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Abstract

The increasing demand for higher-order thinking skills in 21st-
century education underscores the need for innovative resources, as
traditional materials often focus on routine problems with limited
opportunities for non-routine problem-solving. This study designed,
developed, and validated a computer-aided assessment for non-
routine problem-solving using the Design and Development Research
method, conducted in three phases: needs analysis, design and
development, and evaluation. Data collection included a literature
review, systematic design and development, expert validation, and
user feedback, analyzed through descriptive statistics and thematic
analysis. Findings show that the computer-aided assessment
supports non-routine problem-solving and addresses limitations of
traditional assessments. The needs analysis identified gaps in current
methodologies and the benefits of technology-enhanced
assessments. The design and development phase produced an
assessment promoting cognitive engagement, while the evaluation
phase gathered expert validation and user feedback. Five experts in
information technology and mathematics education provided positive
evaluations of the assessment's functionality, accessibility, and
cognitive support. Feedback from 15 students across three
educational institutions indicated enhanced engagement,
independent learning, and deeper mathematical understanding.
Although minor technical issues were noted, they did not significantly
impact the computer-aided assessment’s quality. The validated
computer-aided assessment shows potential as a digital tool for
fostering non-routine problem-solving and interactive learning. It
suggests that computer-aided assessments with non-routine
problems may enhance higher-order thinking skills by promoting
cognitive engagement and personalized learning. Future research
could explore its long-term impact, adaptability across disciplines,
and potential for adaptive learning and collaborative features to
maximize educational effectiveness.

1. Introduction
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In the rapidly evolving landscape of education, integrating technology into teaching and learning has
become increasingly essential for preparing students to meet the demands of the 21st century. The growing
use of computers and the internet significantly transformed the way businesses and markets functioned,
and the education sector was no exception (Bianchi et al., 2020). This transformation was further supported
by Kartikasari et al (2022), who emphasized that technological advances in the 21st century influenced
every field, including education. The COVID-19 pandemic underscored the importance of technology, with
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educational institutions worldwide relying on digital tools to maintain learning during in-person class
disruptions.

This increasing reliance on digital tools highlighted the need to equip students with 21st-century
skills like Higher-Order Thinking Skills (HOTS). These competencies encouraged students to engage in
critical thinking, explore various approaches, and develop innovative solutions when faced with unfamiliar
problems, questions, uncertainties, dilemmas, or new situations (Truong & Tran, 2021). This emphasis on
HOTS was particularly evident in the context of non-routine problem-solving, which required students to
apply their knowledge in unfamiliar and complex situations, making the use of HOTS essential (Makmuri et
al,, 2021; Shawan et al., 2021; Kablan & Ugur, 2019). Engaging in mathematical non-routine problems (NRPs)
proved particularly valuable for developing these skills (Mogari & Lupahla, 2013). Andrade et al (2020)
suggested that NRPs can be successfully solved by students of all ability levels in regular schools if they
receive appropriate interventions and instruction in problem-solving techniques. However, NRPs were not
frequently included in textbooks or instructional materials (Berisha, 2015; Fan & Zhu, 2000; Kablan & Ugur,
2019; Kolovou et al., 2009; Manopo & Lisarani, 2021; van Zanten & van den Heuvel-Panhuizen, 2018) due to
the complexity involved in designing and assessing such problems, limiting students' opportunities to
cultivate these essential competencies.

Traditional instructional resources often prioritized routine problems with clear, prescribed
solutions, which were easier to grade and standardize. To address this issue, Pegg (2010) suggested that
teachers present students with non-routine questions to promote HOTS development. Mikusa (Legarde,
2022) emphasized that enhancing students' HOTS required engagement with complex problems that could
take hours, days, or even weeks to solve. Similarly, Barana et al (2019) highlighted the importance of
regularly exposing students to a wide variety of problems over an extended period to effectively develop
their problem-solving skills.

One of the key challenges in exposing students to NRPs was the need for timely and effective
feedback, which was difficult to provide in traditional classroom settings. According to Van der Kleij et al
(2015), feedback can assist students in recognizing and rectifying mistakes and misunderstandings,
developing better and more efficient problem-solving approaches, and enhancing their self-regulation.
When working with NRPs, students were encouraged to apply unconventional techniques, often leading to
solutions that were not easily predictable (Kurniawan et al., 2022). Usta (2020) stressed the importance of
students understanding how they learned most effectively and recognizing their mistakes to correct them—
making immediate feedback crucial to the learning process. However, in classrooms with 30 to 40 students,
providing immediate feedback to each student became difficult and required significant effort from
teachers.

CAA addressed this challenge by streamlining distribution, minimizing assessment and grading time,
automating test result reporting, and enhancing usability and accessibility for students (Dyrvold & Bergvall,
2023). Beyond logistical advantages, CAA also provides practical benefits, such as delivering immediate
feedback on students' final answers (Rasila et al., 2015). In digital learning environments, feedback was
delivered almost instantly, as it was automatically generated based on students' responses (Van der Kleij
et al,, 2015). Miller (2009, as cited in Van der Kleij et al., 2015) noted that recent studies showed students
preferred immediate feedback over delayed responses. Furthermore, the automation of the scoring process
promoted more independent learning, creating a more efficient and self-regulated learning environment
(Barana et al., 2022).

Over the past decade, the availability of CAA has grown substantially (Davies et al., 2022; Kinnear et
al,, 2022), with the COVID-19 pandemic further intensifying the need for its adoption (Davies et al., 2022).
Since 2020, higher education shifted to online learning (Su & Guo, 2021) and progressively adopted blended
learning approaches (Lee et al., 2024) in response to the ongoing impact of the pandemic on global
education systems (Saro et al., 2022). In the Philippines, this shift resulted in significant changes (Saro et
al, 2022), including the adoption of blended learning approaches, the integration of digital tools for
assessment and instruction, and a growing emphasis on independent and self-regulated learning. These
changes reshaped teaching methods and learning outcomes, pushing both educators and students to
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develop new competencies suited to a technology-driven environment, although there was now a gradual
return to fully face-to-face instruction.

While CAA had demonstrated promise in enriching learning experiences and providing immediate
feedback, its application in NRP-solving had remained limited. This study aimed to bridge that gap by
designing, developing, and validating a CAA specifically tailored for NRP-solving. Unlike previous efforts
confined to traditional paper-based formats, this CAA functioned as a dynamic test bank for formative
assessment, offering an interactive and adaptable platform. Building on this foundation, the primary
objective of this study was to design, develop, and validate both the content and functionality of the CAA
for solving NRPs through expert validation and user feedback. These processes ensured its quality,
relevance, and usability while supporting deeper learning and fostering HOTS and problem-solving abilities.
By incorporating usability principles, the CAA aimed to create an intuitive and engaging learning
environment that minimized cognitive load and allowed students to focus on applying their HOTS and
problem-solving strategies. To achieve this, the study addressed three key research questions:

a) What were the needs and requirements, based on the literature review, for developing a CAA for solving
NRPs?

b) How was the CAA designed and developed to meet these needs?

c) How did experts and users evaluate the quality and usability of the CAA?

2. Method
2.1 Research Design

This study employed the Design and Development Research (DDR) method. According to Richey and
Klein (2007), DDR involved a systematic investigation of the processes of design, development, and
evaluation, aiming to build an empirical foundation for creating instructional and non-instructional
products, tools, and improved or newly developed models that guided their creation. Similarly, Plomp (2007)
argued that this approach was also used in designing and developing interventions such as programs,
instructional and learning strategies, products, and systems. These interventions addressed complex
educational challenges and enhanced the understanding of the characteristics and processes involved in
their design and development.

The DDR method suited this study as it guided the design, development, and validation of a CAA for
non-routine problem-solving. The study followed three phases: needs analysis, design and development,
and evaluation, ensuring the systematic creation of the CAA The needs analysis phase was the initial stage
in DDR, conducted to determine the necessity for development (Hasbullah et al., 2022). The design and
development phase is the most important phase in DDR (Jaya et al., 2021). According to Van Den Akker et
al. (Padzil et al., 2021), this phase was essential and needed to be prioritized to ensure that the developed
products — whether modules, models, or curricula — were relevant and carefully refined to effectively
serve the intended target audience. Finally, Hasbullah et al. (2022) reported that during the evaluation
phase, many studies on product and tool development employed both quantitative and qualitative
methodologies.

2.2 Participants and Sampling

In DDR, Richey and Klein (2007) explained that product and tool studies typically involved designers,
developers, clients, evaluators, and users. More specifically, when examining the impact of an innovative
product or tool, it was crucial to include those directly affected by its use, such as clients, learners,
instructors, and sometimes supervisors. This framework provided a clear understanding of the importance
of involving diverse stakeholders in the evaluation process.

Applying this perspective, the study’s participants consisted of five expert validators. These included
three IT specialists—two of whom held Doctorates in IT and one with a master's degree—and two
Mathematics and the Modern World (MMW) professors with master’s degrees. The decision to choose only
five experts was made to balance the need for diverse expertise with the practical considerations of time
and resource constraints. The inclusion of these experts aligned with the recommendations of Ikart (2019),
who noted that the number of expert reviewers typically ranged between three and five, though some
studies had reported as many as 20 reviewers. The expert validators were selected through purposive
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sampling based on their expertise, their ability to evaluate the CAA, and their willingness to complete the
evaluation on time. In purposive sampling, also called judgmental or expert sampling, participants were
chosen by the researcher based on their suitability for providing the needed data (Ahmed, 2024).

In addition to the expert validators, fifteen students participated in exploring the CAA These students
were drawn from three institutions—five from a sectarian college, five from a local university, and five from
a non-sectarian university. All were enrolled in MMW for SY 2023-2024 and were selected through
convenience sampling, including only those who submitted the informed consent form, expressed an
interest in exploring the CAA, and were willing to participate. Jhangiani et al. (2019) described convenience
sampling as the most common alternative to random sampling. In this method, the sample consisted of
individuals who were easily accessible and willing to take part in the study. This approach facilitated timely
data collection while ensuring a diverse representation of students from different educational settings.

2.3 Data Collection

The data collection process involved gathering feedback from both experts and students to validate
and refine the CAA. Two instruments were used: a rubric and a feedback form. Expert validation was
conducted using the Rubric for e-Learning Tool Evaluation, adapted from Anstey and Watson (2018) work
and shared under a Creative Commons license. This rubric provided a structured framework for assessing
the CAA's content and functionality. The adapted Rubric for e-Learning Tool Evaluation was enhanced by
incorporating numerical values to complement its verbal interpretations. To create a more refined Likert-
scale approach, the following scoring ranges were established: 2.01-3.00 for "Works Well," 1.01-2.00 for
"Minor Concerns," and 0.00-1.00 for "Serious Concerns." These ranges provided a clearer distinction
between assessment categories and allowed for more precise quantification of results. This adaptation
ensured greater consistency and objectivity in evaluation while enabling statistical analysis and data-
driven decision-making. By combining descriptive feedback with these numerical ratings, the assessment
captured both qualitative insights and measurable outcomes, offering a more comprehensive evaluation of
the e-learning tools.

User feedback was collected through a researcher-designed feedback form, which was distributed
after the students explored the CAA. The feedback form, focused on students' experiences with the CAA,
was validated by five experts—two registered psychology professors who are also licensed
psychometricians and three mathematics professors with Ph.D. degrees. While they are not from the fields
of evaluation and educational technology, their combined expertise ensures a thorough validation process.
The psychology professors, with their deep knowledge of assessment and psychometrics, examined the
psychological aspects of the questions to ensure clarity, fairness, and alignment with sound measurement
principles. Meanwhile, the mathematics professors, each with over 10 years of experience, have extensive
exposure to assessment practices and are frequently consulted as validators for survey and interview
instruments, proving their credibility in this role. This interdisciplinary approach enhanced the feedback
form's clarity, reliability, and overall effectiveness, ensuring it accurately captured students' experiences
and insights.

2.4 Data Analysis

The data analysis employed a mixed-methods approach, integrating both quantitative and qualitative
techniques to comprehensively evaluate the CAA's content and functionality. Descriptive statistics, such as
mean and standard deviation, were used to synthesize expert validation results, offering a clear summary
of the system's performance. Simultaneously, user feedback underwent thematic analysis to identify
recurring patterns and insights. Thematic analysis is a well-established qualitative research method that
uncovers and interprets themes within a dataset, often providing deeper understanding and novel
perspectives (Boyatzis, 1998; Elliott, 2018; Thomas, 2006). This process involves multiple readings of the
data, with close attention to recurring ideas and patterns (Creswell & Creswell, 2018). In this study, thematic
analysis was utilized by systematically examining user feedback to identify consistent themes related to
the CAA's usability and accessibility, system design and features, learning experiences and skill
development, as well as student feedback and suggestions for improvement. This method involved coding
the data, grouping similar responses, and interpreting the significance of recurring ideas, providing a
structured approach to understanding participants’ perspectives. Thematic analysis is especially effective
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in capturing the meaning behind participants’ language, enabling a detailed exploration of their experiences
(Braun & Clarke, 2006; Liebenberg et al., 2020; Muhammad et al., 2023; Xu & Zammit, 2020). The insights
gained from this analysis were crucial for highlighting strengths, pinpointing areas for improvement, and
refining the CAA to better address students' needs and expectations.

3. Results and Discussion
3.1 Results
3.1.1 Needs Analysis Phase

In this study, the needs analysis involved a literature review, examining sources such as journals
and conference proceedings related to NRP-solving, technology-enhanced assessments, and DDR. This
phase began by recognizing gaps in assessing NRP-solving skills and the limitations of traditional
assessment methods, highlighting the need for a computer-aided assessment (CAA). A review of relevant
literature on NRP-solving, technology-enhanced assessments, and DDR methodology reinforced this
necessity.

In the case of NRP-solving, the use of NRPs in training students was found to improve HOTS and
problem-solving skills (Kablan & Ugur, 2019; Yazgan, 2015). According to Zulkipli and Saidah (2024), one
approach to assessing students' problem-solving skills was to give them non-routine math problems, which
require the use of HOTS. This approach, in turn, encouraged students to think more critically and deeply,
especially when tests based on HOTS were administered (Yolida et al,, 2023). Moreover, NRPs were also
seen as a way to enhance communication and soft skills (Rusmini et al., 2021). This highlighted the
importance of developing HOTS, which laid the foundation for defining the assessment content and goals.
Polya (Legarde, 2022) suggested that NRPs should have been used to provide students with opportunities
to develop HOTS through the processes of understanding, analysis, exploration, and the application of
mathematical concepts. This deepened the understanding of NRP-solving competencies. Andrade et al.
(2020) emphasized the importance of incorporating NRPs into mathematics curriculum materials, noting
that this improved students' problem-solving performance. They suggested that students should have been
introduced to various strategies so they could explore alternative approaches when one method failed. This
approach made mathematics more engaging and enjoyable, allowing students to plan and create their own
solutions. It also encouraged teachers to adopt a more flexible mindset, promoting diverse problem-solving
methods rather than focusing on a single solution. Additionally, Kablan and Ugur (2019) highlighted that
NRPs were situations that required HOTS and were rarely found in instructional materials. These findings
served as empirical evidence supporting the need for specialized formative assessment tools in NRP-
solving, which would act as a practice exercise test bank for students.

In light of this, one potential solution to enhance mathematical abilities was by engaging students in
solving NRPs. However, preparing students with the necessary skills for this became more difficult,
particularly due to the disruptions caused by the COVID-19 pandemic (Julie et al., 2017; Wijaya, 2020). This
underscored the importance of technology-enhanced assessments. Bearman et al. (2023) emphasized that
technologies were utilized in multiple ways to facilitate exam delivery, handle assignment submissions,
enhance feedback on assessments, and, importantly, store and share assessment results. This reinforced
the importance of technology in delivering assessments. E-assessment was found to help create innovative
assessment practices that increased students’ learning motivation and engagement (Marriott, 2009; Pham,
2022). This exploration of innovative e-assessment strategies underscored their impact on learning
outcomes. Wang (2011) highlighted that the item formats used in e-assessments were limited to multiple-
choice questions, true/false, matching, or short-answer responses, which might not have fully captured
certain aspects of students' mathematical understanding, such as their logical and analytical abilities. This
highlighted the need for computer-aided tools to evaluate complex skills. Tonbuloglu (2022) explored
trends in e-assessment and highlighted how e-evaluation activities had evolved and transformed over time,
influenced by advancements in technology, the pandemic, the growth of e-learning, increased
communication opportunities, and various other factors. This reinforced the importance of adaptive and
interactive assessment features.
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Incorporating NRPs proved to be a valuable tool for enhancing HOTS. Since these problems were not
easily solvable by routine methods, students had to engage in deeper cognitive processes. Working through
NRP encouraged them to think critically, explore multiple solutions, and develop a better understanding of
complex concepts. This significantly improved their ability to think critically and creatively, which are at
the core of HOTS. While NRPs alone contributed to enhancing HOTS, integrating them with CAA provided
additional benefits. CAA offered immediate feedback, adaptive learning pathways, and data-driven insights
into student performance. This combination allowed for personalized learning experiences, where students
could work on NRPs at their own pace, receive instant feedback on their thought processes, and adjust
their strategies accordingly. This integration not only facilitated the development of HOTS but also provided
students with the necessary tools to reflect on and improve their problem-solving strategies.

Finally, in the context of DDR, the DDR methodology was grounded in the work of Richey and Klein

2007) who outlined four key phases: analysis, design, development, and evaluation. Hasbullah (2022)
highlighted the growing dominance of technology-based instruction in the design and development of
product and tool research, further strengthening its role in educational innovation. DDR was utilized to
create and refine interventions such as teaching and learning methods, educational materials, systems,
educational gaming tools, and leadership models, all aimed at addressing complex educational challenges
(Kragt & Day, 2020; Sahrir et al, 2012), thereby reinforcing the study’s methodological approach.
Additionally, Govindasamy et al. (2023) conducted a literature review illustrating the systematic
approaches used in DDR, further expanding the theoretical foundation for the study’s research design.

Collectively, these studies provided a strong framework for understanding the necessity of a
computer-aided assessment for NRP-solving and underscored the importance of integrating technology-
enhanced assessment methods into educational practice.

3.1.2 Design and Development Phase
3.1.2.1 Design Phase

The design phase established the foundation for the computer-aided assessment (CAA), defining its
purpose, aligning it with course outcomes, determining assessment formats, selecting a platform, and
choosing a name. The CAA aimed to expose students to solving non-routine problems (NRPs) by
encouraging active engagement with these problems.

Mathematics in the Modern World (MMW) was identified as the most suitable course for integrating
NRPs, focusing on two main topics: Mathematical Language and Symbols (sets, functions, relations, and
logic) and Problem Solving and Reasoning (deductive and inductive reasoning, patterns, and recreational
mathematics). To promote practice and feedback, the CAA used formative assessments with open-ended
questions, requiring students to manually input their responses rather than relying on multiple-choice
formats (Atlintas, 2022). Platform selection prioritized cost management and reliable services, balancing
functionality with affordability. The CAA was named 'MatHOTSanayan,' combining ‘Math,' 'HOTS,' and
'Sanayarl—a Filipino term for consistent practice—which reflects the study’s goal of exposing students to
NRP-solving through regular engagement. This fusion of terms captured the CAA's focus on mathematics,
higher-order thinking skills, and the importance of habitual learning and mastery.

The design phase built a solid foundation by aligning the CAA with the course outcomes of MMW while
emphasizing active student engagement. The emphasis on formative assessment and open-ended
questions reflected Altintas’ (2022) assertion that open-ended items developed based on real-life situations
provided more effective feedback in the formative assessment process. Likewise, Karakaya and Sata (2022,
as cited in Altintas, 2022) emphasized that open-ended items fostered alternative ways of thinking in
students, as they were deigned at the level of analysis, evaluation, and creation based on Bloom's taxonomy,
as well at critical thinking, creative thinking, and problem-solving according to Haladyna's classification.
Additionally, Kubiszyn and Borich (2003, as cited in Altintas, 2022) highlighted the importance of open-
ended items in drawing inferences about complex higher-order cognitive skills, such as problem-solving,
analysis, and evaluation. By centering the CAA around open-ended questions, students were encouraged
to engage deeply with the material, formulate their own responses, and think critically—key components
of HOTS.
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Moreover, choosing MMW as the course for implementing the CAA was a deliberate decision due to
its focus on mathematical language, symbols, reasoning, and problem-solving. These elements provided a
strong foundation for developing open-ended questions, which played a key role in fostering meaningful
learning experiences by encouraging students to reason, reflect, and articulate their understanding through
language (Evans, 2020; Monrat et al., 2022).
3.1.2.2 Development Phase
The development phase began with drafting the CAA's contents, consisting of NRPs. The CAA served
as a test bank of formative assessments divided into four modules for the Mathematics in the Modern World
(MMW) course: 30 NRPs each on mathematical language and symbols, deductive and inductive reasoning,
patterns, and recreational problems using mathematics. After the first draft, the modules underwent expert
validation. Five mathematics experts, all master’s degree holders teaching MMW, reviewed the modules to
ensure the problems and their intended purposes were accurately represented. Their feedback was
incorporated to refine the CAA's contents. Once finalized, the NRPs and their answers were encoded into
the system, allowing multiple correct answers and formats to capture diverse student responses. Specific
instructions and an overview of each module were also written and encoded at the start of the modules.
Some of the key features of the CAA include:
o Immediate Verification Feedback. Provided students with instant feedback on their answers, helping
them learn from mistakes and stay engaged. Correct answers included sample solutions for reference
in solving similar problems.

Immediate Verification Feedback Immediate Verification Feedback
for an incorrect answer: for a correct _answer with a
sample solution

s e o e . v e e s g .o s o e g 5

HE ANSWER IS WRONG t ? "

o Focus on HOTS Encouraged students to solve complex problems, think critically, and apply their
knowledge creatively.

o  Triple Attempt Qpportunities. Allowed up to three attempts per problem to encourage persistence,
resilience, and learning from errors, promoting a positive learning experience.
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First Attempt: Second Attempt:

S A e G316 T o A et 5

Third Attempt:

Question 10:

o Randomized Problems Order. Maintained student engagement by presenting the problems in different
orders during each practice session. This approach prevented memorization and fostered a deeper

understanding of the material.

o  Skip and Revisit Options. Allowed students to navigate the assessment flexibly, skipping a problem
after three failed attempts and revisiting it later. This prevented exhaustion and let them manage their

pace, focusing on areas of confidence.

Skip Option

—_— QUESTION
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o  Sequential Module Unlocking. Ensured that students mastered one topic before moving on to the next,
promoting a solid foundation of knowledge.

Only Module 1 is unlocked, while Modules 1 and 2 are unlocked, while
Modules 2 to 4 are still locked: Modules 3 and 4 remain locked:

MatHOTSanayan Studont

Modules 1 to 3 are unlocked, while
Module 4 remains locked: All Modules from1to 4 are unlocked:

o Unlimited Access to Unlocked Modules. Permitted continuous review and practice of completed modules
to reinforce learning, helping them solidify their understanding and prepare for summative assessments
at their own pace.

o  Automated Grading. Provided students with immediate feedback on their scores, saving time for both
students and teachers and allowing more focus on learning.

PN P -2
ONONO. :
e’

3.1.3 Evaluation Phase

This study adopted both approaches: quantitative methods were applied through expert validation
using rubric-based evaluation results, while qualitative methods were used to analyze user experience
through thematic analysis.
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3.1.3.1 Expert Validation

Expert validators evaluated the CAA's usability, functionality, and alignment with the intended
assessment objectives. Table 1 provides a summary of the expert validation results for different categories
evaluating the CAA, showing their mean scores, standard deviations (SD), and verbal interpretations.
Table1
Summary of Expert Validation Results for CAA

Category Mean SD Verbal Interpretation

1. Functionality 250 0.00 Works Well
2. Accessibility 290 0.14 Works Well
3. Technical 2.85 0.14 Works Well
4. Mobile Design 3.00 0.00 Works Well
5. Privacy, Data Protection,

. 293 0.00 Works Well

and Rights

6. Social Presence 1.60 0.15 Minor Concerns
7. Teaching Presence 220 0.18 Works Well
8. Cognitive Presence 3.00 0.00 Works Well

As shown in Table 1, the CAA was evaluated in terms of Functionality, Accessibility, Technical, Mobile
Design, Privacy, Data Protection and Rights, Social Presence, Teaching Presence, and Cognitive Presence.
The CAA's Functionality was evaluated in terms of Scale, Ease of Use, Tech Support/Help Availability and
Hypermediality. As shown in Table 1, the results indicate that the experts found the CAA, in terms of
Functionality, “works well”, as indicated by an overall mean rating of 2.50 (S.D. = 0.00). This suggested that
the experts believed the CAA served its intended purpose. The standard deviation of 0.00 indicated perfect
agreement among the experts, which means all the experts rated it consistently. In terms of Accessibility,
the CAA was evaluated based on accessibility standards, user-focused participation, required equipment,
and cost of use. As depicted in Table 1, the results indicate that the overall mean rating for the CAA's
Accessibility was 2.90 (S.D. = 0.14), which is interpreted as “works well.” This suggested that the experts
were convinced that the CAA was capable of supporting multiple learning approaches and fostering
engagement for all students. The standard deviation of 0.14 showed that there was minor variation in the
experts' opinions, which meant there was general agreement but slight differences in specific aspects of
accessibility.

The CAAs Technical aspects was evaluated in terms of integrating/embedding within an LMS,
desktop/laptop operating systems and browser, and additional downloads. An overall mean rating of 2.85
(S.D.= 0.14) was found for the CAA's Technical aspects, as shown in Table 1. This was interpreted as “works
well”, which means the experts were convinced the CAA had the basic technology needed to operate
effectively. The standard deviation of 0.14 suggested minor variability in expert assessments, which meant
while the experts were mostly in agreement, there were slight differences in their evaluations of the
Technical aspects.

In terms of Mobile Design, the CAA was evaluated based on access, functionality, and offline access.
However, the CAA did not support offline access, so this feature was rated as ‘not applicable’. The overall
mean rating for Mobile Design was computed by considering only the access and functionality features. As
can be gleaned from Table 1, the results indicate that the overall mean rating for the CAA's Accessibility
was 2.90 (S.D. = 0.14), which is interpreted as “works well.” The results showed that the overall mean rating
for Mobile Designwas 3.00 (S.D. = 0.00), which isinterpreted as “works well”. This suggested that the experts
unanimously agreed that the CAA could be effectively delivered using mobile devices. The perfect rating
and standard deviation of 0.00 indicated complete consensus among the experts.

In terms of Privacy, Data Protection, and Rights, the CAA was evaluated based on Sign Up/Sign in,
Data Privacy and Ownership, and Archiving, Saving, and Exporting Data. As shown in Table 1, the results
showed that the overall mean rating for the CAA's Accessibility was 2.90 (S.D. = 0.14), which is interpreted
as “works well.” The results showed an overall mean rating of 2.93 (S.D. = 0.15) for Privacy, Data Protection,
and Rights, which is interpreted as “works well”. This suggested that the experts believed the CAA met
important standards in privacy and data protection, which are essential for building user confidence and
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ensuring adherence to pertinent laws. The standard deviation of 0.15 suggested minor variation, which
meant there was overall consistency in ratings, but some slight differences regarding Privacy, Data
Protection, and Rights.

For the CAA's Social Presence, it was evaluated in terms of collaboration, user accountability, and
diffusion. As can be gleaned from Table 1, the results indicate that the overall mean rating for the CAA's
Accessibility was 2.90 (S.D. = 0.14), which is interpreted as “works well.” The results showed that the overall
mean rating for Social Presence was 1.60 (S.D. = 0.15), which was interpreted as “minor concerns”. This
indicated that the experts perceived potential shortcomings in the aspects that contribute to a safe and
trusting environment necessary for effective collaboration and teamwork. While there were some positive
aspects of social presence within the CAA, there were notable areas that required improvement. However,
it was important to note that the CAA was intended for self-regulated learning, serving primarily as a test
bank of formative assessments; thus, collaboration and teamwork were not applicable in this context. The
standard deviation of 0.15 suggested minor variability in expert opinions, which meant that most experts
shared similar concerns, but there were slight differences in how they viewed the importance of social
presence in this particular setting.

In terms of 7eaching Presence, the CAA was evaluated based on facilitation, customization, and
learning analytics. As depicted in Table 1, the results indicate that the overall mean rating for the CAA's
Accessibility was 2.90 (S.D. = 0.14), which is interpreted as “works well.” The results showed an overall mean
rating of 2.20 (S.D. = 0.18) for 7eaching Presence, which was interpreted as “works well”. This suggested
that the experts believed the CAA supported teaching presence. Although the rating suggested that the
experts' views were generally positive, there may still have been opportunities for further enhancements,
particularly in the customization aspects, to optimize the teaching presence in the CAA. The standard
deviation of 0.18 indicated slightly more variability in the experts' assessments compared to other
categories, which meant there was a broader range of opinions regarding teaching presence and potential
areas for improvement.

Finally, for the Cognitive Presence, the CAA was evaluated based on enhancement of cognitive
task(s), higher-order thinking, and metacognitive engagement. As shown in Table 1, the results showed an
overall mean rating of 3.00 (S.D. = 0.00) for Cognitive Presence, which was interpreted as “works well”. The
mean score of a perfect 3.00 reflected all experts confidence in the CAA's ability to enhance cognitive
tasks, HOTS, and metacognitive engagement. These elements aligned with the primary goal of the
researcher in the conceptualization and development of the CAA. The standard deviation of 0.00 indicated
complete agreement among the experts, which meant they unanimously believed the CAA effectively
supported cognitive presence.

The findings of this study were similar to those of Pamungkas and Widodo (2019) in their evaluation
of e-Learning Ecologies, where they also found that functionality, accessibility, technical, mobile design,
and cognitive presencewere all good or “works well”. However, there were differing findings in the category
privacy, data protection, and rights. In this study, these aspects worked well, whereas their study reported
minor concerns. Additionally, there were differences in social presence, in this study, social presence has
minor concerns, as it is important to note that the CAA in this study was intended for self-regulated
learning, serving primarily as a test bank of formative assessments. Hence, making collaboration and
teamwork less applicable in this context. In contrast, social presence worked well in their study. Moreover,
the category of feaching presence was not included in their study, while it is reported as working well in
this study.
3.1.3.2 User Feedback

As part of the evaluation phase, user feedback on the CAA ‘MatHOTSanayan’ was collected through
validated feedback forms from 15 students. Their responses offered valuable insights into the CAA's
usability, features, learning experience, and areas for improvement. Using thematic analysis, the feedback
was organized into four main themes and 11 sub-themes, reflecting students' experiences, challenges, and
perceptions of the CAA designed for NRP-solving.
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Theme I Usability and Accessibility of the CAA
Sub-theme 11: Ease of Navigation and Interface Design

The usability and accessibility of an e-assessment platform heavily depended on its ease of
navigation and the intuitiveness of its interface. The majority of the participants found ‘MatHOTSanayan’
user-friendly, citing its straightforward navigation and intuitive design. For instance, Participant 9 stated,

“MatHOTSanayan is user-friendly. The interface is simple and intuitive. You just need to select

the module, begin with module |, carefully read and understand the problems, attempt to solve

them, and enter your answer. It's easy to determine if your answer is correct or incorrect as

the website provides immediate feedback. Each module consists of only 30 questions, specific

to the module you are working on. Additionally, there is no requirement to show your solution,

so any method you use to arrive at the correct answer is acceptable. With four modules

covering different areas of mathematics MatHOTSanayan offers a diverse learning

experience.”
This comment underscored the CAA's simplicity, immediate feedback, and flexibility in problem-solving.

Participant 12 explained, “/ think overall it is user-friendly, it was easy to use and learn. All of

the needed tools are presented clearly and all of the tools you might need are arranged in a

manner that you won't have to think twice about where to click next. ...”

These responses supported the findings of Almuhanna et al. (2024), who found that students affirmed the
significance of having an easy-to-use e-assessment.
Sub-theme 1.2: Accessibility and Compatibility

Accessibility and compatibility across devices and settings were crucial for ensuring a seamless
learning experience. Participants consistently emphasized the convenience of using ‘MatHOTSanayan’ on
different devices. For instance, Participant 6 shared.

“It is user-friendly; it is easy to navigate and highly accessible using a cellphone and laptop,

from selecting a subject to taking the exam. The platform loads swiftly, too. ...”

This highlighted the CAA’'s compatibility with multiple devices, clear layout, and smooth user experience.
Similarly, Participants 12 and 14 highlighted MatHOTSanyan's responsive and user-friendly design, noting
its seamless usability and adaptability across desktop and mobile devices.

The participants’ responses confirmed one of the benefits listed by Sikurajapathi et al. (2020), which
was that students could access it at different times and from different locations. Similarly, Almuhanna et
al. (2024) found that students viewed the flexibility and convenience of taking the exam anytime and from
any location as one of the most significant advantages of computer-based exams.

Sub-theme 1.3: Technical Challenges

Despite the overall positive feedback, participants reported several technical challenges that
affected their user experience. These issues included occasional glitches, slow loading times, and problems
with the answer input format. For instance, Participant 5 expressed frustration.

“MatHOTSanayan was buggy when it initially released. The modules wouldn’t appear when

they did | couldn’t even submit them for a while. Sometimes, the images wouldn'’t even load,

so /| would have to abandon the attempt because there is no way for me to answer the question

unless ['ve already encountered it before and knew the answer. This would often happen when

1 am around 25 questions into the attempt which makes another attempt quite tedious and

annoying. ...”

Similarly, other participants, like Participants 1, 3, and 6, reported experiencing technical issues such
as missing or incorrect images, bugs, and glitches, often requiring page refreshes or starting over — leading
to frustration and suggesting the need for system improvements. These technical issues suggested that the
platform's functionality needed to be refined in order to improve user experience. This was in line with
findings from a study by Gunesekera et al. (2019), which highlighted that usability issues in e-learning
systems affected user satisfaction and relationships, resulting in a lack of user continuity.

Several participants also noted that even when their answers were correct, minor formatting
differences often led to incorrect submissions. For instance, Participant 2 shared: “7here were challenges
such as there are formats of answers, | just hope that the formats are even more broad or there are many
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so that our answers would get in right away. Sometimes even though | followed the format it still doesn’t
work.” While Participant 4 described as frustrating experience: “Despite knowing the right answer, most of
the questions in the last chapter would not accept the answer typed in even if it is essentially the same
thing. ...”

Participants 5, 11, 12, and 14 similarly expressed dissatisfaction with the platform's answer
recognition system, highlighting issues like the lack of flexibility in accepted answer formats, the difficulty
of inputting multiple answers in one tab, and the system's sensitivity to minor variations like spaces or
symbols, leading to confusion, frustration, and discouragement among students.

These issues with the input format highlighted the need for improvement in user experience design.
While the interface was generally perceived as accessible and straightforward, the precision required in
the answer box negatively impacted the overall usability. This observation aligned with research
highlighting the importance of user-friendly design in educational tools. Alqurni (2023) stressed that the
efficacy of an e-learning system heavily depended on how well-designed its user interface was and how
easy it was for students to use. The results also highlighted how a well-designed user interface guaranteed
that students could easily navigate the platform, keeping them focused on learning rather than
troubleshooting the interface.

Theme 2: Features and System Design
Sub-theme 2 I: Sequential Module Unlocking and Unlimited Access to Unlocked Modules

Students expressed mixed feelings about the system of sequential module unlocking — while some
appreciated its structured approach, others felt restricted by it. On the other hand, unlimited access to
unlocked modules was widely seen as a strong advantage. This balance between structure and flexibility
shaped participants' overall experience with the platform.

The majority of participants indicated that completing modules in a predetermined sequence helped
them maintain organization and focus, mastering one concept before moving on to the next. For instance,
Participant 1 explained:

‘I think that it did help me stay organized as | was able to focus all my attention on
mastering one concept instead of dividing it into various concepts that have different
content. Additionally, it helped me build foundational knowledge as the concepts or the
modules are arranged in a way that the first module could be beneficial in answering the
next one, and so on.”

Participant 2 echoed this sentiment and noted:

“Completing and submitting them in a predetermined sequence was nice because the
more that | engage with the modules consecutively, | learn more since / started from the
bottom and to the top. Learning really progressed. It helped me to stay organized because
as someone who had a shorter attention span and indecisiveness, it gave me no other
choice and it was more challenging (in a nice way) in a way that | know [ need to finish
this one in order to proceed.”

Similarly, Participants 3 and 6 emphasized how the step-by-step approach allowed them to focus
on one concept at a time, making it easier to build foundational knowledge and prepare for subsequent
topics.

Despite the perceived advantages, some participants encountered challenges, particularly when
they struggled with specific modules. Participant 10, for instance, expressed frustration: “Having the
moaules locked did not help me at all since | was stuck at the first module. ...”

This issue was also raised by Participant 11, who shared:

“.. But | think | am speaking for a lot of students when [ say that how it was made was
stressful. Since we were in a time limit crunch with a designated deadline (for us, it was
determined to be a module a day for four(4) consecutive days), it was stressful because it
takes a really long time to answer the module, around 1 and a half hours or 2. When you
fail the subject, you need to keep repeating and repeating the module when we have other
responsibilities to do in life..”
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Sub-theme 2.2: Self-Paced Learning and Autonomy

Participants highlighted the flexibility and convenience of personalized learning offered by the
platform compared to traditional methods. This self-paced approach allowed students to focus on their
individual learning needs and improve their understanding at their own speed. For instance, Participant 9
said: “... MatHOTSanayan allows me to learn at my own pace and focus on areas where | need improvement,
providing a more personalized and effective learning experience compared to traditional classroom
settings.”

Participant 6 added:

“Compared to pen-and-paper assessments, using the MatHOTS5anayan allows you to answer at

your own pace and even explains how to solve a problem. In the traditional learning method,

the solutions will enter and exit through the student's ear, and they might not remember it;

however, with MatHOTSanayan, you can copy it online. Of course, unlike the traditional

assessment, you can input your answer and eventually know if it's correct.”

Meanwhile, Participants 14 and 2 offered valuable insights into the platform's convenience and
personal impact, with Participant 14 focusing on how it could have improved their learning during the
pandemic and Participant 2 reflecting on the confidence and HOTS they had gained from using the platform.

These findings supported those of Kumari et al. (2021), who came to the conclusion that online
delivery and scheduling were more flexible.

Theme 3: Learning Experience and Skill Development
Sub-theme 3.1: Support for Non-Routine Problem Solving and HOTS

The platform had played a significant role in enhancing participants' critical thinking and problem-
solving abilities. Many participants shared how their exposure to NRPs challenged them to apply their
knowledge in diverse and creative ways. For instance, Participant 1 mentioned:

‘It definitely improved my Higher-order thinking skills as it exposed me to NonRoutine
Problems that require critical thinking. This challenged me to apply the methods or
knowledge that | have in various ways. It helped me deconstruct the problem info multiple
pieces of information before getting the correct answer to the whole problem It helped me
develop my skills in organizing information.”

Participant 9 added:

‘| believe MatHOTSanayan has improved my Higher-Order Thinking Skills (HOTS) by
challenging me to think critically and creatively when solving mathematical problems.
Rather than relying on rote memorization or simple calculations, the program encourages
me to analyze problems from different perspectives, apply logical reasoning, and develop
innovative strategies to arrive at solutions. This not only strengthens my mathematical
abilities but also enhances my overall cognitive skills.”

Several participants emphasized that the platform enhanced their problem-solving and critical
thinking skills. For instance, Participant 1 clearly conveyed their experience, stating: “4l/ / want to say is
that | had a positive experience with MatHOTSanayan. It really helped me improve my problem-solving
skills and critical-thinking abilities. ..”

Other participants also shared similar thoughts. Participant 3 highlighted how MatHOTSanayan
positively influenced their learning, particularly in solving NRP problems. Participant 6 emphasized how
the platform broadened their understanding of various non-routine problems and ways to solve them.
Finally, Participant 9 reflected on how MatHOTSanayan rekindled their interest in solving math problems,
improving their problem-solving skills and overall mathematical abilities.

Several participants emphasized the platform's support for creative thinking and reflection. For
instance, Participant 6 shared:

“Indeed, there have been instances where | became upset when | made a mistake, but | later
realized that | had misinterpreted the question. As a result, | carefully analyzed the problem,
and my reading comprehension improved Most importantly, my creativity has been
enhanced because you have to look outside the box and picture yourself involved in the
problem. My problem-solving ability was further developed by doing numerous trial-and-
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error problems. Finally, it helped with my memory since | could retake the test as many
times as | wanted, so | knew the answer once | knew the question.”

Participant 15 expressed their appreciation for the freedom the program provided in approaching
questions:

“By not giving me an instruction how to solve it like it allows me to understand each question
in my own understanding and came up with an answer based on what [ really thought is
right. It's not like computing or solving an equation where you apply specified formula to get
the answer it more like how | understand the question, so | really go beyond the concepts /
knew in the subject but rather being able to realize it's application in different approaches.
Additionally, giving me freedom to choose, like in completing the sentence where 2 are
unknowns, | am the one to decide which is which that | think will complete the sentence.
This questions really made me think what the right pair of all the possibilities is because
multiple pair of answers can be made but only one is actually correct that satisfy the
sentences once completed.”

Other participants echoed these sentiments. Participant 5 described how the programimproved their
HOTS and encouraged them to find more efficient or creative solutions rather than relying on repetitive
approaches. Similarly, Participant 13 reflected on how the program pushed their boundaries in problem-
solving, enabling them to think more clearly and develop efficient strategies through pattern recognition
and rule-setting.

These responses confirmed Pitorini et al (2024) findings that a PBL-based e-module combined with
Socratic dialogue had effectively enhanced students' critical thinking skills. Students who had utilized the
e-module demonstrated greater improvement in critical thinking than those who had not. Similarly, Elbyaly
and Elfeky (2023) discovered that the experimental group's development of critical thinking skills had been
positively and significantly impacted by a problem-solving program run on the Blackboard platform.
Sub-theme 3.2: Quality of Feedback and Guidance

The quality and immediacy of feedback provided by the platform played a crucial role in the
participants’ learning process. Several participants highlighted the benefits of receiving immediate
feedback. For instance, Participant 14 shared: “/mmediate feedback is beneficial for students who are self-
studying, especially in remote learning setups. It also provides iterative practice opportunities for the
questions | got wrong.”

Participant 2 added: “After you get the right answer MatHOTSanayan would show a guide strategy on
how they come up with that answer and for me it enlightens the students like me more.”

Participant 15 elaborated on how feedback improved their learning:

“By making me answer the question in my own way. | really solved every problem based on
what | think is applicable concept to it and solve it in my own approach. Then after answering
it correctly, the system will give a message on how it was solved which most of the time is
different in my own way of solving. With that, | able to learn different technigues that is
helpful in answering other questions where my own technique did not work for some reason.
Moreover, being able to know other techniques, | understand the concept more and able to
combine it with my own approach.”

These findings supported Yu and Cai's (2022) research on the importance of instant feedback for the
effectiveness of online learning. Their study demonstrated that immediate feedback was essential for
encouraging students to continue using the program and enhancing their engagement.

Sub-theme 3.3: Flexibility and Control

The platform's features provided students with greater control and flexibility over their learning
experience. By offering multiple attempts, the ability to skip and revisit questions, and a structured
sequence of modules, the platform empowered students to take ownership of their learning journey. These
features fostered persistence, experimentation, and self-paced learning, aligning with effective educational
practices that prioritize adaptability and deeper engagement.

Many participants appreciated the opportunity to learn at their own pace and reflect on their learning
strategies. For instance, Participant 7 shared their strategy for using the platform's features:
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‘I figured that there were two types of attempts | made while using the platform My initial
attempt for each module was experimental, serving as an approach to grasp the problems
through trial and error and using a solution | hastily made. The next attempt involves revising
my solutions to make them more effective. Thus, | found the reattempt feature for both the
items and the module itself quite useful.”

Participants 2 and 12 also expressed appreciation for the platform's supportive features. The general
sentiment indicated that the platform's flexible and interactive approach positively impacted their learning
outcomes by encouraging experimentation, reflection, and consistent goal-setting.

Several participants highlighted the value of the three-attempt feature in encouraging reflection and
deeper understanding. For instance, Participant 1 explained,

‘I think that the feature of offering three attempts to solve each problem before moving on
to the next problem actually encourages me to persist in solving the problem even if | am
having a difficult time solving it. Additionally, for every attempt that | made, it led me to
reflect on my answer and try to think of the mistakes or errors that | made which might
result in a deeper understanding of the problem It also allowed me to try different strategies
in answering the problem”

This sense of persistence and reflection was echoed by other participants. Participant 2 noted that
having multiple attempts made them more eager to solve the problem, while Participant 9 highlighted how
it enhanced their learning and encouraged them to explore different methods. Both found that with each
try, their understanding deepened, and their strategies improved.

These responses supported Wang et al. (2020), who argued that counting the number of times
students tried to answer a question correctly was a good way to gauge persistence propensity — the
tendency to keep trying despite difficulties. In essence, students were more persistent the more attempts
they made.

A few participants also reported a reduction in anxiety associated with problem-solving due to the
skip and revisit feature. For instance, Participant 8 stressed:

“This feature helped me get higher scores since it allowed me to redeem myself from skipped
questions with the additional knowledge / got from other questions. ...”

Participant 13 added: “.. /t makes me think of my mistakes, and answering correctly other questions
before revisiting them gives me a sort of confidence boost.”

Similarly, Participant 14 mentioned:

"There is a degree of learning reinforcements through revisiting those questions that /
initially skipped. On my end, | feel satisfied having given the chance to answer those
questions again. It gave me more time to think about it, as well as a refreshed perspective
on how to tackle the question.”

Moreover, many participants expressed that the predetermined sequence of modules helped reduce
feelings of overwhelm and stress. For instance, Participant 13 stated:

“... It helped me not be overwhelmed by the amount of work, and take all the time that | need
for each module. If all of the 4 modules was set to show | wouldn’t focus on mastering each
one rather | would focus on completing it. Giving me a short and attainable goal helped me
take that task one step at a time rather than feeling like a daunting big leap |/ have to take”

Similarly, Participants 12 and 15 expressed how focusing on one module at a time helped them stay
organized, avoid feeling overwhelmed, and take the time needed to master each topic.

The findings reflected the "spacing effect,” or "distributed practice," which described how gaps in
study sessions could enhance later memory retention (Emeny et al.,, 2021). Psychologists emphasized that
students were better able to remember information when it was presented across multiple sessions spaced
apart in time (Ellwood, 2021). Similarly, Emeny et al. (2021) discovered that students who engaged in spaced
practice outperformed those who practiced in large blocks on math assessments.
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Theme 4: Student Feedback and Suggestions for Improvement
Sub-theme 4.1: Constructive Feedback for Platform Enhancement

Participants provided constructive feedback and valuable suggestions for enhancing the
MatHOTSanayan platform. Their responses highlighted areas for improvement related to user-friendliness,
technical issues, interactive features, and answer formats.

A key area of improvement identified by participants was the platform's user-friendliness. For
instance, Participant 8 mentioned:

“I think MatHOTSanayan has a lot of potential to be an effective website that focuses on
sharpening people’s higher-order thinking skills; it just needs some improvements to make it
more user-friendly. ...”

Other participants shared similar thoughts. Participant 15 pointed out issues with how questions and
answer choices are displayed, suggesting clearer formatting for better readability. Participant 11
emphasized the website’s potential and encouraged refining it to better support students' learning, offering
constructive feedback for improvement.

Many participants also emphasized the need to address technical issues. For instance, Participant 1
suggested: “.. / do not have any particular suggestion for improvement except to fix those bugs.”

Participant 8 echoed this sentiment: “..For suggestions, | wish this technical difficulty be fixed.”

In addition to technical improvements, participants recommended incorporating interactive features

to enhance engagement. For instance, Participant 7 recommended:
“... | recommend adding a component below these problems, such as fillable boxes, to ensure the correct
format is maintained: gave an amount of Php. Another way, is to have item-specific instructions. / do think
this would require a lot of work since there are many items, but maybe it can only be applied to problems
that have longer answers. ...”

Several participants requested an auto-save functionality to prevent loss of progress. For instance,
Participant 8 suggested: “.. For suggestions, | wish there is an auto save feature just like in MS Forms and
Google Forms. ...” Similarly, Participant 12 recommended a save-progress feature to prevent frustration
from lost work, emphasizing how this would improve the user experience.

Participants also called for improvements in the answer format and feedback system. For instance,
Participant 8 suggested: “.. For suggestions, | wish there would be a provided example of the answer format
for students to follow:. ...” Similarly, Participant 15 proposed that when identical answers are input multiple
times, the system could offer hints or clarifications to improve communication and help users understand
what might be going wrong.

A few participants suggested adding hints and feedback after incorrect answers. For instance,
Participant 10 added:

“.. It would be better if the platform guided us through our wrong answers instead of

gatekeeping the information and allowing us to read the explanation right after we get it right.”
However, this suggestion contradicted the purpose of the CAA, which was a test bank of formative
assessments designed for non-routine problem solving. Providing hints in this context did not apply, as the
focus was on encouraging students to engage with complex, unfamiliar problems rather than relying on
immediate guidance.

Others echoed this sentiment, like Participant 6, who hoped for accessible solutions after answering,
and Participant 13, who proposed a separate tab with answers as hints for tackling similar problems.

This feedback reflects a key limitation of the CAA 'MatHOTSanayan,' which incorporated formative
assessments and was designed using this process. It did not offer conceptual support prior to the test,
limiting its application mainly to assessment rather than instructional purposes.

Sub-theme 4.2. Likelihood to Recommend

Many participants expressed appreciation for the interactive nature of the platform and its potential
for enhancing learning. For instance, Participant 1 shared:

“I would recommend MatHOTSanayan to a friend because it is actually a fun and interactive

platform that could enhance one's adaptive learning capabilities. The aspect that | find

particularly noteworthy is the feedback feature as one could possibly answer the problem with
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a diifferent solution than the one in the feedback exposing them to an alternative way of thinking

in problem-solving.”

Similarly, Participant 7 appreciated the answer key feature, which provided immediate access to the
“preferred” solution and helped them refine their problem-solving approach by identifying more efficient
strategies.

Some participants found the multiple-attempt feature and progress tracking particularly beneficial.
For instance, Participant 3 shared:

“l would recommend it to a friend because | know that this can significantly help them due to its
features. The ability to attempt problems more than one which allows more understanding of
concepts. The option to revisit questions and the sequential learning of MatHOTS5anayan is the
commendable aspects.”

Similarly, Participant 4 noted:

“l would, besides reviewing, it can also be helpful in passing time. The graphs by the end of the
quiz are amusing to look at since | could see my progress and how much | improved in between
attempts.”

These findings aligned with the study of Hughes et al. (2020), which emphasized that multiple
attempts at the "weekly participation task" gave students who would have otherwise struggled with
academic assessments a chance to succeed.

One notable benefit mentioned by participants was the absence of time limits. Participant 12 stated:
For instance, Participant 12:

“.. One of its standout features is the absence of a time limit. It allows me to take time to
understand and grasp the problem without feeling rushed. It reduces stress and pressure which
fosters a more relaxed and enjoyable learning environment.”
This response supported the findings of Zakaria et al. (2022), who found that students should have been
given extra time to finish tests and that time allocation should not have been overly strict in order to address
some unavoidable problems.

Despite these positive aspects, some participants were hesitant to fully endorse the platform due to
its perceived lack of conceptual support and usability issues in its early development. For instance,
Participant 5 remarked:

“.. | would only offer them the program if only for evaluation purposes alone because

MatHOTSanayan doesn’t have any modules to help the user understand fundamental concepts

and processes before they begin taking tests. While we were provided knowledge through our

MMW classes, MatHOTSanayan cannot stand on its own if it was released as is. Though, it is

beneficial because if the user doesn’t have as great of a higher-order thinking skill than he

thought he would have, he could improve it by taking the exam multiple times. ..”

This response contrasted with the definition of e-assessment provided by Kundu and Bej (2021), who
defined e-assessment as the process of creating, distributing, grading, and providing students with
feedback on diagnostic, summative, and formative assessments using a computer and/or the internet. The
CAA 'MatHOTSanayan,' designed for formative assessments, adhered to this process but was limited in its
application, focusing primarily on assessment rather than instructional purposes.

Participants also pointed out usability and design limitations as barriers to recommending the
platform. Participant 10, for instance, stated:

I would not recommend it to others given its early development. Changes must be made for it

to be user-friendly and be a platform that is a helpful tool to learn math.”

Participant 11 added: “/f/ will be completely honest, in its current state, | will not yet recommend it
to a friend”

These comments reflected participants understandable concerns and hesitations about
recommending the platform due to its current usability and design limitations. These responses aligned
with the findings of Zakaria et al. (2022), who reported that while students responded favorably to online
assessments, there were still many areas in need of improvement.
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Limitations

Despite its promising outcomes, this study had several limitations. First, the sample size for user
feedback was relatively small, involving only 15 students from three educational institutions, which may
limit the generalizability of the findings. Second, the study focused on non-routine problem-solving in the
context of Mathematics in the Modern World (MMW), and its applicability to other subjects remains
unexplored. Third, while expert validation provided valuable insights into content quality, usability, and
alignment with instructional goals, the study did not include long-term assessments of student
performance and retention. Fourth, the effectiveness of the CAA in enhancing Higher-Order Thinking Skills
(HOTS) and NRP-solving was not evaluated. It should be noted that the quality of students' HOTS could not
be properly assessed, particularly because their familiarity with using computers was limited. This lack of
familiarity may have further hindered their ability to effectively engage with the CAA, potentially affecting
their HOTS development. Lastly, minor technical challenges were noted, indicating the need for further
technical refinements to enhance system stability and user experience. Future studies could address these
limitations by expanding the sample size, exploring cross-disciplinary applications, conducting longitudinal
evaluations, and specifically assessing the impact of the CAA on the enhancement of HOTS and NRP-solving
skills through controlled studies and long-term tracking. Additionally, future research should consider
evaluating the quality of students' HOTS more thoroughly, ensuring that any limitations in students'
computer familiarity are addressed through targeted training or support, which could enhance their ability
to engage with the CAA and, in turn, foster the development of HOTS more effectively.

4. Conclusion

The needs analysis phase served as a critical foundation for identifying gaps and limitations in
traditional assessment methods and the potential of computer-aided assessment (CAA) to address these
issues. Through a comprehensive literature review, the study highlighted the importance of exposing
students to non-routine problems (NRPs) and the role of technology-enhanced assessments in fostering
higher-order thinking skills (HOTS), engagement, and performance. This analysis reinforced the need for a
specialized, innovative assessment approach that leverages technological advancements to overcome
challenges faced in contemporary educational practices.

The design and development phase of the CAA established a comprehensive and innovative
foundation, ensuring alignment with the course outcomes of Mathematics in the Modern World (MMW) and
fostering students' HOTS through engagement with NRPs. In the design phase, NRPs were integrated into
key topics like mathematical language and symbols, and problem-solving and reasoning, creating
opportunities for students to develop critical and creative thinking, as well as problem-solving abilities.
The emphasis on formative assessment and open-ended questions supported meaningful learning
experiences, encouraging students to articulate their understanding and explore multiple solutions. Careful
consideration in selecting the platform and the name of the CAA—called ‘MatHOTSanayan'—reflected the
study’s purpose of promoting consistent practice and deep cognitive engagement. The development phase
involved a careful and deliberate process, resulting in a thoughtfully designed assessment tool. The CAA's
four modules covered essential mathematical topics with a diverse range of NRPs, and its key features—
such as immediate verification feedback, automated grading, triple attempts opportunities, and skip and
revisit options—promoted active learning, resilience, and mastery of concepts. By integrating HOTS,
randomized problems, and unlimited access to unlocked modules, the CAA ensured continuous practice
and meaningful engagement, supporting individualized learning and preparing students to apply
mathematical principles in creative and critical ways.

The evaluation phase underscored the CAA's reliability as a digital assessment tool and a well-
validated, supportive educational resource, demonstrating its ability to support self-regulated learning
through a well-structured, user-friendly interface. Through expert validation and user feedback, the CAA
demonstrated commendable functionality, accessibility, and support for HOTS, particularly excelling in
mobile design and cognitive presence. Students' positive experiences with the intuitive interface, cross-
device compatibility, and immediate feedback further underscored the CAA's potential to foster
engagement and individual growth. While some technical challenges and minor design limitations were
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noted, these issues presented opportunities for future enhancements without undermining the platform's
overall stability and quality. With these improvements, the CAA holds significant potential for broader
adoption in online education, contributing to a more engaging, interactive, and accessible online learning
environment and student-centered learning experiences.

In light of these findings, future studies should assess the CAA's long-term impact on students
higher-order thinking skills and performance, its adaptability across disciplines, and its strengths
compared to other tools. Exploring adaptive learning and collaborative features could further enhance
personalized and interactive learning, refining the CAA as a transformative educational tool. Through these
efforts, the continued development of the CAA can maximize its potential to support meaningful, student-
centered learning and prepare learners for complex, real-world challenges.
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