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Preface 

I have lived in a few cities now, varying in size from 30,000 people (Culemborg) to 2.7 million 
(Chicago). Over time I have started to recognise which aspects of a city positively influence 
my quality of life, but also which aspects really downgrade it. These issues will become worse 
over the years due to the growing pressures in city life. Technology can be a means to help 
solve those issues, but should not become a goal in itself. With this report I hope to contribute 
to a change of mindset in how we go about designing cities. 

Performing this research has been quite an undertaking. It has been a long process with, of 
course, ups and downs. Luckily I learned early on that for every bad or unproductive day there 
are many more good days. 

My colleagues at Six Fingers also kept me motivated by playing a match of foosball or just 
having a chat over a cappuccino. So thank you: Inger, Silke, Eline, Nina, Loes, Bart & Rob. I 
would like to thank Rob specifically for the opportunity to perform my research at Six Fingers 
and for giving me so much freedom in finding the right research topic as long as we kept the 
essence (from smart city to happy city!) intact. 

This research also stands by the in-depth interviews I had with members of the Light4All 
project team. Considering they have even called it ‘therapy sessions’ I can definitely say they 
really opened up to me. The passion of the interviewees was so clear and I really hope they 
continue to do their work with the same passion. Good luck to you all! 

I am grateful to have experienced a steep learning curve over the past months. This was mainly 
thanks to my two supervisors Fred and Boukje. Whereas Boukje has helped me to not get stuck 
in details too much, Fred taught me to better structure my arguments. I benefitted a lot from 
their down-to-earth perspective and pragmatic way of doing research. In addition, I would like 
to thank Duygu for reading my proposal early on in the process and now again my entire thesis 
as a third reader. A special thanks goes out to Elke as well for having fun and interesting 
discussions on the case study. I was always looking forward to our meetings as we share a lot 
of opinions on the topic of smart cities.  

Lastly, I would like to thank my friends and family. Especially my parents as they were the 
first to deal with my ups and downs over the last few months. They always were supporting, 
understanding, and thinking along of ways to overcome a problem whether it was thesis related 
or not. My brother, Bas, and sister, Ineke, for also being two of my best friends. My boyfriend, 
Calvin, for always being positive and believing in me albeit over a long distance. At least I 
always had something to look forward to! And lastly, all my friends that were around to distract 
me, be patient with me when I was in social isolation, but were also always interested in how 
my research was coming along. 

It is a strange feeling that with this report my student life, in which I have done and seen so 
much, comes to an end. Hopefully the next chapter will be as exciting, challenging, 
adventurous, and full of the same and more wonderful people as the last seven years have been. 
I am super proud and happy with the result and I hope you’ll enjoy the read! 

Best,  
Marieke Kil  
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Abstract 
The objective of smart city projects is to create societal value in addition to economic value, 
but in reality they fail to demonstrate this. In order to ensure societal value creation citizens 
must be involved in the innovation process. This study explores how citizens can be integrated 
in the innovation process of smart city projects by expanding the literature on user-driven 
innovation to citizen-driven innovation. The study takes on a design science approach and 
combines a literature study on user-driven innovation with a single embedded case study. The 
empirical setting is a smart lighting project that consists of five ‘living labs’ that each aim to 
design a solution for a problem specific to a neighbourhood. Theoretical and empirical results 
were integrated into a final solution design. The solution design consists of seven 
recommendations considering the user role (information source and co-developer), user input, 
and interaction for each of the four phases of a smart city project: infrastructure replacement, 
ideation, design, and implementation. This study contributes to the theory of user-driven 
innovation by differentiating between the different forms of user involvement across the phases 
of an innovation process, and also identifying the underlying mechanisms and effects of these 
different forms of involvement. The results implicate the implementation of a three-level 
innovation process in smart city projects, consisting of a strategy (1), and a tactical innovation 
process (2) that relate to the project as a whole, and an operational process flow (3) that 
specifies a communication and interaction strategy for each living lab individually.  

It appears there is no optimal way to integrate citizens in the process. By implementing a 
tactical innovation process that cuts across living labs a project team can integrate citizens more 
effectively in each phase of the innovation process, and better map their learnings. This study 
is a starting point for making the decisions, the underlying mechanisms and the effects of the 
tactical innovation process more explicit. Moreover, existing user-driven innovation tools and 
methods can become citizen-driven by applying them in a smart city context. 
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Executive summary 

Introduction 

Cities are growing, which brings along many issues. Cities are looking at technology to bring 
mitigation to the growing pressures in city life. These so-called ‘smart cities’ are expected to 
grow tremendously in popularity over the next decade (Chourabi et al., 2012; Yigitcanlar et al., 
2018). Smart city projects aim to create societal value in addition to economic value. However, 
in reality smart city ecosystems fail to demonstrate this (Kummitha, 2018; Kummitha & 
Crutzen, 2017).  

If we want societal value creation to be inherent to smart city projects, citizens need to be 
involved in the innovation process. It is argued that involving citizens results in a better 
understanding of the local context, its problems, and citizens’ needs. A deep understanding of 
citizens is needed to create the right fit between the problems citizens are facing and the 
proposed solutions (Baldassarre, Calabretta, Bocken, & Jaskiewicz, 2017; Jeuken, Breukers, 
& Karababa, 2018; Kil, 2019; Tolkamp, Huijben, Mourik, Verbong, & Bouwknegt, 2018). 

This study aims to help close the gap between objective and reality by looking into how citizens 
can be integrated in the innovation process of a smart city project. It does so by expanding the 
literature on user-driven innovation to citizen-driven innovation (Baldassarre et al., 2017; 
Schaffers et al., 2011). In addition, the results of the study are used to identify opportunities 
for Six Fingers, the innovation firm that commissioned this study.  

Research Design 

The empirical setting of the study is the Light4All project, which consists of five cases or so-
called ‘living labs’. Each of these living labs represents a neighbourhood or area in Bulbtown. 
The project team consists of representatives of the municipality, and a consortium of a 
construction company and a lighting company. A research institute is also involved. The 
Light4All project aims to create an open platform, in this case the public lighting infrastructure, 
in which companies can ‘plug-in’ their solutions. The solutions developed in a living lab should 
address the issues in that neighbourhood and are developed together with citizens.  

The study applies a design science paradigm, because the solution oriented knowledge that this 
produces supports the explorative character of the main research question. A single embedded 
(five living labs) case study was combined with a literature study on user-driven innovation 
(Yin, 2003). The design science paradigm is reflected in the creation of both theory-based and 
practice-based design principles. These principles are integrated into final design principles, 
which are then used to develop the final solution design, while taking into account some 
boundary conditions (Van Burg, Romme, Gilsing, & Reymen, 2008). The solution design is 
validated through a focus group with the Light4All project team. 

Results 

The theory on user-driven innovation suggested that the degree of user involvement is both a 
function of the scope and the intensity of the interaction moments with citizens. The scope 
refers to the number of different phases in the innovation process in which users are involved. 
The phases identified were: ideation, design, and implementation (Hoyer, Chandy, Dorotic, 
Krafft, & Singh, 2010). The intensity refers to the roles users can take on in the innovation 
process. Three user roles were identified: information source, co-developer, and innovator (Cui 



iv 
 

& Wu, 2016, 2017). Two other main concepts that were identified are the type of user input, 
and the type of interaction, which also includes the specific tools and methods that can be used 
in the interaction with citizens. The empirical results suggest the inclusion of the infrastructure 
replacement phase in the innovation process, which appears specific to smart city projects. 
Moreover, in practice the user role of innovator was not identified. The empirical results 
discussed in detail the user role, user input, and interaction per phase of the innovation process. 
The theoretical and empirical results were eventually integrated into final design principles, 
which were then used to create the solution design. 

Solution design 

The solution design consists of seven recommendations. During the infrastructure replacement 
phase a project team should have a communication & interaction strategy (1) that is tailored to 
a specific neighbourhood. During the ideation phase a project team should apply a variety of 
interaction methods (2) and a direct dialogue (3) with citizens in order to go beyond the obvious 
knowledge and identify citizens’ tacit needs, their dreams and behaviours. Using a variety of 
interaction methods also ensures a wider user input. Three recommendations addressed the 
design phase. Joint sessions (4) with both citizens and designers enables the project team to 
really diverge. Prototyping and experimentation (5) is used for two reasons: (a) to explore 
concepts and enable citizens to think about the future and (b) to validate and improve a concept. 
Visualisations (6) are a form of prototyping used throughout the innovation process, but 
especially during diverging. It makes abstract concepts more concrete and results in rich 
contextual information. Lastly, during the implementation phase a project team can use 
widespread involvement (7) to increase the solution adoption, but only when the prevailing 
sentiment about the solution is positive.  

Opportunities for Six Fingers 

The opportunities for Six Fingers were identified by having a workshop with the team in which 
there was reflected on the recommendations from the solution design. The resulting 
opportunities were structured along the innovation process of Six Fingers (Liedtka & Ogilvie, 
2011): what is (ideation), what if (design – diverging), what wows (design – converging), and 
what works (implementation). This innovation process thus differentiates between a diverging 
and converging step in the design phase. The main added value of Six Fingers lies in their 
experience with a wide variety of interaction methods for user research and co-creation, which 
can contribute to a more in-depth an surprising what is phase and a more creative and diverging 
what if phase. Six Fingers can inspire citizens to think about the future and their dreams even 
if the concepts are abstract. Their knowledge on different kinds of prototyping and their 
experience with the set-up of (small-scale) experiments is valuable during both the what if and 
what wows phase. During the what works phase Six Fingers can make sure that the original 
concept and mindset is protected. As an objective, independent party Six Fingers can help the 
project  team to move through the innovation process. 

Discussion 

Theoretical implications: 
o This study differentiates between different forms of citizen involvement rather than taking 

a more generic approach of degree of user involvement  (Cui & Wu, 2018).    
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o This study contributes to understanding why certain risks occur when involving citizens in 
innovation projects and how certain enablers can counter these by identifying the 
underlying mechanisms of interventions.  

o This study suggests that citizen roles are not as strictly demarcated with specific 
characteristics as user roles described by Cui & Wu (2016, 2017). The results of this study 
suggest that a more nuanced description of citizen roles is needed. 

o This study finds that managing the increased complexity of citizen involvement by 
clarifying and communicating boundaries of citizens’ roles is increasingly important in a 
smart city context (Cui & Wu, 2017; Hoyer et al., 2010). 

o This study recognises the infrastructure (re)placement phase as part of the smart city 
innovation process. 

o This study finds word-of-mouth in combination with a lack of expectations management is 
detrimental to the smart city innovation process (Hoyer et al., 2010). 

Practical implications: 
The results of this study suggest the implementation of a three-level innovation process 
consisting of a strategic level, a tactical level, and an operational level. 
o The strategic level should revolve around what is the overall objective of integrating 

citizens in the innovation process. 
o The tactical level deals with strategic questions, but does so on a lower level. Tactical 

decisions are relevant for all living labs within the Light4All project. 
Currently this tactical innovation process is not identified in innovation management 
literature, but it is relevant for smart city platform projects. The tactical innovation process 
addresses strategic questions like what is the intended outcome, what type of interactions 
with citizens should take place, what role can citizens take on, what user input do we expect 
to gather, and what communication style is needed for this. It addresses these questions per 
phase of the innovation process. The solution design that was created makes these questions 
more explicit. Moreover, it can help make these decisions as there is reflected on the 
underlying mechanisms and outcomes of interventions. 

o The operational level has the level of detail that describes individual sessions and activities 
that should take place in each living labs. The operational level is recognised in the 
communication and interaction strategy of the solution design. The design of the 
operational process flow depends on the tactical decisions made and is likely to differ per 
living lab. It requires local expertise, for instance through the municipality, to shape it. 

o The results suggest that the design phase should distinguish between a diverging and 
converging step as these steps require a different user role from citizens. It is suggested to 
use the innovation process as developed by Liedtka & Ogilvie (2011) (what is, what if, 
what wow, and what works) as this recognises these two step separately. This process 
should be used to shape the tactical innovation process.  

o This study suggests that experimentation is challenging in a smart city context, especially 
when diverging ideas. This is for two main reasons: malfunctioning prototypes cannot risk 
the safety of people in the public space, and when diverging ideas no solution has been 
selected yet, which makes companies hesitant to invest in prototyping. 
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Conclusion  

As an answer to the main research questions it is stated that there is no single, most effective 
way to integrate citizens in the innovation process. The solution design suggests that there is 
no single, most effective way to integrate citizens in the innovation process. Rather it addresses 
what kind of decisions need to be made in each phase of the innovation process. The results 
suggest that a three-level innovation process should be implemented in smart city projects, 
consisting of a strategy and tactical innovation process that relate to the project as a whole, and 
an operational process flow that specifies a communication and interaction strategy for each 
living lab individually. This study is a starting point for making the decisions in the tactical 
innovation process and their effects more explicit by addressing the underlying mechanisms. It 
can be concluded that: 

o Implementing a tactical innovation process that cuts across living labs helps 
integrating citizens more effectively in the innovation process. 
• Identifying a tactical innovation process in addition to an overall strategy on user 

involvement enables integration of citizens in the most effective way per phase of the 
innovation process. 

• Identifying a tactical innovation process in addition to an operational process flow 
allows a project team to better map their learnings, and with that continuously improve 
both processes, and spend time and budget more effectively. 

o User-driven innovation tools and methods compiled in an operational toolkit can be 
used for citizen involvement in smart city projects.  
As the results suggest that tools and methods normally applied in user-driven innovation are 
also applicable to citizen-driven innovation, a whole array of tools and methods becomes 
available. 
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1. Introduction 
The Smart City is posed as the panacea to problems emerging due to rapid urbanisation and as 
a way to achieve sustainable development (Kummitha & Crutzen, 2017). Historically 
technology has played a decisive role in advancing society and solving problems at hand. 
‘Smart city’ is the catch-all term used for cities that are looking for technology to bring 
mitigation to the growing pressures of city life (Chourabi et al., 2012; Yigitcanlar et al., 2018). 
The ubiquity of Information and Communications Technology (ICTs) was originally the 
transformative mechanism for creating smarter cities (Almirall et al., 2016). Although currently 
it has evolved to mean almost any technology-based innovation in the planning, development, 
operation, and management of cities (Yigitcanlar et al., 2018). In this study a smart city project 
will be defined as: a project that aims to develop a technology-based innovation that improves 
the sustainability of a city, including the liveability and wellbeing of citizens (Yigitcanlar et al., 
2018). In addition, smart city projects are so-called platform project, which means that there is 
a central platform to which solutions in the form of applications are plugged into. In the case 
of smart city projects these platforms can be anything varying from lighting poles to electric 
car charging points. Although the term smart city has grown tremendously in popularity over 
the last two decades, it remains in its infancy considering the lack of sound and commonly 
accepted conceptualisation. Despite of this poor conceptualisation the global market for smart 
city solutions is expected to grow to USD 237.6 billion by 2025, expanding at a growth rate 
(CAGR) of 18.9% (Grand View Research, 2019). 

The urban problems that smart city projects aim to address are cross-cutting multiple domains 
and policy levels and thus also require solutions that are cross-cutting domains. Therefore the 
smart city projects are associated with multiple, diverse stakeholders that experience a high 
level of interdependency (Chourabi et al., 2012; Nam & Pardo, 2011). The stakeholders have 
competing values and operate in a complex social and political context. This group of 
stakeholders, a so-called ecosystem, needs to create value to address the problem together. An 
ecosystem is thus inherently multilateral (Adner, 2017) and is defined as “the alignment 
structure of the multilateral set of partners that need to interact in order for a focal value 
proposition to materialize” (Adner, 2017, p. 42). Each member of the ecosystem has a position 
in that ecosystem and a number of activity flows amongst it. All these activity flows come 
together to create a joint value proposition: the ecosystem-wide value proposition (Talmar, 
Walrave, Podoynitsyna, Holmström, & Romme, n.d.).  

In the end, possibly via additional stakeholders, the ecosystem-wide value proposition is 
introduced to the end-users, which in the case of a smart city project typically are the citizens. 
The value proposition is thus placed at the core of the ecosystem. The value proposition can 
consider different types of values. Within a smart city project the objective has always been to 
create other types of value in addition to economic value. Within this study the focus will be 
on ensuring societal value, in the sense of improved quality of life and wellbeing for citizens. 

  Problem statement 
Unfortunately, it appears that in smart city projects the societal value creation is subordinate to 
the economic value creation. Whereas the objective might be to create societal value in addition 
to economic value, in reality the smart city ecosystems fail to demonstrate this. Most smart city 
projects are technology and corporate-driven and because of that are lacking that crucial multi-
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value proposition that originally underlined the smart city concept (Kummitha, 2018; 
Kummitha & Crutzen, 2017).  

If we want societal value creation to be inherent to smart city projects, citizens need to be 
involved in the innovation process. It is argued that involving citizens results in a better 
understanding of the local context, its problems, and its needs (Kil, 2019). A deep 
understanding of citizens is needed to create the right fit between the problems citizens are 
facing and the proposed solutions (Anttiroiko, Valkama, & Bailey, 2014; Baldassarre et al., 
2017; Jeuken et al., 2018; Tolkamp et al., 2018). However, theoretical underpinning for how 
to do so is lacking (Baldassarre et al., 2017; Paskaleva, Cooper, Linde, Peterson, & Götz, 2015).  

This study aims to close the this gap in literature by looking at adhering fields. Baldassarre et 
al. (2017) have already integrated multi-value creation and user-driven innovation. They found 
this leads to an actual sustainable value proposition and a superior problem-solution fit. 
Schaffer et al. (2011) addressed the opportunities that open innovation, including user-driven 
innovation, can bring to a smart city context. Moreover, Baldassarre et al. (2017, p. 175) argue 
that “user-driven innovation allows developing solutions that are meaningful for people and 
profitable for business by involving potential customers, users and/or other stakeholders in an 
experimental and iterative design process”. Therefore user-driven innovation will be used as 
a starting point. This research thus aims to extend the field of user-driven innovation to citizen-
driven innovation within the underexplored context of smart city ecosystems. 

  Research questions 
The following main research question (MRQ) is derived from the problem statement: 

MRQ: how can citizens be integrated in the innovation process of a smart city project? 

The MRQ is supported by three underlying sub research questions (SRQ). The first two provide 
the theoretical underpinning of this study. The last one is addressed using empirical data. 

SRQ1: what does the academic literature say on why and how to involve users throughout the 
different phases of the innovation process? 

SRQ2: what does the academic literature say on the different roles users can take on in the 
innovation process? 

SRQ3: in practice, what roles do citizens take on in the innovation process and what barriers 
and enablers exist when involving citizens in the innovation process of a smart city project? 

The main objective of this research is thus to identify how citizens can be most effectively 
integrated in the innovation process of a smart city project. This is done in terms of identifying 
the role citizens can have throughout the different phases of the innovation process. 

In addition, the results from the study are used to identify opportunities for Six Fingers, the 
innovation firm that has commissioned this research, in the smart city sector. The following 
paragraph discusses in more detail the company context of this study. 

 Company context 
This research is performed at Six Fingers, an innovation consultancy firm located in 
Eindhoven, the Netherlands. Six Fingers works with various clients across industries. Together 
with clients they create new insights in current practices and ways of working, and realise 
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innovation. They develop not only new products and services, but also strategies and new ways 
of working. Creating change and innovation is the essence of the organisation. They 
differentiate themselves by their hands-on approach, and methodologies and tools based on 
Design Thinking. They are experienced with trend research, user research, and user co-
creation. A method they have developed is the so-called ‘Branchmarking’, which aims to let 
clients learn from companies with similar problems in different industries and contexts. Six 
Fingers strongly believes “somebody, somewhere solved your problem for different reasons in 
different circumstances” (Six Fingers, n.d.). Six Fingers follows a Design Thinking innovation 
process based on Liedtka & Ogilvie (2011). In figure 1 this process is shown and the type of 
activities performed and the questions addressed are highlighted. This process is shown to 
illustrate the expertise and knowledge base of Six Fingers at the moment. This is used in chapter 
7 to place the findings of this study in the context of Six Fingers’ activities in order to identify 
opportunities for them.    

Recently Six Fingers has decided there are sectors that they want to focus on more. One of 
these sectors is ‘smart cities’. Six Fingers recognises that technology- and corporate-driven 
smart cities projects are failing to create the promised societal value. Six Fingers aims for a 
more citizen-centred approach to smart city projects and as an initial step has developed the 
‘Happy Cities Hexagon’ (Cohen & Adams, n.d.) (Appendix I). The literature study that 
proceeded this research has validated (parts of) this hexagon. This means that there is now a 
clear picture of which domains, think for example of health and mobility, have the most impact 
on citizens’ happiness and wellbeing. Six Fingers has a lot of experience with user research 
and user co-creation and thus believes it can be a relevant party in helping smart city 
ecosystems with incorporating a more citizen-driven innovation approach.  

Next to answering the main research question this study aims to identify opportunities for Six 
Fingers based on the results from the research into integrating citizens in the innovation 
process. After proposing a solution for the main research question Six Fingers is able to identify 

Figure 1: Six Fingers innovation process 
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their added value to the smart city innovation process and position themselves in the market. 
The sub research question that fits this objective is the following: 

SRQ4: how can Six Fingers position themselves in the smart city sector and what can be their 
value proposition? 

 Relevance 
The relevance of this research is threefold. With this research I aim to contribute to both 
academia, practice, and society as a whole. 

Scientific relevance: there is a lack of theoretical underpinning on how citizens can be 
involved in the innovation process of smart city projects. The literature review that preceded 
this study has identified  this gap (Kil, 2019). The argumentation of why this involvement is 
relevant is substantiated in the current literature to some extent, but the ‘how to involve’ is 
underexplored. Not only within the built environment literature this gap exists, the innovation 
management and marketing literature is also limited to consumer or customers involvement, or 
stakeholder involvement in general. This study aims to contribute to the ‘how’ and does so by 
extending the literature on user-driven innovation to citizen-driven innovation by placing it in 
a smart city context.  

Practical relevance: there appears to be a gap between what companies say they want to 
achieve, which is societal and economic value, and what they actually achieve, namely 
economic value. This research aims to bridge this discrepancy by making recommendations on 
how to integrate citizens in the innovation process. Eventually this improves the problem-
solution fit and thus ensures societal value as an outcome of the project. For Six Fingers 
specifically this study helps them position themselves within the sector and identify the role 
they can take on in smart city projects. This is done by identifying where and how their current 
expertise and knowledge base matches the citizen-driven innovation process. 

Societal relevance: the societal relevance is extensive due to the smart city context of the 
study. Due to rapid urbanisation and a growing demand for sustainable development the 
urgency is high. The smart city approach is a widely accepted strategy to address problems 
cities are facing at the moment, and it is expected that the number of companies creating 
solutions will grow tremendously over the upcoming years. Involving citizens in the innovation 
process is expected to increase the societal value created by these solutions, and thus increase 
the quality of life and wellbeing of citizens. 

  Research outline 
After the introduction the report proceeds as follows. Chapter 2 provides an overview of the 
methodology. Thereafter, chapter 3 describes the theoretical results, which are concluded in 
chapter 4 by means of a theoretical framework. Chapter 5 describes the empirical results. 
Eventually all results are in integrated in a solution design, which is discussed in chapter 6. In 
chapter 7 the opportunities for Six Fingers that were derived from the solution design are 
addressed. Chapter 8 discusses both the theoretical and practical implications and also 
highlights some additional findings and the main limitations of the study. In addition 
suggestions for further research are discussed. In chapter 9 the study is concluded by answering 
the main research question and discussing what this implies. 
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2. Methodology 
The following section discusses in detail the methodological built-up of the study. First, the 
empirical setting is introduced. Second, the research paradigm and the research design are 
discussed. Subsequently, the data collection and the data analysis are addressed. The 
development of the solution design and the validation thereof are also highlighted. Lastly, the 
overall research quality is addressed. 

  Empirical setting 
The empirical data have been gathered in a project that is considered a smart city project 
according to the definition of this research: a project that aims to develop a technology-based 
innovation that improves the sustainability of a city, including the liveability and wellbeing of 
citizens. 

Project Light4All0F

1 is a ‘smart lighting’ project that was initiated by the municipality of 
‘Bulbtown’, because there was a wish to replace the current lighting infrastructure for a LED 
infrastructure. The municipality wanted to grab this opportunity to, in addition to replacing the 
infrastructure, create an innovative project that explores the opportunity of improving the 
quality of life together with citizens. The consortium of LEDX and B&C was selected to 
execute the project, because of their strong emphasis on citizen involvement within the process. 
In total five stakeholders were involved in the project. The light4all partnership consists of the 
municipality of Bulbtown in the Netherlands, and a consortium between LEDX and B&C. 
LEDX is an internationally operating company that develops and sells armatures and lights. 
B&C is a construction company that operates in the Benelux. The fourth stakeholder is the 
research institute ‘BrightLight’ that is hired by the consortium to assist with (parts of) the 
innovation process and to perform research. The citizens are considered the fifth stakeholder 
group. The project is called a quadruple helix project, because it involves a public party, private 
parties, a research institute, and citizens.  

The project Light4All is the case study in this research. It is a five-year project that consists of 
five so-called ‘living labs’. These five living labs are embedded units of analysis within the 
single case (Yin, 2003). Each living lab is considered an innovation project on its own. 
Meaning that each living lab follows an innovation process from start to end. The first living 
lab started in 2017 and while performing this research the fifth living lab has started. By starting 
the living labs after each other learnings from the previous living lab can be introduced in the 
next living lab, which makes that the Light4All project a perfect case to study in-depth. Each 
living lab considered a specific area in Bulbtown. There was a project team consisting of people 
from the consortium and the municipality that was dedicated to the execution of all five living 
labs. Although the project team was involved in all living labs, the focus in this study was on 
living lab 1 and 4 as these consider a specific neighbourhood. Living lab 2 and 3 consider a 
public road area, and living 5 had not yet started during the data collection. This demarcation 
was done to differentiate between a public space that relates to a specific neighbourhood and a 
public space (road) that relates to a much wider group of users, making it more difficult to 
specifically involve those users in an innovation project. Living lab 1 will be called Meadow 
Park, and living lab 4 will be called Greenport. 

                                                           
1 The name ‘light4all’ is fictional as are the names of the city, the stakeholders participating in the project, and 
the neighbourhoods in which the living labs took place.  
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The objective of the Light4All project is to create an open platform on the physical 
infrastructure of the lighting infrastructure. Through the innovation process the project team 
aims to find solutions that can be plugged into the platform. These solutions can be developed 
by the consortium members, but also by other companies. It is a an open innovation platform. 
Through the living labs the project teams aims to have multiple solutions developed each 
relevant for a specific area. However, solutions might also be applicable to other 
neighbourhoods that face similar problems. The fact that there are several living labs embedded 
in the Light4All project results in an increased learning curve for the project team members. 
As the project team members have already reflected and learned from their own practices the 
quality of the gathered data is of better quality compared to data that would have been gathered 
through a non-embedded single case study. Moreover, the project is a deviant case at the 
moment, meaning there are currently no or little similar cases in the Netherlands, which makes 
the Light4All case appropriate for the explorative nature of this research (Seawright & Gerring, 
2008). 

Although the planning was to scale-up the developed light solutions to other parts of Bulbtown 
after the five year duration of the project, it was decided in September 2019 that per December 
2019 the Light4All project will be terminated and the contract will be dissolved. It was stated 
by the project team that “despite a lot has been invested in a new contract form including an 
innovative way of collaborating, the expected results are not coming through” (interviewee 
Omicron, personal communication, September 5, 2019). This means that the recommendations 
made on the Light4All project cannot be tested by implementing and evaluating them. The 
solution design of this study still has theoretical implications, and practical implications of 
which it can be investigated whether they can be generalised to other smart city projects. An 
overview of the timing of the empirical setting is shown in figure 2. 

To summarize, this project was selected as a case, because it considers technology-based 
innovation projects in the public space that aim to improve the quality of life of its citizens. It 
does so in an ecosystem context and, most importantly, by involving citizens in the process. 
The emphasis on citizen involvement combined with the embedded living labs makes 
Light4All a unique project within the Netherlands and explains why it was selected for this 
research (Seawright & Gerring, 2008; Yin, 2003).  

Figure 2: Empirical setting 
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 Research paradigm 
The empirical setting as described is considered the field problem, which is researched in-depth 
in order to design a solution that can change the current situation to an ideal situation. The 
focus was on one field problem initially (Keskin, 2017). This single embedded case study was 
combined with a literature study on user-driven innovation. Both the case study and the 
literature study were performed using a design science approach. Design science was deemed 
an appropriate approach for several reasons. To start with, design sciences are driven by field 
problems, which is clearly the case in smart city projects. In addition, the emphasis is on 
creating solution-oriented knowledge that practitioners can actually apply. Design science 
evaluates the solution design based on 
pragmatic validity. In this study this is 
done by asking whether the proposed 
solution indeed results in better citizen 
integration (Van Aken & Romme, 
2009; Yin, 2003). Altogether, the 
pragmatic and solution-oriented 
approach of the design sciences 
paradigm was found to rightly address 
the nature of the research question and 
the empirical setting.  

Design science has two processes, an emergent design process and a deliberate design process 
(figure 3). These two phases reflect the foundation in both theory and practice. The emergent 
design process aims to decontextualize practices and corresponding design solutions into the 
underlying design principles. Contrary, the deliberate design process aims to contextualize a 
set of general principles. This study aimed to uphold both the emergent and the deliberate 
design process by taking on the research-design-development cycle, as developed by Van Burg 
et al. (2008) (figure 3). The theory-based design principles were derived from the literature 
review on user-driven innovation (chapter 4). The practice-based design principles were 
developed by converting the largely tacit knowledge of practitioners in smart city projects, 
gathered from the case study as described above, into explicit principles.  

  Research design 
An overview of the research design is shown in figure 4. In line with the research paradigm, 
this study integrated theory and practice in a final solution design. At first a literature study 
addressing SRQ1 and SRQ2 was performed. The literature study was summarised in the 
theoretical framework. From this framework theory-based design principles were derived. 
Subsequently, the empirical part of the study was performed to address SRQ3.  

Through the in-depth single embedded case study empirical data was collected, which laid the 
foundation for the practice-based design principles. The theory-based design principles and 
practice-based design principles were integrated into a final set of design principles. These final 
design principles were expanded into recommendations. Together these recommendations 
form the solution design. The solution design is the main output of the study and provide us 
with prescriptive knowledge (Keskin, 2017). In addition, this study delivers recommendations 
on the opportunities for Six Fingers, which is based on reflections on the solution design. These 
opportunities were identified by having a workshop with the team of Six Fingers.  

Figure 3: Research-design-development cycle (Van Burg et 
al., 2008) 
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 Data collection 
The following paragraph describes in detail the data collection of the literature review and the 
case study. Lastly, it addresses how the opportunities for Six Fingers were identified. 

Literature review 
The literature review is structured and semi-exhaustive. The literature search was started by a 
Google Scholar search in addition to asking experts at the university. For the Google Scholar 
search a number of keywords derived from the research questions were used. The following 
keywords were used based on the concept of user-driven innovation: user innovation, user-
driven innovation, user-led innovation, user-centred innovation, user-centred design, end-user 
innovation. In addition, some keywords were used for identifying literature specifically on city 
innovation and citizen involvement: citizen involvement, citizen-engagement, citizen-driven 
innovation, Smart City, Intelligent City, Connected City, Living Lab. However, this search 
appeared less rich as little theory is available on innovation with citizens specifically. All 
articles that were selected should have been published in a peer-reviewed journal. The quality 
of the journals used was additionally guaranteed by only using papers from Q1 and Q2 journals 
according to the Scimago Journal Rank (SJR, n.d.). 

Consequently, through both forward snowballing and backward snowballing, the literature 
review was expanded. Forward snowballing goes forward in time by identifying which articles 
refer to the original articles. Backward snowballing goes back in time by looking at the 
references from the original article (Wohlin, 2014). Google scholar was used, because it allows 
for searching within the results from the snowballing procedures. In addition, the latest 
publications from key authors were used to identify the most recent findings. Reference 
searching was continued until a relatively high level of saturation was achieved. Considering 

Figure 4: Research design 
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the role of users in innovation is widely addressed full saturation did not appear attainable. The 
aim was to identify the specific parts of the user-driven innovation literature that were most 
appropriate to place in a smart city context. The identified literature formed the foundation for 
the theory-based design principles.  

Case study  
Eight semi structured interviews were held with seven people involved in the Light4All project. 
Five out of seven were part of the project team and thus were involved in all living labs 
throughout all phases. The other two interviewees were involved only in part of the project. In 
order to focus the data collection on the living labs of Meadow Park and Greenport interviewees 
were asked to address learnings and examples from these two neighbourhoods specifically. 
Table 1 shows an overview of the interviewees, which stakeholder they represent, their 
function, and how they were involved in the Light4All project. 
Table 1: Overview interviewees 

 

The interviews started with an introduction of the researcher and the research topic. Thereafter 
the interviewer asked the interviewee to introduce him- or herself and their role in the project. 
Subsequently the interview was conducted in a semi-structured way; structured along the 
phases of the innovation process. For each phase in the innovation process that the interviewee 
identified the involvement of citizens was discussed in detail. The theoretical framework was 
used as a guideline for the interview protocol (Appendix II). In addition, secondary data were 
used to validate the processes and interaction moments with citizens as were described by the 
interviewees.  

Unfortunately there was no possibility to interview citizens as there were not any sessions with 
citizens during the time of data collection. Moreover, the project team did not want another 
researcher being in touch with citizens as there was a concern for overwhelming them. The 
first living lab had already been going on for two years at that time. The gap in the data 
collection was mitigated by using secondary data sources. An overview of the primary and 
secondary data is shown in table 2.  

 

Pseudonym Stakeholder Function Involvement 
Alpha Municipality Bulbtown Contract director / 

planner 
Project team member 

Beta Municipality Bulbtown Connector ‘Smart 
Light’ 

Project team member 

Gamma Municipality Bulbtown Program advisor Light 
& Culture 

Project team member 

Delta LEDX (consortium member) Communications 
specialist 

Project team member 

Epsilon LEDX (consortium member) Application specialist Designer of the solution 
in Meadow Park 

Omicron B&C (consortium member) Innovation Manager Project team member 
Sigma  BrightLight (research 

institute) 
Strategic director / 
researcher 

User research in the first 
phase of all living labs 
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Table 2: Overview data sources 

 Data analysis 
The interviews were recorded with an audio-recorder and subsequently transcribed. The 
interviews and the secondary data were coded using the program NVivo. Saldana (2009) was 
used to explore alternative coding procedures. Coding is a critical aspect of the analysis as it 
enables the categorising of the data, and consequently helps to recognise the main concepts, 
grasp meaning, and build theory. It facilitates the process of going from real particular cases to 
generalized and more abstract assumptions (Saldana, 2009). The coding process itself was a 
cyclical process that required recoding at least twice per cycle. Since this research is a solo 
undertaking the recoding, and discussions with peers and mentor were especially important. 
Overall, the coding and analysis of the data was a highly iterative process, which is in line with 
the research paradigm of design science. An overview of these steps is shown in figure 5.  

For the first cycle coding round ‘provisional coding’ was used because of the explorative 
character of the study. Qualitative research is an emergent process, so tentative labels are used 
as the data are initially reviewed (Saldana, 2009). Based on the literature study the ‘start list’ 
of codes was proposed prior to the case study. During the empirical data collection and analysis  
the provisional list of codes was revised, modified, deleted, or expanded to include new codes. 
In addition to the provisional coding initial coding was done to introduce open codes. Initial 
coding was done to prevent that preconceptions of what was expected would distort the 
objective and interpretive observations of the case (Saldana, 2009). The goal of initial coding 
is to remain open to all possible theoretical directions. During the first coding cycle the main 

Data types and dates Amount 

Primary data Number of people 

Semi structured interviews lasting 60-90 minutes (May 2019-June 2019) 7 

Municipality 3 

Consortium 3 

Research Institute 1 

Workshop lasting 180 minutes (August 2019) 6 

Workshop on opportunities Six Fingers 6 

Validation sessions lasting 60-120 minutes (August 2019) 7 

Validation session solution design with consortium & municipality 4 

Validation session solution design with research institute 1 

Validation session opportunities with Six Fingers team 2 

Secondary data Number (of entries) 

Website (articles, updates, events, videos, interviews) 50  

Article in local neighbourhood paper 1 

Data from needs research 40  

Needs research report Meadowpark & Greenport 

Ideas report Meadowpark & Greenport 

Process flow of innovation process 1 
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categories were identified with an initial suggestion for the subcategories. This process was 
done a few times before arriving at the final coding, which can be found in Appendix IV.  

The second coding cycle was done by writing analytical notes on the main categories. These 
memos summarized and organised all the (sub)categories and identified relationships amongst 
the (sub)categories. Consequently these analytical memos were used for axial coding, which 
aims to “strategically reassemble data that were ‘split’ during the initial coding 
process”(Saldana, 2009, p. 159). The (sub)categories were simultaneously coded with the 
innovation process phases in order to organise and discuss the results per phase. Per phase the 
main concepts and the relationships amongst those concepts were visualised in empirical 
frameworks. The discussion of these concepts were enriched using quotations from the 
interviews. These had been coded ‘In Vivo’ during the analysis, which made it easy to identify 
the most illustrative quotations per (sub)category. 

Similarly to the theoretical framework, which was used to shape the theory-based design 
principles, the empirical frameworks were used to identify the practice-based design principles. 
Based on the work from Van Burg et al. (2008) these two sets of design principles were 
integrated into a final set of design principles. The next paragraph discusses the integration of 
the results and the development of the solution design. 

 Output 
The solution design, consisting of recommendations for the Light4All project, as well as the 
recommendations for Six Fingers were the main output of this study. 

Solution design 
Employing the design science approach enabled the development a set of final design 
principles, based on theory and practice, that can guide organisations, either public, private, or 

Figure 5: Data analysis process 
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public-private partnerships (PPPs), in their efforts to design smart city solutions together with 
citizens. Design principles were structured according to the CIMO logic, which involves a 
combination of “a problematic Context, for which the design proposition suggests a certain 
Intervention type, to produce, through specified generative Mechanisms, the intended 
Outcome(s)” (Denyer, Tranfield, & Van Aken, 2008, p. 393). The CIMO logic was used to 
highlight the intervention in a design principle, which is the key component as it is used for 
solving the kind of problem in question. 

The solution design was developed from both the theory-based design principles and the 
practice-based design principles. The two sets of design principles were integrated by 
confronting and comparing the set of theory-based design principles with the set of practice-
based design principles (Van Burg et al., 2008). This resulted in three categories: design 
principles that were supported by both theory and practice, design principles that were only 
supported by theory, and design principles that were only supported in practice. The design 
principles only supported by theory are discussed in the theoretical implications (8.1), the 
practical implications (8.2), and limitations (8.4). The design principles only supported by 
practice are discussed as suggestions for further research (8.5). The design principles that were 
supported by both theory and practice are the so-called ‘final design principles’, which 
provided the main guidelines for developing a solution to the case’s problem. The solution 
design is a “coherent set of normative ideas, grounded in research or practice that serve to 
construct detailed guidelines” (Keskin, 2017, p. 52). The main advantage of the design science 
approach is thus that it connects empirical results that describe the existing situation with 
developing knowledge on what the preferred situation would be (Van Burg, de Jager, Reymen, 
& Cloodt, 2012).  

Six Fingers opportunities 
The opportunities for Six Fingers were identified by having a workshop with the team of Six 
Fingers. Six out of the seven team members were present, including the owner of the firm. 
During this workshop the initial solution design, based on the final design principles, was 
presented by the researcher. After an introduction of these principles, the team split up in two 
groups. The groups discussed the final design principles answering the following questions:   

o Is this design principle relevant for Six fingers? 
o How can Six Fingers have a role in this? 
o Which methods can we use for this?  
o What skills do we need to develop or can we mobilise our network? 
o Which phase of our innovation process does this design principle apply to? 

After this the group came back together and discussed their answers. This led to final answers 
on above questions for all final design principles. The second phase of the workshop had the 
objective to create an overall vision on Six Fingers’ position in the smart city sector and to 
identify their value proposition. This was done by filling out a worksheet individually and then 
discussing them together. Together these were combined into a single vision.  

The main objective of the workshop was to identify the potential position of Six Fingers within 
smart city projects. The workshop provided the data needed to answer SRQ4. The results are 
discussed in chapter 7. An overview of the workshop material can be found in Appendix III. 
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 Research quality 
The research quality was ensured in several ways. During the data collection this was done by 
means of triangulation. Multiple interviews were conducted with the majority of the project 
team. In addition, numerous secondary data sources were used to mitigate the exclusion of 
citizens as interviewees (table 2). The interviews lasted between 60 and 90 minutes allowing 
for  follow-up questions and in-depth conversations. The interviews were transcribed verbatim 
meaning each word was put down on paper. The coding of the data, however, was only done 
for relevant parts of the interviews. When in doubt about the relevance it was chosen to initially 
include it in the coding procedure (Saldana, 2009). Over time and after multiple iterations the 
coding of the data became more sophisticated. The validity of the empirical results and the 
solution design are ensured through employing validation sessions with the interviewees. After 
an initial solution design was drafted two validation sessions were held with a total of five out 
of the seven interviewees. These sessions were used to gather feedback on the solution design 
and enrich it where possible. The recommendations for Six Fingers were validated in two ways. 
First, during the workshop the team members validated each other’s work by splitting up in 
two groups and then discussing the propositions again together. Second, after the interpretation 
of the results from the workshop by the researcher the initial recommendations were validated 
in a session with two members of the Six Fingers team. An overview of the development of the 
solution design, the identification of the opportunities for Six Fingers, and corresponding 
validation activities over time are shown in figure 6.  

All in all, the validity of the solution design and the Six Fingers recommendations were ensured 
in numerous ways. However, in order to justify the research output with regard to its pragmatic 
validity, meaning evaluating whether the actions based on prescriptive knowledge produce the 
intended outcome (Van Aken & Romme, 2012), (some of) the recommendations need to be 
implemented and evaluated by the project team in the next living lab. However, since the 
project has been terminated preliminary it is suggested to improve validity and generalizability 
of the solution by performing additional field testing. Currently the solution design is only 
validated in one specific smart city project (Hevner, 2007). Ideally, additional research looks 
into if and how the recommendations can also be implemented in other smart city project that 
differ in terms of participating stakeholders, location, and sector.  

 Summary 
This chapter introduced the methodologies used in this research and explained in-depth how 
they will be applied and why. Next up, the current theory on user-driven innovation is discussed 
after which the results will be concluded in a theoretical framework.   

Figure 6: Timeline design and validation activities 
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3. Theory 
The need for citizen engagement in order to create smart cities that also increase wellbeing and 
quality of life is apparent (Anttiroiko et al., 2014; Baldassarre et al., 2017; Jeuken et al., 2018; 
Kummitha, 2018). However, the theoretical underpinning of how this can be done is lacking 
(Baldassarre et al., 2017). Baldassarre et al. (2017) have already tried to integrate multi-value 
creation and user-driven innovation. They found this leads to an actual sustainable value 
proposition and a superior problem-solution fit. In addition Schaffer et al. (2011) argues that 
smart cities are a suitable environment for open and user-driven innovation. Therefore user-
driven innovation will be used as a starting point to identify how citizens can be integrated in 
the innovation process in order to ensure societal value creation. 

  User-driven innovation 
Currently, a lot of innovation contexts other than the smart city ecosystem are already 
concerned with involving users or customers. Von Hippel (2005) is seen as the patron of this 
so-called ‘user innovation’ paradigm. Other terms that researchers and practitioners speak of 
are ‘user involvement’, ‘user-centred approach’ (Tolkamp et al., 2018), or ‘user-led innovation’ 
(Ornetzeder & Rohracher, 2006). In this study the term user-driven innovation is adopted 
(Mulder & Stappers, 2009; Schaffers et al., 2011), but there is drawn on studies that use various 
terminology for what is in principle the same thing: integrating users in the innovation process. 
This study aims to expand on the literature of user-driven innovation by placing the main 
findings in a smart city context. Allowing us to move from user-driven innovation to citizen-
driven innovation. 

The degree of user involvement in an innovation process is both a function of the scope of the 
interactions taking place and the intensity of these interactions. The scope refers to the number 
of different phases in the innovation process in which users are involved.  The intensity refers 
to the extent to which the stakeholders rely on users in their innovation process (Hoyer et al., 
2010; Kimita, Sugino, Rossi, & Shimomura, 2016; Vanmeerbeek, Vigneron, Delvenne, 
Rosskamp, & Antoine, 2015). Moreover, it is important to discuss the type of user input that is 
exchanged in the interactions and how this is done, meaning the type of interaction. 

User input 
Two characteristics of user input influence the way user involvement should be organised: user 
need heterogeneity, and user need tacitness. When user needs are highly heterogeneous, 
meaning diverging, a more comprehensive understanding of users is needed in order to identify 
the differences between the users groups. In addition, the tacitness of needs is a characteristic 
of user input that needs to be taken into account. Tacitness refers to the degree to which user 
information is difficult to codify or communicate across individuals or organisations (Cui & 
Wu, 2016). Tacit needs are manifested only in the actual use of products or services. Contextual 
information is thus of great importance when trying to understand tacit needs.  

Interaction 
The type of interaction typically considers the channel of communication, and the type and 
frequency of interaction. A differentiation generally made is that of between indirect and direct 
communication. Indirect communication often involves an online environment or digital 
applications. Direct communication can take place for instance through discussion meetings, 
door-to-door interviews and all kinds of workshops or sessions (Tolkamp et al., 2018). The 
frequency can vary from a single moment of interaction to involving certain users in all phases 
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of the innovation process. When the type of interaction is more close and direct, the 
stakeholders are able to access more complete information of users’ diverging preferences. 
Moreover, when the user is in close interaction with the innovation team, the quality of 
information shared is improved and it is more likely that the users provide contextual 
information (Cui & Wu, 2016). Interaction is a broad concept that also includes the tools and 
methods that a project team uses to interact with citizens. These methods can vary from 
traditional research techniques such as interviews to different kinds of experiments. 

The following two paragraphs discuss both the intensity and the scope of user involvement in 
more detail. The concepts user input and interaction are both addressed in relation to the 
intensity and scope of user involvement. 

  Intensity 
The intensity of the user involvement refers to the extent to which firms rely on their users in 
the innovation process. There are different forms of user involvement. Users can be seen as the 
subject of study that do not necessarily actively participate in the process. This is called user-
centred design. The products or services designed keep the user in mind, but the actual 
development is done by designers themselves. Users are seen as a source of information rather 
than active participants in the process. Contrary, there is a form of user involvement in which 
the user is seen as an active participant. They are seen as value creators themselves. The 
division between observed subject and value creator can be reflected on a continuum (figure 7) 
(Mulder & Stappers, 2009; Salminen, Konsti-Laakso, Pallot, Trousse, & Senach, 2011).  

Cui & Wu (2016) identify three different roles users can take on in an innovation process. They 
identify a role as information source, co-developer, and lastly as an innovator. The user as an 
information source is on the left side of the user involvement spectrum. The user as co-
developer can be placed at the centre of the spectrum, and the user as innovator is on the far 
right of the spectrum. Different forms of user involvement have their own unique advantages 
and are appropriate for different reasons. The user roles are now discussed in more detail, 
focusing on user input, type of interaction, and risks and challenges that might be associated 
with the specific user role. An overview of the main characteristics of the different user roles 
is shown in table 3.  

Table 3: Characteristics of the different user roles (adapted from Cui & Wu, 2016, 2018) 

 Information source Co-developer Innovator 
User role 

 
Users play a passive 
role of information 
provider 

Users are actively 
involved as co-
developers of new 
concepts 

Users design new 
concepts on their own 

Project team 
role 

The project team is 
responsible for 
developing the solutions 

The project team 
manages the 
collaboration with users 
in concept development 

The project team 
provides users with 
technical knowledge 
and support, and utilizes 
user-generated solution 
designs 

Figure 7: User involvement spectrum 
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User input Users provide 
information on their 
needs 

Users provide 
information on their 
needs and provide input 
on the solution design 

Users contribute to the 
solution design and are 
not directly sharing 
information on their 
needs 

Interaction Users do not closely 
interact with the project 
team. Interactions are 
discrete 

Users closely interact 
and engage in joint 
problem solving with 
the project team. 
Interaction are 
continuous.  

Users develop new 
concepts without 
interacting with the 
project team 

Interaction 
methods 

Traditional marketing 
research techniques, 
such as interviews 

Co-creation methods, 
generative techniques, 
prototyping and 
experimentation 

User toolkits, user 
community innovation / 
user design, 
crowdsourcing 

Risks Not enough user input is 
gathered 

Coordination and 
decision making 
becomes increasingly 
complex, resistance 
through negative word-
of-mouth 

Too difficult to find 
users that are skilled 
enough 

Information source  
When the user is merely seen as an information source the stakeholders gather information 
from them and apply such information to develop products and services that meet the users’ 
needs (Cui & Wu, 2016). The users take on the role as information provider and the project 
team takes on the responsibility of taking that information and applying it to design products 
or services that meet the users’ needs (Cui & Wu, 2017). The user is on the left side of the 
involvement spectrum and thus considered an observed subject. 

In this role users only provide information on what they need. Users do not make suggestions 
for solutions that may satisfy these needs (Cui & Wu, 2017). One should avoid to involve the 
user as an information source when the needs are highly tacit as it appears this approach is not 
effective for understanding user needs that are difficult-to-communicate (Cui & Wu, 2016). 
Users might make specific requests rather than sharing insight in their underlying needs. The 
user is passive in the sense that they only share information when they are asked for it. This 
also means that the information shared can be influenced by the project team as they determine 
what is asked for (Cui & Wu, 2017; Nambisan, 2002), which makes the chance of creative and 
unexpected user input smaller (Cui & Wu, 2017). The project team interprets and utilises the 
user input for the solution design,. It can be difficult for the project team to really understand 
the user input and consequently utilise this for the solution design. The user input can be 
misunderstood or integrated in the solution design in a simplistic a manner without 
understanding the underlying meaning. It is more difficult to ensure that the solution meets the 
users’ needs and that satisfaction with the solution is achieved (Cui & Wu, 2017). One way to 
counter limited user input is to make use of high levels of experimentation. As Cui & Wu 
(2017, p. 27) argue: “highly experimental learning augments information from the more 
constraint user as information source and unleashes new insights for innovation”. An 
experimental innovation process is more open to multiple solution possibilities.  

When the user is a source of information the focus is on listening to the user and there is relied 
on the transfer of need information from the user, in this case the citizen, to the project team. 
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Quite often traditional methods are used, like interviews, focus groups, and market surveys. 
Social media has enabled organisations to vastly increase both the breadth and depth of inputs 
it can obtain from users at a relatively low expense (Hoyer et al., 2010). Another characteristic 
is that the interaction with users is discrete in the sense that the interaction is limited to one 
time inquiry through which the project team seeks information. Although there might be 
communicated with the users more than once, the number of interactions is limited, and each 
of those interaction occurs for a limited time (Cui & Wu, 2017).  

Co-developer  
A user has a co-developing role when he or she develops the products or services together with 
the project team. The user is one of the stakeholders in the team and engages in joint problem 
solving. Users do not only contribute information on needs, but also provide input on solutions 
that can better meet those needs (Cui & Wu, 2016, 2017; Lilien, Morrison, Searls, Sonnack, & 
Von Hippel, 2001).  

As a co-developer the user really takes part in the innovation process and develops the concept 
together with the project team. The innovation process becomes highly collaborative and the 
users interact closely and frequently with the other stakeholders in the project over an extended 
period of time (Cui & Wu, 2017). Contrary to the discrete interactions when the user takes on 
the role of information source, the interaction is now continuous. The project team and the 
users interact over an extended period of time during which users are able to communicate with 
the other stakeholders more constantly (Cui & Wu, 2017). There is a stronger interdependence 
between the users and the project team, which might enable more effective knowledge sharing, 
but also requires significantly more coordination with those users. 

A co-developing role for the user is argued beneficial when faced with heterogeneous user 
needs (Cui & Wu, 2016). There is a higher chance of discovering information or knowledge 
about the user beyond the project team’s initial scope of thought (Cui & Wu, 2017). As a 
consequence of the continuous interaction that comes with the user being a co-developer, the 
information obtained is of larger amount, more in-depth and more detailed than is the case 
when there is more discrete interaction with users (Cui & Wu, 2017). This continuous 
interaction provides opportunities to develop a more detailed understanding of the users’ needs. 

Out of all users, relatively few will have the willingness to be fully engaged or have the actual 
skills to be of great addition to the innovation process. Users differ highly in their interest and 
ability to fully participate as a co-developer (Hoyer et al., 2010). Another risk is that a high 
level of experimentation can be detrimental to the innovation process. This is opposite of what 
is the case when the user is a source of information. As Cui & Wu (2017, p. 27) put it: “the key 
challenge facing the user as information source is not being able to obtain sufficient customer 
information or to fully utilize user information to generate creative product designs, whereas 
the key challenge for the users as co-developer is the difficulty of processing a large amount 
of user information and effectively coordinating with the users”. This increased amount of 
information brings to attention a final challenge. Not only does it significantly increase the 
difficulty of information processing (Hoyer et al., 2010), it also makes the management of the 
innovation process more complex (Cui & Wu, 2017). By clearly defining the role of the user 
and the boundaries of the collaboration the project team can manage this increased complexity. 
It is important to clarify boundaries on things like what types of decisions are made jointly and 
which are not, what to do when there is a disagreement, and how to resolve misunderstandings 
(Cui & Wu, 2017).  
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Innovator 
When a user is an innovator they design their own products and services. Instead of transferring 
the users’ information to the project team, the users become an innovator themselves. The role 
of the project team changes as well from the product or service designer to the provider of 
technical supports for the users. In addition, the project team then utilises the users’ innovation, 
which means incorporating users’ innovation in the existing business model. Together with the 
user as a co-developer, the user as an innovator is preferable when facing heterogeneous user 
needs (Cui & Wu, 2016). With regard to the type of interaction, there is actually less direct 
interaction when the user is the innovator, because the project team and the users are decoupled 
(Cui & Wu, 2016). Considering it is already difficult to find users that can or want to engage 
in the development of a project as a co-developer (Hoyer et al., 2010), finding users that take 
on the role of innovator seems even more challenging. 

  Scope 
Involving users can be valuable in all the different phases of the innovation process (Hoyer et 
al., 2010; Tolkamp et al., 2018). Involving citizens may be done for different reasons and also 
result in different types of user input per phase (Hoyer et al., 2010). In order to reflect on the 
variety of user involvement strategies for the different phases we first need to define what these 
different phases in the innovation process are. After the demarcation of the innovation process 
there is a more detailed description of user involvement per phase, and what user input and 
type of interaction corresponds with it. 

The innovation process 
In order to discuss the scope of user involvement the innovation process needs to be defined 
first. There is no specific innovation process designed for smart cities. Moreover, there is 
limited theory on user-driven innovation that differentiates phases in the innovation process. 
The innovation process used in this research is adopted from Keskin, Diehl, & Molenaar 
(2013). They explored and characterized the innovation process in an entrepreneurial context 
driven by sustainability ambitions (Keskin et al., 2013). The entrepreneurial context applies to 
smart city projects because of the set-up of a brand new ecosystem that develops a joint value 
proposition. In addition, the sustainability ambitions are reflected in the objective of smart city 
projects to create societal value. However, rather than speaking of commercialization as Keskin 
et al. (2013) do to address the last phase in the process, the term implementation is used. Smart 
city project solutions are initially not commercialized and brought to market, but rather they 
are implemented in a specific area. 

The Design Thinking innovation process by Liedtka & Ogilvie (2011), which was introduced 
in paragraph 1.3, is similar to the adopted design process as shown in figure 8. However, 
whereas Liedtka & Ogilvie recognise diverging and converging activities as separate phases 
(what if, what wows), Keskin et al. (2013, p. 51) recognise these activities within the design 
phase stating it typically involves proliferation of numerous ideas and activities that proceed 
in divergent and convergent paths of development. The innovation process as shown in figure 
8 is adopted as a starting point for exploring the scope of user involvement.   

 

Figure 8: Innovation process as used in study (adopted from Keskin et al., 2013) 
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If the project team wants to maximally learn from the users, they should aim to create moments 
of involvement throughout the different phases (Tolkamp et al., 2018). The literature on user-
driven innovation that distinguishes phases in the innovation process is limited (Hoyer et al., 
2010), but the following paragraph provides an overview of the available literature. 

Ideation  
This phase aims to gain an initial understanding of a users’ pains, needs, and problems. The 
main objective for involving users in this phase of the innovation process is an increased 
effectiveness of the developed product or service. Effectiveness in the sense that there is a 
closer fit of the solution to the actual problems and needs of the users and thus an increased 
positive attitude towards the solution (Hoyer et al., 2010; Mulder & Stappers, 2009). For a 
smart city context this means that there is a better understanding of the needs and problems of 
a specific neighbourhood and that the solution better addresses these needs. Cui and Wu (2017) 
find that the development of innovative new concepts relies on diverse knowledge input. By 
involving users early in the process the project team is more likely to discover new and 
emerging behaviour patterns, which they could not have predicted or identified on their own 
(Mulder & Stappers, 2009). To do justice to these diverse, heterogeneous needs a high variety 
of user groups should be addressed. The breadth of the input the project team receives is 
important as it results in greater variation and creativity of the solution.  

What people really experience is often determined by tacit knowledge or so-called latent needs. 
As these are difficult to express in words, more conventional user study techniques such as 
interviews and observations do not have the power to bring these needs to surface (figure 9). 
For learning about people’s potential future experience, their dreams and fears, aspirations and 
ideas need to be included (Sleeswijk Visser, Stappers, & Van Der Lugt, 2005). Generative 
techniques do not only have evaluative power, but also generative value. Generative value in 
the sense that it provides the project team insights that are not yet known (Mulder & Stappers, 
2009). The basic principle is to let people create designerly artefacts and then let  them tell the 
story about what they have made, which creates rich contextual information. Users are thus 
actively participating in these sessions (Sleeswijk Visser et al., 2005).  

 
 
 
 
 
 
 

Design   
The design phase is an iterative cycle aiming to continuously improve the design of a solution 
(Geissdoerfer, Bocken, & Hultink, 2016). Prototyping is an important sub step of the design 
phase as it is the moment the users actually interact with the solution. After all, value is created 
while using a product or service (Tolkamp, 2016). Especially considering smart city projects 
take place in the urban environment it is highly relevant to have a prototyping and ‘use’ step 

Figure 9: Different levels of knowledge about experiences are accessed by different techniques (adopted from 
Sleeswijk Visser et al., 2005) 
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(through testing) integrated as well. The urban environment is highly influenced by the local 
context and the actual use of public space by citizens (Kil, 2019). Moreover, users do not only 
adopt a new technology as prescribed, they also develop new usage practices and fit them into 
everyday routines. Therefore a feedback loop from prototyping and experimentation is needed 
to ensure that the potential value creation and its corresponding activities are included in the 
final detailed design. It is thus well argued that the design phase must include some form of the 
use of the product or service. It was found that this process of examining different solution 
designs, or experimentation, helps to develop a better understanding of user input and to 
harness the users’ tacit knowledge (Cui & Wu, 2017).  

However, frequent experimentation combined with large amounts of information can increase 
the challenge of information processing and even have a detrimental effect on the creativity of 
the developed solution (Cui & Wu, 2017; Hoyer et al., 2010). The design phase should thus 
carefully consider the degree of experimentation and prototyping that is done. Other challenges 
lie in selecting the right ideas from the possibly highly diverse input, deciding who selects the 
ideas, and managing the expectations of the users. There is even a risk of retaliation and 
defection when a user’s idea or solution is not selected (Hoyer et al., 2010).  

Implementation 
The value of involving users in the implementation phase has been scarcely studied, despite 
this being a highly critical phase (Hoyer et al., 2010). After launching the solution feedback 
from users on the actual use can benefit further developments. Moreover, as tacit needs are 
manifested only in the actual use of products and services, this phase is likely to even further 
deepen the understanding of the tacit user needs. Another possible outcome is that users can 
provide the project team with early warnings of potential issues with the newly developed 
concept. In addition, involving users throughout the process and the implementation phase 
specifically creates a sense of awareness among the users. Awareness and that can stimulate 
diffusion and acceptance of the solution. However, one of the risks associated with the 
increased awareness is that of negative word-of-mouth (Hoyer et al., 2010), which in turn could 
have negative effects on the diffusion and acceptance of the solution. 

 Summary 
This chapter addressed the theory on user-driven innovation. It was found that user 
involvement can be characterised by its scope and intensity. The scope refers to the different 
phases in the innovation process user involvement is integrated in. The intensity of user 
involvement considers the different roles users can have throughout the innovation process. 
Each of these roles varying in the user input that is gathered and the type of interaction. The 
theoretical findings are summarized in the next chapter in a theoretical framework, which 
consequently allows for the development of theory-based design principles.  
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4. Theoretical framework 
This paragraph summarizes the literature study in a theoretical framework (figure 10). The 
main components of the framework are the three phases of the innovation process, the three 
user roles (Cui & Wu, 2016), and how these two concepts relate to the type of user input and 
the type of interaction. The innovation process consists of three phases. In the ideation phase 
the main objective is to identify the tacit needs of the users, the design phase aims to develop 
solutions that fit those needs (Hoyer et al., 2010; Mulder & Stappers, 2009). Lastly, the 
implementation phase aims to have the solution realised and adopted by users. The three 
different user roles are increasingly proactive starting with information source as least 
proactive or even passive, following with co-developer and lastly innovator (Mulder & 
Stappers, 2009; Salminen et al., 2011). From the theoretical framework ten theory-based design 
principles were derived that are constructed according to the CIMO-logic (Denyer et al., 2008). 
It was decided to structure this chapter around the three main concepts: user role, user input, 
and interaction as the theory that differentiated user involvement throughout the phases of the 
innovation process was limited and could not always be made explicit in the design principles. 

 User role 
The user role follows from what user input one aims to gather. Rather than determining the 
user role, one should define what type of user input is gathered. Therefore most design 
principles are concerned with user input rather than user role. However, a more general design 
principle on user role that is concerned with managing user involvement was constructed. 

When the users take on a role in the innovation process the interaction between project team 
and users increase complexity of coordination and decision-making (Hoyer et al., 2010). 
Therefore the role of the user and the boundaries of collaboration, with respect to decision-
making, disagreement and resolving misunderstandings, need to be defined clearly (Cui & Wu, 

Figure 10: Theoretical framework 
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2017). If the expectations are not well managed there is even a risk of retaliation and defection 
of the solution by users (Hoyer et al., 2010). 

Theory-based design principle 1: When there is user involvement in the innovation 
process (C) the role of the user and the boundaries of the collaboration need to be defined 
clearly (I) in order to ease the complexity of decision-making and coordination (M) and 
avoid a mismatch of expectations (O). 

When the user is an innovator, they design their own solution(s). This means the project team 
becomes a provider of technical support and incorporates the solution in the existing business 
model. There is no close and direct interaction and the user and the project team are, as it were, 
decoupled (Cui & Wu, 2016). The main challenge for users as innovators, similarly to co-
developers, is to find users that are willing and have the skills to design their own solution(s) 
(Hoyer et al., 2010). Research into what the effects are on the solution are limited, which means 
no design principle can be related to this information (Cui & Wu, 2016).  

  User input 
Citizens represent a high diversity of user groups and thus have highly heterogeneous needs. 
A comprehensive understanding of needs is required. The project team is not so much 
interested in the explicit needs of citizens, but rather in the underlying needs, the so-called tacit 
needs. Contextual information contributes to understanding the tacit needs. Users can provide 
the project team with these types of information, together called the user input, which 
eventually leads to an improved solution design (Cui & Wu, 2016). A solution design that 
better fits the needs is expected to receive a more positive attitude from users (Hoyer et al., 
2010). 

Theory-based design principle 2: by involving citizens (I) in the innovation process, 
at least in the ideation phase (C), the underlying needs can be better understood (M), 
which can result in a better problem-solution fit and an increased positive attitude from 
users towards the solution (O). 

Cui and Wu (2017) find that the development of innovative new concepts relies on diverse 
knowledge input. It is unlikely that a project team is able to achieve the same breadth of 
information if the user had not been involved. It is also more likely that new, surprising 
behaviour patterns of users are identified (Mulder & Stappers, 2009). 

Theory-based design principle 3: when needs are highly heterogeneous (C), a wide 
variety of users should be involved (I). By involving these there will be a more diverse 
knowledge input (M), which allows for a more innovative, creative solution design (O). 

User involvement in the implementation phase can benefit the solution design by feedback 
from users and early warnings of issues by users (Hoyer et al., 2010). Involving users in the 
implementation phase will also deepen the understanding of tacit needs.  

Theory-based design principle 4: During the implementation phase (C) users should 
be involved (I), because the feedback and early warnings they provide, combined with 
an increased understanding of the tacit needs (M) improves the solution design (O).  

When the user has been given the role of information source a key challenge can be to gather 
enough user input. Moreover, the project team determines which information they gather. As 
a result creative and unexpected user input is limited (Cui & Wu, 2017; Nambisan, 2002). A 
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high level of experimentation can augment the amount and creativity of user input (Cui & Wu, 
2017). The better the user input, the better the problem solution fit (Cui & Wu, 2016).  

Theory-based design principle 5: when the user is a source of information (C), the 
project team can increase the level of experimentation when designing the solution (I) 
to improve the amount and creativity of user input (M), as this can improve the problem-
solution fit (O). 

  Interaction 
Generally speaking, the closer and more direct the interaction between the user and the project 
team the better the project team can access the heterogeneity of the needs, the tacitness of 
needs, and lastly the contextual information (Cui & Wu, 2016). When the user is an information 
source, the project team gathers information on the users’ needs and then applies that to the 
solution design. As the interaction is limited and not that close it is hard to discover the tacit 
needs. When the user is a co-developer they provide input on their needs as well as solutions. 
There is close and direct interaction between the user and the project team. This role is 
appropriate when the needs are highly heterogeneous and tacit as the obtained information is 
of larger amount, more in-depth and more detailed (Cui & Wu, 2016, 2017). 

Theory-based design principle 6: when trying to get deep insight in users (C) giving 
them a role a as co-developer (I) will allow the project team to better understand the 
tacit needs, capture the heterogeneity of those needs, and to gather additional contextual 
information (O) due to the close and direct communication that comes with this role 
(M). 

Tacit needs are hard to communicate, which is why more conventional user study techniques, 
such as interviews, observations and focus groups typically do not have the power to bring 
these to the surface. More generative techniques, which involve users creating artefacts and 
telling stories about these artefacts are a better fit for getting insight in underlying user needs 
(Mulder & Stappers, 2009; Sleeswijk Visser et al., 2005). 

Theory-based design principle 7: when trying to get insight in users’ needs (C) the 
project team should apply generative techniques (I) that demand an active attitude by 
creating artefacts and telling stories (M). This results in rich information on users’ needs 
and the local context (O). 

The objective of the design phase is to develop solutions that fit the identified user needs. 
Prototyping and experimentation are important in this phase, because when users interact with 
a solution tacit needs are manifested and new usage practices might arise. A feedback loop 
back to the design phase is important in order to integrate improvements in the solution design 
(Cui & Wu, 2017; Geissdoerfer et al., 2016; Tolkamp et al., 2018).  

Theory-based design principle 8: the design phase (C) should include prototyping and 
experimentation (I) as tacit needs are only really manifested in the actual use of products 
and services, and new usage practices might arise (M). A feedback loop guarantees that 
the input is integrated in the final solution design (O).  

However, there is a risk that frequent experimentation combined with large amounts of user 
input increases the challenge of information processing, coordination and decision making, 
which is detrimental to the innovation process and thus the final solution design (Cui & Wu, 
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2017; Hoyer et al., 2010). Large amounts of user input can be the result of the user having a 
co-developing role. 

Theory-based design principle 9: large amounts of user input resulting from the user 
having a co-developing role (C) should not be combined with high levels of 
experimentation (I) as the increased complexity of information processing and 
coordination (M) can have a detrimental effect on the creativity of the solution (O). 

Lastly, involving users in the implementation phase creates a sense of awareness, which can 
either stimulate diffusion and acceptance of the solution, or rejection of the solution through 
negative word-of-mouth (Hoyer et al., 2010).  

Theory-based design principle 10: when implementing a solution (C), involving users 
in the process (I), can result in either increased diffusion and acceptance, or rejection 
and resistance (O) through word-of-mouth that spreads the prevailing sentiment about 
the solution (M). 

It is important to realise that these different user roles do not rule each other out. One can 
engage users in different forms at the same time (Cui & Wu, 2017). However, it was also found 
that engaging in large efforts of both user as information source  and user as co-developer will 
not generate double payoffs, but rather it reduces each approach it’s individual benefits. This 
can be caused by several factors. For instance users that are co-developers may disagree with 
the interpretation of the information gathered from users. On the other hand, when there is a 
strong reliance on the users as information source, the users as co-developer activities may not 
receive enough attention and support (Cui & Wu, 2017).  

 Summary 
To summarize, this chapter synthesised all theoretical results into a coherent set of ten theory-
based design principles discussing the main concepts that were identified: user role, user input, 
and interaction. It was found that a project team needs to carefully manage the different types 
of user involvement throughout the innovation process. 

The three main concepts user role, user input and interaction were also used to give body to 
the data collection for the empirical part of this study. In the empirical results the three concepts 
are discussed per phase of the case study’s innovation process. 
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5. Empirical results  
The empirical results are discussed per phase (infrastructure replacement, ideation, design, 
and implementation) of the innovation process of the Light4All project. The Light4All 
innovation process includes an infrastructure replacement phase and thus differed slightly 
from the earlier defined innovation process. Per phase the concepts user role, user input, and 
interaction are discussed in correspondence with the theoretical framework. The results of each 
phase are summarized in an empirical framework which is then used to construct the practice-
based design principles according to the CIMO logic.  

 Infrastructure replacement 
The infrastructure replacement phase was not found in the literature, but came forward during 
the case study. This phase revolved around the replacement of the current lighting 
infrastructure (armatures) for new ‘smart’ armatures. It was decided to include this phase in 
the results in spite of it not being part of the theoretical framework. Interestingly, this phase 
was initially not part of the citizen involvement strategy from the project team. As one of the 
interviewees put it “we have experienced, and it is also a feeling I got, to have skipped this 
phase in a number of living labs” (interview, Beta). Hindsight it was decided to consider more 
consciously the role citizens have in this phase. Therefore the following paragraph discusses 
the findings from the infrastructure replacement phase. 

User role 
The main reason for getting in touch with citizens was to inform them about the replacement 
of the infrastructure and about the trajectory that was coming up. For citizens there was no 
explicit role in the infrastructure replacement phase up until now. However, within Greenport 
especially there was an expectation amongst citizens that they were able to have a say in it. 
When it turned out this was not the case some friction and disappointment arose. There had 
been a mismatch of expectations that caused a negative sentiment already at the start of the 
process. “Citizens were thinking, I thought I could think along whether I wanted this in the first 
place and whether I find this pleasant. I don’t even know what those lights look like and now 
they have already put them in. We have been passed over again” (interview, Beta). This event 
brought about a discussion whether citizens should indeed get a more explicit role in this phase. 
Some said citizens should be able to have a say in the infrastructure replacement albeit within 
boundaries, whereas other stated that “it is simply a matter of infrastructure replacement” 
(interview, Delta) and thus should not require citizen involvement. Amongst the project team 
members there was no consensus on what role and corresponding rights citizens should have 
in this phase. Currently the level of participation is decided on per neighbourhood, because 
“the more commotion, the more public participation” (interview, Alpha).  

One of the most problematic issues that came up in this phase was the resistance that originated 
in the feeling of the citizens of being 'passed over' by the project team. There had been a 
mismatch of expectations about what the citizens' role would be in this phase, which lead to 
a negative sentiment and eventually resistance that needed repairs for the rest of the trajectory. 
“During the needs research in the next phase we have had to repair a lot of things, because we 
found out that we had skipped a step in the process” (interview, Beta). A risk was that the 
resistance from maybe a few members of the community spreads through negative word-of-
mouth.  
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Because of the risk of a mismatch of expectations it was suggested that expectations should be 
managed in a better way. Managing the expectations should be done early on in the process, 
so no misunderstandings can arise. “In fact, those [misunderstandings] would not even arise if 
you just tell the story, what you are coming to do, what do you expect, and thus what can the 
people expect” (interview, Delta). Over the course of the two living labs the project team 
learned that it is important to not only introduce citizens to the process and the different phases, 
but also to their specific roles in these different phases. Managing expectations is critical in 
order to prevent a mismatch of expectations that might lead to resistance. “Fully inform them, 
but also give a clear picture of what are expectations that you as a resident can have” 
(interview, Beta). Managing expectations should revolve not only around the citizens’ role 
throughout the different phases, but also around what the project team is going to do. It was 
suggested that a way of managing expectations is to ‘keep it small’. A lot had been promised 
(improving the liveability of the neighbourhood), which resulted in really high expectations 
from citizens about the solution. However, this also resulted in disappointment when the 
solution was not directly linked, in the citizens’ eyes, to improving the liveability. A way of 
managing this is by emphasizing the project is a pilot and the outcome is not certain yet, but 
that the focus is on going through the process together.  

A condition for managing the citizens’ expectations is to have the expectations within the 
project team aligned first. By better managing expectations one would be able to create 
support for the process as a whole rather than creating resistance. “We could have created a 
certain commitment of: ‘hey everyone, we are really going to do it with you and we are going 
to start with the LED infrastructure’” (interview, Beta). The first phase sets the standard for a 
fruitful involvement of citizens throughout the rest of the process when a more explicit role 
and input is hoped for from citizens. It was important to already get this support at the beginning 
of the trajectory. However, it remained critical throughout the entire process.  

User input 
As there was no explicit user role for citizens there was also no specific input they provided 
the project team with. There was little room for changes to the infrastructure, so users were not 
really able to provide input on the technical specifications of the infrastructure.  

Interaction 
The efforts the project team could put in interaction activities with citizens were limited by 
time and money. Considering that the more is spend on this phase, the less resources are left 
for the other phases of the process. This could explain why so far most interaction has been 
informing citizens by “here is a letter and we are going to start on Monday and replace the 
armatures” (interview, Alpha), which is an indirect way of communicating. The citizens were 
not asked whether or not they wanted to participate in the trajectory and if they were okay with 
their neighbourhood being a living lab. They were informed about it. 

It was found that there is plenty of data available about the neighbourhoods beforehand. This 
allows for research into the people living there and their lifestyles. Consequently a tailor-made 
communication and interaction strategy could be made for the neighbourhood beforehand. 
“One citizen is not the other, and one target group is not the other” (interview, Omicron). This 
communication and interaction strategy can also be used to better manage the expectations. 

The results from the infrastructure replacement phase are summarized in figure 11. Two 
practice-based design principles were derived from the results. 
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Practice-based design principle 1: at or before the start of the innovation process (C) 
already available data should be used to create tailor-made communication and 
interaction strategies per neighbourhood beforehand (I) so that expectations can be 
managed (M) and resistance is prevented (O).  

Practice-based design principle 2: at the start of an innovation process (C) the 
management of expectations on citizens’ roles and corresponding rights is critical (I) in 
creating support (M) and preventing resistance and negative word-of-mouth throughout 
the rest of the process (O). 

  Ideation 
The ideation phase revolved around finding the needs of citizens and translating this into some 
initial ideas and opportunities. However, involving users was also done to get people engaged 
and create support for the process. “What came out of the needs research might not have 
been that exciting and we could have thought of it ourselves, but what we won is that people 
got engaged […]. And you might not really need that in this phase, but you do need that in this 
phase [design] and for the continuous innovation [implementation]” (interview, Alpha). The 
needs research was executed by research institute BrightLight. 

User role 
The data clearly suggested that the citizens’ role in the ideation phase is that of a source of 
information. However, this did not mean they were completely passive in this role. “They 
[citizens] do need to participate actively in these things [interaction moments]” (interview, 
Omicron). Some people referred to the citizens as ‘experts of their environment’. “We want 
to see them [citizens] as the people that know better than anyone what is happening there 
[neighbourhood], which means that they are the expert” (interview, Sigma). They were able 
to provide the project team with information that was context bound.   

User input 
Most members of the project team felt that they were able to find the tacit, underlying needs 
of the citizens. They gathered a mix of really concrete, specific needs and the more abstract 
tacit needs. Not all information on citizens’ needs was derived through direct interaction with 
them. A lot of data was already available through the municipality’s databases and their 
contact person for a specific neighbourhood. Typically the needs identified through these 
sources matched for a large part with the needs that were found through the needs research. 

Figure 11: Empirical results infrastructure replacement phase 
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“You don’t need such a complicated research for that [user needs], you can figure that out 
earlier” (interview, Alpha). The needs research was in this sense sort of a validation of the 
expected needs. Moreover, the needs found were generally quite similar throughout the 
different neighbourhoods. Often it revolved around (traffic) safety and social cohesion. As one 
of the interviewees puts it “the 'pyramid of Maslow1F

2’ is still intact, both in Meadow Park, in 
Greenport and the other living labs” (interview, Sigma). One could say that the identified 
needs were quite universal. However, in addition to finding these needs, the project team 
wanted to find opportunities. A need becomes an opportunity when it is linked to a local place. 
The needs found might not have been that surprising, but the input from citizens on local places, 
local nuances, and their individual prioritisations is what makes citizens involvement valuable 
in this phase. Citizens were able to link their needs to specific places in the neighbourhood and 
the local context. Lastly, it  was found that needs change over time. Taking into consideration 
the duration of the living labs it was wondered whether the needs are still similar to the ones 
that were identified all these months ago. 

Interaction 
Various interaction methods and communication channels, such as observations, 
interviews, and workshops were used to get input from a diverse group of people. Interaction 
and validation of the needs also occurred online, through digital channels, which helped attract 
a different audience. In this way the diversity of the people was reflected in the diversity of the 
needs. Moreover, it was found that it is extremely important to go out to the citizens, for 
instance through ‘popping up’ at different places, which increased the diversity and number of 
people that was spoken to. It was avoided to reach only the ‘usual suspects’. Because of the 
data available beforehand it was known what ‘user  groups’ one could expect to find in a 
neighbourhood. “That is what you keep in the back of your mind as information: if we had only 
found grey-haired Dutch nationals on such an evening [needs workshop], then you know you 
do not have a fair representation” (interview, Sigma). Critical in identifying the tacit needs of 
citizens was having a direct dialogue with them in which a lot of follow-up question could be 
asked. Although the citizen were seen as a source of information, they needed to actively 
participate in the conversations and workshops.   

During the needs research citizens were asked about what would improve their quality of life. 
This created high expectations among citizens about what the solution could do and mean to 
them. When the solution was eventually chosen these high expectations were not always met. 
The solution was not always understood in relation to the broad question ‘what can improve 
the liveability of your neighbourhood?’ that was posed to them initially. There was, again, a 
mismatch of expectations. The project boundaries (smart lighting) and thus the scope of the 
solution was not always understood by citizens in this phase.  

Therefore it was suggested that the project boundaries of light innovation should already be set 
during the needs research, so that expectations of the solution scope are better managed. 
However, this also brought about the question whether or not the needs research would then be 
steered too much. “If at the start of the needs research  you only ask  what I think is interesting, 
it becomes debatable if you might be steering the question too much” (interview, Gamma). 
This could limit the possibility of the project team discovering unexpected needs. The data 
suggested that it is important to repeatedly and clearly communicate to citizens the scope of 
                                                           
2 “Maslow's hierarchy of needs is a motivational theory in psychology comprising a five-tier model of human 
needs, often depicted as hierarchical levels within a pyramid” (McLeod, 2018) 
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the project and thus the solution in order to avoid a disappointment or lack of interest in the 
eventual solution design. “We should clarify that [the scope] already at the beginning. Here. 
Not tell them when we are already in the design phase or implementation phase that they 
weren’t allow to say something about that” (interview, Beta). Communicating the scope of 
the project could be done without necessarily limiting the explorative character of the needs 
research. 

One of the main lessons that was learned is to make use of the existing community. It was 
found that connecting with existing clubs and participating in activities already organised made 
it easier to reach people and get them to participate in the needs research. The main idea is that 
it should be made easy for people to participate. However, when a neighbourhood did not have 
such a community in place, all steps in the process took a lot more effort. It was also expected 
that when the online interaction is better organised and developed “we can have a lot more 
interaction and it was also be easier to get in touch with different target groups in the area” 
(interview, Omicron).  

The results of the ideation phase were especially concerned with the interaction methods and 
the user input, and are summarised in the empirical framework as shown in figure 12.  

Practice-based design principle 3: during ideation (C) using a variety of interaction 
methods and channels, like the local community in place, online interaction, and going 
out towards citizens (I) results in a more diverse user input (O) by reaching a wide 
variety of people and user groups (M). 

Practice-based design principle 4: during ideation (C) the interactions should include 
a direct dialogue with citizens (I) in order to uncovers nuances of (universal) tacit needs 
and link them to local places (M), which in its turn results in an improved solution 
design (O). 

Practice-based design principle 5: communicating the scope of the project (I) during 
the ideation phase (C) helps align the expectations citizens have of the solution (M) and 
thus prevents a lack of understanding of that solution (O).  

Figure 12: Empirical results ideation phase 
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  Design 
The design phase starts with the insights from the needs research. With these insights ideas 
could become more concrete and specific with the help from market parties.  

User role  
There were different perspectives on the role of citizens in the design phase. This stems from 
the different perspectives the interviewees had on ‘what is co-creation’. Co-creation is the term 
that was used by the project team for the innovation process that was done together with citizens 
instead of for citizens. The citizens were not really motivated and able to co-develop solutions 
up until now. The prevailing thought was that they cannot become owner of a solution and that 
the concept of light innovation is too abstract for them. A knowledge gap was experienced by 
the project team. At most citizens would be able to make suggestions for solution directions. 
“We haven’t experienced that yet; that they [citizens] came with a solution themselves” 
(interview, Beta). Citizens were seen as ‘expert of their environment’. “They are the 
experience experts with regard to their neighbourhood and the liveability. We [are the 
experience experts] with regard to technology and getting things done. That’s why you need 
each other” (interview, Delta). In practice this meant that citizens took on the role of validator. 
In the design phase various stakeholders, including citizens, used the needs report to think of 
solution directions and concretise ideas together. Although market parties were also free to 
hand in solutions without participating in these sessions. After the sessions the solutions were 
further developed by the responsible market parties. These parties then validated their solution 
with the citizens. The market parties used this input to further refine the solution design. “For 
me involving citizens is simply a review for diverging and converging” (interview, Epsilon). 
The most active, co-developing role for citizens was thus at the beginning of the design phase 
when diverging solution directions. When converging it became more a validator role.  

The citizens’ role as co-developer was more limited than expected. However, not everyone saw 
this as an issue. “No, these concepts were not thought of by citizens. We also did not expect 
that at all. I also don’t think that it is realistic to expect that” (interview, Alpha). What stood 
out was the difference in potential that was seen in citizens. There is no consensus on what 
really is, as the project team calls it, ‘co-creation’. “No, because I find that [co-creation within 
this project] leaning towards, considering the citizens, using them as source of information to 
have your own ideas confirmed or denied. Maybe also getting some input through surveys or 
bootcamps or other discussions. But no I haven’t seen a moment, I think nobody within this 
project, that can point out something that really came to be via co-creation. Nothing more than 
we laid something down for them, questioned them, draw conclusions from that and on basis 
of that continued. But I find that is something different than co-creation” (interview, Gamma). 
While most team members believed a co-developing role in the sense of citizens creating and 
developing solutions is not realistic or expected, some stated that with the right (digital) tool 
citizens would indeed be able to actually develop more concrete solutions. All in all this means 
that expectations on what the interactions should look like could be better managed within the 
project team. A better internal (within the project team) management of expectations was 
also needed with regard to the role of citizens and what is 'co-creation'.  

User input 
The starting point of the design phase were the (summarized) results from the needs research. 
Although this phase was intended to move from needs and ideas towards solutions citizens 
often used the interaction moments to (re)emphasize their needs rather than discuss possible 
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solutions. For the market parties these sessions thus also helped with getting a feel with the 
citizens’ needs, in addition to the research report. This allowed them to better take the local 
context into account. The main input citizens provided the project team with were suggestions 
for solution directions, or their preference for specific solutions through an online 
questionnaire. For the designers interacting with citizens was important in order to ‘get a feel’ 
for them and to better understand their needs. “Getting that ‘feel’ is difficult, and you can’t 
get that from that [needs]  report” (interview, Epsilon). Citizens that were involved in the early 
design phase got more familiar with the technology and the scope of the project which helped 
them in understanding the boundaries of a possible solution.  

A main issue that arose was the lack of variation and number of concepts that were created. 
This inherently derived from the interaction sessions that were not as 'big and diverse' as 
planned for. This was partly due to difficulties with finding enough market parties that were 
interested  in participating. Logically this also led to less output during the creation sessions. 
Another issue that was recognised by multiple people and contributed to the lack of variation 
in concepts was the tendency to steer solutions towards one’s own interests, such as ‘being 
innovative’. “It wasn’t intended like that to get our way, but it [the selection process] is used 
in that way now. So we can select that [solution] what we think has the most potential to be 
truly innovative” (interview, Gamma). In addition, it is the case that the citizens’ vote was not 
definitive in the decision making process. These two things together made it less likely that the 
solution(s) chosen was meeting citizens’ needs. Lastly, it was also mentioned that by 
summarising the results of the needs research in a report some of the nuances got lost a little. 
The results became more obvious and generic, while designers are really looking for the 
nuances per neighbourhood. “So the needs research is really good, but if you then summarise 
it, a lot of the value is lost” (interview, Epsilon). 

Interaction 
Similar to the ideation phase there were mostly direct dialogues with citizens. This was 
supplemented with some indirect online interaction.  

When the project team wanted citizens to think about solutions it was needed to sketch them 
a world of potential solutions that touch on their own needs and neighbourhood. “You can 
sketch them the possibilities and then, what is done best, you start sketching very exaggerated 
examples. Almost like it is science fiction. You should not make it too concrete, because then 
you start putting words in their mouth” (interview, Delta). If this had not been done it would 
have been hard to enthuse people. The abstract concept of ‘smart lighting’ became more 
concrete without steering it by putting words in their mouths.  

(digital) Tools could help overcome the barrier that light innovation is too abstract and that the 
knowledge gap is too big. It could allow citizens to actually create and become co-developers. 
These tools would allow for the creation of prototypes together with citizens (co-developing), 
and also validating these with their expectations. Actual experimentation might take place. 
“The opportunity that I see is that if we move more towards a hackathon en really start creating 
with tools, then you can do this [design workshops] differently, because you can start showing 
prototypes” (interview, Omicron). A more iterative process with more experimentation 
benefits the amount and quality of user input. 
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The design phase is a complex phase in which the citizens took on multiple roles. The results 
are summarized in figure 13. From this framework five practice-based design principles were 
derived. 

Practice-based design principle 6: during the design phase (C) using (digital) tools 
allows citizens to become co-developers by creating prototypes (I). Having prototypes 
enables experimentation (M), which results in improved user input on the solution (O). 

Practice-based design principle 7: during the design phase (C) the project team should 
sketch citizens possible solutions that touch on their own world (I). By making abstract 
concepts more concrete (M) citizens are enabled to think about solutions (O). 

Practice-based design principle 8: during the design phase (C) the project team needs 
to form consensus on: ‘what is co-creation’, the role of citizens, and their corresponding 
rights (I). By aligning the internal expectations (M) a mismatch of what is expected 
from citizens during design sessions is prevented (O). 

Practice-based design principle 9A: during the design phase (C) a diverse group of 
people, both citizens and designers, need to participate in the design sessions (I). The 
more diverse input that this brings (M) results in more variation and more concepts 
thought of (O).  

Practice-based design principle 9B: during the design phase (C) a diverse group of 
people, both citizens and designers, need to participate in the design sessions (I). Doing 
sessions together with citizens will help designers better understand the needs of 
citizens (M) and result in an improved problem-solution fit (O). 

  Implementation 
This phase consisted of two processes that ran parallel to each other. The first one is what the 
project team called continuous innovation, the second process considered the more technical 
aspects of the implementation. Continuous innovation considered the location and people 
specific solution development and realisation. The details that were needed to actually 

Figure 13: Empirical results design phase 
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implement the solution were decided on. For instance, if the solution is something the citizens 
will be able to interact with, how do they do so exactly? 

User role 
An active role for the citizens was recognised during the implementation phase in what the 
project team called ‘continuous innovation’. The solution needed to become more concrete and 
adapted to local wishes. This is the moment were citizens could also actively participate to 
further shape the solution. Depending on the solution citizens can have creative input on the 
design. The project team saw this as the moment where the citizens were actually co-
developers. “It is surely interesting to involve them [citizens] in deciding which solution we 
pick and subsequently how we are going to do that continuous innovation, because then 
naturally you can design specifically for them” (interview, Alpha). However, the designer that 
was the owner of the solution saw the citizens mostly as a source of inspiration taking their 
suggestions into account when making design decisions. Subsequently he also validated these 
design decisions with the citizens. “Yes, we had some dialogues. And we did have some 
sessions, but then it is more me presenting an example or some of my ideas and see how they 
respond to that” (interview, Epsilon). It differed per step or interaction moment in the 
continuous innovation process whether the citizens had an inspiring, validating, or co-
developing role. The design sessions were kept quite small by the designer. There was a core 
group of citizens that consisted of people that were involved before, sometimes even from the 
beginning, and that had a high level of interest. Is was seen as an interesting strategy to 
overcome the knowledge gap and lack of interest. “And because it is too abstract here [design 
phase], if you do this [continuous innovation] with new people every time, then you have to 
explain it every time again. That doesn’t work” (interview, Epsilon). A condition for having 
such a group is that there should be clarity about the rights they have, but also about the 
boundaries of their role. The actual implementation consisted of mostly technical decisions 
that had to be made, so no role for citizens was recognised. 

User input 
The actual input citizens could have in this phase depended on the solution that was chosen 
and how much adaptation it needed to the local environment and its users, the citizens. In 
Meadow Park, for instance, the solution allowed for a lot of creative input by citizens. The 
designer stated that the citizens' input did not one-on-one lead to the final solution design. He 
gathered all the input and used this as an inspiration and to get a feel with the neighbourhood. 
Citizens' input and feedback on the actual use of a solution would allow for making better 
design decisions. Prototyping would enable this type of user input. One way of prototyping is 
through visualisations, which would have made the solution more concrete for citizens. 
Subsequently this would enable a discussion about what is actually seen instead of having to 
imagine it. This would have provided the designer with more valuable input and could trigger 
citizens’ enthusiasm as well. The better the user input, the better the solution design can be 
tuned to satisfy citizens’ needs. However, making visualisation can cost a lot of time, so that is 
a trade-off that needed to be made.  

Interaction 
There was an ongoing need to keep informing citizens about what was going on 'behind the 
scenes'. If this is not done citizens do not know what solution is implemented, how this will 
look like exactly, and when it is actually happening. Over time, citizens lost their interest, 
which could have also led to a rejection or the solution, or even resistance. “The citizens didn’t 
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understand it at all, because they had barely heard anything in the past six months. So in that 
trajectory, we learned, we also had to tell them something like ‘we are currently working on 
this, and we can probably only start giving something finished in two months or so’” 
(interview, Beta).The communication style for informing citizens while the technical process 
is happening was not very intensive and indirect using mostly written communication. There 
were some face-to-face meetings, which were mostly visiting town meetings that were taking 
place. However, this was kept to a minimum due to time and budget constraints. “Because if 
you have to go to the neighbourhood one or two times every week to explain and discuss things 
again, that costs a lot of time, so we try to keep that to a minimum until we can really start 
working on the implementation” (interview, Omicron). Of course, the designer had its own 
communication style with the citizens during the sessions. The interaction moments all 
involved direct dialogue and close contact.  

The intention was that involving citizens in the implementation phase would create support 
and make them feel co-owner of the solution. In this way the solution would have the highest 
potential of a lasting existence after the termination of the project contract. The same 
argumentation was used for trying to engage a large group of citizens rather than sticking to 
a smaller group that had been involved during one or multiple of the phases. “And when we 
can finally continue, then we want to enlarge that group of course, because we simply need a 
larger group joining in” (interview, Omicron).   

However, citizens were not that enthusiastic and interested in the solution implementation 
as they did not really see the added value to the liveability of their neighbourhood. Part of this 
derived from citizens having to give input on a much broader scale during the ideation phase 
than was reflected in the solution eventually. “People cannot rhyme that with the solution that 
is chosen and the question that was initially posed to them: how do we get this neighbourhood 
more liveable?” (interview, Delta). Hence, there was disappointment and lack of interest for 
the actual implementation of the solution. “People laugh a bit about it [the solution]: ‘well, 
this is not really a need, but it is a gift and well, if it does not follow through, then it does not 
follow through’” (interview, Gamma). Another explanation for the loss of interest was the 
duration of the implementation phase. It took a long time and citizens did not understand 
why it would take so long. Time and money was a large constraint, especially considering all 
the different phases in the project. “Time is an issue. It is a constraint from the project. Now I 
cannot go to these people [citizens] endlessly” (interview, Epsilon).  

Overall, the implementation phase is a tricky last step in the innovation process. Next to 
realisation there were design activities taking place in this phase. Depending on one’s 
objectives the design principles can be applied in the design phase or in the design sessions in 
the implementation phase. The results are summarised in figure 14. Four practice-based design 
principles were derived. 
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Practice-based design principle 10: during design sessions (C) visualizations should 
be used (I) as this enables better discussions (M) and thus results in improved user input. 
Moreover it can also spark enthusiasm and interest in the solution (O). 

Practice-based design principle 11: by using prototyping (I) in the innovation process 
(C) the user input is improved (O) as it allows for feedback on the actual use of and 
interaction with the solution (M). 

Practice-based design principle 12: by informing citizens throughout the process and 
(re)engaging a large group of citizens (I) at the end of the innovation process (C) 
dissatisfaction is countered (O) by creating support for the solution (M).   

Practice-based design principle 13: by involving a small group of previously involved 
citizens (I) during the design sessions (C), the knowledge gap can be overcome and lack 
of interest from participating citizens is avoided (O) because the shared understanding 
is increased (M). 

 Summary 
The interviews especially resulted in detailed data on numerous topics. The practice-based 
design principles reflect empirically supported practices that guide the integration of citizens 
in an innovation process. An overview of the empirical results is shown in table 4. What follows 
is the integration of the theory-based design principles and practice-based design principles 
and the development of a solution design.   

Figure 14: Empirical results implementation phase 
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Table 4: Summarized empirical results per phase and per main concept 

 Infrastructure replacement Ideation Design Implementation 
U

se
r 

ro
le

 

No explicit role for citizens so far; 
just informing them on what is going 
to happen.  No consensus on what 
kind of involvement there should be 
in this phase. 
Citizens felt passed over due to a 
mismatch of expectations on their 
role. The negative sentiment resulted 
in negative word-of-mouth and 
resistance. 
The project team should manage 
expectations early on in the process 
and create support for the trajectory. 
Internal alignment of the project 
team is a condition for being able to 
manage the communication in a 
better way.  Another way of 
managing expectations is by 
emphasizing it is a pilot project with 
no definite outcomes. 

The user was seen as source of 
information, which the project 
team referred to as being an 
expert of their environment.  

Citizens were seen as expert of their 
environment. They did not really have 
a co-developing role; at most they 
thought of solution directions. As a 
validator citizens were providing 
feedback on the proposed solutions. 
There was a lack of variation and 
number of concepts, because of the 
limited input in the interaction sessions. 
Different expectations of the potential 
of citizens as co-developer and different 
interpretations of ‘what is co-creation’. 
A better management of internal 
expectations on interactions, citizens' 
role, and what is 'co-creation' is 
necessary. 

Depending on the solution, citizens 
can  give creative input, the citizens  
were seen as co-developers. The 
designer  saw them as a source-of-
inspiration and as a validator of the 
design decisions made. The design 
sessions were held with a core group 
of previously involved citizens to 
avoid a knowledge gap and lack of 
interest. A condition is that their 
rights and boundaries are clear. 

U
se

r 
in

pu
t 

No specific user input The identified tacit needs are 
quite universal and can be 
predicted beforehand through 
already available data. However, 
the citizens link these universal 
needs to local places and give 
them nuances. 
Moreover, needs change over 
time. 

Citizens were mostly (re)emphasizing 
their needs rather than discuss possible 
solutions. Citizens did make 
suggestions for solution directions and 
their preferences for certain solutions. 
Involving citizens helped designers 
better understand the citizens' needs. 
Involving citizens in the design phase 
helped them understand the scope of 
the project and the solution. 
Within the project team there is a 
tendency to steer solutions, which 

Citizens provided input that allowed 
the solution to be adapted to the local 
wishes and practices. In addition, 
after implementation, citizens 
provide feedback on the actual use 
of and interaction with the solution. 
Using visualizations in the design 
sessions would make the solution 
more concrete allowing for better 
discussions and improved user input. 
Visualizations can also spark 
enthusiasm and interest in the 
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affected the satisfaction of citizens with 
the solution. Summarizing the needs in a 
report resulted in a loss of nuances 
which the designers are in need of. 

solution. Increased prototyping 
would allow for more feedback on 
the actual use of and interaction with 
the solution. 

In
te

ra
ct

io
n 

Informing citizens of the project 
through an indirect way of 
communication. 
Available data should be used to 
create a tailored communication 
and interaction strategy per 
neighbourhood. 

A variety of interaction 
methods and communication 
channels was used in order to 
reach a diversity of people and 
thus needs. Go out to the citizens 
rather than letting the citizens 
come to you. Having a direct 
dialogue is critical in order to 
identify the tacit needs. 
The needs research had such a 
broad scope that citizens found it 
difficult to place the final solution 
in this framework. Again, a 
mismatch of expectations.  
Better communicating the scope 
of the project during the needs 
research could help citizens place 
the solution in the right context. 
Connecting with the local 
community in place makes 
reaching citizens easier. The 
contrary is also valid: when there 
is no strong community in place 
citizen involvement requires more 
effort in each step. The 
development of online 
interaction provides an 
opportunity  to reach different 
target groups. 

Abstract concepts were made more 
concrete by sketching citizens possible 
solutions that touch on their own world. 
However, they should not be steered by 
the project team. Communication was 
done mostly through direct dialogues. 
(digital) Tools can help overcome the 
knowledge gap and allow citizens to 
create prototypes and become co-
developer. Having prototypes allows for 
more experimentation and improved 
user input on solutions. 

Citizens need to be informed. The 
communication style was not 
intensive and indirect. When 
citizens were in design sessions there 
were direct dialogues. Involving 
citizens would create support for 
adoption of the solution. For this 
reason the project team also tried to 
engage a larger group of people. 
There was limited enthusiasm and 
interest for the actual 
implementation of the solution. 
Dissatisfaction with the solution 
occurred due to the broadness of the 
needs research not being reflected in 
the solution. Part of it was also the 
length of the process.  
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6. Solution design 
This chapter starts with addressing the boundary conditions of the solution design. Then, the 
initial solution design is introduced (figure 15), which is then discussed in more detail per phase 
of the Light4All innovation process. The chapter is concluded with a detailed final solution 
design as shown in figure 16. 

 Boundary conditions  
Four boundary restrictions were identified during the case study analysis. These restrictions 
need to be taken into account when redesigning the innovation process of Light4All. 

First, one of the main limitations of integrating citizens in an innovation project are time and 
budget; two aspects that are also strongly interrelated. In the end the budget limits how often 
and in what way citizens can be integrated in the innovation process. Time and budget 
determine for a large part when it is decided to continue to the next phase in the process.  

Second, during the design phase diverging and converging activities take place. Solutions 
cannot be made too specific as this discourages companies to register their concepts and it can 
become difficult to find solution concepts or technologies from companies to match the needs 
and ideas. The objective of the Light4All project is not to create extremely specific, perfect 
solutions to neighbourhood problems. Solutions should be scalable and a living lab allows it to 
be tested in a real-life context.  

Third, prototyping and experimentation is somewhat limited for safety reasons. As the 
innovation takes place in the public space and can revolve around, for instance, issues with 
traffic there cannot be taken any risk with malfunctioning prototypes. No unsafe situations can 
occur. This has to be taken into account during prototyping and experimentation. 

Lastly, user involvement is only one aspect determining the success of the Light4All project. 
There are two other key aspects of the project that need to addressed in order for it to succeed. 
These two aspects are the internal collaboration and alignment of the project team, and the 
development of an ecosystem of (design) companies that can actually develop and implement 
the solutions. These two conditions determine the success of the project and are discussed in 
more detail in ‘additional findings’ in paragraph 8.3. The solution design focuses on the 
effective integration of citizens in the innovation process.   

 Initial solution design 
In line with Van Burg et al. (2012, 2008) the theory-based design principles and the practice-
based design principles were integrated into a set of final design principles (table 5). The two 
sets of design principles were integrated by confronting and comparing the set of theory-based 
design principles with the set of practice-based design principles (Van Burg et al., 2008). A 
more detailed overview of this integration can be found in Appendix V. The final design 
principles each provide a solution direction for a recommendation on how to integrate citizens 
in a specific phase of the innovation process. These recommendations together form the 
solution design. Figure 15 shows the initial solution design. The recommendations describe in 
detail why, when, and how the interventions should be implemented. 

Table 5: Final design principles 

Phase # Final design principle Solution 
direction 
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1 

At the start of the innovation process, but continuing throughout all the 
phases (C) a tailored communication and interaction strategy (I) is 
needed to manage citizens' expectations about their role, and the 
corresponding rights and boundaries, so that there is no mismatch of 
expectations (M) and negative word-of-mouth and resistance can be 
avoided (O). 

Communication 
and interaction 
strategy 

Id
ea

tio
n 

2 
During ideation (C) involving various people through a wide variety 
of interaction methods (I) ensures a more diverse user input (M), which 
can result in a more creative solution design (O). 

Variety of 
interaction 
methods 

3 

[A] during ideation (C) interaction with citizens should include a direct 
dialogue, (I) in order to uncover the (universal) tacit needs, (M) and 
enable an improved problem-solution fit (O).   
[B] during ideation (C) interaction with citizens should include a direct 
dialogue (I) in order to uncover local nuances and link the identified 
needs to local places (M) and enable an improved problem-solution fit. 

Direct dialogue 

D
es

ig
n 

4 

During the design phase (C) a diverse group of people (both citizens 
and designers) need to participate in the design sessions (I). These joint 
sessions ensure a shared understanding and a more diverse knowledge 
input (M), which results in a more innovative and creative solution 
design, and a better problem-solution fit (O). 

Joint sessions 

5 

[A]  Using digital tools (I) during the design phase (C) allows citizens 
to become co-developers and create prototypes (M) which enables 
experimentation. 
[B] Making use of prototyping and experimenting (I) during the design 
phase (C) allows user input on the actual use of and interaction with 
the solution (M), which can improve the solution design. 

Prototyping and 
experimentation 

6 

During design sessions (C) visualizations and other methods that 
sketch possible solutions that touch on citizens' their own world should 
be used (I)  as this facilitates discussions on more concrete concepts 
(M), which enables citizens to think about solutions (O).  

Visualisations 

Im
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7 

When implementing a solution (C) involving a large group of people 
(I) triggers word-of-mouth (M) that spreads the prevailing (positive or 
negative) sentiment about the solution throughout the neighbourhood 
and affects the adoption of  the solution (O). 

Widespread 
involvement 

Figure 15: Visualisation initial solution design 
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 Infrastructure replacement 
This phase was initially not seen as part of the innovation process. However, it was found that 
this phase in the process is important to include in the citizen involvement strategy. 

Communication and interaction strategy 
Involving citizens in the innovation process makes the decision-making and coordination more 
complex. Simply because there is an additional party involved that has its own expectations. 
Interaction with citizens is needed throughout the entire innovation process. Whenever there is 
citizen involvement in the innovation process the role of the citizen and the boundaries of the 
collaboration need to be defined clearly. With a role comes rights, but also boundaries (Cui & 
Wu, 2017; Hoyer et al., 2010). “We should fully inform them [citizens], but also give a clear 
picture of what are the expectations you may have as a citizen” (interview, Beta). 

Both theory and practice state the importance of defining and communicating the boundaries 
of citizen roles. In practice it was also identified what consequences it can have if not doing so 
properly. A mismatch of expectations strongly influences the relationship the project team has 
with the citizens and eventually the sentiment in a neighbourhood with regard to the solution. 
It is important to start managing the expectations at the beginning of the process, meaning 
during of even before the infrastructure replacement. One could say that the first experiences 
of the collaboration ‘set the tone’ for the rest of the trajectory. Moreover, involving citizens in 
an innovation trajectory also creates expectations on the process, the team and the solution.  
“In fact, those [misunderstandings] would not even arise if you just tell the story, what you are 
coming to do, what you expect, and thus what the people can expect” (interview, Delta). 
Therefore, it is important to not only communicate to citizens about their own role but also 
what the roles and corresponding responsibilities of all the other stakeholders are. The project 
team is involved in a new form of collaboration and that should be communicated as such to 
the citizens. It should be emphasized to the citizens that it is a pilot innovation project, which 
means that the process is not set in stone and unexpected events are likely to happen. Negative 
sentiment and word-of-mouth at the beginning of the process can eventually lead to resistance 
in the rest of the trajectory. Managing the expectations continuously throughout the entire 
process helps to avoid a mismatch of expectations. However, a condition for being able to 
communicate expectations towards citizens is that there is consensus within the project team 
on what actually is the citizens’ role and their corresponding rights and boundaries. If this is 
not aligned internally, one cannot expect to communicate this clearly to the citizens. 

It was found that in practice there is already data available about a neighbourhood through the 
municipality. This can be used to identify the different stakeholders and groups of citizens in a 
neighbourhood. Consequently, a communication and interaction strategy tailored to a specific 
neighbourhood can be decided on. Eventually an extensive collection of methods of 
interactions could be gathered in for instance a toolkit, which enables creating these tailored 
strategies per neighbourhood. In this way the project team can adapt its activities and 
communication channels to the different groups of citizens and corresponding lifestyles that 
were identified in the neighbourhood. After all, “one citizen is not the other, and one target 
group is not the other” (interview, Omicron)   
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 Ideation 
From the tailored interaction and communication strategy it can be derived how the interaction 
with citizens should look like for a specific neighbourhood. What is consistent for the ideation 
phase is that a variety of interaction methods should be used and that these methods should 
include direct dialogues with citizens. 

Variety of interaction methods 
The theory states that when there is a high variety of citizen needs one should also approach a 
wide variety of citizen groups. It makes it more likely that new and unexpected information is 
discovered (Cui & Wu, 2017; Mulder & Stappers, 2009). Multiple research methods ae applied 
in order to get in touch with as many citizens and target groups as possible (interview, 
Omicron). 

It is critical to match interaction tools and methods, and communication channels with the 
different lifestyles of citizens. What works is making use of the community that is already in 
place in a neighbourhood. This community in place can be identified through data available 
beforehand, which can then be included in the tailored communication and interaction strategy. 
In addition, it was found that it is needed to go out towards citizens rather than letting them 
come to you. Participating should be made as easy as possible. When no real surprising results 
are found through the needs research in the ideation phase the project team should aim to reach 
more diverse groups of citizens through a higher variety of interaction methods. Otherwise the 
needs research remains to finding only the obvious, universal needs while not being able to 
connect them to local places. It is suggested by Sleeswijk Visser et al. (2005) to use generative 
techniques in order to understand what citizens know, feel, and dream. In other words, to map 
their context and allow for imagining about the future rather than only talking about what is. 
An example of a generative technique is using cultural probes in which citizens would be asked 
to make artefacts to express aspects of their life, (neighbourhood) environment, their worries 
and joys etc. Other generative techniques could involve making a collage and presenting these. 
Generative techniques “are extremely rich sources of information” (Stappers & Sanders, 2004, 
p. 85). If a project team wants to go beyond the obvious they should invest in a high diversity 
of interaction tools and methods, and communication channels. Doing interviews is not enough. 
Ideally, these would be eventually gathered in a toolbox allowing for an easy selection of the 
most appropriate methods for a specific living lab.  

At the start of the innovation process, but continuing throughout all the phases a 
tailored communication and interaction strategy is needed to manage citizens' 
expectations about their role, their corresponding rights and boundaries, and the 
uncertainties within the project. A condition for managing the expectations of 
citizens is alignment of expectations with the team first. There is plenty of data 
available through the municipalities to create the strategy early on in the process. 
Doing all this properly will ensure there is no mismatch of expectations and 
negative word-of-mouth and resistance is avoided.  

 

When the project team wants to go beyond the obvious, universal needs and 
identify citizens’ tacit needs, dreams and behaviours they should invest in a wider 
variety of interaction methods. A broader group of people is addressed ensuring 
a wider user input with a bigger chance of new and unexpected information. 
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Direct dialogue  
During ideation citizens are mostly seen as a source of information. However, this does not 
mean that the interactions between citizens and the project team are by definition discrete and 
not close as is stated by Cui & Wu (2017). Contrary, project teams should strive for close and 
continuous interaction in order to go beyond identifying universal needs only and allowing 
identified needs to be linked to local places. “You need to ask a lot of follow-up questions to 
uncover what truly is the need” (interview, Alpha). Needs might all be related to Maslow’s 
hierarchy of needs at an overarching level, they become more valuable when prioritised per 
neighbourhood and combined with rich contextual information.  

Rather than having passive citizens that answer questions as determined by the project team, 
citizens should have an active role in the interaction moments with the project team. Active in 
the sense of determining discussion directions. When the project team determines what 
questions are asked or about which locations in a neighbourhood they ask those questions the 
information can be influenced by the project team (Cui & Wu, 2017; Nambisan, 2002). “If at 
the start of the needs research  you only ask  what I think is interesting, it becomes debatable 
if you might be steering the question too much” (interview, Gamma). In addition to 
understanding what citizens know, feel, and dream using generative techniques also allows 
citizens to actively steer the conversation [theory-based design principle 7, Appendix V] 
(Sleeswijk Visser et al., 2005). It gives citizens a more active, co-developing role as they are 
the ones creating the artefacts which they then can tell stories about, which subsequently results 
in richer contextual information.  

  Design  
The design phase has a diverging phase of gathering a wide range of ideas and solution 
directions. The design phase also consists of converging activities that are concluded with the 
selection of a solution (concept).  

Joint sessions 
In order to really diverge during the design phase the project team should organise joint 
sessions that consist of both professional designers and citizens. A more diverse knowledge 
input allows for more innovative and creative solution designs (Cui & Wu, 2017; Mulder & 
Stappers, 2009). When a diverse group of people, both citizens and designers, participates in 
design sessions this contributes to an increased variation and number of concepts thought of, 
because of the increased interaction between these parties. Joint sessions help create a shared 
understanding. 

For designers the joint sessions counter the loss in richness of the needs research due to a 
lacking documentation. “Getting that ‘feel’ is difficult, and you can’t get that from that [needs]  
report” (interview, Epsilon). Better understanding the needs and having ideas for solution 
directions makes it easier for companies or designers to match these with their (off-the-shelf) 
technologies and concepts. Various companies can use their existing technologies or their 
technologies in development as an enabler for the ideas that are thought of in these sessions. 

In order to improve the problem-solution fit the project team should better 
understand the tacit needs and the local context. Tacit needs of citizens and their 
local nuances can only be identified through direct dialogue and close interaction 
with citizens. Citizens should have an active role in the needs research by 
determining themselves what is discussed by using generative techniques. 
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Joint sessions allows designers to fit their technologies to the local context and thus improving 
the problem-solution fit.  

For citizens it helps to understand the scope of the project and the solution. From the broadly 
orientated needs research to the design phase in which an application for the smart lighting 
infrastructure is developed. Joint sessions help manage the expectations of citizens with respect 
to the scope of the final solution design. Within the joint sessions the citizens are truly the 
expert of their environment. Citizens can inspire designers, validate ideas that are brought up, 
and, with the right (digital) tools, think about solution directions themselves. They [citizens] 
are the expert on their neighbourhood and the liveability of that neighbourhood. We [are the 
expert] in technology and getting things done. That is why you need each other (interview, 
Delta). 

Prototyping and experimentation 
Prototyping and experimentation within the design phase can be done for two reasons. The 
design phase namely differentiates between diverging ideas and converging to a single concept. 
Both these steps can apply prototyping and experimentation (Liedtka & Ogilvie, 2011). 

First prototyping and experimentation allows citizens to think about the future and to really 
explore different concepts When design interactions revolve around generating ideas, dreams 
and insights (Sanders, 2008) citizens can have a co-developing role provided that the project 
team has the (digital) tools available to do so. Prototyping and experimentation in this case 
revolves around making ideas tangible so you can better evaluate, together with citizens, what 
you are really talking about. “The opportunity that I see is that if we move more towards a 
hackathon en really start creating with tools, then you can do this [design workshops] 
differently, because you can start showing prototypes” (interview, Omicron). It is more about 
concept testing rather than product testing. Prototyping can take on many forms in this case. 
One of these forms is visualisations, which is discussed in more detail in the next paragraph. 

Prototyping and experimentation is also important when converging to a single concept. Input 
on the actual use of and interaction with the solution can improve the solution design. When 
actually using a solution tacit needs are manifested and new usage practices may arise. By 
applying a feedback loop these insights result in an improved solution design (Cui & Wu, 2017; 
Geissdoerfer et al., 2016; Tolkamp et al., 2018). Citizens play a validating role in this case. 
This type of prototyping is not likely to occur before a company and its solution has been 
selected. Once an idea has been chosen companies will start investing in prototyping and 
experimentation to better adapt the solution to the local context. 

In order to diverge during the design phase the project team should organise joint 
sessions with citizens and designers. Joint sessions create a shared understanding 
and wider user input. Designers better understand tacit needs and local nuances, 
and, with the right (digital) tools, citizens can provide input on solution directions 
as they better understand the scope of the project and the technology behind it. 

 

A project team should use prototyping and testing for two reasons (1) to explore 
concepts and enable citizens to think about the future and (2) to validate and 
improve concepts once a solution has been chosen. Prototyping can take on many 
different forms and choosing one depends on budget and the objective of the 
experiment. 
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Visualisations 
Final design principle 6 was initially only supported by the empirical results (Appendix V). 
However, during the focus group with Six Fingers (figure 6) it was brought to attention that 
visualisation is a core aspect of Design Thinking, which has a strong foundation in theory albeit 
it in a relatively new addition to the management literature (Liedtka, 2014). Therefore, this 
paragraph highlights some additional theory on Design Thinking and visualisations to 
strengthen the support for using visualisations as a form of prototyping. 

In practice it was found that by sketching examples of possible solutions that touch on their 
own world the abstract concept of ‘smart lighting’ becomes more tangible to citizens. “You 
can sketch them the possibilities and then, what is done best, you start sketching very 
exaggerated examples. Almost like it is science fiction. You should not make it too concrete, 
because then you start putting words in their mouth” (interview, Delta). One way of making 
the abstract more concrete is by using visualisations. The visualisations enable a better 
discussion and improves the quality and creativity of the input. It enables citizens to think about 
solutions rather than only keep emphasizing their needs.  

Within Design Thinking prototyping is seen as a ‘playground’ for conversations rather than as 
a try-out for new products (Liedtka, 2014). The dominant ‘sensemaking’ mode is visual, both 
through interaction with physical objects as well as people (Rylander, 2009). This means that 
visualisations is seen as a form of prototyping, but one that has the intention of sensemaking 
and knowledge creation rather than the actual testing and validating of products.   

 Implementation 
Lastly, the implementation phase is discussed. As the actual realisation of a solution had not 
yet taken place the recommendations on this phase are limited. One recommendation that can 
be made considers the adoption of the solution. 

Widespread involvement 
It is important to engage a large group of people in the neighbourhood to ensure adoption of 
the solution. “And when we are finally allowed to continue, we want to enlarge that group of 
course, because we then simply need a bigger group that is going to participate and interact 
with the solution” (interview, Omicron). This is especially important when throughout the 
process only a smaller group of people was involved. However, theory nuances this by pointing 
out that this can result in two opposite results. Not only widespread adoption of the solution, 
but also widespread rejection of the solution is a possible outcome (Hoyer et al., 2010).  

When engaging a large group of people in the neighbourhood word-of-mouth is triggered. 
Word-of-mouth tends to spread the prevailing sentiment about the solution throughout the 
neighbourhood. However, this sentiment can both be positive and negative. In line with the 
first recommendation negative sentiment should be prevented throughout the process by 
managing expectations. However, if negative sentiment is prevailing one must be careful to 
‘spread the word’ as this might strengthen the feelings of rejection towards the solution. When 

It is recommended to use visualisations as a form of prototyping, especially when 
diverging ideas. It makes abstract concepts more concrete for citizens and allows 
for better discussions and richer user input. It enables citizens to think about 
solution directions. 
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there is a positive sentiment prevailing amongst the involved citizens, one can use this by 
stimulating word-of-mouth and in this way trying to accelerate the adoption of the solution. 

 Conclusion 
Recommendations were made on how to integrate citizens throughout the innovation process. 
The recommendations are supported by both theory and practice. The case study benefitted 
from the steep learning curve that the project team went through over the past four living labs 
they were involved in. The recommendations can be taken to heart and allow the project team 
to redesign their process. One of the most important conclusions that can be drawn is that of 
managing expectations. One might implement all other recommendations, but not managing 
expectations is detrimental to the entire process, and the final solution adoption and 
satisfaction. First, internally managing expectations and having consensus on things like what 
is co-creation, what is innovation, what user input do we want to gather in each phase, and 
what will we then do with that input are fundamental to getting this process right. Once aligned 
internally these expectations need to be communicated to the citizens. That is fundamental to 
the citizen-driven innovation process. Once the management of expectations is guaranteed by 
creating and implementing the communication and interaction strategy, which is tailored to a 
specific neighbourhood, then the other recommendations can further improve the integration 
of citizens in the innovation process. The solution design from figure 15 was enriched with 
detailed information and is shown in figure 16. The next chapter discusses what opportunities 
were identified for Six Fingers in relation to the solution design. 

Creating widespread involvement during implementation can be used as a 
strategy for increasing solution adoption when the prevailing sentiment about the 
project and the solution is positive. 
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Figure 16: Final solution design 
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7. Opportunities for Six Fingers 
This chapter discusses the opportunities for Six Fingers in relation to the case of Light4All. 
Through a workshop the Six Fingers team was able to identify their added value and potential 
role per recommendation of the solution design. More details on the workshop can be found in 
paragraph 2.4 and Appendix III. Not all recommendations from the solution design were within 
the scope of Six Fingers’ expertise. The focus is on the ideation and design phase, which is the 
what is, what if, and what wows phase in the Design Thinking innovation process that is 
adopted by Six Fingers (figure 17) (Liedtka & Ogilvie, 2011). The widening and narrowing 
lines around each question represent ‘divergent’ and ‘convergent thinking’ (Liedtka & Ogilvie, 
2011). The red line represents how the Light4All project is differing from the Design Thinking 
innovation process.  

This  chapter starts by introducing the general vision on Six Finger’s position and added value 
in smart city projects, or as Six Fingers calls it ‘happy city’ projects. After that the relevant 
recommendations are discussed and rephrased to enable use for Six Fingers in a business 
context. 

 Vision 
The general vision was formed answering the questions who Six Fingers can help to solve 
which problems in what way? Eventually the team agreed on the following vision on Six 
Fingers’ position in the smart city sector: 

Six Fingers identifies three ways of working with the project team. Facilitating the process (1) 
can be done when the project team is (somewhat) experienced with the principles of Design 
Thinking and they need help in going through the entire process. Having an external party will 
keep all parties focused and provides an objective viewpoint. They are not limited by sector 
specific know-how and have no involvement in or benefits from developing certain products. 

Figure 17: How the case study diverges from Six Fingers ideal innovation process 

Six Fingers can help teams that work on (smart) city projects to fully optimize 
their innovation process and co-create with citizens. This makes it more likely 
that the solution addresses real problems and impacts the life of citizens. Six 
Fingers can do this by (1) facilitating the process, (2) training the team, or (3) 
becoming part of the team; all based on Design Thinking principles and 
methodologies. 
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Having an external party guide the process from an overarching, objective standpoint will 
highly benefit the flow and speed of the process. If the team has no experience with Design 
Thinking yet, Six Fingers can train them (2), which allows them to immediately apply the 
acquired knowledge on their project. It is truly ‘learning on the job’. (3) However, when the 
team does not have the time and/or energy to learn how to apply Design Thinking principles, 
Six Fingers can become part of the project team. Six Fingers will then fulfil (some of) the 
activities that were described above, but above all will ensure that the Design Thinking way of 
working and mindset is applied throughout the process. Overall, Six Fingers can challenge the 
parties to reach their maximum potential because of their experiences in other sectors, keep 
everyone attentive and sharp, and inspire citizens. The rest of the chapter discusses in more 
detail the six opportunities that were identified for Six Fingers. 

 Variety of interaction methods – ‘what is’ 
When wanting to go beyond the obvious, universal needs and identify citizens’ tacit needs, 
dreams and behaviours the project team should invest in a wide variety of interaction methods. 
A much broader group of people is then addressed ensuring a wider user input with a bigger 
chance of new and unexpected information. 

Six Fingers clearly sees a role for themselves when performing user research in the ‘what is’ 
phase. One of their strengths is the large variety of interaction methods they have available to 
perform this research. Methods they have experience with are for instance context mapping, 
shadowing,  and interviews. For context mapping cultural probes are used. Context mapping 
through cultural probes is highly relevant in these kind of innovation projects as they enable 
researchers to identify the tacit needs of users. It digs deeper than interviews and uncovers 
preferences, concerns and desires. “Cultural probes use a collection of tools, artefacts and 
tasks intended to provoke the user to look and think about their environment in new ways” 
(Starkman & Chow, n.d.). Through these probes users are able to capture their values and 
underlying thoughts and behaviours. The results initiate a dialogue between the researchers and 
the users on their tacit needs, which is the main objective of this phase. When making use of 
shadowing a researcher follows a user in its activities, and interviews are direct conversations 
between the researcher and users. Six Fingers is able to perform all these research methods and 
also facilitate sessions with the project team and the citizens to analyse the results.  

The results of the user research are often concluded by making personas, empathy maps and 
customer journeys. These methods help plot insights and to make them workable. The insights 
help transition from the ‘what is’ to the ‘what if’ phase. By mapping these insights Six Fingers 
knows which user groups there are and which ones to approach in the innovation process. 
However, actually reaching these people in the ‘what is’ phase, but also in the rest of the 
trajectory is something that remains challenging. If Six Fingers wants to perform the ‘what is’ 
phase in smart city innovation projects they will need to improve their skills in connecting and 
reaching different groups of citizens in a creative yet effective way. 

During the ‘what is’ phase Six Fingers is able to reach a diverse mix of citizens 
because of the many different interaction methods we apply in our research. The 
diversity of the user input we gather enables us to work towards a more creative 
solution design. 
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 Direct dialogue – ‘what is’ 
In order to improve the problem-solution fit the project team should better understand the tacit 
needs and the local context. Tacit needs of citizens and their local nuances can only be 
identified through direct dialogue and close interaction with citizens. Citizens should have an 
active role in the needs research by determining themselves what is discussed. 

As stated, Six Fingers has research methods that dig deep and can identify underlying needs. 
They decide on the appropriate methods depending on the objective of the research and the 
citizens they are trying to reach. This allows them to demarcate the research. An example of 
how needs were linked to the local context is a physical map that enabled citizens to literally 
map their pains. The method enables citizens to place their pains and needs in the local context.  
In addition, Six Fingers has developed the ‘Happy City Hexagon’ (Appendix I), which 
addresses the main themes that influence happiness in a city. This hexagon can also be used to 
gather rich contextual information by identifying the local nuances for these themes. 

  Generative techniques – ‘what is’ 
The design principle that considered generative techniques was supported by the theoretical 
framework, but not by the case study. Six Fingers has successfully used generative techniques 
in other sectors, which is why they see this as an opportunity for smart city projects as well.  

The fact that the Light4All project has not yet applied generative techniques does not mean it 
cannot be valuable. The empirical results stated that the project team was able to identify the 
tacit needs and local context by applying other methods. However, it was also found that up 
until now only obvious and unsurprising information was gathered. Applying generative 
techniques can be an opportunity to identify new and unexpected behaviours from citizens. The 
use of cultural probes, which was explained in paragraph 7.1, is part of generative techniques. 
The artefact that citizens create is used to initiate a dialogue and get rich contextual information. 
One of the methods Six Fingers uses to enable citizens to create artefacts is Lego Serious Play.  

Furthermore, Six Fingers sees opportunities for expanding these generative techniques with 
technologies such as augmented reality (AR) and virtual reality (VR). This also touches on the 
recommendation of using digital tools for prototyping and experimentation. Working with 
these technologies can be done by reaching out to experienced people in Six Finger’s network, 
or developing or attracting this expertise in-house.  

 Joint sessions – ‘what if’ 
In order to diverge during the design phase there should be joint sessions with citizens and 
designers. Joint sessions create a shared understanding and wider user input. Designers better 
understand tacit needs and local nuances, and citizens can provide input on solution directions 

During the ‘what is’ phase Six Fingers applies user research methods that involve 
direct dialogues with the citizens, which allows us to identify the underlying 
needs of citizens. It also enables us to discover the local nuances of the needs 
and to link them to local places in the neighbourhood. 

During the ‘what is’ phase Six Fingers applies generative techniques, which 
allows us to capture citizens’ values, and underlying thoughts and behaviours. 
Citizens actively create things which initiates a dialogue with them. We gather 
rich contextual information from this. 
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as they better understand the scope of the project. Joint sessions allows the project team to 
really diverge during the ‘what if’ phase. 

Six Fingers believes that with the right tools, methodologies and people citizens can be co-
developing solutions. In the ‘what if’ phase the goal is to diverge and think of a variety of ideas 
and concepts. Citizens are able to do so provided that they are matched with professional 
designers in sessions managed by experienced facilitators, such as Six Fingers. Six Fingers has 
access to these designers through their network and connections at for instance the Dutch 
Design Foundation (DDF). An additional reason for Six Fingers to involve citizens during these 
sessions is to create support for the solutions. Six Fingers’ experience allows them to determine 
in which sessions and how citizens should participate taking the project specificities into 
account.  

  Prototyping and experimentation – ‘what if & what wows’ 
A project team can use prototyping and testing for two reasons (1) to make  concepts more 
tangible for citizens when diverging ideas, and (2) to improve the solution design once a 
solution has been chosen. Prototyping can take on many different forms and the most relevant 
one depends budget and objective of the experiment. 

Six Fingers uses prototyping and experimentation for the ‘what if’ phase to diverge concepts 
and to allow citizens to think about the future. Through prototyping Six Fingers is able to 
trigger people to think one step further than they would normally do. Six Fingers want people 
to think about the future and their dreams. They do this by various research techniques such as 
cultural probes and Lego Serious Play, but also by giving trend presentations and using so-
called ‘case cards’. These case cards are part of what Six Fingers calls ‘Branchmarking’, in 
which they look at how other sectors have addressed similar problems. Sometimes one case is 
described in detail, sometimes several cases are addressed briefly to inspire and trigger people 
to think about the future. Six Fingers describes this skill of making people think about the future 
as what differentiates them from other innovation firms. This can be their core added value to 
smart city innovation projects. 

Six Fingers also uses prototyping and experimentation for the ‘what wows’ phase to converge 
towards a single concept. Prototyping is used to validate the experience of a concept rather than 
how a product would (technically) work.  

Six Fingers believes prototyping and visualisations is critical in the innovation process. They 
have experience with various tools and methods to create prototypes. A prototype can take on 
various forms. Examples of methods they use are storyboards, paper prototypes, clickable 
PowerPoints and other digital methods. For more technology-based prototyping Six Fingers 

In design sessions during the ‘what if’’ phase Six Fingers is able to involve a 
diverse group of both citizens and designers. These joint sessions create a shared 
understanding of what citizens want, and what is the scope of the project. With 
the diverse input we can create more innovative and creative solutions.   

In design sessions during the ‘what if’ and ‘what wows’ phase Six Fingers uses 
prototyping and experimentation to (1) allow citizens to think about the future 
and diverge ideas, and (2) to validate concepts in order to come to a single 
concept. Prototyping can take on many different forms; some even allowing  
designers and citizens to create prototypes together. 
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can turn to their network. They see a lot of opportunities is developing more technology-based 
prototyping methods.  

In addition to prototyping Six Fingers has a lot of experience with setting up experiments. 
Through various creative techniques they help teams set-up these experiments. How these 
experiments look like depends on the objectives at that moment and in which phase of the 
process they are. Six Fingers can make sure the experiments address the right questions and 
that those questions are actually answered. 

 Visualisations 
It is recommended to use visualisations throughout the innovation process as it makes abstract 
concepts more concrete for citizens and allows for better discussion and richer user input. It 
also enables citizens to think about solution directions.  It can be used for instance as a form of 
prototyping when diverging concepts .  

Design thinking is one of the many creative techniques Six Fingers uses in their work and they 
apply it throughout the entire process. They are an expert in Design Thinking because of having 
worked this way for several years. With regard to visualisations, this is mainly applied in the 
‘what is’ and ‘what if’ phases,  but it is an essential part of Design Thinking. Visualisations 
allows users to think of future scenarios and is therefore considered a generative tool as well 
(Sanders, 2008). Actually designing products is not a core business of Six Fingers, but they do 
have a network of designers that can be approached for this. If Six Fingers wants to work in 
these kinds of projects with citizens more companies and designers needs to get involved to 
develop solutions into real concepts. Six Fingers should actively stimulate their network to 
participate and commit to actually developing solutions in order to stimulate the creation of the 
ecosystem. 

  Conclusion 
The Light4All case differed from the Six Fingers process on an number of points (figure 17). 
During the what is phase there was not quite enough depth, variety, and creativity in the needs 
research to really find unexpected needs. This can be done using a wider variety of interaction 
methods including generative techniques. During the what if phase a higher number of more 
diverse ideas and concepts (diverging) can be explored through the joint sessions, prototyping 
together with citizens, Branchmarking, trend research, and visualisations. In addition, the 
developed concepts are more likely to be ‘future proof’. The what wows phase can also be done 
more thoroughly by prototyping and experimentations in order to validate concepts. During the 
what works phase Six Fingers can be the party protecting the original concept and making sure 
that the continuous innovation revolves around the concept rather than technical details.  

The most appropriate role is likely to be facilitating the process or becoming part of the team 
due to high turnover in the Light4All project team. Currently the consortium has to take on a 
double role of both process leader and content contributor, which has not proven to be a good 
combination of roles. As an objective, independent party Six Fingers can help the project team 
to move through the innovation process using Design Thinking methodologies.  

Six Fingers uses Design Thinking throughout the innovation process. Part of this 
is using visualisations in the ‘what is’ and ‘what if’ phase, which triggers citizens 
to think about the future. Visualisations create a shared understanding amongst 
the project team, designers, and citizens and makes for richer conversations.  
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The main added value of Six Fingers lies in their experience with a wide variety of methods 
for user research and co-creation, which can contribute to a more in-depth an surprising what 
is phase and a more creative and diverging what if phase. Six Fingers can inspire citizens to 
think about the future and their dreams even if the concepts are abstract. Combined with 
knowledge on different kinds of prototyping and experience with the set-up of (small-scale) 
experiments Six Fingers is a party that can really bring these smart city innovation projects to 
the next level. They also offers access to a large network that includes designers. Lastly, Six 
Fingers has developed the ‘Happy Cities Hexagon’ (Appendix I), which is a  framework that 
identifies the major themes within a city that influence individual people’s happiness. Using 
this hexagon in combination with the various methods mentioned provides Six Fingers a unique 
value proposition. An overview of the value proposition of Six Fingers is shown in figure 18.  

In the next chapter the theoretical and practical implications of this study are discussed. Some 
additional findings and limitations of the research are addressed that lead to suggestions for 
further research. 

  

Figure 18: Six Fingers value proposition 
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8. Discussion  
By exploring in-depth how citizens can be integrated in the innovation process of a smart city 
project it was possible to make contributions to both theory and practice. This chapter first 
discusses the theoretical implications. Existing literature on user-driven innovation was placed 
within the context of smart cities in order to contribute to closing the gap that exists in the 
realisation of smart city projects. The gap referred to is concerned with the objective of smart 
city projects to create societal value whereas in practice this is rarely achieved. User-driven 
innovation was expanded to citizen-driven innovation. Next, the practical implications for the 
Light4All project are discussed. After this some additional findings and the limitations of the 
study are highlighted, followed by recommendations for further research. 

  Theoretical implications  
This study contributes to the theory on user-driven innovation by expanding it to citizen-driven 
innovation. In addition, some findings were specific to the smart city context. This paragraph 
discusses the most important theoretical implications of this study.  

o This study differentiates between different forms of citizen involvement rather than 
taking a more generic approach of degree of user involvement  (Cui & Wu, 2018). Up 
until now little had been known about the specificities of different forms of user 
involvement, like what user input can be gathered and what type of interactions with users 
are needed to get that input. Moreover, previous studies typically did not differentiate 
different forms of user involvement throughout the different phases (Hoyer et al., 2010). 
This study describes different forms of citizen involvement in detail and does so per phase 
of the innovation process. It is important to recognise the different forms per phase of the 
innovation process as each phase has different objectives.  

o This study contributes to understanding why certain risks occur when involving 
citizens in innovation projects and how certain enablers can counter these. The theory 
on user-driven innovation highly benefits from the design science methodology that was 
applied. A lot of scholars have pointed out risks and benefits of user involvement, but few 
have really looked into the specific dynamics (Cui & Wu, 2018). Where other studies lack 
to look into the mediating effects (Cui & Wu, 2018), this study contributes to understanding 
why risks occur and how the enablers to counter these work by identifying the underlying 
mechanisms of interventions.    

o This study suggests that citizen roles are not as strictly demarcated with specific 
characteristics as user roles described by Cui & Wu (2016, 2017). A more nuanced 
description of citizen roles is needed. Sleeswijk Visser et al. (2005) suggested to use 
generative techniques to get a better insight in the underlying tacit needs, dreams and 
behaviours. This means citizens get a more active role and start to resemble somewhat of a 
co-developing role. These findings implicate that the citizen as information source and the 
citizen as co-developer are more nuanced roles that have steps in between. Rather than two 
demarcated roles with specific characteristics (Cui & Wu, 2016, 2017) a citizen role is more 
likely to be a point on the passive – active scale on the user involvement spectrum.  

o This study finds that managing the increased complexity of citizen involvement by 
clarifying and communicating boundaries of citizens’ roles is increasingly important 
in a smart city context. The increased complexity that comes with involving users in an 
innovation process was recognized in a smart city context. Cui & Wu (2017) have argued 
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for the importance of managing expectations, which was supported by the empirical data. 
There is even a risk of retaliation and defection when citizens’ expectations are not 
managed properly (Hoyer et al., 2010).  

o This study recognises the infrastructure (re)placement phase as part of the smart city 
innovation process. This phase is specific only to the innovation process of smart city 
projects as these project typically involve (re)placing an infrastructure. Although there is 
no user input gathered in this phase, it is important to involve citizens by managing the 
expectations from this point onwards. It was found, in line with Hoyer et al. (2010), that 
when the expectations were not already managed in this phase this was detrimental to the 
citizen involvement in the rest of the process.  

o This study finds word-of-mouth in combination with a lack of expectations 
management is detrimental to the smart city innovation process. Hoyer et al. (2010) 
found that involving users in the innovation process increases a sense of awareness among 
those users. Awareness can stimulate diffusion and acceptance of a solution. However, 
Hoyer et al. (2010) also argues that one of the risks associated with increased awareness is 
that of negative word-of-mouth. It was found that in the case of Light4All this risk was 
especially relevant considering that citizens in a neighbourhood are likely to talk to each 
other on a regular basis.  

All in all, this study was able to contribute to the user-driven innovation literature by placing 
it in a smart city context and expanding it to citizen-driven innovation. It stands out in creating 
a level of depth in understanding the different forms of citizen involvement throughout the 
phases of an innovation process taking into account the different objectives of those phases.  

 Practical implications  
During the creation of the solution design it was found that the recommendations of this study 
were not concerned with the overall strategy of the Light4All project, but also did not provide 
the project team with a detailed redesigned innovation process flow. A process flow in the 
sense that it differentiates exactly which activities, tools and methods need to be performed in 
each phase of the innovation process. Such a detailed process flow is called an operational 
process flow and would apply to each living lab individually. However, the solution design is 
concerned with recommendations on the overarching innovation process that is applicable to 
all living labs. It is thus implicated that there is a level in between the strategic level and 
operational level, the so-called tactical level, which describes the tactical innovation process.  

o The strategic level should revolve around what the objective is of integrating citizens 
in the innovation process. The strategy should discuss the final outcome of the project and 
how the project team measures the performance of the project. Once there is decided on a 
strategic level to involve citizens in the innovation process it is crucial that all stakeholders 
agree on why this is done and what is aimed to achieve with this. In the Light4All case the 
strategy was to develop solutions on the smart light grid that are relevant for citizens and 
to find these solution together with citizens.  

o The tactical level deals with strategic questions, but does so on a lower level. Tactical 
decisions are relevant for all living labs of the Light4All project. Currently the tactical 
level is not identified in innovation management literature, but it is relevant for platform 
projects, which smart city projects are. Platform projects are projects that have several 
separate cases that all try to find an appropriate solution to a specific problem, but plug it 
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into the same overall infrastructure. The tactical innovation process addresses strategic 
decisions that are applicable to all of these cases (living labs) within the project (Light4All). 
These are questions like: what is the intended outcome, what type of interactions should we 
have, what role can citizens take on, what user input do we expect to gather, and what 
communication style is needed for this. These questions are addressed per phase of the 
innovation process as each phase has a different objective. There is no optimal ‘setting’ for 
this tactical innovation process as it depends on the tactical decisions that were made and 
the overall strategy of the project. The solution design that was created makes these tactical 
questions more explicit. Moreover, it can help make these decisions as there is reflected on 
the underlying mechanisms and outcomes of interventions.   

o The operational level has the level of detail that describes individual sessions and 
activities that should take place in each living lab. On an operational level a team should 
look into more detail what  type of activities best fit the neighbourhood or a specific group 
of  citizens within the neighbourhood. Also, it describes what kind of communication 
channels are needed to reach the different groups of citizens that are present in the 
neighbourhood. The operational level is recognised in the communication and interaction 
strategy of the solution design. This communication and interaction strategy is a plan of 
the interaction moments and communication channels per phase of the innovation process 
for a specific living lab. The design of the operational process flow depends on the tactical 
decisions that were made. The operational process flow is likely to differ per living lab and 
requires local expertise, for instance through the municipality, to shape it.  

o The design phase in the tactical innovation process should distinguish a diverging and 
converging step. It was found that the Design Thinking innovation process is more 
appropriate to apply in the Light4All project as it distinguishes explicitly between a 
diverging and converging step within the design phase (Liedtka & Ogilvie, 2011). As 
diverging and converging activities are in need of a different kind of user role and 
corresponding user input it is argued to make this explicit distinction within the design 
phase of the innovation process.  

o This study suggests that experimentation is challenging in a smart city context, 
especially when diverging ideas. Theory states that a high level of experimentation can 
contribute to more and better quality user input (Cui & Wu, 2017; Nambisan, 2002). 
However, in practice no real experimentation took place in the Light4All project. This lack 
of experimentation was the result of two characteristics of a smart city project. First, 
experimentation is somewhat limited due to safety concerns. As the innovation takes place 
in the public space and can revolve around, for instance, traffic there cannot be taken any 
risk with malfunctioning prototypes. Second, when diverging ideas in the design phase 
companies are not willing to invest in prototyping and experimentation, because no solution 
has been selected yet. Only after a solution is chosen, that company will be willing to invest 
in prototyping and experimentation activities. These findings describe how the smart city 
context can hinder experimentation activities.  

To summarise, this study suggests to create an additional level in the innovation process. The 
project team must differentiate between the tactical innovation process and an operational 
process flow. The main reason for implementing this is that a separate tactical level will make 
it easier for a project team to set-up a consistent innovation process that can be applied to all 
the different living labs. Moreover, it forces a project team to make more explicit how and why 
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to involve citizens in each separate phase, making the overall citizen integration more effective. 
The communication and interaction strategy (operational process flow) for each living lab 
individually ensures the most effective tools and methods are used for that specific 
neighbourhood.  

To make the practical implications more tangible they are visualised in figure 19. The figure 
clearly shows the three levels that exist in smart city platform projects. The recommendations 
of the solution design shape the tactical level. The operational level in figure 19 is enriched by 
using examples, mostly suggestions that were addressed in the solution design or in the chapter 
on opportunities for Six Fingers (chapter 7). 

 Additional findings  
During the case study some additional findings were identified. Two of these findings will be 
briefly highlighted as they have had a strong influence on the overall success of the Light4All 
project. These additional findings also result in suggestions for further research. 

First of all, the public-private collaboration of this project made the whole undertaking more 
complex. Any issues that occurred in the collaboration within the consortium and with the 
municipality trickled through to the collaboration with citizens. Despite the innovation 
objectives of the project there was a certain conservativeness within the project team. There 
was a fear of really letting go and experimenting. This attitude can be traced back to the level 
of detail found in the contract with respect to describing all phases and activities, and the 
resulting expectations on how the partnership was supposed to be shaped. The project team felt 
limited to operate in innovative ways within the existing organisations and their structures. The 
solution design addresses that internal alignment is crucial in order to subsequently manage the 
expectations of citizens, but this study did not go into depth on how to do so. Therefore it is 
suggested to perform further research on how to manage this internal alignment specifically 
and what governance structure(s) would be most appropriate.  

Figure 19: Three level innovation process of smart city projects 
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Second, a main barrier to the success of the project were difficulties with building the 
innovation ecosystem around the platform. In an ideal situation multiple companies, varying 
in size and industry, are interested in joining the platform and developing solutions that can be 
plugged into the platform. The consortium does not want and can develop all solutions 
themselves; that is not the objective of the smart city project as platform innovation project. If 
there is no expansion of the ecosystem, there are no developers and designers that want to 
explore solutions, and the citizens have no one to co-develop with. Up until now it has been 
difficult to bring this ecosystem to life, which also contributed to the limited number of 
concepts that were developed in the design phase. It was argued that it is an issue to look into 
before trying to increase the co-developing role of citizens in the design phase. Only if there 
are enough parties in this ecosystem citizens can start thinking about solutions together with 
them. The lack of ecosystem development was one of the main reasons for dissolving the 
Light4All contract preliminary and terminating the project halfway through the initial five 
years. It is suggested that further research looks into the development of these kind of public-
private innovation ecosystems and specifically those that develop solutions in the public space.  

  Limitations  
The following paragraph discuss the four main limitations and suggests how further research 
could mitigate these limitations. 

First of all, up until now there has been limited theoretical development across the subdomains 
of user involvement, namely marketing, service research and design (thinking). Because of the 
multitude of conceptualisations of user involvement, the theory is highly fragmented (Bogers, 
Afuah, & Bastian, 2010; Cui & Wu, 2018). This is also reflected in the theoretical body and 
the recommendations of this study. Although it does contribute to the development of a stronger 
theoretical body somewhat, it remains limited. This study focuses on exploring one project 
through a case study and is empirically driven, which also makes for a solution design highly 
specific to this context. Just like the majority of other studies in this domain the empirical 
context limits the ability to generalise and integrate findings to enrich existing theories or 
develop new theories. It is therefore suggested that in further research into user-driven 
innovation or specifically citizen-driven innovation more connections are made between the 
different subdomains. In addition, this research did not focus on the effects of involvement on 
the innovation performance. A more strategic perspective is needed to look into the impact of 
user or citizen involvement on innovation performance. Such a perspective requires connecting 
the empirical research with existing marketing theories, which will also contribute to the 
aforementioned integration of subdomains and theoretical development (Cui & Wu, 2018).  

Second, the data collection was somewhat limited as citizens themselves were not included. 
Unfortunately, there was no possibility to include this important stakeholder group in the 
research. As a result the solution design only takes the perspective of the project team. 
However, it might be the case that citizens have a different perspective on the role they think 
they should or want to fulfil in these kind of processes. Up until now, no direct evaluation of 
the current activities have been done within the project. It is suggested that in new projects and 
living labs more attention is paid to the evaluation of interaction moments with citizens. In 
addition, some field research can be done throughout other parts of the city to uncover citizens’ 
own perspectives on their role. By doing this in neighbourhoods that have not yet been part of 
the Light4All project the citizens’ perspective is less likely to be biased by any experiences 
they might have had with the Light4All project.  
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Third, the theory on user involvement in the implementation phase, such as theory-based design 
principle 4 (Appendix V), could not be placed in a smart  city context. This was due to the fact 
that none of the living labs in the Light4All project had implemented a solution. If this study 
had lasted longer, this theory could have been placed in an empirical context as well. 
Unfortunately, it is not possible to make any implications in this study with regard to the value 
of citizens giving feedback on the interaction with the solution after the actual implementation. 

Lastly, the solution design has not been implemented and evaluated. The solution design was 
validated and improved, but it was outside of the scope to implement one or several of the 
recommendations and investigate the effects this might have. This could be done in the future 
for instance together with Six Fingers. It is suggested that in further research this step is 
integrated. Considering that the Light4All project will be terminated any implementation of 
(parts of) the solution design can only be done in other smart city project. On the positive side, 
implementing and validating the solution design in other smart city projects would contribute 
to its generalisability.  

 Suggestions for further research 
In addition to the suggestions that were derived from the additional findings and the limitations, 
two more suggestions for further research could be made. These were derived from practice-
based design principle 5 and 13 that were not supported by the theoretical framework 
(Appendix V). 

First of all, it was found that citizens often did not understand the solution in relation to the 
very broad needs research that was performed in the ideation phase. Whereas the needs research 
was concerned with one’s overall quality of life in the neighbourhood, the potential solutions 
needed to have something to do with the smart lighting infrastructure. The empirical results 
suggest that communicating the scope of the project (smart lighting) already during the ideation 
phase would help align the expectations citizens have of the solution. However, communicating 
the scope of the solution already during the ideation phase could also steer the needs research 
and limit the project team in gathering unexpected information. Further research could look 
into how communicating the scope of a project and its potential solution affects the needs 
research.  

Second, it was found that by involving a small group of citizens for the duration of the entire 
project the knowledge gap could be overcome. Closing the knowledge gap would especially 
be beneficial during the design phase because this requires the most knowledge and skills. 
However, involving only a small group of citizens might also negatively affect the quality of 
the needs research and the adoption of a solution. Smart city projects would benefit from 
additional research into the effects of group size and the number of interactions with a single 
citizen on the quality of user input. Moreover, looking into possible negative effects like 
solution rejection by the rest of the neighbourhood. 

All in all, the limited theoretical body of user-driven innovation and the in-depth analysis of a 
single embedded case study results in a wide array of suggestions for further research. 
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9. Conclusion 
This study is concluded by answering the main research question: how can citizens be 
integrated in the innovation process of a smart city project? 

This study contributes to the theory of user-driven innovation by differentiating between the 
different forms of user involvement across the phases of an innovation process and by also 
identifying the effects of these different forms of involvement. The findings of this study 
suggest that there is no single, most effective way to integrate citizens in the innovation process. 
The solution design does not suggest an optimal way of citizen integration, but rather addresses 
what kind of decisions need to be made in each phase of the innovation process. The results 
suggest that a three-level innovation process should be implemented in smart city projects, 
consisting of a strategy and tactical innovation process that relate to the project as a whole, and 
an operational process flow that specifies a communication and interaction strategy for each 
living lab individually. 

The solution design addresses the tactical decisions that need to be made per phase of the 
innovation process. This study specifies the underlying mechanisms of these tactical decisions, 
which enables a project team to really understand the effects of these decisions. This study is a 
starting point for making these tactical decisions and their effects more explicit. Taking into 
account the solution design, the theoretical implications, and the practical implications the 
following can be concluded: 

o Implementing a tactical innovation process that cuts across living labs helps 
integrating citizens more effectively in the innovation process. 

• Identifying a tactical innovation process in addition to an overall strategy on user 
involvement enables integration of citizens in the most effective way per phase of 
the innovation process. Each phase has different objectives and with that strives to 
gather a specific kind of user input. This means that for each phase a project team 
needs to decide consciously what user input they aim to gather and what are the 
type of interactions that allows them to gather that input.  

• Identifying a tactical innovation process in addition to an operational process flow 
allows a project team to better map their learnings, and with that continuously 
improve both processes, and spend time and budget more effectively. By 
differentiating between the tactical innovation process and the operational process 
flow a project team is able to place learnings from previous living labs on the right 
level. By continuously improving the processes and reporting per phase: the 
interventions that have taken place, which mechanisms were triggered, and what the 
outcomes were, the project team can save time while getting a better return on their 
learnings.  

User-driven innovation tools and methods compiled in an operational toolkit can be 
used for citizen involvement in smart city projects. As the results suggest that tools and 
methods normally applied in user-driven innovation are also applicable to citizen-driven 
innovation, a whole array of tools and methods becomes available. Especially Design 
Thinking methods and tools (Liedtka & Ogilvie, 2011) provide opportunities for composing 
a toolkit that can be used to shape the communication and interaction strategy per living lab 
(figure 19).  
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Appendix I: Happy cities hexagon 
Developed by Boyd Cohen and Rob Adams (n.d.) 
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Appendix II: Interview protocol 
Introduction Interviewer (5 min)         

Thank interviewee for joining. Let him/her sign the informed consent form. Briefly introduce 
myself (study, Six Fingers) and the study (not why, but how to involve citizens). 

Introduction interviewee (5 min)         

1. Can you tell me something about your role in the project and when you got involved? 

Innovation process (5 min)          

1. Which different phases do you identify in the project? [use these phases to structure 
interview] 

2. When planning an interaction moment, which process did you go through? 

Per phase (10-15min) (depending on how many phase are identified)    

Design of interaction 

1. Was there user involvement in this phase? 
2. Can you briefly describe what this interaction(s) looked like? [technique] 
3. Why did you involve users in this phase? [objective, expected outcome]  
4. What was the role of the user? [passive to active] [show the scale] 
5. What type of information or knowledge did you gather? [diversity of user needs, 

tacitness, amount of information] [very specific needs or more general feelings] 
6. Do you think you got insight in how people experience their environment on a daily 

base. [tacitness and contextual knowledge] 
7. What type of interaction did you have? [interaction method, channel, discrete or 

continuous, one-way/two-way]. Did the type of communication influence what 
information was gathered? 

8. Do you need a different type of communication for the different target groups? 

Facilitation of interaction 

1. What resources were needed from the project team (and users)? [examples: money, 
time, expertise, mindset, external party etc.].  

2. What were the biggest challenges in this phase? 
3. What would have made the user involvement in this phase easier/more valuable? 

Lessons learned 

1. Were the outcomes achieved? [better understanding of (diverse) needs; new, 
unexpected behaviour patterns, improved design, additional feedback]. 

2. Were there unexpected outcomes? 
3. Did you initiate additional interaction moments in response to the outcomes? 

[flexibility of the process] 
4. Were any changes to the plan/process made in LL4 due to learnings from LL1? 
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Appendix III: Workshop Six Fingers (materials) 
Example final design principles cards used in the discussions (1/3) 
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Worksheet: final design principles (2/3)
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Worksheet: vision (3/3) 
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Appendix IV: Codebook case study analysis 
 

 Main category  Sub category Source  
A Infrastructure 

replacement* 
 - Open code 

B Ideation*  - Geissdoerfer et al. (2016) 
C Design*  - Geissdoerfer et al. (2016) 
D Implementation*  - Geissdoerfer et al. (2016) 
E User role 1 Information source Cui & Wu (2016, 2017) 
  2 Co-developer Cui & Wu (2016, 2017) 
  3 Validator Open code 
  4 Expert of environment Open code 
F User input 1 Tacit needs Cui & Wu (2016, 2017), 

Mulder & Stappers (2009) 
and Sleeswijk Visser et al. 
(2005) 

  2 Heterogeneity Cui & Wu (2016) and 
Mulder & Stappers (2009) 

  3 Available data Open code 
  4 Local nuances Open code 
  5 Use feedback Hoyer et al. (2010) 
G Objectives 1 Informing Open code  
  2 Managing expectations Hoyer et al. (2010) 
  3 Validating Open code 
  4 Creating support Open code 
H Interaction 1 Indirect Tolkamp et al. (2018) 
  2 Closeness Cui & Wu (2016) 
  3 Experimentation Cui & Wu (2017), 

Geissdoerfer et al. (2016), 
and Tolkamp et al. (2018) 

I Barriers**  - All open coded 
J Enablers**  - All open coded 

 

*The innovation phases did not have sub categories as these codes were only used for 
organizing the other concepts per phase by double coding them.  

**Both barriers and enablers were only coded in their main category. The barriers were all 
open coded and visualised in an extensive concept map in NVivo. The enablers were also 
open coded and linked to the identified barriers.  
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Appendix V: Integration of design principles 
Phase Theory-based DP [TBDP] Theory Practice-based DP [PBDP] Final design principle [FDP] 

In
fr

as
tr

uc
tu

re
 re

pl
ac

em
en

t 

Theory-based design principle 1: When 
there is user involvement in the innovation 
process (C) the role of the user and the 
boundaries of the collaboration need to be 
defined clearly (I) in order to ease the 
complexity of decision-making and 
coordination (M) and avoid a mismatch of 
expectations (O). 

Cui & Wu 
(2017), 
Hoyer et 
al. (2010) 

Practice-based design principle  1: at or 
before the start of the innovation process 
already available data should be used to 
create tailor-made communication and 
interaction strategies per neighbourhood 
beforehand so that expectations can be 
managed and resistance is prevented.  
Practice-based design principle 2: at 
the start of an innovation process the 
management of expectations on citizens’ 
roles and corresponding rights is critical 
in creating support and preventing 
resistance and negative word-of-mouth 
throughout the rest of the process. 
Practice-based design principle 8: 
during the design phase the project team 
needs to form consensus on: ‘what is co-
creation’, the role of citizens, and their 
corresponding rights. By aligning the 
internal expectations a mismatch of what 
is expected from citizens during design 
sessions is prevented. 

[FDP1]: at the start of the innovation 
process, but continuing throughout all 
the phases (C) a tailored 
communication and interaction 
strategy (I) is needed to manage 
citizens' expectations about their role, 
and the corresponding rights and 
boundaries, so that there is no 
mismatch of expectations (M) and 
negative word-of-mouth and resistance 
can be avoided (O). 

 

Id
ea

tio
n 

  Practice-based design principle 5: 
communicating the scope of the project 
during the ideation phase helps aligning 
the expectations of citizens of the 
solution and thus prevents a lack of 
understanding of that solution.  

[PBDP5]: communicating the scope of the 
project (I) during the ideation phase (C) 
helps aligning the expectations of citizens of 
the solution (M) and thus prevents a lack of 
understanding of that solution (O).  
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Theory-based design principle 3: when 
needs are highly heterogeneous (C), a wide 
variety of user  groups should be involved 
(I). By involving these it more likely that 
the project team discovers new and 
unexpected information (M), which allows 
for a more innovative, creative solution 
design (O). 

Cui & Wu 
(2017), 
Mulder & 
Stappers 
(2009) 

Practice-based design principle 3: 
during ideation (C) using a variety of 
interaction methods and channels (I), like 
the local community in place, online 
interaction, and going out towards 
citizens results in a more diverse user 
input (O) by reaching a wide variety of 
people and user groups (M). 

[FDP2]: during ideation (C) involving 
various people through a wide variety 
of interaction methods (I) ensures a 
more diverse user input (M), which can 
result in a more creative solution 
design (O). 

Theory-based design principle 7: when 
trying to get insight in users’ needs (C)  the 
project team should apply generative 
techniques (I) that demands an active 
attitude by creating artefacts and then 
storytelling (M). This results in rich 
information on users’ needs and the local 
context (O). 

Mulder & 
Stappers 
(2009), 
Sleeswijk 
Visser et 
al. (2005) 

 
[TBDP7]: during ideation (C) generative 
techniques should be applied (I), which 
demands an active attitude by creating 
artefacts and storytelling (M). This results in 
rich information on users’ needs and the 
local context (O). 

Theory-based design principle 2: by 
involving citizens (I) in the innovation 
process, at least in the ideation phase (C), 
the underlying needs can be better 
understood (M), which can result in a 
better problem-solution fit and an 
increased positive attitude from users 
towards the solution (O). 
Theory-based design principle 6: when 
trying to get deep insight in users (C) 
giving them a role a as co-developer (I) 
will allow the project team to better 
understand the tacit needs, capture the 
heterogeneity of those needs, and to gather 
additional contextual information (O) due 
to the close and direct communication that 
comes with this role (M). 

Cui & Wu 
(2016, 
2017), 
Hoyer et 
al. (2010) 

Practice-based design principle 4: 
during the ideation (C) the interactions 
should include a direct dialogue with 
citizens (I) in order to uncovers nuances 
of (universal) tacit needs and link them to 
local places (M), which in it turn results 
in an improved solution design (O). 

[FDP3A]: during ideation (C) 
interaction with citizens should include 
a direct dialogue, (I) in order to 
uncover the (universal) tacit needs, (M) 
and enable an improved problem-
solution fit (O).   
[FDP3B]: during ideation (C) 
interaction with citizens should include 
a direct dialogue (I) in order to uncover 
local nuances and link the identified 
needs to local places (M) and enable an 
improved problem-solution fit. 
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D
es

ig
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      Theory-based design principle 3: when 
needs are highly heterogeneous (C), a wide 
variety of users should be involved (I). By 
involving these there will be a more 
diverse knowledge input (M), which 
allows for a more innovative, creative 
solution design (O). 

Cui & Wu 
(2017), 
Mulder & 
Stappers 
(2009) 

Practice-based design principle 9A: 
during the design phase (C) a diverse 
group of people, both citizens and 
designers, need to participate in the 
design sessions (I). The more diverse 
input that this brings (M) results in more 
variation and more concepts thought of 
(O).  
Practice-based design principle 9B: 
during the design phase (C) a diverse 
group of people, both citizens and 
designers, need to participate in the 
design sessions (I). Doing sessions 
together with citizens will help designers 
better understand the needs of citizens 
(M) and result in an improved problem-
solution fit (O). 

[FDP4]: during the design phase (C) a 
diverse group of people (both citizens 
and designers) need to participate in 
the design sessions (I). These joint 
sessions ensure a shared 
understanding and a more diverse 
knowledge input (M), which results in 
a more innovative and creative solution 
design, and a better problem-solution 
fit (O). 

Theory-based design principle 8: the 
design phase (C) should include 
prototyping and experimentation (I) as 
tacit needs are only really manifested in the 
actual use of products and services, and 
new usage practices might arise (M). A 
feedback loop guarantees that the input is 
integrated in the final solution design (O).  

Cui & Wu 
(2017), 
Geissdoer
fer et al. 
(2016), 
Tolkamp 
et al. 
(2018) 

Practice-based design principle 6: 
during the design phase (C) using 
(digital) tools allowing citizens to 
become co-developers by creating 
prototypes (I). Having prototypes enables 
experimentation (M), which results in 
improved user input on solution (O). 
Practice-based design principle 11: by 
using prototyping (I) in the innovation 
process (C) the user input (O) is 
improved as it allows for feedback on the 
actual use of and interaction with the 
solution (M). 

[FDP5A]: using digital tools (I) during 
the design phase (C) allows citizens to 
become co-developers and create 
prototypes (M) which enables 
experimentation. 
[FDP5A]: making use of prototyping 
and experimenting (I) during the 
design phase (C) allows user input on 
the actual use of and interaction with 
the solution (M), which can improve 
the solution design. 
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Theory-based design principle 5: when 
the user is a source of information (C), the 
project team can increase the level of 
experimentation when designing the 
solution (I) to improve the amount and 
creativity of user input (M), as this can 
improve the problem-solution fit (O). 
Theory-based design principle 9: large 
amounts of user input resulting from the 
user having a co-developing role (C) 
should not be combined with high levels of 
experimentation (I) as the increased 
complexity of information processing and 
coordination (M) can have a detrimental 
effect on the creativity of the solution (O). 

Hoyer et 
al. (2010) 
 
Cui & Wu 
(2017), 
Nambisan 
(2002) 

 
[TBDP5/9]: when the user input is limited 
(C), an increased level of experimentation 
when designing the solution (I) can increase 
the amount and creativity of user input (M), 
which will improve the problem-solution fit 
(O). 

Additional theory of Design Thinking. 
Theory-based design principle 02F

3: 
during the design phase (C) visualisations 
as a form of prototyping (I) can be used for 
sensemaking and knowledge creation (O) 
through interaction with physical objects. 

Liedtka 
(2014), 
Rylander 
(2009) 
 

Practice-based design principle 7: 
during the design (C) phase the project 
team should sketch citizens possible 
solutions that touch on their own world 
(I). By making abstract concepts more 
concrete citizens (M) are enabled to think 
about solutions (O). 
Practice-based design principle 10: 
during design sessions (C) visualizations 
should be used (I) as this enables better 
discussions (M) and thus results in 
improved user input (O). Moreover it can 
also spark enthusiasm and interest in the 
solution (O). 

[FDP6] during design sessions (C) 
visualizations and other methods that 
sketch possible solutions that touch on 
citizens' own world should be used (I)  
as this facilitates discussions on more 
concrete concepts (M), which enables 
citizens to think about solutions (O). 

                                                           
3 This design principle was created during the solution design after the creation of the theoretical framework, which is why it is referred to as TBDP 0. 
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  Practice-based design principle 13: by 
involving a small group of previously 
involved citizens (I) during the design 
sessions (C) , the knowledge gap can be 
overcome and lack of interest from 
participating citizens is avoided (O) 
because the shared understanding is 
increased (M). 

[PBDP13] by involving a small group of 
previously involved citizens (I) during the 
design sessions (C) , the knowledge gap can 
be overcome and lack of interest from 
participating citizens is avoided (O) because 
the shared understanding is increased (M). 

Im
pl

em
en

ta
tio

n 

Theory-based design principle 4: during 
the implementation phase (C) users should 
be involved (I), because the feedback and 
early warnings they provide, combined 
with an increased understanding of the 
tacit needs (M), improves the solution 
design (O). 

Cui & Wu 
(2016, 
2017) 

 [TBDP4] during the implementation phase 
(C) users should be involved (I), because the 
feedback and early warnings they provide, 
combined with an increased understanding of 
the tacit needs (M), improves the solution 
design (O). 

Theory-based design principle 10: when 
implementing a solution (C), involving 
users in the process (I), can result in either 
increased diffusion and acceptance, or 
rejection and resistance (O) through word-
of-mouth that spreads the prevailing 
sentiment about the solution (M) . 

Hoyer et 
al.(2010) 

Practice-based design principle 12: by 
informing (I) citizens throughout the 
process (C) and (re)engaging a large 
group of citizens (I) at the end of the 
innovation process (C) dissatisfaction is 
countered (O) by creating support for the 
solution (M). 

[FDP7] when implementing a solution 
(C) involving a large group of people 
(I) triggers word-of-mouth (M) that 
spreads the prevailing (positive or 
negative) sentiment about the solution 
throughout the neighbourhood and 
affects the adoption of the solution (O). 
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