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Abstract  

Policymakers demand alternative approaches to anticipate and deal with wicked 
problems, as well as effective and flexible means to interact with people and stake-
holders (Kimbell & Bailey, 2017, p. 216). Design for policy takes novel approaches from 
the design discipline to enable exploration and co-creation through processes such as 
prototyping, which role has evolved due to changes of focus and field of action of the 
design discipline (Buchanan, 2001). 

In policymaking, prototyping could allow better engagement of citizens in decision 
making and help policymakers to test and explore solutions at a smaller scale in real 
contexts, anticipating possible responses and outcomes. However, there are challeng-
es for prototyping to be embedded in design for policy, such as dealing with uncer-
tainty and fear of failure. Prototyping, as an explorative approach in which solutions 
remain open and indefinite for a longer period, might introduce a high degree of un-
certainty preventing policymakers to apply prototypes as a policy design method. 

This thesis explores the interaction of policymakers with the uncertainty of prototyp-
ing and its effects on their engagement in co-creation processes. A literature review 
about prototypes and policy design was carried out, followed by the comparative anal-
ysis of ten SISCODE co-creation laboratories in Europe and an in-depth qualitative 
analysis of three case studies. The results suggest that uncertainty can be a benefit or 
a threat depending on policymakers’ role in the co-creation process and the phase of 
the policy cycle in which the prototype is developed.

Key words: prototyping, prototypes, design for policy, policy design, policymaking, 
uncertainty, policymakers, stakeholders, exploration, co-creation, design.
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INTRODUCTION

Changes in the production and economic paradigm have led to changes in organi-
zations across different sectors and inside design discipline (Corsín, 2014, p. 382). The 
latter has evolved into an increasingly collaborative activity, focused more on the pur-
pose of the design than on the objects designed, expanding from the built world of 
products to an intangible framework of visions and strategies (Buchanan, 2001). The 
need of changes in organizations and how they respond to the new paradigm has led 
public institutions into the search of different ways of tackling public issues, in which 
design and prototyping offer a possibility to optimize, explore and co-create solutions 
(van Buuren, Lewis, Peters, & Voorberg, 2020). The growing interest in creative and 
collaborative activities, together with the rising interest in design thinking (Sanders, 
2013, p. 3) has enabled the union between areas that were once aloof, such as design 
and policymaking.

On the one hand, design has extended as a discipline from the production of material 
things, to focus on the purpose of design, of the intent, calling for a change of tools 
and methods, including prototyping; “There is the need for alternative forms of con-
ceptualization and embodiment beyond stuff” (Sanders, 2013, p. 2). Prototypes and 
prototyping emerging values are no longer just a first version of a design solution, nor 
only a step of the design process, instead, prototyping can be by itself the final objec-
tive, as it has the potential to create cultural and organizational changes and drive to 
innovation processes.

On the other hand, other fields such as policymaking has faced a change in how or-
ganizations work (Kimbell & Bailey, 2017 , p. 216). The need to solve wicked problems 
and close the gap between policy design and its implementation is demanding pub-
lic institutions to be more flexible and anticipate to possible and unknown outcomes 
(Corsín, 2014, p. 382) These conditions has enable new approaches for policy design to 
emerge, such as design for policy; where design thinking principles and design meth-
odologies, such as prototypes, offer different alternatives to address public challenges.  

However, design for policy and prototyping face different challenges when entering in 
the policymaking context; one of them is dealing with the uncertainty that prototyp-
ing with an exploration approach can bring and hence, the fear of failure, which could 
have a negative perception within policymakers, hindering their engagement in pro-
totyping processes and making it difficult to be periodic and sustainable over time. 
This thesis aims to explore the interaction between the open nature of prototyping 
and the policymakers’ engagement during co-creation processes.
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To implement this investigation, a research design has been developed composed by 
three phases; the first phase is composed by two literature reviews, one about proto-
types’ notions and changes in design discipline and a second one about prototypes 
in design for policy. At the end of this phase, a triangulation of the information was 
made from which two dimensions to compare prototyping approaches was defined, 
together with a list of challenges for prototypes in design for policy. 

Dealing with uncertainty and fear of failure was the challenge selected to further de-
velop the thesis research, that aims at exploring how policymakers interact with the 
uncertainty of prototyping in co-creation processes and if this uncertainty that be-
longs to prototypes is a barrier for policymakers’ engagement. 

The second phase of the design research was focused on means of verification of this 
research questions and to bring new insights into the discussion.This phase was com-
posed by two means of verification:  for the first part, the set of case studies selected 
for this dissertation were the ten labs included in the SISCODE project, an EU funded 
project aiming at stimulating co-creation in policy-design. These 10 cases have been 
selected because they represent a unique sample of co-creation labs currently en-
gaged in applying co-design as a methodology to operationalize the engagement of 
policymakers in the development of prototypes as new solutions to local challenges 
across Europe. A general analysis of the 10 labs’ prototyping approaches and their level 
of uncertainty was made and verified through a focus group with the lab members; 
as a result, a comparative analysis of the total sample of co-creation labs in SISCODE 
was carried out. 

For the second means of verification, three co-creation labs were selected to deepen 
into their prototyping approaches and its interaction with policymakers. To do so, the 
lab members were interviewed, and additional documentation was reviewed to devel-
op three qualitative case studies that show the interaction of policymakers with three 
different levels of uncertainty in three different policymaking contexts in the EU. 

In the third phase, a triangulation of the information shows a relation between the 
moment in which the prototype is developed within the policy cycle and the level of 
uncertainty in the process. There are also different types of uncertainties percieved in 
relation with prototypes and the way policymakers interact with thAccording to the 
case studies, prototypes developed in early stages of the policy cycle tend to face high-
er levels of uncertainty and policymakers do not work together with co-creation labs 
in this phase, rather the co-creation labs have the role of influencers of the policy de-
sign and policymakers support or are informed by the prototyping process. In co-cre-
ation labs working in later stages of the policy design (implementation) the level of 
uncertainty is low, the prototyping request comes from policymakers and they act 
more as co-owners of the process. The role of policymakers in the process, the stage 
of the policy cycle and the position of the co-creation labs towards the policy context 
seems to determine the level of uncertainty allowed in prototyping.



The following chapter establishes the context in which this thesis is framed: design 
for policy, and how changes in policymaking has brought design into the scene to-
gether with the attributes of prototyping. First the changes in the policymaking 
landscape are presented, followed by de emergence policy design and design for 
policy, in which the theme of this thesis takes place. 

1. Policy making 
and design for policy

Prototypes, Uncertainty and Policymakers’ Engagement in Design for Policy
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1.1. Changes in policymaking landscape 

“We must become able not only to transform our institutions, 
in response to changing situations and requirements; we must 
invent and develop institutions which are ‘learning systems’, 
systems capable of bringing about their own continuing 
transformation.” (Schön D. , 1973, p. 30)

What Corsín (2014) refers to as a new production paradigm has changed the structures 
of production, distribution and consumption, not only in the production of goods, but 
also in the production of knowledge, demanding for organizations across different 
sectors to be flexible, provisional and anticipatory (Kimbell & Bailey, 2017 , p. 216) The 
complexity of wicked problems in which actors involved have different interests and 
motivations, requires a cultural change of public institutions, policymakers and public 
servants; policymakers demand alternative approaches to problem solving and inter-
action with other organizations and people, approaches that must be flexible and an-
ticipate unknown possibilities. 

“The idea that policies can be rationally driven from the identification of prob-
lems to their implementation has led to the strengthening of monitoring and 
evaluation frameworks and tools, with a focus on deviations that does not cor-
respond to real reactivity and flexibility.” (Rizzo, et al., 2020)

There is also a change of hierarchy regarding the expert role and the need to involve 
people into collaborative processes is increasing; “In art, design, science, even entre-
preneurial and political organizations, the languages of openness and open-ended-
ness, of provisionality and experimentation, are thus taking hold as models for cultural 
practice.” (Corsín, 2014, p. 382) This shift explains the growing interest in design-think-
ing “The extension of design thinking to policy – particularly participatory and co-de-
sign approaches – resonates with principles of network governance” (Lewis, McGann, 
& Blomkamp, 2020, p. 112) and is related to other changes in policymaking and public 
administration such as the emergence of bottom-up approaches, open government, 
the new public governance, and experimentation as a process for anticipation and 
learning. 

Top-down and Bottom-Up approaches 

The gap between policy formulation and its implementation is in part a consequence 
of the disconnection between the actors in charge of each phase and their context ; 
“Policies are frequently designed without a clear knowledge of the mechanisms that 
reside in their concrete implementation, which often depend on the rules, proce-
dures and capacities of local administrations or street-level bureaucrats.” (Rizzo, et al., 
2020) The relation between politicians, who formulate the policy, and civil servants or 
street-level bureaucrats, who implement it and the citizens that are affected by those 
policies can be addressed by two opposite approaches, from a top-down perspective 
or a bottom-up perspective. 

Policymaking and design for policy
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From a top-down perspective, those in charge of implementation should be aligned 
with what high-level decision makers establish as policies, which requires an organi-
zational management that addresses the complexity of actors involved. One of the 
main criticisms to this approach, is the fact that local administrators usually have di-
rect and better knowledge about the problems that policies are addressing, neverthe-
less the tension between high level and local managers tends to be affected by the 
political context.  

The bottom-up perspective suggests that the intention to align central and local ad-
ministrators and formulation with implementation phase is impossible to achieve in 
practice from a top-down perspective, on the contrary, it should  start from the point 
of view of the local administrators and citizens affected by the policy to increase the 
success of its implementation. 

“Is thus the activity of reconnecting these actors and their goals with the over-
all policy framework and actors that operate at previous stages of the policy 
formation process: in this perspective, policies can be driven from the bottom 
to the top, assuming the attitude and the factors that are at play in the imple-
mentation phase as initial constraints” (Rizzo, et al., 2020, p. 22)

One of the criticisms that this approach receives is the importance delegated to local 
administrators, who may not be aligned with the agenda of elected representatives 
in high-level positions. The tension between political decisions to be made and who 
determines it is a challenge that extends to collaborative approaches of policymaking, 
including design thinking and the role prototypes could play within this framework.  

There are different models of governance that, from a bottom-up perspective, offer a 
structure for policymaking involving different actors from the beginning of the pro-
cess. An example of this is the Open Government, that reflects a change of mindset in 
the public sector, a mindset that is aligned with what design and prototyping offers 
in terms of experimentation, anticipation and collaboration. “The ‘Open Government’ 
agenda pushes public servants to use new methods to engage stakeholders, gather 
data, and experiment before implementing policy” (Kimbell & Bailey, 2017 , p. 217) In 
2011, the Open Government Partnership (OGP) was created uniting 8 funding govern-
ments from different continents to promote transparency and co-creation through 
partnership between different stakeholders from inside and outside public sector 
to “promote accountable, responsive and inclusive governance” (Open Government 
Partnership, 2020). Currently seventy-eight countries, and thousands of civil society 
organizations are part of the OGP. Open Government is a bottom-up approach in the 
sense that it puts citizens in the center of policymaking, in a more horizontal hierarchy 
structure.

Another example of emergent models of governance is the change of concepts like 
New Public Management (NPM) to concepts of New Public Governance (NPG) (Os-
borne, 2010). The first being a top-down approach to deliver services to citizens is be-
ing replaced for a more collaborative and horizontal relation with citizens, which are 

Policymaking and design for policy
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seen as co-producers instead of just passive consumers of public goods  “… the NPG 
paradigm is introducing a more co-operative form of governing that substitutes the 
focus on responsiveness to customers’ needs with an emphasis on power-sharing and 
collaboration.” (Sangiorgi, 2015, p. 334). Sangiorgi (2015) describes the differences of 
these two paradigms in the following table:

Table 1 Comparison between NPM and NPG

NPG, Sangiorgi (2015)

Changes in the policymaking landscape have also led to discussions about policy de-
sign as part of public administration. The introduction of this design science (Hermus, 
van Buuren, & Bekkers, 2020, p. 22)  into the policymaking scenario has open a space 
in which policymaking has the possibility to become more open, collaborative and 
experimental, in resonance with the Open Government and the NPG models. Below, 
a description of what policy design is and how design for policy has emerged as a new 
direction of it is explained.

Policymaking and design for policy
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1.2. Policy Design and Design for policy 

“The problem of government as a learning system may be stated 
simply in these terms:  how can we, as a society or nation, learn to 
identify, analyze and solve our problems?”(Schön D. , 1973)

Policy design aims at solving problems through policy programmes “… is the delib-
erate attempt to define policy goals and consciously connect them to policy instru-
ments intended to reach those goals” (Clarke & Craft, 2018, p. 6). Policy design emerge 
from policy analysis (Colebatch, 2018, p. 366), a wider field of professional practice 
and academic study. It began with a top-down approach, where decision makers and 
leaders make use of policies as artifacts to pursue their agendas, and the policies are 
implemented by local administrators or street-level bureaucrats. 

The commonly known policy cycle starts with the agenda setting, where the emerg-
ing issues are identified, and the problem is defined. After the agenda setting comes 
the design or policy formulation where the goals of the policy are settled along with 
the impacts and implications expected. Then, the decision to approve the policy is 
made and the policy is adopted followed by the implementation of the policy, which 
should be constantly monitored to ensure its correct implementation. Finally, the im-
plementation is usually assessed in terms of efficiency and effectiveness (Hill & Hupe, 
2002, p. 95)

Figure 1 The traditional Policy Cycle

Agenda
Setting

Design

Decision

Evaluate

Adoption
Revision

Implement
Monitoring 

Efficiency and
effectievness

Problem 
Definition

Policy Formulation
Goals Definition

Based on the ROAMEF policy cycle and Grazzini (2015)

The first connection between design and public administration emerged from the 
Minnowbrook Conference in 1968, where Herbert Simon talked about design sciences, 
“These sciences focus on the artificial– the manmade – as opposed to the natural sci-
ences. Artificial sciences therefore incorporate design, which is ‘concerned with how 
things ought to be, with devising artefacts to attain goals”. (Hermus, van Buuren, & 
Bekkers, 2020, p. 22) Shangraw and Crow (1989) would associate this concept directly 
with public administration. According to a literature review conducted by Hermus, 
Buuren & Bekkers (2020) since this event until 2016, “… there is an increase and prolif-

Policymaking and design for policy



P. 17

eration in design-oriented studies reported in Public Administration journals... mostly 
oriented towards delivering concrete policies and services.” (Hermus, van Buuren, & 
Bekkers, 2020, p. 35) Which can be observed in the following graphic:

Figure 2 Yearly amount of publications of Design Oriented Studies in Public Administration

(Hermus, van Buuren, & Bekkers, 2020, p. 27)

The first design approaches in policy design were instrumental “In the context of policy 
design, design is seen as instrumental in the sense that it links problems to solutions 
and rational in the sense that the process should be knowledge and logic driven.” 
(Hermus, van Buuren, & Bekkers, 2020, p. 23) It was also idealistic, as it aimed at find-
ing an unique solution or answer to public problems; “the goal of design should be to 
develop mechanisms or algorithms that would produce clear and usable answers for 
the policy designer” (van Buuren, Lewis, Peters, & Voorberg, 2020, p. 6) Later, it started 
focusing on tools and mechanisms that could bring these answers, without focusing 
in problem structuring or evaluation: “much of the approach based on instruments 
still assumed a capacity for experts and analysts to develop the correct answers for 
policy problems” (van Buuren, Lewis, Peters, & Voorberg, 2020, p. 6) 

These approaches along with modern structures to produce knowledge and solutions 
has changed.  A new design orientation in policy design emerged acknowledging the 
contextual factors that affect how problems are defined and influence or constrain 
how policy instruments operate. (Clarke & Craft, 2018, p. 7) The appearance of concepts 
such as New Public Governance also influenced the new design orientation in policy 
design, focusing attention in the actors involved, and rethinking the role of the state in 
these processes; “the new design orientation has since revived the policy design tra-
dition by embracing the diversity of potential designers and design inputs and spaces 
that now exist inside and outside of government proper” (Clarke & Craft, 2018, p. 8)

Unlike policy design, design for policy refers to design coming from design thinking 
literature, which has a different logic in comparison with the first one. Design for pol-
icy emerges within the new design orientation and aims at a collaborative approach 

Policymaking and design for policy
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to policymaking, diverging the range of possible solutions instead of aiming for a one 
single right answer to public issues. The collaborative aspect of this process makes it a 
process of co-design; “The underlying assumption is that such an inclusive approach 
may increase the satisfaction of the end-users and their appreciation of public policy 
actions.” (van Buuren, Lewis, Peters, & Voorberg, 2020, p. 7). Below a comparison be-
tween policy design and design for policy can be found with its main differences:

Table 2 Comparison between Policy Design and Design for Policy

Policy Design Design for Policy

Based on literature from van Buuren, Lewis, Guy Peters, & Voorberg (2020)

Expert-driven Collaborative process

Rationality Empathy

Convergent 
thinking

Divergent
thiking

One final solution Provisional ideas

Co-design

Prototyping 

In design for policy, prototypes might contribute to close the gap between policy de-
sign and its implementation from a citizen-driven approach “In public administra-
tions, the focus on materializing concepts, especially the interactions that people have 
with systems, enables participants in prototyping to understand and assess how a 
policy might be experienced and implications of policy delivery.” (Kimbell & Bailey, 
2017 ) Prototypes can also be part of processes of experimentation, which is a growing 
interest in governments from different countries. Next, an overview of experimenta-
tion in the public administration is presented, together with the spaces in which these 
experiments are meant to be systemic, which are what we will call in this research, 
innovation units. 

Innovation Units and Experimentation 

Experimentation is a word that has become relevant in the public sector as terms such 
as innovation rises within public institutions; this can be seen in the increasingly cre-
ation of innovation labs in multiple countries’ governments, that aim at experiment-
ing using a design thinking approach. (Lewis, McGann, & Blomkamp, 2020) Moreover, 
the establishment of international organizations dedicated to support these labs, 
such as the Observatory of Public Sector Innovation, founded in 2014, demonstrates 
an interest on building an ecosystem for innovation, in which systemic experimen-
tation is important: “If we want effective public services, we need an experimental, 

Policymaking and design for policy
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learning government robustly and systematically testing things out, measuring them 
and growing what works.” (Breckon, 2015, p. 6) Other units across Europe such as Liv-
ing Labs and Fab Labs have emerged as catalyzers and nodes withing the ecosystem 
to tackle innovation from a co-creation perspective. The first ones work as “transition 
arenas”, which means they enable spaces for stakeholders to dialogue and experiment 
in real life contexts before scaling up solutions (Schaffers & Turkama, 2012, p. 26) Fab 
Labs started in 2006 in the MIT Center for Bits and Atoms as platforms for technical 
prototyping, however its scope has changed over time, focusing more on its value to 
connect communities, researchers, makers and innovators supported by technology 
(Fiaidhi & Mohammed, 2018, p. 83) What innovation labs, living labs and fab labs have 
in common as innovation units is their willing to experiment through collaboration 
and co-creation in a systematic way.

The concept of experimentation itself has changed, within the change of production 
of knowledge paradigm, experimentation has shift from a closed to experts domain 
to a collaborative process “if the experiment was once thought-of as a closed system 
against which scientists sought a theory’s justification, it would seem that today the 
experimental is conceived rather as a design project” (Corsín, 2014, p. 385) Similar to 
what has happened with prototyping, experimenting has evolved into a collaborative 
activity that defies modern organizational structures, such as the ones established in 
the public sector. “The growing emphasis on experimentation prefigures and carves 
out a space for prototyping in policy development as a particular mode of enacting 
organizational flexibility, provisionality and anticipation.” (Kimbell & Bailey, 2017 , p. 218) 

One of the key aspects of experimenting and prototyping is learning and iterating 
from failure, otherwise the value of these practices is not sufficient; “governments 
experiment all the time – rolling out new policies on the populace, but without real-
ly learning if they are doing any good” (Breckon, 2015, p. 6) However, experimenting 
means dealing with a high level of uncertainty and the possibility to fail, which de-
mands a big effort to change traditional structures and mindsets within public insti-
tutions. 

“Applying design (as the design thinking literature refers to it) to policymak-
ing and service delivery also raises serious questions about the applicability of 
these design methods – which are mostly derived from industrial and product 
design. Moreover, it raises serious dilemmas when it comes to typical public ad-
ministration values, such as accountability, legal certainty and predictability” 
(van Buuren, Lewis, Peters, & Voorberg, 2020, p. 4)

It is also important to understand the limits of what design thinking approach can 
address to in policy design; Clarke and Craft (2018) point an innocence of the political 
context in some issues that require political and normative decisions from elected 
politics, “Design thinking falls short, then, in providing guidance or methods by which 
politically contentious policy making activities should and are undertaken in practice” 
(Clarke & Craft, 2018, p. 14) which relegates most design thinking cases to the imple-

Policymaking and design for policy
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mentation and service delivery of political decisions that have already been made. “In 
some circumstances, policy decisions are highly contingent and ‘irrational’, and driv-
en by purely situational logics and opportunism” (Rizzo, et al., 2020, p. 28) and not by 
the logic of design thinking approaches, that are considered “naïve” by some authors 
such as Clarke and Craft (2018).

There are also constrains regarding the time and resources that a collaborative pro-
cess requires, which limits this approach to specific contexts where system-thinking 
and networked activities are feasible and required. Howlett (2020) highlights the im-
portance of specifying when and why an approach such as design thinking in policy 
design is adequate in order to be able to measure and assess its implementation and 
role within specific policymaking contexts. There are ways in which design can con-
tribute into a new public administration mindset, in which prototyping is key part 
of its benefits; however, there are also limits and challenges to make it possible. This 
thesis will explore one of those challenges and verify it through qualitative case stud-
ies across the European Union following the methodology explained in the chapter 
below.

Policymaking and design for policy
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2.1. Aim 

This thesis aims to investigate the interaction between the process of prototyping and 
the engagement of policy makers in co-creation. The thesis focuses on the notion of 
uncertainty, which is inherent to prototypes’ attributes, and how it affects the incor-
poration of prototyping in contexts outside the design discipline, specifically in policy-
making. To do so, a qualitative research was carried out within the frame of SISCODE, 
an European Union funded project focused on co-creation in policymaking that works 
with a transnational system of ten co-creation laboratories (SISCODE, 2017, p. 5), which 
helped to validate the research assumption from the perspective of co-creation labo-
ratories in the European Union.

The research was developed in the context of an internship as service designer with 
SISCODE and the design department of the Politecnico di Milano, leader of the proj-
ect. For this reason, the research was carried out while the project was being devel-
oped and faced the crisis of Covid-19 in 2020, which implied additional uncertainty 
and difficulties for each laboratory’s process. 

2.2. Assumption and Research Questions: 

Prototyping brings uncertainty into design for policy because of its open nature. This 
uncertainty might be perceived as negative within the policymaking context, gener-
ating fear of failure and hindering engagement of policymakers in the process.

Research questions: 

- How do policymakers interact with the uncertainty of prototyping in co-cre-
ation processes?

- Is the uncertainty of prototyping a barrier for policymakers’ engagement during 
co-creation processes?

- 

- 

- 

- 

- 

- 

- 

The design of the research 
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2.3. The Study Methodology
Table 3 The design of the Research

Literature Review 1: 
Literature about the
notion of Prototypes 
and Design Evolution

Literature Review 2: 
Literature about 
Prototypes in 
Design for policy 

Triangulation of 
information 

Means for Verification 1: 

General Analysis of the
10 SISCODE Lab 
prototyping approaches  
accordign to the 
prototyping matrix

Focus Group with 
SISCODE Labs to 
verify analyisis 

Means for Verification 2: 
Deepen analysis of 
3 SISCODE Labs

Interviews with Lab
members to deepen
analysis  

Phase 1: 
Literature 
Review 

> 

> 

> 

Phase  Steps Output

Phase 2: 
Means for 
Verification

Phase 3: 
Discussion

- Literature Appendix of
prototypes’ notions accross
different fields 

- Prototyping Matrix: two 
dimensions to compare 
prototype approaches

- Challenges of prototyping 
in design for policy

- Research questions 

> 

> 

- Comparative Analysis of
the 10 SISCODE Labs 

- Selection of 3 cases to 
deepen 

- Qualitative Case Studies 
of 3 SISCODE Labs 

> - Types of uncertainty

- Future development

Answer to research
questions

- Policymakers’ interaction 
and role with prototypes’ 
uncertainties

Triangulation 
of information
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Phase 1: Literature Review

Literature Review 1: Literature about the notions of prototypes and design 
evolution

Before arriving to the assumption of the research, a literature review was car-
ried out to understand the notion of prototypes ; first from a historical perspec-
tive, then through an analytical perspective regarding their role and changes 
in design discipline and finally, from an evolutionary perspective, where the 
emerging roles of prototypes were established according to a literature analy-
sis, which is part of the first two chapters of this thesis. Notions of prototyping 
are related to design evolution itself, therefore, a literature review about de-
sign evolution and new scopes was carried out to better understand prototypes 
emerging roles.

39 papers and articles from different disciplines published between 1948 and 
2019 were analyzed. First a general overview of all existing documents in aca-
demic data bases was conducted, then all documents with the word prototype 
or prototyping in the title or abstract were selected and registered in the follow-
ing appendix format:

Table 4 Template Literature Appendix Format

As result from the selection process, the articles were clustered in 4 macro fields: 
design, engineering, science and social sciences. As some papers and articles 
might be overlapping between disciplines, the categorization was based on the 
background of the authors and institutions that published each document. In 
the case of engineering and design, the most relevant and quoted documents 
were selected for the analysis (To see the full appendix see Annex 1). 

From the literature review, a Prototyping Matrix with two dimensions to com-
pare prototype’s notions was identified: the first dimension is related to the 
process of prototyping and the second one is related to the prototype itself. 
Additionally, two approaches of design research, determined by Sanders (2005), 
were put as vectors of prototypes approaches. These two approaches of design 
research are extrapolated with prototyping, as the latter can be considered also 
as a mean for knowledge creation. The Prototyping Matrix is the following: 
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Figure 3 Prototyping Matrix: two dimensions to compare prototype’s notions

Prototype
DrivenSpecification

Driven

Realistic

Prototyping
The process

Prototype
The artifact

Rough
Inspirational
Approach

Lower Level
of uncertainty

Higher Level
of uncertainty

Collaboration
Experimentation
Ambiguity

Informational
Approach
Testing 
Expert-driven
Scientific model

Two main outputs of this phase guided the following steps of the research: in 
the first place, the Literature Appendix enabled the understanding of notions 
of prototypes across different disciplines, in the second place the Prototyping 
Matrix allowed the comparison of this notions of prototyping and will be the 
tool to compare the SISCODE cases in the following phases of the thesis.

Literature Review 2: Literature about prototypes in design for policy

This literature review was carried out to understand contemporary changes in 
policymaking and the role of design for policy as a developing discipline where 
prototyping’s emerging roles might have a key role.  

The main output of this phase is a list of challenges of prototyping in design for 
policy. The list of challenges was later compared to the challenges covered by 
the SISCODE project. Most of the challenges were already being address by SIS-
CODE’s research, hence, this thesis focused in those challenges that were not 
being completely covered by SISCODE, in order to contribute and go in deep in 
areas where there is a lack of information or literature. 

The design of the research 
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Triangulation of information

After the two literature reviews, the information gathered from both reviews 
was triangulated to narrow the purpose of the thesis and establish the assump-
tion and research questions. For this dissertation, a set of ten labs included in 
the SISCODE project, an EU funded project aiming at stimulating co-creation 
in policy-design were selected. These ten cases have been selected because 
they represent a unique sample of co-creation labs currently engaged in apply-
ing co-design as a methodology to operationalize the engagement of policy-
makers in the development of prototypes as new solutions to local challenges 
across Europe.

First, the list of challenges was clustered according to the emerging design 
approaches identified in the first literature review (in which prototypes have 
specific roles). Then, each challenge was contrasted with the objective of the 
SISCODE project to identify which of them were being already covered by the 
project and which of them were not completely covered.

Table 5 Challenges of Prototyping in Design for Policy

The challenges that are not being covered by the SISCODE project in Design as 
Co-creation, are related to political issues ( h) Versatility of roles and power dis-
tribution and i) Representation of target citizens and although these challenges 
are important, they go beyond the limits of this design thesis scope. Therefore, 
this research focused on the challenge related to the Design as Exploration ap-
proach, c) Deal with uncertainty and failure in the local context. 

The design of the research 
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Phase 2: Means for verification

Means for verification 1: General analysis of the 10 SISCODE Labs’ prototyp-
ing approaches

A general review of the reports and presentations of the 10 SISCODE co-cre-
ation labs (which is the 100% of the labs working with the project, 100% of the 
sample) was carried out. Each co-creation journey of the lab was documented 
in the following template: 

Figure 4 SISCODE Labs Case Study Template

Name of the Lab -  Type of Lab 

1. Description of the Lab

2. Definition of the challenge

3. The idea

4. The prototype(s)

5. Policymakers engagement

(Fab Lab / Living Lab / Science Museum)  

- Lab context and location
- Experience and competences present in the lab 
- Tools, methodologies and resources at disposal

- Description of the challenge 
- How was the challenge established 
- Who was involved in the challenge definition

- Description of the idea selected to prototype
- How was the idea selected?
- Who was involved in the ideation and idea selection

- Aim of the prototype
- Description of the prototype
- Who was involved in the prototype and how?

- Involvement of policymakers in the prototype
- General gaps and barriers to engage policymakers 

After the documentation of each lab, they were analyzed through the two di-
mensions from the Prototype Matrix developed in the first literature review, to 
understand their prototyping approaches and level of uncertainty. 

Focus Group: Dialogue among researchers and practitioners

To validate the general analysis, an online focus group was carried out to share 
with the labs part of the first literature review and contrast the general anal-
ysis of their prototyping approaches with their own perception according to 
the two dimensions that emerged from the literature review in the first phase. 
Seven of the ten labs were present in the focus group, which was at the same 

The design of the research 



P. 28

time the first session of an initiative from SISCODE called “Dialogue between 
practitioners and researchers”, that seeks to bring closer researchers with prac-
titioners of the co-creation labs.

The focus group started with a brief presentation of the literature review about 
prototypes including what uncertainty in prototyping means, in order to set 
the context of the research. Then the labs were given the task to place their 
SISCODE prototypes into the Prototyping Matrix. Later, each lab explained the 
reasons why they considered that their prototypes were situated in the pro-
posed location. Finally, two questions related to the assumption of this thesis 
were made to initiate a dialogue between the participants. 

Table 6 Design of Focus Group: SISCODE Dialogue among researchers and practitioners

Time (Min)

15 

3

5

40

30

20

Activity Aim Tool 

Brief Presentation of 
Literature Review 1: 
about Prototypes’ 
Notions

Set the context of 
the research 

Power Point
Presentation +
Microsoft Teams

Power Point
Presentation +
Microsoft Teams

Prototyping Matrix: 
two dimensions of 
prototyping 
approaches +
Miro 

Prototyping Matrix: 
two dimensions of 
prototyping 
approaches +
Micrcosoft Teams

Prototyping Matrix 
+
Micrcosoft Teams

Power Point
Presentation +
Microsoft Teams

Explain two 
dimensions of 
analysis 

Gather and com-
pare their perspec-
tive about their 
prototypinig 
approaches

Understand why 
they perceived their 
prototype in the wat 
they did

Contrast previous 
analysis with the 
Labs’ perspective 

Explore the interac-
tion between their 
prototupe 
approaches and 
policymakers 
involvement 

Presentation of the 
Prototyping Matrix: two 
dimensions to compare 
and analyse prototyp-
ing approaches

Self-Assessment: 
placement of each 
Labs’ prototyping 
approach in the 
Matrix 

Presentation of each 
Lab’s prototyping 
approach

Comparison of  the 
analysis before and 
their self-assessment

Dialogue about the 
assumption and 
research questions
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Figure 5 Focus Group Template: Prototyping Matrix with two dimensions to analyze
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Early in the process to 
explore and interact

Where is your SISCODE prototype closer to?
Take one (or more) of this dots and place them into the graphic

45

4

3

2

1

5

2

3

4

5
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The results from the first general analysis and the focus group were the inputs 
to do the comparative analysis of the ten SISCODE labs. This comparative analy-
sis was made based on the two dimensions of prototyping approaches, its level 
of uncertainty and its interaction with policymakers’ involvement.

Based on the level of uncertainty, three labs were selected to verify if this aspect 
is affecting and how is it related to policymakers’ engagement in the co-cre-
ation process. The cases were selected as follows: one lab that has a high level of 
uncertainty, one that has a very low level of uncertainty and one with a medium 
level of uncertainty, based on the two dimensions of the Prototyping Matrix. 

Means for verification 2: Deepen analysis of 3 SISCODE Labs

Three semi-structured interviews with one member of each lab were carried 
out to understand de interaction of their prototypes’ uncertainty level and the 
policymakers engaged in the process. The interviews also seek to deepen in the 
information provided in the reports to have a more depth understanding of the 
prototyping context. 
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Figure 6 Interview structure and guiding questions

1. Introduction

2. General Questions

3. Specific questions about each Lab’s prototype

Good morning/afternoon____________, thanks for agreeing to this interview. 

My name is Alejandra Campo, I’m doing a master of Product, Service, 
System Design at the Politecnico di Milano and currently I’m developing my 
thesis about the role of prototypes in design for policy.

The aim of the research is to understand how does the openness and 
experimental nature of prototypes, and the uncertainty it implies, affects 
the relationship and engagement of policymakers in the process.

Through the analysis of these case studies within the SISCODE framework, I 
seek to understand each specific prototyping process regarding this issue.

For the purpose of the academic research I’ll record this interview starting 
from now.

- Could you tell me more about the current state of the prototype? 

- How were the policymakers involved in the prototyping process? (Were 
they creating the prototype, testing it, or being informed about it?) Why?

- Did you find difficulties to involve policymakers into the prototyping 
process? Why? What did the lab do to overcome these difficulties?

- Was the engagement of policymakers in the prototyping process differ-
ent from their engagement in other phases of the project? How?

- Do you think the prototyping process brought any level of uncertainty to 
the project? Why? 

- Do you think that the level of uncertainty had negative impacts in the 
engagement of policymakers during prototyping?  If yes, how did you 
overcome these negative impacts?

- Did the lab have experience prototyping with policymakers before? If 
yes, how was the experience?

- Is the lab planning to continue prototyping in future or other projects? 
Why? 

According to the information available of each lab, specific questions 
about the prototypes were asked.

Interviews guiding questions
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All interviews shared eight standard questions and each lab had between two 
and three specific questions regarding their own prototypes and context, how-
ever, as these are guiding questions, other questions appeared along the inter-
view according to the answers of each interviewee. The interviews were carried 
out virtually and had a duration between one hour and one hour and a half. 

One participant observation into one of the labs prototypes was possible, in 
which the level of uncertainty during prototyping was experienced, as well as 
the involvement of policymakers involved in the activities. This helped to deep-
en the understanding of this lab approach to prototyping and its relationship 
with policymaker’s engagement. 

Finally, a further examination of the lab documentation was carried out to bet-
ter establish the policymaking context. The three case studies were developed 
considering the following aspects: 

Figure 7 Three Qualitative Case Studies SISCODE Template

Name of the Lab -  Type of Lab 

Challenge:
Prototype(s):
Level of uncertainty: (low/medium/high)

1. Policy context of the challenge

2. Approach to prototyping and level of uncertainty

3. Policymakers role

4. Policymakers’ interaction with prototyping uncertainty

5. Current state of the prototype

(Fab Lab / Living Lab / Science Museum)  

- Policies related to the challenge
- Prototype in the policy cycle 

- Inspiration- driven/Informational- driven
- Rough/Realisitc prototypes
- Specification- driven / prototype-driven 

- Informed/co-owner/ influenced by
- Active or passive 

- Interaction with uncertainty
- Perception of uncertainty 
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Phase 3: Discussion and conclusions 

Triangulation of the information 

This chapter synthetize the findings of the ten case studies analysis, with spe-
cial attention of the three cases that were selected to deepen the investigation. 
First, a description of three types of uncertainties identified is presented, fol-
lowed by an analysis of policymakers’ interaction with these uncertainties and 
an hypothesis of four main policymakers’ roles in prototyping, which are cor-
related with the two dimensions of analysis of the prototyping approaches and 
their level of uncertainty (Prototyping Matrix).

The design of the research 



3. Literature review 1: 
Prototypes and 

Design evolution
To understand the role and potential of prototypes in design for policy, an analysis 
of the prototype’s history and emerging roles was done first. The following litera-
ture review is about their evolution through history and the changes of the design 
discipline that has driven to transformation in how prototypes are understood and 

employed across different fields.

Prototypes, Uncertainty and Policymakers’ Engagement in Design for Policy
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3.1. Brief history of prototypes  

The meaning and role of prototypes have changed along history, from early sketches 
and models in  art, design and architecture (Küchler, 2010, p. 310), to digital simula-
tions and participatory practices to make sense of future scenarios (Sanders, 2013, p. 
1). These transformations in prototype’s definitions respond to a change, not only in 
the disciplines where prototyping emerged, but also in the contemporary landscape 
of organizations that seek for flexibility, provisionality and anticipation every time with 
more urgency, opening new opportunities for the potentiality of prototyping (Kimbell 
& Bailey, 2017 , p. 216). 

At the beginning, prototypes responded mainly to the need of translating thoughts 
into material representations: three dimensional artefacts that could be tested and 
then refined. In a general definition, prototypes are the first version of a product 
meant to be reproduced several times (Kimbell & Bailey, 2017 , p. 217) (Coughlan, Ful-
ton, & Canales, 2007, p. 3) (Buchenau & Fulton, 2000, p. 424). From a material culture 
perspective, Küchler describes prototypes as a “world made to measure, a material 
world whose calculated nature could enable one to transcend chance” (Küchler, 2010, 
p. 311). According to Küchler, one of the first prototypes in history is the first computer 
by Jacquard Loom in 1834: “This inventor of the first mechanical loom recognized that 
weaving, although an intricate and delicate task, was also a highly repetitive task. He 
believed that the weaving of complex patterns could be automated and conceived a 
system that relied on stiff, pasteboard cards with various patterns of punched holes.” 
(Küchler, 2010, p. 310) This system is by itself a translation of his thoughts into an arte-
fact that would become later in the first computer. Prototypes started their history as a 
material translation of ideas, as first steps and attempts to materialization of thoughts. 

Prototypes were usually made in a late stage of the product development process, 
when details and design ideas were already configurated and it’s role was related 
more to communicate the design idea within work teams and, or persuade possible 
clients or stakeholders (Sanders, 2013, p. 4) However, their role in the design process 
has changed over time, by appearing earlier in the project thanks to technological 
advances. Schrage (1996) presents the case of Toyota as an example of change in the 
approach of prototyping in the automobile industry; instead of creating these elabo-
rated clay models, they designed first with Computer-Aided-Design (CAD) tools, sav-
ing time and allowing the team to make changes easily. The physical clay models 
were made later as a result of the CAD prototypes iterations. Schrage refers to these 
approaches as cultures of prototypes; in the case of General Motors, the prototyping 
process was led by the specifications, it is a specification-driven prototype approach. 
On the contrary, Toyota used the prototype to create the final specifications, on what 
Schrage calls prototype-driven specifications. (Shrage, 1996, p. 4)

Technological advances have contributed to change how prototypes are conceived and 
used, “With modern tools for CAD, much of the design of an automobile can be com-
pleted on-line, and can be visualized through high-quality graphics” (Shrage, 1996, p. 

Prototypes and Design Evolution
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5). Other technologies such as topography and photosculpture in the late nineteenth 
century made possible 3d printing, or as some refer to as rapid prototyping (Lengua, 
2017, p. 7). The possibility of creating quick, accurate and detailed models with tools 
such as CAD or 3d printing opened the door for prototypes in other industries such as 
health and science. Regarding these areas, prototypes are used, again, to translate 2D 
data into 3D representations that allows experts to learn and take informed decisions 
about, for example, congenital heart diseases. (Vettukattil, Samuel, Gosnell, & Kurup, 
2017, p. 9) The prototyping process begins with established specifications (2D data) 
and seeks to evaluate them in specific scenarios, they are specification-driven proto-
types. 

Other approach of prototyping comes from interaction design and software develop-
ment, that have led to a change in the way prototypes are made and has increased 
its visibility as an essential practice (Corsín, 2014, p. 381). “Developers are here known 
for releasing beta or work-in-progress versions of their programmes, as an invitation 
or call for others to contribute their own developments and closures.” (Corsín, 2014, p. 
381) In this case, the prototype is open to other members of the organization, not for 
them to review it or evaluate it only, but also to be involved in the prototype develop-
ment. The prototyping process is not fully led by specifications, as it happens in the 
cardiac disease example, instead it leaves some space for failure and exploration of 
possibilities, “An important feature of prototyping in this case is the incorporation of 
failure as a legitimate and very often empirical realization” (Corsín, 2014, p. 1)

The evolution of prototypes perspective has led to different notions of prototypes, 
which varies across different fields. In the following section a description of different 
notions of prototypes within their disciplines is presented.

3.2. Notions of Prototypes: from tangible features to intangi-
ble dimensions

“Is a brick a prototype? The answer depends on how it is used. If it is 
used to represent the weight and scale of some future artifact, then it 
certainly is; it prototypes the weight and scale of the artifact. 
This example shows that prototypes are not necessarily self-explana-
tory. What is significant is not what media or tools were used to create 
them, but how they are used by a designer to explore or demonstrate 
some aspect of the future artifact.” (Houde & Hill, 1997, p. 368)

Blomkvist & Holmlid synthesize the definition of prototypes through different disci-
plines as a representation or manifestation of ideas or assumptions about the future 
that can be tested (Blomkvist & Holmlid, 2011, p. 2). However, this general definition 
is applied differently according to the field and the prototype’s purpose. As it has 
been mentioned above, prototypes’ notion began within the industrial design and 
engineering discipline from a tangible perspective: physical artifacts that represent 
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an intangible idea, however, other disciplines such as Human Computer Interaction 
has challenge this notion of prototype and have entered into the field of intangibles, 
focusing the attention on interactions more than physical features. Below, a brief de-
scription of different notions of prototypes is presented.

Industrial design, engineering and science

In product design, engineering and science prototypes were meant to proof or vali-
date an already specified design solution. “Therefore, prototyping in the engineering 
design literature is mainly regarded as an expense and an activity that takes place in 
the late stages of the design process to verify and validate performance and function-
ality of the design.” (Elverum & Welo, 2016, p. 1) Nevertheless different studies about 
prototype’s role within the practices in manufacturing companies (Elverum & Welo, 
2016) (Lauff, Kotys-Schwarz, & Rentschler, 2018) have concluded that prototypes are 
used along the whole process of product development to; (1) communicate the de-
sign idea between internal and external actors involved in the design project, (2) learn 
about the design solution, from framing the problem correctly to validating perfor-
mance and explore possibilities in collaboration with users, and finally to (3) inform 
decision-making regarding feasibility, desirability and viability of the product. In these 
fields, prototypes are understood as physical representations of a design idea.

Human Computer Interaction 

In Human-Computer-Interaction (HCI), prototypes play an important role in exploring 
designs for interactive computer artifacts, which are complex as they deal not only 
with a material dimension but also with an intangible structure that affects the ex-
perience of the user, “Any artifact can have a rich variety  of software, auditory, visual 
and interactive features. Users experience the combined effect of such interrelated 
features; and the task of designing and prototyping—the user experience is therefore 
complex.” (Houde & Hill, 1997, p. 367). In HCI language, artifact is understood as any 
interactive system being designed, regardless the mean. (Houde & Hill, 1997)

Houde & Hill (1997) established four types of prototypes within the HCI field; the firsts 
ones are the (1) Role Prototypes which aim at investigating questions about the func-
tion of the artifact and evaluate how users could interact with it. It also helps to com-
municate the main role of the design to other members of the team. The second type 
are the (2) Look and Feel Prototypes, to explore and demonstrate possibilities related 
to the experience of an artifact, it can be used to visualize how the design solutions 
could look and share it with other members outside the design team and users. The 
third type are the (3)Implementation Prototypes which answers technical questions 
about how the artifact might work, “They are used to discover methods by which ad-
equate specifications for the final artifact can be achieved-without having to define 
its look and feel or the role it will play for a user.” (Houde & Hill, 1997, p. 376) They help 
to experiment and understand the feasibility of the artifact. Finally, a fourth type com-
bines the last three into one that represents the complete user experience of an arti-
fact, considering the look and feel, role and implementation aspects, they are called 
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the (4) Integration Prototypes and help to discover and solve constraints overlapping 
between the last three dimensions. 

Figure 8 Four Principal categories of prototypes on the model

(Houde & Hill, 1997, p. 367)

Lim, Stolterman and Tenenberg (2008) propose a more general categorization of pro-
totypes, they divide them in two main groups: prototypes as filters and prototypes 
as manifestations of design ideas. Prototypes as filters could encompass the types 
of Houde & Hill (1997) previously described; each type would be a filter that helps de-
signers to generate and evaluate discovery about the artifact and the user interaction 
in one of the first three dimensions, without representing the design completely, “A 
primary strength of a prototype is in its incompleteness. It is the incompleteness that 
makes it possible to examine an idea’s qualities without building a copy of the final 
design.” (Lim, Stolterman, & Tenenberg, 2008, p. 7:7) What is critical is to decide which 
filters will allow to examine and explore what is needed for the project.

Similar to the analysis of Küchler (2010), Lim, Stolterman and Tenenberg (2008) char-
acterize the second group as prototypes as manifestations; in this group prototypes 
are described as a materialization of thoughts, which enables designers to create 
knowledge and learn from iterations, “… externalization of thought gives rise to new 
perceptual and cognitive operations that allow for reflection, critique, and iteration.” 
(Lim, Stolterman, & Tenenberg, 2008, p. 7:9)

Approaches from HCI and product design have been the base to build the prototypes 
notions for emerging fields such as service design, organization design and design 
thinking, among others. “As the reach of design has moved beyond the design of 
products to the design of interactive systems, and even to elements of service de-
sign, many of these newer prototyping methods, such as those that involve role-play-
ing and scene enactment, are becoming more deeply embedded in design practice” 
(Coughlan, Fulton, & Canales, 2007, p. 4). This changes within the design field has con-
tributed to the transformation of prototypes’ notions, hence a deeper understanding 
of these changes is needed to understand the foundations of prototypes’ emergent 
roles inside and outside the design discipline.

Prototypes and Design Evolution
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    3.3. Changes in design: broader scope and new scenarios 

To understand emergent roles of prototypes it is necessary to understand changes in 
design discipline that have opened a broader scope of intervention; expanding from 
the physical or built world, to an intangible scenario where new disciplines such as ser-
vice, system design or social innovation become part of the design discipline. Within 
these emergent areas, prototypes have evolved and supported design development. 

Sanders (2013) establish four manifestations of change in the design discipline. These 
manifestations respond to a wider transformation in contemporary production sys-
tems and organizations. On the one hand, second industrial revolution with rapid 
manufacturing has challenged the notion of materiality (Buchli, 2010, p. 280), which 
has affected design as a discipline that was born in a material culture addressed to 
the creation of physical artifacts. On the other hand, “Rapid manufacturing suggests 
that the classical social structures associated with production are further challenged: 
creator and producer are one” (Buchli, 2010, p. 281), this change defies also the notion 
of author, focusing the attention in relations and interactions, which calls for a change 
in how organizations must behave (Corsín, 2014, p. 382)

These drivers are manifested inside the discipline of design and from the discipline to-
wards other fields. The first manifestation is an internal change of focus and purpose 
of design, extending design scope and boundaries. In the second place, there is an ex-
ternal change from other disciplines towards design, that is the increasingly interest 
from non-designers into creative activities. In the third place, there is a new branch 
of design discipline that spreads outside design discipline into multiple fields. Finally, 
in the fourth place, there is a macrotrend that affects different disciplines, including 
design: co-creation as a new paradigm of knowledge production. The last one also 
gets nourish from design discipline, which offers co-design as an approach to make 
co-creation possible.

Figure 9 Changes in Design Discipline

Based on theories of  Sanders (2013)

Change of
Production  
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Focus change 

The first manifestation is the change of the focus of design; it has changed from fo-
cusing in the production of objects to focus on the purpose of the design, which is not 
necessarily manifested in physical artifacts. 

Table 7 Old and New Design Domains
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Emerging Design
Disciplines

Visual communication design

Industrial Design

Interior Space Design

Architecture

Interaction Design D
es

ig
n

 fo
r 

E
xp

er
ie

n
ce

D
es

ig
n

 fo
r 

Se
rv

ic
e

D
es

ig
n

 fo
r 

In
n

ov
at

io
n

D
es

ig
n

 fo
r 

Tr
an

sf
or

m
at

io
n

D
es

ig
n

 fo
r 

Su
st

ai
n

ab
ili

ty

(Sanders, 2013)

The new design domains focus on the people and the context of their lives, it goes 
beyond the “stuffs”. This change claims for a change in how design is being performed 
and the tools and methodologies required, including prototyping and prototypes. 
“There is a need for alternative forms of conceptualization and embodiment beyond 
stuff.” (Sanders, 2013, p. 2) When the focus of design changed, the role of prototyping 
also shifted.

Regarding the shift of the notion of materiality, Buchanan (2001) questions also the 
notion of product, and how its transformation is part of what he calls the revolution 
in design, which he explains through four orders of design in the twentieth century. 
From the first two orders of design, which are based on symbols and things, to the 
last two based on actions and experiences; “… the products are more than physical 
objects. They are experiences or activities or services, all of which are integrated into 
a new understanding of what a product is or could be.” (Buchanan, 2001, p. 11) The 
following graphic explains the four orders of design and their relation with materiality 
and intangible focus: 
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Figure 10 The four orders of design
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Based on the four orders of Buchanan (2001)

Morelli (2002) talks about the necessity of a shift from production of products to the 
provision of systems of products and services, in what he refers to as PSS (Product Ser-
vice System). The design approach can contribute to the evolution of PSS, moreover 
“..the involvement of designers in the development of PSS would require an extension 
of designers’ activities to areas previously covered by different disciplinary domains.” 
(Morelli, 2002, p. 3) Beaulé (2018) expands the four orders of Buchanan (2001) into an 
eight layers diagram, where it is visible how the focus of design expands into new 
fields, including government and grass-root movements:

Figure 10 The evolution and growing complexity within design fields

(Beaulé, 2018, p.8)
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The last layer called transition refers to the transition theory, which aims at under-
standing the behavior of complex systems that go from equilibrium cycles to short 
periods of instability and chaos (Puerari, Koning, Mulder, & Loorbach, 2017, p. 203)

Creative activities for non-designers

The second manifestation is an increase of interest in creative activities for non-de-
signers, “This can be seen in the growth of DIY (do-it-yourself) industry and the resur-
gence of crafting at all levels” (Sanders, 2013, p. 2). The change in production structures 
opens the possibilities for people from different fields to be creative and craftmanship 
recovers value into a landscape where experts are becoming part of a horizontal hier-
archy, where “lay” people knowledge and capacities could also contribute to produc-
tion and knowledge generation. “It has become increasingly evident that everyday 
people are no longer satisfied with simply being consumers.” (Sanders, 2005, p. 6)

Design thinking 

The third manifestation is the spread of “design-thinking” in the business communi-
ty that has expanded also in other fields such as mathematic (Simon & Cox, 2019) or 
policy design (Kimbell & Bailey, 2017 ). “Design thinking is already of such interest that 
business schools within universities around the world are attempting to revamp their 
curricula to meet the needs of business students who do not want to play the business 
as usual game” (Sanders, 2013, p. 3) Connected to the latter manifestation, organiza-
tion are getting interested in alternative approaches to problem solving, where classi-
cal structures of knowledge production are getting replaced by horizontal structures. 

Companies like IDEO have taken this opportunity to another level, using prototypes 
within organizational design as boundary objects that impact companies at an or-
ganizational level “our emphasis is primarily on change in individual work behavior, 
organizational capability building, and cultural change as objectives and benefits of 
prototyping.” (Coughlan, Fulton, & Canales, 2007, p. 5) 
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Co-creation 

Finally, the fourth manifestation is the interest in co-creation in different fields, includ-
ing design. “Design, and prototyping has migrated towards an increasingly collabora-
tive practice (Sanders, Prototyping for the design spaces of the future, 2013, p. 4); The 
way design think and interact with people affected by the design has change from a 
customer perspective to a co-creator perspective.

Figure 11 Changes in the way we think about people
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(Sanders, 2005, p. 5)

The value of prototyping as boundary object is a relevant asset for other disciplines 
looking to involve people in process that were before closed to a group of experts: “Me-
dialabs, hacklabs, community and social art collectives, dorkbots, open collaborative 
websites or design thinking workshops are spaces and sites where prototyping and 
experimentation have taken hold as both modes of knowledge production and cul-
tural and sociological styles of exchange and interaction.” (Corsín, 2014, p. 381) 

The spread of design- thinking and DIY industry are also manifestation of a change 
in how organizations and disciplines aim to generate knowledge and create solutions 
with people.  “In particular, the drive towards more participatory approaches has been 
extended to areas of policy making that more than others have traditionally been con-
sidered the domain of experts.” (Rizzo, et al., 2020, p. 15) The design discipline brings 
co-design as an alternative to operationalize co-creation, and prototypes play a key 
role in this process.

The transition from tangible and visible features of the prototypes to intangible di-
mensions gives birth to emerging roles of prototypes, not only in the design discipline, 
but in other areas in which prototypes were not considered before.
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3.4. Emerging roles of prototypes 

As design discipline has evolved, so has the concept of prototyping; from translation 
of thoughts towards  a collective thinking and knowledge construction, prototyping 
is becoming a participatory activity (Sanders, Prototyping for the design spaces of the 
future, 2013) that has the potential to anticipate future  scenarios, generate knowledge 
and changes within an organization. 

Table 8 Changes in Design Discipline and Emerging Roles of Prototyping
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Based on theories of Buchanan (2001), Sanders (2013), 
Lim & Stolterman(2008), Coughlan, Fulton, & Canales (2007)

“Collective thinking” 
or “thinging”
through prototypes

To analyze prototype’s roles in different fields, a literature reviewed was carried out 
and two aspects were considered to map these roles: and the first one is related to the 
prototype itself; the second aspect is related to the process of prototyping. To analyze 
the literature, the previous aspects were considered and two approaches of design re-
search, determined by Sanders (2005), were put as vectors of prototypes understand-
ing and roles. These two approaches of design research are extrapolated with proto-
typing, as the latter can be considered also as a mean for knowledge creation.  

The first approach is the informational approach, which is based on a scientific model 
and expert-driven process to measure performance and specifications. The second 
one is the inspirational approach, which values the perspectives of actors involved in 
the design and implementation process and is based on experimentation and ambi-
guity, drawing from the future and the unknown. (Sanders, 2005, p. 10) As ambiguity 
increases, the uncertainty in prototyping increases, which makes it a process fertile for 
exploration and experimentation. Although in the informational approach the  level 
of uncertainty is lower, it doesn’t mean that it doesn’t exist; as it has been mentioned 
before, prototype itself relies on the unknown and the possibility of failure, which is 
what allows it to test possible outcomes and iterate from them. 
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About prototypes 

•	 Realistic prototypes: easy to develop high fidelity prototypes
•	 Rough prototypes: early rough prototypes  

As design scope has gone beyond material artefacts towards interactions and re-
lations, the role of prototypes, has also changed “Physical manifestation of product 
ideas are no longer adequate to visualize the emerging design spaces where facing 
challenges of large-scale social issues” (Sanders, 2013, p. 3). Tools such as role playing 
and scenarios have emerged as “intangible” solutions to these challenges, similarly, 
but following a different direction and objectives, technology has evolved to enable 
high- fidelity representations and simulations of design solutions. 

Fidelity is one dimension of prototypes; “…  is a measure of how authentic or realistic a 
prototype appears to the user when it is compared to the actual service.” (Virzi, 1989, 
p. 224) Although sometimes is difficult to draw the line between a high-fidelity and 
a low- fidelity prototype, there are  prototypes that aim at achieving a high level of 
detail of the design solution, while others seek to simulate situations and interactions 
regardless the detail of the prototype itself, these prototypes could be considered as 
rough-prototypes.

According to Sanders (2013), prototypes have evolved in 2 different approaches: (1) 
easy-to-develop high-fidelity prototypes and (2) early rough prototypes. The first one 
is due to technological progress that has enable an increasingly fast develop of proto-
types with realistic details demanding less effort than, for example, the Toyota’s CAD 
models in the 1980’s; realistic prototypes might be centered in the tangible dimension 
of the prototype, meaning the details of the physical or digital artifact. The second one 
seeks for a different purpose; it focuses in the interactive value of prototypes rather 
than the look and feel dimension, which is an aspect more intangible than the later.

Both have advantages; the first one makes easier to sell design ideas before invest-
ing large amount of resources, as it can represent in a very realistic way the proposed 
solution. The second one can occur at the beginning of the design process and evolve 
progressively along the project enabling learning through making and leaving space 
for interaction and collaboration, as it was learnt from software design, “… people are 
more likely to respond with constructive feedback to a rough prototype of an interac-
tive sequence than to an interactive sequence that looks final”. (Sanders, Prototyping 
for the design spaces of the future, 2013, p. 4) 
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About prototyping 

•	 Specification-driven approach: prototyping to validate specifications
•	 Prototype-driven approach: periodic prototyping as a trigger for innovation

To analyze prototyping as a process, two approaches were considered; on one side is 
the (1) specification-driven approach, which relays heavily on data before prototyping 
and prototypes seek to validate specifications already established. On the opposite 
side is the (2) prototype-driven approach, where prototyping usually appears from an 
early stage of the design process and contributes to experiment more than to validate. 
“At times, theory dictates the experimental agenda; at others, experimental discov-
eries drive the theoreticians” (Shrage, 1996, p. 3) Sometimes this dualism is hard to 
distinguish, the difference relays in what aspect leads the prototyping process; speci-
fications or prototypes. 

Figure 12 Specification-driven and Prototype-driven

Specifications
Theory , Data, Hypothesis Experimental discoveries 

Prototype

Based on theories of Shrage (1998)

Prototyping is moving towards a more prototype-driven approach, nevertheless, this 
may vary according the culture of prototyping that an organization has, regardless the 
sector.  According to Schrage, the role of prototyping is changing in two aspects: the 
innovation process and the innovation teams (Shrage, 1996, p. 9)  

a) The process

On the one hand, the perception of prototypes as the result of an innovation process 
is shifting to a belief that periodic prototyping can drive to innovation processes. “De-
signers that are held to periodic prototyping schedules are likely to become more 
prototype-driven.” (Shrage, 1996, p. 9) 

b) The teams

On the other hand, prototyping can also become a mean for communication between 
teams and stakeholders, acting as a boundary object that invites to dialogue and inte-
gration, leading to a cross-functional organization of teams. “… conceive of the process 
of prototyping as “thinging,” that is, not only as a thing (an object) but as a socio-ma-
terial relationship in which issues can be dealt with.” (Tironi, 2018) 
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In this sense, prototyping is becoming a collective activity, which aims to involve stake-
holders and users from the beginning of the design process into a practice that can 
make sense of the future, beyond testing features of a design solution. In other disci-
plines, such as art, science design and political organizations, prototypes have become 
part of an emerging culture based on participation, experimentation and innovation. 
“The experimental and open-ended qualities of prototyping have become a surrogate 
for new cultural experiences and processes of democratization” (Corsín, 2014, p. 382)

Literature analysis 

A literature review was carried out to understand the role of prototypes in different 
disciplines, and how prototyping as a process and prototypes as artifacts are used. 39 
documents from design, engineering, science and social sciences between 1984 and 
2019 were analyzed, to see the list of documents go to the Annex in Page 135. In the 
following graphic, the position of 

Figure 13 Analysis of Prototypes Literature Review between 1984 and 2019
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Most literature about prototyping belongs to engineering (9 documents) and design 
(22 documents) fields. Although there are more documents in the literature than the 
ones reviewed for this study, the most relevant and quoted were selected for the anal-
ysis. Regarding other fields, documents in which the word prototype or prototyping 
appeared in the title or abstract were considered for the study. 

All documents from engineering are in the bottom-left quadrant, with specifica-
tion-driven and realistic prototypes. In engineering field, prototypes are regarded 
from a specification-driven approach and the literature gives importance to the tech-
nological advances to make high fidelity prototypes possible, such as rapid prototyp-
ing. Nevertheless, as it is shown in the graphic, this tendency is getting close to the 
center and the approaches may vary depending on the specific sector. Prototypes are 
present during the whole process of design and its role varies according to the stage 
in which is used. 

Most documents coming from the design field are placed on the opposite quadrant 
of the matrix, expect some documents coming from product design field. In the case 
of design literature, a differentiation between the micro fields and its prototyping ap-
proaches was necessary; organizational and participatory design tend to be closer to 
the prototype-driven approach, closer to the exploration through the prototype. In 
the case of service and product design prototypes tend to be rougher but slightly less 
prototype-driven than the organizational and participatory design authors. As it has 
been mentioned before, interaction design started the shift in prototyping approach-
es, focusing more in a prototype-driven approach and establishing methodologies for 
rough prototypes such as paper-prototyping and collaborative activities, this can be 
seen in the larger number of literature talking about this approaches.

In science most prototypes literature is related to the engineering approach, valuing 
rapid prototyping as an accurate methodology to test specifications and require-
ments. However, in the field of mathematics, a design thinking approach was found 
in which a prototype-driven approach was dominant, from a theoretical framework 
the author tries to explore possibilities through design thinking methodologies of 
prototyping. Only one paper coming from social science was found, in this case the 
prototype was created from specifications to recreate past technologies, Prototyping 
the past by Jentrey, S. (2015) address prototyping from an interesting point of view; 
instead of prototyping to anticipate to possible futures, the document tries to recreate 
the past, trying to prototype lost technologies to validate some historical hypothesis of 
previous times, using 3D models that aim at being as realistic as possible. 

Most literature remained in two quadrants of the Prototyping Matrix, they were ei-
ther specification-driven and realisitc prototypes or prototype-driven and rough pro-
totypes. However, as Sanders (2013) suggest, there are technological advances and 
changes of  mindset that allows different configurations of prototyping approach-
es. Documents with the * mark are examples of alterantive prototyping approaches, 
as they are specification-driven and rough or prototype-driven and realisitc. Proto-
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type-driven approacges take advantage of technology to easily develope realistic pro-
totypes while exploration parts of the process. To see what documents are located in 
these quadrants, please refer to the Annex in Page 135.

In terms of policy design, Kimbell and Bailey (2017) present examples of prototyping in 
governments, such as Dubai and the London studio, highlighting specially the impact 
prototyping has at organizational levels: 

“Whereas policy teams can commission ‘user’ research about citizens 
and stakeholders and get help in organizing Co-Design workshops, the 
exploration of policy options through prototyping touches more directly 
on organizational capabilities in government, democratic commitments 
and political agendas.” (Kimbell & Bailey, 2017 , p. 215)

Although only two documents containing the words prototype or prototyping in the 
policy design field were found and included in the appendix, many documents con-
sidering the value of design in policy making were found and considered for the sec-
ond literature review of this thesis. Kimbell and Bailey (2017) presents the first direc-
tions in which prototypes can contribute to policy design and how organizations in 
public administration are seeking for prototypes that “mediates existing knowledge 
and anticipates possible futures” (Kimbell & Bailey, 2017 , p. 217) In the following litera-
ture review, a deeper understanding on the relations between prototypes and design 
approaches in design for policy is presented.
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“In an age of audit justifications, social impact and 
public and ethical accountabilities, the seductiveness 

of the prototype is hard not to miss. Here is an epistemic 
culture built on collaboration, provisionality, recycling, 
experimentation and creativity, which seems as much 

oriented to the production of technological artefacts as it is 
to the social engineering of hope.” (Corsín, 2014, p. 382)
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As it has been mentioned before, changes in design discipline are closely related to 
prototype’s evolution and has opened the scope of both to new fields of interventions, 
such as policy design: “The technological promises of the prototype seem to have in-
stated a new illusion of democracy: it has brought the worlds of objects, engineer-
ing, design, cultural practice and politics together in some new fertile assemblages.” 
(Corsín, 2014, p. 383) The policymaking landscape has also change, and bottom-up ap-
proaches have open space for new directions of policy design, such as design for policy, 
with a collaborative and explorative attitude, inborn attributes from design thinking.

According to van Buuren, Lewis, Peters, & Voorberg (2020) there are three design ap-
proaches in public administration. The first one is called (1) Design as Optimization, 
which aims at simplifying or solving complex problems form a rational design per-
spective, usign formal and systematic design methodologies to achieve it. The second 
one is (2) Design as exploration, that is more related with experimentation and learn-
ing by doing, it has a creative approach and most of the Living Labs and Innovation 
units in governments seek to follow this approach. Finally, the third one is called (3) 
Design as co-creation, where the main focus is co-design as a process that involves 
citizens, private and public institutions and organizations. Although every approach 
has an specific focus, the three of them share a design approach and can be related 
to one another. The following table from van Buuren, Lewis, Peters, & Voorberg (2020) 
summerize the three aproaches: 

Table 9 Three design approaches in public administration

(van Buuren, Lewis, Peters, & Voorberg, 2020, p. 11)

Returning to the previous table of Changes in Design Discipline and Emerging Roles 
of Prototyping, there is a clear connection between the changes in design, the emerg-
ing roles of prototyping and the approaches of design in public administration:
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Table 10 Changes in Design Discipline and Emerging Roles of Prototyping: Approaches 
in Design for Policy
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“Collective thinking” 
or “thinging”
through prototypes

From the 4 manifestations of changes in design explained by Sanders (2013), two of 
them are key in the intersection of design and policy making; the first one is an in-
creasingly interest in design thinking within policy design, the second one is co-cre-
ation as an growing practice, where co-design leads as a materialization of this model.  
According to the 3 approaches of design in public administration explained in chapter 
2.2., these manifestations belong to the (2) Design as exploration and (3) Design as 
co-creation approaches. 

Figure 14 Changes in Design Discipline and Design approaches in Policy Design
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The focus change in design discipline towards purposes and interactions answers to 
a need of flexibility and capacity of anticipation in public organization that have en-
counter in design thinking and co-creation an alternative to face wicked problems in 
a changing environment where different stakeholders are involved. 
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4.1. Design as exploration: design thinking and organizational 
changes 

There is a growing appearance of innovation units inside governments departments 
that base their methodology in this approach. Countries such as Denmark, with the 
first innovation lab, MindLab, Canada with different innovation and design labs or 
Australia with the Australian Public Service Innovation Action plan (2011) which led to 
the opening of several innovation units are proof of this phenomenon ;“Design think-
ing should matter to governments because many gaps exist between the services 
governments deliver and what citizens want.” (Mintrom & Luetjens, 2016, p. 391) 

Design thinking moves the implementation phase of policy design to early stages 
(Clarke & Craft, 2018, p. 12), involving stakeholders from the  beginning and opening 
the space for experimentation of new policy options and services. This main chang-
es regarding traditional policy making seeks to raise success chances by prototyping 
solutions and engaging actors involved before investing large amounts of resources, 
which in this case, sometimes are public. 

Nevertheless, the potential of design thinking in policymaking is ambitious and al-
though it could bring many benefits it also represents risks and challenges to achieve 
what Corsín (2014) calls anticipation spaces in the public sector. 

“…in addition to supporting policy officials in the use of design methods in a ser-
vice mode, design expertise shapes the emergence of new hybrid policy mak-
ing practices, and at times problematizes the nature of policy making itself” 
(Kimbell, 2016, p. 2)

Within this work frame, prototypes have two important roles: on the one hand, their 
exploratory attributes allow innovation units in governments to create anticipation 
spaces and experiment possible scenarios, “ the benefit of design lies predominantly 
in broadening the scope of solutions that are taken into account and the room for 
experimentation” (van Buuren, Lewis, Peters, & Voorberg, 2020, p. 13) Leading to inno-
vation in public sector which can help address wicked problems. 

On the other hand, prototypes can act as boundary objects that enable communi-
cation and interaction across organizations and between stakeholders, seeking for 
a structural shift in organizations towards flexible entities capable of experimenting 
and managing uncertainty and ambiguity. This role of prototypes in design think-
ing is also related to the Design as co-creation approach; “design thinking adopts a 
systems-based approach and emphasizes the benefits of co-creation that considers 
the views and resources of a broad range of players within government” (Clarke & 
Craft, 2018, p. 13) This appeals for an institutional communication beyond silos and ex-
pert-driven approaches, which drives us to the following approach. 
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4.2. Design as a path for co-creation: co-design in policy mak-
ing

Co-design and the collaborative approach of prototyping offer an alternative to make 
co-creation possible, engaging stakeholders and final users in the frame of an open 
government. “In the public sector, co-design is often invoked as a more effective, 
democratic, or innovative alternative to conventional approaches to community en-
gagement, public participation, service design, and policy development.” (Blomkamp, 
2018) 

This approach contributes to the anticipation to unknown scenarios from a citizen 
-centric approach “co-design may thus help to pre-empt future problems, especially 
by overcoming the common problem of policy interventions being based on flawed 
assumptions” (Blomkamp, 2018, p. 736). According to Sanders (2013) prototypes en-
able not only the anticipation and shape of the future, but the making sense of it. 
“prototypes will not just be seen as representation of future objects but as tools for 
collectively exploring, expressing and testing hypotheses about future ways of living.” 
(Sanders, 2013, p. 6) Within this frame, prototyping enables a relationship of hope and 
trust with public institutions, “By enabling people to give life to their early and unre-
fined ideas using this powerful design method, we encourage them to engage others 
in collaboratively creating their future.” (Coughlan, Fulton, & Canales, 2007, p. 11). How-
ever, this might be one of the hardest approach to achieve completely, “collaboration 
is often restricted to public officials and to consultation instead of co-creation” (van 
Buuren, Lewis, Peters, & Voorberg, 2020, p. 11) It raises questions about roles and struc-
tures as well as representation: 

“the emphasis on prototype-(ing) not only implies a greater critical involvement 
of individuals, but also implies a shift from participation to appropriation, which 
raises ethical questions about whether those involved in the co-design process 
have been rightfully represented” (Binder, Brandt, Ehn, & Hasle, 2015)

In this sense, co-design and prototyping face political questions and decisions to be 
made that might not be considered in design methodologies coming from the de-
sign thinking approach. The way stakeholders are identified in industrial co-design 
processes within the business area are different from the way that stakeholders might 
be defined within public issues, “As the focus of codesign research is shifting broader 
societal issues and public concern, the rhetoric and assumptions about stakes and 
stakeholders are also being challenged.” (Binder, Brandt, Ehn, & Hasle, 2015, p. 161)

A literature review carried out by Hermus, Buuren & Bekkers (2020) reveals the follow-
ing distribution and level of involvement of stakeholders in publications about proj-
ects with design approaches in public administration journals between 1990 and 2016, 
showing that civil servants are the most common stakeholders in design applications, 
and citizens are not so involved as experts or implementers. 
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Table 11 Types and level of stakeholders’ involvement

(Hermus, van Buuren, & Bekkers, 2020, p. 32)

This graphic demonstrates that there are still challenges in co-creation processes and 
prototyping might be facing similar challenges in their process when aiming at a col-
laborative activity. In the following section, a description of the challenges identified 
through the second literature review are presented.

4.3. Challenges of prototyping in policy design 

Prototyping as a collaborative activity for exploration and communication between 
stakeholders can defy some existing structures and relations between the actors 
involved. Understanding that prototyping might not be suited for all policymaking 
scenarios, there are key aspects to make prototyping a sustainable practice in poli-
cymaking, when needed. For this thesis, the following challenges were identified con-
sidering the literature analysis of the role of prototypes and literature review of design 
for policy: 

Challenges in Design as Exploration 

a) Make the process of prototyping last in time as an iterative process: As it has 
been analyzed in the emerging roles of prototyping regarding the process, pe-
riodic prototyping can drive to innovation processes and tends to move towards 
a prototype-driven approach. (Shrage, 1996, p. 9)However, the time and resourc-
es it requires might be a limitation in a policy-making framework (Clarke & 
Craft, 2018, p. 14). Making prototyping sustainable in local context means that 
the process won’t be a one-time only event, but a systematic practice that en-
dures through time and influence decision making and problem framing with-
in co-creation practices. 
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b) Learn from prototyping and transfer knowledge created: one of the key as-
pects of experimenting and prototyping is learning and iterating from failure, 
otherwise the value of these practices is not sufficient; “governments experi-
ment all the time – rolling out new policies on the populace, but without really 
learning if they are doing any good” (Breckon, 2015, p. 6) What might differ-
entiate prototyping experiments is the knowledge that it generates and how 
this knowledge is applied to future scenarios and decisions, as well as who is 
getting access to the knowledge created. 

c) Deal with uncertainty and failure in the local context: as it has been said pre-
viously, one of the key features of prototyping is the incorporation of failure and 
ambiguity, however, public sector and policymaking usually tries to reduce or 
eliminate these factors, instead of dealing with them.

d) Measure outcomes and outputs of prototyping: in terms of accountability, 
outputs and outcomes are important to measure in the public sector, as they 
serve as proof that the public resources have been, or could be, well invested. 
It is also a way to legitimate decision making and its implementation. Different 
authors agree that there is little evidence about the benefits that design think-
ing approach can bring to policy making and the possibility of scalability of this 
approach. (Lewis, McGann, & Blomkamp, 2020) (Clarke & Craft, 2018).

e) Development and dissemination of design capabilities:  as it has been said 
before, experimenting and prototyping calls for a disposal to deal with uncer-
tainty, which requires a cultural change and capacity building within the par-
ticipants involved in the process, “The realization of this alternative approach 
to policymaking will depend however on how design thinking is operational-
ized and drawn upon in practice by governments and other key policy actors.”  
(Lewis, McGann, & Blomkamp, 2020, p. 124 ) Hence, the capacities and mindset 
of people involved must be prepared to face this challenge. Although prototyp-
ing itself can contribute to capacity building and transformation, the learnings 
from this process must be disseminated and shared to create a bigger impact 
and improve the quality of prototyping as a process through time.

Prototypes and Design Approaches in Policy Design
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Challenges in Design as Co-creation

f) Align prototyping outputs with policymaking context: the outputs of partici-
pation and co-creation need to ‘fit’ within the machinery of policymaking: there 
is a need of tools and machinery to incorporate the results of co-creations and 
prototyping into the policymaking system (Deserti, Rizzo, & Smallman, 2020) As 
Clarke and Craft (2018) enunciate, one weak point of design thinking in design 
for policy is to ignore the political context that permeates decision making. As 
it has been said before, there is a need to meet top-down and bottom-up per-
spectives in a middle point that allows grass roots innovation to scale and pol-
icies to be aligned with citizens needs and governments constrains and agen-
das.

g) Align stakeholders’ expectations: a collaborative process means dealing with 
the expectations of all the participants, one challenge of policymaking is that it 
entails several stakeholders from private and public sector with different moti-
vations and needs that build the expectations towards a prototyping process. 
Prototypes as boundary objects might enable a collaborative channel of com-
munication and negotiation, nevertheless, different (even opposite) expecta-
tions of the actors involved could hinder the process. 

h) Versatility of roles and power distribution: co-design and in general bot-
tom-up approaches defy hierarchal structures and traditional roles (the ex-
pert- the lay people, the citizen as a customer – citizen as a co-producer) which 
might me hard to change within public institutions. Clarke and Craft (2018) talk 
about the complexity of different public entities and policies implied in one 
issue, and the impact of policy mixes during the policy design process. These 
factors might affect the potential of the output and in consequence, the out-
come of prototypes.  

i) Representation of target citizens:  the participation of people in the prototyp-
ing process within a design for policy framework, raises questions about dem-
ocratic processes and representation of affected communities, “The transition 
from prototype (-ing) to implementation is the assurance that an outcome is 
reached and that a sort of decision has been made, but it is also a transition 
from participation to appropriation that may well raise questions as to whether 
those affected have been rightfully represented.” (Binder, Brandt, Ehn, & Hasle, 
2015, p. 156) Regarding this aspect, the question would be how is design think-
ing and its methodologies different from other participatory initiatives from 
government? “design thinking suffers from the same limitations of other pol-
icymaking approaches by protecting the powerful.” (Lewis, McGann, & Blom-
kamp, 2020, p. 112)
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j) Engage stakeholders: prototyping requires time and energy to interact with 
others involved in the process, for actors to invest time and resources in this 
process, it’s necessary to engage them to achieve quality contributions and 
higher participation. 

However, it is important to clarify that the challenges are not elements independent 
from each other, rather are part of a system and some aspects are strongly intercon-
nected. Moreover, the fact that the challenges are being categorize according to the 
two approaches of design in public administration doesn’t mean that they are exclu-
sively from one approach, as has been mention before, both approaches are comple-
mentary, however, some challenges are core from specific approaches.

Figure 15 Systemic view of challenges of prototyping in design for policy
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The identification of these challenges helped to address this thesis research, togeth-
er with the triangulation of the information of the previous literature review, the re-
search questions were established as is explained in the following chapter.

Prototypes and Design Approaches in Policy Design



5. Triangulation 
of information 
From the two previous literature reviews, two main outputs contributed to the devel-
opment of the research questions and following analysis of the ten SISCODE co-cre-
ation labs: The Prototyping Matrix and the list of challenges of prototyping in design 
for policy. 
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From the first literature review about notions of prototypes and design evolution, a 
Prototyping Matrix with two dimensions to analyze prototyping approaches and its 
level of uncertainty was developed. This Matrix was applied to the literature review 
and was used to analyze the SISCODE co-creation prototypes.

Prototype
DrivenSpecification

Driven

Realistic

Prototyping
The process

Prototype
The artifact

Rough
Inspirational
Approach

Lower Level
of uncertainty

Higher Level
of uncertainty

Collaboration
Experimentation
Ambiguity

Informational
Approach
Testing 
Expert-driven
Scientific model

From the second literature review about prototypes in design for policy a list of chal-
lenges of prototyping in design for policy were identified. First, the list of challenges 
was clustered according to the emerging design approaches in policy design: design 
as exploration and design as co-creation. For this dissertation, a set of ten labs includ-
ed in the SISCODE project, an EU funded project aiming at stimulating co-creation in 
policy-design were selected. These ten cases have been selected because they repre-
sent a unique sample of co-creation labs currently engaged in applying co-design as a 
methodology to operationalize the engagement of policymakers in the development 
of prototypes as new solutions to local challenges across Europe.  Each challenge was 
contrasted with the objectives of the SISCODE project to identify which of them were 
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being already covered by the project and which of them were not completely covered. 
Below, the table of challenges, its category and state according to the SISCODE proj-
ect is presented:

The challenges that are not being covered by the SISCODE project in Design as Co-cre-
ation, are related to political issues:  (h) Versatility of roles and power distribution and 
i) Representation of target citizens and although these challenges are important, they 
go beyond the limits of this design thesis scope. Therefore, this research focused on 
the challenge related to the Design as Exploration approach: c) Deal with uncertainty 
and failure in the local context. In the following section, a brief explanation of what 
uncertainty means and how is it related with prototypes notions is presented.

5.1. Dealing with uncertainty and fear of failure

“Ignorance and uncertainty about environmental problems are not over-
come by recourse to participatory methodologies alone. Rather creative dia-
lectics between science and art, science and politics, experts and lay people, 
reductionism and holism, local perspectives and global perspectives need to 
be actively constructed” (Woodhill, 2010, p. 66).

In the case of prototypes, the issue with uncertainty is not about how to reduce it, but 
how to embrace it and learn from early failures. In Design for Exploration, experiments 
and innovation projects start with an objective and a goal, nevertheless the exact 
steps and effects of the decisions to be made cannot be anticipated if the intention is 
to explore, rather to validate initial assumptions. In a specification-driven prototyping 
processes the possible outputs can be foreseen, however, in a prototype-driven ap-
proach, uncertainty is one of the key features and this means facing the possibility to 
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fail, or to obtain unexpected outputs. Prototypes are “deliberately fabricated to ‘hang’ 
in a regime of uncertainty: it is a temporal construction that tolerates uncertainty as a 
reasonable and feasible outcome.” (Corsín, 2014, p. 391)

Uncertainty is defined as a situation or something that “is not known or certain” (Cam-
bridge Dictionary, 2020) . Corsín (2014) talks about prototypes experiments as traps for 
unknowns, following the metaphor of Rheinberger (1997); prototypes are meant to be 
like a spider’s web, they must predict what the spider is unable to foresee and be able 
to catch these unknowns.  “The trap works therefore to ‘artefactualise’ the illusions of 
self-movement: it opens up a space and time where the mechanics of regularity and 
predictability and the eventfulness of the unknown are folded and kept in mutual sus-
pension.” (Corsín, 2014, p. 390). 

The concept of unknown unkowns comes from the Johari Window, a model designed 
to understand interpersonal relationships created by the psychologists Joseph Luft 
and Harringtong Ingham in 1955. Later,Donald Rumsfeld, United States Secretary of 
Defense used this concept to answer questions about the lack of evidence of Iraq’s 
government weapon distribution to terrorists groups. (Justo, 2019) According to the 
complexity of a context, the unknown unknowns emerge, and the approach to ad-
dress them varies according to the scenario. 

Table 12 The Johari Window and design techniques to surface type of knowledge
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In the public sector, a relation of trust between citizens and public institutions is im-
portant, and so it is the need to respond to complex contexts and wicked problems. 
“Certainty is the foundation of trust; you need to create certainty for other people. Un-
certainty is the foundation of growth; you need to embrace uncertainty for yourself.” 
(Yang, 2018) Manage the equilibrium between certainties that generates trust with 
people and exploring through uncertainty is a challenge, especially in policymaking 
where, traditionally, the uncertainty and ambiguity are meant to be reduced as much 
as possible. “Government tends to bury failure or to learn from it only in the sense of 
veering away from it.” (Schön D. , 1973) 

Bringing uncertainty from the design discipline, where this concept usually is equal 
to opportunity, to policymaking context, where it is associated with risks and failure, 
might prevent stakeholders to engage with the process. The required skills to navi-
gate through uncertainty are trained within the design discipline, however the impli-
cations and this capacity change in the design for policy. This thesis aims at under-
standing this phenomenon.

5.2. Research questions

Prototyping brings uncertainty into design for policy because of its open nature, this 
uncertainty might be perceived as negative within the policymaking context, gener-
ating fear of failure and hindering engagement of policymakers in the process. This 
thesis aims to investigate the interaction between the process of prototyping and the 
engagement of policy makers in co-creation through the following research ques-
tions.

- How do policymakers interact with the uncertainty of prototyping in co-cre-
ation processes?

- Is the uncertainty of prototyping a barrier for policymakers’ engagement during 
co-creation processes?

Triangulation of information



6. Comparative analysis of 
SISCODE case studies

In the following chapter the description of the SISCODE project and its ten 
co-creation labs is presented, followed by a comparative analysis that aims at 

addressing the research questions previously mentioned.
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SISCODE is an EU funded project that aims at “understanding co-creation as a bot-
tom-up and design-driven phenomenon” (SISCODE, 2017, p. 4) to do so, the project 
has three main objectives; the first one is to study  the existing co-creation ecosys-
tems in Europe and identify effective practices and outcomes of involving people in 
collaborative processes within science and innovation, the second objective is to “ ex-
periment with design as a new system of competences on which to build capacity 
for implementable co-creation in Responsible Research Innovation (RRI) and Science 
Technology and Innovation (STI) policy making.” (SISCODE, 2017, p. 5), the third and 
final objective is to understand the transformations needed to embed co-creation in 
RRI processes and STI policymaking, having into account the cultural, organisational 
and procedural factors (SISCODE, 2017, p. 5) SISCODE aims at closing  the gap be-
tween policy design and its implementation through an “intermediate playground”  
that connects the two levels: decision makers at high levels and communities and  
stakeholders at a micro-scale.

Figure 16 Interaction between policymaking and implementation

(SISCODE, 2017)
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In order to achieve these objectives, the project built a transnational system of 10 
co-creation laboratories from existing co-creation networks, such as the European 
Network of Living Labs (ENoLL), the international network of Fab Labs and the Euro-
pean Network of Science Centres and Museums (Ecsite). The system of 10 co-creation 
labs selected is composed by: three Fab Labs, three Living Labs and four Science Mu-
seums distributed as follows:

Fab Labs

Fab Labs are community-based labs that aim at “democratizing access to 
the tools for technical invention” (Real, et al., Co-creation Journeys, 2019-1, p. 
33) They act as a manufacturing network that also disseminates technical 
education and acts as a research laboratory. The Fab Lab Network, com-
posed by fabricators, artists, scientists, engineers, students and profession-
als is  composed by approximately 1.000 Fab Labs (Real, et al., Co-creation 
Journeys, 2019-1, p. 33). From the group of Fab Labs, SISCODE is working 
with IAAC.Fab Lab Barcelona, from Spain, Polifactory of the Politecnico di 
Milano, Italy, and Underbroen in Copenhagen, Denmark. 

Living Labs

Living Labs are characterized by its “systemic co-creation, multi-stakehold-
er participation and active user involvement in real-life settings through 
multimethod approaches.” (Real, et al., Co-creation Journeys, 2019-1, p. 36). 
The ENoLL has more than 400 Living Labs (Real, et al., Co-creation Journeys, 
2019-1, p. 36). SISCODE is working with PA4ALL in Serbia, Krakow Technolo-
gy Park (KTP) in Poland and Thess-AHALL, in Thessaloniki, Greece.

Science Museums

Finally, the Ecsite, with more than 400 organizations belonging to the net-
work, seeks to involve people with science through accessible, interactive 
exhibits and programs by fostering creativity and critical thinking (Real, et 
al., Co-creation Journeys, 2019-1, p. 39). SISCODE is working with Cube De-
sign Museum, in Kerkrade, Netherlands, TRACES in Paris, France, Ciência 
Viva, in Portugal and the Science Gallery Dublin, Ireland. 
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SISCODE accompany and support the 10 labs in their real-life experimentation with 
design methodologies aiming at reducing the gap between policy design and its im-
plementation. The process of the Labs is divided in 4 phases as it is described in the 
following graphic:  

Figure 17 SISCODE co-creation phases

(Real, et al., 2019-2)

For the purpose of this thesis, the documentation from Phase 1, 2 and 3 has been ana-
lyzed to understand and have general understanding of the co-creation journey of the 
ten labs. The following sections describe their journey focusing on their prototyping 
approaches and relation with policymakers and other stakeholders.
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6.1. IAAC Fab Lab Barcelona – Fab Lab 
“The main values behind the co-creation approaches of the lab re-

lies with digital empowerment, social integration, information access, 
knowledge sharing, open source philosophy, peer2peer production and 

learning by doing.” (Real, et al., Co-creation Journeys, 2019-1, p. 50)

The Fab Lab Barcelona is part of the Institute for Advanced Architecture of Catalonia, 
supporting educational and research programs related with human habitat (Fab Lab 
Barcelona , 2020). Their main interest is related to environmental and social issues, 
which combined with their technological capacity allows them to participate in sev-
eral project. 

One of their main strengths is their capacity to digitally fabricate products, connected 
devices, platforms and visualization tools. Their main lab is in Poblenou, where the lab 
has spaces for wood, electronic, textile and metal transformation, as well as research 
and digital fabrication spaces. Their second installation is called the Valldaura Labs, 
in the Collserola Natural Park in Barcelona, where the self-sufficient habitat research 
centre Green Fab Lab was created. In the space the lab has laboratories of energy and 
food production. 

The lab has experience in co-creation based on digital empowerment and knowledge 
sharing, where prototyping is key within their co-creation activities and is perceived 
as “their main strength to success in engaging with a strong diversity of stakeholders.” 
(Real, et al., Co-creation Journeys, 2019-1, p. 50). The lab claims to make special efforts 
to gather insights and learning from the projects to create knowledge beyond the 
scope of each specific project. 

Definition of the challenge

The challenge of this lab is focused on the transition towards a more circular neigh-
borhood, specifically the neighborhood of Poblenou, specifically in terms of food dis-
tribution and transformations of local food surplus and waste. For this purpose, the 
mapping of current initiatives related to the challenge was required, together with the 
mapping of stakeholders and their relations. 

In the Phase 1. Analyzing, the context, the lab did a research about existing policies re-
lated to food cycles at local scale, by participating in related events and carrying out 35 
informal interviews with local actors. As a result, a map of the neighborhood diversity 
and local stakeholders was made. 
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Table 13 Fab Lab Barcelona Stakeholders

(Real, et al., 2019, p. 19)

During the Phase 2. Reframing the problem, a co-creation workshop named “Synergy 
Soup” was carried out with the identified stakeholders to spot the synergies between 
them, identifying their resources and needs. During the workshop, each participant 
shared their projects and a vegetable to add to the soup, which they all enjoyed later. 
At the end of this workshop, the lab gathered more than 50 needs, 38 resources and 
31 ideas of projects from the participants to address the challenge. 

Table 14 Fab Lab Barcelona Challenge

(Real, et al.,2019, p. 19)
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The idea

In the Phase 3. Envision alternatives, the lab carried out 5 events for ideation and shar-
ing experiences. Which enriched the knowledge gathered from the previous phases 
and contribute to refine previous ideas. In the end, the lab selected one idea to devel-
op: a symbiotic system for food surplus and bio waste valorization at a neighborhood 
scale, “ Fab Lab Barcelona will foster the means necessary to explore the co-develop-
ment of three circular community projects connected to the food value chain: food 
waste redistribution, bio-waste based material development, collective composting” 
(Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 19) 

As result from the previous phases, three community services related were selected: 
the first one is a logistic and resource service for food waste collection, the second 
one is a set of educational initiatives to support the production of dedicated tools, and 
finally, an environmental measuring set to map the material, energy and resources 
flows. 

The prototypes

For the Phase 4. Develop and Prototype, the lab built personas, stakeholder’s journey, 
stakeholders’ map, a business model canvas and a service blueprint of the ideas to 
plan the prototyping sessions, in which the  main stakeholders involved were local 
restaurants, stores and schools, makers/designers, residents, students and members 
of urban gardens and cooperatives. At the beginning of this phase the lab recognized 
the level of uncertainties related to the engagement of the stakeholders involved that 
could affect their plans: 

“For now, many uncertainties are still present, and the pilot has to consider the 
different timelines of people engaged and the global financial difficulties of 
the entities. As it relies mostly on the free participation of many participants, 
the success will depend on how far the model and proposed activities will be 
perceived of interests for ongoing project development as for building feasible 
and viable scenario.” (Real, et al., 2019-2, p. 23)

The lab planned two loops of prototyping: the first one was a Biomaterial Workshop 
co-organized with the City Council, where the participants had the chance to (1) ex-
plore with bio-waste to create new materials, (2) co-design a circular cargo bike and (3) 
propose collective actions for the European Week of Waste Reduction (EWWR).

The second prototyping loop was the Remix el Circular Barrio – El Barrio Circular #Po-
blenou, an event that aimed at creating a set of prototypes focusing on a type of lo-
cal resource to explore opportunities along with community actors. The event started 
with an open call for projects responding to the challenge, from where the lab select-
ed and diffused those that were considered more promising. After the selection, the 
lab carried out a series of workshops to experiment with the materials, develop reci-
pes, design product and analyze biodegradability and environmental impacts of the 
prototypes.
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Policymakers engagement

The lab has had meetings and attended to events with different organizations of the 
City Council of Barcelona in charge of ongoing projects and regulations related to 
the challenge. However, the lab faced difficulties involving them in the co-creation 
process, some policymakers prefer to wait for results before getting involved in the 
project “even the policymakers that were not actively participating on previous activi-
ties, they open possibilities to contact and ask for collaboration once the project starts 
having results.” (Real, et al., 2019-2, p. 25). 

6.2. Polifactory – Fab Lab 
Polifactory is an interdepartmental research laboratory focused on the relationship be-
tween design and new digital manufacturing processes (Politecnico di Milano, 2020). 
It is part of the design department together with the department of mechanics and 
the department of electronics, information and bioengineering of the Politecnico di 
Milano, in Italy. It is dedicated to experimental training, research and advanced man-
ufactory of product-services. Polifactory is open to teachers, researchers and students 
of the Politecnico di Milano and other organizations. 

Definition of the challenge

The challenge is framed within the health and wealth ecosystem, in which Polifactory 
decided to investigate the physical-motor needs of children diagnosed with cerebral 
palsy. This condition is the most common physical disability in childhood (Real, et al., 
Co-creation Labs: solutions and policies, 2019-2, p. 30) and it affects the movement of 
the child at different levels. 

For the challenge, the lab decided to focus in the translation of movement into sound 
stimulus, based on the principles of proprioception which is a  “set of functions which 
control the position and movement of the body, based on information collected by 
peripheral receptors called proprioceptors.” (Real, et al., Co-creation Labs: solutions 
and policies, 2019-2, p. 30) To do so, the lab decided to work with the FightTheStroke 
(FTS) association, with whom the lab established and reframed the challenge. 

In Phase 1. Analyzing the context, the lab identified the main stakeholders and carried 
out a literature review about co-design in health care and case studies within this 
framework; although the lab identified several cases of co-creation labs working on 
healthcare issues, most of them were not related with policymaking processes. Poli-
factory also consulted design, engineering and business experts in the area that could 
continue in later phases of the co-creation journey:
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Table 15 Polifactory Stakeholders

(Real, et al., 2019-2)

In Phase 2. Reframing the problem, the lab carried out a research about existing tech-
nological and medical solutions in the field of the challenge, consulting experts and 
patients’ associations. Polifactory contacted caregivers (parents of children) through 
a survey to understand better their main issues, needs and impairments regarding 
cerebral palsy, and policymakers to understand their level of knowledge about co-de-
sign and the existing policies related to the challenge. As result from this phase, the 
lab mapped four main technological and musical tools to test with children during a 
co-design session (Kinect technology, the Theremin, the Makey Makey, and Sound-
Moovz bracelets). And based on the answers from the survey sent to the caregivers, 
the lab reframed the challenge as follows:

Table 16 Polifactory Challenge

(Real, et al.,2019-2)

Regarding policymakers’ information, “Some policy makers declared their interest, 
but they are still on process of answering our online form.” (Real, et al., Co-creation 
Labs: solutions and policies, 2019-2, p. 32)
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The idea

During Phase 3. Envision alternatives, two co-design sessions with the parents of chil-
dren (caregivers across Italy), two experimentation labs with the children (patients) 
was carried out. In the end of this phase, the lab chose one idea called BODYSOUND, 
a solution that seeks to enable a space for activities that are not directly connected to 
rehabilitation and therapy, rather to playfulness through movement:

“is a system of motor stimulation of the limbs based on the transformation of 
movement into sound. Within a sensorized room, children can move (either 
following instructions or freestyle) and transform their movement into sounds 
(or melodies). The room is able to detect the child’s movement and to send, 
through a wearable device, a haptic feedback to guide him/her in the right ex-
ecution of the movement.” (Real, et al., Co-creation Labs: solutions and policies, 
2019-2, p. 37)

The prototypes

The prototype seeks to “relate the different elements of the system (environmental 
detection, haptic device feedback, movement guide and generated sound). In paral-
lel we will try to test it to co-develop the children’s user experience and validate the 
effectiveness of the chosen technology.” (Real, et al., Co-creation Labs: solutions and 
policies, 2019-2, p. 37) To achieve this, a product-service prototype was develop for the 
first phase of the prototype; the activities of each step of the prototype were planed 
and the space was equipped with existing technology devices as it can be seen in the 
following image:

Figure 18 Polifactory’s Prototype space equipment

(Sedini & Cipriani, 2020)

A first version of the software was developed for the prototype and it was tested in-
ternally, then with kids and therapists:
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(Sedini & Cipriani, 2020)

Based on the results and feedbacks form the first phase of the prototype, for the sec-
ond phase the software became more realistic and some adjustments for the haptic 
feedback were made, as it is shown in the following images:

 

(Sedini & Cipriani, 2020)

Policymakers engagement

The lab has carried out meetings with policymakers to understand their level of 
knowledge of co-design practices and to understand the current situation regarding 
the challenge in the policymaking context. Along the co-creation journey, the lab has 
established contact with the Municipality of Milan through different entities such as 
the commission for Social Policies, Health Services and Volunteering, as well as the 
Council for Participation, among others. Polifactory has sent presentation of the pilots 
and a report about the results obtained by the co-creation workshops and experimen-
tation labs.
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6.3. Underbroen – Fab Lab 
“Underbroen is a creative platform where the creation of prototypes, 

products and innovation processes become the focal point for dialogue 
and development of solutions for local and urban production.” (Real, et 

al., Co-creation Journeys, 2019-1, p. 36)

Underbroen is a “prototype and pre-fabrication facility where traditional craftsman-
ship is combined with modern digital fabrication technologies” (Real, et al., Co-cre-
ation Journeys, 2019-1, p. 35) and it is co-founded by the private company BetaLab 
and the non-profit association Maker, which seeks to “promote and support maker 
communities and fab lab activities, methodologies and tools to the broader public 
and sectors. (Real, et al., Co-creation Journeys, 2019-1, p. 35), this non-profit association 
works as a network of co-creation and collaboration across different sectors and stake-
holders within Denmark and Northern countries. The Makers-Community counts with 
70 members from industrial design, architecture and entrepreneurship backgrounds 
and is one of the strength points of Underbroen. 

The lab has a 300 m2 space equipped with laser cutters, 3D printers, wood, metal and 
electronic workshops and open innovation materials and tools for ideation and rapid 
prototyping.  Maker has a rich knowledge of materials, design and production pro-
cesses. 

Their approach to co-creation if through hands-on activities, “where tools such as 
hackathons, prototyping and prototyping is part of the initial phases, and is often 
used as a tool as part of the ideation phase (and ongoing), to complement traditional 
brainstorming and post-it exercises.” (Real, et al., Co-creation Journeys, 2019-1, p. 69). 
Underbroen divide co-creation process in two levels: the first level is when it happens 
spontaneous (informal) and the second level is when the co-creation is facilitated or 
mediated between the maker community and other stakeholders.

Definition of the challenge

The challenge is about the local recycling of plastic waste in Copenhagen, aiming at a 
“circular systemic innovation and holistic production models for recycling plastics that 
take the whole model chain - from local generators of waste plastic to end-buyers of 
locally produced goods - into consideration in a way that is economically viable and 
scalable.” (Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 43), focusing 
on micro entrepreneurs and small-scale manufacturers and local generators of plastic 
waste.

For the Phase 1. Analyzing the context, Underbroen did two types of desk research: the 
first one about circular economy solutions (technologies, best practices and system 
models of recycling), and the second one about policy and policymaking, mapping 
stakeholders at a local, national and European level. Thanks to this research, the lab 
identified the challenges for developing a small-scale prototype of plastic recycling 
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system, which helped them to understand the complexity of the field and lead them 
to decide to frame their prototype into one fraction of the whole system first, focusing 
only on plastic waste generated from local SMEs and manufacturers.

Table 17 Underbroen Stakeholders

(Real, et al., 2019-2)

In the following phase, Reframing the problem, Underbroen carried out field visits, 
workshops, meetings and interviews with stakeholders and the Maker Community 
to reframe the challenge. Along the process, the lab decided that training in circular 
economy practices is key to develop any solution to the challenge.

Table 18Underbroen Challenge

(Real, et al., 2019-2)
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The idea

During the previous phases, several solutions were discussed along the process of 
co-creation, in Phase 3. Envision alternatives, Underbroen decided to prototype at 
small scale the Processor function. After analyzing the list of ideas that emerged from 
the previous phases, the lab decided to develop a “ Circular system for local sourc-
ing, recycling and  production of sustainable plastic building materials and products.” 
(Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 50) named “PIPO- Plas-
tic In, Plastic Out”. This system aims to be self-sustainable and built with local resourc-
es promoting responsible practices. The lab team decided to include training and pro-
motion of best practices in their solution, as it is key to involve stakeholders and aim 
for a long-term change within the system. 

The prototypes

The lab decided to divide the prototyping process in two phases: in the first phase, 
the lab will implement a small-scale plastic processing and recycling facility in Under-
broen, offering training in plastic management to stakeholders. In the second phase, 
the lab aims to scale up the capacity of the previous system and complete it with the 
resellers and end-buyers’ microprocessors. 

Figure 19 Underbroen Prototype Blueprint

(Cristensen, 2020)

Underbroen’s prototypes could be divided in three types of prototypes: the first one 
is about the producer chain of the system, where business model workshops were 
carried out with generators, processors and producers to assess the products and 
services and evaluate the prizing. The second prototype is about the engagement of 
the resellers and end-users’ stakeholders; as it has been mentioned before, the actors 
within the system are key factors for the system itself to work, therefore the communi-
cation and engagement between them is critical. This second prototype was focused 
on branding, and new market platforms. Finally, the third prototype is about dissem-
ination and spreading of PIPO resources; meaning online data, documentation, best 
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practices and technologies, among others, to be adopted into the local stakeholders’ 
ecosystem. (Cristensen, 2020)

Policymakers engagement

The lab has faced difficulties to engage decision makers and high-level policymakers 
due to schedules, for this reason, the lab has decided to notify them about activities 
with enough time in advance to assure they can schedule the activity in their agendas. 
Underbroen recognizes a high interest from government to boost initiatives aiming 
to strength the circular economy in Copenhagen, as it is already part of their agenda 
and priorities. However, the City of Copenhagen usually develop their initiatives with a 
closed number of stakeholders, making it difficult for new members to join initiatives, 
as it is the case of Underbroen, making it difficult to engage policymakers in the chal-
lenge and during prototyping. 

“This could lead to the conclusion that co-creation projects like our, initiated 
without the initial active engagement of policy and decision makers in Copen-
hagen, will have difficulties i.e. being adopted and supported at policy level, if 
they don’t have a political mandate from the beginning.” (Real, et al., Co-cre-
ation Labs: solutions and policies, 2019-2, p. 53)

The relation with policymakers has been mostly though emails and meetings inform-
ing and inviting them to participate in workshops and activities of the lab. 

6.4. PA4ALL – Living Lab 
PA4ALL the living lab establish by BioSense, the Research and Development Insti-
tute for Information Technologies in Biosystems, which aims at fertilizing two import-
ant sectors in Serbia: ICT  and agriculture (BioSense, 202).  PA4ALL is an open and 
multi-stakeholder innovation ecosystem focused on user-driven precision agriculture. 
Situated in Vojvodina, an important agricultural sector, the lab aims to apply a col-
laboration and co-creation approach within stakeholders of the agricultural scene of 
Serbia through a speed dating methodology. PA4ALL brings together actors from 
different fields, such as researchers, public institutions, technology experts and end 
users. Digital Farm is one of their successful projects, in which an open-air showroom 
allowed farmers to see, test and assess innovative AgTech solutions.

Definition of the challenge

The lab seeks to bring long term benefits to agriculture by introducing precision agri-
culture tools in high schools (Real, et al., Co-creation Labs: solutions and policies, 2019-
2, p. 69), which will shape a new generation of professionals. In the Phase1.Analysing 
the context, the lab carried out a desk research about gaps in ICT and agriculture in 
the current educational system of Serbia and interviews with teachers and students 
to understand their needs, as well as  with policymakers, farmers, startups and SMEs 
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working in agriculture. From this first phase, he lab concluded that “ there was a sig-
nificant mismatch between the demand for ICT skills in agriculture and the education 
students in high schools specialized for agriculture receive.” (Real, et al., Co-creation 
Labs: solutions and policies, 2019-2, p. 70)

In the Phase 2. Reframing the problem, the lab consulted students, farmers, SMEs and 
start-ups from the BioSense network, which help them to understand what was need-
ed and desired from future professionals in agriculture. The meeting with schools was 
possible through the Science Festival at the University of Novi Sad, in which students 
had the chance to propose different ideas regarding agriculture issues. Farmers par-
ticipated at an Annual ANTARES Workshop in which PA4ALL could gather insights 
about what was needed from future professionals. 

Table 19 PA4ALL Stakeholders

(Real, et al., 2019-2)

The use and understanding of new technologies and data analysis were considered 
important  skills for young students, which is align to what the government seeks to 
achieve from agriculture education: “individual consultations with a representative of 
Digital Serbia Initiative pointed us in the direction of capitalizing on the ongoing na-
tional efforts of bringing ICT education to schools.” (Real, et al., Co-creation Labs: solu-
tions and policies, 2019-2, p. 74) To do so, schools must provide the necessary equip-
ment and teachers must be trained in this area. The identification if this gaps in the 
challenge, allowed them to re-frame it and become more specific about the desired 
result.
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Table 20 PA4ALL Challenge

(Real, et al., 2019-2)

The idea

In the Phase3.Envision alternatives, PA4ALL organized a workshop with students 
to discuss about the importance of data to understand  yields, meteorological and 
weather conditions. (Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 75) 
Having into account previous ideas suggested by students in the Phase 2., the lab se-
lected one idea: an ICT based education high schools specialized in agriculture, which 
would provide a meteostation together with required equipment and training, taking 
advantage of the land available in most agricultural specialized schools. 

“The meteostations will provide information such as soil humidity, air tempera-
ture, precipitation amounts, air humidity, wind direction, etc. At the moment, 

the curriculum in high schools specialized in agriculture does not support 
these kinds of activities and therefore, students lack the crucial knowledge to 

implement ICT.” (Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 
76)

This idea was selected from the ones proposed by the workshop carried out with stu-
dents, the school with the winning idea was selected also to develop the first proto-
type of the idea. 

The prototypes

The prototype consisted in equipping the selected high school with meteostations, 
computer, printers, solar energy panel, among other required tools (Real, et al., Co-cre-
ation Labs: solutions and policies, 2019-2, p. 76). At the same time, PA4ALL provided 
training in how to use the equipment and analyze the data that would emerge from 
the meteostation. The prototype aims to be a close-to-real pilot in one of the schools 
and the performance of the meteostation will be monitored and assessed to evaluate 
its success.

However, due to the Covid-19 crisis, high schools had to close during the first semester 
of 2020, making it difficult to prototype as planned. Most of the activities programmed 
for the prototyping with students and teachers were postpone until the end of sum-
mer 2020.
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Policymakers engagement

“Traditionally, the lack of democratic institutions has led to a lack of bot-
tom-up initiatives and little understanding for the co-creation process 

when talking about new initiatives and changes in the system.” (Real, et 
al., Co-creation Labs: solutions and policies, 2019-2, p. 78)

The challenge combines two backgrounds; on the one hand is the agriculture sector, 
and on the other hand is the ICT. ICT is a growing sector in Serbia, which has enable 
the creation of clusters among companies and institutions around these issues, how-
ever, in the agriculture sector, there is still a lack of development regarding collabora-
tive approaches related to policymaking, “In this field, compared to ICT, serious co-cre-
ation and bottom-up policy initiatives have not yet happened.” (Real, et al., Co-creation 
Labs: solutions and policies, 2019-2, p. 78) For this reason, PA4ALL decided to focus 
more on the ICT sector and the Digital Serbia Initiative agenda, considering the op-
portunities that this community and framework offers. 

However, the lab sensed a lack of trust in public institutions from part of students and 
teachers, who didn’t believe in the possibility of scaling up the prototype towards an 
structural change in the educational system (Real, et al., Co-creation Labs: solutions 
and policies, 2019-2, p. 78) The approach to engage policymakers into a long-term 
change is to demonstrate successful results with the prototype first. 

6.5. Krakow Technology Park (KTP) – 
Living Lab

“Apart from inspiring new innovative technological enterprises and facilitating 
technology transfer, KTP’s strategic goals also include commercialising scien-
tific research results from local universities, colleges and research institutions, 

and initialising co-operation between industry and the academic community” 
(KPMG, Invest in Poland , 2009, p. 30)

Krakow Technology Park (KTP) is a public based business innovation centre that works 
as an incubator and accelerator of entrepreneurs and Small and Medium Enterprises 
(SMEs), aiming at the grow of Malopolska economy through communication, technol-
ogy and e-driven solutions. The park has a valuable network of experts, government 
departments and community leaders and has already experience in co-creation pro-
cesses and participatory activities. 

The Lab offers SMEs infrastructure, state-of-the-art labs, spaces for work, training and 
information that can contribute to their development and grow. It also supports local 
and regional authorities in public challenges involving citizens and local communi-
ties. Some of their main fields of expertise are IT/ICT, engineering, industry 4.0, IoT, 
gaming and multimedia sector.
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KTP has experience leading workshops, hackathons, seminars and design thinking 
sessions with large groups of people. Furthermore, it has experience in applying these 
methodologies with public institutions, as is the case of the SMART KOM strategy proj-
ect, which was developed with the Malopolska Voivodeship, and the Municipality of 
Krakow.

Krakow Living Lab offers a space to prototype products and services with final users. 
Its approach to co-creation comes from the business field (Real, et al., Co-creation 
Journeys, 2019-1, p. 81) and their methodology adapts to the context of each project 
and its scope. One of the most important strengths of KTP is their network of stake-
holders that allows them to involve experts, customers, suppliers, citizens and aca-
demics in co-creation processes. 

Definition of the challenge 

Pollution and air quality is a problem in Krakow, which has rated as one of the most 
polluted cities in the world according to a World Health Organization study (Real, et 
al., Co-creation Journeys, 2019-1, p. 83) This situation affects the health of citizens who 
are suffering from chronic respiratory diseases. Although there have been several ini-
tiatives from the government to improve air quality, none of them seem to engage 
citizens enough to change behaviours that could lead to relevant changes in the air 
conditions.  

In the Phase 1. Analyzing the context, an analysis of documentation related to the 
challenge emerged from the SMART KOM strategy was carried out (national and re-
gional reports, legal acts, etc.), followed by meetings with public stakeholders such as 
Marshal office of the Malopolska Region, Department of Environment; City of Kraków 
and Plenipotentiary for Air Quality Management, among others. (Real, et al., Co-cre-
ation Labs: solutions and policies, 2019-2, p. 59) and an opening event was carried out 
with 220 experts in air pollution. In the end of the first phase, the initial challenge was 
defined.

In the Phase 2. Reframing the problem, the challenge was reformulated after a series 
of workshops conducted with stakeholders and open to inhabitants of the region. The 
workshops were based on a design thinking methodology and aimed at diagnosis the 
problem and the generation of possible solutions. Tools such as empathy maps and 
personas were used to identify the needs and difficulties related to the challenge. The 
outputs of these workshops lead to the re-definition of the challenge: 
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Table 21 KTP Challenges

(Real, et al., 2019-2, p. 62)

Although these workshops were open to the public, the attendance of citizens wasn’t 
as representative as expected, which led to the organization of two additional meet-
ings designed for inhabitants of the region, which meant two key adjustments to 
guarantee participation: different locations (in regional communes) and different 
schedules (outside working hours). During these meetings was possible to gather ex-
pectations and needs of citizens regarding the quality of air. 

Table 22 KTP Stakeholders

(Real, et al., 2019-2, p. 62)

To address this challenge the network of Eco-advisers in Malopolska municipalities 
was created to support the implementation of the program, acquire funds, engage 
citizens in the participation of the co-creation journey and give technical advises to 
support the solutions.
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The idea

The solution envisioned by KTP is the Preparation of the new Air Protection Pro-
gramme (APP) for Malopolska. In the Phase 2. Reframing the problem, KTP gathered 
preliminary ideas about how to solve the challenge, together with the insights, empa-
thy maps and the personas, these inputs formed the basis of another set of workshops 
carried out in the Phase 3. Envision alternatives. These workshops aimed at generat-
ing solutions for the re-framed challenge and were also open for the public. The ideas 
from the previous phase were clustered in 3 categories: (1) Transport and mobility, 
(2) Effective information and consultation and (3) Monitoring and controlling system, 
which were the categories for the Phase 3 workshops ideation activity. 

From thess workshops, 8 ideas were selected to be developed in what would be the 
new Air Protection Programme (APP) with the help of experts in the subject. Howev-
er, the ideas are meant to be part of the APP, while the APP itself is the solution KTP 
is proposing for this challenge. The APP includes the description of short- and long-
term remedial actions, including among others the introduction of air pollution levels 
alarms and introduction of control tools and instruments making efficient implemen-
tation of the programme feasible. For this reason, the prototype is not about one of 
the selected ideas, rather it is about the Programme as a whole.

The prototypes

The prototype aimed at test “the main assumptions of the APP among regional deci-
sion makers in the following cities: Tarnów, Nowy Sacz, Chrzanów, Nowy Targ, Kraków.” 
(Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 65) The prototype would 
help the lab to understand the feasibility of the APP in local contexts from the deci-
sion makers’ perspective and to define the terms of references to define an entity to 
lead the Programme if approved. To do so, KTP planned to develop two prototypes: (1) 
The Air Protection Programme prototype and (2) the Smogathon Special Price.

A) Air Protection Programme (APP)

The APP prototype’s first iteration was developed through 6 consultation meetings 
with a total of 250 participants that contributed with suggestions and recommen-
dations. One of the big learnings of these meetings was de difficulty to align stake-
holder’s’ expectations, that are sometimes opposite, like the case of big companies’ 
interests vs. local agriculturists.  

After the first version, the Lab plans to run a second prototype followed by official leg-
islative consultations and a final authorization of the APP. 

Comparative Analysis: SISCODE case studies



P. 84

The consultation regarding the APP were held in two rounds; in the first one, KTP had 
the role of facilitator by supporting the methodology of participation of stakeholders 
and the workshops carried out with them. After the first consultation and the Smoga-
thon Special Prize (second prototype), the APP was reformulated and a second round 
of open consultation was carried out, in which KTP had the role of observer, taking 
notes and comparing them with the insights gathered from the first round of consul-
tation. In both cases the Marshall Office of the Malopolska Region is the owner of the 
APP.

b) Smogathon Special Prize 

On the other hand, is the Smogathon Special Prize, which prototypes specific solutions 
that would be part of the implementation of the APP. KTP decided to do a Smogathon 
(hackathon on air pollution topics) to prototype these ideas and select one project to 
be implemented. The event reunited 170 people and 30 prototypes were developed 
within five categories: (1) Pollution Monitoring & Forecasting, (2) Health Effects of Air 
Pollution, (3) Transportation Emissions Management, (4) Identification of Pollution 
Sources and (5) Industrial Pollution Control. The selected idea was a monitoring sys-
tem for industrial pollution, constituted by 3 elements: a web platform, a mobile app 
and a monitoring system. 

According to the KTP team, the ideas were basic and need to be adjusted to local 
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contexts, for this reason a team of experts, companies and policymakers contributed 
to their further development. KTP maintains weekly calls with the winning teams to 
discuss about the ideas’ details and every two weeks the lab has calls with policymak-
ers to check the advances. The further development of the platforms would be made 
with Qubit team, followed by the cooperation with relevant institutions and a final 
assessment of a high-fidelity prototype with final users. 

Policymakers engagement 

The KTP challenge is framed within the policies of the region and the public institu-
tions are directly involved and committed to the co-creation process, “The Depart-
ment of Environment of the Marshal’s Office of the Małopolska Region played a key 
role here. It decided to fully open the consultation process by inviting the residents 
to the discussion.” (Real, et al., Co-creation Labs: solutions and policies , 2019, p. 67) 
The fact that the challenge emerged from a government strategy (SMART KOM) has 
shown a deeper commitment of policy makers. “ Their final opinion is very positive 
and they are very satisfied with the recommendations which were delivered after 3rd 
phase of the journey.” (Real, et al., Co-creation Labs: solutions and policies , 2019, p. 68) 
However, the level of engagement seems to low down in the co-production phases. 
KTP highlights the collaboration of the Marshall office during the Smogathon.

The involvement of citizenship seems to be more difficult than the engagement of 
policymakers, which has led them to adjust their strategies and invest effort in com-
munication and integration of inhabitants of the region.

6.6. ThessAHALL – Living Lab 
The Thessaloniki Active and Healthy Ageing Living Lab (Thess-AHALL) is part of the 
Laboratory of Medical Physics of the Medical School of the Aristotle University of Thes-
saloniki, Greece. The lab collaborates with the Active and Healthy Ageing (AHA) net-
work in Greece and the Balkan region working as a hub for user-driven research and 
innovation. It is also part of the Greek Inter-Municipal Network of Healthy Cities.

Thess-AHALL has experience in co-creation projects and collecting data directly form 
the community settings. Usually co-creation activities involve different stakeholders 
such as experts, healthcare service providers, caregivers, researchers, day care cen-
tres and final users such as older adults, chronic patients and patients’ associations, 
which interact during every stage of the project (design- prototyping, iterations and 
implementation). They have 8 years of experience in user-driven innovation and evi-
dence-based research within the AHA domain, using methodologies from the design 
thinking through workshops, focus groups, meet-ups and personal interviews with 
stakeholders. 
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It is equipped with technology devices for cognitive and physical training, two tech-
nology show case rooms called e-homes with the devices mentioned before, and a 
Care Health System that works as a cognitive and physical training service. One of 
their most valuable resource is a large volume of data collected from several pilots, the 
data includes behavioural recordings of movements, activity levels, emotions, physio-
logical signals and neuropsychological recordings. 

Definition of the challenge 

Elderly people (over 60 years old) and chronic patients (people with Down Syndrome/
Autism, mobility problems, cancer, heart disease patients, etc.) usually spend most 
of their time isolated or with other people sharing their conditions, feeling secluded 
from society. There is a lack of awareness about this situation from the public and pol-
icymakers, which makes the segregation stronger. 

The challenge chosen by ThessAHALL seeks to decrease the risk of “loneliness and 
social isolation in the ageing population and chronic patients, using open science and 
social research as its means” (Real, et al., Co-creation Journeys, 2019-1, p. 97) For this 
purpose, the “Participate 4”learning programme have been selected to involve the 
target population in the research process, aiming to eliminate the frontier between 
scientists and people through a series of co-creation activities where they can express 
their needs and participate actively from the research as partners. They would co-de-
sign the possible solutions, place research questions and co-ordinate the co-creation 
sessions with the guidance and support of ThessAHALL.

As it has been mentioned before, ThessAHALL has a large volume of data, from which 
the challenge has emerged. Moreover, in the Phase 1. Analyzing the context, an in-
depth research was carried out to set the basis of the research hypothesis by collect-
ing quantitative and qualitative data about ageism, social exclusion and the cultural 
stigma, among other related topics. Field visits, surveys and interest group discussions 
were also carried out, together with interviews with the elderly and chronic patients. 

As a result, a more detailed context was established and valuable insights about par-
ticipants’ views and propositions were gathered. Thanks to these activities, the lab 
confirmed that involving elderly and chronic patients into the process makes them 
feel already active, useful and socially included. It was also a chance to bring them 
together with the academia, in some cases, for the first time. 

For the Phase 2. Reframing the problem, ThessAHALL carried out a series of focus 
groups with experts from the health care sector (Psychologists, doctors, physiother-
apists and nurses) as well as in person discussions with other organizations and pri-
vate entities from which they received positive feedback and support to carry one the 
co-creation process. 
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Table 23 ThessAHALL Stakeholders

(Real, et al., 2019-2, p. 62)

However, from the expert’s point of view, social exclusion is a broader and complex is-
sue that exceeds the scope of the “Participate “ programme, as these kind of initiatives 
usually have short duration and impact, they instead suggested to shift the focus of 
the challenge to “ the co-creation activities in which older adults and chronic patients 
participate in the Lab, and also to find “what is in it for them” as members of the Col-
laboration and Research Community for the Independent Living of the Lab, and not 
how they could help other potential beneficiaries.” (Real, et al., Co-creation Labs: solu-
tions and policies, 2019-2, p. 86)
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Table 24 ThessAHALL Challenge

(Real, et al., 2019-2, p. 62)

The idea

For the Phase 3, a database of possible co-creation activities was compiled, having 
into account the insights from the Phase 1 and Phase 2. From the list of possible ideas, 
ThessAHALL chose the Partners of Experience idea, a participatory programme for 
older adults and chronic patients, in which they are researchers for a whole academic 
year becoming partners in real-life activities of the lab. 

The programme will include design thinking sessions, lectures to medicine students 
from their personal experience with their disease, visits to university structures, desk 
research, academic events and contribution to academic research papers. 

The prototype

ThessAHALL prepared a prototyping plan with the following phases, however, the 
Covid-19 situation has affected some deadlines of the plan.

Figure 20 ThessAHALL Prototyping Plan

(Real, et al., 2019-2)

The prototype is a learning process, it is a methodology for inclusive research and par-
ticipation of older adults in activities for co-designing and co-working with research-
ing for solutions to improve their daily live. The initial plan was to implement step by 
step a research methodology, ThessAHALL asked older adults to be in the “research-
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ers’ shoes” for a whole academic year and from the design phase until the presenta-
tion of their solutions to policymakers just as the lab would do.

The prototype started with some visits to the library of the university to do desk re-
search, find references to validate their assumptions. Elderly people participating 
placed their own research questions about how to make their city healthier in three 
fields: environment, health and social welfare and active citizens. According to these 
themes, the participants divided themselves into three groups (each group with 15 
adults). They worked with researchers from the lab and students from the university.

Policymakers engagement

High-level policy makers lack awareness of elderly people and chronic patients’ needs, 
and their involvement with related policies depends on tangible evidence of the ben-
efits the policies could bring them, that “ usually translate the benefit into financial 
gain or votes, before they fund the research or support the implementation of its re-
sults in society.” (Real, et al., Co-creation Journeys , 2019, p. 101) In order to get policy 
makers attention, it is necessary to have proofs of success through metrics, for this 
reason it is difficult to involve them from the beginning of the co-creation process. 

Local, European and early national elections in Greece interfered with the first Phase 
of the co-creation process, making it difficult for them to be involved in the related 
activities. 

6.7. Cube Design Museum – 
Science Museums
Cube is a design museum dedicated to the design process, working as a museum 
and as a laboratory for innovation (Cube, 2020). Experts in design thinking, design re-
search, graphic and product design work in the lab, which has space and equipment 
for rapid prototyping such as 3D printers, plotter and laser cutters. 

Their approach to co-creation comes from the design thinking field, from which the 
lab has designed a methodology composed by 4 iterative phases: ask, imagine, create 
and evaluate (Real, et al., Co-creation Journeys, 2019-1, p. 118) Usually a multidisciplinary 
team run design challenges using this methodology. 

Definition of the challenge

Cube’s challenge is wide; as it focuses on current and future challenges of an ageing 
society. In Phase 1. Analyzing the context a desk research was carried out, considering 
policy reports about ageing and loneliness and demographic statistics At the same 
time, Cube carried out informal workshops with citizens to “explore social challenges 
and needs related to ageing and possible solution ideas” (Real, et al., Co-creation Labs: 
solutions and policies, 2019-2, p. 114) During this phase, the lab contacted policymakers 
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from the municipality of Voerendaal, which help them understand the policymaking 
context and needs. Although policymakers recognized as  valuable co-creation ap-
proaches, “are cautious when it comes to responsibilities and expectations” (Real, et 
al., Co-creation Labs: solutions and policies, 2019-2, p. 115)

Table 25 Cube Stakeholders

(Real, et al., 2019-2, p. 62)

In Phase 2. Reframing the problem, Cube worked with local policymakers (through 
one workshop), citizens’ communities and demographic experts to reframe the chal-
lenge as follows:
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Table 26 Cube Challenge

(Real, et al., 2019-2, p. 62)

The idea

As it has been mentioned before, the envisioning of ideas began from the first phase 
of the co-creation journey, therefore, in Phase 3. Envision of alternatives, the lab already 
had several ideas and solutions from past workshops and meetings with stakeholders. 
During this phase the lab focused on synthesizing the ideas collected to address the 
challenge according to the findings and proposals.

By the end of this phase, Cube decided to go further with the idea of a Future Citizens 
Lab x Ransdaal, a programme that “combines a new policy structure/system with so-
cial and educational activities and an IT-product, which aims for social innovation: bot-
tom-up initiatives from citizens of a neighborhood or village are facilitated and sup-
ported by policy makers of their community.” (Real, et al., Co-creation Labs: solutions 
and policies, 2019-2, p. 120) 

The programme works as a platform to connect social innovation with decision mak-
ers and stakeholders in order to impact the policy framework. It is composed by three 
main parts: the first one is a workshop modality that allow citizens to propose ideas 
within the framework of design thinking and social innovation. The second part is an 
event, where the proposed ideas can be presented to local policymakers that could 
scale the solutions. Finally, the third part is a digital space where citizens can support 
and invest in other ideas.

The prototypes

The prototype aims to test the concept of citizen participation through workshops 
and events with citizens and policymakers. To prototype this part of the idea, Cube 
carried out two co-design workshops with an open question: How can we design for 
citizen participation to improve the quality of Life in Ransdaal? The workshops were 
addressed to citizens, aldermen, civil servants and city council members. The aim of 
this specific workshops was to engage stakeholders and explore shared values and 
goals. These workshops seem to be still exploring possible solutions together with 
stakeholders by prototyping and co-creating with them along the way. “We need to 
have an open mind in which not the initial idea is the goal but the development and 
realization of a program/product that brings together policy makers and citizens in 
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a sustainable way.” (Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 121)

Policymakers engagement

There is still a lack of involvement of policymakers in co-creation processes; although 
citizen participation is increasing, it usually don’t scale up in the policymaking con-
text, “Policy makers are struggling with how to give room for bottom-up initiatives 
and ownership, without giving up their public responsibility, as well as with thinking 
beyond existing frames.” (Real, et al., Co-creation Labs: solutions and policies, 2019-2, p. 
122). Until the moment, co-creation is perceived as a one-way process in which citizens 
propose and policymakers decide, in a hierarchical and top-down direction.

Cube highlights the importance of finding common goals and making sure policy-
makers agenda are align with the project or challenge, there is also fear about chang-
ing the way things could be done, as co-creation challenges traditional organizational 
structures and mindset “ Sometimes the policy makers want to work together but 
the civil servants are afraid of extra work load, skeptical about the outcome or just not 
convinced that co-creation is the way to go.” (Real, et al., Co-creation Labs: solutions 
and policies, 2019-2, p. 124) Cube emphasize about the importance of change man-
agement as a skill that should be developed within the policymaking framework, as 
well as expectation management. One of the gaps identified about policymaking is 
to work their fear of failure (Real, et al., Co-creation Labs: solutions and policies, 2019-2, 
p. 123) , which they think could be tackled by cooperating and learning from failure.

6.8. Traces – Science Museum

“Traces aims to create living lab spaces in which to reflect, experiment and 
innovate in the fields of science in society, science education and public com-

munication of science.” (Real, et al., 2019-1, p. 40) 

Traces is a non-profit association in Paris interested in participatory science, it over-
sees the Espace des Science Pierre-Gilles de Gennes (ESPGG), a culture center that 
can be considered as a bridge between science and people. ESPGG is part of the ESP-
CCI, engineering college of Paris, and the PSL Research University. 

Traces has three columns of action: the first one is focused on interdisciplinary re-
flection on science and its social impacts, the second one is about science commu-
nication and education training addressed to scientists, students, teachers, among 
others. Finally, the third column is dedicated to consulting for museums, companies 
and public institutions. (Ecsite , 2020)

The infrastructure of Traces allows spaces for brainstorming, conferences, workshops, 
co-creation, 3D printing and prototyping, among different creative activities. In the 
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same campus there are other specialized labs that can be used by Traces if requested, 
those labs are run by university students. Regarding knowledge and competencies, 
the Lab has strong capabilities in science engagement and social inclusion methods 
and collaborative training in Responsible Research Innovation (RRI). 

In the search to connect science and citizens, the Lab approaches co-creation in the 
blurred line between knowledge production and knowledge dissemination: “That is, 
activities that satisfy at the same time the needs of the general public and the needs 
of the research and innovation community” (Real, et al., Co-creation Journeys, 2019-1, 
p. 134) As a living lab, it involves final users in the design of solutions through explora-
tion, experimentation and evaluation.

Definition of the challenge 

In a world where algorithms are increasingly shaping the way we interact with others 
and take decisions, how can people be conscious about their choices and at what 
point do they understand the technologies that surround them and might influence 
their behaviour? The challenge of Traces is addressed to make Automated Decision 
Systems (ADS) intelligible by the public, “allowing users to understand when their data 
is used, and their profile calculated and what comes out of it.” (Real, et al., Co-creation 
Labs: solutions and policies, 2019-2, p. 140) The privacy of data and how companies 
and organizations might use it for their benefit rises ethical questions “ there is a real 
need of including discussions on the topic in contexts and situation easily accessible 
by general audiences, such as in educational or cultural activities.” (Real, et al., Co-cre-
ation Journeys, 2019-1, p. 135) There is where Traces can play a key role as a mediator 
and facilitator of discussions between experts, new technologies and general audi-
ences that are being affected by them. 

In the Phase 1. Analyzing the context, a mapping of stakeholder’s network was carried 
out; 5 categories of stakeholders were identified as follows: (1) policymakers, (2) re-
searchers, (3) education, (4) citizen rights and (5) innovation sector associations. Later, 
some interviews were carried out according to their areas of interest and availability. 
Finally, 5 events were organized with the aim of enable spaces for interaction between 
experts in the issue and people. The events had different approaches; the first one 
was a World Café, the second one was a conference, followed for a moving debate, an 
Ill-fated tribunal and a GDPR night event. 

As a result, different practices to raise awareness about decision making within the 
frame of the challenge were identified, “the ill-fated tribunals allowed people to go 
beyond their zone of comfort by playing with argumentations in a quite theatrical way 
and having fun in the process.” (Real, et al., Co-creation Labs: solutions and policies, 
2019-2, p. 141)

In the Phase 2. Reframing the problem, a deeper analysis of stakeholders was carried 
out identifying links between them: 
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Table 27 Traces Stakeholders

(Real, et al., 2019-2, p. 143)

Based on this information and the insights gathered from the several events in the 
Phase 1. The challenge was reframed: 

Table 28 Traces Challenge

(Real, et al., 2019-2, p. 143)

The idea

For the Phase 3, Traces organized an Open Lab Day with workshops addressed to 
experts. These workshops aimed at sharing and discussing knowledge from different 
fields, map approaches to promote awareness of the issues related to the ADS and 
propose ideas to address those approaches. To do so, the participants initiated their 
dialogue from real case studies of three main areas: research, education and right 
protection. 

As a  result from the Open Lab Day, 3 options of prototypes emerged: the first one is 
about designing an educational or cultural product for Artificial Intelligence (AI), the 
approach to AI in this idea changes, it puts AI as the target user and aims to under-
stand and explore possible relations with this system. The second idea is to develop 
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art-science workshops about decision making assisted by algorithms. The third idea is 
to involve high-school students in the development of a scenario regarding the chal-
lenge. Finally, the idea of changing AI from a tool to a user, was the concept selected 
to develop the prototyping phase. 

The prototypes

After the Open Lab Day, another event named TURFU was carried out. During this 
event a dialog among researchers and young people around AI was possible through 
workshops and prototyping sessions. Traces used this space to go in deep with their 
concept and answer some questions about this ADS. Questions like “How do the AI 
learn?” or “If algorithms listen to what we say, what would we want to tell them?” Fi-
nally, a library for AI was developed, including records, films, books and artworks.

The library was later the inputs for the next prototyping workshops that Traces de-
veloped to carry on with their concept for the SISCODE challenge. Also having proto-
typed already solutions, helped them to explore situations and nourish their prototyp-
ing ideas. 

Traces aims to play with the role of the actors involved in a cultural activity; usually in a 
cultural activity we have the author and the person that experience the cultural activ-
ity, usually accompanied by a support device (telephone, tablet, laptop). Traces search 
to transform the role of the support device and place it in the center of the activity, 
not only as a support element, but as an autonomous subject. At the beginning we 
Traces tried to see how a play is addressed to AI only, but then the lab realized that it 
was more interesting to see a person accompanying an AI seeing a play, guiding the 
exploration towards the concept of co-spectatorship. 

To do so, the Lab decided to prototype a cultural activity such as a theater play: a 
monolog of Hamlet was performed by an actor while being observed by different AI 
systems, which allowed Traces to gather data about what the AI saw or perceived 
from the monolog.
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The role of those prototypes is to explore new educational approaches to create aware-
ness about ADS, create links between stakeholders in the art field; such as artists, 
educators, researchers and influencers and promote empowerment in educational 
activities and Responsible Research Innovation (RRI).  

Policymakers engagement 

There are no local policies directly related to the challenge, however, the lab has had 
contact with the Ile de France Region vice-president of research who is aware of the 
challenge and is curious about the project. He was invited to assist to the Open Lab 
Day but cancelled in the last minute, which suggest that the project is still not a pri-
ority. There is still a gap between supporting the initiative and getting involved into 
the co-creation of it. The lab recognizes the necessity to engage middle-management 
policymakers that could be part of the prototyping process. 

Important stakeholders from Theatre de la Ville have been supporting and participat-
ing in some of the activities carried out during prototyping, contributing to the rec-
ognition of the project within the theatre community. In terms of the research com-
munity, many members of important institutions are interested in the project and 
have participated in their activities, however their participation is as individuals, not as 
official members of the institutions.

6.9. Ciência Viva – Science Museum
Ciência Viva, the PortugueseNational Agency for Scientific and Technological Culture, 
is a non-profit association of public institutions, research laboratories and science cen-
ters, it was created to promote public awareness of science, technology and educa-
tion. It was created as part of the Ministry of Science and Technology in 1996 (ERC=-
Science², n.d.), since then the lab has been involved in different projects for science, 
education, RRI and open science, which include the national participatory budget for 
science (Real, et al., 2019-1, p. 41).

For Ciência Viva, co-creation is a “more interactive approach to science communica-
tion, to engage the public with complex issues involving science, technology and so-
ciety, raising awareness of the issues at hand and of the importance of participation.” 
(Real, et al., 2019-1, p. 108) And it is usually translated into events and meetings such as 
focus groups or specific participatory activities, but not as a whole process including 
prototyping from a collaborative approach, as the one being developed with SISCODE.

The lab has space equipped for meetings, workshops, events and it has access to the 
Pavilions’ DOING augmented factory, a space for prototyping supplied with 3D print-
ers, cutter plotters, soldering stations and Arduino, among other tools. (Real, et al., 
2019-1, p. 108) Ciência Viva’s has a team for communication, design and digital fabri-
cation, and it has developed a database and resources about ocean literacy, climate 
change, marine litter and other related subjects, which is part of the origin of the chal-
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lenge’s theme selected.

Definition of the challenge

In a country as Portugal, the sea plays an important role in the culture and citizens 

daily life; however, there are few marine leisure activities. (Real, et al., 2019-1, p. 109). In 
the case of the river Tejo, close to the location of Ciência Viva, the lack of these leisure 
activities prevents economic incentives to maintain the navigability of the river (Real, 
et al., 2019-2, p. 100).

The lab seeks to bring people closer to the sea, while promoting awareness about 
its value. In Phase 1. Analyzing the context, a desk research was carried out about 
recreational boating and water-based sports in Portugal. From this research, the lab 
identified and interviewed some stakeholders and carried out field research in the 
river of Lisbon, documenting with pictures, videos and field notes the activities and 
life around the river. Later, the information gathered was analyzed looking, patterns, 
trends and actors involved. As result, the lab identified two problems: the first one is 
about limited physical access to water, and the second one is about a resistance to 
water-based activities from people.

In Phase 2. Reframing the problem, Ciência Viva carried out a SWOT (Strengths, Weak-
nesses, Opportunities and Threats) analysis and a stakeholder mapping identifying 
each actor’s needs, interests, skills, and relations between them. 

Table 29 Ciência Viva Stakeholders

(Real, et al., 2019-2, p. 62)
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Later, a workshop with four important stakeholders was carried out to reframe the 
challenge as follows:

Table 30 Ciência Viva Challenge

(Real, et al.,2019-2, p. 62)

The idea

Ideas were collected from the beginning of the co-creation processes, from the meet-
ings and interviews with stakeholders that manifested their ideas and possible solu-
tions for the challenge. For Phase 3. Envision of alternatives, two workshops were car-
ried out specifically to generate ideas, from which a pattern was identified: solutions 
that involve actual experience on the river. Other issues like accessibility to the river 
were considered as out of the lab´s scope, but still it was considered for the idea gen-
eration.

 The idea selected is called Build your own boat/Bring your own boat, that consist on, 
what the lab calls, an “anchor activity” accompanied by complementary events. The 
activity is the construction of a boat through a yearlong workshop, “The workshop will 
have successive modules comprising different subjects: the river, boat design, float-
ability, boat construction, basic navigation skills, safety, etc.” (Real, et al., 2019-2, p. 107). 
The results from the workshop will be exhibit in an event in which different activities 
around the river will be held. “Our approach aims at immersion and interaction with 
water environments, and involves a wide range of people – not just children or sports 
people, but also the public, researchers, makers, artists, families, businesses – creating 
something that explores different uses of the river.” (Real, et al., 2019-2, p. 107)

The prototype

The prototype is meant to be already a mean for stakeholders to interact around the 
river, raising interest and awareness about its possibilities and value. For the prototype, 
the lab did a research about DIY boat construction and its preparation requirements, 
based on the research they designed a Kayak building workshop, which is meant to 
be followed by other prototypes and an immersive science festival in the river. The first 
prototype was at small scale, involving limited but varied number of key stakeholders. 
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(Praça, 2020)

The workshop Viva Kayaks! Involved students and other stakeholders that built a total 
of 70 kayaks together. After the activity, the lab gathered feedback from the partici-
pants to nourish the next steps of the prototyping process, which will be the Festival 
Viva Kayaks! Due to the Covid-19 situation, the activities programmed to carry out the 
festival had to be postponed until autumn 2020.

Policymakers engagement

Co-creation dynamics are not common in the Portuguese policymaking context, in 
which consultations with experts and limited participation of citizens are the com-
mon approaches. Thanks to the relation of Ciência Viva and network of stakehold-
ers the first approach to the Municipality and neighborhood governments was easy; 
moreover, the challenge is part of the existing agendas of the local policies which 
increased the interest of policymakers into supporting and disseminating the project. 

Nevertheless, policymakers invited to the workshop didn’t assist, which seems to 
mean that their role is more as supporters than collaborators of the prototype, “We do 
feel that they will be supportive once we show them a more definite plan, with con-
crete initiatives.” (Real, et al., 2019-2, p. 109)
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6.10. Science Gallery Dublin – 
Science Museum
SGD is a non-profit gallery part of the Trinity College of Dublin that started in 2008 
to promote “creativity and discovery where science and art collide” (Real, et al., 2019-
1), through exhibitions and events that combine the knowledge of scientists, artists, 
designers, students and entrepreneurs. Being part of the Trinity College of Dublin has 
allowed them to have connection with a large network of researchers that makes this 
possible.

The Lab has space for group activities such as brainstorming, creative sessions and 
presentations and is equipped with rapid prototyping tools and materials. SGD has 
multidisciplinary teams that collaborate in the exhibitions and events, as well as a 
specialized marketing and event team that are part of the SISCODE project imple-
mentation. 

Definition of the challenge

SGD challenge is about mental health and well-being management with young peo-
ple in Ireland; which topic emerged and is nourished by past exhibitions of the lab. 
In the Phase 1. Analyzing the context, SGD carried out a desk research about mental 
health for young people in Ireland and a list of relevant stakeholders was identified. 

Table 31 Science Gallery Dublin Stakeholders

(Real, et al., 2019-2)

Next, 34 meetings with the identified stakeholders (psychologists, counselling ser-
vices, youth social workers, policymakers, researchers) were conducted. Moreover, a 
focus group with teachers and parents, a survey for young people (18-25-year-old) and 
three educational workshops with 60 students between 15 and 16-year-old were un-
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dertaken. Based on the information gathered form these activities, SDG developed 
personas, mind maps and word clouds about mental health issues.

For the second phase, Reframing the problem, the lab carried out a workshop to gen-
erate ideas, where the results from the first phase were presented to mixed groups of 
stakeholders who voted for the themes they would like to explore (e.g. eating disor-
ders, transitioning from child to adult, etc.) Each group created a conceptual map for 
the issue selected, which allowed them to identify more specific problems for each 
theme. The challenge was addressed specifically to secondary school settings, al-
though it still aims at remaining open.

Table 32 Science Gallery Dublin Challenge

(Real, et al., 2019-2)

The idea

In the same event, groups working in specific themes brainstormed ideas of hobbies 
and technologies related to the issue, followed by a 2 minutes brainstorm of ideas for 
possible solutions of the challenge, which they later draw, named and finally evalu-
ated in terms of impact and feasibility. From the ideas generated during this activity, 
the stakeholders selected Open Min: in-class modules with transition year students 
to create awareness about the importance of hobbies for mental health (Real, et al., 
2019-2, p. 182) and empower them to improve their well-being through school, set up 
extracurricular clubs to explore their hobbies and mentor first year students in their 
chosen hobby. With Open Mind, students are equipped to create lunchtime clubs and 
connect with younger students that share the same interests.

The prototype

To prototype the idea, a pilot programme within 4-5 existing school was planned, 
however, due to the Covid-19 crisis, the lab had to postpone and change some of the 
planned activities, as these were depending on schools that due to the crisis had to 
close during the first semester of 2020. The prototype was adapted to remote engage-
ment and the following steps will be carried out in September 2020.

Policymakers engagement

Irish government recognizes mental health as an important issue to be addressed; the 
Report of the Expert Group on Mental Health Policy responds to this need, however, 
policies still have gaps to cover all issues related to mental health related to young 
people and the implementation of the whole policy is still in pending.
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6.11.  Comparative Analysis of the 10 SISCODE cases 

Labs General Analysis 

After the review of each lab documentation, their prototyping approach was analyzed 
through the two dimensions of the Prototyping Matrix: in terms of prototyping as a 
process and prototypes as artifacts. The labs were placed as follows:

Figure 21 Prototyping Matrix: Labs Comparative Analysis
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As it can be seen in the graphic, most of the labs are in the bottom-left quadrant, which 
means a validation-driven and realistic prototype. The distribution in the graphic of 
the Fab Labs and Living labs seems to be more validation-driven, while the roughness 
of the prototypes varies. In the case of the Fab Lab Polifactory, the first phase of pro-
totyping uses a rougher prototype that becomes more realistic in the second phase. 
In the case of ThessAHALL and Fab Lab Barcelona, their approach is more explora-
tion-driven, although it remains close to the center of the matrix. As an exemption, 
two of the four science museums are isolated in the top-right area of the matrix, both 
with rough prototypes and with an exploration driven approach, from the documen-
tation review, none of the Fab Labs or Living Labs reach this level of uncertainty. 

Comparative Analysis: SISCODE case studies



P. 103

Regarding the relation between their level of uncertainty and their proximity to poli-
cymakers, we can identify that Traces and Cube, that are in the higher level of uncer-
tainty, focus their challenges in future scenarios, which means that they are exploring 
into unknown unknowns more than validating known unknowns. Therefore, their ap-
proach towards policymakers tends to be more strategic than operational. 

On the one hand, Cube identifies some issues regarding this aspect: “both citizens 
and policy makers keep thinking and acting within their current frames and have 
difficulties exploring new/different future possibilities” (Real, et al., Co-creation Labs: 
solutions and policies , 2019, p. 15). One of the recognized gaps by Cube is to “Work 
on their fear of failure” (Real, et al., Co-creation Labs: solutions and policies , 2019, p. 
123), which is higher as uncertainty increases. On the other hand, Traces identifies it-
self more as an influencer of future policies around science engagement, by showing 
policymakers how things can be done different and tackling questions around future 
scenarios. 

PA4ALL and KTP, together with Science Gallery Dublin are on the opposite side of the 
graphic. In these cases, their collaboration with policymakers is closer to the opera-
tional side, which means that policymakers are highly involved and sometimes they 
are co-owners of the prototypes, as it is the case of the prototype of the Air Protection 
Programme of KTP. 

Only two prototypes are in the top-left quadrant of the graphic, and the two of them 
have a complementary or successive prototype; on the one hand, the first phase of 
Polifactory was validation-driven with a rough prototype, in the second phase it moves 
towards a more realistic one. On the other hand, KTP carried out the Smogathon Spe-
cial Prize looking for solutions to implement the other prototype, the Air Protection 
Programme, which is lower, in the bottom-left quadrant. 

Focus Group: Dialogue among researchers and practitioners 

After the general analysis of the labs’ approach to prototyping, a focus group was car-
ried out to share with the lab members part of the research about prototypes roles 
and the diagnosis of their prototypes regarding the literature analysis (the matrix pre-
viously explained). Seven of the ten labs were present in the workshop which was the 
first session of an initiative from SISCODE called “Dialogue between practitioners and 
researchers”, that seeks to bring closer researchers with practitioners of the co-cre-
ation labs.

Before showing the previous graphic, a blank matrix was handled, and each member 
of the labs had the chance to place their prototypes into the matrix. The result of their 
self-assessment was the following: 
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Figure 22 Prototyping Matrix: Focus Group Labs Auto-Assessment

Exploration
Driven

Validation
Driven 3 2 1 2 3 4 5

Rough

Prototyping
The process

Prototype
The artifact

Realistic

1
Prototype 
as a Trigger
First prototype
then specification

Prototype 
as an assessment
First specification
then prototype  

Easy to develope 
Close to the final solution

Early in the process to 
explore and interact

45

4

3

2

1

5

2

3

4

5

1

Sheets Prototypes

Community/
ecosystem
prototype 

Case Prototypes

KTP

ThessAHALL

Smogathon
Special Price

Ciência Viva

PA4ALL

Underbroen

Fab Lab BCN

Traces

Underbroen

Underbroen

Fab Labs

Living Labs

Science Museums

Most of the labs placed themselves in the right side of the graphic and most of them 
consider their prototypes rough. Unlike the preliminary analysis, the bottom-left quad-
rant is empty, and three labs are in the bottom-right quadrant (exploration-driven and 
realistic prototypes), a quadrant that was empty in the preliminary analysis. However, 
two of those labs are close to the center, without passing from the level 1 of realistic 
and the level 2 of exploration driven approach.

ThessAHALL perception of their prototyping process is in the center as “It is based in 
some previous experience and some assumptions that we made before starting the 
prototype and now we want to explore, validate or not the assumptions and how we 
could extend this aspect and replicate them.” (ThessAHALL, 2020), they identify uncer-
tainty in terms of scaling up and scaling out their prototype.

Underbroen placed three different prototypes: one regarding the creation of a com-
munity around plastic recycling in the validation-driven and rough quadrant, and two 
in a similar position in the exploration-driven and realistic approach: the sheets proto-
types and the cases, which are tangible and closer to what could be the final product 
“in many ways we knew the specifications about how to realize it, but since its new 
techniques and production methods, still quite a lot of uncertainty.” (Underbroen, 
2020)

Fab Lab Barcelona placed its prototype close to the center and felt some difficulties to 
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differentiate between the  validation driven and the exploration driven approach, “The 
separation between validation and exploration is very tricky, because I would say that 
I’m always in exploration mode, but if we are thinking on what we need now, we are 
finding solutions to validate our prototypes.” (FabLabBarcelona, 2020).  

Besides these evident changes between the preliminary analysis and the one from 
the self-assessment, there are mild displacements from the other labs. In the follow-
ing graphic we can see the contrast between the preliminary analysis (low opacity) 
and the self-assessment (high opacity):

 

Figure 23 Prototyping Matrix: Focus Group Labs Comparative Analysis
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Traces and ThessAHALL were the only labs that remained in the same degree of ex-
ploration-driven approach, all the other labs moved in this axis towards the explora-
tion-driven approach. The exploration was understood in terms of trying new means 
or ideas:

“It is an exploration from the beginning, from the tools of co-deign, because we 
are not that experienced on it, but it’s also an exploration for searching contin-
uously for our solution and in a way is an exploration of the issues we are trying 
to address.” (CiênciaViva, 2020). 
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“Our prototype is connected with schools, the first thing we wanted to know is 
how the prototype would have to be in order to accomplish the specifications.” 
(PA4ALL, 2020)

Four from the seven labs participating (Underbroen, ThessAHALL, Fab Lab Barcelona 
and KTP) moved their prototypes towards a more realistic artifact and three of them 
(Traces, Ciência Viva, PA4ALL and Underbroen) moved towards a rougher prototype. 
The term rough also caused some confusion, while some labs considered rough those 
prototypes that were not fully tested, others considered rough the ones that are not 
like the final solution: 

“I see rough as something that can be very sophisticated and advanced but 
not similar in its form or use to the actual solution that could be implemented, 
while another person can interpret rough as something that is not fully tested. 

In my reading of the scale, realistic is when the prototype corresponds to the 
final object” (Traces, 2020)

From the self-assessment of the labs, a pattern can be observed regarding the type 
of co-creation lab: 

Figure 24 Prototyping Matrix: Co-creation Labs Patterns
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All Fab Labs participating in the workshop perceived their prototypes in the bot-
tom-right quadrant, (except from the one prototype of Underbroen that is in the top 
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right quadrant), which means that they feel that their prototyping process is explora-
tion-driven, while using realistic prototypes. However, during the conversation they 
expressed their intention of “validating” known unknowns of the prototype more than 
exploring unknown unknowns. 

In the case of the Living Labs, the three participating labs placed themselves in the 
top-right quadrant, although ThessAHALL and PA4ALL are in the middle between 
rough and realistic prototypes.

The two science museums participating in the workshop placed themselves in the 
more exploration-driven side of the graphic and closer to a rough prototype.

Conclusions 

The two variables of the matrix are correlated, which could mean that two quadrants 
will be easily filled (exploration-driven/rough prototypes and validation-driven/realistic 
prototypes), while the other two would tend to remain empty (exploration-driven/re-
alistic prototypes and validation-driven/rough prototypes). However, due to the tech-
nological advances to develop easily realistic prototypes, as Sanders (2013) explains, it 
is possible to find realistic prototypes with an exploration-driven approach. Regarding 
the validation workshop results, three out of seven labs identified their prototyping 
process in this quadrant. 

Regarding the validation-driven approach with rough prototypes, although none of 
the labs perceived themselves in this area, two prototypes were placed in this quad-
rant from the preliminary analysis, based on their documentation about the proto-
types. This displacement between the preliminary analysis and the validation work-
shop could be examined to understand the reason for the variations.

Every process of prototyping has some degree of exploration and most of the labs 
perceive themselves in this area even when they are looking to validate or assess their 
prototypes, as it can be seen in the case of ThessAHALL, they placed themselves in the 
exploration driven quadrant but later during the discussion expressed their interest 
in having validation-driven goals “We are going in the direction to validate, we want 
our project to find a realistic place, in the same time we are doing exploration.” (Thes-
sAHALL, Validation Workshop, 2020) Most labs perceive their prototyping approach 
as explorative, in the sense that they are exploring the specifications that need to be 
clarified.

In terms of the relation with policymakers, the bottom left quadrant of the graphic 
(validation-driven and realistic prototype) might be the “comfort zone” for policymak-
ers’ involvement, even if this is already out of their “traditional comfort zone”. However, 
uncertainty can be a strength for policymakers’ engagement, if the project is present-
ed from the beginning as an exploration driven approach, highlighting its purpose. 
An exploration-driven approach with rough prototypes can be an advantage for the 
labs, as they can handle the risk of failure without policymakers assuming its cost and 
having the possibility to learn from the lab’s experiences. In these cases, policymakers 
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as institutions have a more passive role in the prototyping process, as they are waiting 
for results more than being co-responsible of the process.  

In the cases where policymakers were directly involved, such as KTP or PA4ALL, uncer-
tainty can be managed through transparency in communication and a constant com-
munication loop between the stakeholders. These labs still perceived themselves in 
an exploration driven approach and the uncertainty is felt in terms of meeting stake-
holders’ expectations and scaling up the solutions, passing from prototypes to imple-
mented and scalable solutions.

The positioning of the prototypes might depend on the moment of the policy design 
in which it belongs; “It may be the case that certainty and uncertainty are correspond-
ing to different phases of policy making and it could be an issue only in some phases 
while being an opportunity in others.” (Deserti,Validation Workshop,2020) This can be 
seen contrasting two lab cases: on the one hand is Traces, which could be part of an 
early stage of policy design, influencing policymakers into new ways of understanding 
Artificial Intelligence, while handling a high level of uncertainty and a completely ex-
ploration-driven approach. On the other hand, KTP is part of a more mature stage of 
the policy design process, looking already for answers to implement the Air Protection 
Programme, which is currently part of the policymakers’ agenda of the region.

Comparative Analysis: SISCODE case studies



7. Qualitative Case Studies:  
Krakow Technology Park, 

ThessAHALL and Traces
Based on the level of uncertainty, three labs were selected to verify if this aspect is 

affecting and how is it related to policymakers’ engagement in the co-creation pro-
cess. The cases were selected as follows: one lab that has a high level of uncertainty 
(Traces) , one that has a very low level of uncertainty (KTP) and one with a medium 
level of uncertainty (ThessAHALL), based on the two dimensions of analysis of the 

Prototyping Matrix. Below a deeper analysis of each case study is described in 
relation to their prototype’s uncertainty and its interaction with policymakers. 
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Three semi-structured interviews with one member of each lab were carried out to 
understand de interaction of their prototypes’ uncertainty level and the policymakers 
engaged in the process. The interviews also seek to deepen in the information pro-
vided in the reports to have a more depth understanding of the prototyping context. 

7.1.  Krakow Technology Park (KTP) – 
Living Lab    
Challenge: How to improve the quality of the air in Krakow by motivating citizens to 
change their ecological attitudes, transportation and heating habits and to support 
decision makers with relevant tools and instruments for the co-creation of local new 
policies applying a user centered approach. 

Prototypes: Air protection programme (APP) and monitoring and controlling system 
for industrial pollution. 

Level of uncertainty: Low

Policy context of the challenge

In 1990 the Special Economic Zone (SEZs) were established in Krakow to attract inves-
tors to Poland. (KPMG, Invest in Poland , 2009, p. 10) A SEZ is “a separate, uninhabited 
part of the country’s territory where business activity may be conducted under pref-
erential conditions defined in the Act on Special Economic Zones of 20 October 1994” 
(Journal of Laws of 2007, no. 42, item 274, Journal of Laws of 2008, no. 118, item 746). In 
1995 the first SEZ was opened in Mielec, 2 years later the Krakow SEZ, granted to KTP, 
was opened. 

One of the benefits that the country offers to possible investors are the Technology 
Parks, with high-tech infrastructures and R&D support, together with tax exemptions, 
grants and funds (KTP manages the Polish Investment Zone, which allows them to 
authorize these tax exemptions). 

One of the grants is related to the Innovative Economy Operational Programme, 
which is addressed to small, medium-sized and large companies with projects related 
with R&D centres or projects with new technological or industrial design solutions. 
(KPMG, Invest in Poland , 2009, p. 13) 

This economic and political landscape reflects an institutional will to encourage inno-
vation, and the emergence of Technology Parks such as KTP manifests an approach to 
innovation that beholds co-creation as a possibility of value creation. According to the 
approaches of design in design for policy, the nature of KTP and its relationship with 
local and regional authorities represents a Design as co-creation approach.  
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The challenge of KTP comes from the SMART KOM strategy, a previous project for Kra-
kow Metropolitan Area developed by KTP, regional authorities and foreign partners 
from 2013 until 2015. One of the challenges that emerged from this strategy was “to 
improve quality of life by integrating and promoting activities aimed at improving the 
health and physical condition of the Krakow population mainly focused on air pollu-
tion and mobility.” (Real, et al., Co-creation Labs: solutions and policies , 2019, p. 58) This 
challenge is framed in the Air Protection Program (APP) for the Malopolska Region 
and Integrated Quality of Air Management System in Krakow. 

The environment protection is responsibility of public authorities, according to the ar-
ticle 74 par. 2 of  the Polish Constitution (Real, et al., Co-creation Journeys , 2019, p. 84).  
Within this frame, air pollution is a challenge for the government, involving central 
and local administration levels. “Issues regarding air quality in Poland are regulated 
primarily by the Environmental protection law (POS) dated 27th April 2001.” (Real, et 
al., Co-creation Journeys , 2019, p. 84) However, specific issues might be regulated by 
different entities of the Minister of the Environment. 

The Development Strategy of the Malopolska Voivodship was adopted for the years 
2011 until 2020, part of this strategy is dedicated to environment protection, “ The strat-
egy is the basic and the most important document of the voivodship self-govern-
ment, defining the areas, objectives and directions of development policy interven-
tions, conducted in the regional space”  (Real, et al., Co-creation Labs: solutions and 
policies , 2019, p. 58)

KTP prototypes were part of an already existing local and national agenda, if we go 
back to the policy cycle, these prototypes are between the second and third phase, 
closer to the implementation.

Figure 25 KTP Prototype’s Policy Cycle Phase
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Approaches to prototyping and level of uncertainty

Both prototypes have different approaches, the Air Protection Programme is inclined 
to an informational approach, explained in Chapter 1 of  this thesis, as it relies more 
on experts or stakeholders related to the air pollution subject, however it also has into 
account the needs and suggestions of inhabitants directly affected by the issue, even 
if they are not expert in the matter.  However, the responsible of the creation and im-
plementation of the APP is the Marshall Office of the Malopolska Region, together 
with the experts in air pollution. 

The prototypes that emerged from the Smogathon special prize were closer to the 
inspirational approach, as they result from an explorative approach during the event. 
Nevertheless, the goal of the hackathon was clear: find ideas to make the APP tangi-
ble into products and services that would monitor industrial air pollution. The specifi-
cations for the ideas that would emerge were previously settled by specialists to guide 
the brainstorming and select the ideas. 

“KTP worked with the Marshall Office to create together the criteria for 
the challenges of the Smogathon considering the APP.  Specialists (rele-
vant department employees) from Marshal office of Malopolska Region 
supported the Smogathon teams by delivering information and data, 
mentoring and answering the questions.” (Project Manager KTP, 2020)

Prototypes developed during the Smogathon were rough and quickly done by the 
participants of the event. After this prototyping process, KTP mentioned a need to 
adapt the solutions proposed in the Smogathon to local contexts. To do so, the lab has 
run internal tests of the internet platform to define what should be in the webpage 
and how it should be structured, involving colleagues from the Marshall Office of the 
Malopolska region. After these tests, they will incorporate the pilot into the official ex-
isting website of the Malopolska region

Policymakers role 

KTP has a close relation with policymakers, which allowed them to define the chal-
lenge according to the central and local policymaking context and agenda, specif-
ically the Air Protection Programme. KTP offers policymakers a space for exploring 
solutions, starting from their policy objectives and confronting them with citizens’ 
needs and proposals.

“We as non-profit organization and working with the private sector, we don’t have so 
many legal bindings as the administration has, sometimes we are more flexible, al-

though we also follow some regulations, which allows us to look for the solutions out 
of the box. We try to share this with policymakers.” (Project Manager KTP, 2020)

The Marshall Office of the Malopolska Region is the owner of the Air Protection Pro-
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gramme (APP), therefore their role in this prototype is the role of owner, which means 
a high involvement in all the co-creation process. 

“KTP was supporting and facilitating the process, running the open consulta-
tion in a transparent way, inviting citizens and stakeholders to set their opin-

ions and expectations regarding the APP” (Project Manager KTP, 2020)

Regarding the Smogathon Special Prize event, policymakers were involved as men-
tors and advisor, helping to build the criteria for the challenges and assessing the 
ideas presented. In general, KTP didn’t perceived any barriers to involve policymakers 
into the co-creation process, including prototyping. The type of relationship that KTP 
has with policymakers facilitated their involvement from the beginning and the con-
stant meetings and consultations enabled a space for constant dialogue and agree-
ment of each step of the process.

“We didn’t have any special difficulties because of the long-term relation, the 
trust. We didn’t start from the scratch. The relation with policymakers was 

based on day by day contact and involvement in consultations and participa-
tion in multisectoral Advisory Boards and Initiatives run by both parties. Before 

starting the prototyping, we did a very deep research and analysis of what is 
important from the policymaker’s side to understand their perspective and 

priorities, and how much can we support them based on the role KTP plays in 
the region.”

(Project Manager KTP, 2020)

Policymakers’ interaction with prototyping’s uncertainty

“Prototyping didn’t bring uncertainty because we knew it was crucial 
for the Malopolska region and it has to be created and implemented in 

coming months, so we knew it must be delivered” (KTP, 2020)

Although prototyping always deals with some level of uncertainty, KTP didn’t perceive 
it, as they were constantly clarifying and controlling known unknowns through con-
versation with specialists. As the prototyping approach was specification-driven, the 
level of uncertainty was low and the way KTP manage it was through constant dia-
logue with experts and policymakers for which establishing a common language was 
important: 

“ The prototyping process itself did not bring any level of uncertainty, but defi-
nitely required wide consultation and explanation that we have a common 

understanding of what we are prototyping, that all aspects of the prototyped 
process are deeply discussed and consulted with all stakeholders involved 

(Air protection controlling entities as the Environmental Protection Inspector / 
Voivode Inspectorate of Air Protection)” (Project Manager KTP, 2020)

KTP recognizes the relevance of being conscious about the changes that the idea 
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and the prototype will face, and the importance of communicating this condition to 
all stakeholders involved.

“The process of prototyping was very dynamic and we had to accept that 
there will be some changes during the prototyping, because the assumptions 
that we had at the beginning, when we went into the details, we had to mod-

ify it and discuss it with many stakeholders… Everything was to be discussed 
very detailed so we can be sure we were talking about the same thing, in the 
same way. So, when we accepted this dynamic, we had to accept the chang-

es and modifications of the assumption. I think that is why it didn’t bring so 
much uncertainty.” (Project Manager KTP, 2020)

Current state of the solutions

The Covid-19 situation required a change in the developing and prototyping phase of 
the ideas; however, it didn’t represent significant delays in the timeline planned. The 
feedback sessions and meetings were conducted remotely and the development of 
prototypes of the Smogathon Special Prize continued being developed. 

Due to coronavirus, the second round of consultation of the APP has been postponed.  
The presentation of the programme for the approval of the Regional Office of Malopol-
ska Region is going to be by the end of September 2020. 
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7.2.  ThessAHALL – Living Lab 
Challenge: How to break the social exclusion walls and welcome older adults and 
chronic patients back to society? 

Prototypes: “Participate 4” co-creation research and life-long learning programme

Level of uncertainty: Medium

Policy context of the challenge

Thess-AHALL is strongly connected with different actors from the health ecosystems 
and is member of the following international networks: the European Innovation Part-
nership on Active and Healthy Ageing (EIP on AHA), the International Association of 
Gerontology and Geriatrics (IAGG), the European Platform for Rehabilitation (EPR) 
and Alzheimer Europe. The Laboratory of Medical Physics is related to 9 innovation 
research groups.

There are several initiatives from the local government and private institutions to 
tackle elderly and chronic patients. Some of the initiatives include local and interna-
tional policies, awareness campaigns, mentoring programmes and research regula-
tions. (Real, et al., Co-creation Journeys , 2019, p. 100) ThessAHALL aims at changing 
the policymaking context for older adults and chronic patients and involve them as 
active actors within society, however “the local policy context has poor knowledge of 
co-creation and it does not promote the democratization of research and participants’ 
involvement in it.” (Real, et al., 2019-2, p. 93)

The policies vary for each target population; regarding elderly people, day care cen-
ters managed by the public-municipal administration offer sport, entertainment and 
educational activity programmes and benefits related to transportation and mobility. 
Concerning chronic patients, the policies are managed by the Greek federation of pa-
tients and the regional or national Patient’s Associations, according to the conditions 
of the patient. There are also funds and initiatives coming from the World Health Or-
ganization and the European commission. However, “There is no central social de-
sign and the existing inclusive structures and activities are the product of short-term 
decisions/parameters” (Real, et al., Co-creation Labs: solutions and policies , 2019, p. 
85).   There are also barriers related to the bureaucracy required to communicate with 
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policymakers and some day care centers or hospitals, which makes it more difficult to 
gather evidences and information. 

The initiative to create awareness about elderly people and chronic patients came 
from ThessAHALL, it wasn’t part of government’s agenda to start with, although there 
are already existing policies and programmes related to these issues. ThessAHALL 
challenge has an ambitious goal of improving conditions for elderly and chronic pa-
tients but also doing it through co-creation, which means a structural change in the 
policymaking context of Greece. 

Therefore, the prototype is placed in early stages of the policy cycle, between the agen-
da setting and design phases.

Figure 26 ThessAHALL Prototype’s Policy Cycle Phase
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Approaches to prototyping and level of uncertainty

Their approach to prototyping is in the top-right quadrant, meaning they are closer to 
a prototype-driven approach and their prototype is still rough. Nevertheless, they are 
still close to the centre of the graphic; the goal of prototyping is clear, but they leave 
some space for exploration through the process. 

“It is based in some previous experience and some assumptions that we 
made before starting the prototype and now we want to explore, vali-

date or not the assumptions and how we could extend this aspect and 
replicate them.” (ThessAHALL, 2020)

The prototype by itself is still rough as they are simulating how the interaction be-
tween elderly, academia and researchers could be, but it is not extremely rough as:

“It is quite realistic to be developed because is based on previous knowl-
edge, they can be part in a more systematic approach.” (ThessAHALL, 

2020)
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Policymakers role 

The Region of Central Macedonia is meant to support the Living Lab by “promoting 
and embracing co-creation and its value for the society and the Quality of Life of spe-
cific populations, like older adults and chronic patients.” (Real, et al., 2019-2, p. 93) Pol-
icymakers have been participating in events and working with elderly giving men-
torship. Policymaker’s role during the prototype was more as a supporter or observer, 
waiting for results of success to get completely involved. 

“As Thessaloniki is a small city, it was easy to identify the key policymak-
ers and approach them to present the project, however it is not easy to 
convince them to help us to scale this mission up.” (Research Associate 

ThessAHALL, 2020)

The lab has noticed a changed in how policymakers are perceiving the co-creation 
process: as they see elderly people involved in the events and activities, they have 
recognized the value of the project, “ It is easy to show value when they can see the 
process with their own eyes.” (Research Associate ThessAHALL, 2020)

“One week ago, we had a meeting with the major asking to in-
volve them more in the process to replicate these initiatives in 

other parts of the city.” (Research Associate ThessAHALL, 2020)

Policymakers’ interaction with prototyping’s uncertainty

“I think that their uncertainty is that they are looking for solutions with 
high impacts for society. They don’t want to spend so much resources or 

money to implement something, this is their fear.” (Research Associate 
ThessAHALL, 2020)

Uncertainty is perceived in terms of meeting expectations of stakeholders, for which 
the lab tries to manage their expectations at a medium level, being clear about the 
risks and implications of the project. 

In terms of expectations the lab considers that policymakers don’t face any uncertain-
ty, “There is no uncertainty affecting policymakers in the process, as it has been said 
before, they don’t have any expectations.” (Research Associate ThessAHALL, 2020) As 
policymakers haven’t been involved as co-owners or partners in the prototyping pro-
cess 

“Policymakers doesn’t have great expectations; they are just happy to 
see older adults active. They are open to listen their needs and ideas; 

they are open to integrate some of their solutions, but they are a little 
bit distant” (Research Associate ThessAHALL, 2020)

The “passive” role of policymakers into the prototyping process prevents them to deal 
with any uncertainty related to these activities, “Policymakers like the prototype be-
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cause they like to see older adults involved. They don’t express any comments of the 
process.” (Research Associate ThessAHALL, 2020) the uncertainty is felt mainly by the 
lab and the elderly working in the project, as they don’t know if the prototype will scale 
up in the end.

Current state of the solutions

The Covid-19 situation required a change in the way ThessAHALL was interacting with 
the elderly of the project, as this is a vulnerable population, meeting in person was 
impossible. Moreover, it is a target population that is not use to digital technologies, 
which made it difficult to communicate and continue working with them.

After the first loop of prototyping (explained in the previous chapter), Greece start-
ed the first lockdown because of the Covid-19. ThessAHALL decided to measure the 
impact so far, and then start a new round with virtual sessions via skype and viber, 
through group calls (E-coffees).

The groups pivoted their initial ideas for implementation for the city and they worked 
in similar activities at home. Each group has its own mission. The health group was 
about to produce an awareness campaign for older adults, now they are preparing 
some guidelines based on their experience with Covid-19, the main idea remains the 
same, but they adjusted to the emergency. The environmental group was about to 
codesign and renovate an abandoned park with the Municipality of Thessaloniki, to 
make it green again, now they are working in home gardens trying to make the city 
greener in another way. The third group challenge remains the same. Because of the 
summer period, they are moving to their summer houses and they won’t participate 
in more calls until September 2020.
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7.3.  Traces – Science Museum
Challenge: How to organise interactions between research, education, civic right and 
policymaking in order to identify ways to raise awareness of algorithmic decision mak-
ing within general cultural activities? 

Prototypes: Artificial Intelligence as a co-spectator 

Level of uncertainty: High

Policy context of the challenge

The ESPGG, the culture centre oversaw by Traces, is a leading research institution rec-
ognized in the academic and industrial sector, which places Traces in a strategic place 
between different stakeholders and in front of the ESPCI Paris and PSL University, 
actors that have been involved in past exhibitions and workshops from previous proj-
ects. The academic influences of the ecosystem of Traces seems more relevant and 
continuous than the relations established with the political context. 

As the issue of the challenge has a global and quickly changing nature, there are no 
policies identified in the local context (Real, et al., Co-creation Journeys , 2019, p. 136). 
The aim of this challenge is to inform policymakers about the public visions regarding 
data privacy and algorithmic decision making. Unlike the KTP case, this challenge is 
not framed within an existing policy or public programme, it has a more bottom-up 
approach. 

However, there are some regulations already addressing issues related with the chal-
lenge at a continental level. The European General Data Protection Regulation (GDPR) 
establishes the rules for the “protection of natural persons  with regard to the process-
ing of personal data and on the  free movement of such data” (Official Journal of the 
European Union , 2016, p. 1). In France, the Commision Nationale de l’Informatique et 
des Libertés (CNIL) is responsible to protect citizens rights regarding data privacy by 
informing them about those rights and oversee the correct implementation of the EU 
GDPR law.
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Traces’ challenge is placed on a future scenario, where there are still no clear policies 
or programmes to tackle most of the issues related to algorithmic decision making, 
this is a field of unknowns unknows. Therefore, it is not part of the current policymak-
ers’ agenda, it is placed in the pre-phases and first phase of what could be a traditional 
policy cycle:

Figure 27 Traces Prototype’s Policy Cycle Phase
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Approaches to prototyping and level of uncertainty

In this case, the prototypes are a solution by themselves, they are not only a mean to 
explore ideas; they raise awareness through their process and engage people while 
doing it. These prototypes are adopting an inspirational approach, where uncertainty 
is high and is being used as fuel for co-creation. Their roughness linked with these 
technologies (AI, YOLO) allows them to explore different situations easily and iterate.

“… we really don’t know the results. For me it’s very interesting but it’s 
very risky, half of the things we wanted to do didn’t work, we take the 

risk of that, I was a bit disappointed because some of the things didn’t 
work but you have to accept that if you want to explore.” (Director Trac-

es ESPCI Paris, 2020)

“Our prototype is definitely inspiration driven; the prototype is the tool 
to identify the right questions to ask. So, it is not a product or s solution, 
it is an instrument that allows us to ask meaningful questions that we 

suspect might be hidden when we deal with our relationship with AI. 
So, through the prototype we are able to uncover hidden questions, not 

clarified angles and for us this is the role of prototypes, it allows us to 
look at things differently This is the reason why people participating is 

interested.” (Traces, 2020)
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Each event and workshop allowed participants to develop several prototypes which 
made possible for the lab to iterate the idea since the beginning of the challenge. This 
is evident in the number of iterations carried out. 

Policymakers role 

Policymakers role during this prototype have been as observers that can be influenced 
and eventually support the outcomes of the prototype

The director of Traces explains the role of policymakers as let goers, which means pas-
sive agents that let other unities, such as living labs or science museums like Traces, 
experiment and explore, without being directly involved or being accountable of the 
exploration.

 “Within our policymakers we found “let-goers”, the ones that just let it 
flow because they recognize that diversity is important and then wait to 

see if something more solid will emerge and then they can start to act 
as promoters.” (Director Traces ESPCI Paris, 2020)

“Head of institutions are a stakeholder that is just there to let things 
happen, they allow things to happen, that’s the best way to involve 

them in the process.” (Director Traces ESPCI Paris, 2020)

Île de France Region could be considered as a let goer and it has also been influenced 
by Traces prototype. From the beginning of the co-creation journey they have been in-
formed and invited to the workshops and activities, after assisting to the theatre play, 
they got interested in the potential of the subject and carried out conferences with 
researchers about it and decided to fund part of future activities of Traces.

“… they ( Île de France Region) have decided to do some things more ex-
perimental like this kind of activities, so for us this is a very nice success 

story in terms of policymakers, because we not only influenced them 
but we were also able to be funded.” (Director Traces ESPCI Paris, 2020)

There are other policymakers related to the research community that have been play-
ing a more passive role into the prototyping, as they don’t recognize co-creation as 
part of the research activity:

“ We had meetings with a big consortium of research labs, we present-
ed them the project, they were very interested and basically what they 

told us is “when the prototype is ready, then we come in” they didn’t 
want to work together in open phases” (Director Traces ESPCI Paris, 

2020)

“The fact that other experts, artists or mediators enters not as outreach 
actors but as productive actors for the traditional academy is some-

thing completely new. They don’t rely in people that are not experts and 
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that are not within the same government system in which they oper-
ate.” (Director Traces ESPCI Paris, 2020)

Policymakers’ interaction with prototyping’s uncertainty

Traces sees uncertainty as an advantage regarding their interaction with policymak-
ers, as they can offer a save space to explore, where policymakers can get advantage 
of the good results without being accountable for their failures. 

“In our experience, what they found interesting in our proposition is ex-
actly the fact of placing it on the top-right angle (exploration driven and 
rough prototypes), so we made it very clear from the beginning that we 
were not there to propose something they were already funding but to 

look with a different angle and promoting new calls for proposals for 
science engagement.” (Traces, 2020)

The aim of Traces prototypes is also to change the way policymakers see things, 
demonstrating them different angles of tacking one issue. 

“by acting on that field, I don’t think there is risk of failure, on the con-
trary, the possibility of failure is your strength. Policymakers are not ac-
countable for any failure that you’ll have cause it’s not their project, it’s 

just an experimentation so they will not suffer if we fail, it’s not their poli-
cy that failed, it’s just a project.” (Director Traces ESPCI Paris, 2020)

This way Traces absorbs the uncertainty preventing policymakers to deal with it but 
showing them its value and importance into the field of experimentation and innova-
tion. One example is the relation with the head of the unit of Science Society of Île de 
France Region, who has participated in the last prototypes: 

“ I think she understood now the challenge, she is a curious person she 
wants to have experimental activities in her programme and thanks to 

SISCODE she adopted us as the experimental ones, the one that chal-
lenge the way things are now.” (Director Traces ESPCI Paris, 2020)

“Institutions are slow and it’s better to make mistakes before getting 
institutionalized, cause if you make mistakes coming from a head of a 

unity, then the head of a unity is in danger.” (Director Traces ESPCI Paris, 
2020)

Regarding the research community as key stakeholders and policymakers, Traces has 
noticed a difference between researchers and organizations’ approach to the proto-
types, as the latter doesn’t seem to recognize the value of prototyping with people as 
a research process and its uncertainty prevents them to understand its value, as it is 
difficult to know for sure what is going to be the outcome.

“The Research Community never experienced the format of doing 
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workshops of prototyping to see what happens, the way we framed the 
problem; we are working on the unknown aspect, so they don’t recog-

nize the subject in which we are working, they don’t recognize us in their 
usual practice, which means that, while approving, they are not fully 

understanding.” (Director Traces ESPCI Paris, 2020)

On the contrary, some researchers have expressed their interest in the process and 
have participated actively in the workshops and activities for personal purposes.

 “I think we are too experimental to break through at an institution-
al level, one of their researchers is very engaged, he came to 4 of the 
events, and he is the head of a research unit of AI, he is interested in 

co-design but it stays at an individual level.” (Director Traces ESPCI Par-
is, 2020)

“We had some quite well-known researchers in AI which participated 
in workshops but for their own research interest, but as institutions (of 
the Research Community) we found it difficult, because the shift from 

institutions and  popularization activities to co-creation activities is too 
much.” (Director Traces ESPCI Paris, 2020)

In this aspect, the challenge is not only uncertainty, but also legitimacy of co-creation 
processes involving lay-people and experts that are not part of the science commu-
nity. 

Current state of the solution

Depending on last workshops results, Traces will decide if it is necessary to carry out 
more prototypes; in November, two events will be lunched: one with final users will 
and another with high school students.

7.4.  Observations   

The three cases are placed in slightly different moments of the polycycle, specially 
Traces, which has the higher level of uncertainty, is closer to the agenda setting or 
pre-agenda setting phase. A relation between the phase of the policy cycle and the 
level of uncertainty of the prototypes could be possible, as well as the type if interac-
tion that policymakers have with the prototype.

Qualitative Case Studies



8. Discussion 
and conclusions
This chapter synthetize the findings of the ten case studies analysis, with special 
attention of the three cases that were selected to deepen the investigation. First, 
a description of three types of uncertainties identified is presented, followed by an 
analysis of policymakers’ interaction with these uncertainties and an hypothesis of 
four main policymakers’ roles in prototyping, which are correlated with the two di-
mensions of analysis of the prototyping approaches and their level of uncertainty 
(Prototyping Matrix).

Prototypes, Uncertainty and Policymakers’ Engagement in Design for Policy
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8.1. Prototypes’ uncertainty

The understanding of what uncertainty is varies; according to the analysis of the ten 
co-creation labs, uncertainty was related to three main aspects: the first one is related 
to the co-creation approach of design, the second one with the exploration approach 
and the third one is related to scaling-up solutions. 

Co-creation uncertainty

Some labs perceived uncertainty in relation to the actors involved in the co-cre-
ation process, the more actors involved, the more uncertainty about the condi-
tions in which the prototype was going to be developed, as it depends on the 
engagement and decisions to be taken with participants. This can be seen in 
the following quote of FabLab Barcelona about their process:

“For now, many uncertainties are still present, and the pilot has to con-
sider the different timelines of people engaged and the global financial 
difficulties of the entities. As it relies mostly on the free participation of 
many participants, the success will depend on how far the model and 
proposed activities will be perceived of interests for ongoing project de-
velopment “ (Real, et al., 2019-2, p. 23)

Another aspect related to the co-creation uncertainty is related to the expecta-
tions each actor has regarding the prototype; not knowing what is going to be 
the result is difficult and it is even more when there are different expectations 
about the final output.

“The only uncertainty is not to meet the expectations of stakeholders; we 
try to keep expectations to a medium level. Many times, we design good 
solutions, but the implementations are not to us, it depends on other ac-
tors to be implemented.” (Research Associate ThessAHALL, 2020)

“Uncertainty was felt in both sides, from KTP and from the Marshall Of-
fice of Malopolska Region. It is why is important to be transparent, we 
were neutral and opened the stage for everyone to present their per-
spective.” (KTP, 2020)

Laboratories experimenting this kind of uncertainty such as ThessAHALL and 
KTP, dealt with it by having constant communication with stakeholders, seek-
ing to cultivate a relationship of trust. In the case of ThessAHALL, being trans-
parent with the stakeholders helped them to level the expectations from the 
beginning and to establish a common understanding of the possible outputs 
of the prototype. In the case of KTP, setting a common language and verify-
ing constantly the terms and objectives with policymakers along the process 
contributed to have a fluent dialogue. KTP had a strong relationship with pol-
icymakers before the co-creation journey started, and these was the basis to 
establish communication and guarantee a high involvement of policymakers, 
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this is a relation built through time and experience working together.

Exploration uncertainty

The exploration uncertainty is related to the prototype itself, with the possible 
outputs and not-knowing how is the process going to evolve. Most co-creation 
labs tried to decrease this type of uncertainty as much as possible by consulting 
specialists and building specifications before prototyping. 

“Policymakers with good knowledge of local circumstances were really 
supporting in spotting the uncertainties to be addressed, bringing ideas 
down to earth.” (CiênciaViva, 2020)

“Our prototype is connected with schools, the first thing we wanted to 
know is how the prototype would have to be in order to accomplish the 
specifications.” (PA4ALL, 2020) 

Although most of the labs identified themselves in the prototype-driven ap-
proach, which is mainly exploratory, they also recognize that their prototype’s 
primary goal was to validate already developed solutions.

“We are going in the direction to validate, we want our project to find a 
realistic place, in the same time we are doing exploration.” (FabLabBar-
celona, 2020)

Fewer labs, like Traces, faced this uncertainty different; they embraced it as an 
advantage and instead of trying to reduce it they used it to explore future sce-
narios from which there are still no answers, their prototype wasn’t to validate 
solutions, rather to discover possible outputs.

Scaling-up uncertainty

The third uncertainty perceived by the labs was related to the possibility to 
scale the prototypes, labs expressing this concern about the scalability of the 
solutions were those with a slightly prototype-driven approach with realistic 
prototypes; these prototypes that are in the bottom-right quadrant of the Pro-
totyping Matrix might be feeling higher levels of uncertainty related to the next 
steps of the ideas.  

“Many times, we design good solutions, but the implementation is not on 
us, it depends on other actors to be implemented.” (Research Associate 
ThessAHALL, 2020)

“Prototyping has mostly been straightforward but scaling up a lot of un-
certainty has been encountered both by the lab and the policy makers, 
more confident with small scales.” (Underbroen, 2020)

According to the comparative analysis of the ten co-creation labs, most of them ac-
knowledge the uncertainty related to co-creation, which is handled through continu-
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ous communication and construction of relationships of trust. In the case of explora-
tion uncertainty most labs tried to reduce it at levels that some of the lab’s members 
expressed not perceiving any uncertainty at all, which demonstrate that the specifi-
cation-driven approach is predominant. The case of Traces was selected to deepen in 
what seems to be the lab with a more prototype-driven approach; this labs stands in 
the top-right quadrant of the Prototyping Matrix and has addressed uncertainty from 
a different perspective, as it has been explained before. Finally, the scaling-up uncer-
tainty was expressed by the labs that were not in the two extremes of the Prototyp-
ing Matrix, those closer to the center of the matrix expressed this kind of uncertainty. 
These three types of uncertainties arise from different interactions of policymakers 
with prototypes; below, a description of these interactions is explained.

8.2. Policymakers’ interaction and roles with prototypes’

uncertainty

From the comparative analysis of the ten co-creation labs, two aspects are relevant to 
understand the interaction between policymakers and prototype’s uncertainty; the 
first aspect is the stage of the policy cycle in which the prototype is taking place: is it 
happening in early stages of the policy cycle? Is it meant to implement solutions of 
already existing agendas? the second aspect is related to the origin of the challenge 
from which the co-creation journey started: is the challenge a top-down request? Or 
a bottom-up initiative from the labs or communities? According to these two aspects 
policymakers have a certain role in the co-creation process and during prototyping, 
this role interacts differently (or have no interaction) with the three types of uncer-
tainties described above. Next, a description of the two aspects that determine policy-
makers’ role is developed.

Stage of the policy cycle

The stage of the policy cycle in which the prototype is part of seems to be im-
portant to understand the involvement of policymakers in the process. This as-
pect emerged from the focus group dialogue with the co-creation labs and 
it was analyzed in the three case studies selected after. An apparent relation 
between the policy cycle stage and the role of policymakers was visible. On the 
one hand Traces, which had the highest level of uncertainty of all labs, was in 
an early (even previous stage) of the policy cycle, in this case policymakers were 
mainly waiting for results of the co-creation process, and although they were 
present in some prototypes their role was of participants. In this case Traces 
aims at influencing policymakers by showing them different ways of tackling 
the issue related with the challenge and presenting questions to be considered 
for future agendas or policies.

On the other hand, KTP was already in an advance stage of the policy cycle, 
approaching to the implementation stage. In this case the exploration and the 
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scaling-up uncertainty was reduce at the minimum and the policymakers act-
ed as co-creators and co-owner of the prototype. In this scenario the uncer-
tainty was perceived as a disadvantage and hence, something that had to be 
minimize.

“Prototyping didn’t bring uncertainty because we knew it was crucial 
for the Malopolska region and it has to be, created and implemented in 
coming months, so we knew it must be delivered” (KTP, 2020)

In the middle of both extremes, ThessAHALL perceived higher uncertainty re-
lated to the co-creation and scalability aspect, while the exploration uncertain-
ty was also diminished before prototyping, “The initial idea changed before the 
prototyping, during the prototyping it has only been adjusted.” (Research As-
sociate ThessAHALL, 2020) The analysis of these three cases might contribute 
to the understanding of the relation between prototypes’ uncertainty and the 
stage of the policy cycle in which they are being developed. In the following 
graphic a synthesis of the level and type of uncertainty in relation with the pol-
icy cycle is proposed.

Figure 28 Uncertainty and the Policy Cycle

Based on the ROAMEF policy cycle and Grazzini (2015)
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As Clarke and Craft (2018) mentioned, it seems that design approaches rec-
ognized by policymakers are still “relegated to the activities intended to im-
plement or deliver on policy objectives, such as program and service delivery” 
(Clarke & Craft, 2018), when the agenda of the policy cycle is already settled; 
in the meantime, labs that aim at working on early stages of the policy cycle, 
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where uncertainty is higher, tend to work independently from policymakers, 
who don’t take part actively of the co-creation process until seeing results.

Origin of the challenge 

The second aspect that influence the role of policymakers in prototyping is the 
origin of the challenge of the co-creation journey. The analysis of the ten labs 
suggest that there is a difference between the challenges originally came from 
government request, as is the case of KTP with the Air Protection Programme, 
and the challenges that started from an initiative of the co-creation labs, such 
as is the case of Traces and ThessAHALL. In the first case, policymakers were 
highly involved, the prototype happened in a later stage of the policy cycle and 
uncertainty was meant to be reduced. In the second case, policymakers re-
mained skeptical and got involved gradually in the process as they saw positive 
results; in this scenario there was more place for uncertainty and policymakers 
acted as participants of the prototype more than co-creators, it was harder to 
involve them when the challenge was selected by the labs and they had to 
demonstrate results in order to convince policymakers to take active part of the 
process.

“At the beginning it was hard to convince them to be involved with the 
project but with time they have had the chance to recognize the value 
and now they are willing to take part of more events and activities.” (Re-
search Associate ThessAHALL, 2020)

In the case of ThessAHALL, policymakers started to believe in the co-creation 
process as they saw elderly people participating and they have been joining to 
the prototype as the certainty of the solution increases. In the case of Traces, 
some policymakers expressed their support but didn’t acknowledged the value 
of the co-creation process:

“Another key policymaker was Town of Paris with whom we have a lot of 
other projects, they are supporting but no more than that, the person we 
invited from the Town, she was informed, she expressed interest, but she 
never came.” (Director Traces ESPCI Paris, 2020)

Other policymakers have attended to the prototypes as participants and Traces 
have received fundings from Île-de-France, however most policymakers have 
remained passive in the prototyping process, more as spectators or participants.

Both aspects are co-related; based on the analysis of the three cases, the challenge 
that came from policymakers’ request belonged to a later stage of the policy cycle, 
where there was an agenda settled. The other two cases started their challenge from 
their own aeras of expertise and the alignment with policymakers’ agenda came lat-
er, from a bottom-up direction. The following categorization of policymakers’ roles in 
prototyping is a hypothesis based on the analysis of the 10 co-creation labs, especially 
in the three cases selected to deepen the investigation.
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Figure 29 Prototypes’ uncertainty and policymakers’ role
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Policymakers as partners

This role is related to the top-left quadrant of the Prototyping Matrix (specifica-
tion-driven, rough prototypes); only two prototypes were placed in this quadrant 
and both cases belonged to first versions of prototypes which second versions 
became more realistic, changing to the quadrant below (specification-driven, 
realistic prototype). This role is similar to the Co-creator role, the difference is 
that in these prototypes the co-creation labs have a higher responsibility in the 
prototype, however policymakers interact as partners, which means they are 
highly involved in the activities and are engaged with the outputs of the proto-
type.  The Smogathon Special Price prototype of KTP belongs to this quadrant; 
in which KTP was the organizer of the prototype while policymakers contribut-
ed to the definition of the challenges, mentored the participant and selected 
the winners. After the event policymakers were also following the development 
of the ideas that are being produced together with the winners of the Smoga-
thon, experts and policymakers thanks to KTP facilitation. 

In this role policymakers contributed to reduce scalability and exploration un-
certainty by guiding the specification of the prototype (the event), while KTP 
contributed to diminish the co-creation uncertainty being a connector and 
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translator between the participants of the event, experts and policymakers. In 
summary, the uncertainty was meant to be minimize as much as possible al-
though the event gave a controlled environment to experiment possible solu-
tions. 

Policymakers as co-creators

As it has been mentioned above, this role is similar to the role of participant; 
however, co-creators are joint creators and share equal or comparable respon-
sibilities in the prototype. This role corresponds to the quadrant of specifica-
tion-driven, realistic prototypes, where uncertainty is low and usually the proto-
type has place in later stages of the policy cycle. KTP Air Protection Programme 
prototype belongs to this quadrant, in which policymakers were owners of the 
prototype and KTP facilitated the process. Policymakers are already aware of 
the value of the prototype and have active participation in its development; 
here the exploration and scalability uncertainties are very low, while co-cre-
ation uncertainty is lightly higher. Similar to what happens in the previous role, 
co-creation labs assume the task of leading with this uncertainty through the 
prototype itself. In all cases uncertainty is still meant to be reduced and the pro-
totypes are very close to its implementation.

Policymakers as supporters 

The role of supporters is placed in the bottom-right quadrant, which belongs to 
the prototype-driven, rough prototypes, that are explorative and have an inspi-
rational approach. In these cases, policymakers are not as involved as the two 
previous roles, they might manifest their support to the co-creation process but 
their participation in the prototypes is low and passive. Here the uncertainty is 
high and usually the challenges came from the co-creation labs’ initiative. Most 
labs placed themselves in this quadrant, however when expressing their goal 
with the prototypes during the focus group they manifested their intention of 
validating more than exploring unknown unknowns, which is closer to the left 
side of the matrix, in the specification-driven flank. 

An example of a prototype in this quadrant is Traces’ prototype, in this case 
Traces had different interaction with policymakers, however their role could be 
summarized as supporters: funding the project, helping with dissemination 
and sometimes participating in the prototype. Nevertheless, their involvement 
with the prototype is passive and they don’t share any responsibility. The three 
types of uncertainties are high and the exploration uncertainty is seen as an 
advantage, as policymakers have no responsibilities in the prototype, they don’t 
have to deal with the possibility of failure while they can benefit from the gains 
and findings of the exploration process, which is an advantage that co -cre-
ation labs can offer to policymakers. In this case Traces took the role of influ-
encer of future policies, taking advantage of the uncertainty to provoke differ-
ent questions about public issues and influence policymakers’ perspective. The 
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scalability is not related to the implementation of a given solution, rather to the 
transformation of how policymakers address the challenge in which they are 
working. 

Policymakers as participants 

This role is in the bottom-right quadrant of the matrix, in the exploration-driv-
en, realistic prototypes. Policymakers as participant are in between the role of 
supporters and co-creators, they take part more actively in the prototype than 
the supporters but still have less responsibility than the partners or co-creators. 
ThessAHALL placed its prototype in this quadrant, their relation with policy-
makers has evolved through the co-creation process and by the phase of pro-
totyping they managed their relation with policymakers to connect their pro-
totype with some decision makers, as is the case of the group working for the 
rehabilitation of one park of the municipality.  

The two labs that placed their prototypes in this quadrant perceived the un-
certainty mostly in relation to the scalability. This quadrant is between two ex-
tremes: informational and inspirational approaches. Unlike Traces, that seeks 
to inspire policymakers, labs in this quadrant perceive scalability in terms of 
implementation their solutions, however the uncertainty in this quadrant is still 
too high, the challenge came from the co-creation labs’ initiative and the in-
volvement of policymakers don’t reach to the co-creator level, hence the scal-
ability uncertainty is higher. 

8.3. Uncertainty: a benefit or a barrier to policymakers’ 

engagement

The analysis of the ten co-creation labs suggest that prototyping uncertainty can act 
both as a barrier or an advantage depending on the phase of the policy cycle in which 
the prototype is developed for, which influences the role that policymakers have in the 
co-creation process. During early stages of the policy cycle (agenda setting or policy 
design), exploration-driven prototypes that handle high levels of uncertainty offer a 
different perspective for policymakers to frame problems and identify needs and en-
able a space for exploration that policymakers cannot afford:

“There is a strong value in doing influential activities which are not directed pre-
sented as policymaking activities, but which will be influencing policymaking 
activities, because failure is accepted. In our case, for sure a reason of policy-
makers not to be involved is not because of fear of failure, they need us because 
we are able to fail.” (Director Traces ESPCI Paris, 2020)

In these cases, co-creation labs have the advantage of being able to explore, having 
an arena to play with uncertainty and use prototypes to discover possible outputs. The 
interaction of policymakers with this type of uncertainty is distant, they allow these 
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spaces to exist and support them but are not part nor co-responsible of what happens 
in those spaces. This type of relation must be clear for the beginning, in order to level 
expectations and being straightforward about the goals of the prototype and the role 
uncertainty plays in the process of prototyping.

“In our experience, what they (policymakers) found interesting in our proposi-
tion is exactly the fact of placing us on the top-right angle (prototype-driven, 
rough prototypes), so we made it very clear from the beginning that we were 
not there to propose something they were already funding but to look with a 
different angle and promoting new calls for proposals for science engagement” 
(Traces, 2020)

On the contrary, prototypes’ uncertainty could be a barrier for policymakers’ engage-
ment in late stages of the policy cycle, close to the implementation phase. Most labs 
working close to the implementation phases aim at reducing uncertainty and the 
ones with higher involvement of policymakers were those who managed to reduce 
these uncertainties through specification-driven approaches of prototyping. When 
policymakers acted as co-creators, as the KTP case, the levels of uncertainty were min-
imized and controlled to guarantee a desirable output. In both cases, the communi-
cation of the terms in which uncertainty is being handled is important to establish a 
relationship of trust with policymakers.

8.4. Conclusions

This thesis investigated a challenge for prototyping in design for policy that hasn’t 
been deeply explored by most of the literature about prototypes and policy design: 
dealing with uncertainty and fear of failure. By exploring the interaction of policymak-
ers with prototypes’ uncertainty through the perspective of the co-creation labs of 
the SISCODE project, a deeper analysis of how this aspect influence policymakers’ 
engagement in co-creation processes across Europe was carried out. As result, three 
different types of uncertainty from the labs’ perspective were identified: co-creation 
uncertainty, exploration uncertainty and scalability uncertainty. Policymakers interact 
with these uncertainties differently according to the role they play in the co-creation 
process, which depends on the moment in which the co-creation is happening in the 
policy cycle and the origin from which the challenge came in the first place. 

Prototypes are always handling some degree of uncertainty, however the way it is 
handled depends on the aim of the prototype; when prototypes aim for exploration 
through an inspirational approach (Sanders, 2005, p. 10) uncertainty is a benefit from 
which policymakers can take advantage of, however their involvement in this case 
tends to be passive and the understanding of how uncertainty is handled is low. From 
the ten co-creation labs analyzed only one addressed prototyping completely with 
this approach, in this case the prototype was happening in earlier stages of the policy 
cycle (in the agenda setting or previous to the agenda setting), uncertainty was high 
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and it was perceived as an advantage; while policymakers are not co-responsible of 
the prototype, co-creation labs can be enablers of exploration arenas to take risks that 
policymakers don’t have to be accountable for. In this case, policymakers had a role of 
supporters, allowing these experimentations to happen but not being actively part of 
the prototype.

When prototypes aim for validation, with a specification-driven approach or informa-
tional approach (Sanders, 2005, p. 10) uncertainty is meant to be reduced, in these cas-
es policymakers have an active role in prototyping. Most co-creation labs were close 
to this approach, and they were happening in later stages of the policy cycle (poli-
cy design or implementation), hence the prototypes aimed at reducing uncertainty 
as much as possible. In the KTP case, policymakers had a role of co-creators, which 
means a high involvement in the prototype. When policymakers have a co-creator 
role, uncertainty might be perceived as a risk or disadvantage, for which the co-cre-
ation lab tried to decrease it and control it through specifications from experts and 
the policymakers themselves. 

Limitations of the study

This thesis was developed during the first semester of year 2020, in which the Covid-19 
pandemic was a limitation, as it delayed the co-creation labs’ prototyping processes, 
suspended events and activities that were meant to be part of the study. The crisis 
also affected the relation between the labs and policymakers, which had priorities 
related to the crisis.

Another limitation is related to the perception of uncertainty, as it analyzed proto-
typing uncertainty from the co-creation labs’ perspective; it would be necessary to 
contrast this analysis directly with policymaker’s perspective. Reaching them was a 
limitation in terms of time and geography, as they are all in different countries, more-
over, the pandemic crisis suspended most of the activities involving policymakers, as 
it has been mentioned above. 

Future development

Key questions for future discussions are related to the relation of the stages of the 
policy cycle and design approaches from the policymakers’ point of view. According 
to the analysis of the ten co-creation labs, most policymakers recognize the benefits 
from prototyping while getting close to the implementation phase of the policy cycle, 
however literature review suggest that prototypes have the potential to contribute to 
a culture of collaboration and experimentation that can be powerful from earlier stag-
es of the policy cycle (Corsín, 2014, p. 382) (Kimbell & Bailey, 2017, p. 216) not only in the 
simulation of product or services. 
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and changes of  mindset that allows different configurations of prototyping approaches. Documents number 2, 8 and 22 are 
examples of alterantive approaches to prototypes, as they are specification-driven and rough or prototype-driven and realisitc.  
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