structure and 

format and relevant frameworks. The evaluation results of the module structure and format are 

presented below. 

Table 1. Compliance of ASL2 module on its structure and format, N = 3 validators (V1, V2, V3). 

Component 
Compliance Extent of Compliance 

V1 V2 V3 

Module Overview    100% 

Module/Course Contents    100% 

Course Learning Outcomes    100% 

Learning Experiences    100% 

Assessment    100% 

Enhancement    100% 

Assignment    100% 

 

Based on Table 1, all module components are present in the crafted instructional material. This 

means that the crafted module for ASL 2 has complied with the required elements, such as learning 

outcomes, learning activities, and assessment activities. Table 2 shows the evaluation results of the 

extent to which the content adheres to important educational frameworks. 
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  Table 2. Compliance of ASL2 module on relevant frameworks, N = 3 validators. 

Framework 
Compliance 

General Comments Enhancements Made 
Low Average High 

OBE 0% 20% 80% Ensure that the assessment strategies lead 

to the attainment of the desired learning 

outcomes 

The assessment strategies were reviewed 

and revised to ensure that these tasks lead 

to the attainment of the outcomes. 

TPACK 0% 80% 20% Enhance the content and pedagogy by 

integrating the use technology in the 

lessons of the module. 

Various online sources and tasks were 

embedded in the lessons of the module. 

UDL 0% 80% 80% Ensure that there are activities for 

engagement and continuity and consider 

the needs and wants of the current 

education students. 

Provisions for flexibility are included to 

make sure that learning continuity occurs 

anytime anywhere. 

Inclusivity 0% 50% 50% Revise learning tasks that provide equal 

opportunity to all and respond to the 

diversity of students. 

The learning tasks were reviewed to ensure 

that diversity, inclusivity, and gender 

sensitivity are integrated. 

 

As shown in Table 2, there is high compliance with the outcomes-based education framework. 

This means that the module includes the features of a student-centered approach that ensures students 

demonstrate the outcomes of ASL 2. Moreover, the frameworks of TPACK and UDL moderately 

complied with the crafted module. This means there is partial integration of the principles of the said 

frameworks. To comply with these principles, the module should be enhanced by integrating 

technology into the different lessons and providing access to various online resources that could help 

in the learning of assessment. Furthermore, the inclusivity of the module has average-high 

compliance. This means that the crafter module adheres to most of the principles of diversity and 

inclusion, integrating various activities for all. 

Table 3 presents the performance of Math and Science preservice teachers before and after using 

the self-learning module in ASL 2. 

Table 3. Performances of the Math and Science preservice teachers, N = 95. 

ASL 2 Outline Pretest Mean Score 

(SD) 

Posttest Mean 

Score (SD) 

Paired Difference Test Statistic 

(p-value) 

Effect Size 

(Cohen’s d) 

Chapter 1 5.07* (1.47) 9.67* (1.31) 4.60 (1.80) 24.90* (.000) 2.55 

Chapter 2 6.56 (1.53) 9.27* (1.90) 2.72 (2.18) 12.16* (.000) 1.25 

Chapter 3 6.82 (1.36) 7.75* (1.84) 0.93 (2.08) 4.34* (.000) 0.45 

Chapter 4 7.14 (1.40) 6.53 (1.22) -0.61 (1.71) -3.48* (.001) 0.36 

Chapter 5 5.18* (1.98) 8.71* (1.11) 3.53 (2.32) 14.85* (.000) 1.52 

Overall Performance 30.77* (4.08) 41.93* (4.62) 11.16 (4.10) 26.52* (.000) 2.72 

Note: * the mean is significantly different from 6.60 and 33.00 (60% criterion success) for the chapters and overall 

performance, respectively; SD means Standard Deviation; * the test statistic is significant at 0.05 
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The findings presented in Table 3 reveal a marked improvement in the performance of preservice 

teachers after utilizing the newly designed ASL 2 module. Before the module's implementation, their 

performance did not meet the minimum standards in critical areas, particularly in discussing 

performance-based assessment concepts, following its steps, and planning assessments. However, 

after the intervention, preservice teachers demonstrated significant progress across most chapters, 

showing an enhanced ability to engage in activities such as authentic and reflective assessment, 

developing tools for affective learning, and applying professional reflection to improve teaching 

practices. 

Interestingly, while substantial gains were observed in Chapters 1, 2, and 5, which covered 

foundational and application-oriented topics, Chapter 4 showed a slight decline in performance. This 

decrease may be attributed to the inherent challenges in scoring and analyzing affective assessment 

results, which require statistical proficiency and a robust understanding of rubric-based evaluation to 

minimize biases. As noted by Popham [27], "affective assessment is a measurement of a student's 

attitudes, interests, values, and other non-cognitive traits." The researchers observed that preservice 

teachers perceived affective assessment as less critical and practical than cognitive assessment. The 

large effect size underscores the module's practical significance in enhancing preservice teachers' 

capabilities, particularly in fostering cognitive and reflective skills crucial for their professional 

growth.  

Table 4 describes the students' perceptions of using the ASL 2 module according to five aspects: 

OBE, TPACK, UDL, inclusivity, and learners’ satisfaction.  

Table 4. Preservice teachers’ perceptions regarding OBE, TPACK, UDL, inclusivity, and 

satisfaction, N = 95. 

Aspect Mean (SD) Description 

OBE 4.63 (0.68) Highly Observed 

TPACK 4.52 (0.73) Highly Observed 

UDL 4.44 (0.77) Highly Observed 

Diversity and Inclusivity 4.53 (0.77) Highly Observed 

Satisfaction 4.41 (0.80) Highly Observed 

Legend: 1.00-1.80 (Not Observed), 1.81-2.60 (Fairly Observed), 2.61-3.40 (Moderately Observed), 3.41-4.20 (Observed), 

4.21-5.00 (Highly Observed) 

 

Based on Table 4, the students' features of OBE are highly observed when they use the ASL 2 

module. They observed that the learning objectives, activities, and assessment strategies reflected the 

desired outcomes. This means constructive alignment between the activities and assessments 

vis-a-vis the outcomes. Such alignment enables the students to use the module effectively because 

the activities and assessment tools are directed toward attaining and demonstrating the learning 

outcomes. With clear outcomes, students can optimize their learning as they become responsible for 

their education. The students also perceived that the crafted module included activities that engaged 

them in more profound understanding and learning. They also highly observed that the said activities 

provided opportunities for further learning. These results signify that the module ensures mastery of 

the concepts and enrichment of their learning through practical and useful applications. Therefore, 

the outcomes are demonstrated even outside the classroom setting.  
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Aside from this, the students highly perceived that using technology in the module has improved 

learning. Appropriate technology tools enabled greater engagement and independent learning in this 

learning process. In other words, the crafted module-embedded activities can be accessed online, 

providing more information sources to help them learn the subject. Also, the preservice teachers' 

perceptions of the crafted module regarding UDL were highly notable. These teachers observed that 

the module's design promoted their learning continuity for both online and offline sessions, and the 

examples and learning activities were relevant to the learners' needs and interests. In short, the 

module includes learning tasks that can be done anytime and anywhere, providing flexibility in the 

learning process. 

Furthermore, the preservice teachers highly observed all features of diversity and inclusivity 

embedded in the crafted module. These teachers perceived the lessons' topics, inputs, and learning 

materials as gender-sensitive. This means that the language used is gender-neutral, and the activities 

benefit all preservice teachers' learning. Last, the preservice teachers were delighted with the ASL 

module. They were happy with the lesson organization and the time allotment of activities. This 

finding means they perceive the module as organized well, which is evident in the logical 

arrangement of the topics and the coherence among activities from concept to transfer of learning. 

The answers of the Math and Science preservice students to the three questions in the open-ended 

questionnaire contained important, significant words. The preservice teachers’ feedback on using the 

self-learning module in ASL 2 summarizes these keywords in a word cloud. 

 

 

Figure 3. Word cloud. 

Eight feedbacks were derived from the word cloud in Figure 2. These feedbacks are presented 

below. 

The module is challenging. In UDL, to sustain efforts and perseverance, the self-learning module 

is expected to challenge preservice teachers. The salience of learning targets (stated as intended 

learning outcomes) is heightened in each module chapter. Varied tasks and resources are provided to 

optimize challenges, foster collaboration and community, and increase mastery-oriented feedback. 

“Due to my low internet connectivity, I cannot connect with the online sources suggested by 
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the module.” (Participant 8) 

“While the tasks are good, some extension activities are quite exhaustive.” (Participant 15) 

“The outcomes of the module help me as a teacher trainee. With this, I am challenged to 

accomplish the module in time.” (Participant 30) 

The module is informative. For the preservice teachers, the module is informative because the 

contents are communicated through languages that create a shared understanding and are illustrated 

through multiple media such as pictures, websites, graphs, tables, texts, and research articles.  

"What I love about the module is its informative nature. I learned more about assessment.” 

(Participant 2) 

“There are more concepts about assessment I want to know. And I learned them here because 

of the informative content.” (Participant 21) 

“The module includes online sources, making it very informative and engaging.” (Participant 

50) 

The module is relevant and appropriate. The preservice teachers said that the module is relevant 

and proper because the material is grounded in students' backgrounds and constructively aligned with 

the indicators of beginning teachers as defined in the Philippine Professional Standards for Teachers 

(PPST). Moreover, the activities are appropriate for their age and tap into various learning styles and 

preferences. 

“The module includes activities where I know the situation of my community, especially the 

local school.” (Participant 10) 

“The activities embedded in the module reflect the descriptions of the competencies of 

preservice teachers. The tasks are aligned with our standards.” (Participant 28) 

“I am glad that I can choose which activity I can do and finish.” (Participant 43) 

The module is stimulating. The preservice teachers are stimulated because a module anchored in 

UDL must recruit interest; excitement and curiosity for learning must be activated. In this module, 

students have been given individual choices and autonomy in learning. The threats and distractions 

are relatively minimal compared to the face-to-face learning setup.  

“I feel excited every time I work on the activities in the module. I feel that I want to learn 

more about performance-based assessments.” (Participant 14) 

“I cannot wait to use the module because it stimulates me to become independent in my 

learning.” (Participant 36) 

“The module awakens me because it stimulates my critical thinking. I must think well how to 

make projects for my future students.” (Participant 80) 

The module is concise and understandable. It is straightforward because only relevant 

information is included and displayed in the self-learning material. Although alternative sources and 

materials are provided, they are presented in bite-sized chunks that are relatively easier to 

comprehend.  

“I am happy that the content is comprehensible because I can understand well the topics.” 

(Participant 6) 

“Tables are presented that summarize the topics.” (Participant 12) 

“The language is reader-friendly. Difficult concepts become easier to understand because of 

the familiar language.” (Participant 33) 

The module is refreshing. The preservice teachers find the self-learning material refreshing 
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because the activities and inputs are logically sequenced. Before introducing the new topic, they are 

encouraged to accomplish tasks in the "Take On" part of the module. This part helps them stimulate 

their interest and enables them to recall and refresh their prior knowledge.  

“At first I was scared of Educ 11. But when I took the preliminary activities, I am reminded of 

my prior lessons in Educ 8. It is so refreshing.” (Participant 1) 

“The activities are so engaging… so stimulating… so refreshing to use.” (Participant 55) 

"Being able to recall my previous knowledge on the assessment and connect it with 

assessment two is very refreshing. I feel that I should learn more." (Participant 78) 

The module is precise, accurate, and intelligible. The module results from planning, developing, 

evaluating, and revising material. Careful planning was done before the development of the 

self-learning materials. An internal evaluation was regularly done among module writers. A pool of 

experts was invited to evaluate the materials towards the finality of the module. With this, errors, 

irrelative inputs, unnecessary text, pictures, and the like are minimal, if not eliminated.  

“The module is organized well. It underwent extensive planning, I think.” (Participant 3) 

“The content in the module and online sources are complementary. Accuracy is there.” 

(Participant 26) 

“I am glad that the module underwent checking. It is so easy to understand the concepts.” 

(Participant 91) 

Collectively, the modules are perceived as exemplary. When all the qualities mentioned above are 

considered, plus the proper packaging of the module, the preservice teachers eventually feel that the 

module is helpful and very good. 

“In general, the module is beneficial during the pandemic.” (Participant 4) 

“The module is very informative. It is also very well-packaged. I like it because it makes my 

learning in assessment very meaningful.” (Participant 46) 

“The module helps me in my learning. I hope other teachers will make modules as good as 

ours, Sir.” (Participant 64) 

5. Discussion 

Instructional materials, such as modules, should contain these major parts to provide holistic 

learning even during remote learning [22]. The module includes the features of a student-centered 

approach that ensures students demonstrate the outcomes of ASL 2. With this, assessment strategies 

should be formulated well so that students can demonstrate the attainment of their learning. 

Formulating the outcomes, planning the learning activities, and designing the assessment tasks 

ensure that learning is evident and transfer is effective [23]. Additionally, there is a partial integration 

of the principles of TPACK and UDL. To comply with these principles, the module should be 

enhanced by integrating technology into the different lessons and providing access to various online 

resources that could help in the learning of assessment. The module must also be enriched by 

providing activities that engage and provide continuity amidst challenges along the learning process, 

considering the needs and wants of current students. These observations are crucial in revising the 

present module, as TPACK and UDL are essential frameworks for 21st-century education. TPACK 

provides the necessary skills for collaboration, communication, and creativity using ICT in learning 

systems, including self-learning modules [24]. Equally important is the UDL framework, featuring 

flexible learning and barrier reduction when students learn, ensuring that everybody has access to 
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means of learning [25]. Aside from the frameworks above, the crafted module adheres to most of the 

principles of diversity and inclusion, integrating various activities for all. Although mostly complied, 

the evaluators commented that the learning tasks should be revised to provide all students equal 

opportunity and respond to diversity inside the classroom. Inclusivity must be integrated into 

modules to expose prospective teachers to functions that support diversity in the school [26]. 

Despite the physical absence of the teacher in the teaching and learning process, students can 

significantly learn and improve when using the ASL 2 module. The most essential characteristic of 

the module is that the learning material is developed based on the UDL. The UDL is a framework to 

improve and optimize teaching and learning for all students based on scientific insights into how 

humans learn [16]. Several researchers have concluded that using UDL in the classroom can 

significantly improve student learning. A meta-analysis conducted by Ok et al. [28] revealed that 

UDL-based instruction can increase engagement and access and improve students’ academic and 

social outcomes. The UDL follows three fundamental principles: (1) Engagement, (2) representation, 

and (3) action & expression. The affective traits of the students are crucial elements of learning. With 

diverse students' affective characteristics, they differ markedly in how they can be engaged or 

motivated to learn. In these modules, an important feature is the provision of multiple and varied 

learning activities for engagement. These enable students with different learning styles and 

preferences to be highly engaged. They also have opportunities to work individually and in groups.  

Moreover, salient learning targets are appropriately communicated, and opportunities for 

self-assessment and reflection are provided. Engagement is crucial to student learning and 

satisfaction in online courses [29,30]. Banna et al. [31] stressed that engagement is the critical 

solution to the issue of learner isolation, dropout, retention, and graduation rate in online learning. 

Moreover, students differ in how they perceive and comprehend information; thus, delivering a 

single means of representation cannot guarantee learning for all students. The self-learning modules 

provide options for representation. Pictures, tables, videos, graphs, and others are provided for 

students to grasp information quicker or more efficiently and make connections within and between 

concepts. The presentation of contents through multimedia can stimulate multiple students' senses at 

a time and enable more interaction between students and teachers. Thus, the variation of information 

representation is paramount in teaching [32]. Teachers can meet the needs of diverse learners via the 

recognition network through multiple means of representation [33]. 

 Students differ in navigating a learning environment and expressing what they know. Hence, no 

means of action and expression will be optimal for all. Providing options for action and expression is 

essential in self-learning modules. Students can demonstrate and express learning through various 

activities, modalities, and tools. Teachers can meet the needs of learners by allowing students to 

demonstrate their knowledge through different methods, known as multiple means of action and 

expression [33,34]. Another factor that may improve students' performance while using the 

self-learning modules is incorporating technology into the teaching and learning process. When used 

appropriately, technology, mainly ICT, dramatically affects the quality of education. It increases the 

diversity of engagement, representation, and action and expression options. Using UDL in instruction 

coupled with technology significantly improves students' comprehension skills [35]. 

The perceptions of the students on the ASL 2 module are satisfactory. Modular learning enhances 

educational quality by providing preservice teachers with skills essential for 21st-century 

education [36,37]. By integrating the OBE process while implementing the module, learning is 
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improved, and knowledge transfer is evident [23]. The crafted module embedded activities that can 

be accessed online, providing more information sources to help them learn the subject. This process 

makes them engaged as they self-direct their learning. Technology use and integration in module 

development pave the way to more engaging and self-directed learning as learners learn 

remotely [38,39,59]. The preservice teachers have highly perceived the technology-embedded 

learning activities to promote their learning because technology has supported the content and 

understanding of the concepts. Therefore, the module has integrated not only the technological aspect 

but also the pedagogical and content aspects. This causes the module to be compliant with the 

TPACK. Learning materials, such as modules, appropriately integrated with TPACK features and 

principles can yield positive results among preservice teachers [40]. Modules based on TPACK 

sustain independent learning that facilitates various learning experiences, making these materials 

valid, practical, and effective during remote learning [41]. 

The module includes learning tasks that can be done anytime and anywhere, providing flexibility 

in the learning process. Flexible learning using the modules has equivalent efficacy to conventional 

face-to-face classes [42]. When activities become flexible, preservice teachers are given optimal 

opportunities to learn and address concerns of distance and time [43]. The students also highlighted 

that the learning activities in the module encouraged varied ways of action and expression, reflecting 

individual differences among the preservice teachers. In this way, the diverse capabilities of the 

preservice teachers were considered, and options were made available to suit their needs. The evident 

integration of UDL creates activities that are inclusive for all learners, giving them more learning 

opportunities that are engaging and relevant to them [44]. Materials with UDL support accessibility 

and inclusivity among learners and could lead to positive learning outcomes [45,46].  

In addition, the language used is gender-neutral, and the activities benefit all preservice teachers' 

learning. To establish gender sensitivity and awareness in the classroom, instructional materials 

should also be gender equal, responsive, and fair, as found in the texts, pictures, and symbols [47]. 

The crafted module addresses gender sensitivity and awareness, which is appropriate for integrating 

gender equality in education [48]. Aside from gender sensitivity, the preservice teachers also highly 

observed diversity and inclusivity in the module. They perceived that the learning activities provided 

them with equal opportunities and diverse ways of learning. This means the preservice teachers were 

given learning experiences to adhere to diversity and inclusion. When diversity and inclusion are 

embedded in instructional materials, such as modules, students find accomplishing the activities 

accessible and confidently demonstrate their learning [49]. 

Considering their gadgets and internet connectivity at home, the time allotted for each activity is 

enough for them to accomplish. Self-learning modules should be organized well regarding lesson 

flow and time allotment. This characteristic of the modules improves the quality of the material's 

friendliness so that learners study and complete the tasks embedded [50]. This learner-friendly 

structure is deemed to promote holistic learning [51].  

The preservice teachers also had high satisfaction with the ASL 2 module in terms of the 

capability of the module to lead them in independent, self-regulated, and engaging learning. This 

indicates that the activities embedded in the module provide mechanisms for them to study on their 

own and self-regulated what, where, and when to accomplish the tasks. While they self-direct 

themselves, they are also provided opportunities to engage in learning actively. True to its name, 

self-learning modules are made for self-paced and self-directed learning, where independent and 

engaging learning is evident. These modules can improve knowledge acquisition, skills development, 
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and attitude inculcation as the learners go through self-directed learning [52]. Self-learning modules 

are worth using, particularly for flexible learning [53,54]. 

Most importantly, the preservice teachers were satisfied with how the module enabled them to 

attain the maximum learning competencies of the course. This means that while they learn 

independently, they have derived optimal learning, as is evident in attaining curriculum standards 

beyond the minimum. Therefore, the ASL module is valid and effective based on the students' 

perceptions. Self-learning modules have improved learning, as shown in [50‒54] studies, making the 

module applicable to flexible learning. 

The feedback indicates that the preservice teachers have positive perceptions and experiences 

using the ASL 2 module. Their feedback shows the learning advantage of the module during the 

pandemic and the pedagogical edge on the teachers' side [58,60]. Self-learning modules should be of 

quality in terms of their format, structure, and content and how these instructional materials provide 

meaningful experiences to the learners. Informative, relevant, and accessible self-learning modules 

are essential for learning [55]. Moreover, modules that challenge learners could lead to better 

educational outcomes [50,51,56]. Furthermore, these materials improve the learning process, 

particularly during flexible learning [57]. 

6. Implications to modular instruction and self-learning 

Considering students' various needs and preferences, effective and efficient modular education 

and self-learning resources should be created to promote autonomous and self-regulated learning. 

These modules accommodate a variety of learning styles, aptitudes, and speeds by providing a 

variety of means for students to interact with the material, demonstrate their comprehension, and 

communicate their knowledge. These materials are perfect for remote and flexible learning situations 

because of their flexibility, which guarantees that all students, regardless of their peculiarities, can 

access and interact with the information in ways that best suit their learning needs. 

The modules should also clearly align the activities, evaluation techniques, and learning 

objectives. By directing students toward specified objectives, this alignment improves the coherence 

and concentration of the learning process and helps students achieve mastery of the material. Deeper 

engagement and comprehension are fostered by structured modules that clearly state learning 

objectives and offer pertinent, goal-oriented assignments that allow students to comprehend better 

the reason behind their learning activities and how to succeed. 

To ensure the success of modular education, it is critical to regularly assess and improve these 

course materials in response to user input. The modules' quality and usefulness mainly depend on 

including varied and exciting activities, integrating suitable technology, and accessibility. These 

components increase the interaction and relevance of learning and allow students to take charge of 

their education, eventually improving the educational process's flexibility and responsiveness in 

various learning contexts. 

7. Conclusion and recommendations 

In conclusion, the Assessment in Learning 2 module adheres to the prescribed structure and 

format and follows OBE, TPACK, UDL, and inclusivity principles. It addresses the needs of 

preservice teachers, particularly during flexible learning modalities. The Math and Science 

preservice teachers shared challenging and positive feedback regarding their understanding of the 
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concepts of ASL 2. Therefore, the module is valid, practical, and effective for flexible STEM 

education. 

Targeted interventions are suggested to improve these crucial evaluation skills for preservice 

teachers to address the minimal gains in Chapter 3 and the decline in Chapter 4. In Chapter 3, 

real-world exercises such as creating instruments for affective assessment and having thoughtful 

conversations about attitudes and values can improve the applicability and comprehension of 

affective assessment. Integrating practice with rubrics, feedback quality exercises, and statistical 

literacy seminars will assist equity and data-informed decision-making in Chapter 4, which deals 

with scoring, interpreting, and reporting assessment outcomes. With these focused enhancements, 

preservice teachers will gain the essential cognitive and analytical abilities required for successful 

classroom assessment. 

While this study effectively demonstrates the ASL 2 module's potential in enhancing preservice 

teachers’ learning, it is limited to the initial design, implementation, and evaluation phases within a 

single action research cycle. Rather than diminishing the module's efficacy, these limitations point to 

areas that require additional investigation and improvement. As we focused on specific performance 

outcomes, researchers should examine more profound cognitive, behavioral, and attitudinal effects 

over time to comprehend the module's long-term advantages. Furthermore, as the study was 

conducted in a single institution, the results may be more broadly applicable through translational 

research in different teacher education contexts, enabling the module to be tailored to different 

learner requirements and instructional contexts. Future research might evaluate the application of 

practical skills, behavioral engagement, and changes in teaching attitudes, which would improve our 

comprehension of how well the module prepares preservice teachers for the classroom. 

Author contributions 

V. T. M. Balo and J. M. P. Sanchez contributed equally to the conduct of this study. 

Use of AI tools declaration 

The authors declare they have not used Artificial Intelligence (AI) tools in creating this article. 

Acknowledgments 

The authors thank the Commission on Higher Education for its financial support under the grant 

“Flexible Instructional Materials for Teacher Educators (FIMTTED).” They also thank the College of 

Teacher Education of Cebu Normal University for providing the facilities and services needed to 

conduct the study. 

Conflict of interest 

The authors declare no conflict of interest in this paper. 

Ethics declaration 

The Research Ethics Committee of Cebu Normal University, Cebu City, Philippines, approved 

the data collection. 



147 

 

STEM Education  Volume 5, Issue 1, 130–151 

References 

1. Shurville, S., O’Grady, T. and Mayall, P., Educational and institutional flexibility of Australian 

educational software. Campus-Wide Information Systems, 2008, 25(2): 74‒84. 

https://doi.org/10.1108/10650740810866576  

2. Rahmawati, R., Lestari, F. and Umam, R., Analysis of the effectiveness of learning in the use 

of learning modules against student learning outcomes. Desimal: Jurnal Matematika, 2019, 

2(3): 233‒240. http://dx.doi.org/10.24042/djm.v2i3.4557 

3. Ambayon, C.M., Modular-based approach and students’ achievement in literature. 

International Journal of Education & Literacy Studies, 2019, 8(3): 32‒36. 

https://doi.org/10.7575/aiac.ijels.v.8n.3p.32 

4. Padmapriya, P.V., Effectiveness of self learning modules on achievement in biology among 

secondary school students. International Journal of Education and Psychological Research, 

2015, 4(2): 44‒46. https://ijepr.org/panel/assets/papers/179ij12.pdf 

5. Nardo, M.T.B., Modular instruction enhances learner autonomy. American Journal of 

Educational Research, 2017, 5(10): 1024‒1034. https://doi.org/10.12691/education-5-10-3 

6. Ali, R., Ghazi, S.R., Khan, M.S., Hussain, S. and Faitma, Z.T., Effectiveness of modular 

teaching in biology at secondary level. Asian Social Science, 2010, 6(9): 49‒54. 

https://doi.org/10.5539/ass.v6n9p49 

7. Sadiq, S. and Zamir, S., Effectiveness of modular approach in teaching at university level. 

Journal of Education and Practice, 2014, 5(17): 103‒109. 

https://core.ac.uk/download/pdf/234635879.pdf 

8. Lim, E.J., Effectiveness of modular instruction in word problem solving of BEED students. 

IOSR Journal of Mathematics, 2016, 12(5): 59‒65. https://doi.org/10.9790/5728-1205075965 

9. Devi, K. and Karunakaran, S., Effectiveness of modular teaching in training medical officers 

on Dots Plus in Cuddalore District. Medico Research Chronicles, 2016, 3(4): 352‒356.  

10. Pastushkova, M.A., Savateeva, O.V., Trontsenko, A.A. and Savateev, D.A., The practical 

guidelines for implementing modular training in higher education. European Journal of 

Contemporary Education, 2019, 8(2): 328‒337. https://doi.org/10.13187/ejced.2019.2.328 

11. Goldschmid, B. and Goldschmid, M.L., Modular instruction in higher education: a review. 

Higher Education, 1973, 2: 15‒32. https://doi.org/10.1007/BF00162534 

12. Cruickshank, D.R., Jenkins, D.B. and Metcalf, K.K., The Act of Teaching, McGraw-Hill, New 

York, 2003. 

13. Sejpal, K., Modular method of teaching. International Journal for Research in Education, 2013, 

2(2): 169‒171.  

14. Al-Azawei, A., Serenelli, F. and Lundqvist, K., Universal design for learning (UDL): a content 

analysis of peer-reviewed journals from 2012-2015. Journal of the Scholarship of Teaching 

and Learning, 2016, 16(3): 39‒56. https://doi.org/10.14434/josotl.v16i3.19295 

15. Rose, D.H. and Meyer, A., A Practical Reader in Universal Design for Learning, Harvard 

Education Press, 2006. 

16. Posey, A., Universal design for learning (UDL): a teacher’s guide, 2023.  

17. Koehler, M. and Mishra, P., What is technological pedagogical content knowledge (TPACK)? 

Contemporary Issues in Technology and Teacher Education, 2009, 9(1).  

18. Davis, M.H., Outcomes-based education. Journal of Veterinary Medical Education, 2003, 



148 

 

STEM Education  Volume 5, Issue 1, 130–151 

30(3): 258‒263. https://doi.org/10.3138/jvme.30.3.258 

19. Magnuson, S., Kras, K.R., Alejandro, H., Rides, D.S. and Taxman, F.S., Using 

plan-do-study-act and participatory action research to improve use of risks needs assessments, 

Corrections: Policy, Practice and Research, 2019, 5(1): 44‒63. 

https://doi.org/10.1080/23774657.2018.1555442 

20. Cajimat, R., Prudente, M., Aguja, S. and Subong, J., Teaching action research through the 

plan-do-study-act model: pre-service teachers’ perspectives. International Postgraduate 

Roundtable and Research Forum, 2018.  

21. Eather, B.I., Chiarella, M.E. and Donoghue, J., Plan, do, study, act cycles, as an alternative to 

action research for clinically based inquiry. International Journal of Research in Nursing, 2013, 

4(2): 34‒39. https://doi.org/10.3844/ijrnsp.2013.34.39 

22. Rajabalee, Y.B. and Santally, M.I., Learner satisfaction, engagement and performances in an 

online module: implications for institutional e-learning policy. Education and Information 

Technologies, 2021, 26: 2623‒2656. https://doi.org/10.1007/s10639-020-10375-1 

23. Sun, P.H. and Lee, S.Y., The importance and challenges of outcomes-based education- a case 

study in a private higher education institution. Malaysian Journal of Learning and Instruction, 

2020, 17(2): 253‒278.  

24. Agustini, K., Santyasa, I.W. and Ratminingsih, N.M., Analysis of competence on “TPACK”: 

21st century teacher professional development. Journal of Physics: Conference Series, 2019, 

1387. https://doi.org/10.1088/1742-6596/1387/1/012035 

25. Basham, J.D., Blackorby, J. and Marino, M.T., Opportunity in crisis: the role of universal 

design for learning in educational redesign. Learning Disabilities: A Contemporary Journal, 

2020, 18(1): 71‒91.  

26. Cayabyab, J.T., Catungal, M., Pambid, R.C. and Taborda, H.B., Perspectives & practices of the 

21st century skills in inclusive education. Asia Pacific Journal of Education, Arts and Sciences, 

2017, 4(2): 87‒94.  

27. Popham, W.J., Classroom Assessment: What Teachers Need to Know, Pearson Publishing, 

2013. 

28. Ok, M.W., Rao, K., Bryant, B.R. and McDougall, D., Universal design for learning in pre-K to 

grade 12 classrooms: a systematic review of research. Exceptionality, 2017, 25(2): 116‒138. 

https://doi.org/10.1080/09362835.2016.1196450 

29. Meyer, K.A., Student engagement in online learning: what works and why. ASHE Higher 

Education Report, 2014, 40(6): 1‒114. https://doi.org/10.1002/aehe.20018 

30. Britt, M., Goon, D. and Timmerman, M., How to better engage online students with online 

strategies. College Student Journal, 2015, 49(3): 399‒404. 

https://www.learntechlib.org/p/193486/ 

31. Banna, J., Lin, M.G., Stewart, M. and Fialkowsji, M.K., Interaction matters strategies to 

promote engaged learning in an online introductory nutrition course. Journal of Online 

Learning and Teaching, 2015, 11(2): 249‒261.  

32. Sousa, L., Richter, B. and Nel, C., The effect of multimedia use on the teaching and learning of 

social sciences at tertiary level: a case study. Yesterday and Today, 2017, 17: 1‒22. 

https://doi.org/10.17159/2223-0386/2017/n17a1 

33. Glass, D., Meyer, A. and Rose, D.H., Universal design for learning and the arts. Harvard 



149 

 

STEM Education  Volume 5, Issue 1, 130–151 

Educational Review, 2013, 83(1): 98‒119. 

https://doi.org/10.17763/haer.83.1.33102p26478p54pw 

34. Meyer, A. and Rose, D.H., The future is in the margins: the role of technology and disability in 

educational reform. The Universally Designed Classroom: Accessible Curriculum and Digital 

Technologies, Harvard Education Press, 2005 

35. Hall, T.E., Cohen, N., Vue, G. and Ganley, P., Addressing learning disabilities with UDL and 

technology: strategic reader. Learning Disability Quarterly, 2015, 38(2): 72‒83.  

36. Nakkeeran, R., Babu, R., Manimaran, R. and Gnanasivam, P., Importance of outcome based 

education (OBE) to advance educational quality and enhance global mobility. International 

Journal of Pure and Applied Mathematics, 2018, 4(3): 62‒76. 

http://dx.doi.org/10.20319/pijtel.2021.43.6276 

37. Iloanya, J., Preparing the 21st century teacher for the implementation of outcomes-based 

education: the practical reality. American Journal of Educational Research, 2019, 7(7): 

439‒444. https://doi.org/10.12691/education-7-7-2 

38. Purwanto, A., Nurjayadi, M., Suluya, R. and Ichsan, I.Z., EM-SETS: an integrated e-module of 

environmental education and technology in natural science learning. International Journal of 

Advanced Science and Technology, 2020, 29(3): 7014‒7025. 

http://sersc.org/journals/index.php/IJAST/article/view/7561 

39. Tolentino, J.C.G., Miranda, J. P. P., Maniago, V. G. M. and Sibug, V.B., Development and 

evaluation of localized digital learning modules for indigenous people’s health education in the 

Philippines. Universal Journal of Educational Research, 2020, 8(12): 6853‒6862. 

https://doi.org/10.13189/ujer.2020.081251 

40. Srisawasdi, N., Ponder, P. and Bunterm, T., Preparing pre-service teachers to integrate mobile 

technology into science laboratory learning: an evaluation of technology-integrated pedagogy 

module. International Journal of Mobile Learning and Organization, 2018, 12(1): 1‒17. 

http://dx.doi.org/10.1504/IJMLO.2018.10009961 

41. Rufaida, S. and Nurfadilah, The development of device learning based on TPACK 

(technological pedagogical content knowledge) in the form of hypercontent modules in 

electronic course. Journal of Physics: Conference Series, 2021, 1806. 

http://dx.doi.org/10.1088/1742-6596/1806/1/012006 

42. Müller, C. and Mildenberger, T., Facilitating flexible learning by replacing classroom time with 

an online learning environment: a systematic review of blended learning in higher education. 

Educational Research Review, 2021, 34. https://doi.org/10.1016/j.edurev.2021.100394 

43. Pawilen, G.T., Preparing Philippine higher education institutions for flexible learning during 

the period of COVID-19 pandemic: curricular and instructional adjustment, challenges, and 

issues. International Journal of Curriculum and Instruction, 2021, 13(3): 2150‒2166.  

44. Scotte, L., Bruno, L., Gokita, T., T. and Thoma, C.A., Teacher candidates’ abilities to develop 

university design for learning and universal design for transition lesson plans. International 

Journal of Inclusive Education, 2022, 26(4): 333‒347. 

http://dx.doi.org/10.1080/13603116.2019.1651910 

45. Fenrich, P., Carson, T. and Overgaard, M., Comparing traditional learning materials with those 

created with instructional design and universal design for learning attributes: the students’ 

perspectives. Education in Modern Society, 2018, 16: 143‒149.  



150 

 

STEM Education  Volume 5, Issue 1, 130–151 

46. King-Sears, M.E. and Johnson, T.M., Universal design for learning chemistry instruction for 

students with and without learning disabilities. Remedial and Special Education, 2020, 41(4): 

207‒218. http://dx.doi.org/10.1177/0741932519862608 

47. Tariman, J.D., Gender-sensitive instructional material designs for kindergarten. Instabright 

e-Gazette, 2020, 2(2).  

48. Lee, J.F.K. and Mahmoudi-Gahrouei, V., Gender representation in instructional materials: a 

study of Iranian English language textbooks and teachers’ voices. Sexuality and Culture, 2016, 

24(4): 1107‒1127. https://doi.org/10.1007/s12119-020-09747-z 

49. Baker, L.A. and Spencely, C., Blending Microsoft Teams with existing teaching environments 

to increase access, inclusivity and engagement. The Journal of the Foundation Year Network, 

2020, 3: 3‒20. https://jfyn.co.uk/index.php/ukfyn/article/view/58 

50. Pineda, C.I.S., Effectiveness of validated teaching-learning package in projectile motion for 

grade 9 science. Journal of Science and Science Education, 2020, 1(1): 26‒29. 

https://doi.org/10.29303/jossed.v1i1.454 

51. Cruz, L.I.A. and Rivera, K.C., Development and validation of project-based module for 

selected topics in biology. International Journal of Educational Research & Social Sciences, 

2022, 3(3): 1124‒1137. http://dx.doi.org/10.51601/ijersc.v3i3.374 

52. Bahri, S.P., Zaenuri and Sukestiyarno, Y.I., Problem solving ability on independent learning 

and problem-based learning with based modules ethnomathematics nuance. Unnes Journal of 

Mathematics Education, 2018, 7(2): 218‒224.  

53. Munzil, Affriyenni, Y., Mualifah, S., Fardhani, I. and Muntholib, I.J.F., Development of 

problem based learning based e-modules in the form of flipbooks on environmentally friendly 

technology materials as an independent learning material for students especially online 

learning. Indonesian Journal of Science Education, 2022, 10(1): 37‒46. 

https://doi.org/10.24815/jpsi.v10i1.21807 

54. Purwashi, D., Wilujeng, I., Jumadi, J. and Wahyuni, T., Development of e-modules based on 

learning style to facilitate study during pandemic. 13th International Conference on 

E-Education, E-Business, E-Management, and E-Learning, 2022, 53‒58. 

http://dx.doi.org/10.1145/3514262.3514277 

55. El-Galy, Y.N., Peruma, A., Krutz, D. and Hawker, J.S., Apps for everyone: mobile accessibility 

learning modules, ACM Inroads, 2018. 

56. Ardianti, S.D., Wanabuliandari, S., Saptono, S. and Alimah, S., A needs assessment of 

edutainment module with ethnoscience approach oriented to the love of the country. 

Indonesian Journal of Science Education, 2019, 9(2): 30‒33. 

http://dx.doi.org/10.1145/3182184 

57. Keenahan, J. and McCrum, D., Developing interdisciplinary understanding and dialogue 

between engineering and architecture students: design and evaluation of a problem-based 

learning module. European Journal of Engineering Education, 2020, 46(4): 575‒603. 

http://dx.doi.org/10.1080/03043797.2020.1826909 

58. Goles, C.E., Sanchez, J.M.P., Sumalinog, G.G., Mananay, J.A. and Alejandro, I.M.V., Beyond 

the pandemic: the changing landscape of technology integration in higher education in Central 

Visayas, Philippines. CTU Journal of Innovation and Sustainable Development, 2024, 16(1): 

150‒159. https://doi.org/10.22144/ctujoisd.2024.262 



151 

 

STEM Education  Volume 5, Issue 1, 130–151 

59. Alejandro, I.M.V., Sanchez, J.M.P., Sumalinog, G.G., Mananay, J.A., Goles, C.E. and 

Fernandez, C.B., Pre-service teachers’ technology acceptance of artificial intelligence (AI) 

applications in education. STEM Education, 2024, 4(4): 445‒465. 

https://dx.doi.org/10.3934/steme.2024024 

60. Olvido, M.M.J., Sanchez, J.M.P. and Alejandro, I.M.V., Impact of distance learning on the 

university students’ academic performance and experiences. International Journal of 

Evaluation and Research in Education, 2024, 13(4): 2116‒2125. 

https://doi.org/10.11591/ijere.v13i4.25847 

Author’s biography 

Dr. Vincent Theodore M. Balo obtained his master's in Mathematics from the University of San 

Carlos and his doctorate in Development Education from Cebu Technological University. He is 

currently a faculty member of the College of Teacher Education (CTE) of Cebu Normal University 

(CNU), serving as an online platform administrator. Dr. Balo has published research and is an ICT 

and mathematics education expert. He is a member of the State Universities and Colleges Teacher 

Educators Association (SUCTEA) and the Philippine Association for Teacher Education (PAFTE). 

 

Dr. Joje Mar P. Sanchez earned his doctorate in Science Education at CNU. He is currently a 

faculty member of the CTE in the same university. Dr. Sanchez has published research and expertise 

in chemistry/physics education, environmental education, educational data mining, and science 

investigatory project instruction. He is a member of SUCTEA, PAFTE, and the Philippine 

Association of Chemistry Teachers (PACT). 

 

©2025 the Author(s), licensee by AIMS Press. This is an open 

access article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0/). 

 

 

 

 


