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Abstract Games used by organizations generate a wealth of valuable output in
terms of knowledge. In order to maintain the produced knowledge, such as the
explicit, e.g., logging and questionnaires, and implicit/tacit knowledge, e.g., experi-
ence from game sessions, a knowledge management system (KMS) should be
employed. This paper starts by giving a brief description of the building blocks for
a KMS and then proposes a methodology that combines three different methods,
namely, semi-structured interviews, causal maps, and the Q-methodology, to illus-
trate how tacit knowledge from principal stakeholders (game designers and project
team members) can be extracted as part of building a KMS. The proposed method-
ology is applied in a case study related to the railway sector.
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1 Introduction

Gaming simulations (hereinafter referred to as games) used for decision-making
have developed into a powerful tool for corporations [1]. Irrespective of their size,
corporations have been increasingly using games in order to evaluate and ascertain
impactful business decisions and strategies. Despite their proven added value to the
decision-making process, there is still a lack of research on whether, and if so how,
games can be used by researchers and practitioners to build evident on systems’
behavior, as part of a larger scheme [1], in other words, whether and how knowledge
acquired through games can be managed and reused and particularly how can
implicit, also known as tacit, knowledge can be elicited, managed, and disseminated
within an organization.

The management of both explicit and implicit knowledge from games is not, and
should not be, of academic interest only. The effectiveness of a corporation depends
heavily on how it manages this knowledge [2] or, in layman terms, how in the first
place it obtains and thereafter maintains the so-called know-how. As a corporation
acquires and builds up on knowledge obtained through games, it improves its know-
how and thus sustains or even increases its competitive advantage [3].

The authors aim to propose a knowledge management framework (KMF) and
subsequently build a knowledge management system [4] (KMS) for games. In this
paper, the part of the framework pertaining particularly to the elicitation and reuse
of tacit knowledge is analyzed. The specific selection of tacit knowledge for further
analysis in this paper is due to the fact that tacit knowledge is an integral part of the
decision-making processes of organizations yet one that has hardly been explicitly
operationalized [5].

In Sect. 2, a brief description of the complete KMF is given as for the reader to
see the bigger picture and the role of tacit knowledge within this picture. In Sect. 3,
a methodology to capture and disseminate tacit knowledge within an organization is
proposed. In Sect. 4, preliminary results from three case studies are illustrated.
Finally, in Sect. 5, the future steps of this research are identified, and final remarks
are made.

2 Knowledge Management in Games: The Building Blocks

With regard to knowledge, a distinction should be made about explicit and implicit,
or tacit, knowledge. Explicit knowledge can be seen as academic, technical data, or
information that is communicated in a formal language and/or shared digitally or in
print, such as manuals [6]. On the other hand, tacit knowledge is cognitive or techni-
cal and consists of mental models, beliefs, insights, and perceptions. An example of
an application of technical tacit knowledge is conducting train traffic operations [6].

Games generate a wealth of output depending on their application [7]. Games
can be focused on training, design, research, and policy intervention, to name a few.
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In Table 1, the different applications of games are shown based on two criteria: the
type of knowledge generated by the game and the person or persons who are the
beneficiaries of this knowledge. With regard to the type of knowledge generated, the
authors distinguish between two categories: (1) generalizable, meaning that the
knowledge acquired during the game provides for broad insights beyond the scope
of a particular game scenario, and (2) contextual, meaning that the knowledge
acquired during the game provides for deep insights closely related to a particular
game scenario. With regard to the beneficiary of the generated knowledge, the
authors again distinguish between two categories: (1) the participant, meaning that
the beneficiary of the knowledge acquired during the game is the person or persons
who play the game, and (2) the principal, meaning that the beneficiary of the knowl-
edge acquired during the game is any stakeholder or stakeholders other than the
participants, like decision-makers, researchers, or game designers.

The aim of this research as a whole is to build a complete KMF for games and
particularly for games in engineering systems in which the knowledge type is con-
textual and the knowledge beneficiary is the principal. While this paper only focuses
on the tacit knowledge produced by games, a brief description of the complete
framework is deemed necessary for readers to understand the bigger picture and
how tacit knowledge of involved stakeholders fits into the complete framework.

Regardless of the organization or the specific games they use, a KMF consists of
some common building blocks that eventually contribute toward building a
KMS. Namely, these blocks are:

e The type of the KMS. Currently there are two distinct types of KMS, codification
and personalization [8]. Codification stores and makes available for reuse any
acquired knowledge, which is in reality isolated from its source. On the other
hand, personalization is the exchange of knowledge that has been acquired in the
past through one-to-one conversations and brainstorming sessions; it is a way to
promote discussion and exchange of ideas and knowledge between people in a
more personal manner, and it is usually where most of the tacit knowledge is
exchanged. The framework associated with this paper is a hybrid approach that
combines codification and personalization, in order to harness the advantages of
both methods and provide for a more formal way of capturing and reusing tacit
knowledge.

Table 1 Canonical applications of gaming methods

Knowledge beneficiary
Knowledge type Participant Principal
Generalizable Teaching Research
Experiential learning Hypothesis generation and testing
Dangerous tasks Artifact assessment
Contextual Policy Design
Organizational learning Interactive visualization
Policy intervention Collaborative design
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* The purpose of the KMS. A KMS can be used for one or more purposes, like
root-cause analysis, own-project improvement, cross-project improvement, and
network improvement. The proposed KMS will incorporate all these purposes,
depending on the users.

e The intended users of the KMS. Any individual or group employed or even asso-
ciated with the organization is a potential user of the KMS. In the proposed
KMS, the potential users are individuals and groups related one way or another
to games built or used by the organization.

3 Tacit Knowledge

In this section, first the different methods on how to capture tacit knowledge are
examined, and then a comprehensive methodology that is used throughout the case
studies is proposed.

3.1 State of the Art

One of the most common techniques for capturing tacit knowledge is “cognitive
maps,” which facilitate the representation of individuals’ view of reality [9]. There
are different types of cognitive maps, one of which is causal maps [10]. Causal
maps are interpretations of individuals’ or groups’ beliefs about causal relationships
[11]. Causal maps have been proven to be an effective tool for the elicitation of tacit
knowledge for a variety or reasons, e.g., allowing to focus on action, eliciting
context-dependent factors, etc. [10].

Semi-structured interviews are another tool that can help elicit tacit knowledge.
While the purpose and structure of such an interview are predetermined, the essence
of the “semi-structure” lies on the fact that interviewees are encouraged to answer
questions by telling stories [10]. The storytelling nature of those kinds of interviews
allows people to manage the collective memory of an organization [12], frame their
experiences [13], and reflect on the complex social web of an organization [14].

Tacit knowledge encompasses a large amount of subjectivity and a research
method to study its Q-methodology [15]. In a nutshell, in Q-methodology the inter-
viewee sorts a series of items/statements throughout a continuum (e.g., from
strongly disagree to strongly agree) that is approximately normally distributed, in
the sense that more of these statements are placed close to the neutral area than in
the two edges of the continuum.

Various scholars argue that the use of metaphors can serve to transmit tacit
knowledge [10, 16], and since metaphors allow different ways of thinking, people
may be able to explain complex organizational phenomena [17]. The term meta-
phors connotes the transfer of information from a relatively familiar domain to a
relatively unknown domain [17].
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Social media have become prominent on how people interact not only in a per-
sonal but also in a professional level. While research is still relatively poor in this
area, the use of social media sounds indeed promising in tacit knowledge sharing,
since they encompass interactive and collaborative technologies [18].

3.2 Methodology

The current study aims at capturing the tacit knowledge of principal stakeholders,
mainly that of game designers, through a combination of semi-structured inter-
views, causal maps, and the Q-methodology. The interviews enable to capture
knowledge (e.g., experiences, insights, etc.), and in turn causal maps are used to
build the list of statements required by the Q-methodology. Then, using the
Q-methodology, the interviewees sort these statements in accordance to their
relevance.

In more detail, the interviews are partitioned in two sets. The first set of inter-
views is used to build the list of statements and subsequently the causal maps that
are then used by the Q-methodology. For building a comprehensive list of state-
ments for games, on average, the amount of interviews needed is between three and
five. The second set of interviews actually uses the Q-methodology to sort the list of
statements defined by the first set of interviews.

These three methods, i.e., interviews, causal maps, and Q-methodology, are
stand-alone methods and thus could have been used on their own to approach the
problem of eliciting tacit knowledge. Nevertheless, combining all three is expected
to create a more robust methodology. The reasons that these particular methods
were selected are the following:

Semi-structured interviews: Structured interviews have the risk of resulting in
biased, on behalf of the interviewer, statements due to the lack of flexibility.
Hence, providing a setup for the interviewees to expand on their answers, and not
just answer closed or very structured questions, allows for more rich responses
from which the statements for the Q-methodology are expected to be more
descriptive.

Causal maps: The richness provided by the semi-structured interviews increases the
risk for statements to overlap or to have strong causal relations (1 to 1, 1 to n, or
n to 1). Hence, using causal maps enables the grouping of such statements and
thus reducing, among other things, the effect of what in statistics is known as
multicollinearity.

Q-methodology: Knowledge, and particularly tacit knowledge, is characterized not
only by its subjectivity but also by its almost completely nonquantifiable nature.
Therefore, using a methodology like Q seemed to be the most appropriate way
forward with this research.
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4 Case Studies

In this section, the methodology proposed in Sect. 3.2 is put into action. The full
study includes three games that were conducted at ProRail. These games were
selected based on a number of criteria, such as the technology used to build them
(analog/digital), the degree to which they were considered to be successful, and the
number of principal stakeholders involved. All games were multiplayer, varying
from 3 to 23 participants.

The research is still ongoing, in which only the first game has been analyzed. For
this game, called “OV-SAAL” [19], four interviews have been conducted, which
have served as the first set for building the list of statements for the Q-methodology.
OV-SAAL is an analog game, and its game design requirements are shown in Table 2.

The interviewees were principal stakeholders in the game with different roles:
two game designers from academia and a game and an infrastructural designer from
ProRail. Three out of four interviewees attended the main game session as observ-
ers. The interviews consisted of more than 20 questions, of which more than half
aimed at understanding the game characteristics, the role of each stakeholder, and
the input and output data. The last seven questions were concerned with the tacit
knowledge produced in, and by, the game. These questions aimed at identifying the
challenges each stakeholder faced, the lesson learned from the game, as well as
whether and how they would do things differently if they were to repeat the game.
Results from the initial interviews reveal a varying level of tacit knowledge by each
of the principal stakeholders. For instance, each interviewee found certain chal-
lenges of the game session memorable, like the time pressure that was a conse-
quence of the amount of conditions that were tested, the dynamics of the game in
which the participants changed the game rules by adapting the speed of each round,
and the extent to which the debriefing should be structured. Also, for the game
designers from academia, the application of the game in a railway domain contrib-
uted to a better understanding of the train traffic operations. These four interviews
resulted in building a list of 40 statements for the Q-methodology.

5 Conclusion and Future Work

In this paper, the building blocks for a KMF for games of engineering systems were
first introduced. Then, the paper focused on the role of tacit knowledge and particu-
larly on how to elicit this knowledge. In order to tackle the complex task of eliciting
tacit knowledge, well-established methods from the literature were adopted and
used in a case study involving three games from the railway sector. These methods
included semi-structured interviews, causal maps, and the Q-methodology. The
study is still ongoing, in which the first set of interviews has resulted in an extensive
list of 40 statements required by the Q-methodology.
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Table 2 Game design requirements of OV-SAAL game

Core aspects Description
Purpose Exploring the impact of different infrastructural expansions
Scenario 1. No infrastructural expansion
2. Four additional tracks at Almere station
3. Additional haul tracks at Weesp station
4. Four additional tracks between Duivendrecht and Weesp station
5. Implementation of European Rail Traffic Management System (ERTMS) in
all four infrastructural layouts
Simulated Railway infrastructure on two trajectories: Amsterdam Central Station —
world Lelystad and Amsterdam Zuid — Hilversum, co-location of operators occurred
by seating arrangements (each table was a control center). Current time table
No. of 8
participants
Roles Train traffic controller (TTC) (2), regional network controller (RNC) (2),
national network controller (NNC) (1), regional passenger traffic monitor
(RPTM) (2), national passenger traffic controller (NPTC) (1)
Type of role Similar to own (5), prior experience in role (3)
Objectives Determining own decisions for the next 15 min given the status of the system
at paused moment
Constrains Separation of train traffic regions: one regional train (2) and passenger traffic
center (2) each versus other remaining regional train traffic center (2),
exclusion of roles outside the defined infrastructure area, exclusion of train
driver
Load Four types of disruptions:
1. Local train delay (+5 min)
2. Freight train delay (+10 min)
3. Corridor train (intercity) delay (+10 min)
4. Disruption as chosen by participants themselves
Situation Presence of observers and video cameras. At the end of the day results were
(external discussed with invited stakeholders
factors)
Time model Step-wise (per time periods of 15 min)

With regard to future work, the list of 40 statements will be grouped using causal
maps and then used in the remaining 15 interviews as part of the Q-methodology.
That would result in obtaining an overview of the tacit knowledge possessed by the
principal stakeholders, which in turn will be the cornerstone for building a KMS for
games. Two additional case studies will be conducted to strengthen the generaliz-
ability of the KMS. The end goal of this research is to build a complete KMS com-
bining explicit and tacit knowledge under one roof.
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project by ProRail and Delft University of Technology.
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