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Abstract: Student-centered learning is able to bring out the creative and
innovative thinking of students which are needed to face the twenty-first
century's challenges. A mindset that can bring out the creative potential in
everyone is Design Thinking. The current study employed a theoretical
perspective from design thinking with problem-solving activities consisting of
5 stages, namely emphatize, define, ideate, prototype, and test. In-depth
observations and interviews were conducted to identify problems faced by high
school students at SMA Negeri 6 Palu. Sample selection was based on criteria of
extreme right sample and extreme left sample. The results obtained in the form
of Interactive media in the form of Match-ups as discussion material and
gamification on cell material were designed to be used in the learning process.
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Introduction

The development of technology can be said to affect
learning process in schools. Because of this, it might
cause a change in the educational paradigm which needs
to adapt to the changing condition of technology.
Development technology and  information  that
increasingly rapidly already making an Impact on
Education, both positive and negative (Iresnawati et al.,
2024). According to Septiasari et al. (2022), the use of
information technology in the learning process in the
classroom has become a necessity as well as a demand in
this global era, and so it is necessary to develop various
creative and innovative learning models. According to
Sari et al. (2020), the industrial revolution 4.0 has made
important changes in providing additional information
for students about technological and informational
skills. Furthermore, technological developments must
also be balanced with human resources skills in
managing information (Firmansyah et al., 2019).

How to Cite:

Design Thinking is a process of creating new and
innovative ideas that are used to solve problems and can
be considered a great tool to use in the teaching-learning
process to develop twenty-first century skills (Luka,
2014; 2019). This approach consists of collaboration to
solve problems by finding and processing information
related to the real world, from experiences and feedback
from others (Chen et al., 2018; Luchs et al., 2015;
Sandorova et al., 2020) and applying creativity, critical
thinking and communication. There are five phases in
design thinking compiled by Kelley (2006), founder of
the Institute of Design (IDEO) and the Stanford School
of Design Thinking (d.school) in 2019 and 2010. Design
Thinking is divided into 5 phases: Empathize, Define,
Ideate, Prototype and Test /Evaluate.

The theoretical perspective of Design Thinking has
been categorized into five sub-fields, design thinking as
the creation of artifacts; the second design thinking as a
reflexive practice; design thinking as a problem-solving
activity; design thinking as a way of understanding
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things; thinking of design as the creation of meaning
(Johansson-Skoldberg et al., 2013).

The current research conducted observation and in-
depth interviews with high school students studying at
SMA Negeri 6 Palu. The students like biology learning
because the models and methods used are interesting
and each lesson uses video as a learning medium. On the
other hand, students were reported to find biology
difficult, especially when it comes to memorizing Latin
names and re-explaining them. Students who might be
considered extreme left prefer learning in discussions
and groups because they feel helped by other students.
These students also found the gamification method in
learning more interesting. Based on this fact, a design
challenge to develop interactive biology learning media
was determined so that students in 11th grade can
increase their interest in learning cells. Research on
design thinking needs to be carried out to encourage
academics and scholars to add contributions to the
framework of design thinking. It can also build theory
and reveal areas of design thinking research (Bhandari,
2022).

Method

Design Thinking is divided into 5 phases: Empathize,
Define, Ideate, Prototype and Test /Evaluate, seen in Figure
1 below. The term "design-based learning" is another
name for Design thinking in the world of education.

EMPHATIZE DEFINE IDEATE PROTOTYPE > TEST

Figure 1. Stages of design thinking (Stanford d.school)

The research was conducted utilizing extremes and
lenses strategy in selecting and collecting samples. The
underlying assumption of this strategy was that the
majority of the population had similar needs
(mainstream), but the outliers of the population
(extremes) had most different needs. If we interviewed
subjects who come from the outliers, and they turn out
to have similar patterns of needs, then it could be
assumed that these needs represent the needs of the
entire population, as shown in Figure 2.

Sampling in extreme areas, if those in extreme areas
have specific needs for something, usually represents
the needs of the wider population (d.school Bootleg
Deck, 2018). Furthermore, the research utilized Design
Thinking as a methodology with these phases:
Empathize, Define, Ideate, Prototype and Evaluate.
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Figure 2. Extreme strategy
Result and Discussion

Empathy

The first stage of the Design Thinking process is to
gain an empathetic understanding of the problem to be
attempted to solve. At the empathy stage, observations
and interviews were conducted with grade 10 students
of the science stream at SMA Negeri 6 Palu about
students' understanding of the material. Student
interviews were conducted as the initial stage of getting
an empathic understanding from the PD itself, so that
they can find out the problems they are facing in the
Biology learning process in the classroom. The
characteristics of the students interviewed were divided
into two categories, namely extreme right and extreme
left, who were given light and key questions.

Figure 3. Observations and interviews

In figure 3, it was seen the implementation of
interviews with the sample. All the interview findings
were written down on sticky notes, further
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distinguishing the results of interviews with extreme left
and extreme right students. The results of interviews
with extreme right students, had been written on sticky
notes, were then separated by category, as shown in
Figure 4 and Figure 5.

Keswlitan menghafal

Sska belajar individo nama-nama latin dalam

dibandingkan kelompok

biologl
Lebih menyukal Lebibh memahami
matematica sebagal penjelasan jika
mapel favorit menggenakan video
Lebih suka belajar di Menyvkal karakter guru
kelas dibandingkan yang tegas, tidak ribet,
praktek di lab adil dan mudah dipahami
ketika menjelaskan
Menyvial model
Menyvkal praktek di "':::::IJ."."_:N
laboratorivm to ik asi)
Mengisi kekosongan
Maenyukai gure yang baik wakty belajar di sekolah
dan tidak terlale cerewet dengan bermaln game
Lebih memilib gaya
belajar membaca Tidak menyvkai tugas
karena bisa fokus dan PR
tenang
Maenyekal Biclogi Bartanya ke gure jika
karena berhvbungan ada yang tidak dipahami
dengan kehidepan dalam pembelajaran di
sthari-hari kelas
Kesulitan dalam Maenyvkal belajar
mempelajari konsep dengan oara berdiskusi
genetika

Figure 4. Results of extreme right student interviews

Based on the interview results, we found four
categories of problems in this school, namely learning
models and methods, teacher character and learning
media. We also found challenges and difficulties
experienced by students, in Figure 5.
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Model dan Metode
# Pembelajaran

Menyukal model
Menyukai belajar Menyukai praktek di pembelajaran yang
dengan cara berdiskusi |aboratoriom berbasis game
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Lebih saka belajar d Lebih memilih gaya
- ebih suka belajar belajar membaca
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gkan karena bisa fokus dan
dibandingkan kelompok praktek di lab fenang
#f Karakter Guru
Lebih menyukai

Menywkai guru yang baik

dan tidak ferlale cerewet matematika sebagai

mapel favorit

Menyuvkai karakter quru Bartanya ke guru jika
yang fegas, tidak ribet, '::l yang "':l "P"";"
adil dan mudah dipahami i pemmbeiajaran

ketika menjelaskan s e

# Media

Pembelajaran

Lebih memahami
penjelasan jika
menggunakan video

Menyukai Biologl
karena berhubungan
dengan kehidopan
sehari-hari

Mengisi kekosongan
waktu belajar di sekolah
dengan bermain game

3% Tantangan dan
Kesulitan

Kesulitan menghafal
nama-nama latin dalam

Tidak menyukai fugas
biologi PR

Kesvlitan dalam
mempelajari konsep
qenefika

Figure 5. Grouping the results of extreme right student
interviews
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Furthermore, an"empathy map" was made which
was derived from the grouping of extreme right student
interview results in Figure 6.
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Figure 6. Right extreme student empathy- map

The same thing was also done for the extreme left
students whose interview results were written in sticky
notes (Figure 7), grouping the interview results (Figure
8) and making empathy maps (figure 9).

Menyukal metode Bertanya ke gur fika

Kesulitan menghatal dan Monyokai praktek i Menyuka PR untuk ada yang fidak dipahani
menjelaskan kembali m‘”":::l"up"u"ldm" labom':wium menambsh petahatan dalam pembelajaran di
- kelas
ina terd Menyukai olahraga Mengisi kekosongan
k ,f:;r:::;::m::“ (¢aya belajar s T":‘h.ﬂl Menyukai Bioogi ikt dergan belafar
dal kinestetik) penjlasan Karena ada praktkum mandii, dan bereerita
blam belajar meonggunakan video R
Lebih menilih bertanya Menyokal el
Menyukal quro yang ilbydadoelnd Suka berdiskusiketika
di::::;’ﬁ’:";w gk norotondalan.~ Tkmenyukaimata  raanearaberdkol a1k v mrark
i pembelajaran pelajaran Bologi danberkelompok otk dkerjakan
Mengisi kekosongan Tidak menyukal tugas Menyukai model
waktu belajar di sekolah PR ketika terlaly pembelajaran yang mg{:&fﬂ'ﬂ:’x}:"
dengan bermain game blnm{o‘:l yang berbasis game it
rikan (gamifikasi

Figure 7. Interview results of extreme left students

Based on the results of interviews with extreme left
students, the researcher also found the four categories in
Figure 8.
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Model dan Metode
H# Pembelajaran
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Figure 8. Grouping the results of extreme left student
interviews

Furthermore, an"empathy map" was made which

was derived from the grouping of extreme left student
interview results in Figure 9.
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Tidak menyukal togas
PR katika terlaly

Tidak menyskai mata
pelajaran Biologl

Mengisi kekosongan
wakts belajar di sekolah
demgan bermain game

Figure 9. Left extreme student empathy map

The convergence stage could be done once empathy
maps in Figure 6 and Figure 9 had been made with the
aim of narrowing the findings so that understanding
(insights) could be formulated that would inspire
solution ideas. For this reason, the following stages were
done: Stringing Comprehension: (1) it turns out that the
majority of students find it difficult to learn biology, (2)
it turns out that students do not like it if they are given
too much homework because there are already many
assignments at school, (3) it turns out that many students
find it difficult to learn biology because they have
difficulty memorizing and pronouncing Latin names, it
turns out that students prefer to learn using the
Gamification method and using video-based learning
media, (4) it turns out that students prefer teachers who
are friendly, teach with explanations that are easy to
understand and teachers who do not discriminate
between students. Furthermore, a series of
understandings were selected as follows, it turns out
that the gamification method in the learning process will
increase students' interest and motivation to learn and
affect learning outcomes, it turns out that students do
not like homework, it turns out that students like to learn
by discussing and in a group. Furthermore, the
understanding considered to be the most problematic,
most valuable, and in accordance with the field of the
study were selected. Therefore, one understanding was
chosen, namely "the selection of methods, models, and
media has an effect on students' interest and motivation
to learn biology."

Using empathy techniques in design thinking has a
significant impact by getting new things in the form of a
deep understanding of users and stakeholders involved.
With empathy, it is possible to see from students'
perspective, and understand their needs, expectations,
and challenges. This generates new insights that enrich
the thinking and the resulting solutions. In addition,
empathy allows the identification of underlying
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problems, not just visible symptoms. The use of
empathy techniques also builds team collaboration skills
by understanding and respecting each other's
perspectives. With empathy, teams can generate creative
ideas and solutions that are more relevant and inspire
the next steps in the design process.

Define

The purpose of this phase is to formulate a design
goal better known as the design challenge. In this phase,
the problem must be defined. Because of that, it becomes
the most challenging part of the Design Thinking cycle.
According to Dam et al. (2019) formulating a design
challenge appropriately using the Point of View
technique is to combine an understanding of the user,
his needs, and insights/findings from the Empathize
phase in one actionable sentence. In this study, several
design challenge formulations were found and one that
was in accordance with empathy was selected, namely
"How can we use problem-based learning models,
gamification methods, and interactive media in Biology
learning in order to improve the learning outcomes of
students in grade 11 in the science stream?" Difficulty
faced in this phase was to match the formulated design
with the characteristics of the students obtained based
on the results of the interview and then determine the
selected formula. Therefore, a design challenge that
combines the formulations of all group members was
formulated.

Ideate

The Ideate Phase in Design Thinking is about how
various alternative radical ideas are explored that can be
a solution to a problem/need (Azzahra et al., 2022; Beyhl
etal., 2016; Lewrick et al., 2018). In this phase, ideas that
can be a solution for the Design Challenge were selected
as shown in Figure 10.

After the ideas were collected, then it was thought
about how to answer the design challenge in the 3T area
(leading, remote, and left behind). In such place, it
would be difficult to provide learning tools and
materials. Convergent stage was discussed to narrow
down the choices and determine one learning media
idea that you will make real. Voting and pooling were
conducted to determine the ideas to be used in Figure 11.

Based on Figure 11, media ideas were chosen using
cardboard to create interactive media in the form of
mind maps filled in by students during discussion
syntax and illustration of learning media ideas on cell
material. It was carried out using plasticine to make cell
models so that students know the model shape and
name of each cell organelle. In addition, students must
be responsible for presenting the learning media that
had been created. The idea of selection was because of
the easiness to find the materials and it could also be
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replaced with polymer clay, clay, or flour clay. After
that, students created cell models based on references
they found.

$

Media pembelajaran interaktif
berupa in video quiz question,
dimana siswa saat menonton
video pada sintaks PBL
diberikan tantangan untuk
menjawab kuis interaktif
dalam video
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ditantang dengan diberikan
kasus tentang konsep
dalam materi sel, kemudian
diberikan kebebasan
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materi sel berdasarkan
pengamatannya

Metode Gamifikasi : Tiap
kelompok berlomba untuk
memasangkan gambar
organel sel yang sesuai
dengan fungsi yang hanya
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diberikan

Gamifikasi yang dilakukan
didalam pembelajaran
menggunakan  plastisin
atau polimer clay yang
dibentuk menjadi model
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didalamnya terdapat
bentuk sel 3d yang dapat
menjadi media  dalam
mengajarkan organel sel
kepada peserta didik.
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gamifikasi yag dilakukan
dengan menyusun puzzle
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Prototype Phase

Prototype development is an integral part of design
thinking and user-centered design, because prototypes
allow us to test ideas and improve them in a short time
(Dam et al., 2018). In determining the types of prototypes
created to test ideas, there were things that should be
considered (1) the resources, (time, energy, funds,
availability of tools, etc.), (2) How interactive and
accurate the prototype needs to be, taking into account
the higher the fidelity of the prototype, the more difficult
the manufacturing process will be, and (3) how to test
the prototype. The resources to build the prototype can
be seen in Figure 12.
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diberikan

video pada sintaks PBL
diberikan tantangan untuk

menjawab kuis interaktif
dalam video

gambaran fungsi organel-
organel sel secara spesifik

dalam materi sel, kemudian
diberikan kebebasan

| menggunakan referensi

Pembelajaran  Berbasis
Masalah : Peserta didik
melaksanakan praktikum
mengamati  sel dan
menelaah kasus terkait
materi sel berdasarkan
pengamatannya

melibatkan pﬁic‘dlk secara aktif

memastian

Gamifikasi yang dilakukan
didalam pembelajaran
menggunakan  plastisin
atau polimer clay yang
dibentuk menjadi model
sel.

Memberikan nélah pembelajaran

didik dan mendorong
mereka untuk bekerja secara

Media Pembelajaran yang
digunakn berupa AR yang
didalamnya terdapat
bentuk sel 3d yang dapat
menjadi media  dalam
mengajarkan organel sel
kepada peserta didik.

Menciptakan lingkungan
pembelajaran yang interak,

gamifikasi yag dilakukan
dengan menyusun puzzle
gambar sel kemudian
peserta didik menentukan
nama organel penyusun
sel tersebut.

Memutarkan video pembelajaran dengan
animasi yang menarik sehingga peserta

bahwa materi yang dajarkan relevan

dengan f ertaric i
ng kolaborati s o Rt b Gk lebih tertarik mengikuti proses
mereka. Selain ftu, memberikan Kemudian berikan kesempatan bagi rta didk dengan menggunakan | Peb€aiaan dan memperhaticn video
umpan bakk yang konstruktif dan peserta didik untuk berdiskusi, tersebut Kemudian menggunakan media
metode pembelajaran gamifikasi
dorongan agar partisipasi aktif dalam berbagi ide, dan mencari solusi interaktif seperti gambar, atau simulasi
pada proses pembelajaran agar z
setiap kegiatan pembelajaran di bersama terkait masalah yang untuk menyajikan materi pembelajaran
peserta didi menjadi lebih akctf dan
dalam kelas. mereka dapatkan yang mendukung pemahaman peserta

tidak jenuh dalam kelas.

didik serta memvisualsasikan konsep
Biologi dengan jelas

Figure 10. Solution ideas for the design challenge
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3 .
memvisualisasikan struktur dan kemponen sel dengan
lebih baik.
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Figure 11. Results of voting design challenge
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Figure 12. Resources for building prototypes

Furthermore, the prototype is made in the form of a
match-up. Some things to note to see how interactive
match-up design are; the images and colors in the match-
up prototype can make students easily understand each
cell structure, match-up posters which can be used as a
discussion and collaboration tool in the classroom.
Students could discuss the concepts presented in the
poster, share their understanding, and encourage the
exchange of ideas among fellow students. These match-
up prototypes in the form of posters could help students
in learning material about cells individually or in
groups, and the last mMatch-up prototypes designed
with a high level of interactivity can increase student
engagement, facilitate creative thinking, and increase
understanding of cell concepts in the context of design.
This interactivity opens up opportunities for deeper
collaboration and exploration, enriching the learning
experience and developing students' design thinking.
Along with current technological developments,
media has become an integral part of the learning
process so teachers must utilize learning media to be
more effective (Mantoviana et al., 2023).

Furthermore, to see the accuracy of the match-up
prototype is to look for; the first, the accuracy of the
match-up prototype which describes various cell shapes
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visually can help students understand the structural
differences between each different cell organelles
clearly. The match-up poster prototype is able to
accurately explain cell functions. The second, the
information presented in match-ups must be accurate
and in accordance with the scientific understanding of
cells. It is important to ensure that the source of
information used is a verified scientific text, a trusted
textbook, or an accurate reference source in the field of
cell biology. Information obtained from these sources
would help ensure that match-ups reflect correct and
up-to-date knowledge of cell materials. The third, well-
designed match-up prototypes use visual elements, such
as icons and images, to clarify information and make it
easier for students to understand cell material. Proper
visualization can help students process information and
remember information better. The last, the accuracy of
match-up prototypes must be in accordance with the
learning objectives to be achieved. Match-ups must
support students in understanding cell material,
mapping interrelated concepts, and encouraging critical
thinking and problem-solving. Critical thinking skills

Sebagat rangha

Dentik sel

Peoshentihon
lipid don
detohsilikadi 2ol

Kinio

Tompol

entuhan

1 (i dolom

Mengandung

Lok jnd|

Figure 14. Image card prototype and its functions

Testing

In the last stage, the testing process was carried out
using prototype posters and cards. The test was carried
out with 20 respondents in the manner as shown in
Figure 15.

The results obtained were that students were very
interested and enthusiastic about the prototype posters
and cards presented. This was seen when they could not
wait for their turn to pair the images provided.
Furthermore, the testing of this prototype was attended
by validators who also gave a very good assessment. In
line with the opinion of Aranda et al., (2020) the design
results that have been completed and communicated to
users include higher-order thinking, because they have
already carried out an evaluation
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are abilities that involve analysis and rigor (Culver et al.,
2019; Septiana et al.,, 2023). The match-up prototype
must be relevant to the assigned KD to ensure proper
linkage to the material taught in the class. The design of
the prototype can be seen in Figure 13 and Figure 14.
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Figure 15. How to test a prototype
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Conclusion

During the Design thinking process, there are
things that might be exciting in the Empathize phase,
especially through in-depth interviews with students.
First, the in-depth Interview (IDI) provided an
opportunity to gain a deep understanding of students'
experiences, needs, and expectations. This created
opportunities to create more relevant and meaningful
solutions. In addition, direct interaction with students
through IDI allowed for a closer personal connection.
Understanding their life stories and their perspectives
could be a motivating source of inspiration in the
process of designing solutions that have a positive
impact. During the Empathize phase, IDI also involved
the use of strong communication and empathy skills,
which enrich the learning experience and aid the
development of valuable interpersonal skills. In the
Ideate Phase that gave birth to Innovative ideas for
learning design, the researcher felt very excited because
the process of ideation and giving birth to innovative
ideas was very interesting and triggered creativity. Each
brainstorming session and group discussion made the
researchers more motivated to find innovative solutions
in learning designs. Ways to generate innovative ideas
and strategies in learning would be very useful in
improving the quality of teaching later. In addition,
researchers could apply the ideation approach taught to
create a more interesting and memorable learning
experience for students. What needs to be explored more
is about techniques and other creative methods for
coming up with innovative ideas in learning. It would
be an interesting follow-up to the research by exploring
more about design thinking techniques, creative
problem-solving methods, and other approaches that
can enrich the ideation and learning process. In addition,
delving deeper into student-centered learning
approaches and how to integrate innovative ideas into
more flexible and adaptive curricula might be
interesting topics.
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