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ABSTRACT

This study aims to enhance mathematics learning outcomes by developing a problem-solving learning website to motivate
students on sequences and series material at SMK Ksatrian Purwokerto. The research method employs an R&D approach
using the ADDIE model and purposive sampling. Samples were drawn from Class XI TKJ 3 as the control group and Class
XI TKJ 5 as the experimental group (website). The problem-solving strategy utilized Polya's steps. Hypothesis testing was
conducted using an independent t-test to analyze mean differences, with the One-Sample Kolmogorov-Smirnov test for
normality as a prerequisite. Results indicate that the data met assumptions of normality and homogeneity, and the
implementation of the website-based problem-solving approach significantly improved students' cognitive scores and learning
motivation on sequences and series material compared to the control group. Correlation analysis reveals a positive influence
between problem-solving ability and learning motivation.
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1. INTRODUCTION

Students are expected to master the subject matter and possess critical thinking skills, creative
problem-solving abilities, collaborative communication skills, and the capacity to take the initiative in
various social, professional, digital information, and educational contexts (Widiasanti et al., 2023).
Mathematics education in Era 5.0 has emerged as a response to the rapid technological advancements
of the 21st century and societal demands for high-quality education. Industry 4.0 has transformed all
aspects of life into digital domains (Javaid et al., 2024; Yaqub & Alsabban, 2023). Learning in
vocational high schools employs an industry-based curriculum. The industry-based vocational high
school curriculum for Computer Engineering and Networking (TKJ) expertise competency is designed
based on the link and match principle by synchronizing the curriculum structure with business and
industrial world competency standards (DU/DI). Mathematics learning in vocational high schools
(SMK) is characterized by its abstract and monotonous nature, primarily delivered through conventional
lecture methods (Darmawan et al., 2019), particularly in topics such as algebra, sequences and series,
and statistics. Furthermore, instructional materials fail to integrate with vocational fields—such as
applications of mathematics in automotive engineering, graphic design, telecommunications, and
computer networking—resulting in students' difficulty comprehending concepts and low academic
performance (Di Pietro & Castafio Mufioz, 2025). Many students perceive mathematics as an
intimidating and challenging subject to understand (Du et al., 2025). This perception induces tension
during classroom instruction, thereby discouraging many learners from posing inquiries, articulating
viewpoints, or engaging actively in the pedagogical process (Darling-Hammond et al., 2020).
Consequently, elevated levels of mathematical anxiety lead to disaffection with the subject, culminating
in diminished conceptual understanding (Aini et al., 2024). This phenomenon contributes to diminished
student learning motivation, as mathematics is perceived as a burdensome subject, ultimately fostering
despair and disengagement toward the discipline.

The main problems faced by students at SMK Kesatrian Purwokerto are low learning motivation,
cognitive aspects of learning motivation, and computational skills. Students demonstrate low interest
and perseverance in mathematics lessons, impacting their inadequate numerical abilities. This results in
numerical competency achievement scores that fail to meet the standards and potentially hinder
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students' mathematics skill grades. Cognitive aspects—including attention, working memory, cognitive
flexibility, and metacognition—form the primary foundation for effective problem solving .

Mathematical problem-solving ability mediates the relationship between affective factors, such as
student anxiety, mathematical reasoning, and learning motivation. Problem-solving is a cognitive
process that involves the use of linguistic information, problem identification, application of problem-
solving strategies, and goal achievement based on identified information (Alivana & Masriyah, 2025;
Amalina et al., 2026; Estiningrum et al., 2019; Lubis & Rangkuti, 2024; Vula et al., 2017). Mathematical
problem-solving engages cognitive, metacognitive, affective, and cognitive flexibility interactions,
from understanding the problem and representing situations to selecting strategies, monitoring, and
evaluating solutions, contingent upon students' reasoning abilities, spatial processing, learning memory,
and attention (Kholid et al., 2025; Rini et al., 2021). The self-regulation process in mathematical
problem-solving using Polya's method comprises four stages (Polya, 1978). The indicators of problem-
solving steps consist of four phases: understanding the problem, devising a plan, carrying out the plan,
and looking back (Haqiqiyah & Putri, 2025; Polya, 1978; Riyadi et al., 2021). Factors influencing
students' learning motivation include deficiencies in arithmetic and geometry computation abilities,
such as determining the nth term or sum of sequences. A prime example is students' difficulties with
arithmetic sequence problems and applying the formula a,=a-+(m — 1)b for arithmetic series and
geometric ratios (Schlimm, 2026). Computer and networking majors in vocational high schools
(SMK) find it difficult to understand the concept of sequences and series (Adiastuty et al., 2025;
Mucti & Hermansyah, 2023; Rifai et al., 2025; Sari et al., 2022) and geometric series networks
(Amsari et al., 2022). Low cognitive abilities among SMK students manifest in basic operations and
abstract modeling. This leads to students' inability to comprehend studied problems and unachieved
academic outcomes (Heriyana et al., 2025). Furthermore, to enhance the quality and learning outcomes
of SMK students, website-based learning technology is employed.

Websites for mathematics learning serve as instructional media that deliver visual mathematics
content, exercises, and interactive activities. Web-based mathematics learning visualization,
encompassing text, images, videos, and quizzes offers accessibility at any time to enhance students'
conceptual understanding, mathematical literacy, and learning competencies (Irmawan et al., 2022;
Loor et al.,, 2024). Web-based learning (WBL), also known as e-learning (electronic learning),
constitutes the application of internet technology in educational processes. WBL involves the utilization
of internet technology, with learning processes actively engaged by students (Fauziah, 2020; Puspitasari
et al.,, 2018). Websites represent multimedia documents (text, images, audio, animations, videos)
accessed via the HTTP (Hypertext Transfer Protocol) using browser software (Bishop, 2020; Perna et
al., 2022).

Previous research indicates that website-based learning in vocational high school (SMK)
mathematics negatively impacts students' cognitive attitudes, including motivation, self-efficacy, and
abstract concept comprehension (Chiu, 2023). This results in students experiencing concentration
difficulties, limited teacher interaction, and unstable internet connectivity. Developmental research on
E-modules in vocational SMK for linear equation material reveals shortcomings. Deficiencies in
smartphone-based E-modules for mathematics learning include students' lack of focus due to small
screen displays and slow loading times, along with limited samples (Sumandya & Mahendra, 2020).
Utilization of the interactive QuizWhizzer medium in mathematics classrooms proves less effective, as
it causes student fatigue during online sessions (Saputra & Subekti, 2024).

Previous studies on developing mathematics websites for vocational secondary school (SMK)
students have highlighted negative outcomes, such as poorly designed, non-intuitive user interfaces,
content lacking relevance to vocational disciplines, and insufficient long-term assessments of
motivation improvement. These flaws have intensified mathematics learning difficulties in SMK
contexts, where learners struggle to relate abstract topics like algebra, sequences and series, and
statistics to real-world technical or business applications (Yanti & Bayu, 2022). The present research
overcomes these limitations through the adoption of an intuitive user-centered design, Industry 4.0-
aligned content (e.g., loT-integrated simulations for sequence and series calculations in
telecommunications engineering) (Cimino et al., 2025), and real-time analytics capabilities to track and
elevate SMK students' learning motivation. Beyond affirming the platform's intrinsic interactivity, this
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approach empirically confirms the enduring capacity of web-based technologies to counteract student
disengagement and underachievement (Rotar, 2025). The novelty of this research lies in demonstrating
that students can enhance mathematical learning motivation and cognitive achievement through
website-based.

2. RESEARCH METHOD

This research employs a quantitative approach utilizing a descriptive quantitative research design.
It further adopts a research and development (R&D) method The development procedure utilizes the
ADDIE model, consisting of five systematic stages:

ANALYSIS DESIGN
Analysis of the learning needs of SMK Kesatrian Establishing instructional ~ objectives,
Purwokerto students, focusing on challenges related | == | developing interactive mathematical content,
to mathematics learning motivation and the and architecting the website structure
availability of IT infrastructure. including its user navigation pathways.
IMPLEMENTATION DEVELOPMENT

Development of the  website  prototype,
== || implementation of interactive features through
coding, and compilation of website components
(including graphics, simulations, and validation of
instructional materials and media).

A restricted pilot evaluation was implemented
among a targeted cohort of SMK Kesatrian
students, incorporating the website into
authentic  classroom-based  mathematics

instruction.
EVALUATION
Data  collection (encompassing  motivation
questionnaires, learning outcomes, and

observations), analysis of website effectiveness, final
product revisions, and provision of feedback.

Fig. 1. Diagram of ADDIE Procedures

This research aims to enhance students' learning outcomes by developing a website-based
instructional and mathematical problem-solving medium to boost student motivation on sequences and
series material, contextualized for vocational high school (SMK) students, focusing on numerical
sequences and series. To preserve the natural classroom environment, purposeful sampling was
employed. This non-probability technique enables researchers to select volunteers based on
characteristics pertinent to the study. Research subjects comprised Class XI students majoring in
Computer and Network Engineering at SMK Ksatrian Purwokerto. The study was conducted across two
Class X Computer and Network Engineering (TKJ) classes during the odd semester of the 2025/2026
academic year: the experimental class and the control class. Class X TKJ 1 served as the experimental
group, utilizing Polya's problem-solving strategy alongside the website intervention, whereas Class X
TKJ 2 functioned as the conventional control group without the Polya method. Data for this study were
collected from Class XI TKJ 3(control) and XI TKJ 5 Industry class (Experiment website) at SMK
Ksatrian Purwokerto. The experimental class comprised 30 students. The data collected consisted of
posttest results on arithmetic and geometric sequences and series material. The following table presents
posttest results from both experimental and control classes.

Teachers and students fill out the practicality questionnaires. The percentages derived from their
responses are computed and subsequently classified in accordance with established practicality criteria.

Data collection techniques involved administering treatments to both the experimental and control
classes. Upon completion of instruction, a final written essay posttest was administered. Prior to
implementation, the instrument underwent validation by the mathematics teacher and supervising
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lecturer to ensure data validity for research purposes. The following outlines the sequential steps
employed in this study: (1) Conducting school observations and interviews with the mathematics
teacher. (2) Developing instructional materials, specifically the lesson plan (RPP) and test specifications.
(3) Preparing teaching materials on arithmetic and geometric sequences and series. (4) Implementing
instruction with Polya's problem-solving steps plus website intervention in the experimental class,
versus conventional learning without Polya steps in the control class. (5) Administering a conventional
posttest in both experimental and control classes. (6) Conducting observations and interviews to gather
qualitative data on students' experiences, impressions, responses, encountered obstacles, and perceived
benefits. (7) Processing and analyzing research data. (8) Compiling the research findings report.

Hypothesis testing in this research employed an independent samples t-test to analyze mean
differences. Prior to t-test analysis, normality testing utilized the Kolmogorov-Smirnov test. Normality
testing determined whether student learning outcomes followed normal distribution, followed by
homogeneity testing to ascertain whether both samples exhibited equivalent variances.

3. RESULTS AND DISCUSSION

The ADDIE method stages in developing a mathematics problem-solving learning website proved
systematic and effective: analysis identified student needs and competency gaps in sequences and series
topics; design formulated learning objectives, problem scenarios, and interactive module structures;
development produced multimedia content, guided exercises aligned with Polya's steps, and real-time
feedback features; implementation involved field trials in the experimental class to ensure applicability
and accessibility; and evaluation employed quantitative and qualitative instruments to assess cognitive
improvements and motivation. Empirically, the ADDIE application yielded structured and adaptive
materials that facilitate student problem-solving, reduce cognitive load, enhance conceptual mastery,
and boost motivation and learning outcomes in sequences and series material.

A. Analysis Stage

This research phase systematically investigated challenges at SMK Ksatrian Purwokerto, focusing
on curriculum analysis and comprehensive needs assessment. Curriculum analysis aims to ensure e-
module alignment with the implemented curriculum (Azamfirei et al., 2025; Karakus, 2021). This
process involves identifying syllabus-tailored development materials and analyzing student
characteristics through syllabus review (Tan et al., 2025; Wotring & Chen, 2021).

Observation and interview results reveal that sequences and series instruction in Class XI
Computer and Network Engineering (TKJ) remains dominated by lectures and routine exercises,
hindering connections between sequence/series concepts and vocational contexts. Observations and
interviews with Class XI mathematics teachers revealed that learning processes continue to rely
primarily on textbooks as the main resource, with minimal utilization of electronic learning media.
Instruction predominantly employs lecture-based methods. Furthermore, students face difficulties
comprehending course content, particularly sequences and series concepts. They exhibit confusion in
applying formulas for both arithmetic sequences and arithmetic series. (Ario et al., 2025) notes that
students struggle to select appropriate formulas for problem-solving, as they cannot distinguish between
arithmetic and geometric sequences, resulting in frequent errors in question responses. This enables
students to independently explore connections between sequence/series concepts and computer
networking components (Haleem et al., 2022). The website is developed as a responsive application
accessible via smartphones and personal computers, allowing students to learn anytime, anywhere.

B. Design Stage

During this phase, the website "Mathematical Sequences and Series in Computer Network
Engineering Components" was developed, featuring structured content that covers fundamental
sequence and series concepts as well as their practical applications in computer network component
design. Each activity targets the development of problem-solving and learning motivation indicators as
outlined in the research proposal. The four problem-solving indicators used are understanding the
problem, devising a solution plan, implementing the plan, and reviewing the solution. Key factors
influencing student motivation include intrinsic motivation, extrinsic motivation, perseverance and
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discipline, as well as interest and engagement in learning. The design follows a problem-solving website
framework with these sequential steps:

Table 1. Problem-solving stages
Stage Explanation of Problem Solving

Understand the problem  Students solve contextual problems on
sequences and series in  computer
networking, identifying the problem and
understanding sequence/series concepts.

Planning the completion  Students devise strategies or steps for the
given  problem, including  selecting
appropriate sequence/series formulas.

Carrying out the plan Students implement the devised solution,
executing the formulated steps to achieve
resolution.

Looking back Students evaluate results by reviewing

solution effectiveness and accuracy, making
necessary revisions.

The developed website product comprises several sections: an initial section (login menu,
homepage, references, and contact us); content management section (course creation and management,
teaching management, material upload and management, quiz creation and management, review of
student submissions and registration); and evaluation section (exercises, tests, and problem-solving
activities). At the module's conclusion, supporting components include a glossary, references, and
module developer information. The problem-solving website development is planned with integrated
material serving as the primary foundation. Evaluation instrument design includes analysis and trial
worksheets integrated with student answer sheet photo uploads to the website. All components are
systematically arranged in a storyboard to ensure logical and sequential material delivery. This material
management enhancement aims to foster students' cognitive work in problem-solving and increased
motivation, optimizing mastery of learned knowledge (Ninnuan & Montree, 2022).

C. Development Stage
This stage entails implementing the product design and evaluating its feasibility through validity
assessment. The website is accessible via personal computers, laptops, desktops, and smartphones.
The following presents the website's cover and menu interface:

ZMATH ———— ZMATH ® -

sl Kursus Saya

BILANGAN (BARISAN DAN
) DERET ARITMATIKA dan

Selamat Datang GEOMETRI)
Kembali! "
® rsebu
=

Fig. 2. Display on a smartphone
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Consistent with (Daryanes et al., 2023) research, this development stage encompasses activities to
realize the previously created product design. The objective is to produce a revised draft of the
instructional materials based on expert feedback, enabling subsequent testing. The website pages
demonstrate responsive design and user-centered interface principles

ZMATH @® -

BILANGAN (BARISA|
GEOMETRI) Petunjuk

BIL
(BA e
DERET

=~ ARITMATIKA
dan
GEOMETRI)

Fig. 3. Student's my courses menu display

Figures 1 and 2 illustrate interactive learning content with clear navigation and interaction systems.
The website offers various visual schematics to aid users and is optimized for smartphones, tablets, and
other mobile devices to enable flexible learning. User testing confirms its compatibility with
smartphones, validates usability, and yields positive feedback on interactivity, accessibility, and
responsiveness. Content integrates YouTube videos and PDF formats. The "My Courses" menu
facilitates problem-solving skill development within computer networking contexts, sustaining student
confidence across challenges (Mahapoonyanont et al., 2010)

D. Implementation Stage

The website was implemented with Class XI students specializing in Computer Network
Engineering at SMK Kesatrian Purwokerto using a posttest-only control group design. One class was
designated as the experimental group utilizing the website, while the other served as the control group
receiving conventional instruction. Both classes followed identical problem-based learning (PBL)
models, with the control class excluding website media integration.

This study comprised two primary groups: a control group and an experimental group, each
consisting of 30 students. The control group (n=30) served as a non-intervention comparator, whereas
the experimental group (n=30) received a targeted treatment to assess the independent variable's
efficacy. Equal sample sizes across groups ensured balanced representation and minimized bias in
comparative outcome analyses.
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urse Detalls > MATEMATIKA

BE MATEMATIKA

Materials

Barisan dan deret
Aritmatik.
Dalamyv

@

» Start Attempt

Fig. 4. Student website design

Before instruction commencement, teachers in the experimental class received training on utilizing
the website and its supporting tools. Subsequently, students underwent website training. Student
activities on the website formed part of a systematic scaffolding process designed to enhance mastery
through successful learning experiences. During the initial session, students were introduced to the
website menus, material access procedures, and navigation to the "My Courses" section.

Students engaged in problem identification and data detection activities. For data detective tasks,
they completed case study simulations of computer network component design. Students received basic
computation instructions to validate component positioning using arithmetic and geometric sequence
formulas. At this stage, they were guided to comprehend data and build confidence through successful
mastery of contextual mathematical concepts (Abdulrahaman et al., 2020). During the second session,
the design critique focused on analytical attributes, encouraging students to provide data-based
arguments that substantially reinforced their technical confidence.

Following instructions, students completed a written test that measured cognitive performance
through a problem-solving quiz consisting of four questions, each assessing one indicator:
understanding the problem, planning the solution, implementing the plan, and reviewing the outcome.
Subsequently, students responded to user response questionnaires and motivation surveys. Selected
students were then interviewed to deepen the qualitative findings.

1

s harddisk server

h mengikuti barisan

geometri. Server pertama

Selesai

Fig. 5. Student Quiz Design Image
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E. Evaluation Stage

The purpose of this evaluation is to determine whether the developed website can enhance students'
mathematical conceptual understanding in the material of arithmetic sequences and series. The final
stage of this research involves reviewing website quality based on expert validation and practitioner
questionnaires to determine necessary modifications. If required, the website undergoes revision to
produce optimal learning media. The website is deemed practically ready if the media assessment falls
within "practical” or "highly practical" categories. Results measuring student website usage practicality
levels are presented in detail in Table 3.

The final stage also assesses website quality through expert validation and feasibility questionnaires
to ascertain modification needs. Revisions ensure optimal learning media production. The website is
considered feasible and ready if the media evaluation falls within "good" or "very good" categories.
The results of the feasibility measurement for student website usage are detailed in Table 2.

Table 2. Website Feasibility Results for Problem Solving

No Assessment Aspects Percentage Category
1 Clarity 75% Good
2 Ease ofuse 92% Very Good
3 Display quality 80% Good
4  Navigasi 75% Good
5  Program management 85% Good
Average (Persentage)) 82% Very Good

The average feasibility test results for website-based mathematics problem-solving validity achieved
"Very good" status. The highest validity score for learning problem-solving was ease of use (92%),
enabling students to access and study the material directly and effortlessly. This correlates with website
display quality validation scores deemed feasible by experts. Furthermore, website-based mathematics
instruction benefits from clear sequences and series material presentation, adequate navigation, and
highly feasible program management, ensuring optimal problem-solving website functionality for
classroom mathematics instruction. Problem-solving as an intervention to enhance individual student
learning motivation can be quantitatively analyzed using the independent samples t-test to compare
mean differences between the experimental and control groups.

The validation results for website interface aspects—namely content clarity, ease of use, display
quality, navigation, and program management—demonstrate a strong correlation with enhanced student
cognitive problem-solving in learning mathematical sequences and series at vocational high schools
(SMKs). The material is presented clearly, concisely, and in a structured manner. Students grasp
abstract concepts such as general terms and partial sums more rapidly, thereby making analytical and
deductive thinking processes more effective. The intuitive ease of use and navigation reduce cognitive
load related to technical tools, allowing students to focus on mathematical problem-solving strategies
and meticulously evaluate solutions (AlShaikh et al., 2024; Surbakti et al., 2024). High display quality
(including graphical visualizations, neat mathematical notation, and interactive examples) facilitates
mental representations of sequence and series concepts, strengthening knowledge transfer from
symbolic to conceptual understanding (Gonzalez-Campos et al., 2022; Mary Osei Fokuo et al., 2023).
Furthermore, effective program management, such as module sequencing, automated feedback, and
progress tracking, supports scaffolded and personalized learning, which can boost students' confidence
and learning motivation.

Table 3. Research Data on Problem-Solving Skills

No Grade Information Control Class Experimental Class
1 Minimum 54 72
2 Maximum 88 96
3 Average 76 82
4 standard deviation 9.8 5,5
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Table 1. Shows that the average learning outcome of students taught using Polya's step-by-step
problem-solving strategy, which is 96, is better than the average learning outcome of students taught
without using Polya's problem-solving strategy, which is 88. The mean problem-solving ability score
for students in the experimental class was 82, exceeding the control class mean of 76. Additionally, the
experimental class standard deviation (5.5) was lower than that of the control class (9.8), indicating
greater uniformity in critical thinking abilities among experimental students. Therefore, the data
demonstrate that the Mathematics Problem-Solving Website more effectively enhances student
motivation compared to conventional instruction.

Hypothesis testing requires prerequisite examinations for final comparison of both groups. The
One-Sample Kolmogorov-Smirnov Test yielded significance values of 0.200, both exceeding the 0.05
threshold. Therefore, the data exhibit normal distribution. The following presents the SPSS computation
results: One-sample Kolmogorov-Smirnov normality testing revealed that data on the mathematics
problem-solving website usage adhered to a normal distribution (p = 0.200 > 0.05). This satisfied the
normality assumption for subsequent analyses, thereby enabling evaluation of the website-based
mathematics learning intervention's impact on student motivation and academic outcomes. Utilizing the
website for sequences and series mathematics proves effective as a learning tool (Akin, 2022). Website-
based mathematics learning enhances student learning motivation, potentially yielding improved
conceptual understanding and elevated academic performance (Nafiah et al., 2022; Tong et al., 2022).

The homogeneity test examined whether variances between experimental and control groups were
equivalent, yielding a significance value of 0.516. Since this significance value exceeds 0.05, variances
for both classes are declared homogeneous. The following presents the SPSS computation results:

Test of Homogeneity of Variances
Motivation
Levene Statistic df1 df2 Sig.
426 1 58 516

Fig. 6. Results of normality test calculations

The results of the data analysis show that students' cognitive scores and enthusiasm to learn were
significantly improved by using math problem-solving websites. The efficiency of instructional
instruments is reflected in a normal data distribution, which is confirmed by normality testing with p-
values greater than 0.05. The homogeneity of variance test p-value of 0.516, on the other hand, shows
steady variation in student motivation and suggests that everyone benefits equally from using the
website. Incorporating technology into math lessons promotes interactive problem-solving and builds
stimulating learning settings that raise student interest. Pupils were more motivated to learn
mathematics and take on challenges, which eventually helped them perform better academically
(Lishchynska et al., 2023; Wheeler, & Cabigas, 2024). Web-based tool integration in math education
offers flexible, adaptive methods that encourage self-directed learning while preserving the essential
support for cognitive growth (Muhammad et al., 2025).

Independent Samples Test
Levene's Test
for Equality
of Variances t-test for Equality of Means

95% Confidence
Mean Interval of the
Sig. (2- Differenc Std. Error  Difference
F Sig. T df tailed) e Difference Lower Upper
Motivasi Equal variances .426 .516 5.506 58 .000 6.767 1.229 4.306 9.227
assumed
Equal variances 5.506 57.347.000 6.767 1.229 4.306 9.227

not assumed

Fig. 7. Results of hypothesis test calculations
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Independent samples t-test analysis reveals significant differences between experimental and
control classes in mathematics learning on sequences and series material. The significance value (Sig.
2-tailed) of 0.000 (< 0.05) indicates that website-based learning through problem-solving approaches
substantially enhances student abilities. The calculated t-value of 5.506 with a mean difference of 6.767
demonstrates superior achievement in the experimental class compared to the control group.

These findings suggest that systematic problem-solving steps (understanding the problem,
planning solutions, implementing plans, and evaluating outcomes) integrated within website-based
media foster more structured and analytical student thinking. This approach elevates cognitive abilities
as students progress beyond mere memorization of sequence/series concepts to practical problem-
solving applications.

Website-based instruction delivers more interactive and engaging learning experiences, thereby
enhancing student motivation. Elevated motivation directly contributes to improved learning outcomes
through increased student activity, engagement, and interest in solving assigned problems (Andri¢ et
al., 2026; Singh et al., 2022).

Hypothesis testing outcomes demonstrate significant differences between experimental and control
classes. These results confirm web-based learning effectiveness in enhancing students' cognitive
abilities, motivation, and academic performance. Validation was conducted by experts assessing
material content, instructional design, language clarity, visual presentation, and website functionality.
Validation results categorized as "valid" or "highly valid" affirm that the developed website meets
feasibility standards as instructional media while optimally supporting problem-solving processes.

Website-based mathematics instruction validity encompasses multiple stages. The first stage
presents contextual problems. Subsequent stages involve the Polya method application for problem
formulation, strategy development, implementation, and evaluation—Ilogically aligned with sequences
and series material characteristics (Chacon-Castro et al., 2023; Gopinath & Lertlit, 2017). Furthermore,
validation of visual appeal, interactivity, and usability aspects creates engaging learning experiences
that enhance SMK student motivation and learning outcomes.

Correlations
CO EK
(6{0) Pearson Correlation 1 490
Sig. (2-tailed) .006
N 30 30
EK Pearson Correlation 490" 1
Sig. (2-tailed) .006
N 30 30
**. Correlation is significant at the 0.01 level (2-tailed).

Fig. 8. Correlation test results

Correlation analysis in the experimental class yielded a correlation coefficient of 0.490 with a
significance value (Sig. 2-tailed) of 0.006 (< 0.01). This demonstrates a positive and significant
relationship between problem-solving scores (variable X) and learning motivation scores (variable Y).
The correlation coefficient of 0.490 falls within the moderate category. Higher student problem-solving
abilities correspond with increased learning motivation.

Scientifically, this relationship occurs because problem-solving abilities in mathematics
instruction on sequences and series require students to navigate systematic thinking stages:
understanding problems, planning strategies, implementing solutions, and evaluating outcomes.
Successful execution generates achievement experiences that enhance student confidence and learning
satisfaction. These conditions directly elevate learning motivation.

The correlation analysis results indicate that problem-solving in learning sequences and series
through the website platform exhibits a positive and significant relationship with students' cognitive
scores, as well as motivation dimensions and learning outcomes (W. Li et al., 2023). Scientifically, this
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positive correlation suggests that increased intensity and quality of student engagement in web-based
problem-solving activities (e.g., interactive exercises, visualizations of sequence terms and series sums,
and real-time feedback) (S. Li et al., 2025)is associated with elevated cognitive scores reflecting
conceptual mastery, reasoning ability, and procedural skills (Sajidin, 2026; Wang et al., 2026).
Furthermore, website-based interventions are consistently linked to enhanced intrinsic motivation
including self-confidence, learning interest, and perseverance which in turn mediates positive effects
on final learning outcomes for sequence and series topics. These findings align with cognitive and
motivational learning theories, which posit that interactive and structured learning tools reduce
cognitive load, strengthen mental representations of concepts, and boost self-efficacy, thereby
empirically improving academic performance (De Witte et al., 2026; Gkintoni et al., 2025).

4. CONCLUSION

The research results indicate the integration of Polya’s strategy into website-based learning is
effective in enhancing students’ motivation to learn about sequences and series, while also improving
their cognitive achievements and problem-solving skills. This is demonstrated by the higher average
learning outcomes in the experimental class compared to the control class, namely 96 versus 88, with a
standard deviation of 5.5 in the experimental class and 9.8 in the control class, indicating that the
distribution of learning outcomes in the experimental class is more homogeneous. Since the standard
score of the experimental class is lower than that of the control class, the distribution of data in the
control class is more homogeneous than in the experimental class.

REFERENCES

Abdulrahaman, M. D., Faruk, N., Oloyede, A. A., Surajudeen-Bakinde, N. T., Olawoyin, L. A., Mejabi, O. V, Imam-Fulani,
Y. O., Fahm, A. O., & Azeez, A. L. (2020). Multimedia tools in the teaching and learning processes: A systematic
review. Heliyon, 6(11), ¢05312. https://doi.org/https://doi.org/10.1016/j.heliyon.2020.¢05312

Adiastuty, N., Sumarni, Nurhayati, N., & Rukoyah, S. S. (2025). Development Of An Interactive Flipbook-Based E-Module
To Enhance Students’ Ability To Understand Mathematical Concepts In Arithmetic Sequences And Series. AKSIOMA:
Jurnal Program Studi Pendidikan Matematika, 14(4), 1733-1744.
https://doi.org/https://doi.org/10.24127/ajpm.v14i4.11429

Aini, Q., Aisyah, D. N., Putri, T. L., & Izzatika, A. (2024). Analysis of the Increase in Efficacy and Motivation to Learn
Mathematics towards the Use of Interactive Learning Model in Elementary School. Indonesian Journal of Education &
Mathematical Science, 5(3), 223-227. https://doi.org/10.30596/ijems.v5i3.21436

Ak, A. (2022). The effectiveness of web-based Mathematics instruction analytic research. Education and Information
Technologies, 27, 8015-8040. https://doi.org/https://doi.org/10.1007/s10639-022-10931-x

Alivana, R. P. A., & Masriyah. (2025). Kemampuan Pemecahan Masalah Matematis Peserta Didik yang memiliki Habits of
mind: Thinking Interdependently (HTI) ditinjau dari kemampuan matematika sedang dan rendah. Mathedunesa, 14(1),
73—-84. https://doi.org/10.26740/mathedunesa.v14nl.p73-84

AlShaikh, R., Al-Malki, N., & Almasre, M. (2024). The implementation of the cognitive theory of multimedia learning in the
design and evaluation of an Al educational video assistant utilizing large language models. Heliyon, 10(3), €25361.
https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e25361

Amalina, I. K., Vidakovich, T., Akhmetova, A., & Brecka, P. (2026). Integrated STEM-based mathematical problem-solving
skills of students: The role of prior mathematical knowledge and text comprehension skills. Thinking Skills and
Creativity, 61, 102149. https://doi.org/https://doi.org/10.1016/j.tsc.2026.102149

Amsari, D., Arnawa, 1. M., & Yerizon. (2022). Development of a Local Instructional Theory for the Sequences and Series
Concept Based on Contextual Teaching and Learning. Linguistics and Culture, 6, 434—449.

Andri¢, J. M., Saeed, N., & Ammari Allahyari, T. M. (2026). Improving Students’ Motivation, Engagement and Learning
Environment in a Transnational Civil Engineering Program. Education Sciences, 16(1), 6l.
https://doi.org/10.3390/educsci16010061

Ario, M., Suhendra, Jupri, A., & Nurlaelah, E. (2025). Students’ Errors and Learning Obstacles in Solving Algebraic Word
Problems: Hermeneutic Phenomenology. Education Sciences, 15(12), 1-27. https://doi.org/10.3390/educscil 5121674

Azamfirei, L., Melit, L. E., Marginean, C. O., Vasiesiu, A. M., Cotoi, O. S., Bica, C., Muntean, D. L., Gurzu, S., Brinzaniuc,
K., Banescu, C., Slevin, M., Varga, A., & Muresan, S. (2025). Student-Centered Curriculum: The Innovative,
Integrative, and Comprehensive Model of “George Emil Palade” University of Medicine, Pharmacy, Sciences, and
Technology of Targu Mures. Education Sciences, 15(8), 1-16. https://doi.org/10.3390/educscil 5080943

Bishop, M. (2020). Hypertext Transfer Protocol Version 3 (HTTP/3). https://api.semanticscholar.org/CorpusID:108335876

Chacén-Castro, M., Buele, J., Lopez-Rueda, A. D., & Jadan-Guerrero, J. (2023). Polya’s Methodology for Strengthening
Problem-Solving Skills in Differential Equations: A Case Study in Colombia. Computers, 12(11), 1-21.
https://doi.org/10.3390/computers12110239

Chiu, M. S. (2023). Detected Affect During Online Mathematics Learning Mediate Self-Report Motivation Changes :
Examining a Motivation-Affect Regulation Model. Futurity Education, 3,21-42.

Cimino, A., Elbasheer, M., Longo, F., Mirabelli, G., Solina, V., & Veltri, P. (2025). Automatic simulation models generation

185



Indonesian Journal of Education & Mathematical Science
Vol. 7, No. 2, Mei 2026, pp. 175~188
ISSN: 2721-3838, DOI: 10.30596/ijems.v7i2.29439

in industrial systems: A systematic literature review and outlook towards simulation technology in the Industry 5.0.
Journal of Manufacturing Systems, 80, 859—882. https://doi.org/https://doi.org/10.1016/j.jmsy.2025.03.027

Darling-Hammond, L., Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. (2020). Implications for educational practice of
the science of learning and development. Applied  Developmental  Science, 24(2), 97-140.
https://doi.org/10.1080/10888691.2018.1537791

Darmawan, Budiyono, & Pratiwi. (2019). Mathematics learning achievement of vocational high school students * viewed by
adversity quotient Mathematics learning achievement of vocational high school students * viewed by adversity quotient.
Journal of Physics: Conference Series PAPER, 1157, 1-8. https://doi.org/10.1088/1742-6596/1157/4/042121

Daryanes, F., Darmadi, D., Fikri, K., Sayuti, I., Rusandi, M. A., & Situmorang, D. D. B. (2023). The development of articulate
storyline interactive learning media based on case methods to train student’s problem-solving ability. Heliyon, 9(4).
https://doi.org/https://doi.org/10.1016/j.heliyon.2023.e15082

De Witte, B., Reynaert, V., Kieken, D., Jabbour, J., Demarey, C., Dumoulin, A., & Possik, J. (2026). Immersive virtual reality
learning and cognitive load: A multiple-day field study. Computers in Human Behavior, 176, 108853.
https://doi.org/https://doi.org/10.1016/j.chb.2025.108853

Di Pietro, G., & Castaiio Muiloz, J. (2025). A meta-analysis on the effect of technology on the achievement of less advantaged
students. Computers & Education, 226, 105197. https://doi.org/https://doi.org/10.1016/j.compedu.2024.105197

Du, W., Wijaya, T. T., Cao, Y., & Li, X. (2025). What factors influence secondary students’ active participation in mathematics
classrooms: A theory of planned behavior perspective. Acta  Psychologica, 253, 104694.
https://doi.org/https://doi.org/10.1016/j.actpsy.2025.104694

Estiningrum, T., Hidayati, D. W., & Wahyuni, A. (2019). Analisis kemampuan pemecahan masalah matematis siswa melalui
implementasi pogil ditinjau dari gaya kognitif. Jornal llmiah Pendidikan Matematika Al-Qalasadi, 3(2), 69-75.

Fauziah, Y. (2020). Metode Pembelajaran Berbasis WEB (E-Learning) dalam proses belajar mengajar secara virtual. Jurnal
Terapung:llmu-Ilmu Sosial, 2(2), 35—44.

Gkintoni, E., Antonopoulou, H., Sortwell, A., & Halkiopoulos, C. (2025). Challenging Cognitive Load Theory: The Role of
Educational Neuroscience and Artificial Intelligence in Redefining Learning Efficacy. Brain Sciences, 15(2).
https://doi.org/10.3390/brainscil 5020203

Gonzélez-Campos, J. S., Arnedo-Moreno, J., & Sanchez-Navarro, J. (2022). Self-Learning Geometric Transformations : A
Framework for the “ Before and After ” Style of Exercises. Mathematic, 10, 1-22.
https://doi.org/https://doi.org/10.3390/math10111859

Gopinath, S., & Lertlit, S. (2017). The Implementation of Polya’s Model in Solving Problem-Questions in Mathematics by
Grade 7 Students The Implementation of Polya’s Model in Solving Problem-Questions in Mathematics by Grade 7
Students UNA ag 8 U ¥ wail vl & waeed vnad@ Avnd ey, Suranaree J. Soc. Sci, 11(1), 47-59.

Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). Understanding the role of digital technologies in education: A
review. Sustainable Operations and Computers, 3,275-285. https://doi.org/https://doi.org/10.1016/j.susoc.2022.05.004

Hagqiqiyah, A., & Putri, R. K. (2025). Analysis of Mathematics Problem Solving Ability Viewed from Self-Regulated Learning.
Indonesian Journal of Education & Mathematical Science, 6(1), 13—17. https://doi.org/10.30596/ijems.v6i1.21723

Heriyana, T., Umbara, U., Farhan, E., & Puadi, W. (2025). Didactical design research on mathematical sequence material in
vocational high schools for job preparation. Journal Elemen, 11(December 2024), 277-296.

Irmawan, 1., Mering, A., & Astuti, I. (2022). The Development of Interactive Learning Multimedia Based on The Website for
Mathematics’ Subject in Junior High School. JETL (Journal of Education, Teaching and Learning), 7, 108.
https://doi.org/10.26737/jetl.v7i1.2709

Javaid, M., Haleem, A., Singh, R. P., & Sinha, A. K. (2024). Digital economy to improve the culture of industry 4.0: A study
on features, implementation and challenges. Green Technologies and Sustainability, 2(2), 100083.
https://doi.org/https://doi.org/10.1016/j.grets.2024.100083

Karakus, G. (2021). A Literary Review on Curriculum Implementation Problems. Shanlax International Journal of Education,
9(3), 201-220. https://doi.org/10.34293/education.v9i3.3983

Kholid, M. N., Widyasari, A., Santosa, Y. T., Hidayati, Y. M., Fenyvesi, K., Maharani, S., Ikram, M., Wijaya, A. P., Prabowo,
A., & Hendriyanto, A. (2025). Student metacognition levels for solving PISA-like problems: A hierarchy. Infinity:
Journal of Mathematic Education, 14(3), 817-838.

Li, S., Wang, T., Zheng, J., & Lajoie, S. P. (2025). A complex dynamical system approach to student engagement. Learning
and Instruction, 98, 102120. https://doi.org/https://doi.org/10.1016/j.learninstruc.2025.102120

Li, W., Huang, J.-Y., Liu, C.-Y., Tseng, J., & Wang, S.-P. (2023). A Study on the Relationship between Student’ Learning
Engagements and Higher-order Thinking Skills in Programming Learning. Thinking Skills and Creativity, 49, 101369.
https://doi.org/10.1016/j.tsc.2023.101369

Lishchynska, M., Palmer, C., Lacey, S., & O’connor, D. (2023). Is motivation the key? Factors impacting performance in first
year service mathematics modules. European Journal of Science and Mathematics Education, 11(1), 146-166.
https://doi.org/10.30935/scimath/12529

Loor, E. G. M., Vera, J. F. H., Alonzo, F. A. 1., & Martinez, M. F. A. (2024). Beyond the Classroom: The Power of Website
for Engaging and Effective Math Education. Praxis Pedagogica, 207-227.

Lubis, M. S., & Rangkuti, A. N. (2024). Analysis of Student > s Mathematical Problem Solving Ability on HOTS Questions
at MTS Ar-Raudhatul Hasanah Medan. Didaktika: Jurnal Kependidikan, 13(2), 2349-2364.

Mahapoonyanont, N., Krahomwong, R., Kochakornjarupong, D., & Rachasong, W. (2010). Critical thinking abilities
assessment tools: Reliability generalization. Procedia - Social and Behavioral Sciences, 2(2), 434-438.
https://doi.org/10.1016/j.sbspro.2010.03.038

Mary Osei Fokuo, Nelson Opoku-Mensah, Richard Asamoah, Josephine Nyarko, Kofi Dwumfuo Agyeman, Caroline Owusu-
Mintah, & Samuel Asare. (2023). The use of visualization tools in teaching mathematics in college of education: A

186



Indonesian Journal of Education & Mathematical Science
Vol. 7, No. 2, Mei 2026, pp. 175~188
ISSN: 2721-3838, DOI: 10.30596/ijems.v7i2.29439

systematic review. Open Access Research Journal of Science and Technology, 9(1), 001-009.
https://doi.org/10.53022/0arjst.2023.9.1.0057

Mucti, A., & Hermansyah. (2023). Assessing the Suitability of Online Interactive Tutorials ( Web- Learning ) for Exploring
Mathematical Sequences and Series. JDIME : Journal of Development and Innovation In Mathematics Education
Volum, 1(2), 39-50. https://doi.org/http://dx.doi.org/10.32939/jdime.v1i2.3076

Muhammad, I., Jupri, A., & Herman, T. (2025). Development of web-based learning media with a realistic mathematics
education approach to increase student self-determination. Infinity  Journal, 14(2), 303-322.
https://doi.org/10.22460/infinity.v14i2.p303-322

Nafiah, M., Marini, A., Niladini, A., Sekaringtyas, T., Safitri, D., & Nuraini, S. (2022). Development of Website-Based
Learning Video to Enhance Student Mathematics Learning Motivation. Furasian Journal of Educational Research,
2022(97), 288-300. https://doi.org/10.14689/ejer.2022.97.16

Ninnuan, K., & Montree Wongsaphan. (2022). Implementation of the Learning Mangement Model Based on Cognitive
Development Theory to Enhance Mathematical Problem-Solving Ability For Prathomsuksa 6 Students. Macrothink
Instute (Journal of Education Issue), 8(2), 58—71. https://doi.org/10.5296/jei.v8i2.19963

Perna, G., Trevisan, M., Giordano, D., & Drago, I. (2022). A first look at HTTP/3 adoption and performance. Computer
Communications, 187, 115-124. https://doi.org/https://doi.org/10.1016/j.comcom.2022.02.005

Polya, G. (1978). How to solve it: a new aspect of mathematical method.

Puspitasari, E., Surjono, H., & Minghat, A. (2018). Utilizing Web Based Learning as 21st Century Learning Media for
Vocational Education. International Journal of Engineering and Technology(UAE), 7, 157-160.
https://doi.org/10.14419/ijet.v7i4.33.23522

Rifai, R., Dahlan, J. A., & Suhendra. (2025). The effect of open-ended approach on enhancing mathematical understanding in
vocational ~ high  school students. Kalamatika:  Jurnal  Pendidikan  Matematika, 10(2), 58-72.
https://doi.org/10.22236/KALAMATIKA.vol10n02.2025pp58-72

Rini, C. S., Sitompul, N. C., & Wiyarno, Y. (2021). Pemgembangan E-PUB untuk Administrasi Sistem Jaringan. Edcomtech,
6, 89-99.

Riyadi, Syarifah, T. J., & Nikmaturrohmah, P. (2021). Profile of Students’ Problem-Solving Skills Viewed from Polya’s Four-
Steps Approach and Elementary School Students. European Journal of Educational Research, 10(4), 1625-1638.

Rotar, O. (2025). Beyond Technology Tools : Supporting Student Engagement in Technology Enhanced Learning. Education
and Learning Journal, 15(12), 1617. https://doi.org/https://doi.org/10.3390/educscil 5121617

Sajidin. (2026). Fostering critical thinking skills among EFL learners in higher education - A systematic review. Thinking
Skills and Creativity, 59, 101943. https://doi.org/https://doi.org/10.1016/j.tsc.2025.101943

Saputra, I. D., & Subekti, F. E. (2024). Tinjauan Sistematis Literatur Review: Optimalisasi Pembelajaran Matematika Melalui
Integrasi Teknologi Website. Numeracy, 11(2), 143—154. https://doi.org/10.46244/numeracy.v11i2.2767

Sari, C. K., Dwiyani, E., Machromah, I. U., Toyib, M., & Sari, D. N. V. (2022). Enhancing Students ’ Critical Thinking by
Integrating Contextual Problems Worksheets on Problem Based Learning. Journal of Education Action Research, 6(1),
109-115. https://doi.org/https://dx.doi.org/10.23887/jear.v6i1.43392 Enhancing

Schlimm, D. (2026). Where Mathematical Symbols Come From. TopiCS, 18, 169-186. https://doi.org/10.1111/tops.12786

Singh, M., James, P. S., Paul, H., & Bolar, K. (2022). Impact of cognitive-behavioral motivation on student engagement.
Heliyon, 8(7), €09843. https://doi.org/https://doi.org/10.1016/j.heliyon.2022.¢09843

Sumandya, I. W., & Mahendra, I. W. E. (2020). Developing vocation based mathematics e-module in linear program material.
International Journal of Psychosocial Rehabilitation, 24(6), 1741-1752.

Surbakti, R., Umboh, S. E., Pong, M., & Dara, S. (2024). Cognitive Load Theory: Implications for Instructional Design in
Digital Classrooms. International Journal of  Educational Narratives, 2(6), 483-493.
https://doi.org/10.70177/ijen.v2i6.1659

Tan, L. Y., Hu, S, Yeo, D. J., & Cheong, K. H. (2025). Artificial intelligence-enabled adaptive learning platforms: A review.
Computers and Education: Artificial Intelligence, 9, 100429.
https://doi.org/https://doi.org/10.1016/j.caeai.2025.100429

Tong, D. H., Uyen, B. P., & Ngan, L. K. (2022). The effectiveness of blended learning on students’ academic achievement,
self-study skills and learning attitudes: A quasi-experiment study in teaching the conventions for coordinates in the
plane. Heliyon, 8(12), €12657. https://doi.org/https://doi.org/10.1016/j.heliyon.2022.e12657

Vula, E., Avdyli, R., Berisha, V., Saqipi, B., & Elezi, S. (2017). The impact of metacognitive strategies and self-regulating
processes of solving math word problems *. International Electronic Journal of Elementary Education, 10(1), 49-59.
https://doi.org/10.26822/iejee.2017131886

Wang, X., Wan, F., & Dali, J. (2026). Enhancing computational thinking through coding education in primary school students:
an experimental study on the impact of early programming exposure on problem-solving skills. Frontiers in Psychology,
Volume 17. https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2026.1734482

Wheeler, R. S., & Cabigas, M. E. A. (2024). Pupils’ Focus and Motivations: Their Influence on Mathematics Performance.
International ~ Jouwrnal — of  Multidisciplinary ~ Research and  Analysis, 07(06), 2441-2452.
https://doi.org/10.47191/ijmra/v7-106-04

Widiasanti, 1., Anggie, A., Zanuara, F., & Maulidina, D. F. (2023). Implementation of Big Data in the Zoom and Google
Classroom Applications as Online Learning Media. Indonesian Journal of Education & Mathematical Science, 4(2),
86-92. https://doi.org/10.30596/ijems.v4i2.14828

Wotring, A., & Chen, H. (2021). Exploring Curriculum Alignment through Syllabus Document Analysis: From National
Language Policy to Local ELT Practice. [ranian Journal of Language Teaching Research, 9(2), 57-72.
https://doi.org/10.30466/1JLTR.2021.121044

Yanti, F., & Bayu, P. (2022). Analysis of Learning Difficulties of Class XI Students at SMK Muhammadiyah Kotabumi

187



Indonesian Journal of Education & Mathematical Science
Vol. 7, No. 2, Mei 2026, pp. 175~188
ISSN: 2721-3838, DOI: 10.30596/ijems.v7i2.29439

Analysis of Learning Difficulties of Class XI Students at SMK Muhammadiyah Kotabumi. International Journal of
Progressive Mathematics Education ISSN:2775-8435(0Online)2776-2726(Print), 2(1), 24-34.

Yaqub, M. Z., & Alsabban, A. (2023). Industry-4 . 0-Enabled Digital Transformation : Prospects , Instruments , Challenges ,
and Implications for Business Strategies. Sustainability, 15, 1-33.

188



