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Abstract: Advanced technologies are revolutionizing the way people live and interact with everyday products, services, 

and experiences. Although significant progress has been made by integrating technologies in promoting task efficiency, 

high connectivity, and economic prosperity, environmental issues are frequently neglected. As consumer demands are 

growing and diversifying, organizations worldwide are keen to adopt design thinking as a catalyst for innovation. This 

study explores the significance of addressing environmental concerns and setting the sustainability agenda during the 

problem framing stage of design thinking. Through analyzing five design thinking workshops facilitated by SCIGC, the 

main objective is to explore the integration of sustainability approach within the problem and solution space of design 

thinking process. We expect this study will contribute to the discourse of design thinking, design for sustainability 

(D4S), and social innovation of smart cities. 
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1 Introduction 

Design has been implemented as an efficient approach, method, tool, or strategy to innovation in business (Ceschin and 

Gaziulusoy, 2016); however, as the consumer demands for sustainable living is increasing, global organizations are 

making efforts to implement sustainability into their external and internal systems. As a human-centered approach to solve 

complex problems, many organizations adopt design thinking as a creative methodology to find innovative and durable 

solutions by reframing the problem in users’ perspectives. For the past two decades, design thinking evolved beyond a 

creative method or tool to solve problems. It has now become an innovative strategy, mindset, and value to diverse 

organizations pursuing radical transformation of their traditional norms and cultures. Design thinkers have the capacity to 

mitigate environmental and social degradations to a greater extent than economists, engineers, or governmental agencies 

(Garcia and Dacko, 2016). This is because they develop products and services that integrate empathy for the problem 

context into the design process. Previous studies have demonstrated that innovative ideas come from effective problem-

framing and spending more time in the problem space is the key to generate novel solutions through various perspectives 

(Kim et al., 2023; Binder and Watkins, 2024). 

As a preliminary research, theoretical review and case studies were conducted to portray various contexts of design 

thinking integration, relationship between sustainability and design thinking in smart city innovation projects. Based on 

the analysis of observing and recording the process of each workshop, this study synthesized qualitative data and insights 

from literature review, project cases, and workshops. Thus, proposing the future direction of sustainability design thinking 

workshop process model. This paper explores how design thinking process and methods are used to develop ideas 

concerning sustainability for smart city innovation. Through investigating the processes and methods of five design 

thinking workshops facilitated by Stanford Center at the Incheon Global Campus (SCIGC), the main purpose is to explore 

how sustainability approach can be implemented throughout the design thinking process. The focus lies in investigating 

the process and the use of methodologies. Final idea concepts of the workshops are not illustrated in this paper due to 

confidentiality of partnering organizations. The concept of design thinking in this study follows Herbert A. Simon’s 

assertion about the logic of design, which illustrates that design is a way of thinking, concerning with how things ought to 

be (Simon, 1969). Thus, in this paper, workshop participants mentioned as ‘designers’ reflects a person who thinks and 

takes action to make things better than the current state, constantly seeking for improvements (Simon, 1969; Dunne and 

Martin, 2006). Overall, this research emphasizes the importance of incorporating sustainability aspects to design thinking 

process and methodologies for creating sustainable human-centered ideas – not only for organizations and institutions, but 

also for social innovation. 

2 Design Thinking, Sustainability, and Smart City 

Design thinking, a human-centered approach to problem finding and solving, has evolved into an innovation paradigm 

since it gained popularity through Stanford d.school’s curriculum (Brown, 2008; Auernhammer and Roth, 2021; Garbuio 

and Lin, 2021). Accumulated research and practices that integrate design thinking has made consumer experience 

increasingly important as the core of design thinking lies in empathizing the user of a product (Augustin and Schabacker, 
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2019; Cooper, 2000). Various industry, academic, and governmental organizations worldwide use design thinking as a 

process, method, tool, and mindset from product-service innovation, transformation of their organizational cultures, to 

social and urban innovation (Elsbach and Stigliani, 2018; Schulders, 2022; AlAli et al., 2023). In this chapter, we 

conducted a literature review about the past, present, and future of design thinking, especially emphasizing the significance 

of adopting environmental concerns and sustainability agenda into enterprise and governmental projects.  

2.1 The Impact of Design Thinking 

As design thinking emerged as a response to the changing demands of a rapidly evolving world, where traditional methods 

to problem-solving became no longer sufficient, organizations are keen to apply design thinking as an innovation method 

for generating a competitive advantage (Dunne and Martin, 2006; Elsbach and Stigliani, 2018). However, challenge 

remains in the process of adopting design as an innovative strategy that involves rethinking business vision with the 

company’s leadership and is often applied without a full understanding of its capabilities (Kernbach et al., 2022). Despite 

the challenge, ‘designerly ways of knowing,’ which is the way designers work, think, and tackle ill-defined problems, has 

triggered interests among scholars from management, engineering, and cognitive psychology - formulating and 

incorporating the concept of design thinking to their own areas of discipline (Buchanan, 1992; Lawson, 2005; Cross, 2006; 

Elsbach and Stigliani, 2018). Thus, the idea of practically and scholarly integrating design as a strategic source in diverse 

fields, especially in business and management, have spread worldwide since the early 2000s (Dunne and Martin, 2006; 

Carlgren et al., 2016a). The role of design thinking in value creation has been acknowledged not only in business sectors, 

but also in public projects to achieve social innovations regarding policies and services provided for people (Pirinen et al., 

2022). The need for social and urban innovation extensively reached out to public sectors and non-profit organizations to 

create better places for living or even to elevate public services through participatory design (Brown and Wyatt, 2010; 

Design Council, 2015). 

2.2 Enablers and Barriers of Design Thinking 

The core of design thinking lies in deeply understanding end-users to find their unmet needs with a multidisciplinary 

perspective; therefore, this human-centered process is used as a creative tool for administration, governmental projects, 

and urban planning (Schulders, 2022; AlAli et al., 2023). Before discussing about the ways to successfully achieve smart 

city’s sustainable innovation, we have investigated how scholars defined the enablers and barriers of implementing design 

thinking in business-related organizations. 

Personality profile of a ‘design thinker’ listed by Tim Brown (2008) presents individuals who empathize people from 

multiple perspectives and work with integrative thinking that not only concerns analytical processes but also have abilities 

to view the problem holistically to create novel solutions. Moreover, optimism by challenging constraints, active 

collaboration with an interdisciplinary approach, and experimentalism towards an entirely new direction are the main 

capabilities of innovators. Kernbach et al. (2022) claim that success of the design thinking implementation for 

organizations depends on individual traits, mindsets, behavior, and education while resistance to change, risk avoidance, 

closed-thinking, and lack of competencies are the impediments. According to the in-depth interviews targeting twelve 

professionals from diverse fields, Kim’s (2022) findings reflect the type of characteristics and elements that allow and 

prevent these innovators to generate novel ideas for their businesses, projects, or research. Five core aspects were 

suggested as enablers, which are open-mindedness, diverse and deeper experience, motivation and inspiration, easy start 

and low hurdle, ability to combine different things, and team relationship. The experts commonly mentioned that each 

component of enablers cannot act alone, which makes it essential in every respect when tackling a certain problem. On 

the other hand, selecting extreme ideas, lack of empathy, bias and miscommunication, external and internal negative 

aspects, and budget restrictions were indicated as barriers. Compromising due to diverse constraints, miscommunication, 

and conflict between the idea generators and decision-makers were the critical factors to prevent innovation because 

potential ideas can be initially misjudged – blocking the way of other creative ideas to be developed. 

On an organizational level, sufficient resources, flexible and rewarding work structure and system, leadership support, 

risk-taking company culture, inspiring company climate, and innovation focused process were the factors that drive 

companies to challenge new ideas and promote entrepreneurial mindset of employees (Kernbach et al., 2022). Barriers to 

creativity and innovation also lie in the categories of resources, organizational structure and system, leadership, and 

innovation process (Carlgren et al., 2016b; Kernbach, 2022; Kim, 2022). Negative working atmosphere creates negative 

emotions such as fear and embarrassment, which eventually cause poor performance and distrust towards the company. 

As such, integrating design thinking in organizations is not an easy task. It holistically relies on the type of corporate 

culture, members’ mindset, and both internal systems and physical infrastructure. Enablers and barriers analyzed above 

can be applied in any setting and organization that pursue innovation. 

2.3 Design Thinking and Sustainability 

Over the past two decades, globalization and the rise of global threats caused by climate change have prioritized 

environmental concerns in political agenda and emphasized the significance of innovation across both supply and demand 
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of the market (UNEP and TU Delft, 2009). According to the UNEP report (2009), efforts to reverse these environmental 

issues require disruptive transformation in every layer of the consumption and production levels – for achieving innovation 

in process, product, service, and system. Mitigating the inefficiencies during these production and consumption processes 

can eventually create and provide more sustainable products and services, as right material selection and integrating 

sustainability into design decisions allow companies to achieve higher value through sustainability. Organizations, 

consumers, and policy makers worldwide pursue a more sustainable design and processes for responding to rising 

environmental challenges. Design for Sustainability (D4S) is a concept involving eco-design and green production design 

and closely linked to sustainable product-service systems and systems innovation, which applies sustainability criteria for 

improving product design to overcome sustainability concerns (UNEP and TU Delft, 2006 & 2009; Dusch et al., 2011). 

For enterprises and governments to achieve D4S, Mckinsey & Company (2023) suggests three elements during the 

research and development phase: (1) reframing the way products use resources, change regulations, adopt circularity 

principles, and make use of customer insights; (2) keeping track of sustainability goals regarding emissions and cost impact 

of design decisions; (3) training the right mindsets and capabilities to integrate sustainability into every product and design 

decision. As such, the role of sustainability in product and service innovation goes beyond creating an eco-friendly 

outcome. D4S encourages organizations to meet consumers’ needs on a systematic level – holistically considering social 

(people), economic (profit), and environmental (planet) aspects (UNEP and TU Delft, 2006). 

While design is defined as a journey and a destination, design thinking is a “core way of starting the journey and arriving 

at the right destination at the right time (Mckinsey & Company, 2023).” Jennifer Kilian, Mckinsey partner, mentioned that 

design thinking is considered as a methodology to explore ideal future states to solve complex and wicked problems. It 

can become the biggest competitive advantage if customers’ needs are satisfied. Although design thinking gained 

popularity as a driver of business innovation, sustainability is not addressed throughout the process unless the user 

intentionally incorporates it as a concept (Shapira et al., 2017). Previous research and projects connecting design thinking 

and sustainability are found in several advocates’ studies, such as integrating design thinking within a principle-based 

sustainability framework for Strategic Sustainable Development (Shapira et al., 2017), creating a sustainable design toolkit 

that allows designers to incorporate sustainability concepts in a sustainable design strategy workshop (Dusch et al., 2011), 

applying design thinking for visioning the future of design-led sustainability innovation (Dewberry and Sherwin, 2002), 

and suggesting models for educating sustainable design thinking with SME professionals and undergraduate design 

students (de Eyto et al., 2008). Such studies are presented as evidence that the concept of sustainability and design thinking 

can be combined and correlate to each other for achieving innovation and responsible to the planet by minimizing harm. 

2.4 Integrating Design Thinking and Sustainabillty into Smart City Projects 

Technological advancement and rapid urbanization caused unprecedent challenges and benefits for people who live in 

smart cities. Governments and public authorities now face multifaceted problems due to growing diversity and complexity 

of environmental problems, socio-cultural issues, and citizen demands (AlAli et al., 2023). According to the World 

Commission on Environment and Development, the definition of sustainable development is referred as “a development 

that meets the needs of the present without compromising the ability of future generations to meet their own needs. 

(WCED, 1987).” Researchers of smart city argue that citizen-centered design approach is imperative to make humane, 

cooperative, and sociable cities (Schulders, 2022; AlAli et al., 2023). It is discussed that co-creation and systematical 

integration of all urban aspects are crucial to create a positive urban experience and innovation (Nielsen et al., 2019). As 

it is estimated that 66% of global population will be residing in cities by 2050 (UNEP, 2018), complexity of problems is 

expected to increase causing negative impact upon various aspects of the society. Toli and Murtagh (2020) defined 

sustainability “as the coexistence of social equity, conservation of the natural environment, economic vitality, and quality 

of life in the urban environment,” which is one of the strategic goals of smart cities. The definition of smart city varies 

between countries; but in general, it is a resilient, inclusive, and collaboratively built city or platform that utilizes 

technology and data to improve the quality of life for all citizens by enhancing sustainability and fostering new industries 

(Gladstone et al., 2018; MOLIT, 2023). Performances of smart cities are evaluated based on six characteristics, which are 

environment, economy, mobility, people, living, and governance (Giffinger et al., 2007). 

Following two case studies, ‘The Bristol Approach’ and ‘Ecobici Public Bicycle Sharing System,’ are examples of urban 

projects that reflect how smart cities pursue innovation by addressing the importance of sustainability at the same time 

focusing on the needs of citizens. The projects are summarized in turn. 

The Bristol Approach was made to tackle issues in Bristol, England by the partnership of Knowle West Media Center 

(KWMC), Bristol City Council, and Ideas for Change. Under this approach, each project encourages interdisciplinary 

collaboration of citizens to co-design solutions, develop new skills, and make positive change toward a specific issue 

occurring in the city. As Bristol city wanted to explore new ways to collect air quality data, a citizen-driven air quality 

sensing project was held to hear the voices of local community. Cyclists, taxi drivers, and schoolchildren and their parents 

were the three main groups participated and most concerned with air pollution. The operating team found out that majority 

of people not only wanted to improve urban air quality, but also wanted to gain more information about how air pollution 

affects their health and where the cleanest air is in Bristol. Out of many different prototypes, light and portable air quality 
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sensor device was designed so that all citizens can easily carry it anywhere. This way, accurate and massive amount of 

data can be gathered without difficulty. Citizens who devoted in this project proactively changed their behaviors 

sustainably to collect and improve air quality. Consequently, challenging complex urban issue by citizen-driven approach 

implicitly built citizen trust, which is as important as coming up with a new solution to the problem (The Bristol Approach, 

2023). 

The initiatives of Ecobici, public bicycle systems in Mexico City, started as an alternative urban mobility model that can 

cover the important themes of the sustainability agenda: habitability and public space, air quality, climate change, soil 

conservation and mobility, etc. Hoping for a positive impact on reducing greenhouse gases and solving social, economic, 

and health crisis, this long-term project was intended to help reach the city’s goals under Climate Action Plan. Initial phase 

was to change the negative socio-cultural perception towards riding bicycles and skepticism on the government’s 

innovative projects, as citizens of Mexico City originally had stereotype that cycling was a poor man’s mode of 

transportation and that it would cause more problems related to traffic congestion. However, through two years of 

extensive planning, studies about users and success cases, and experimentations, this project could increase citizen 

awareness about its advantages by operating a new public-private financial model with street advertising. As a result, 

implementing Ecobici system successfully provided a new form of accessibility and promoted a sustainable urban mobility 

scenario by gaining a deep understanding of citizens’ needs before diving into the solution (Peralta, 2017; Ecobici, 2022). 

Based on the premise that design thinking and creative approach can bring positive impact on human behaviors and 

innovation in smart cities, we have found enabling factors and implications that commonly run through the urban projects. 

These findings are based on comprehensive analysis of preliminary literature research and the two case studies summarized 

above. 

Tackling an unknown problem is the key to innovation 

To create a visionary product with high value, the problem should be unknown and solution undefined from the beginning 

(Garbuio and Lin, 2021). This type of innovative idea is associated with abductive reasoning, which is at the heart of 

design thinking. Abductive logic, “inference to the best explanation,” shows that any new thought, idea, or concept cannot 

be validated beforehand; rather, the validation can only occur as future events unfold (Martin, 2009). According to this 

logic, most innovative ideas emerge from exploring observations and qualitative data of the socio-cultural dynamics in the 

problem-finding space where ambiguity is unavoidable; instead of relying on market research-based data that narrow down 

the possibilities of new ideas (Verganti, 2003; Garbuio and Lin, 2021). As both urban projects had to tackle wicked 

problems by taking sustainability goals and various stakeholders into account, they spent a considerable amount of time 

to discover and examine the problem space that allowed innovators to reframe problems based on users’ latent needs. 

Holistic views are made by multidisciplinary collaboration 

Working in multidisciplinary teams brings many advantages during the entire process of design thinking, especially in the 

stages of needfinding, brainstorming, prototyping, and communication (Brown, 2008; Martin, 2009; Seidel and Fixson, 

2013; Kim and Nah, 2019) The two urban projects involved people from diverse fields of study, occupation, age, gender, 

and lifestyle to generate inclusive solutions that can embrace as many people as possible. Holistic views are made through 

adopting different thoughts and opinions from others who have opposite or different experiences and perspectives. 

Although conflicts frequently occur in a multidisciplinary team due to miscommunication and opposed ideas, effective 

distribution of each team member’s roles and clear understanding of the project goal creates higher chances on creating 

an unexpected and innovative outcome. To achieve sustainable innovation through multidisciplinary approach, it is crucial 

to accumulate teamwork experience and boost up the ability of holistic thinking. 

Raising citizen awareness leads to building trust 

The Bristol Approach showed the importance of citizen participation for the city’s innovative project. Through the process 

of contemplating a particular problem to come up with a creative solution for all, many citizens acknowledged the severity 

of environmental issues they confront every day. During pilot testing session of using the device, one of the citizens 

mentioned that being more aware of the situation is sometimes more significant than solely collecting data. Awareness 

prompted people to make sustainable choices in their lives, such as getting rid of their cars to save the environment. 

Moreover, in case of Ecobici, changing conventional thoughts about cycling culture transformed human behaviors and 

ways of living to bring sustainable impact towards the society. 

Embedding sustainability agenda as a core strategy 

Organizations and governments are eager to set the sustainability agenda by making a commitment to consolidate 

environmental, social, economic, and ethical aspects for strategic decision-making (PwC, 2008). From reducing pollution, 

educating people about the consequences of climate change, promoting health and wellness of citizens, and respecting 

human rights, the two cases comprehensively covered these criteria of sustainability throughout the processes. As 
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sustainability agenda requires collaboration between all stakeholders, it became possible to foster the sustainability 

mindset of participants that ultimately leads to shaping both efficiency and reputation of the project. 

3 Design Thinking Workshop Analysis: Process and Methods 

This study analyzes five design thinking workshops conducted or co-conducted by SCIGC with a total of 126 participants. 

Table 1 provides a summary of the workshops held in the previous year. Each workshop was planned for different type of 

company, institution, or academic organization. Workshop themes were set differently as partnering organizations had 

different interests; however, the common factor was to find a theme for reframing problems and experiences occurring 

within smart city. Workshop participants were consisted of employees in case of partnering with a company, citizens for 

art & design foundation, and undergraduate students for university. As creativeness in design thinking emerges through 

the interplay of a multidisciplinary team and diversity, we encouraged our partnering organizations to recruit people whose 

professional backgrounds differ as much as possible. Thus, all five workshops included participants whose expertise are 

in design, engineering, management, information technology (IT), media art, science, applied physics, social sciences, 

economics, education, linguistics, etc. Four to six members with different backgrounds were grouped as a multidisciplinary 

team and facilitators were assigned to each team as an observer and advisor. 

Table 1. Overview of design thinking workshops conducted or co-conducted by SCIGC 

WS 

No. 

Partnering 

Organization 

Type, Number 

of Participants 

Background of 

Participants 

Workshop 

Theme 

Days 

Spent 

1 Software 

Company 

Employees, 

16 

Engineering, 

management, IT 

Creating a sustainable and 

innovative workplace for 

future organizations 

1 

2 Manufacturing 

Company 

Employees, 

23 

Design, 

engineering, 

digital design, etc. 

Generating a new concept 

for next generation 

mobility service 

2 

3 Art & Design 

Foundation 

Citizens, 

21 

Engineering, 

industrial design, 

management, 

media art, applied 

physics, etc. 

Constructing a motorboat 

for urban sailing 

experience 

1 

4 Energy 

Company 

Employees, 

21 

Engineering, 

management, 

science, etc. 

Innovating organizational 

culture for better 

communication and 

working experience 

(digital transformation) 

1 

5 University 

(Undergraduate) 

Students, 

39 

Economics, 

management, 

engineering, 

education, 

linguistics, social 

sciences, physics, 

etc. 

Rethinking autonomous 

car’s future 

1 

 

Figure 1 shows the design thinking process and different methods used for workshops listed in Table 1. For all workshops, 

Stanford d.school’s five phases of design thinking process (Stanford d.school, 2010) was implemented. During the 

planning of each workshop, facilitators from SCIGC and partnering organizations conducted several meetings to discuss 

the objectives and selection of methods for each phase. Each method was selected through the agreement of both parties 

and the rationale was made by choosing methods that were widely used and had to be easy to follow as most participants 

did not have enough experience with design thinking. Facilitators created new templates for methods such as ‘data wall 

inspired by lotus blossom’ and ‘persona-empathy map’ to match the flow of the workshops. The objectives were to focus 

on the fuzzy front-end of innovation and to introduce design thinking to participants who mostly were unfamiliar with this 

concept. Depending on the workshop theme, type of organization, and backgrounds of participants, we incorporated 

variation of design thinking methods for each stage of the process. 
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Figure 1. Process and Methods Used for Five Design Thinking Workshops 

Following summary and insights captured during workshop processes are described based on observations from the 

facilitators and feedback received from workshop participants. From the planning stage, workshops 1 and 3 already had 

specific users in mind; thus, participants began with user observation by browsing through search engines, videos, 

literature, news, and trend reports. For workshop 3, teams rotated on going through four methods of empathy – user 

observation, user interview, bodystorming, persona – each team started with different methods. In the post-survey, we 

asked participants to evaluate each method of empathy regarding the effectiveness of its practiced orders. The results 

showed that the most effective way of empathizing was to start with user observation where the designers had to watch 

numerous photos and videos of people’s behaviors and diverse situations about the topic. On the other hand, beginning 

with the user interview received the lowest score as most participants found it challenging due to uncertainty about which 

questions would elicit meaningful insights from the interviewees. Because participants from this workshop were citizens 

of smart city, who volunteered to learn about design thinking for a community project, they became the end user 

themselves and were actively engaged in the process. 

As users were unidentified for workshops 2, 4, and 5, they began by diverging their thoughts about the topic. In these 

cases, empathy interviews were conducted to ask open-ended questions to collect qualitative data of what people think of 

a specific subject. Workshop 2 started with selecting keywords of social, economic, and technological trends that would 

later be used to draw out questions for empathy interview. For workshop 4, as the partnering enterprise had various clients 

as their users, they began by setting up stakeholder map to clearly identify users to focus on. In workshop 5, participants 

were actively involved while using persona-empathy map technique shown in Figure 2. By combining two methods, it 

allowed designers to easily immerse into the fictional character and set a clear overview of the user. Among the five 

workshops, workshops 3 and 4 dedicated more time in the empathy stage, with the main purpose of transforming 

participants’ mindsets and training them about ways to deeply understand people. 

For all workshops, persona and empathy map became the key for transitioning to the define stage with a clear 

understanding of their users. Application of retrospective user journey map helped participants place their persona in a 

specific topic-related scenario. Instead of jumping straight to the ideation stage after defining the problem, practicing this 

method allowed designers to imagine the context, needs, and opportunities surrounding the potential users. In comparison, 

implementing a prospective user journey map of the selected idea would effectively show the use case scenario. While 

planning for workshop 2, we have developed a template for data wall inspired by the ‘lotus blossom’ (invented by Yasuo 

Matsumura – originally a technique for idea brainstorming). Shown in Figure 2, this method starts from significant 

keywords that were selected in the previous stage and extends to the next step where designers can explore multiple 

challenges and insights – eventually leading up to defining several design problems from multiple perspectives. 

Creative ideation techniques such as brainstorming, remember the future, six thinking hats (de Bono, 1999), and mash-up 

(IDEO U, 2015) were used to generate ideas aiming for quantity first, then refining for quality. Six thinking hats and mash-

up techniques made designers think in diverse perspectives by shifting the mode of thinking. After a period of 

brainstorming, it is crucial to shift designers’ thinking mode by employing alternative approaches to idea generation. 

Workshop 3 constructed a working prototype, while the other workshops progressed through a rough prototype stage 

utilizing visual storyboards to illustrate the implementation of their solutions. Due to time restriction, test stage was 

shortened and replaced with sharing other people’s opinions about each team’s final idea. 
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Figure 2. (Left) Persona-Empathy Map | (Right) Data Wall Inspired by ‘Lotus Blossom’ 

4 Design Thinking for Sustainability in Smart City 

Out of five workshops, only one of the workshop participants generated solutions considering sustainable impact. This is 

because the term sustainability was set as the theme and the purpose was to create a sustainable workplace for future 

organizations. None of the other workshop participants actively thought about the consequences of their creations (whether 

the outcome became a product, service, system, or an experience) in an environmental-friendly perspective. As Shapira et 

al. (2017) argued that design thinking does not integrate sustainability unless the user is willing to do so, including 

terminology related to sustainability as the main workshop theme is significant for raising designers’ awareness throughout 

the entire process. When tackling a complex problem that occurs within a smart city, designers should generate solutions 

with a human-centered approach that implies sustainability factors regarding eco-friendly, energy efficient, and long-

lasting outcomes. Design thinking workshops analyzed in this paper did not emphasize the need to apply sustainability 

factors or educate participants about sustainability in advance. The reason was to observe the natural flow of problem-

solving processes and to evaluate sustainability awareness level of participants for finding phases where sustainability 

input is needed.  

The proposed process of applying these factors is represented in Figure 3, which depicted the most effective methods and 

flow of operation based on the analysis of past workshops. Thus, we suggest implementation of sustainability input 

throughout the problem and solution space of design thinking process. Consistently providing information, questions, and 

tools regarding sustainablility to workshop participants will result in the development of  ideas considering the impact 

upon sustainability, ultimately fostering a comprehensive understanding of the concept. 

 

Figure 3. SCIGC’s Sustainability Design Thinking Workshop Process Model 
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Setting sustainability agenda goals in the problem space 

As the beginning phase of any process is critical to setting the scope and direction, fostering sustainability mindset is 

necessary from the early stage of empathy. Incorporating an additional step, where designers can substantially observe 

users with sustainability agenda in mind, would enable designers to discover new opportunities from users’ behaviors, 

conversations, and touchpoints. After iterative observation of potential users, designers then would gain knowledge and 

ideas about how to compose interview questions while considering sustainability factors. The empathy interviews should 

include questions surrounding the environmental issues, social and economic challenges, and ethical factors, which will 

raise awareness and encompass a diverse range of problems. Considerations for setting sustainability agenda is listed 

below. The factors represent sustainability-oriented definitions of each dimension: social, environmental, and economic 

(UNEP and TU Delft, 2009; Toli and Murtagh, 2020). These were selected to be discussed in the problem space. 

Factors to consider for establishing sustainability agenda of smart city while reframing the problem: 

• Social (people): Ethical issues and equality, health and well-being, social engagement and interactions, safety 

concerns 

• Environmental (planet): Climate change, all kinds of pollution, energy efficiency and consumption, infrastructure 

and utilities, use of materials and resources, sustainable urban development policies, biodiversity 

• Economic (profit): Competitiveness, risk management and resilience, technology 

While using persona-empathy map, it is important to consider various stakeholders as many smart city problems are multi-

faceted. A holistic approach will help find users’ unmet needs and desires. Our future practices will apply sustainability 

input in between constructing a retrospective user journey mapping and framing design problem statement. The structure 

of sustainability input is not finalized, but it will be designed as a guide or method that allows anyone to follow without 

difficulty. 

Exploring solution space associated with production and operation processes 

In our future design thinking practices, prospective user journey mapping will be incorporated after generating ideas 

through brainstorming. During the stage of refining and developing selected ideas, a prospective user journey map will act 

as a validation tool on reflecting implications of the solution upon users. Depending on the time allowance, employing 

alternative ideation methods by offering fresh new perspectives, can enhance the quality of generated ideas and broaden 

the pool of ideas. Sustainability input should be made at this stage of ideation where unexpected insights can emerge to 

create novel solutions or develop existing ideas by implementing sustainability considerations listed below.  

Factors to consider for developing sustainability-oriented business ideas targeting smart city innovation: 

• Social (people): Inclusive and accessibility, productivity, educational aspect, livability, improve quality of life 

• Environmental (planet): Material selection, product lifecycle, use of resources by the product, product end-of-life 

recovery, preserving natural environment, emissions, optimize the utilization of available resources 

• Economic (profit): Differentiator, customer proposition and value, digital intelligence, utilization of ICT, 

decrease costs 

Within the solution space, iteration regarding idea refinement is necessary. Engaging potential end users into the idea 

generation, selection, evaluation, and testing process will enable designers to fully explore the solution space. 

5 Implications, Limitations, and Future Work 

This paper addresses the significance and value of incorporating sustainability perspectives and components to design 

thinking process. Particularly in responding to the challenges posed by wicked problems and complex systems of smart 

cities, the emphasis lies in the importance of educating designers and organizations on understanding the sustainable 

impact of their products or services against the environment. There are several limitations to this study. As the purpose 

was to focus on the process and methods of design thinking workshops, final ideas as solutions were not presented in this 

paper. However, by investigating the processes, we found opportunities where sustainability implementation should be 

made for developing sustainable ideas – concerning all aspects of people, planet, and profit. Furthermore, we have yet to 

outline how sustainability input will be shaped. As this research set the groundwork for devising a new flow, methodology, 

and toolkit for facilitating sustainability design thinking workshops, our prospective research will focus on constructing a 

framework that incorporates the insights depicted in this study. 
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