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Abstract

The paper intends to demonstrate the functional role and application of methods provided by the design thinking mindset when
the team should create an innovative product design concept in a multidiscipline environment. First, the essential description and
features of a design thinking mindset are significant for the discussed topic are introduced, along with defining the specialties and
expected output of the featured smart furniture project. Second, after a clear view of the applicable mindset, the paper aims to sketch
the project scope by reasoning the applied design thinking methods and highlighting the product design process'’s challenges. Finally,
the article makes a definite conclusion for demonstrating the design thinking mindset's experienced application, completed by the
detailed evaluation of research questions based on empirical data. The purpose of the article is, on the one hand, to highlight the role
and significance of the design thinking mindset in an innovative project. On the other hand, emphasizing that well-chosen methods
in the right team composition with a well-defined problem already carries the key to the solution. The paper's novelty is the detailed

practical description confirmed by concrete results of successfully applied methods needed to design a clear vision and scope for

a multidiscipline team by design thinking mindset.
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1 Introduction and aims

The paper intends to introduce a real-life project. A ded-
icated team of innovatively designed smart furniture
is assumed to be more competitive from three diverse
aspects: a design thinking approach for the innovation [1],
a narrative of smart furniture creation, and summarizes
some new insights of a unique design process. Moreover,
the reason for this is that creating something new is not
only manifest in the outcome of the process but simulta-
neously in the learning and understanding of a complex
problem during the design process. After reasoning the
application of the design thinking aspect, the expected
advantages for product development are summarized by
research questions. Understanding and definition of prob-
lems from a customer-aspect are critical factors in the
research [2]. The application of framing and the unusual,
innovative process intended to point out the usability,
effectiveness, and competitiveness of the applied mind-
set [3, 4]. The innovative approach should bring a novel

learning process not only for all members of the design
team but also for stakeholders in a broad context cover-
ing the whole process. Smart products are often defined
as products - regularly completed by services - having
digitalized solutions as leading attributes or, smart prod-
ucts have to be considered in the context of their (typi-
cally smart) environment [5]. Authors tend to reinterpret
the definition of smart products from a product develop-
ment perspective by identifying the smart attributive as
a basis of the development process, besides the optional
digital features. Smart products are also known as intel-
ligent products [6] or "a physical and information-based
representation of a product", that able to communicate
effectively with its environment [7]. According to the
authors, a smart product defines a conscious development
process's valuable solution or output, where decisions are
made based on customers' needs and feedback. Authors
went beyond the smartness characters as awareness,
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connectivity, actuation, and dynamism [8]. In the paper,
smart attributes are not necessarily connected to any dig-
ital, intelligent, tangible product or features but to the
smart process that aimed to create the needed value for the
customers and integrate new technologies in the furniture
industry. The validation results for the applied approach
in product development involving external stakehold-
ers are also introduced in the paper, aiming to highlight
the assumed advantages of the design thinking approach
against traditional product development output.

1.1 Combinations of tradition and innovation

The meeting of the traditional and innovative elements
arose from three crucial aspects. First, the "smart office for
the future generation" project aims to develop innovative
furniture and furniture-type products that combine tradi-
tional furniture manufacturing technologies with the lat-
est digital technologies. The designed furniture is to find
answers to the office use habits of the generation Y, includ-
ing ergonomic, psychological, and functional needs of the
work and other activities to be performed there (maybe
including new technologies, new materials, or new pro-
duction systems). The preferred innovative development
process with the design thinking approach will allow the
design of objects to be dynamically adaptable to the user's
needs, providing further contributions and advantages.
Second, besides introducing the experienced impacts of the
involved design thinking mindset in detail, the authors pro-
pose the shreds of evidence of reinterpreting the traditional
definition of the attributive smart during the development
process. Finally, the project was formed as a prototype
experimental sample office offering a validation area for
demonstrating the difference between the output of a tra-
ditional designing process and the applied innovative one.

1.2 Overlapping project phases

Smart furniture project consisted of two hubs. The first
hub aimed at an innovative development process, includ-
ing a design strategy, providing a user-centered approach.
The second hub has a strong technical focus on the
addressed possibilities of using materials and semi-fin-
ished products that are less common in the furniture
industry but can be machined with traditional and com-
puter-controlled woodworking machines. Two hubs are
complementary and overlapping: technological feasibil-
ity and implementation should be built on a stable explor-
atory phase, ensured the correct definition of the prob-
lem, the understanding of user needs, available resources,

and influencing circumstances. The paper focuses on the
first hub introducing a new method by applied the design
thinking aspect and reinterpreted the conventional defini-
tions and processes.

2 Review of literature on innovative processes in the
design

Design is a creative problem-solving, creative process, and
decision-making that requires both artistic and scientific
creativity. Design is not one way of thinking: it is a mix of
different kinds of thinking [9]. Paper defined all the stake-
holders were involved in the product development pro-
cess as a design team. The design team decided to create
products delightful and enjoyable, which means accord-
ing to Norman [2] "that not only must the requirements of
engineering, manufacturing, and ergonomics be satisfied,
but attention must be paid to the entire experience, which
means the aesthetic of form and the quality of interaction".
A design thinking mindset is a very topical issue today.
However, the literature has mostly gone beyond defin-
ing design in terms of industrial design, manufacturing
of products, and product design issues, but is still careful
to delimit the subject's entire field. According to Brown,
thinking like a designer can transform the way team devel-
ops products, services, processes — and even strategy [10].
Cooper [11] highlighted a historical background of design
research from its start in the 1960s and has got a broad
role and application within innovation, throughout society
and industry [11]. Nowadays, design has probably become
a complicated way of thinking and guiding principles that
affect all life situations [12]. Cross [13], according to three
perspectives compared to one in the sciences, the meaning
of design was determined to the humanities and design.
After had been contrasted the sciences, the humanities,
and design under each aspect, Cross could come closer
to highlight the main essence of design: the appropriate
methods of design are modeling, pattern-formation, syn-
thesis, while the values of design are practicality, inge-
nuity, empathy, and concern for "appropriateness" [13].
Design thinking is an inspiring new paradigm for dealing
with problems in many professions, especially in IT and
business [9]. The approach is a more creative and user-cen-
tered approach to problem-solving than traditional design
methods [14]. The three-years-long smart furniture proj-
ect offered extraordinary opportunities for enforcing the
appropriate methods throughout the whole development
process. Although many of the activities that designers do
are relatively extensive, and thus it is irrelevant to claim



these as limited to design thinking, some of these activ-
ities have been adopted to the design disciplines in ways
that could be valuable for other fields [9].

2.1 Challenge on multidisciplinary

Design thinking is an approach to address wicked prob-
lems with multidisciplinary and cross-functional innova-
tion teams [1]. The collaboration of different disciplines
makes success for the project. Individuals have to collab-
orate closely for designing a unified whole [15]: foreign
environments and people from different cultures with dis-
parate ways of thinking and working significantly increase
the uncertainty. Unless having a deep mindset for multi-
discipline collaboration, deadlines and results would not
have been realized successfully. Design thinking mindset
engaged strongly on integrative workflow containing as
many diverse professional and human aspects as many ones
needed and profitable for the project. The designer creates
solutions from the customer's perspective, knows the users,
and seeks answers to their' real needs. In a multidiscipline
environment, diverse approaches and experiences may bet-
ter impact designing from the customer's aspect. The mul-
tidisciplinary and cross-institutional team investigated the
design thinking mindset in its holistic dimensions. With
backgrounds in engineering, design, legal, ergonomics
and social sciences, team members strive understand of
the underlying principles and, consequently, how and why
the innovation method of design thinking methods in this
project works and fails. Team composition can be reasoned
by its diverse nature, necessary for applying professional
added values, and resulting multidisciplinary background.
Members are all experts, were convinced that in the sig-
nificant part of the process experienced designers bring
success, expert designers are solution-focused, not prob-
lem-focused [16]. The aim was not only to develop the right
product but also to capitalize on the application of design
thinking methods primarily aimed at coping with chal-
lenges posed by multidisciplinary teams. The added value
stems from collaborative teamwork; the learning process is
profitable for future developments.

2.2 Cross-institutional structure

However, in theory, definitions and key circumstances
should be fixed as soon as possible during the proj-
ect planning. The issue was the point in our case: using
a design thinking approach to steer the project into a con-
crete channel, managing very diverse professionals in
a frame of a cross-institutional project. The application
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of the design thinking mindset also had successful conse-
quences at other relevant educational institutes, between
Stanford University and Hasso Plattner Institute in 2018,
where a design thinking research program and its inves-
tigation of the technical, economic, and human fac-
tors was the logical consequence of merely teaching the
design thinking method. Researchers at both institutions,
with various types of backgrounds in disciplines such as
engineering, humanities, neurology, or economics, exam-
ine how the innovative processes that originate in small,
multidisciplinary teams can be improved and further
developed [17]. In our case, a technical focused institute,
and an art-design-orientation one had current cooperation.
The multidiscipline team combined two education insti-
tutes' professionals in a smart furniture project: a techni-
cal focused one and an art-design oriented one. Artistic
creativity is expressive and emotional, and scientific cre-
ativity is goal-oriented and disciplined [12]. Artistic and
scientific creativities bring together many different dis-
ciplines in creative and innovative ways, having relevant
impact on each other, completing the various professional
presence in the working team.

2.3 Human-centered approach

Designers' activity is a specific synthesis of artistic, eco-
nomic, and engineering knowledge. It also encompasses
the complex, human aspects of form and space creation,
assuming broad connections. In addition to aesthetics,
integrating the product into the economic, social, cultural,
and technological environment is essential. According to
Laszl6 Moholy-Nagy, the ultimate goal of design is the
human. A design thinking mindset is a human-centered
approach, innovative problem solving, focusing on human
aspects covering the human identities themselves and the
social, environmental, and economic factors in a long-
term period. During the whole process of designing, the
design team applied the approach of human-centered
design (furthermore: HCD), which is a mindset that puts
human needs, capabilities, and behavior first, then designs
the accommodate those needs, capabilities, and ways
of behaving [2].

2.4 Linear process vs. design process

Projects are different however, all the ones have similar-
ities for what best practices, rich and essential recom-
mendations are widely offered by relevant international
and professional organizations [18]. A project is orga-
nized to achieve a pre-defined objective, within a specific
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time, quality, and budget constraints, clearly defined with
responsibilities and milestones [17]. Whereas most of the
pre-defined objectives, expectations concerned the sched-
uling and budget were not specified for the design team,
the team decided to apply the design thinking approach's
methodologies. Design thinking can achieve results even
though its architecture differs from the linear, mile-
stone-based processes typical of business activities [10].
The design process can describe metaphorically as a sys-
tem of spaces rather than a pre-defined series of orderly
steps. It can also be interpreted as a creative human-
centered discovery process followed by iterative pro-
totyping cycles, testing and refinement [10]. The design
is more than just the design of the form; it also covers
thinking about processes. The process includes products'
application, the development of the plan, the execution
of the production, and the realized result's life cycle.
A design thinking mindset was followed; after analyzing
the existing practical approaches, the design team created
a novel methodology adapted to the project. The design
process concerning the smart furniture project starts with
creating the design concept, after which the team follows
the activities of the applied design process selected after
careful consideration.

2.5 Key Design Concepts and processes

Before listing processes in chronological order, the design
process's definition, exceptionally diverse from design
methods, should be defined. Design methods are mainly
techniques, rules, or ways of acting by applying the design
thinking mindset. Design processes were listed as individ-
ual design methods forming phases in real action. Design
processes can be linear or circular, or even a mix of them.
Processes have differed in several respects, so in the num-
bers and flags of phases.

2.5.1 Science of the artificial

The design team was highly impressed by Simon's state-
ments [19] in 1969 as an early design process model. Simon,
as artificial intelligence and cognitive science researcher,
established the science of design. He presented a model of
seven stages: definition, researching, ideation, prototyp-
ing, choosing, implementation, and learning [19]. Within
the model's seven phases, designers can frame problems,
create more and more ideas, and choose the best solu-
tions. His model differs from the linear, milestone-based
processes. Thus, it became applicable to flexible product
development processes.

2.5.2 Model of Iterative Cycle of Human-Centered Design
The British Design Council first introduced the double-
diamond model of the design in 2005. The model focuses
on finding the right problem and finding the right solu-
tions for fulfilling human needs simultaneously. The two
diamonds represent a process of exploring an issue widely
or deeply entitled as divergent thinking and then taking
focused action as convergent thinking. Researchers were
also aware that there is also an opportunity for HCD to
be adopted outside the traditional design field in strate-
gic innovation processes [20]. After researchers have been
inspired by multi-layer models to identify different types
of human needs and aspirations that inform a design and
innovation process, they introduced a new, four-layer model
of needs and aspirations: human Needs and Aspirations
for application in a Design and Innovation process (using
the acronym 'NADI'"). This model's unique feature is that
the term aspiration not just focuses on immediate needs
but also includes longer-term hopes, desires, and ambi-
tions [20]. This mindset is advantageous in a case where
the design team needs to meet future needs, as in our proj-
ect. The Iterative Cycle of Human-Centered Design was
created and published by Norman [2] in 1988 as follows:
observation, ideation, prototyping, and testing. Activities
named as elements are repeated from time to time, get-
ting closer to the best solution to the explored and defined
problem definitively from a human aspect.

2.5.3 Triangular-shaped process

The founder of the innovation and design firm IDEO
stated in 2008 that design projects should ultimately pass
through three spaces labeled as inspiration for the circum-
stances, ideation for the process of generating, developing
and testing ideas leading to solutions, and implementation
for the charting of a path to market [10]. Projects loop back
through these spaces. To follow a detailed and well-de-
signed journey throughout the process, the design team
preferred to find a model providing more steps. The model
focuses on developments that are technologically feasi-
ble and economically viable for humans, highlighting the
importance of empathy.

2.5.4 Impactful user experiences

Design thinking focuses ongoing broader for "building up"
the ideas by understanding our users. Design thinking dif-
fers from traditional analytic user-centered design methods
by focusing on "going broad" at the initial design stages
instead of the analytical approaches directing narrowing



the design choices [14]. Critical attributes of design think-
ing are the open mindset, the collaboration, and empathy,
according to Baeck and Gremett. Their design process's
main phases are definition, inspiration, ideation, prototyp-
ing, and getting feedback from users as testing [14].

2.5.5 Model of the Hasso Plattner Institute

Model of the Hasso Plattner Institute (Furthermore: HPI)
is contained by the Design Thinking Bootcamp Bootleg
issued in 2018 by Hasso Plattner Institute of Design School
at Stanford [21]. The process's phases are the following:
empathizing, definition, ideation, prototyping, testing,
including refining and implementation [21].

2.5.6 Overview of examined models
The overview of the examined models is introduced in
a structured and transparent form in Table 1.

3 Research questions

The construction and technical implementation of smart
furniture requires a pragmatic attitude. Solving the prob-
lem requires a comprehensive concept for the current
project. In creating the concept, participants relied on the
design thinking approach, among others, because of its
holistic nature.

Research questions cover the three main fields sus-
pected to achieve relevant findings and further develop-
ments. The first field to be improved is the innovation's
design thinking approach. The design thinking-led pro-
cess makes the problem definition and the team collab-
oration more impactful, significantly affecting the devel-
opment process's final output. The smart attributes'
purpose was reinterpreted into a smart product develop-
ment process as a research question as to the second field.

Table 1 Design thinking processes examined by the authors
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D = Definition, E = Emphatizing, F = Framing, Id = Ideation,
Im = Implementation, In = Inspiration, O = Observation,
P = Prototyping, R = Researching, T= Test, U = User feedback
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The question related is the validation of the reinterpreta-
tion of the smart attributes by testers stating smartness
goes beyond the appearance of digitizing elements in the
case of designed products. The third research question
was related to the learning process provided by the design
thinking approach. A relevant, tangible contribution of
the design thinking approach was created for all the stake-
holders defined clearly as added value.

Authors designed an experiment to combine these chal-
lenging fields, the user-centered design with the opportuni-
ty-driven technology-based innovation, based on user per-
ceptions. Besides, our intention for answering the research
questions was twofold; firstly, to explore in a controlled
environment how innovative outcomes can be created for
the particular situation, and secondly, how new knowledge
or a deeper understanding of a traditional product design
problem can be gained by the unique juxtaposition of inter-
preting new technologies and designing new products.

4 Presenting concept, process, and methods
For providing a comprehensive view, professional reasons
for choosing the concept, process, and methods are com-
plemented by offering the achieved results. Reflects for
research questions are detailed in Section 5. After recog-
nizing the methods and their relevant outputs.

The smart furniture design team consisted of two parts.
The core team consisted of experts and researchers, an envi-
ronmental psychologist, design thinking expert, ergono-
mist, interior designer, technology expert, and a genera-
tion researcher. The involved student team significantly
supported the workflow by contributing essentially to all
the concluded methods. Undergraduate and graduate stu-
dents worked individually and in teamwork, latter realized
by applying the design sprint methodology or a so-called
hybrid, user-experiences course. There were individual tasks
for design assignments in a product design course and an
interior design-themed space design course, also supported
by the core team. The students received the same research
materials as experts. Besides, the researchers held an orien-
tation day where they presented the results in workshops.

4.1 Simplicity-led design concept

In this case, the concept was the basis and reference point
of the design idea; it included fundamentals that the design
team wanted to adhere to throughout the project. The main
guidelines for the concept were clear intentions: the appli-
cability of traditional furniture manufacturing processes
and the integration of smart process, smart features into the
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office environment, praying primary attention to simplic-
ity. These concept guidelines explicitly mean an inspiring,
vibrant, harmonious, and balanced environment for gener-
ation Y, complete with a sense of simplicity. The priority of
concise, concentrated form and the essence of the concept
was that although the smart office tools and equipment rep-
resent a high technology level, they are effortless to use.
The design team intended to design everyday things as
smart office assets. As people are frustrated with everyday
things, especially from the ever-increasing complexity also
covering the extra required activities for updating, main-
taining of all our belongings [2]. Friedman [22] pointed out
designers' challenge that they find simplicity in artifacts
and processes; on the other end, they find complex adap-
tive systems, networks, and processes [22]. Digital systems
and digital solutions need the complexity increasingly need
customers to require a simple way of use and high quality.
As highlighted in the first section, the smart feature was
not defined exclusively as an integrated digitalized solu-
tion of the products, but the smart characteristic impacting
the whole designing process. According to Mollerup [23],
as the world becomes increasingly complex, simplicity fre-
quently becomes in demand. Simplicity depends on custom-
ers' experience, knowledge, understanding, and skills [23].
Three aspects of the design were recognized during the
designing process: simplicity for comfort, simplicity for
pleasure, and simplicity for conscience. Simplicity is not
equal to simple; that is an essential point for fixing the
concept. As stated by Norman [24] stated that the good
life is complicated, rich, and rewarding in the case of if
it is understandable, sensible, and meaningful. Designers
should soften complexity for an "edible" and understand-
able form for users avoiding confusion. Complexity is not a
problem, but the design should manage it well [24].

4.2 The design process of smart furniture
Based on the synthesis of relevant literature and smart
furniture's unique needs detailed in Section 2.5, we
have constructed our design process shown in Table 2.
The design-thinking framework follows a complete flow
of phases understanding, exploring, and materializing.
Since the smart furniture project's essence was not
linked to one dedicated model, explained on a professional
basis, we followed the general model compiled, based on
the process models examined. The smart furniture proj-
ect's applied methods are presented in the order of the pro-
cess elements presented as part of Table 2, rightmost col-
umn (L6g6 and Orbulov in present study).

Table 2 Design thinking processes examined by the authors

1969 1988 2008 2011 2018 2020
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D = Definition, E = Emphatizing, F = Framing, Id = Ideation,
Im = Implementation, In = Inspiration, O = Observation,
P = Prototyping, R = Researching, T= Test, U = User feedback

4.2.1 The phase of definition, framing

Our essential goal is to gather tools for understanding that
canhelp explore the problem's contextin this phase. Norman
stated that "good design starts with an understanding of
psychology and technology" [2] studies were made before
the principles: the right design could be totally integrated
into practice. A well-defined problem already carries the
key to the solution. Design problems are regarded to be
ill-defined. Another source of complexity is that design
problems can require creativity to some extent, and it has
a variety of potential solutions that more or less satisfy
different criteria [25]. Impressive design behavior is based
not on extensive problem analysis, but adequate "problem
scoping' and a focused or directed approach to gathering
problem information and prioritizing criteria [16]. Thus,
the starting point of designing is the problem itself, i.e.,
we do not have a ready answer or ready design. Designers
have been dealing with open, complex problems. The
challenge of dealing with these open, complex problems
leads to a particular interest in the ways designers create
'frames', and how design organizations deal with frames
in their field of practice [9]. Like all designers, the real
problem should have been found before solving any of
them. The design team did not design smart furniture, but
an environment that creates a comfortable and safe liv-
ing space for this generation for work and related activ-
ities. All of the team designers were also able to exam-
ine the problems from the user's perspective. Moreover,
Dorst [26] described how the coevolutionary interpreta-
tion of design thinking has developed from descriptive
accounts of how designers think of innovation and refram-
ing interactive problems [26]. The designer's decisions
are examined and justified from several perspectives.



Design practices have been developed in response to an
exact need. Dorst [9] highlighted that, if designers like
to create a value for users, the future product to be cre-
ated and the working principle to be fixed is a specific
value. Framing should be a useful solution if designer
team face open and complicated problem situation. After
Schon's theory on reflection-in-action was published in
1983, design research got a new impulse by challenging
the leading rationalist paradigm [27]. Reflection-in-action
can be understood as "knowing is in our actions", along
with Schon's wording [27]. Beyond dispute, Schon's the-
ories are vital for understanding the point of design prac-
tice, but researchers also highlighted a suspected problem
by adopting his principles being especially valid for indi-
vidual designing, into teams and organizations. The ques-
tion was whether Schon's theories are applicable for teams
and organizations, above all concerning the core of design
practice: frame creation [15]. After studying the process
of reflection-in-action in the context of the design team
empirically, researchers stated that reframing is ampli-
fied for multidisciplinary teams, compared to an indi-
vidual. Additionally, it is an iterative and socially consti-
tuted process [15]. The project aimed to answer a social
and economic problem, the significance of which is not
yet directly felt. Framing was applied term for creating
of a new viewpoint, how designers can handle a problem,
or a problematic situation tend to be solved [27]. Framing
can also be explained as a way of a problem is interpreted,
and a solution is looked for [15], or the way of structure
and formulate the problem [16]. Our research also intends
to explore the social dimension of the collaborative design
from the perspective of Schon's reflective practice [27, 28].
However, the practice was determined as an ongoing activ-
ity [27], we apply framing in the early phase of the design-
ing process according to our conviction, also based on for-
mer studies and research [3, 29]. The design team aimed
to bring closer issues to be perceived far from the central
paradox. These issues became triggers for creating a new
framework allowing one to approach the core open and
complex problem in a novel and unexpected way, as Dorst
described [9]. From this perspective, a clear trend- and
market research was conducted for bringing new external
aspects into the designing process. Market research and
design research are complementary, but each has a differ-
ent focus. From the designer perspective, we highlighted
the application of qualitative observations, mostly focus-
ing on the question: how the future users do their activities
complementing strongly by environmental factors, while

L6gd and Orbulov | 403
Period. Polytech. Civ. Eng., 65(2), pp. 397-408, 2021

our market analysis attracted the large-scale quantitative
studies like surveys and questionnaires, trying to find the
answer: what factors entice the customers to purchase our
products [2].

Trend- and market research

Data collections were done by in-house designers sup-
ported by professionals in related fields. Data for trend
analysis covered several crucial perspectives: the chang-
ing labor market, corporate forms and work organiza-
tion, the office as a space of communication, aspects of
employer and one of the employees completed by an out-
look for the generations, office design and space organi-
zation, completed by a healthy sustainability perspective.
Market research contained interviews and field research.
In the part of the market research, 24 face-to-face inter-
views were conducted. For an in-depth understanding,
it is essential to ask how and what to invite people who
use and provide services. In one-half of the personal inter-
views, we interviewed office workers who mostly perform
administrative tasks. We talked about their official duties,
communication, devices applied, and the office envi-
ronment with them. In the other half of the interviews,
decision-makers were interviewed about what aspects
they shape the office environment for their employees.
Moreover, interior designers informed the team about how
they are involved in procurement, office design processes,
and how professional aspects can be mainstreamed in
projects. Interviews were followed by field research in two
office buildings and customer attitude surveys.

4.2.2 Phase of observation

Observation of interesting segments and future users is
crucial. It belongs to the deep understanding because peo-
ple are often unaware of their true needs and even unaware
of their difficulties. Design research differs from scientists'
research. It happens directly at the customers themselves,
for having clear maps about their needs, interests, motives,
and understanding the real situations they encounter, not
some pure isolated experiences [2]. During the observa-
tion phase empathy had a vital role. Empathy and design
are in powerful connection, Cross defined empathy as
a critical value of design in each culture [13]. In recent
years a mindset, entitled empathic design has developed
as demonstrating the main focus of the design process:
the user. Moreover, design empathy is considered being
taken to enhanced by several types of techniques such as
research techniques for establishing contact between users
and designers, techniques for communicating findings of
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user studies to design teams like the storytelling, or the
ideation techniques to evoke a designer's own experiences
in a field relevant to the user [30]. By taking a "people first"
approach, design thinkers can imagine constitutionally
desirable solutions and meet definite hidden needs [10].
Field research

The design team conducted field research in two multina-
tional companies' office building to discover future users
directly in their environment. Employees of the observed
companies belong to the IT sector, but daily tasks are
different. Many aspects were examined and recorded by
the field research, like the feelings, impressions, physical
space, space use, communications, teams, team coopera-
tion, activities, health, air, and light completed by surpris-
ing issues. In the first company with around 500 employ-
ees, 250 software developers and their working conditions
were focused. They work according to the scrum meth-
odology, so it is typical for 8—10 people to work together,
separated. The spaces were slightly separated (with cabi-
nets, plants). According to recent projects, there are many
moves due to changing team lineups - that is why rear-
rangement of spaces is common. There are many spaces
for working together (meeting rooms, teamwork rooms,
chat rooms, sofas, armchair islands), writable walls every-
where. The company's cornerstone is innovation and
digitalization; therefore, the latest trends can be seen in
the work environment. It is thus interesting for research
because we can get an idea of a company's environment
that where adequate resources and knowledge are also
available to be productive and convenient to create an
environment. After evaluating all the listed aspects for
field research, researchers concluded that relaxes, personal
conversations, and employees at work can solve cowork-
ing. In the second observed company, the working condi-
tions of almost 400 employees were observed; they have
just moved to the new offices before the timing of their
field research. People work in sparsely separated, large
spaces, with meeting rooms of different sizes and relax-
ation rooms to help with the work. Researchers were also
able to gain insight into the environment of administra-
tive, HR, and managerial jobs. An exciting picture was
experienced in creating an office environment where more
cohesive and traditional office work is typical, yet initia-
tives emerge to create an innovative and comfortable work
environment. After the observation phase was covered by
field research, team members used the data gathered to
collect insights. The team organized the observations and

made parallels across users' experiences. The design team
identified the common pain points and defined unmet user
needs and outputs defined in the definition phase.
Customer survey

In parallel with field research design, team members pre-
pared an online user survey involving 65 respondents
from the targeted Y generation. First, the team defined the
main activities at work based on the definition and obser-
vation phase's outputs, completed by the 24 face-to-face
interviews detailed in Section 6.1.1. Data were collected
through the survey via choice-based questions using a
maximum difference scaling format. In this format, the
users were exposed to sets of motivations and selected the
one that best described their feelings and least described
their feelings. The aim was to have a bright picture of feel-
ings associated with a smart office they desire to work
in, tailored to the former identified activities. Besides,
the respondents provided the key preferred feeling they
desire to have during the main activities at work; they also
offered their vision about smart attributes.

4.2.3 Phase of ideation

In this phase, team members worked together tightly and
sketched out many different ideas. This phase can be
defined as the visualization of the insights. As respecting
the advantages of Osborn's brainstorming in 1953 [31],
the design team transformed the traditional brainstorming
activity to recognize the possibility of a better and faster
way for ideation. Thus, the team questioned the effective-
ness of brainstorming in terms of usable ideas: not the
ideas that were needed in the workshop proved to be feasi-
ble. Individual ideas proved to be better than group ideas.
This may be because a participant does not have enough
time to think carefully about the idea. Another important
aspect is that some people perform better in the time con-
straint [32]. For the phase of ideation design team applied
a modified version of the design sprint method [32] within
a shorter period dedicated primarily for the ideation phase.
The team applied the first three steps of the design sprint,
posed the collection, structure, and priorities of ideas as
a problem: map, sketch, and decide. The design sprint was
highly efficient and brought out everyone's best contribu-
tions to the team by creating 455 ideas or statements.
Affinity diagram

The design team defined an affinity diagram as a method
that helps teams collaboratively analyze research findings
and ideas from the ideation phase is affinity diagramming.



The method is highly impressive because it can create
a single view of the statements out of hundreds of indi-
vidual data [8]. Since they had many ideas on the first day
of the individual design sprint, they should be transpar-
ent for future steps and drive design insight. The affinity
diagram method allowed members to organize large sets
of ideas into distinct clusters, within a workshop activ-
ity, as the second sprint day. In the smart office project,
455 statements were listed for the team on the first day.
The next day, sorting was followed by summarizing 8 cat-
egories, decreasing the relevant and feasible ideas belong-
ing to categories, and defining the priorities on the last
day. Priorities were determined to have been identified by
having design team members assign a finite set of points
to those they think are important and need to be fixed.
Usability testing concluded that involving stakeholders in
all the design process phases has a significant, useful influ-
ence on the final result from the user's perspective. It was
instrumental in educating other team members, involving
them in design, building consensus, increasing sensitivity
to usability issues, getting them involved in taking notes,
sorting them, and discussing them rather than protecting
them from these processes.

4.2.4 Phase of prototyping

We made special attention to prototyping's phase because
in many cases, the more finished a prototype seems, the
less likely its creators will keep an eye on feedbacks [10].
Prototypes help us choose the solutions, but at the same
time, also tools for intensive development. This phase's
goal was to understand what components of the team's
ideas work and which do not. In this phase, the design
team began to weigh the impact and feasibility of ideas
through feedback on prototypes. To realize a high-fidel-
ity prototype, the design team created an experimental
smart office involving undergraduates and graduate stu-
dents from both institutions. The design team spent one
day for the short-term simulation prototyping referred to
as the design sprint method and profited in the ideation
phase. The more time the team spends preparing the pro-
totypes, the more its members insist on them, disrupt-
ing the acceptance of optional negative feedback. First,
a visual reflection was designed as preparation by creat-
ing a detailed script for the movie. After the unreal tangi-
ble decoration has been made, scenes were filmed. Reason
for simple decoration instead of making the real version
is that the idea reveals sooner whether it is worth invest-
ing more energy if we present only one illusion to the test
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subjects [32]. The prototype seemed to be real, as expect-
ing real feedbacks from testers. The design team recog-
nized in time: the project is not just about physical goods
but also the feeling of well-being, the satisfaction of the
stable working performance, the opportunity for effec-
tive teamwork with individual working, the appropriate
work-life balance.

Storytelling

For realizing the prototype, the decoration was com-
pleted by a story according to a script, playing scenes
like a movie for the testers, demonstrating formed defined
working activities. The question: the feelings they iden-
tify by watching the short films or the real drama to the
specific activities? How close these feelings to the ones
defined by the same respondents about the ideal smart
office? The comparison was made after the testing phase
for exploring all the possible contrasts.

4.2.5 Phase of testing

The testing phase incorporates three main sections: the
experimental smart office, the smart feature, and the design
thinking's contribution.

Test of the experimental smart office

The testing phase's fundamental question was if the solu-
tion meets users' needs and improved how they feel, think,
or do their tasks. The test of prototypes happened in
two ways, covering two groups of respondents. The first
group of 65 respondents is the same as filling the online
survey in the definition phase with identifying the oper-
ational activities completed by feelings for them. The
group had an online recorded movie at the end of each
scene; they had to answer questions about feelings linked
to that. The difference between the former expressed
ideas, feelings, and ones influenced by the prototyped
version was the difference. The second group's members
were the same as the one the design team visited as field
research. Team asked for volunteers aged among the tar-
geted Y generation, and the 34 respondents were invited to
the experimental smart office test place, where the mem-
bers of the design team played the scenes with recorded
decoration. The answers given in the testing space were
compared with the surveys filled by the 65 respondents in
online form during the observation phase. A significant
finding that could not observe any correlation between the
answers of the two groups. However, the creation of prod-
ucts in the name of simplicity was in focus; some occa-
sions were experienced by having a lack of understanding
of right and possible application.
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Test of the smart feature

The testing questionnaire focused on the one hand on feed-
back about the experimental smart office concerning the
former answers about expectations and feelings. On the
other hand, testing extended the opinion of smart attributes.
According to the respondents, smart features define a kind
of an always available interconnection between objects,
interfaces, physical and digital products to facilitate the
workflow and support a better performance at work.

Test of the design thinking's contribution

To assess the usefulness and the optional contribution of
the learning process offered by the design thinking mind-
set, the team prepared a face-to-face interview guide for
all the stakeholders.

The team desired to assess in in-depth interviews
whether this method had been used, even in part, repeat-
edly in a development project. In an innovative project
or a project for redesigning? According to the answers,
the contribution was relevant. In addition to the positive
assessment, the approach has also been used in the rede-
sign, which suggests that it is dedicated to innovative proj-
ects and works well in those cases.

5 Discussion of findings
The research was conducted from a process-oriented per-
spective. We gained new insights into a new way of think-
ing. Questions of the exploratory research were also deter-
mined by this aspect, reflected in the process of innovation.
As referred to in Section 3, research questions were defined
clearly; after having been concluded, the design process for
the smart furniture product development results and find-
ings were evaluated, completed by further needed analyses.
The first research question had a clear answer: the
design thinking-led process made the problem defini-
tion and team collaboration more impactful, significantly
affecting the development process's final output. The
methods for problem-definition provided by the design
thinking mindset proven to be more effective and flexi-
ble for the following reasons. Easily adaptable working
flow for designers by its flexibility: the architecture dif-
fers from the linear, milestone-based processes are typi-
cal of business activities. During the whole process, the
user-centered approach was kept in focus, involving them
in all the phases, was as close to them as possible for dis-
covering and answering the real problem. The design team
identified the smart furniture as a problem that has to be
solved, required the bring a broader context for exploring
around at the same time. Like the financial and technical

feasibility, all other aspects were handled as an equal com-
ponent during the development process, so they did not
have any priorities before.

As the second field, the smart attributives' purpose was
successfully reinterpreted into a smart product develop-
ment process, defined by the second research question.
However, the linear and exclusive relation between the
smart attribute and innovative process approach could
not be determined; the definition of the word 'smart' goes
beyond the need for digital solutions.

The third research question targeted a significant contri-
bution to the learning process provided by the design think-
ing approach. The most relevant contribution of the design
thinking approach was created by the wide range of meth-
ods for managing, especially the challenges posed by the
team composition's multidisciplinary essence. Perspectives
meet in team workshops. Working in a multidiscipline team
can be a serious advantage if participants know that the
workshop is also a process in which the participants' expe-
rience should be designed. As the design team planned and
conducted the workshop well by involving all the stake-
holders at the right time, the shared information supported
and helped the development process moves forward.

6 Conclusions, limitation

The project had not covered the implementation phase of
the smart furniture project, though, put into vision, results
would have been the real consequence could be further
developed, refined, and finalized before a transformation
into a final product and entering the market. The next step
1s to examine in what areas, how we can use it in the order-
ing partner's corporate environment, and what supports or
even inhibits the transformation. A significant result is that
we could link perceptions between other skilled experts by
design thinking and different creative methodologies, pro-
vide a kind of universal language and contact point, and use
this synergy. They were able to combine proper knowledge
and project purposes usefully. In the project, the degree of
design freedom stayed very high, almost unending at the
beginning of the process. The team itself could formulate
the definition of smart furniture, so design thinking was
employed to identify later critical areas from which devel-
opment issues and specific problems were transformed.
Another outstanding success was that the applied creative
methodologies allowed groups at different levels of knowl-
edge to work collectively, such as teachers, students, and
additional market partners; the methodologies created syn-
ergies here as well. When the key areas emerged after the



Affinity workshop, the methodologies were followed by a
user-centered approach throughout the project. The pro-
cess became agile at each later stage, involving and engag-
ing users as a primary pattern, hoping that the project's end
will be ergonomic, comfortable to use, and future-proof
precious smart furniture items.
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