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Abstract

This study aimed to propose a process of creative action that is based on a version of design thinking process with
six stages (i.e., understand, observe, point of view, ideate, prototype, and test) to promote T-shaped talents in design
education in specific, and general education in general. The innovative process first started with literature research,
field study, and brainstorming to understand and observe the target audiences resulting in inspired viewpoints, fol-
lowed by nine-window method and C-sketch technique to develop creative solution concepts, and then scenario
building and storytelling with both AEIOU and 5W1H techniques were introduced to help provide distinct perspec-
tives and profound knowledge about the solution concepts with target audiences in mind. Finally, the chosen resolu-
tion was realized by prototyping and testing. A case study was demonstrated to present how this newly developed

approach works.
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1. Introduction

Leonard-Barton (1998) mentioned that major en-
terprises (e.g., Microsoft, HP, and Motorola) prefer to
recruit T-shaped talents, which involve expertise and
experience in a certain field as well as the capacity to
collaborate across different fields (Hansen, 2010).
Brown (2008) also observed that with increasing com-
plexity in products, services, and experiences, interdis-
ciplinary collaborators can replace genius-type talents
in the past, and that such talents and capabilities are the
personality traits that make a design thinker.

Design thinking places emphasis on systematic
thinking processes for user-centered designs and the
utilization of the 3ls (inspiration, ideation, and imple-
mentation). With constant interactions in both diver-
gent and convergent thinking, design thinking produces
innovative solutions that meet user needs (Brown, 2008;
Brown & Wyatt, 2010). However, without the aid of
suitable design or creative tools, difficulties in problem
definition and overly limited concepts become com-
mon occurrences in conceptual development processes.

This study then employed the six steps of design
thinking (understand, observe, point of view, ideate,
prototype, test) proposed by d.school, Stanford Univer-
sity (Hasso Plattner Institute of Design at Stanford,
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2007; Carroll, Goldman, Britos, Koh, Royalty, and
Hornstein, 2010) as the framework and added appro-
priate creative tools to help develop innovative solu-
tions which can take the consumer’s needs, technolog-
ical feasibility and business sustainability into account.

The remainder of this paper is structured as fol-
lows. Firstly, relevant literature review is introduced.
This is followed by description of the Design Thinking
based Product Design Process in details. Thirdly, a case
study on EGF application is provided. Finally, conclu-
sions are presented.

2. Literature Review

2.1 T-shaped Talents

David Guest coined the term “T-shaped talents” in
his article "The Hunt is on for the Renaissance Man of
Computing" (Guest, 1991). Leonard-Barton (1998)
defined T-shaped talents as a group of people with both
technological and commercial abilities and the capacity
to analyze commercial data and provide better service
alternatives. Tim Brown explained that the vertical
stroke in the T symbolizes their expertise and experi-
ence in a certain field; in contrast, the horizontal stroke
represents their interdisciplinary capabilities (Hansen,
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2010). Having deep knowledge in their profession,
T-shaped talent, drawn more attention and welcomed in
the workplace, is also able to apply knowledge across
situations and work collaboratively across disciplines.
With both depth and breadth in their skills, T-shaped
professionals are then the driving forces to innovation.

2.2 Design Thinking

The concept of design thinking was proposed by
Bryan Lawson in the book How Designers Think and
later applied by Nigel Cross and Peter Rowe to general
education and architecture. Professor Rolf Faste began
offering a design thinking course at Stanford University,
and David M. Kelley incorporated management and
commercial design into the course. As of today, design
thinking has become a subject of interest in various
fields. Design thinking is an iterative design process
that encompasses three spaces (inspiration, ideation
and implementation) (Brown, 2010). It emphasizes that
designers must abandon their preconceptions and intui-
tive thinking patterns and divulges problems via ob-
servation and empathy. At the same time, they must
also consider the needs and behaviors of the users,
technology feasibility as well as the market sustainabil-
ity of the product or service (Brown, 2008).

However, there are no specific procedures or tools
for the design process (Brown, 2008; Brown et al.,
2010). Without such aids to help define problems, it is
easy for designers to be easily limited by their own
preconceptions and interpret the problems from a per-
sonal perspective (Thomsen, 2013). Thus, the lack of
appropriate tools to assist the concept development
stage means that concept generation will easily be lim-
ited.

To address this issue, some general guidelines are
developed. For example, six steps were developed for
design thinking in education based on the applications
of design thinking at the Stanford University’s d.school
and in K-12 exploratory education environments: un-
derstand, observe, point of view, ideate, prototype, and
test (Carroll et al., 2010). Understand involves the use
of interviews with experts and data collection to facili-
tate the understanding of the design problems and
challenges while exploring background knowledge.
Observe involves observing the environment with em-
pathy and then presenting questions to the users to de-
termine their needs. Point of view integrates the first
three steps by setting target users and defining their
needs. Ideate involves conceptual creation based on
user needs. Prototype involves making a conceptual
result, there has been an increasing attention on devel-
oping more effective methods for idea generation such
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prototype using sketches, cardboard boxes, and models.
The prototype is then tested, followed by conceptual
optimization based on feedback (Carroll, et al, 2010).

2.3 9-window Method

The 9-window method is also known as Mandala,
a term that comes from Buddhism, and is a nonlinear
thinking tool. It uses the optimum stress in stimulation
reactions and its interactions with relaxation psycholo-
gy to break cognitive inertia and thereby train personal
creativity (Imaizumi, 1999). In addition to helping us-
ers enhance their thinking level, it has systematic rules
that help users become familiar with it quickly (Chen,
2005) and also effectively improves the associative
abilities of users (Lin, 2006; Li, 2009). At present,
common application of this method can be seen in ed-
ucation, artistic design, business administration, and
spiritual inspiration.

The 9-window method can basically be divided
into two forms: radiant thinking, which is a divergent
thinking approach that assists in ideation using lateral
thinking, and spiral thinking, which facilitates induc-
tion and organization using vertical thinking (Imaizumi,
1999; Li, 2009). The subject is first diverged and asso-
ciated to the first layer, producing eight elements that
are then diverged again to the second layer, which
produces 64 elements. The number of layers in the
9-window method can be adjusted freely. Once the
divergence is completed, convergence is performed.
Four principles must be followed during the process: (1)
make note of any inspirations, (2) fill the blanks with
concise words, (3) focus on the completed 9-window
method to continue gaining inspiration, and (4) discard
any unsuitable concepts (Imaizumi, 1999).

2.4 Collaborative Design

One of the important factors in a design thinker’s
personality is the ability to work collaboratively. The
best design thinkers need to work along together with
other disciplines to collaborate their own significant
experience. With design thinking, they have become
the enthusiastic interdisciplinary collaborators (Brown,
2008). And one of the important spaces in design
thinking process is ideation — the process of generating
ideas that may approach potential solution (Brown,
2008). Some memory models in cognitive psychology
indicated that in order to produce more ideas group
should be more effective than individuals’ efforts. As a

as Brainsketching, C-Sketch, 6-3-5, and Gallery
Method (Linsey, Green, Murphy, Wood and Markman,
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2005; Linsey, Clauss, Kurtoglu, Murphy, Wood and
Markman, 2011). Among those methods, C-Sketch is
considered as a progressive idea generation method
especially in design related fields (Kulkarni, Summers,
Vargas-Hernandez and Shah, 2001).

C-Sketch Method, a. k. a. Collaborative Sketching,
is an effective idea generation method that was pro-
posed firstly in 1993 in the Design Automation Lab
(DAL) at Arizona State University (Shah, 1993). After
that, it was renamed from 5-1-4 G to C-Sketch, which
was an effort for the graphical brainstorming for solu-
tions to design problems (Kulkarni, et al, 2001).
C-Sketch Method is slightly different from 6-3-5
Method, which requires individuals to describe ideas
through using words only, in requiring each participant
describes ideas by sketching only in a limited time then
pass to another participant (Linsey, et al, 2005; Linsey,
et al, 2011). C-Sketch, through some experimental re-
sults, is shown to be more effective than other idea
generation methods such as Gallery Method and
Method 6-3-5 to perform the quality and variety of
designs (Kulkarni, et al, 2001).

3. Design Thinking Based Product Design

This study integrated design thinking initiatives
and creativity tools to develop a design thinking based
product design process. The six steps of design think-
ing proposed by Carroll et al. (2010) (understand, ob-
serve, point of view, ideate, prototype and test) served
as the core framework. Different creative tools were
placed in the various steps so as to help users complete
the tasks in each step. In understand, users can under-
stand the problems and challenges via data collection
and expert interviews and thereby quickly grasp rele-
vant background knowledge. In observe, they conduct
actual market research and interviews and divulge cus-
tomer needs as well as usable technologies and prod-
ucts. In point of view, users integrate and analyze data
to clarify user needs and design problems. In ideate,
they use the 9-window method to diverge idea combi-
nations and create sketches and employ AEIOU and
5W1H to define the usage environment, functions, and
target customers of the design concepts. Then, they use
scenario-based design to depict character features and
scenario stories to generate user-centered design con-
cepts. Finally, the prototype is tested to help users in
producing design solutions that accept technical limita-
tions and fulfill user (market) needs. The details of the
procedure are as shown below, and Fig. 1 displays a
flowchart of the design thinking process.
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Fig. 1 Framework of this study

Step 1 Understand: After the design goal has been
set, this step is divided into two phases to help users
understand the problems and challenges in the field: (1)
search for relevant references and data based on three
questions: what is it, what can it do for us, any applica-
tion in our daily life and understand the background,
technology, and limitations of the industry; (2) invite
field experts to engage in exchange and problem clari-
fication. This step helps users quickly grasp relevant
technology features to aid in the subsequent market
research, interviews, and idea generation.

Step 2 Observe: Compile the data obtained in Step
1, and conduct actual market research to look for other
usable products and technologies and understand
whether products associated with said technologies
already exist on the market. Then, use methods such as
interviews to understand and divulge customer (market)
needs, which help the users in defining the design
problems and customer needs from the perspective of
user-centered design.
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Step 3 Point of view: Integrate and analyze the
data from the two previous steps, and define customer
needs and the design problems. Step 4 Ideate

4-1 Brainstorming and classification: Brainstorm
on the market products, technologies, background
knowledge, and usable products derived in the first
three steps and give brief explanations on post-it notes.
Categorize and number them as the elements of the
first layer in the 9-window method. This step helps
users focus and fulfill the usable technologies or prod-
ucts that meet the needs of the technologies in the field
during the concept divergence process.

4-2 9-window method: This step helps users break
cognitive inertia to develop creative concept combina-
tions and find creative design concepts from within
these combinations. During this step, the users place
the design subject in the center of the 9-window chart
and put the categories derived in Step 4-1 in the boxes
of the first layer of elements. The elements of the first
layer are then placed in the boxes of the second layer
for divergence. During the process, brief descriptions
should be made intuitively until the form is completed,
regardless of whether they are correct. The users can
define any number of divergence layers. If there are
fewer than eight categories, then other elements are
used to fill out the boxes before divergence. Finally, the
convergence of the 9-window chart starts from the
outmost layer toward the center. Aside from the central
subject of each layer, two other elements must be se-
lected for idea combination generation. The written
format of idea combinations is “Subject = Element 1 +
Element 2 + Element 3 + ... + Element x.” This step
helps users generate more creative solutions during
ideation. The 9-window chart is showed in Figure 2.

4-3 ldea sketching: This part involves sketching
the idea combinations obtained in Step 4-2 using
C-sketch and writing down the idea combination and
code on the top of the paper. This reveals the context
that can be followed during the ideation process and
also facilitates the later induction and organization. The
number of C-sketch exchanges is based on the number
of team members (for example, if there are three team
members, then three exchanges are made). In this step,
a three-round C-sketch is performed: (1) after the first
round, a group discussion is conducted to select and
propose the optimal concept, which is then discussed
with experts to clarify the technical limitations and the
feasibility of the concept; (2) based on the feedback
derived in the first round, the optimal concept is sub-
jected to the second round of design concept optimiza-
tion followed by expert discussion; (3) further design
concept optimization is then performed based on the
expert feedback from the second round. This step helps
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users generate technologically feasible design concepts
that meet customer needs. Visualizing the design con-
cepts can facilitate group discussion and the later defi-
nition of concept functions.
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Fig. 2 9-window chart

4-4 AEIOU and 5W1H: Based on the optimal
concept selected in the first round of c-sketch in Step
4-3, the usage environment, components, functions,
mechanisms, and target customers of the design con-
cept are then defined using AEIOU (activity, environ-
ment, interface, object, user), which helps the users
define target customers and products (services). The
usage environment, functions, and usage methods of
the product are then examined using 5W1H (who,
where, what, when, why, how), which helps clarify the
requirements of the design concept so that the design is
more detailed and complete and so that the user can
construct the later personas and scenarios. The
9-window chart with AEIOU & 5W1H is showed in Fig-
ure 3.

4-5 Scenario building and storytelling: This part
involves writing the persona of the target customers
obtained in Step 4-4 and giving brief but specific de-
scriptions of their basic characteristics (name, gender,
occupation, education, hobby and personality). With

who, where, what and when as the focus, the procedure

framework of the scenario is written down, and a brief
description of the problems that customers may en-
counter in specific situations when they use the product
(service). The scenario framework is then refined using
text or images, which assists users in discussing and
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exploring scenario problems for design concept opti-
mization and prototype construction. Chart for scenario
building and storytelling are showed in Figure 4.
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Step 5 Prototype: This step integrates the results
of the previous steps for design concept optimization
and model construction, which assists design teams in
determining whether the design meets the needs of
target customers during the construction process and
whether any revisions and improvements are needed
during the usage process. This step is executed three
times: (1) using sketches to visualize the concepts, (2)
using sketches and 1:1 rapid-prototypes to help the
users determine whether concept needs any improve-
ments in aspects such as size, function, or mechanism,
and finally, (3) using sketches, 1:1 models, rendering of
the product, package designs, and relevant introduc-
tions (such as usage processes) to fully present the de-
sign concepts.

Step 6 Test: This step uses concept tests for both
experts and target customers to help make the design
concepts more focused and confirm whether the con-
cepts meet market and user needs and whether they can
be used effectively. This step requires three rounds of
tests: (1) the first proposal and expert discussion are
conducted with the optimal concepts obtained in the
first round of Step 4-3, which helps the users in under-
standing the pros and cons, feasibility, and marketabil-
ity of the design concepts; (2) based on the expert
feedback derived in the first round, a second round of
design concept optimization is performed using
c-sketch, followed by discussion where one optimal
design concept is chosen for the 1:1 rapid-prototype,
and the second proposal and expert discussion are
conducted; (3) finally, based on the expert feedback
derived in the second round, 1:1 models, rendering of
the products, package designs, and relevant introduc-
tions are made for proposal. This helps the users in
creating design concepts that are technologically feasi-
ble and meet target customer (market) needs from a
user-centered perspective.

4. A Case Study on EGF Application

The study was performed during the Industrial
Design course of the first semester of the 2016-2017
academic year and lasted a total of ten weeks. The de-
sign topic was epidermal growth factors (EGF), which
was provided by the client (a biochemistry expert). The
goal was to apply the client’s EGF production to gen-
erate innovative EGF products in commercial markets.
There were 12 graduate students (divided into four
groups), 1 design expert, and 1 biochemistry expert,
participating in this study. The Design Thinking based
Product Design process was proposed and chosen for
this study. The results were as follows.
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Step 1 Understand: After the design topic is de-
fined, this step helped the participants quickly under-
stand the industry and correctly define the design
problems and develop the design concepts. This step
was divided into two phases. The participants first
gained an understanding of the EGF background,
technology, and current market by collecting infor-
mation on their own. Interviews with the expert (in this
phase, the interviewee was the biochemistry expert,

Step 4-1 was less than eight, so four other elements
associated with EGF technology were added (cosmet-
ics, healthcare, trauma, and regeneration) to fill in the
first layer of boxes in the 9-window method. The first
layer of elements was then placed in the second layer
for divergence, which was then followed by conver-
gence. This case study produced a total of 9 idea com-
binations (details in Table 1).

Getting rid of the old

Who was also the Cllent) helped them understand new Skin Care Products Skin Care Tools Beauty Care ;f;inake way for the
and conventional manufacturing processes, the types of
wounds EGF can be applied to, costs, required sales, AN Wl || NBE S Vimking Macioe
methods of preservation, shelf life, and its advantages. LpMsk  Tour Wetwige s T

Step 2 Observe: In this step, the participants per-
formed actual market research and interviews based on RS R e e
the |nf0rmat|0n they Obtalned |n the preVlOUS Step tO FootMask  Lotion Beauty Bar Make-up Pad Blackhead Remover Gel
divulge customer needs and usable technology and " .

. ) ) EyeMask Capsule Make-up cotton Lipstick Razor

products, which helped them define the design prob-
lems from the perspective of the target customers. After EyeCover e TR
compiling the information, they discovered that cur- LipBalm Filea Foot

rently EGF technology is mainly used in beauty care
and wound care; EGF can accelerate healing and im-
prove skin condition. Based on these results, the par-
ticipants then conducted actual market research and
interviews in corporate channels associated with cos-
metics.

Step 3 Point of View: After compiling and ana-
lyzing the results of the information searches, expert
interviews, and actual market research, the participants
defined the design problems and customer needs. In
this case study, the design problems were defined as
follows: (1) how do customers accelerate healing and
reduce discomfort after micro-cosmetic surgery? (2)
How can bacteria growth be reduced in beauty care
products? (3) No beauty care product combining beau-
ty bars and skin care products exists on the market yet.

Step 4 Ideate

4-1 Brainstorming and classification: The partici-
pants then brainstormed regarding the current products,
possibly usable products, and technologies derived in
the three previous steps, briefly described them on
post-its, and then categorized them as the first layer of
elements in the 9-window method. In this case study,
the participants produced a total of 31 elements and
divided them into four categories: skin care products,
skin care tools, beauty care, and getting rid of the old to
make way for the new (details in Fig. 5).

4-2 9-window method: Using the 9-window
method, the participants diverged and converged the
information obtained in the three previous steps to
generate idea combinations in hopes of producing crea-
tive design concepts. With EGF as the central focus,
the number of categories obtained in the first layer in
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Pimple Clips
Fig. 5 The detail of brainstorming and classification

4-3 ldea sketching: The participants sketched and
coded the idea combinations obtained in Step 4-2 to
facilitate discussion and organization. Six of the idea
combinations were chosen for brainstorming using
C-sketch and divided into two major groups, ABC and
EFG, before brainstorming and sketch coding (Table 2).
During C-sketch, the six idea combinations A, B, C, E,
F, and G were exchanged three times. In the end, a total
of 18 design concepts were produced.

The design concept C-A-B developed from idea
combination C was chosen for sketch optimization. For
the sake of portability, the original can design was
changed to a pen design and combined with a facial
massage tool. The optimized sketch was then numbered
as C-A-B-1. Another C-sketch was performed, and the
final number chosen was C-A-B-1-c-b-a (Table 3) for
the first proposal and expert discussion. Discussion
revealed that the problems with the design included
cleaning after use, discharge of EGF ball waste, fixing
the balls in place, the means of ensuring that the EGF
balls will burst, and finally, whether bursting and
spraying will be better than bursting alone. The design
was optimized based on the first expert feedback to
determine whether any functions or components need-
ed to be added or removed. After discussion, the origi-
nal design was changed to a detachable design; after
use, washing the massage head would clean off the
EGF ball waste. Wall tubes stabilized the tubes, slide
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rails controlled the dispensation of the balls, and burst-
ing them used the EGF balls. The resulting optimized
sketch code was C-A-B-1-c-b-a, which was used in the
second proposal and expert discussion (details in Table
3). Discussion of the mechanisms and ease of use
prompted the slide rail design to be changed to a turn-
table. Refills were made using a soft silicon tube. The
final design sketches are as shown in Fig. 8.

Table 1 Idea Combinations and Coding

No. Idea Combinations Code
Brow growing + Makeup + Brow pencil + Pigmented adhesive crayon + Body
/
painting + 3D Printing
Beauty tools + Hair dye + Facial massage + Ion (skin) cleansing + Hole + ”
Psychologist
3 Repeneration + Al + Human cloning + Earthworm + Soil + Tail Regeneration = E
Getting rid of the old to make way for the new + Teeth whitening + Blue light c
+ Alpha-hydroxy acid + Albinus’ muscle + Face-blotting papers

5 Joint surgery + Shavers + Cover + Wound + Spring + Airbag A

6 Regeneration + Beauty + Hydrogen Peroxide Solution + Sticker + Tattoo + G
Deform

, Medical + Makeup + Band-aid + Needlz + Tourniquet + Drip + Rocket 3
launcher

8 Skin care + Sleeping pack + Laser + Mole removal + Spot corrector #Pen.

9 Makeup + Lipstick + Concealer + Orthodontics + Mydriatic + Eye contact ~ /

Table 2 C-sketch code sequences and categories

Group =~ Member Sketch sequences and code numbers

MemberA | A A-B A-BC ABCla ABL-labc ABC-labe

ABC MemberB ' B BC B-CA BCAlb  BCAlbe BCAlbca

MemberC C C-A CAB CABIl¢  CABlc¢b CAB-lcba

MemberE B EG EGF EGFle EGFleg EGFlegf

EGF  MemberG G GF GFE GFE-lg GFElgf GFElpfe

MemberF T FE FEG FEGI  TFEGIfe FEGlfeg
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4-4 AEIOU and 5W1H: The participants used
AEIOU to define the usage environment, function,
components, and target customers of the design con-
cept and then re-examined the product functions, usage
method, and necessity of the concept using 5SW1H. In
this case study, people who pay attention to their ap-
pearance were set as the target customers. The movable
mechanism design enables facial care at home, out-
doors, or during travel at any time. The small size of
the product makes it easy to customers to carry it with
them, and the EGF balls are dispensed at fixed quanti-
ties to reduce wastefulness and bacteria growth. Finally,
using steel balls can increase the absorption rate of the
beauty care product (details in Fig. 6).

Table 3 Sketches of concept development in Group C

Sketch

Codes C-A-B-lc C-A-B-lc-ba C-A-B-1-c-b-a concept

optimization
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How What How

Cancarryeverywhere Beautycare EGFBeautycare balls
Where When

The person who care
Goout, travel, at home

Everywhere their face

How Why How

Increase the speed ofabsorb  Increase the effect of facial When we doing the facial

bymassage care care
Object Users Activities
Twostepturntable, The personwho care their
Facial care
valve ,ball face
How How
Manual control Massagers

Interactions How Environment

Movable mechanism Goout, travel, at home Everywhere

Fig. 6 AEIOU and 5W1H

4-5 Scenario building and story telling: After us-
ing AEIOU and 5W1H to define the products and the
target customers, scenario-based designs and personas
assisted the participants in creating us-er-centered op-
timized design concepts and explor-ing scenario prob-
lems. In this case study, people who pay attention to
their appearance were set as the target customers. To
refine character features, the scenario process frame-
work was based on the following: On Sunday after
work (when), Joanna (who) goes home (where) to use
her EGF face mas-sager (what) to perform her daily
facial care (why). The process framework was then
further refined to divulge the scenario problems. In this
stage, the par-ticipants did not find any scenario prob-
lems (Fig. 7).

10.6977/1J0S1.201903_5(3).0005

Chun-Ming Yang, Thu-Hua Liu, Ya-Yi Zheng / Int. J. Systematic Innovation, 5(3), 62-71 (2019)

Name: Joanna Education: Master
Gender: Female Occupation: Ad Planning Specialist
Age: 28 Hobhy: Travel, reading, photography
Why  Dailyfacial care
Finishshower Turning the Facial Care | Gotobed
turntable
When Satafternoon ‘
Where Home
Outoff the Supplement
e b EGF ball EGF ball
What ; adal
Massagers
Time 21:50 Time 22:30 Time 22:32

Joanna just got home. At After the shower, she is Joanna open the refill bag

next day she need to attend and fill t into the
a wedding so she go to take EGF facia Ther
ashower, ) turn the turn the turntable
turntable. But she notice racking the EGF balls.
she is out off the EGF balls
Time 22:33 Time 22:40
Joanna use the massage Go to sleep after finish the
balls of the EGF facial daily beauty care.

massagers to massage nher

face.

Fig. 7 Persona and scenarios

Step 5 Prototype: Following the compilation of
the information from the various stages and design
concept optimization was model construction, which
helped the design team in re-examining whether the
design met their needs and whether any revisions or
improvements were necessary. The final concept de-
signs produced by this case study are as shown in Figs.
8and9.

Step 6 Test: This step helped to confirm whether
the design concepts meet technological limitations,
market needs, and the needs of the target users. This
step includes two concept proposals, two expert dis-
cussions, and one achievement proposal. Two experts
served as advisors during the process, an industrial
design expert and a biochemistry expert.
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Fig. 8 The final design sketch

Facial Massager

Fig. 9 EGF massager

5. Conclusion

This study employed the six steps of design
thinking proposed by Carroll et al. (2010) as the re-
search framework and added appropriate innovation
tools to develop a structured design thinking process.
Understand and observe help users quickly grasp
background knowledge and divulge user (market)
needs to clarify customer needs and design problems
(point of view). Subsequently, the 9-window method is

used to break cognitive inertia for the development of
design concepts, and sketches are made. The concepts
are designed using AEIOU and 5W1H, following
which character features and scenario problems are
described using scenario-based designs to divulge sce-
nario problems (ideate). Finally, testing is performed
using the prototypes, which helps the users create de-
sign solutions that accept technological limitations and
fulfill user (market) needs. With the integration of de-
sign thinking and innovative thinking tools, users have
steps to follow and tools to use. In addition, the pre-
liminary procedures of the structured design thinking
process can serve as reference for designers and assist
designers and developers in brainstorming design con-
cepts systematically. The design concepts proposed in
this study serve as the initial stages of the design con-
cept stage for product development. Limited by time
and space, we did not include the actual user data and
did not consider the costs, manufacturing factors, or
feasibility of the design concepts. We will continue in
this direction in later research.
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