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INTRODUCTION

Programming has become part of high school learning because students are increasingly asked
to work in settings that use digital technology. Learning programming does not stop at knowing the names
of languages or memorizing commands. Programming also helps students develop thinking, logical
reasoning, creativity, and problem-solving skills that can be used outside the programming classroom.
These skills matter not only for students who want to study computing but also for learners who will face
digital tools in further study, jobs, and daily life. Because of this, programming is linked to aims of digital
literacy and learning for the twenty-first century (Grover & Pea 2013; Lye & Koh 2014).

Despite how important programming has become, it is still one of the parts of school for many
students. Becoming good at programming is not just about knowing the rules or remembering what to
type. Students learn programming by trying things over, testing ideas, fixing mistakes, and thinking about
what they did. They build their understanding as they work on problems. So, the best way to teach
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programming is to create places where students can keep exploring, get help when needed, and keep
practicing all the time (Lye & Koh 2014; Sentence & Csizmadia 2017).

These instructional demands pose difficulties for resource-constrained secondary schools.
Access to computer laboratories, instructional resources, reliable internet, and enough classroom time is
limited, which stops students from taking part in programming activities. | feel that these constraints show
how important it is to find ways for students to learn outside scheduled classes while remaining feasible
with the resources already available in schools (Barikzai et al., 2024; UNESCO, 2023).

One instructional approach gaining attention is the use of web-based resources for learning
programming. These web-based resources give students access to lessons, coding tasks, and extra
learning activities. Web-based resources can help students practice coding outside of the classroom.
Web-based resources do not replace teacher-led lessons; instead, they add to classroom teaching. Web-
based resources support learning, reinforce concepts that students have already learned, and keep
students engaged with coding tasks (Anthony et al., 2022; Martin et al., 2020)

Although educational technology has been studied extensively in programming education, there
are few studies that examine how students feel they are learning when using web-based programming
tools in schools with limited resources. Current research often talks about using technology, how good
the software is, how effective the teaching is, or how good the system is. There is not as much focus on
what students think about their learning in real classroom settings. Knowing what students think helps us
understand how they experience learning with technology and how these tools can support education in
places where learning opportunities are limited (Alghamdi, 2025; Fodouop Kouam, 2025).

This study looks at how students feel about what they learn when they use a programming learning
tool in schools that don't have much money or resources. It specifically examines how students perceive
their grades and how involved they feel in their learning. It also looks at how students feel about the
learning tool and how that connects to what they think they have learned. By looking at what students go
through while learning, rather than just how good the software is, the study aims to provide information
that helps with teaching programming using technology in education and how teachers teach in schools
that don't have much money or resources.

Research Questions

The study was designed to make sure that the goals of the research, the questions in the survey,
and the way the data was analyzed were all clearly connected. To do this, the study followed four research
questions.

1. What do students think about their academic performance after using the web-based programming
learning resource?

2. How do students feel about their level of engagement after using the web-based programming
learning resource?

3. Is there a connection between how students rate the web-based programming learning resource and
how they see their academic performance?

4. s there a connection between how students rate the web-based programming learning resource and
how engaged they feel in their learning?

These questions shape learning outcomes as having parts. Academic performance looks at how
students feel about their growing skills and their ability to finish work that involves programming, while
engagement looks at how students focus on feeling curious, getting motivated, and feeling happy while
learning. This difference matters because learning to program requires both cognitive work and sustained
engagement. A resource may be easy to use but still not push students to keep practicing; on the other
hand, an engaging resource may still not be enough if its activities do not help students learn real
programming. Looking at both performance and engagement together gives a clearer view of how
students experience the resource.

Focusing on schools with limited resources also puts the study into a real-world teaching setting.
When usual lab equipment or extra in-person practice is hard to get, a web-based resource can serve as a
learning opportunity instead of a full substitute for classroom teaching. This view aligns with research
that emphasizes student activity, teacher presence, and effective lesson planning in mixed learning
settings (Martin et al., 2020; Rapanta et al., 2020). The web-based resource also shows that technology
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alone does not ensure learning. The worth of a web-based resource depends on how the resource's
activities are set up, how students interact with the material, and how the web-based resource is woven
into the teaching.

Accordingly, the present study does not treat the learning resource as a technological
intervention. Instead, it examines how students evaluated their learning experience with the learning
resource and whether favorable evaluations were associated with more favorable views of academic
performance and engagement. This approach is especially suitable for an investigation in schools with
limited resources because it records students’ real experiences with learning resources in a genuine
classroom setting. The findings can therefore give evidence to teachers and curriculum developers while
also pointing out issues that future studies should examine using objective achievement measures or
experimental designs.

METHOD

Research Design

A quantitative correlational research design was employed to examine the relationship between
students' evaluation of the web-based programming learning resource and their perceived learning
outcomes. This design was appropriate because the study sought to investigate naturally occurring
relationships among variables without manipulating the instructional environment or introducing an
experimental treatment.

Participants

The participants consisted of Senior High School students enrolled in the Information and
Communications Technology strand at selected resource-constrained secondary schools. All participants
had experienced the use of the web-based programming learning resource during programming instruction
and were therefore able to provide informed evaluations of their learning experiences. Purposive sampling
was employed to select students who met the inclusion criteria.

Research Instrument

Data were gathered using a questionnaire designed to examine the study's focus. The tool
included information about participants' thoughts on the online programming tool and on their learning
outcomes, performance in school, and level of involvement. The answers were given on a four-point scale,
and a higher number indicated a positive opinion.

Validity and Reliability of the Instrument

The tool used for the research was checked by experts in technology, programming, and research
methods. Their thoughts and ideas were considered and used to improve the tool. The tool was tested
with people who were not part of the study. The tool’s reliability was checked using Cronbach'’s alpha. The
part about learning results had a reliability score.

Data Collection Procedure

Prior to data collection, the necessary permissions were obtained from the appropriate school
authorities. Participants were informed of the objectives of the study and the voluntary nature of
participation. After providing informed consent, respondents completed the questionnaire after using the
web-based programming learning resource. Completed questionnaires were reviewed for completeness
and prepared for statistical analysis. Figure 1 presents the sequence of the study from participant
selection through instrument validation, data collection, statistical analysis, and interpretation.

Statistical Treatment of Data

Descriptive statistics, including frequencies, percentages, and means, were used to summarize
respondents’ demographic characteristics and students' perceptions of academic performance and
student engagement. Pearson Product-Moment Correlation was employed to determine the relationship
between students' evaluation of the web-based programming learning resource and their perceived
learning outcomes.
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1. Participant Selection

!

2. Instrument Development and Content Validation

!

3. Pilot Testing and Reliability Assessment

!

4. Data Collection

!

5. Data Preparation and Screening

!

6. Descriptive Statistics and Pearson Product-Moment Correlation

!

7. Interpretation of Findings
Figure 1. Research Methodology Flowchart

Ethical Considerations

Ethical principles were followed during the study. People taking part were told what the research
was about. They chose to take part on their own. They gave their permission before any information was
collected. Names or any personal details were not included in the data. Results were shared as a group,
not about any one person. This was done to keep the people in the study safe and to protect their
information.

RESULTS AND DISCUSSION

The findings focus on students' perceived learning outcomes associated with the use of the web-
based programming learning resource. Descriptive statistics in Table 1 summarize students' perceptions
of academic performance and student engagement, while Pearson Product-Moment Correlation
examines the relationship between students' evaluation of the learning resource and their perceived
learning outcomes.

Taken together, the results address the study's four research questions. The descriptive findings
indicate generally favorable perceptions of both academic performance and engagement, while the
correlation analysis indicates that more favorable evaluations of the learning resource were associated
with more favorable perceptions of both outcomes. Because the design is correlational and the measures
are self-reported, these results should be understood as evidence about students' perceived learning
experiences and associations among variables, rather than as evidence that the resource caused changes
in achievement or engagement.

Table 1. Descriptive Statistics for Students' Perceptions of Academic Performance

Perception Indicator Mean
Demonstrated mastery of fundamental programming concepts 3.80
Demonstrated improvement in programming-related assessments 3.72
Completed practical programming activities according to expected 378
standards '
Completed programming tasks within the expected time frame 3.75
Demonstrated logical reasoning and solution accuracy 3.77
Overall Mean 3.76

Note. Responses were measured using a four-point Likert scale ranging from 1 (Strongly Disagree) to 4
(Strongly Agree). Higher mean scores indicate more positive perceptions of academic performance.

Students gave feedback on every measure of academic performance. The high average scores
show that students saw the learning resource as helping them grasp programming concepts, boosting
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their confidence when doing programming tasks, and supporting their learning in class. These results
show how students feel about their learning experiences, not the academic achievement.

The overall mean of 3.76 stands out because it reflects responses across many aspects of
programming performance, not just a single area. The rated part was mastery of fundamental
programming concepts with a mean of 3.80. This was followed by completing programming activities
according to expected standards, which had a mean of 3.78. Reasoning and solution accuracy came next
with a mean of 3.77. Completing programming tasks within the expected time frame had a mean of 3.75.
The lowest rating was for improvement in programming-related assessments, at 3.72.

The values are very close to each other, which means there wasn't a difference between how
students rated each part. It suggests that students saw the resource as helpful in supporting connected
areas of learning. They did not think one aspect was much better or worse than the others. Instead, they
felt the support helped them in a way across most parts of programming performance.

The highest mean for mastery of programming concepts may suggest that the resource was
especially helpful in reinforcing ideas students learned during instruction. In programming education,
basic concepts form the foundation for skills such as problem decomposition, logical reasoning, syntax,
and program development. When students can access examples and practice activities outside of class,
they have opportunities to go over the material at their own pace. This supports the idea that learning
programming involves repeated use and solving problems, not understanding (Lye & Koh 2014; Grover &
Pea 2013). Still, this result reflects how students feel about their mastery, not an actual test score or direct
measure of their programming ability.

The mean of 3.78 for completing practical programming activities is also important in a resource-
constrained context. Programming competence cannot be developed through conceptual explanation
alone; students need opportunities to write, inspect, revise, and test programs. A web-based learning
resource can extend these opportunities when students have access to a suitable device and an internet
connection, allowing practice to continue beyond the limited time available during classroom activities.
The result therefore supports the resource's role as a complement to classroom instruction. It does not,
however, establish that students completed more activities than they would have without the resources,
because the study did not include a comparison group or objective usage records.

The average score for reasoning and solution accuracy was 3.77. This finding is important
because programming tasks ask students to turn problems into steps of action and to find mistakes in
their work. The feeling that students had support for their reasoning suggests that they saw the activities
as requiring them to solve problems actively, not just remember things. This idea aligns with what is known
about how programming helps develop thinking, especially in areas such as breaking things down,
considering the big picture, and creating steps to solve problems (Grover & Pea 2013; Lye & Koh 2014).
Again, the right takeaway is that students felt they improved or got help in this area. The study did not
actually check if their ability to think computationally changed.

The lower-yet-still-good average score of 3.72 for improvement in programming-related
assessments should not be ignored. It suggests that students liked the resource for learning and practice
but were less sure about using that experience on formal tests. This difference can help shape teaching
plans. When a resource is mainly used for examples and practice, teachers might need to add activities
that mirror the classroom tests in structure and cognitive demands. Practice should then move from
guided examples to problem-solving, providing opportunities for formative feedback before students take
formal tests. This approach aligns with the ideas of alignment and purposeful learning activity (Biggs &
Tang, 2011).

Similarly, the average of 3.75 for finishing tasks within the expected time frame shows that
students think efficiency is good, but not perfect. Programming problems often need fixing. Students
might take time to figure out why a program doesn't work as it should. If teachers see completion as just
a problem, they can use this result to create step-by-step tasks, provide debugging hints, and gradually
remove support. In settings like this, such choices can be very helpful because they allow students to use
the time given for instruction.

Overall, the performance results show that the resource was seen as helpful across basic
knowledge, doing practical activities, thinking logically, finishing tasks, and doing assessments. The
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similar average scores make it clear that students viewed the resource as a learning aid, not just for one
kind of activity. This aligns with research indicating that learning environments can help students feel they
are learning when they experience good interaction, clear structure, and active participation (Kuo et al.,
2014; Martin et al., 2020). For this study, though, the strongest idea is that students thought they learned
well after using the resource.

Table 2. Descriptive Statistics for Students' Perceptions of Student Engagement

Perception Indicator Mean
Learning activities were more interesting 3.83
Multimedia elements maintained attention during learning 3.88
Motivated to explore programming topics beyond classroom requirements 3.75
Participated more actively in programming learning activities 3.80
Learning experience was enjoyable and satisfying 3.85
Overall Mean 3.82

Note. Responses were measured using a four-point Likert scale ranging from 1 (Strongly Disagree) to 4
(Strongly Agree). Higher mean scores indicate more positive perceptions of student engagement.

Students likewise reported positive perceptions of engagement shown in Table 2. The
consistently favorable ratings indicate that respondents viewed the learning resource as encouraging
active participation, sustaining attention during programming activities, and increasing interest in learning
programming concepts.

The average level of engagement was 3.82, which was a bit higher than the average level of
academic performance, which was 3.76. Even though the difference should not be taken seriously, it
shows that students might have felt the resource was especially good at making programming activities
more interesting and more engaging. Engagement is a result, in programming education because students
are supposed to keep going through trial and error fixing mistakes and revising their work. If students stop
paying attention when a program does not work, the chances of building programming skills are lessened.
On the other hand, staying focused and wanting to take part can lead to more chances to practice and get
help.

Among the engagement indicators, multimedia elements maintaining attention received the
highest mean (M = 3.88), followed by the learning experience being enjoyable and satisfying (M = 3.85),
learning activities being more interesting (M = 3.83), active participation in programming learning
activities (M = 3.80), and motivation to explore programming topics beyond classroom requirements (M =
3.75). The ordering suggests that the resource's immediate presentation and activity characteristics were
especially well received. Students appeared to value how content was presented and experienced, while
the somewhat lower mean for extending learning beyond classroom requirements suggests that sustained
voluntary exploration may require additional instructional supports.

The score of 3.88 for multimedia elements and attention is in line with the principle that
well-designed multimedia can aid learning by combining ways to present information while preventing
overload (Mayer, 2021; Clark & Mayer, 2016). In programming education, chosen visual explanations,
examples, demonstrations, and interactive parts can make abstract steps more concrete. The high score
does not mean that more multimedia is automatically better. Rather, this result shows that students found
the multimedia elements in this resource useful for keeping students focused. Therefore, learning design
should emphasize relevance, clarity, pacing, and alignment between media and the programming concept
being taught.

The average score of 3.85 for enjoyment and satisfaction shows that students’ experiences were
mostly positive. Enjoyment can help students want to keep doing an activity. It should not replace learning.
A programming resource should be enjoyable because it makes meaningful practice easier to approach,
not because it takes away the challenge of programming. The mix of engagement and good academic
performance views in this study is therefore encouraging; students seemed to find the learning activities
engaging while also seeing benefits for programming performance.

The average score of 3.75 for exploring programming topics beyond what was required in class
was the level of engagement, even though it was still positive. This could mean that the resource helped
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students stay engaged while doing their assigned work but didn't do well in encouraging them to learn on
their own. Teachers might respond by adding challenges, extra problems, small projects, or questions that
get students to use what they learned in ways that matter to them. These kinds of activities can help move
engagement from doing what is required to learning on their own. This aligns with the idea that school
engagement has components such as what students do, how they feel, and how they think (Fredricks et
al., 2004).

The 3.80 mean for active participation is particularly relevant to resource-constrained schools
because the instructional value of a web-based resource depends on students' interaction with it. Passive
exposure to pages or videos may be insufficient for programming learning. Resources should therefore
require students to predict outputs, modify code, solve short problems, diagnose errors, and explain their
reasoning. Active learning design can make limited access time more productive by giving each interaction
a clear learning purpose.

Overall, the engagement results show that students found the resource interesting, supportive of
attention, motivating, engaging, and satisfying. | think these findings strengthen the idea that engagement
should be considered alongside perceived performance when evaluating technology-enhanced
programming instruction. A resource that students are willing to use and interact with helps build a
foundation for repeated programming practice. This is more effective than a resource that's technically
available but difficult to navigate or not engaging. Still, the results in this study reflect perceived
engagement rather than actual behavior. Future studies could make the evidence stronger by looking at
the frequency of logins, time spent, on-task completion rates, or classroom observations.

Table 3. Correlation Between Students' Evaluation of the Web-Based Programming Learning Resource
and Their Perceived Learning Outcomes

Variables Pearson'sr  Strength of Association p
Learning Resource x Perceived Academic 0.81 High Positive < 05
Performance
Learning Resource x Perceived Student 0.79 High Positive < 05
Engagement

Note. Pearson Product-Moment Correlation was used to examine the relationship between students’
evaluation of the learning resource and their perceived learning outcomes.

The correlation analysis in Table 3 revealed positive and statistically significant associations
between students' evaluation of the web-based programming learning resource and both dimensions of
perceived learning outcomes. Students who reported more favorable evaluations of the learning resource
also tended to report more positive perceptions of academic performance and student engagement. Given
the correlational nature of the research design, these findings indicate an association between the
variables rather than a causal relationship.

The correlation, r = .81, between how students evaluate the learning resource and how they
perceive their performance is strong and positive. In terms of students, those who rate the learning
resource more favorably also tend to rate their academic performance more favorably. The strength of
this association matters because it ties students’ appraisal of the resource to a learning outcome, not just
to satisfaction. It suggests that students’ experiences of clarity, usefulness, accessibility, and
instructional value may be closely related to how students perceive their programming performance.

The correlation of r = .79 between evaluation of the learning resource and perceived student
engagement is likewise high and positive. This indicates that favorable evaluations of the resource tended
to occur alongside stronger perceptions of participation, attention, interest, motivation, and satisfaction.
The magnitude is slightly lower than the academic-performance correlation, but the difference is small.
Both coefficients therefore point to a consistent pattern: students who viewed the resource positively
tended to report positive learning experiences across both performance and engagement dimensions.

These relationships can be seen through how a web-based learning resource teaches. When
learning materials are organized clearly, when activities are at the right level of challenge, and when
students can interact with content in many ways, the learning resource becomes more useful and easier
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to use. Students who find the learning resource are then more likely to put effort into programming practice
and see larger progress. Earlier studies on learning have also highlighted how interaction, learning activity,
and the presence of an instructor shape learning experiences (Kuo et al. 2014; Martin et al. 2020; Rapanta
et al. 2020). This study takes that idea further by looking at programming learning in schools that do not
have many resources.

Do not read the correlations as proof that the learning resource caused the reported outcomes. A
correlation of .81 does not mean that the learning resource gave an 81 percent boost in performance, nor
does it prove a causal link. The variables may be linked because students who are already more motivated
or confident also rate the learning resource favorably. Other factors, such as teachers' support, prior
programming experience, access to devices, internet reliability, peer support, and personal learning habits,
may also add to the pattern we see. Because the study used a correlational design and self-reported data,
claiming causation would go beyond the evidence we have.

The two important relationships still hold value. They show that students’ views of learning
resources are not separate from the goals schools aim to achieve. If teachers and schools want students
to take an active part and feel they are making progress in programming, the design and ease of use of
learning materials must be considered. The findings support a method in which online materials are
carefully integrated with classroom teaching, structured practice, feedback, and assessment. These
materials should not just be offered as a storage of content.

The results also match what the study was focused on, which is places with resources. In these
kinds of situations, the main question is not whether online learning is always better than classes, but
whether a well-designed digital tool can offer helpful additional opportunities when regular materials are
not available. The good links found here show that students saw the tool as something that added value
to their lessons. This idea goes along with research into using technology in countries that don't have a
lot of money or tools. That research says that how technology is used and how the lessons are set up are
just as important as having the technology itself (Barikzai et al., 2024; Barrot et al., 2021).

Students' Perceptions of Academic Performance

The positive perceptions of performance show that students saw the web-based programming
learning resource as a useful addition to classroom teaching. Programming is a skill-based subject where
learners become proficient by practicing ideas, conducting experiments, and solving problems. In schools
with limited supplies, tools that let students review lessons, strengthen classroom work, and practice on
their own can extend learning opportunities. This view is consistent with studies highlighting the
importance of technologically supported learning environments in providing opportunities for continued
learning (Anthony et al., 2022; Martin et al., 2020).

The way people respond also suggests that the resource might have reduced one teaching
limitation: the time students have to practice repeatedly. Learning to program often follows a cycle where
students try a solution to find an error, check the result, fix the code and try again. A website-based tool
can help with this cycle by providing examples and tasks students can revisit. This kind of flexibility is
especially important when class time is short or when lab access is shared. But the tool needs to be
designed so that practicing over and over again has a real purpose. Just adding exercises might not help
if the tasks are the same each time, poorly arranged, or not tied to what the course is trying to teach.

From the perspective of how learning is structured, the results suggest that activities should start
with basic ideas and then progress to more real-world programming challenges. Early tasks can include
solved examples to support practice, while later tasks can ask students to solve problems on their own
and fix errors. Feedback needs to do more than say if an answer is right or wrong. It should also explain
why an error happened and how a student can fix it. This kind of support can help students move from
recognizing programming ideas to using them independently, which aligns with the general idea of
ensuring that what is taught and what is learned fit together well (Biggs & Tang 2011).

Students' Perceptions of Student Engagement

The positive perceptions of student engagement show that students considered the web-based
programming learning resource supportive of participation and involvement during programming
activities. Engagement is especially important in programming education because learning to program
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requires sustained attention, persistence, and repeated interaction with complex tasks. The findings are
in line with the idea that learner engagement is a multi-dimensional construct that involves behavioral,
cognitive, and emotional participation (Fredricks et al., 2004).

The engagement findings also have implications for how teachers introduce and use the resource.
Engagement is unlikely to be sustained if digital activities are assigned without explanation, monitoring,
or feedback. Teacher presence remains important in blended environments because students may need
clarification, encouragement, and help interpreting errors. Rapanta et al. (2020) emphasized the role of
learning activity and teacher presence in teaching, while Martin et al. (2020) highlighted the diversity of
design and implementation factors that shape online learning. In this context, the resource is therefore
best understood as part of a teaching system in which teachers guide students before, during, and after
digital activities.

The lower rating for motivation to explore beyond classroom requirements provides a design
signal. The resource appears capable of engaging students during learning, but independent extension
may require additional features or pedagogical strategies. Teachers can build on the existing engagement
by introducing optional challenge levels, project-based tasks, programming puzzles, and opportunities for
students to create simple applications connected to real-life contexts. These approaches may help
transform short-term interest into cognitive engagement and self-directed practice.

Relationship Between the Learning Resource and Students' Perceived Learning Outcomes

The study found that students who evaluated a web-based learning resource also tended to report
better learning outcomes and greater engagement. This suggests that when students have experience
with a learning tool, they are more likely to feel they are learning well and staying involved. These results
show that examining how learners feel about technology is part of understanding how it works in
education.

Limitation of the Study

However, because the study used a particular design and relied on self-reported data, we cannot
say for sure that the learning resource led to better performance. The connections seen may be due to
other factors. For example, students who already feel confident might rate the resource highly. Also do
well. Those who put in more effort might both use the tool more and improve at it. So, while there is a link,
we can't claim causation based on this research.

One idea is that usefulness and experience feed each other. If a student finds a resource that is
easy to understand and manage, they may use it often. As they practice more, their success could make
them believe the tool is helpful. This back-and-forth relationship is logical. The current study does not
prove it. We only know there is a connection, not whether one thing causes the other or if something else
links them.

Recommendations

Future studies could explore patterns. For instance, does student engagement act as a step
between the quality of the resource and actual achievement? Could prior knowledge affect how students
respond to the material? Answering these questions would help us better understand what makes a
learning tool effective.

The strong correlations also remind us that evaluating technology should include the learner’s
point of view. Just because a tool works technically loading and having correct content—does not mean
it helps students learn. If explanations are unclear, activities seem pointless, or feedback is unhelpful,
even the best tech fails. On the other hand, if students find a tool engaging and useful, they are more likely
to use it regularly. That means student perception must be part of any evaluation along with real test
scores, usability metrics, and teacher input.

This is especially true for schools with resources. When schools invest in technology, they need
to match it with teaching needs. A web-based resource can be very useful if it fills a gap—for example, by
offering practice or structured lessons that are hard to deliver otherwise. The positive findings in this
study support that idea. They don't mean every online tool will work the same way. The results suggest
that choosing and designing tools carefully matters. It's not enough to have technology; it has to fit the
learning goals and meet students where they are.
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Comparison with previous literature

The results match studies that show designed technology-based learning spaces can provide
good opportunities for learning and student interest. The average academic performance score of 3.76
indicates that students found the online programming tool helpful for learning programming. This result
is consistent with the findings of Anthony et al. (2022) on the positive contribution of blended learning to
students’ learning experiences and outcomes. Martin et al. (2020) also found that blended and online
learning spaces can offer learning opportunities when lessons are well planned. In the area of
programming, Lye and Koh (2014) and Grover and Pea (2013) also found that repeated practice, problem
solving, and applying what you learn help build programming and thinking skills. This study adds to that
conversation by looking at students in schools with few resources.

The engagement results also match research. The average engagement score of 3.82, along with
a score of 3.88 for multimedia keeping attention, shows that students found the tool interesting and fun
to use. This aligns with learning research indicating that learner involvement, interaction, and teacher
support are important for good learning experiences (Kuo et al., 2014; Martin et al., 2020; Rapanta et al.,
2020). The results also align with the concept of engagement in Fredricks et al. (2004), where behavior,
feelings, and thinking all matter in student participation. However, the lower score for motivation to
explore programming of class (3.75) adds something new: a tool can help with classwork but not always
push students to keep learning on their own.

The correlation results agree with studies but also give new details. The strong link between how
students rate the learning tool and how they see their learning (r =, p < .05) matches research showing
that students think the tool is useful, interactive, and has good lessons that help them learn (Kuo et al.,
2014; Ashill, 2016). The link with engagement (r = .79, p < .05) also aligns with studies showing that online
learning tasks and teacher support keep students engaged (Martin et al., 2020; Rapanta et al., 2020). What
this study adds is information from resource-rich schools, where students may have fewer opportunities
to practice than those in better-resourced places.

Still, the results should be looked at differently than in other studies. This study used self-reported
feelings, so it can't prove the learning tool caused the results. The results add to what's already known,
but only at the level of how students feel about learning. They don’t show the tool works. This difference
is important when comparing to studies that use tests, experiments, or follow students over time.

Implications for learning design

The findings point to principles for designing web-based programming learning resources for
secondary schools with limited resources. First, the content should be built around programming skills
and the goals of the course. Students liked how well they understood concepts, showing that clear
explanations and organized practice are useful. However, the lower scores on assessment-based
questions indicate that the activities must also align with the tests that will be administered. Thus, learning
goals, examples, practice problems, and tests must flow together, not stand alone.

Second, the resource must focus on programming practice. Students should be asked to guess
what a program will do to change code, spot mistakes, build solutions, and explain why they did what they
did. Short activities are especially helpful when devices or internet are not always available because they
let students learn in windows. When possible, the activities should give feedback, so mistakes become
chances to learn, not just signs of failure.

Third, multimedia must have a purpose. The highest engagement scores came when multimedia
kept attention. That means people liked multimedia. Designers should not add media just for looks.
Explanations, diagrams, demos, and other media should tie directly to programming ideas. Do not overload
the mind. This follows multimedia learning rules that stress clarity, signal breaks in content, and match
words with pictures (Mayer, 2021; Clark & Mayer, 2016).

Fourth, the resource must accommodate students’ diverse backgrounds and learning paces.
Guided examples help beginners; optional extra tasks can challenge those who move faster. The highest,
though still lowest, engagement score came from topics outside the class (M = 3.75). That shows an
opportunity to boost learning with extra tasks, project ideas, and more open programming challenges that
grow step by step.
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Finally, the design should view the web resource as a helper to teachers, not a replacement.
Teachers can explain activities, spot misunderstandings, give feedback, and link work to class projects.
In resource-rich places, this mixed role is even more important because students’ access can vary. So, the
resource should be flexible, with activities that still matter when students have internet or only short online
time.

Implications for Curriculum development

Researchers notice that at the curriculum level, the results show that structured digital learning
resources should be a part of programming instruction rather than optional extras that are not linked to
curriculum outcomes. Curriculum planners can match web-based activities to competencies, performance
standards, and assessment criteria. This mapping helps ensure that technology use directly supports the
intended learning outcomes of programming courses.

The researchers also see that programming curricula need repeated chances for application.
Students gave views across concept mastery, practical activities, and logical reasoning, which shows the
importance of learning sequences that go beyond introductory explanations. Curriculum planners can add
practice, debugging tasks, small projects, and authentic problem contexts so that students keep applying
programming concepts in many situations. This fits with the role of programming in developing thinking.

Equity is another point. A digital curriculum that assumes high-speed connectivity or one device
per student may unintentionally leave behind learners in resource-constrained schools. Instead, resources
should be checked for accessibility, bandwidth requirements, device compatibility, offline or low-
bandwidth options, and the amount of teacher support required. Research on e-learning in emerging
economies shows that local conditions shape success. The curriculum must therefore state not which
digital resources to use but also how they can work under different resource settings.

Finally, curriculum evaluation should use sources of evidence. Students’ perceptions are valuable
because they show whether learners find a resource engaging, but curriculum decisions must also
consider objective programming assessments, completion data, teacher observations, and long-term
learning outcomes. Combining these sources provides evidence to decide whether a resource should be
scaled across schools.

Implications for educational policy

The findings matter for policy because access to quality programming education is increasingly
about having the right digital learning opportunities. For schools that don't have money, policy should go
beyond just giving out devices or internet access without also providing good teaching materials. A lasting
digital learning plan should consider how infrastructure, teacher skills, curriculum fit, content quality,
technical support, and student access work together.

Policymakers might also consider establishing design and accessibility rules for online
programming resources used in public schools or schools with limited resources. These rules involve
working with devices that are easy to find, using internet connections efficiently, having clear ways to
move around content, making it easy to understand, including activities that help students learn, and
making sure the material matches what students are supposed to learn. These rules would help schools
choose resources based on how useful they are for learning, not just how new or complicated they are.

Teacher training is another part of policy. For learning to work well, teachers need to know how
to include online activities in their lessons, understand student performance data, give feedback online or
in a mix of online and in-person ways, and change activities when the internet or devices are not available.
Spending on teacher training can help make the most of the technology already in place. Policy should
see teacher training as part of digital learning, not as something only considered after everything else.

The study also supports policies that prioritize fairness in learning. UNESCO (2023) says that
technology in education should be viewed in terms of access, management, and learning goals. For
programming education, fair access means more than being able to open a website. It also means having
opportunities to practice coding, get help, and do meaningful tasks. Policies that support low-bandwidth
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options, times when students can use school computers, sharing devices, and content that fits the
community may help close the gap between schools that have more resources and those that have less.

Limitations

The researchers think these limits show that we need to be careful when reading the results.
Several limitations need to be considered when interpreting the results. First, this study used a
correlational design. The strong links found between students' ratings of the learning resource and their
perceived learning outcomes suggest a connection, not that one caused the other. We cannot say that the
resource alone led to better performance or engagement among students.

Second, this study relied on self-reported questionnaire responses. Perceptions give information
about students’ experiences, but students’ perceptions may differ from objective measures of
programming competence or observed engagement. Students may also be influenced by students’
expectations, experiences or students desire to provide favorable responses. Future studies can
strengthen the evidence base by combining questionnaires with programming assessments, activity logs,
observations, interviews, or performance-based tasks.

Thirdly, the participants were Senior High School students in the Information and Communications
Technology strand from selected resource-constrained schools. Selecting these participants limits the
extent to which the findings can be generalized to all secondary students, schools, or educational
contexts. Differences in curriculum, teacher preparation, infrastructure, prior programming experience,
and student characteristics may yield different results in other settings.

Fourth, this study did not include a comparison group. Consequently, changes in perceived
outcomes cannot be attributed uniquely to the web-based resource. Classroom instruction, teacher
support, peer interaction, prior knowledge, and other learning experiences may also have influenced
responses. This present study should therefore be viewed as an empirical description of students’
perceived outcomes and relationships among the variables.

Finally, the available measures focused on perceived performance and engagement. These
constructs are important. They do not capture every dimension of programming learning. Future research
could examine programming achievement, computational thinking, and the retention of programming
concepts and their transfer to new problems and longer-term persistence. Addressing these limitations
would provide evidence about the educational effectiveness of web-based programming resources.

Recommendations

Based on the findings and limitations, teachers should use programming resources as
complements to classroom instruction. Activities must be directly connected to lesson objectives. Must
include opportunities for guided practice, independent problem solving, debugging, and feedback.
Teachers can also use programming resources to provide differentiated activities for students with
different levels of prior programming knowledge.

Schools should not check whether resources are available from a technical standpoint but must
also verify that resources are suitable for teaching, easy to use, accessible to everyone, and aligned with
the programming curriculum. School leaders can help by giving teachers a fixed schedule to use devices
and the internet, helping teachers when needed, and giving teachers chances to talk about what works.
Where connectivity is inconsistent, schools should consider downloadable alternatives when such options
are available.

Curriculum developers should align programming activities with competency standards and
assessment expectations. The favorable academic performance results suggest that structured practice
is useful, while the lower assessment-related rating indicates that practice tasks must be closely aligned
with formal assessment demands. Curriculum materials should therefore include exercises, formative
assessment, and authentic programming tasks.

Educational policymakers should consider digital-learning equity when supporting programming
education. Investments should address the implementation ecosystem, including infrastructure, teacher
professional development, accessible learning content and technical support. Policies should encourage
resources that can operate under the conditions found in resource-constrained schools, rather than
assuming uniform access to high-end devices and reliable high-speed internet.
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For researchers, experimental or quasi-experimental studies are recommended to determine
whether use of web-based programming resources leads to measurable improvements in programming
achievement and engagement. Longitudinal studies could examine whether benefits persist over time.
Mixed-methods research could also explore why students perceive activities as useful or engaging, while
usage analytics could identify which features of web-based programming resources are most strongly
linked to participation and completion. Comparative studies across schools with levels of resources would
further clarify the role of context.

Researchers may also investigate whether student characteristics, prior programming experience,
access conditions, or teacher support moderate the relationships identified in studies of web-based
programming resources. Such analyses could help identify which learners benefit most from web-based
programming resources and what implementation conditions are necessary for outcomes.

CONCLUSION

The study examined how students in resource-limited schools perceived their learning outcomes
when using a web-based programming resource. The findings are grouped by the four research questions
to ensure the results clearly align with the study's goals.

For Research Question 1, students generally expressed views on their academic performance
after using the resource. Their average score was 3.76 out of 4. The highest score was for mastering
programming concepts with a mean of 3.80. Next was completing programming tasks as expected, with
a mean of 3.78. Reasoning and solution accuracy also scored high at 3.77. These results suggest the
resource helped students in learning programming. Since performance was based on student self-reports,
these scores show how students saw their own progress, not actual results verified by tests or
assessments.

For Research Question 2, students also reported levels of engagement with the resource. The
average score was 3.82. Multimedia features that kept attention were rated the highest, at 3.88. Students
also found the content enjoyable and satisfying (3.85), interesting (3.83), and engaging in participation
(3.80). Their motivation to explore programming beyond classwork was slightly lower at 3.75. This pattern
shows the resource was engaging. Helped students stay focused. It also suggests there is room to
improve students’ ability to learn independently and keep going beyond what's assigned.

For Research Question 3, the study found a positive relationship between students' ratings of the
learning resource and their views of their academic performance. The correlation was r = .81 and
statistically significant (p < .05). This means students who liked the resource also tended to feel they did
better at programming. While this is a link, it does not mean the resource caused the improvement. The
study used a design, so it cannot prove cause and effect.

For Research Question 4, there was also a positive relationship between student evaluations of
the resource and their perceived engagement. The correlation was r = .79, statistically significant (p < .05).
Students who gave the resource ratings also reported higher levels of attention, participation, interest,
motivation, and satisfaction. Like with the academic performance results, this shows an association, not
a cause. Other factors, such as teacher support, programming experience, access to devices, and personal
study habits, might also play arole.

Overall, the results give evidence that a well-designed web-based programming resource can add
value to classroom teaching in schools with limited resources. The study does not claim that the resource
causes learning. Still, it does show that students who view the resource positively also tend to feel better
about their academic performance and engagement. These findings support focusing on instructional
design that aligns resources with the curriculum, provides teacher support, ensures fair access, and uses
objective measures to assess outcomes when adding web-based tools to secondary education.
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