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Abstract

Problem-solving skills are crucial in modern education and can be improved through Problem-Based
Learning (PBL) and Al technology using the Design Thinking framework. This study explores the
integration of Design Thinking into the curriculum to develop Android-based Al applications for
PBL involving high school students and teachers. The novelty of this research lies in its systematic
integration of Al with Design Thinking in a PBL setting, enhancing students' critical and creative
thinking skills. Data were collected through interviews, observations, and documentation and
analysed thematically to identify key insights. The results show that optimising Al applications with
Design Thinking significantly enhances problem-solving skills. This study provides practical
recommendations for educators and policymakers while identifying gaps, such as the need for
adaptive learning pathways and further empirical validation, offering opportunities for future
research in Al-driven PBL models.
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INTRODUCTION

Problem-solving skills are essential competencies in modern education aimed at
preparing students to tackle real-world challenges. These skills involve problem
identification, information analysis, and the development of effective solutions while
fostering critical and creative thinking. They are highly relevant in both academic and
professional domains, where deep analysis and data-driven decision-making are key
differentiators (Zhou et al., 2024). In this context, technologies such as Android-based Al
play a pivotal role in supporting adaptive and personalised learning and enhancing
problem-solving processes through features like learning analytics, voice recognition, and
virtual tutors (Chen et al., 2020). Al also facilitates more effective learning by providing
instant feedback, enabling students to correct mistakes and continuously improve (Holmes
et al., 2019). Furthermore, Al boosts motivation, improves the efficiency of student
assessments, and offers tailored learning experiences that align with individual learning
paces and styles (Lukman Hakim, 2022).

Problem-Based Learning (PBL) is a relevant approach for developing students'
problem-solving skills by providing real-world contexts that sharpen their abilities.
Through PBL, students not only learn theoretical concepts but also apply them directly to
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solve relevant problems, thereby increasing motivation and engagement. Research by
Pramudita (2020) found that PBL assisted by Prezi is more effective than conventional
learning methods. Students using PBL with Prezi not only met the Minimum Competency
Criteria (KKM) but also demonstrated better mathematical representation skills and higher
learning outcomes. Student activity was also shown to influence learning outcomes
positively in both approaches. The integration of Al technology enhances the PBL method
by offering interactive guidance, personalised learning, and immediate feedback, helping
students gain a deeper understanding of problem-solving processes (Zhou et al., 2024).
PBL structures learning around complex problems that students investigate collaboratively.
This inquiry-driven approach promotes critical thinking, analytical reasoning, and the
development of problem-solving skills (Barrows, 2016). Furthermore, PBL facilitates
active learning, bridging theory and practice while simultaneously fostering self-regulated
learning skills, including metacognition, motivation, and collaborative teamwork (Hmelo-
Silver, 2018).

Design Thinking provides a powerful approach to driving innovation in education
through the development of user-centred applications. The iterative stages of Empathize,
Define, Ideate, Prototype, and Test facilitate the creation of technology-based solutions that
address real learning needs (Brown, 2017). Design Thinking is essential for developing
user-centered Al-based educational applications. This approach enables the creation of
personalised and interactive learning features refined through user feedback (Zawacki-
Richter et al., 2019). Research indicates that applying user experience (UX) and design
principles aligned with design thinking are crucial for developing engaging and effective
online learning platforms. Platforms like Duolingo and Khan Academy have successfully
implemented these principles to create personalised and interactive learning experiences
(Bonk & Dennen, 2018). This approach integrates Al principles with problem-based
learning methods, fostering a collaborative, adaptive, and reflective learning environment.

The combination of Al, PBL, and Design Thinking significantly enhances innovative
technology-based learning. Al serves as a facilitator in PBL by providing data, simulations,
and Al-driven guidance, while Design Thinking ensures that the resulting applications are
user-centred and intuitive. Collaborative learning facilitated by Al tools can enhance
student engagement and improve learning outcomes by allowing them to apply theoretical
concepts to real-world problem-solving. This approach fosters both creative thinking and a
deeper understanding of the subject matter (Holmes et al., 2019). Thus, integrating these
three elements is key to creating an effective and comprehensive learning experience,
equipping students with strong critical thinking and problem-solving skills to address real-
world challenges.

These limitations indicate a need for a more integrated framework that combines Al,
PBL, and Design Thinking to create a more adaptive, engaging, and effective learning
environment. Such a framework should leverage AI’s capability to provide real-time
personalised feedback, PBL’s strength in fostering deep learning through real-world
problem-solving, and Design Thinking’s emphasis on user-centred iterative processes
(Chen et al., 2021; Hmelo-Silver, 2019). By integrating these three elements, educators and
researchers can develop Al-driven educational tools that not only adapt to individual
learning needs but also promote creativity, collaboration, and higher-order thinking skills
(Luckin, 2018). Future research should explore how Al can facilitate the implementation
of PBL by dynamically adjusting problem scenarios based on student progress and
engagement levels. Additionally, incorporating Design Thinking principles into Al-based
learning environments could enhance usability, motivation, and learning outcomes by
ensuring that the technology is designed with students' needs and experiences at the core
(Zawacki-Richter et al., 2019). Empirical studies and experimental designs will be essential
to validate the effectiveness of this integration in various educational settings.
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This study aims to identify the urgency of problem-solving skills as one of the
primary challenges faced by students in modern learning contexts and to explore the
potential of optimising Android-based Al applications to enhance these skills. The results
of this research are expected to make a tangible contribution to the development of
educational technology focused on enhancing students' critical and creative thinking
abilities.

METHODS

An exploratory research approach is used to gain a deep understanding of the
application of Design Thinking in the development of Android-based Al applications for
Problem-Based Learning (PBL). A qualitative approach was deemed appropriate to gain
in-depth insights into how application integration can support students' problem-solving
development. This methodology is particularly well-suited for exploring complex
phenomena in educational settings where quantitative data may be limited (Merriam & Yin,
2019). Design Thinking, with its iterative cycle of empathising, Defining, and ideating,
guides the development of user-centred educational applications. This approach prioritises
understanding user needs and incorporating feedback throughout the design process to
create personalised and relevant learning experiences (Dam & Siang, 2020; Brown, 2017).

This research design is a case study that enables an in-depth analysis of the
implementation of Android-based Al applications in PBL learning. Case studies are an
effective method for understanding how the application functions in real-world contexts,
providing detailed data on the interactions between the application and its users, as well as
its impact on students' problem-solving skills (Yin, 2018). The focus of this research aligns
with PBL principles, which encourage students to collaboratively solve real-world
problems while developing critical, analytical, and creative thinking skills (Hmelo-Silver,
2018). This study also aims to explore how the application of Design Thinking in
development can improve learning quality, encourage student innovation, and enhance
their engagement in problem-solving processes (Zhou et al., 2024).

The subjects of this study are all high school mathematics students and teachers
involved in Problem-Based Learning (PBL) using Al-based technology. The study focuses
on four schools: SMA Negeri 16 Semarang, SMA Negeri 4 Semarang, SMA Islam Sultan
Agung 1 Semarang, and SMA Unggulan Nurul Islami Semarang, with a purposive
sampling of 200 students and six teachers selected to represent the population (Sugiyono,
2018). The sample was selected purposefully based on characteristics such as educational
level and experience with technology to ensure the study's validity and generalizability
(Palinkas et al., 2015). The study employs an Al-based Android application developed
through the design thinking framework, incorporating the stages of empathising, defining,
and ideating to support PBL. The application features interactive tools, online
collaboration, adaptive feedback, and gamification to enhance the learning experience. It
is developed using technologies like Flutter and machine learning to provide personalised
learning experiences and improve students' problem-solving skills, aligning with findings
that Al can support contextual learning and critical thinking (Hmelo-Silver, 2018; Chen et
al., 2020). The Al application includes the following features:

1. Photomath
A study by Lee and Smith (2021) found that Photomath is highly effective in helping
students understand the problem-solving process, as it enables them to learn the logic
behind each step of the solution. Moreover, the application's visual learning features
make it particularly appealing to digital-native generations, who are more inclined to
learn through technology.
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2. MalMath
According to research by Wilson (2022), MalMath is highly beneficial for students
who prefer self-directed learning due to its accessible features and ability to
demonstrate various approaches to problem-solving.

3. Algebrator
Research by Roberts et al. (2020) found that Algebrator is highly effective in
enhancing students' understanding of algebra topics, particularly for those who
struggle with traditional learning methods.

The development of the Android-based application in this study follows three stages
of the Design Thinking process. The first stage, empathise, involves identifying problems
and building empathy by collecting initial data on the needs and challenges faced by students
and teachers in Problem-Based Learning (PBL). Observations and interviews are conducted
to understand difficulties in problem-solving and interactions with technology. The second
stage, define, focuses on formulating a relevant problem definition based on initial findings,
with an emphasis on addressing the primary challenges in PBL and the need for an adaptive
and personalised Al application. Lastly, the ideation stage is an iterative process involving
the generation, refinement, and evaluation of ideas for the educational application's features.
Input from students, teachers, and developers is crucial throughout this process, ensuring that
the final product effectively supports problem-solving and learning (Brown, 2017).

The data collection techniques in this study employed three primary methods to obtain
a comprehensive understanding of the implementation of the Android-based Al application
in Problem-Based Learning (PBL) and its effectiveness in enhancing students' problem-
solving skills. The methods included in-depth interviews with students, teachers, and
application developers to explore experiences, perceptions, and challenges during the
implementation process (Kvale & Brinkmann, 2015). Direct classroom observations were
conducted to examine the interactions between students and teachers with the application,
including its role in facilitating PBL and increasing student engagement (Creswell & Poth,
2018). Additionally, documentation such as student evaluation results, application
development reports, and evidence of Design Thinking integration provided supplementary
information that supported findings from the interviews and observations (Bowen, 2009).
The combination of these three methods ensured that the data collected was diverse, in-depth,
and aligned with the research objectives.

The data analysis techniques in this study employed a thematic analysis approach to
ensure rich and valid findings. Thematic analysis was applied to qualitative data obtained
from interviews and observations to identify patterns and key themes related to the
implementation of the Android-based Al application in Problem-Based Learning (PBL).
Quantitative data from student evaluation questionnaires were analysed descriptively to
illustrate the application's effectiveness in learning (Creswell & Plano Clark, 2018). To
enhance the validity of the findings, data triangulation was conducted by comparing results
from questionnaires, interviews, observations, and documentation obtained from various
sources, including students, teachers, and application developers (Patton, 2015). This
approach ensured that the research findings were verified from multiple perspectives, leading
to a comprehensive and credible understanding of the impact of the AI application on
problem-based learning.

RESULTS AND DISCUSSION
The Empathize stage in this application development involves a series of user research

activities, including interviews, ethnographic studies, and user journey analysis. Through this
process, designers gain in-depth insights into user needs, behaviours, and contexts, which are
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then integrated into the design process (Goodwin, 2018). The primary objective of this stage
is to identify the urgency of problem-solving skills and understand the needs, challenges, and
preferences of users, specifically students and teachers. The subsequent step in the
empathising phase involves creating visualisations through an Empathy Map, as illustrated
in Figure 1. Empathy mapping is a valuable tool for understanding user needs and
perspectives, allowing designers to visualise and synthesise user research data to inform
design decisions (Buchenau et al., 2015).

SAID DID

Teachers feel very happy teaching Forming study groups (6.5%)
mathematics (83.3%) Asking the teacher (29%)

Students feel happy learning Attending tutoring classes (15.5%)
mathematics (30%) Learning from online media (23%)

Have not yet maximized the use of Using learning app assistance (22%)
smartphones to support learning Watching educational videos on
(57.5%) YouTube (0.5%)

Some are not yet proficient in

arithmetic (11.5%)

Mathematics teachers are enjoyable

(49%)

Thoughts Felt

Increasing practice and reviewing

Feel neutral towards mathematics

material can improve understanding lessons, neither hating nor strongly
(31%) liking them (56.5%)

© Learning with a whiteboard and © Worried about not being able to
markers is still relevant (47 %) understand the material (58%)

* The most important thing is a fun - Feel often forgetful (49%)
learning atmosphere (62%) * Like the teacher’'s enjoyable teaching

method (49%)

Figure 1. Empathy mapping

The Said section captures users' expressed opinions and needs. It was found that most
teachers enjoy teaching mathematics (83.3%), while only 30% of students enjoy learning it.
Additionally, 57.5% of teachers have not maximised smartphone use to support learning,
11.5% of students struggle with basic arithmetic, and 49% perceive their mathematics
teachers as engaging. The Did section records observed user actions, such as students forming
study groups (6.5%), asking questions to teachers (29%), attending tutoring sessions (15.5%),
learning through online media (23%), using educational apps (22%), and watching
educational videos on YouTube (0.5%). The Thought section reflects unspoken thoughts,
such as students practising more and revisiting materials to improve understanding (31%),
the perception that whiteboards and markers remain relevant (47%), and the belief in the
importance of creating an enjoyable learning atmosphere (62%). Lastly, the Felt section
identifies users' emotions related to their experiences. A total of 56.5% of students felt neutral
toward mathematics, 58% were anxious about not understanding the material, 49% often
forgot lessons, and 49% appreciated their teachers' enjoyable teaching methods.

Based on the data analysis conducted during the Empathize stage, the next step is the
Define stage. In this phase, designers analyse and synthesise the data gathered during the
Empathize stage to formulate a clear and focused problem statement. This problem statement
must be human-centred and provide clear direction for subsequent steps. The POV is a tool
that helps designers to define the problem in a human-centred way. It is a concise statement
that captures the essence of the problem, including the user, their needs, and the insights that
have been gathered (Dam & Siang, 2020).

From the PoV results, problem statements are then formulated through "How Might We"
(HMW) questions, as shown in Table 2. "How Might We" (HMW) is a method of formulating
creative questions used in the Define stage of the Design Thinking process. The goal is to
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transform design challenges into opportunities by crafting open, positive, and solution-
oriented questions. HMW helps the design team initiate the Ideation process with a clear
focus while remaining flexible enough to allow for a wide range of creative ideas to emerge.

Table 1. Point of View (PoV)

User Need Insight
Students Innovative teacher Understanding the material
Students Varied learning media More engaging learning
Students Applicable curriculum Aligned with the demands of the times
Teachers Sufficient facilities Maximal in delivering the material

Ideation is a collaborative process where diverse perspectives contribute to a rich pool
of ideas. Through structured brainstorming and other collaborative exercises, teams explore
possibilities, challenge assumptions, and build upon each other's thinking (Dam & Siang,
2020). After understanding user needs in the Empathize stage and formulating a clear
problem statement in the Define stage, the Ideate phase encourages the exploration of a wide
range of possible solutions without initial constraints. From the analysis of questionnaire data
via Google Forms completed by both students and teachers, along with direct observations,
several ideas emerged as potential alternative solutions, as shown in Figures 2 and 3.

Table 2. How Might We (HMW)
No Questions Answers
Connect with interests: Engage students in projects related to
their interests (e.g., designing a simple video game involving
How can we make geometric concepts or analysing data from their favourite social

mathematics more _media to understand statistics).
1 relevant to students' Use real-life examples: Provide word problems that are close to
everyday lives? students' everyday lives, such as calculating the cost of a
birthday party or planning a trip.
Incorporate technology: Use apps and software that allow
students to explore mathematical concepts visually and
interactively.
How can we make Vary teaching methods: Do not rely solely on lectures; also use
mathematics  learning _games, simulations, and group projects.
, more enjoyable and Leverage technology: Use videos, animations, and educational

engaging? games to make learning more engaging.
Create a collaborative learning environment: Encourage
students to work together to solve problems and share ideas.
Set clear learning objectives: Explain to students why they need
How can we enhance to learn mathematics and how it will benefit them in the future.
students' motivation to Celebrate successes: Provide rewards and recognition for
3 learn mathematics? students' achievements.
Engage students in the learning process: Give students the
opportunity to choose topics they want to learn or create their
projects.
How can we overcome Identify difficulties: Conduct assessments to determine where
the difficulties students _students' difficulties lie.
experience in learning Provide additional support: Offer tutoring or study groups for
mathematics? students who need extra help.
Change the learning approach: If one method does not work, try
a different approach.
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The efforts to overcome difficulties/challenges in
teaching mathematics

m Using varied teaching
approaches

= Providing motivation to
students

Using engaging learning
media

m Providing varied practice
problems

Figure 2. Ideas for solutions from teachers

The need for a better understanding of
mathematics

H increasing practice questions
m utilizing diverse learning media
having more patient teachers

m extending study time

m My suggestion is to provide some
time for private consultations on

problems
®poin 1 and 2

m Lots of practice problems, and if |
don't understand, | can ask the
teacher right away

Figure 3. Ideas for solutions from students
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From the data, four key solutions proposed by students to enhance their
understanding of mathematics are identified: increasing practice questions (38%), utilising
diverse learning media (24%), having more patient teachers (19%), and extending study
time (15%). On the other hand, the best solutions suggested by teachers to address
challenges in mathematics education include using engaging teaching media (66%),
adopting varied teaching approaches (17%), and motivating students (17%). The strengths
and weaknesses of each proposed solution from both students and teachers analysed
through the lens of optimising Al applications, are as follows:

1. Increasing practice questions

Increasing practice questions (38%) hold significant potential for optimisation
through Al technologies such as MalMath, Photomath, and Algebrator. These applications
provide interactive step-by-step solutions, helping students gain a deeper understanding of
mathematical concepts. For instance, Photomath enables students to visualise problem-
solving processes, while MalMath offers systematic explanations that enhance analytical
and logical skills (Malmath Team, 2022). Additionally, adaptive features in Algebrator
allow students to practice questions with varying levels of difficulty, effectively preparing
them for evaluations with greater confidence (Johnson & Smith, 2021). Traditional
problem-solving practices are often perceived as monotonous and less stimulating for
creativity. Al technology addresses this issue by offering interactive interfaces and
gamified elements that increase student engagement (Chang et al., 2023). Al-based
applications can also incorporate contextual problems to foster creative thinking and
leverage augmented reality (AR) to make learning more engaging (Zhao et al., 2023). With
strategic integration into the curriculum, Al has the potential to enhance the quality of
mathematics education significantly (Holmes et al., 2023).

2. Varied learning media

Varied learning media play a crucial role in enhancing students' interest, motivation,
and understanding, especially in mathematics. Al applications such as MalMath,
Photomath, and Algebrator support the visualisation of abstract concepts through graphics,
simulations, and step-by-step explanations. Research by Mutiarawati (2019) also shows
that the use of GeoGebra in Creative Problem Solving (CPS) learning effectively improves
students' mathematical problem-solving abilities. However, optimising technology-based
media faces challenges such as limited access and the need for teacher training. With
targeted integration, applications like MalMath, Photomath, Algebrator, and GeoGebra can
create interactive learning that caters to various learning styles (Chang et al., 2023; Zhao
et al., 2023; Malmath Team, 2022).

3. Teacher patience

Teacher patience is crucial in enhancing student engagement in mathematics
learning, creating a positive learning environment, and providing space to understand
difficult concepts without time pressure. Al-based applications such as MalMath,
Photomath, and Algebrator can support this by offering step-by-step guidance that is patient
and without time constraints. However, while Al can complement the teacher's role, over-
reliance on technology may hinder the development of students' independent thinking
skills, and the emotional support and motivation provided by teachers are difficult to
replace. Therefore, the optimisation of Al's role should support, not replace, the teacher's
role, ensuring that students receive a balance of technical guidance and emotional support
(Zhao et al., 2023; Chang et al., 2023).

4. Adding extra study time

Adding extra study time has advantages in supporting mathematics learning,
particularly in understanding difficult concepts, engaging in discussions, and asking
questions to teachers or peers. This additional time allows for more comprehensive
learning, especially for topics that require in-depth analysis. Al-based technologies such as
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MalMath, Photomath, and Algebrator can maximise study time by providing quick access
to math problem solutions, step-by-step explanations, and graphical simulations. These
features enable students to learn independently and efficiently (Zhao et al., 2023).
However, extending study time also has downsides, such as the risk of physical and mental
fatigue, which can reduce learning effectiveness. Students' busy schedules filled with
extracurricular activities or family commitments pose additional challenges. Optimising Al
applications like Photomath and Algebrator can address these issues. These apps allow
students to learn anytime without being tied to specific hours, increasing flexibility without
adding to the formal study time burden (Chang et al., 2023; Wang et al., 2023).
5. Using engaging learning media

The use of engaging learning media, such as visual and interactive media, is effective
in enhancing students' motivation towards mathematics and facilitating the understanding
of complex concepts through visualisation and simulation. Al-based applications like
MalMath, Photomath, and Algebrator support learning with detailed solutions and dynamic
graphics. Research by Indiati (2021) shows that the use of APKs in online learning during
the pandemic improved learning outcomes, particularly in the problem-solving ability of
prospective mathematics teachers. While the development of these media faces resource
limitations, Android-based Al applications can serve as an effective solution due to their
accessibility, cost-effectiveness, and flexibility with the curriculum (Zhao et al., 2023;
Chang et al., 2023; Wang et al., 2023).
6. Using different learning approaches

Diverse learning approaches offer flexibility for teachers to adapt strategies to
students' needs, enhancing the effectiveness of learning and fostering creativity in
designing innovative methods, including the integration of Al technology. Applications
like MalMath, Photomath, and Algebrator assist students through step-by-step solutions,
concept visualisation, and interactive simulations (Chang et al., 2023; Zhao et al., 2023).
However, challenges arise in teacher training and student confusion due to frequent method
changes. Applications like Photomath provide consistency in the learning process while
optimising Al technology allows teachers to enrich learning without compromising clarity
(Wang et al., 2023).

CONCLUSION

This study highlights that students' problem-solving skills remain a significant
challenge in modern education, requiring innovative approaches to enhance learning
effectiveness. The integration of Android-based Al applications with the Design Thinking
framework in Problem-Based Learning (PBL) demonstrates strong potential to foster
critical and creative thinking skills. Among various optimisation strategies analysed,
increasing the number of practice problems (38%) is identified as a crucial factor in
strengthening students' conceptual understanding, improving problem-solving abilities,
and boosting confidence in facing evaluations. Despite its promising findings, this research
has several limitations. It primarily focuses on a single optimisation strategy, while other
potential enhancements—such as Al-driven real-time feedback, gamification, and adaptive
learning pathways—remain unexplored. Additionally, the long-term impact of this AI-PBL
integration is yet to be assessed, and concerns regarding usability, accessibility, and
scalability in diverse educational settings need further investigation. Future research should
address these gaps to refine Al-driven PBL models, ensuring they provide effective,
inclusive, and adaptive learning solutions for students in various academic contexts.
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