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Abstract

Collaborative Innovation can serve to elevate the production potential of firms and organisations
as well as preparing them for the future. This process of two organisations collaborating together is
very complex and becomes even more difficult when organisations are large and very different in
their organisational culture or function. This research describes the design of a tool to aid
Collaborative Innovative Capacity in public - private organisational partnerships. The research is
based on a case study within the Dutch national rail infrastructure management organisation and
focuses on the relationship between this organisation and its maintenance contractors.

Through literature research and semi-structured interviews the studied situation is found to
consist of two parties trying to innovate together using an imperfect collaborative system. Their
separate, struggling relationships with this system are not shared or understood by the other party.
This gives rise to a wall of misunderstanding. The designed tool is based on the assumption that
through better understanding of the barriers which are present in the other party’s struggling
relationship with the collaborative system, the wall of misunderstanding can be lowered which in
turn increases Collaborative Innovative Capacity in the public - private organisational partnership.

This tool takes the form of a serious game which presents players with scenarios which
(potentially) hinder them in their game objective. These scenarios are representations of
real-world barriers to innovation. Through confronting players with scenarios which are related to
another organisational role than the one they occupy in their professional life, they should gain
new perspectives about the struggling relationship of the other party with the collaborative system.
Thereby lowering the wall of misunderstanding and increasing Collaborative Innovative Capacity.
The results of the design and preliminary testing show that the developed serious game does have
an effect in the form of gained attitudes towards the importance of sharing different experienced
barriers towards innovations with one another. However measurements show no actual newly
gained insights into practical barriers which were not already known to the players. While further
research, more extensive testing and measurements, and further specification and expansion of
scenarios can be undertaken to increase the value of this tool, after reconsideration a revised
design objective is formulated which focuses on the interaction between the participants and
relaxes its rigid view on the wall between them. This could yield a tool which is more in tune with
the essence of the problem which would also cause it to be much simpler in nature.
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Introduction

Innovation is one of the most important drivers of organisational success. Organisations who do
not innovate stall and deteriorate. Innovative capacity therefore is a determinant for the viability of
an organisation or company. Innovative capacity is the measure of how well an organisation deals
with the introduction of new products, ideas or processes (Koc & Ceylan, 2007).

When one is not just working by themselves on a product or process but also in collaboration
with others, this process of innovation becomes a collaborative effort, or Collaborative Innovation
(CI). Collaborative Innovation is necessary to understand and access the intelligence of
competitors, customers and other collaborative stakeholders, it stimulates understanding of
in uences from the outside world like governmental regulations or trends in society, and it also
promotes self-examination of internal organisational capabilities (Swink, 2006).

Collaborative Innovation is also complex and requires creativity, exibility of thought and a
willingness to accept ideas from the other party which one may not feel comfortable with
immediately. This process, and these qualities are profound and take a lot of time and practice to
get acquainted with. This process of Collaborative Innovation therefore is made even more dif cult
when it is practiced on the level of large companies working together, and even more so when
these companies have to cross the private-public boundary of industries. Collaborative Innovation
in these settings can be halted by certain sets of barriers like the lack of proper business
infrastructure and administration or high costs without proportional perceived bene ts (Necadova
& Scholleova, 2011). Innovation in this context can also be experienced as being very disruptive to
the core processes of the organisations involved because all parties are already under a lot of
pressure to reach their respective optimal outcomes of the collaboration. The innovations studied
in this research pertain to innovations (or changes) in the way in which two parties collaborate in a
professional setting, which are innovations in process rather than in product.

This research is performed within ProRail, the Dutch railway infrastructure manager. The Dutch

railways are governed by one infrastructure manager, ProRail, which is a semi-governmental
agency and in this research is considered to be the public party in the public - private
organisational partnership. This infrastructure manager works with many other organisations, like

the government itself, the transportation companies who transport people and freight across the

infrastructure, adjacent infrastructure managers of, among others, Belgium and Germany and
many more. One of the other parties ProRail works with is the maintenance providers. These are
contractors who are hired by ProRail to carry out one of ProRail's core tasks: rail maintenance.
These contractors have a lot of in-depth technical knowledge and experience in maintaining large
systems. The contractors in this research are considered to be the private party in the public -
private organisational partnership. The relationship between ProRail and its maintenance
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contractors is in many ways a traditional client - contractor relationship. ProRail sets out a tender
for a maintenance contract for a certain region of the infrastructure for a limited amount of time.
This tender includes requirements regarding the performance of the maintenance, this is called
Performance Guided Maintenance (PGM). All contractors can then submit their bid in which they
detail what the performance is they can deliver at what price, after which ProRail can choose the
best offer. This process is required by European legislation. This all makes the collaboration
between the contractors and ProRail a rather complicated one and therefore Collaborative
Innovation even more complicated.

1.1. Research aim

While new ideas within either ProRail or its contractors often arise, they rarely see a follow-through
in terms of actual development. This complaint is the root of this research. Because of the
reasoning described above which states that innovative capacity is important for business,
Collaborative Innovation is important to stimulate this innovative capacity in collaborative
environments and the Dutch rail infrastructure management being a very complex collaborative
environment, the aim of the research is to design a tool to aid the Collaborative Innovative
Capacity (CIC) for public - private organisational partnerships.

1.2. Research questions
To guide the research a central research question is formulated and to further detail the answer to
that central question, three sub-questions (SQs) are presented:

RQ: How can a tool aid the Collaborative Innovative Capacity for public - private organisational
partnerships?

» SQ1: What methods for positively in uencing Collaborative Innovative Capacity are identi ed
in the existing body of knowledge?

* SQ2: What barriers for Collaborative Innovation are experienced in the studied public - private
partnership?

* SQ3: How can a serious game tool raise awareness barriers for innovation as experienced by
others in the studied public - private partnership?

1.3. Research outline

This research is one of the design-based variety. The separate methodological steps (described in
Chapter 2) all combine into the overall design process. The design process is often regarded to take
the shape of a double-diamond (Council, 2007). As described in Figure 1.1, this format is
sometimes extended beyond the second diamond. All diamond sections are based on the principle
of diversion and conversion. The rst phase of diversion is the Discover phase, here the researchers
try to take in as much information as possible to understand the wide context beneath the
problem. In this research that phase includes the rst exploration into the topic of the collaborative
partnership between ProRail and its contractors, subsequently the literature research serves to
expand this understanding with more data. The back end of the rst diamond is the De ne phase,

in which this broader exploration is distilled down towards a problem or goal de nition. In this
current research this phase included the conducting and processing of interviews with individuals
who work in the studied context. This yields a goal de nition and an overview of barriers for
Collaborative Innovation. Then the second diamond starts with the Develop phase, here ideas for
solutions are formulated. In this research this included the operational design of a game using the
Triadic Game Design methodology to nd the requirements for the tool.
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Figure 1.1: Double diamond description of the design process (adapted from (Roberts, 2019))

Finally the Deliver phase ends the second diamond. In this phase the nal product takes shape and
is tested. In this research that involves the two prototype tests and iterations to come to the nal
form of the delivered game. This ends the design process in most academic research. Afterwards
more iterations can be performed to further analyse and improve the result to that point (in Figure
1.1 this is indicated by the Evolve phase). This research, while brief, does include a third diamond
which resulted from the testing and reconsiderations regarding the tool purpose and goal.

The following chapter describes the methodology used in this research. This methodology chapter
describes the four main phases of the research which were used to answer the three sub-questions
described above. Thereafter the results of those four research steps are described followed by the
discussion of those results. This discussion then also encompasses the aforementioned third
diamond which will be elaborated upon in Chapter 4. Once the results are put into the proper
context, recommendations are made for further design opportunities and the broader
collaboration environment studied and nally the conclusion chapter is used to answer the
research questions and summarise the effects of the research which is performed.

This all constitutes the outline of this research. Figure 1.2 details the different steps and their
respective products visually.
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Figure 1.2: Outline of the research



Methodology

To answer the three sub-questions stated in the previous chapter, four major steps are undertaken.
In the Discover and De ne phases, the literature study and interviews answer the rst two research
guestions respectively. The last sub-question is answered in the Develop and Deliver phases by the
operational design and testing of a tool. The order of research activities is visually represented in
Figure 1.2.

2.1. Discover

In the Discover phase a narrative literature study is performed. The goal of the literature study is
to give an overview of possible methods which can be used to positively in uence Collaborative
Innovative Capacity in private - public organisational partnerships. The current state of literature
offers a host of research into this topic and related topics and a proper overview of this state-of-
the-art is necessary to base the design upon. The literature study is structured around a few central
topics: Innovation Readiness, Knowledge Sharing and Collaborative Innovation.

Literature is found using search engines Google Scholar and Scopus. The three major topics
were sought for in different con gurations in these search engines, moreover snowballing through
the most promising results yielded subsequent material for the literature research. The last source of
literature is the researcher's own experience and connections of academic supervisors or colleagues.

2.2.De ne

To get a better idea of barriers for Collaborative Innovative Capacity in private - public
organisational partnerships and more speci cally the partnership of ProRail and its maintenance
contractors, interviews were held with employees from both parties during the De ne phase. The
interviewed employees are all involved in the collaborative process between ProRail and
maintenance contractors and have a lot of experience in the struggling innovative capacity of the
partnership. Interviews were semi-structured in order to account for inherent aws and/or
oversights in the theoretical model. This form allows for spontaneous contributions in the
conversation when the subject of the interview deems necessary or interesting (Strauss & Corbin,
1998). Each interview was structured to address the following topics:

* The experience and function of the interviewee in the studied context and a description of the
collaboration in their own words based on their individual perspective.

» Knowledge sharing between the partners in the studied context, amount of knowledge shared
as well as accepted in both directions and possible barriers to the sharing or accepting of that
knowledge.
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» Generation of ideas and acceptation of those ideas in both parties. Innovation readiness more
generally and the possible barriers or incentives for innovation readiness.
* Interactions of the previously discussed topics and processes

To aid the ease of the researcher as well as interviewee as well as other practical concerns, all
interviews were held digitally using MS Teams. All interviews were recorded and transcribed,
recordings were deleted as soon as transcription was completed with the exemption of an audio
recording of the interviewee being informed of the data handling process of this research and
consenting to voluntary participation in the research as described. These audio recordings were
subsequently stored on a secure server to be deleted after completion of the research. The
transcripts were anonimised and can be found in Appendix A.

In total six interviews were held with professionals in the eld. The following people were
interviewed (in no particular order):

Interview 1 An operational manager within ProRail, experienced in dealing with the execution and
management of the daily operations as described in the contracts between ProRail and
speci ¢ contractors

Interview 2 A project manager within one of the contractors who is responsible for managing and
negotiating the contracts and possible deviations from those contracts with ProRail

Interview 3 A maintenance engineer within one of the contractors who is an expert on the
operations which form the service provided for ProRail. Moreover this engineer can be
considered an expert in generating new ideas to perform the maintenance tasks and
operations surrounding it

Interview 4 A senior policy advisor from a branch organisation which represents many different
types of private contractor companies in industries like infrastructure,
water-management and other large construction projects. This person is very
experienced in the interaction between the government, public entities like ProRail
and private companies like the contractors

Interview 5 Another operational manager from ProRail, similarly having a lot of experience dealing
with management of operations in collaboration with the contractors

Interview 6 A strategic manager within one of the contractors. This manager is responsible for not
only the strategic development of maintenance operations but also for digitisation and
innovation of those processes

Once all interviews were conducted, the transcripts were analysed through coding. An open coding
method was adhered to in order to account for the semi-structured nature of the interviews. The
codes were thereafter analysed both in their nature and relationship as well as frequencies of
occurrence in general and within the different organisational groups interviewed.

2.3. Develop

In the Develop phase of this research, a tool in the form of a serious game is designed to aid in
the Collaborative Innovative Capacity in the private - public organisational partnership. During the
design of this game the third sub-question was answered. The insights from both literature as well
as the interviews are combined to design the game to be as effective as possible.

The actual design began with a basis in the analysis of the results of the previous two steps
(literature study and interviews). Further a method of analysis described in the Triadic Game
Design process (Harteveld, 2011) was used to better translate the known context which the game
was designed for to actual aspects of the game itself. The insights gained from the literature and
interviews, together with the results of the Triadic Game Design methodology then were used as
input for a collaborative brainstorming session with a professional serious game developer in order
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to eshouta rstconcept. This rst concept was built out further until breaking point at which the
concept was revised into the next conceptual game. This second prototype of the design can be
seen as the base for the nal result.

The designing involved visual processing both on paper and using the online collaborative
whiteboard platform Miro, further resources were taken from MS Visio. This provided the
opportunity to iterate quickly as well as roughly testing the prototype.

2.4. Deliver

In the Deliver phase the developed game is tested. Testing was performed continuously
throughout the Develop phase already by the researcher personally, but during the Deliver phase it
is also done formally on two separate occasions using test subjects to test both game mechanics
and effectiveness of the designed tool. All tests with exception of the last one served as input for
iterations of the game design as well as input for further recommendations in terms of future
research and application of the result of this research.

Testing with actual test subjects was performed using the Miro boards in which the tool was
developed as well as MS Teams to adequately communicate among players and researchers during
the tests. All tests happened in an online remote fashion. The rst live test was performed using
players which are not directly involved in this research or in the studied public - private
organisational partnership. The second test included only test subjects who are directly involved in
the studied public - private organisational partnership. Two of the four participants were
employees of one of the maintenance contractors of ProRail. The other two participants were
employees of ProRail itself. Some, but not full, overlap was present between the participants in the
interview section of this research and the game test session. Both game test sessions were
recorded, recordings were only used for the researchers' review purposes and will be destroyed
upon completion of this research.






Results

This chapter describes the results of the four major sections of this research: the literature study
in the Discover phase, the interviews in the De ne phase, the operational design of the tool in the
Develop phase and testing in the Deliver phase. The Discover phase will be presented rst which will
lead to a literature-based interpretation of the researched partnership and its innovation problems.
Next the De ne phase will be used to inform the game design of barriers and constraints to include.
Then in the Develop phase the actual operational game design process is reported and fourth the
testing and nalisation of the design is presented in the Deliver phase.

3.1. Discover

The literature study performed in this phase serves to inform the research about the factors which
have a stimulating or hindering effect on Collaborative Innovative Capacity in the private - public
organisational partnership. These factors, from experience in the eld of both innovation studies
as well as the practical collaborative process between public an private entities include Innovation
Readiness and Knowledge Sharing practices. Moreover the literature study includes results from
literature enquiries into the concept of Collaborative Innovation to see if and how the discovered
factors are applicable to this speci c research context. The ndings are summarised and form the
basis of formulating a design goal for the tool to be developed as a result of this research.

3.1.1. Innovation Readiness

Innovative efforts in industry, especially large-scale institutionalised industry, often run into
resistance in the implementation phase. The magnitude of this resistance towards innovation, or
rather the lack thereof, can be interpreted as Innovation Readiness.

Resistance towards innovation adoption is stimulated by short-term gains perspectives.
These perspectives are more prevalent in corporate environments in which shareholders aim to
gain a pro t from their investments. On the other end of the spectrum companies that have a more
long-term gain perspective, like family rms, may be more inclined to be willing to innovate in
order to secure their long range market share (Holt & Daspit, 2015). Another threat of innovation is
the frightful adherence to existing policies and practices (Van Dijk, 2021). This can be witnessed in
family rms as well as in traditional governmental organisations. Another method of de ning and
measuring Innovation Readiness (IR) is presented by Holt and Daspit (2015), who posits a number
of Innovation Readiness Factors, both of a Structural and of a Psychological nature. While their
research is focused on family rms, they subdivide the factors to be Family related, Individual or
related to the Firm. The factors in this last category can be applied to the situation studied in this
research. Among the Firm Factors they report Support Climate and Facilitation Strategies as the

9
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two structural factors of inuence on IR and Collective Efcacy and Collective Trust as
psychological ones. Speci cally this Collective Ef cacy is also described by Armenakis, Harris, and
Mossholder (1993), who describe readiness for innovation to be supported by a sense of ef cacy in
the individuals that are supposed to carry out the innovation. Moreover Armenakis et al. (1993)
argue that one of the strategies for one who seeks to implement an innovation is to manage
external information. They state that the change agent can underpin messages of ef cacy and of
need for change through the use of external information sources. The drive towards innovating
within an organisation is linked by King and Anderson (2002) to  social identity theory . This link can
explain both the motivation to innovate or the lack thereof. In both cases this motivation however
does not come from within, it is not an intrinsic motivation to accept or reject innovative ideas.
This link theorises that individuals, through a desire to belong, will always try to match the
motivation to innovate of their environment. Especially in professional teams this effect can be
seen, when one would be alone in trying to infer change within the organisation through
innovation they may be viewed as an outsider or even a threat by the larger group. On the other
hand when they refuse to go along with an innovative idea which the group at large agrees upon
they may be viewed as dead-weight. In both cases the individual may be more inclined to drop
their own intrinsic motivations to innovate and rather adopt those of their team.

One of the more interesting dynamics related to Innovation Readiness is the underlying motivation
for an organisation to invest in innovation projects. This motivation is sometimes considered to
come from one of two sources: a technology push or a market pull. Both methods represent an
external motivation for the organisation in question. Technology push refers to innovation being
motivated by other innovations of a technological nature, in this case a technology is developed
after which the organisation or the industry nds a use for said technology. As an example:
touchscreen technology was developed long before it was applied in our smart-phones. Market
pull however can be considered to be the reverse process, where the market (or the users) present a
need in the form of a speci ¢ problem which needs solving and the innovative industry ful lls this
need by developing innovations in order to solve said problem. Large, (partially) governmental
organisations often rely heavily on market pull to innovate (Van Dijk, 2021). This direction of the
motivation to innovate relates directly back to Armenakis et al. (1993) who describe that
Innovation Readiness not only relies on the Efcacy of the potential innovators but also on the
Discrepancy they experience. With the discrepancy they refer to the difference between the current
(as-is) state and the possible future (desired) state. A technology push could clarify this
discrepancy towards potential innovators by showing the possibilities for future states, a market
pull however is more focused on emphasising the shortcomings of the as-is state. Both are
mechanisms which increase the awareness of the Discrepancy and thereby stimulate Innovation
Readiness but both from a different direction.

3.1.2. Knowledge Sharing

To de ne Knowledge Sharing (KS), rsta more clear understanding of what knowledge is should be
obtained. Knowledge is widely considered to come in different forms. Ropohl (1997) distinguishes
technical as well as technological knowledge. Technical knowledge pertaining to the practice of
engineering whereas technological knowledge serves engineering science. A more widely accepted
distinction of forms of knowledge is that between tacit and explicit knowledge (Reber & Lewis,
1977). Tacit knowledge is used to describe the type of knowledge that is hard, or even impossible,
to describe on paper. It is knowledge that therefore is encoded within people which is very hard to
decode in order to pass along easily. Tacit knowledge is often related to tactile operations, like
building a chair. While books and texts exist on building one, the easiest way to learn is by doing.
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Explicit knowledge on the other hand is very easy to describe in text. This type of knowledge is
related more to objective than subjective knowledge. Objective knowledge can be a valuable
resource to be used to decrease complexity in the process of innovation (Du Plessis, 2007). Sharing
these types of knowledge is very valuable in an organisational context. The correct ways of sharing
knowledge should be applied to the appropriate forms of knowledge. Through apt knowledge
management new idea generation and thereby innovation can be supported and stimulated
(Parlby & Taylor, 2000).

Knowledge Sharing itself is de ned by Van Den Hooff and De Ridder (2004) as the process of
mutual exchange of both tacit and explicit knowledge between individuals in order to create new
knowledge. According to Radaelli, Lettieri, Mura, and Spiller (2014), employees who share
knowledge will also be more active in creation (i.e. generation), promotion (i.e. championing) and
implementation (i.e. realization) of innovations. Again, af rming the link between Knowledge
Sharing practices and innovative behaviours.

It has been noted by a variety of researchers (Ardichvili, Page, & Wentling, 2003; Oldenkamp,
2001; Weggeman, 2000) that Knowledge Sharing has two components. Knowledge is provided or
donated by a source or a carrier, and knowledge is accepted or collected by a receiver or a requester.
Even though the sharing of knowledge is supported in many ways by modern technology, making it
a very versatile process, Knowledge Sharing can in almost all cases be seen or modelled as a verbal
conversation. One party has to state facts, ideas and opinions, but without a receiving party there
has been no exchange. The receiving party is as much a part of the process as the source.

In De Vries, Van den Hooff, and de Ridder (2006) Knowledge Donating (KD) and Knowledge
Collection (KC) are de ned as: “knowledge donating, communicating one's personal intellectual
capital to others; and knowledge collecting, consulting others to get them to share their intellectual
capital” (p.116). In multiple instances has the positive in uence of Knowledge Sharing practices on
innovation capability been proven, e.g. Lin (2007) found both KD and KC to be signi cantly
connected to rm innovation capability and Du Plessis (2007) stated it was “clear that knowledge
management plays a signi cant role in innovation” (p.28) referring, in de ning knowledge
management, to Knowledge Sharing.

3.1.3. Collaborative Innovation

Collaborative Innovation is an affect of Collaborative Innovative Capacity.  Collaborative
Innovation is the exchange of knowledge between two parties for the sake of working jointly to
plan and execute innovative tasks like Research and Development (Wang & Hu, 2020). While this
many more de nitions of Cl are possible, this one displays in a clear manner the connection with
knowledge sharing. After all, without sharing, no collaboration is established. This sharing of
knowledge ties in with effects of mutual learning in Collaborative Innovation (Davis & Eisenhardt,
2011). In Davis and Eisenhardt (2011) another connection is made between Collaborative
Innovation and trusting relationships, with frequent and clear interactions. The researchers state
that these aspects can activate relevant capabilities in partners. Unlocking the existent capabilities
in partners is a crucial step, especially in the studied relationship between two capable
organisations who are trying to unlock their joint innovative potential.

Another way to do so is by bringing together different types of people. Creating a diverse network
of collaborators is shown to improve innovation (Nieto & Santamaria, 2007). This diversity will
bring about more varied perspectives and thereby more sharing of ideas and opinions. By having
to actively exude effort to understand each other, Collaborative Innovative Capacity is improved.
This effort does however require a shared attitudinal commitment. And with that shared
commitment, a collaboration-level identity develops (Oberg, 2016). This again relates to the social
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identity theory as referred to by (King & Anderson, 2002). All this required partners in the public -
private organisational partnership to both be aware of these efforts to create collaborative
innovations (Roy, Sivakumar, & Wilkinson, 2004). This organisational attitude and its
accompanying leadership should be focused on creating a mutual understanding of the challenges
and organisational barriers to innovation (Rowley, 2011). By being a leader who brings people
together and removes any barriers or misunderstandings between partners, one is far more likely
to be involved in successful innovative initiatives (Obstfeld, 2005). The opposite is also found. In
Skippari, Laukkanen, and Salo (2017) managers in a collaborative innovative partnership who were
observed to be dealing with a large amount of unresolved differences in their cognitive basis were
associated with situations where individuals involved in the innovative partnerships indicated that
while they did see the great bene ts to Collaborative Innovation, it did not actually come to
fruition. This is very similar to the studied relationship between ProRail and its maintenance
contractors. In the exploratory period prior to this research as well as during the interviews (see
Section 3.2, many people involved in the organisational relationship indicated no aversion towards
innovative ideas in general, they did however indicate a very low level of trust in the success of
innovative ideas. In Swink (2006) this low level of trust in innovative success is explained partly by
individuals seeing the costs necessary for proper implementation of innovative ideas not to
outweigh the the benets. The effort does not seem justied to them. Through thorough
communication and explanation of the costs and barriers for innovative ideas, one may see these
as less of a problem and more resolvable. Moreover Swink (2006) note that relational barriers to
Collaborative Innovation can also be problematic and can possibly be relieved by becoming more
aware of other parties' innovation cultural norms and barriers.

A contributing factor to the propensity for individuals to abstain from proper knowledge and
barrier sharing practices is causal ambiguity . Originally coined by Lippman and Rumelt (1982),
this concept was researched by Simonin (1999) who analysed how causal ambiguity in uences
knowledge sharing levels in organisational partnerships. This research is then in Swink (2006) used
to explain causal ambiguity as the inability to explain how things work and that this mechanism
impacts the understanding of an organisational partner.

3.1.4. Findings

Organisations have to understand one another's shortcomings and barriers when innovating
together.  Misunderstanding of individual barriers to innovation is the biggest barrier to
Collaborative Innovation. This understanding starts at the level of individuals participating in that
innovative process.

Individuals participating in Collaborative Innovation in organisational partnerships have a
lack of understanding of one another. The people they are in contact with generally seem
cooperative and are not seen as an enemy. The collaborative system in general however is seen as
the large proponent of barriers towards innovation. The problem however is rstly that individuals
often feel like they are not able to change that collaborative system, and secondly that most of
these barriers are not shared among participants of different organisations. That may be a
consequence of the barriers themselves being misunderstood or too complex to share or because
organisational collaborative infrastructure is not in place to share the knowledge and experiences
surrounding Collaborative Innovation. This creates a  wall of misunderstanding which is
non-directional and affects both partners equally in preventing successful Collaborative
Innovation. Figure 3.1 shows a schematic depiction of this phenomenon. The breaking of this wall
of misunderstanding is therefore, based on this literature study, suggested to be addressed in the
design phase of the research.
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Figure 3.1: Schematic depiction of relationship between the contractors, ProRail and the system of collaboration and
innovation

3.2.De ne

As the ndings of the previous phase state, a problem in this studied context is the
misunderstanding of barriers of the organisational party in the Collaborative Innovation
relationship. To deepen the understanding of the practical collaborative process of ProRail's
organisation and its contractors, interviews are held. These can serve to identify which actual
barriers are present in the system in order to seek to clarify these barriers to all involved employees.
Six interviews in total were held, the description of the participants can be found in Chapter 2 and
the transcripts of the interviews are found in Appendix A. A full codebook further explaining all
codes is presented in Appendix B.

3.2.1. Coding

All interview transcripts were coded for further processing. Because of the semi structured nature
of the interview an open coding method was used (Strauss & Corbin, 1998). This coding method
accounts for unforeseen information and topics that may have arisen during the interviews. This
free coding method resulted in 27 codes to indicate topics, concepts or opinions used during the
interview. The full overview of all quotes coded in the interviews is presented in Appendix C. The
codes were retroactively formed into a code-tree which is depicted in Figure 3.2. This code tree
shows both codes and categories of codes. Interesting observations are that there are 13 codes
which can fall in the category of barriers while only 6 fall in the opportunities category (6 codes can
be categorised as both or neither and are therefore in the barriers/opportunities category). This
could be an effect of the intent of the interview being the discussion of a certain set of problems
(problems with Collaborative Innovation). By framing the interview as a problem discussion, the
interviewee may be more inclined to phrase their arguments negatively, towards a barrier rather
than an opportunity.
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Figure 3.2: Code tree of interview analyses. Central concept Collaborative Innovative Capacity leads into the rst two
codes 'Barriers' and 'Opportunities’, supplemented by a mixed form 'Barriers/Opportunities. The third level is formed by
categorisations (not used as codes) after which the fourth level of the tree describes the actually used operational codes

These codes form the rstlook into what barriers to Collaborative Innovation are present within the
relationship between ProRail and its contractors. Table 3.1 presents a summary of the codes and
their frequency of appearing in the interviews with subjects from all three organisation types. The
frequencies indicated are the percentage of all codes given in an organisational category.

The relative ratios of codes appearing in each interview are indicated next to the absolute number
of appearances, this yields insight into the amount of perceived weight certain concepts have within
employees of different organisations. The code "Beaurocracy"” for instance can be seen to appear
with a relatively high frequency in the interviews with subjects working within ProRail or within the
Branch-organisation but with a surprisingly low frequency in interviews with subjects working for
the Contractor. This beaurocracy often is expressed in the context of ProRail not having a proper
idea acceptance policy: "It's really peculiar that while | am the one who executes the contracts, and



3.2.De ne 15
Table 3.1: Code frequencies between interviewed organisations
Codes ProRail BranchOrg Contractor Total
absolute ratio absolute ratio absolute ratio absolute ratio
Ambiguities in collaboration 4 48% | 3 16% |2 28% |9 2.6%
Bad budgeting 5 6.0% |3 16% |1 14% |9 2.6%
Barriers 8 9.5% | 16 8.6% | 4 5.6% | 28 8.2%
Beaurocracy 9 10.7% | 18 9.6% | 2 28% | 29 8.5%
Bene tdistribution 7 8.3% | 22 11.8% | 5 7.0% | 34 9.9%
Changing contacts 2 24% | 4 21% |1 14% |7 2.0%
Compliance 1 1.2% | 8 43% |1 1.4% | 10 2.9%
Continuity 0 0.0% |0 0.0% | 4 56% | 4 1.2%
CO-operation vs competition 4 48% | 8 43% |1 14% | 13 3.8%
Financial dif culties 5 6.0% |7 3.7% | 4 5.6% | 16 4.7%
Idea acceptation 3 3.6% | 10 53% |3 42% | 16 4.7%
Idea generation 4 48% |7 3.7% | 3 42% | 14 4.1%
Incentives 4 48% |9 48% | 2 2.8% | 15 4.4%
Interpretation of rules 1 12% |0 0.0% | O 0.0% |1 0.3%
Knowledge / information acceptance 0 0.0% |1 05% |1 14% | 2 0.6%
Knowledge / information sharing 3 3.6% | 12 6.4% | 3 42% | 18 5.3%
Lack of trust 1 12% |0 0.0% |5 7.0% | 6 1.8%
Lack of understanding 0 0.0% | 4 21% | 8 11.3% | 12 3.5%
Markets / Capetalisation 3 3.6% | 15 8.0% | 3 42% | 21 6.1%
Non-innovative focus 5 6.0% | 4 21% | 4 5.6% | 13 3.8%
Opportunities 2 24% |1 05% | O 0.0% |3 0.9%
Ownership 2 24% | 8 43% |3 42% | 13 3.8%
Personal contacts 2 24% | 9 48% |1 14% | 12 3.5%
Responsibility 5 6.0% |5 27% | 2 2.8% | 12 3.5%
Risk 1 12% | 4 21% |5 7.0% | 10 2.9%
Risk aversion 1 12% | 4 21% | O 0.0% |5 1.5%
Speed 2 24% | 5 27% | 3 42% | 10 2.9%
84 187 71 342

therefore see all the possibilities in that contract, nobody is receptive within ProRail for me to bring
those ideas to" (interview 1). Or regarding legislation and resulting rules within the organisation:
"The rules regarding what we're allowed are just set in stone. If the rules would be loosened up
a little you might be able to do a little more, right now you have to be creative and try to utilize
loopholes in the regulations" (interview 5).

Another noticeable code is the "Bene t distribution”, this is named a lot in all interviews.
Most of the mentions by the contractors include blame being directed towards ProRail: "A lot of
responsibility is put on the contractor and a minimal amount at ProRail" (interview 2) or "looking
at the contracts, and at the risks and nes and compare that to potential earnings it's totally off
balance. If ProRail would infer all nes they could than we would just go bankrupt” (interview 3).
Interestingly this blame is not denied but rather af rmed by the actual employees to indeed lie
within ProRail: "if this is one's only income and ProRail wont change their tender award model,
contractors will keep entering those tenders with lower estimates while they wont be able to
deliver on those promises” (interview 1) or "Sometimes | wonder whether the contractors are able
to earn any money on these contracts” (interview 5).

Finally the "Lack of understanding" code, one which is related to the schematic interpretation
developed in the previous section (see Figure 3.1), is mentioned mostly by contractors: "The
collaboration is stunted because everybody is preoccupied with their own interests" (interview 6).
But also recognised by the branch organisation: "First please make sure you get everyone together
and acknowledge that there is a problem"” (interview 4).

An overview of codes which appear with a noticeably higher or lower frequency in interviews with
subjects from a speci c organisation when compared to those frequency in interviews with subjects
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from the other organisation types is given in Table 3.2.

Table 3.2: Codes with noticeably deviating frequencies

Contractor

Low High

Barriers Continuity

Beaurocracy Lack of trust

CO-operation vs competition Lack of understanding
Risk

ProRail

Low High

Lack of understanding Ambiguities in collaboration
Bad budgeting
Financial dif culties
Opportunities
Responsibility

BranchOrg

Low High

Non-innovative focus Compliance
Knowledge / information sharing
Markets / capetalisation
Personal contacts

3.2.2. Conclusion

The goal of the interviews was to gain more understanding of which barriers for Collaborative
Innovation were present in the ProRail - maintenance contractor relationship. To this end all
interviews held were transcribed and coded. These codes presented an overview of the problems
which interviewees discussed and are therefore assumed to be the start of a registry of barriers,
problems and opportunities which can be used for the design of the tool in the next phase of the
research.

Most noticeable is that many problems were indicated which related to distribution of
bene ts between ProRail and contractors, Also beaurocracy and a lack of mutual understanding
were frequently mentioned as problematic (although the latter only had a high frequency for the
contractors). Codes which were recorded but only in very low frequencies were the interpretation
of rules, knowledge acceptance (hote that knowledge donating was recorded signi cantly more
often), and continuity. The different frequencies in which these codes appear among the two
different parties can be informative to the tool design in such a way that different roles may use
different inputs for their barriers.

3.3. Develop

In the ndings of the Discover and De ne phases we state that one of the big problems in the
Collaborative Innovative Capacity in the private - public organisational partnership between
ProRail and its contractors is that there is a lack of understanding of each others' problems and
barriers in innovation. This forms a wall of misunderstanding which prevents Collaborative
Innovation. These barriers are not always the wrongdoing of the other party but they are a
hindrance which has to be understood by all for Collaborative Innovation to be possible. That will
therefore also be the goal of this tool:

The raising of awareness of barriers for innovation as experienced by the other party
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This goal is translated and operationalised in the form of a serious game. A serious game is a
concept which describes the use of games and playful elements with a serious and meaningful
purpose (Harteveld, 2011). This supersedes regular game design which mostly has the sole purpose
of fun and entertainment, on the other hand it also often lacks a lot of extended game design
principles which regular games may utilise. The argumentation behind using a serious game
format for the tool in this case is threefold:

1. The people involved should be motivated to participate in the activity. This is here achieved
by making the activity of working on Collaborative Innovative Capacity more playful with a
game.

2. A gaming environment requires people to be fully immersed and attentive to what they are
doing, participating in a game does not allow players to temporarily pause and do other things
or to pay attention to something else. This strengthens the messages and effects of the tool.

3. In playing a game players interact with one another. As one of the goals of the tool is to
increase understanding of other people involved, it would be better for them to participate in
the use of the tool together rather than separately.

3.3.1. Conceptualisation

This Develop phase traditionally is characterised by ideation and brainstorming of potential
solutions (Clarebrough, Lee, & Ly, 2019). First the central analysis method of Triadic Game Design
(TGD) is used. This analysis method is visually presented in Figure 3.3.

Figure 3.3: Analysis gure of Triadic Game Design, as adapted from (Harteveld, 2011)

This TGD method focuses on balancing three critical elements within a game: Play, Meaning
and Reality. Each of these three elements propose their own dilemmas to consider. By considering
rst the separate dilemmas within the elements (i.e. how to deal with immersion in a game - Play,
what relationships are important - Reality, what is the motivation for playing - Meaning), one can
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better scope the design space in between the three elements. Within that design space then the aim
of the game can be formulated.

This method in this research is used as a tool to better structure brainstorming of thought, not
all dilemmas as suggested in (Harteveld, 2011) were fully expanded upon but a few can be seen in
Figure 3.3. This resulted in the aim of the game which is also stated at the top of this chapter.

This analysis was followed by a formulating different game elements to be included:

» The game should be playable for four players. This number allows for small sessions with
specialist teams and also suits the scope and magnitude of the research. Ideally the game
would have capabilities for expansion towards lager player groups

To represent reality a certain element of surprise or secrecy should be involved. The unknown
nature of some of the barriers in the problem situation can in that way be represented and a
possible reveal could increase the impact of the message

Different roles could be very helpful to better represent the problem situation. The contractor
and ProRail roles in the problem situation are very different and by assigning players these
roles they may be better capable of seeing the perspective on the other side of the wall of
misunderstanding (see Figure 3.1)

All players should be treated as equal in the game. Although different roles may be at play,
the fundamental game mechanics should not mean that players interact with the game in a
wholly different or disproportional way. The level of interaction with the core material and
therefore the core message of the game should be equal among the players.

* A common team goal would increase the team's awareness of the importance of working
together towards the Collaborative Innovation. The common goal could also strengthen the
barriers individuals feel because they may feel partially responsible for not reaching that
goal.

After constructing these basic demands the rst step in conceptualising the rst version of the
game was a brainstorm session with a professional serious game designer (Moens, n.d.) aided by
discussing existing (serious) game mechanics which may have been applicable.

3.3.2. First prototype

After the brainstorm session a rough idea of a rst version of the game was created. This version
was a co-op tower building game in which the focus lay heavily on the in uencing of different roles
and their distinct powers and limitations. Players would be told to play the game in turns, each turn
could include a build action or an action relating to gaining funds for building. The common goal
would be to build a tower which is as high as possible. Additionally in this concept each player would
receive a role which includes a personal objective and a set of constraints. Examples of personal
objectives could be 'Earn the most amount of money' or 'Have the north side of the tower only
consist of blue and red blocks. Examples of constraints could be "You can only build if the person
who played the turn also built' or "You may only build blocks on the uneven layers' Further it would
have been possible to expand this concept with perks for each role like "Your build actions only
cost half the usual amount of coins' or "You can build two blocks at once. These constraints and
perks would be related to the barriers and opportunities as gathered in the interviews. All of these
objectives, constraints and perks could then be related to particular roles within the studied public

- private organisational partnership. When players would then receive a role in the game which is
different from their actual role in the studied context, they would hypothetically be exposed to new
perks and constraints they may not have thought about previously. This all to aid in the goal: Raise
awareness of barriers for innovation as experienced by the other party .
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However when getting further into the actual operationalisation of the game design and all
the objectives, perks and constraints, the game quickly became unnecessarily complicated and too
focused on very speci c roles. In order to maintain playability players have to be able to become
acquainted with the rules of the game quickly within the rst time playing, moreover the message
should be clear and unambiguous. The unnecessary complexity and speci city of this design made
this playability unsatisfactory for the stated aim of the game. Therefore this design was retired.

3.3.3. Second prototype

The second prototype started with the same mechanic of creating a co-op game in which players
have a common goal. To increase the immersion this task was redesigned to be the travelling of a
train along a train track past some stations. The players would again get assigned roles which are
not in line with their actual roles in their real-world occupation. These roles however would not
be affecting the players in terms of their game mechanics. The turn-based game progression was
adhered to in this prototype, however turns became signi cantly simpler. Each turn, a player was
invited to roll a regular six-sided die which would yield the number of steps the train could take in
their turn. After that, the player would have to draw from their personal stack of scenario cards.
Each card contains the description of a scenario of a barrier or opportunity for innovation taken
from experiences in the real world collaborative process through the interviews performed earlier
in the research. Each scenario then had a consequence for the number of steps the player could
actually take in that turn. An example of a turn could then be that the player would roll a 5, then
they could draw a scenario which described the following: 'A great innovation is being proposed
in one project, a nation-wide implementation of this idea however does not seem possible due to
capacity issues within the contract teams. This scenario then would have the consequence that this
particular turn would be lost and the player would be allowed to move their train O places instead of
the 5 they initially thought they would be able to move.

The goal of the game is to reach the end of the track which spans 5 stations with tracks of 4
steps in between each station. Scenarios are shuf ed into a random order (per player) and players
getto choose at random which scenario to pick for each turn. All scenarios and their accompanying
consequences for this version of the game can be found in Table 3.3. A deck of six or seven scenarios
was written for each player. These scenarios were either taken directly from experiences as shared
during the interviews ('Local government is not willing to approve your plans') or inspired by those
interviews and their ndings as presented in the previous section.

The scenarios are divided over the four players with the intent to distinguish four separate
roles. In the presentation of Table 3.3 the rst two players are assigned a role within ProRail, this
leads to scenarios being formulated from that perspective as well. Scenarios like 'Contractor has
no funds left for extras' or Contractor will not share component failure data’ are clearly formulated
from a ProRail point of view. The third and fourth player are assigned scenarios from the perspective
of the contractor ("You have an improvement proposal ready in your bid'). Among the two different
organisations, also the function of the separate players are distinguished from one another. Player
1 and 3 are assigned a project manager role. This means that they are challenged with scenarios of
a more operational nature ("A mechanic of the contractor causes a defect in an expensive piece of
equipment' or 'An important spare part was not present’). Player 2 and 4 are assigned more strategic
management roles, which again translates into the scenarios they are faced with ('"EU legislation is
restrictive' or "You have lost multiple tenders and the current project turns out un-pro table'). The
intended game design proposes that the players are not made aware of this division of roles. While
the division of their roles in two separate organisations may become evident rather quickly through
the scenarios the players encounter, their project management versus strategic management role
division may not necessarily become clear quickly. The players will be asked to re ect on these roles
after the game, at this point the instructor can reveal the game design's intended roles to inform a
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more broad discussion.
Table 3.3: Scenarios and consequences in prototype 2.0
Player 1
Scenario Consequence
Contractor has no funds left for extras Lose turn
You share an investment with the contractors +1 step
Your proposal has been lost, submit it again Re-roll
The nancial plan of a submitted improvement proposal is not deemed thorough enough by procurement, that will have to be re-done -1 step
Procurement declines your proposal Lose turn
You have found a great new relais on an industry fair, but you dont know who to reach within ProRail to actually incorporate it Re-roll
A mechanic of the contractor causes a defect in an expensive piece of equipment, responsibility is taken internally at the contractor +1 step
Player 2
Scenario Consequence
Contractor will not share component failure data Half steps
EU legislation is restrictive Lose turn
You have initiated a collective information database +2 steps
A great innovation is being proposed in one project, a nation-wide implementation of this idea however does not seem possible Lose turn
It is dif cult to judge nancial proposals because of a lack of an assessment framework -2 steps
You have found a new type of hectometer indicator in collaboration with the contractor. Sadly you do not posess the authority to Re-roll
implement this component nationally. You submit it for further review and don't year anything in reply for the next 4 years. ..
Player 3
Scenario Consequence
Local management team changes -1 Step
Your contact has a bad day Re-Roll
Your improvement proposal had a solid nancial plan +1 step
The local government is not willing to approve your plans Go back to last station
An important spare part was not present and you had not secured that the responsibilty would fall within ProRail -2 steps
Your improvement proposal should have been a modi cation -1 step
Together with a maintenance engineer you have developed a great solution to a nation-wide problem, sadly it is not possible Lose turn
to implement it pro tably within your current contract
Player 4
Scenario Consequence
Innovation-related pro ts are being reclaimed Half steps
Risk is not shared Re-roll
You had an improvement proposal ready in your bid Extra roll
Your improvement proposal is only approved in the last year of your contract Lose turn
Your proposal for a new relais shows that this component would last twice as long as the current one, the regional management Lose turn
agrees but the system-manager of ProRail does not want to risk it
A modi cation proposal is received with enthousiasm, but they want it to be adopted by multiple contractors at the same time, Half steps
you are going to have to re-negotiate the proposal 4 more times. ..
You have lost multiple tenders and the current project tuns out un-pro table, the head of ce therefore retracts funds for further -3 Steps

investmensts

All the previous constitutes the development of the second prototype. Once this rst playable
version was constructed, the testing started which included two iterations of tests and revision and

a nal user test of the last version of the game.

3.4. Deliver

The testing of the developed game in this phase consisted of three steps: a preliminary test for the
developed prototype as described in the previous section, a more elaborate test involving actual test
subjects for the revised prototype and a nal user test for the re-revised prototype which is the nal

version of the developed game as produced in this research.

3.4.1. Firstiteration

Using the prototype which resulted from the Develop phase, a simple test version was built using MS
Excel to test the game mechanics. This test consisted of multiple runs of the researcher playing as
all four players. All turns were rolled through until the end of the game and observations regarding

playability and enjoyment were noted.

The main observations from those preliminary tests were that the "Play" element from the
TGD method was under-represented in this design. There was little for the player to interact with or
to in uence, the visual design itself was lacking and there was no element of competition. Moreover

the repetitive nature of the turns made the game seem long and tedious.

This resulted in another revision of the game design. The main elements which were included
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in the new design were:

¢ A visually engaging game board and scenario card which are interactive for all players using
a digital Miro board. The game board was also expanded with six steps in between stations
instead of four.

* The red die. Additionally to a regular die which is rolled by each player every turn, a red die
is introduced which is used as a consequence for some of the scenarios. This red die has the
values of -2 steps, -1 step, +1 step and +2 steps (and two blank sides for a six-sided die).

* A spinning wheel (see Figure 3.4). This wheel can, similarly to the red die be introduced as a
consequence for scenarios. The wheel contains consequences of extra, or deducted steps as
well as the (re-)rolling of either die and a blank option. These options are all present on the
spinning wheel in differing proportions in order to yield a 60% chance of getting a
consequence in terms of steps (with an expected value of -1.47 steps) and a 32% chance of
getting the opportunity to roll another die. When considering the regular die to have an
expected value of 3.5 steps and the red die to have an expected value of 0 steps this would
yield an expected value for the entire wheel to be -0.33 steps.

« Expanding of scenarios with scenarios that are followed by a choice. An example of this form is
the scenario "Suppliers want to see your user-data in order to pitch newer and better products
for your operations” which would be followed by the choice to either share the data, with the
consequence of having to spin the wheel, or to refuse sharing the data with the consequence
of -1 steps.

¢ The formation of teams. Two teams were formed in order to increase the competitive nature
of the game. To avoid con ation of the two in-organisation functions (the project manager
and the strategic manager within ProRail for instance), the teams are cross organisational as
well as cross functional. The rst team will therefore be the project manager role of ProRail
and the strategic manager role of the contractor. The second team will then be the project
manager role of the contractor paired with the strategic manager role of ProRail. The two
teams will share one pawn in the game and will compete to reach the nish line (the nal
station) rst.

Figure 3.4: Spinning wheel

The visual style of the game was fully revised in this iteration. The game board and paws were
designed using MS Vision and incorporated in the interactive online Miro board. Figure 3.5 shows
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the design which incorporates a start station represented by a city, four intermediate stations and an
end station represented by a farm barn. Each track in between two stations is 6 steps long, including
the last step towards the station this makes seven steps which prohibits a player from reaching the
station with a single roll of the regular die.

Figure 3.5: Game board in Miro after rstiteration of testing. Designed using MS Visio

An impactful measure is the formation of teams in this version. The teams working together
required a set of rules. The major alteration in this sense is that the game is divided into distinct
rounds. Each round ends at the next station. This way teams get to win rounds and the game is able
to be reset at the beginning of each round. Each round therefore starts with both teams beginning
from the last reached station. They then get alternate turns, making the order of play: Player 1 (of
Teaml), Player 2 (of Team2), Player 3 (of Team1) and Player 4 (of Team?2). The team that reaches the
next station rst will win that round and the assigned amount of points. Points are set to 1 point for
each intermediate station and 2 points for the end station. If a team reaches the next station, the
other team will be allowed to equalise the number of turns played. This also brings the capability
for a tie at the end of a round, in which case both teams are awarded the appropriate amount of
points. All this and other simple rules are presented to the players at the beginning of the game and
are also available during play. The instructions and rules as presented to the players can be found
in the rule book below:
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Instructions 2

Every turn consists of:

Roll die - Scenario - Consequence - Steps
Rules:

* Negative steps do not exist

» When half steps apply to an odd number of
steps they round up

* If one team reaches a station the other team
is allowed to even out the number of tuns
played if applicable

» The new round is begun by the player who
was at turn at the end of the last round

» Play nice

* Also play nice with the game instructor

2Rules to 'Rail's Perspective'

3.4.2. Second iteration

The second iteration of testing involved the actual real-life test with test subjects, of the version of
the game as developed during the rst iteration. The test subjects were unrelated to the research,
contractors or ProRail and received a short introduction into the research context prior to the test.

All test subjects agreed to the informed consent form as depicted in Appendix D.

The observations from the second iteration test are less impactful than the rst. This is to be
expected. Nonetheless they are important for further iterative design of the game. The main
observation is that there was a lack of personal connection to the material as presented in the
scenarios and consequences. Players were very focused on the scenarios that they drew, but they
were almost equally as interested in the scenarios their teammate or even their competitors drew.
While it can be regarded as positive that the element of "Play" seemed to have heightened the
players' engagement in the game, the personal connection to the scenarios and consequences is
paramount to reaching the aim of the game: "The increase of insight into barriers for innovation as
experienced by the other party". Moreover the game was observed by the players as well as the game
instructor to be slightly too long. The nal game design was therefore altered in three ways:

« The teams were re-arranged. The new teams are arranged by their organisation. The rstteam
will therefore be both the ProRail functions and the second team will be both the contractor
functions combined. The desired effect of this decision is that by strengthening the in-team
bond through assigning people to the same organisations the players will be less inclined to
engage with the other teams' drawn scenarios. Engagement with all material presented is
positive but it should not water down the effect of one's personal scenario experiences.

* The game board was redesigned. The major alteration to the game board was the decrease
from ve stations to four. This decreases the amount of rounds played and increases the
competitiveness between teams through a more high-paced gameplay. Moreover the
direction of play was re-arranged. This followed on a remark made by one of the test subjects
who stated that it would be a more realistic scenario to travel from the farm to the city as
public transport is more often associated with travelling towards urban areas rather than
away from it. While it may be possible to argue against this statement in a factual sense, the
goal is to increase player engagement with the story of the game. The nal alteration to the
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game board was to add train signage lights at each station to indicate who won that round.
Each sign has two lights which at the start of the game are blank. After a team has won a
round the accompanying sign will turn either red, green or both in accordance with the
winning team's colour.

» Expansion of the scenario deck. The players in the test indicated three separate sentiments:
1) the scenarios that provided a choice for the players were regarded as very positive as they
increased interaction between the player and the game. 2) there were too many scenarios
that declared the consequence "lose turn”; this consequence, while impactful, decreases
playability as it stagnates not only the turn but gameplay overall. 3) the red die and spinning
wheel options are very positive; these elements were reported to increase a sense of surprise
and uncertainty primarily and made the players re ect more extensively on the
consequences of a scenario.

The redesign that followed as a result of the aforementioned test produced the nal version of the
game for this research. This also marked the moment the game received its name: Rail's
Perspective . After its aim, to raise awareness of the perspective of others, and its use-context, the
rail infrastructure management industry. Rail's Perspective also received, as mentioned, a new
version of its game board, which can be seen in Figure 3.6.

Figure 3.6: Game board of the nal version of Rail's Perspective

Also the scenarios deck was revised to include more player-choice scenarios and less "lose turn"
consequences. The "lose turn" consequences were replaced by "spin wheel" or "roll red die" options
to increase engagement and the experience of randomness which is also present in the real-life
situation. Thisresulted in a nal scenarios deck of eight scenarios per player. The full deck including
all consequences is reported in Table 3.4.
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Table 3.4: Scenarios and consequences in the nal version of Rail's Perspective

Player 1
Scenario

Consequence

After the rst half year of a contract, the contractor turns out to have run out of budget for extra modernisation projects

Try to get more investment yourself: Spin wheel
Postpone modernisations: -3 steps

You execute a joint investment with the contractor +1 step
Your improvement-plan has been forgotten, submit it again Roll the red die
The nancial plan of a submitted improvement proposal is not deemed thorough enough by procurement, that will have to be re-done -1step

The contractor wants a joint investment for an innovation which will bene t them nancially as well

Co-invest: Spin wheel
Do not invest: Half steps

Procurement declines your proposal Lose turn

You have found a great new relais on an industry fair, but you dont know who to reach within ProRail to actually incorporate it Roll the red die
A mechanic of the contractor causes a defect in an expensive piece of equipment, responsibility is taken internally at the contractor +1 step

Player 2

Scenario Consequence

In PGO 4.0 more rewards for extra work is considered as a substitute for the nes on shortcomings

More rewards: Spin wheel
Focus on nes: Roll red die

A great innovation is being proposed in one project, a nation-wide implementation of this idea however does not seem possible

due to capacity issues within the contract teams Half steps
You need data for the re-consideration of further automisation of monitoring of assets, this data however is property of the Half steps
contractor who is not willing to share it

A contractor is prepared to invest in a new component and to share this innovation after his contract period, legislation from the Lose turn

EU wil not permit you to agree, you have to decline the proposal

You have initiated a collective information database

2 extra steps

Contractors structurally submit unrealisticly low bids for tenders, you are considering adjusting the tendering-model to this

Dont adjust: -2 steps
Adjust: Spin wheel

Itis dif cult to judge nancial proposals because of a lack of an assessment framework

-2 steps

You have found a new type of hectometer indicator in collaboration with the contractor. Sadly you do not posess the authority to
implement this component nationally. You submit it for further review and don' year anything in reply for the next 4 years. ..

Roll the red die

Player 3
Scenario

Conseguence

A shared innovation fund is set up with ProRail for a project, co-investing means less risk for you, but also means that you lose
the sole right to any developed innovations

Participate in fund: Spin wheel
Dont participate: Roll red die

Unexpectedly the regional management team changes within ProRail because of understaf ng elsewhere. You will henceforth
have to work with this completely new team

Spin wheel

The contact you are about to discuss your submitted proposal with has just had a very unfriendly conversation with his/her
supervisor. He/She does not feel like collaborating constructively today.

Roll the red die

Your improvement proposal included a solid nancial plan, it is therefore processed very quickly

+1 step

Even though you had just convinced ProRail and other involved parties of your plan, the local government will not approve an
alteration to an overpass

Go back to last station

An important spare part was not present and you had not secured that the responsibilty would fall within ProRail -2 steps

Your improvement proposal should have been a modi cation -1step
Together with a maintenance engineer you have developed a great solution to a nation-wide problem, sadly it is not possible Lose turn

to implement it pro tably within your current contract

Player 4

Scenario Consequence
The bene ts which follow from an innovation you developed are being reclaimed by ProRail Half steps

A proposal which include a slight risk is approved by ProRail but they are not willing to co-invest, the risk is not shared

Proceed with proposal: Roll red die
Retract proposal: -1 step

You had an improvement proposal ready in your bid

Extraroll

Your improvement proposal is only approved in the last year of your contract

-2 steps

Suppliers want to see your user-data in order to pitch newer and better products for your operations

Share data: Spin wheel
Refuse: -1 step

Your proposal for a new relais shows that this component would last twice as long as the current one, the regional management

agrees but the system-manager of ProRail does not want to risk it Lose turn
A modi cation proposal is received with enthousiasm, but they want it to be adopted by multiple contractors at the same time, Spin wheel
you are going to have to re-negotiate the proposal 4 more times. ..

You have lost multiple tenders and the current project tuns out un-pro table, the head of ce therefore retracts funds for -2 steps

further investments

3.4.3. User test

The nal step in the testing and the end of the second diamond in the double diamond description

of design based research (see Figure 1.1) is the user test. This test served the purpose of testing the
actual effectiveness of the designed tool. The user test was performed by having four employees of
ProRail and one of its maintenance contractors play a full set of round of Rail's Perspective. The test
subjects partially overlapped with the participants in the interviews (Chapter 3.2).

Subject 1 A contract manager within one of the contractors who is responsible for managing and
negotiating the contracts and possible deviations from those contracts with ProRail. This

is considered a strategic management function for this research.

Subject2 A maintenance engineer within one of the contractors. This engineer is applied within
the contractor's organisation on a project-basis and is therefore considered to have a

project-function for the sake of this research.

Subject3 A contract specialist in a project management function from ProRail. This project
manager is a specialist on the Performance Based Maintenance (Prestatie Gericht

Onderhoud).
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Subject4 A tender manager within ProRail. Even though this tender manager works on separate
projects, they are considered to have a strategic function within ProRail as the tender
management function concerns itself with the mid- to long term goals of the company.

Because the division of subjects over teams is based on having the largest disparity between their
real-world roles and their in-game roles, the teams were labelled as Red and Green which
corresponds to their train color within the game. The division of test subjects over teams can be
found in Table 3.5.

Table 3.5: Team and role division for the user tests

Subject 1 Subject 2 Subject 3 Subject 4
Real-world role Strategic management | Project management Project management Strategic management
Real-world organisation | Contractor Contractor ProRail ProRail
In-team role Project management Strategic management | Strategic management | Project management
In-team organisation ProRail ProRail Contractor Contractor
Team Red Red Green Green

Measurement

In order for the user test to have a veri able, tangible result, a means of measurement had to be in
place to test the actual effectiveness of the game. This measurement was performed using a short
survey which was lled out by all participants directly after the game was played. The researchers
made sure to prevent any lengthy discussion about the gameplay and the game in general once the
game had nished before any of the participants had lled out the survey. This to prevent players

in uencing each others' answers. The survey consisted of six questions:

What is your rst reaction to the game you just played?

What barriers/constraints did you experience while trying to reach your destination?
Were any of these barriers/constraints new to you? (if so, which?)

What role do you think you were assigned during this game?

What new skills, knowledge and/or attitude did you gain during this game?

Any tips for the researchers?

R o

The main method of measurement of the effectiveness of the game lie within question 2 and 3.
Question 2 measures to what extent the barriers as presented in the scenarios actually came across
correctly to the players moreover it records whether the players actually retained the message
within. Question 3 then test whether those messages actually meant something new to the
participants. As the aim of the game is to actually gain an increased understanding of barriers and
constraints of other parties this is the main measurement for determining the effectiveness of the
game.

The results of this survey are presented in Appendix E. The answers are summarised here:

Question1 The overall rst reaction was positive. Players all indicated that the game was fun.
Terms like "interactive", "realistic", and "interesting reactions" all hold positive
relation to the aim of the game.

Question2 The reported barriers players experienced were few and generalised. All answers
touched upon points which were indeed addressed in the scenarios ( nance and
beaurocracy for instance) but not many barriers were named explicitly.

Question 3 The most notable observation is that out of all participants, only one reported one
single barrier to be new to them (subject 3 reported the barrier of EU legislation to be
new to them).
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