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Abstract: Logistics and transport systems are complex systems for which sustainable innovations
are urgently needed. Serious games are an acknowledged tool for training, learning, and decision
making, as well as for helping to introduce innovative concepts for complex systems. Technological
innovations for the transport domain that can improve sustainability are usually heavily dependent on
the collaboration among actors. A simulation gaming approach can help these actors in understanding
the challenges involved, and in finding solutions in a playful, interactive way. Our research approach
includes a thorough literature review on games for innovation and collaboration in transport networks,
and the development of two dedicated simulation games addressing sustainability innovations for
the Port of Rotterdam, the largest seaport in Europe and one of the largest in the world. The two
innovation cases are truck platooning and multi-sided digital platforms for barge transportation,
both improving the sustainability of hinterland transportation. The games serve as instruments to
reveal interactions and tensions among actors, contribute to the interpretation of their behavior,
and eventually help all parties to reach a better understanding on how innovation adoption can
be fostered, using an innovation ecosystem perspective. We are convinced that serious gaming,
by providing a better understanding of the innovation process, will help the implementation of
sustainability innovations in complex systems.

Keywords: transport networks; logistics; simulation games; serious games; innovation ecosystem;
Port of Rotterdam; complex systems; truck platooning; barge transport; multi-sided platforms

1. Introduction

Bridging the gap between the conception and introduction of an innovation in the context of
research and development, and its effective adaptation and diffusion in an industry is a challenge that
many sectors are currently facing [1–3]. The development of a technical innovation can be much faster
than the capacity of organizations to implement it. For example, sensors used by vehicles to scan their
environment are technically very mature, yet the implementation of sensor technology on our streets is
still hindered by a lack of investment, trust, and cooperation of actors. The transport and logistics sector
is no exception in experiencing a gap between development and implementation of technological
innovations [4]. The sector includes a large number of interconnected actors, being highly dynamic

Sustainability 2020, 12, 8494; doi:10.3390/su12208494 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-1572-0997
https://orcid.org/0000-0002-1493-3974
http://www.mdpi.com/2071-1050/12/20/8494?type=check_update&version=1
http://dx.doi.org/10.3390/su12208494
http://www.mdpi.com/journal/sustainability


Sustainability 2020, 12, 8494 2 of 17

and complex [5], which makes the implementation of innovations quite challenging. Nonetheless,
the transport and logistics sector is in desperate need for innovations, especially to reduce emissions
while offering competitive services, and shift towards more sustainable practices in general.

Transport and logistics communities often consider the adoption of innovative business models
as an effective means to enable their participation in a sustainable, agile and collaborative logistics
and transportation system. This can involve accelerating the digitization of the sector to enhance
supply chain visibility as well as data quality and reliability, often by the use of multi-sided digital
platforms [6].

Meanwhile, the concept of an “innovation ecosystem” has recently evolved as a new way to
approach and promote innovation [7,8]. An innovation ecosystem is defined as a system in which
continuous and dynamic interactions among different actors occur, therefore innovation is not realized
as a result of individual efforts but as the outcome of multifaceted communication and synergies among
the actors [9,10]. These actors should become aware of the opportunities and risks of technological
innovations. Simulation games are evolving, at an accelerated pace, into a recognized means to endorse
learning processes in an intriguing setting, that invites diverse actors to work with one another actively
towards common goals [11]. They represent a widely accepted instrument in the transportation and
logistics domain for many years already [12].

The research presented in this paper attempts to connect the aforementioned topics. The research
questions on which our work is based are: (1) Can simulation games be used as an instrument to
comprehend the underlying forces around innovation processes in transport and logistics using an
“innovation ecosystem” perspective? (2) Can they be used as a means to facilitate knowledge transfer
of innovation from theory to practice and contribute in exploring the roles of different actors involved?

The research approach to answer these questions is built around two serious board games that
have been developed to study the role of collaboration among stakeholders in the field of transport,
logistics and supply chain management towards the effective implementation of innovations. Mobinn
(Mobilize Innovation), the first game, is tailored to the case of truck platooning, an innovation to increase
sustainability for truck transport that is mature in terms of developed technology, yet unfledged when
it comes to implementation. After testing this game through several game sessions, a second game has
been developed: Platform4Barge: a Mobinn game. The lessons learnt from the first game have been
incorporated into this new version which focuses on another important component of the transport
network; the introduction of multi-sided digital platforms and its impact on port environments,
especially on barge transport, which is a more sustainable transport means than truck transport when
utilized well. Both games are aimed to raise awareness for the challenges that come with implementing
such innovative systems, to ensure a viable implementation pathway. Such games can be seen as novel
approaches allowing stakeholders to pre-experience future technology effects, which go beyond verbal
descriptions or abstract representations [13].

The remainder of this paper is structured as follows: The literature review section provides
an overview of the concept of innovation ecosystems, followed by an overview of existing game
approaches towards innovation with a focus on transport and logistics. After that, the case context
is presented, with insights regarding the challenges faced by actors in port environments, when it
comes to introducing truck platooning or multi-sided digital platforms. The two serious games that
have been developed are introduced and described in the next section, followed by the results and
discussion section that is based on the outcome of the game sessions that have been organized for both
games. The paper concludes with some general guidelines and recommendations regarding the use of
serious games to enhance the implementation process of innovations in transport and logistics.

2. Literature Review

2.1. Overview of the Concept of Innovation Ecosystems

The idea that innovation is a continuous process, seen more as a journey in time rather than several
events that takes place at specific moments is one of the core concepts in innovation management [14].
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It has been found that the impact of innovation can also be wider when it is examined as a continuous
process rather than a series of discrete events [15]. Innovation can thus be defined as a process
through which novel solutions emerge as multiple actors interact and exchange resources to co-create
value [16]. Innovation relies upon a complex network of actors and activities, which can be rather
heterogeneous [17].

The use of the term ecosystem in a business context was introduced by Moore [18] in his paper
of 1993 “Predators and Prey: A New Ecology of Competition”, using the similarities he observed
between natural ecosystems and the mechanisms related to businesses and innovation as a base for his
reasoning. Innovation ecosystems emerge as a result of collaborative interactions, when cooperating
actors accomplish a certain level of integration regarding a shared identity, shared strategy and shared
objectives [19]. Moreover, an innovation ecosystem stimulates synergies among people and firms in a
given geographical space, enhancing the development and commercialization of new ideas [20] and
creating and capturing value [21].

Focusing on urban technology innovation ecosystems, Mulas et al. [22], describe these as a
number of stakeholders, assets, and the interaction among them in city environments resulting in new
technology and ideas. The innovation ecosystem thinking focuses on the creation of social capital
and the enhancement of interpersonal relationships which contributes, among others, in the more
effective flow of information, financial resources as well as talent worldwide [23]. Under an innovation
ecosystem perspective, innovation diffusion is a multi-level and multi-actor phenomenon [2].

According to Su et al. [24], a shift of interest is observed among innovative enterprises lately;
they no longer focus on competition in terms of products and services, but in terms of the innovation
ecosystems they belong to. Innovation ecosystems vary considerably in terms of their organization
and business models, having an impact on the strategic choices made by businesses, both existing and
new ones. These choices can shape competition and therefore encourage innovation and eventually
transform the innovation ecosystem itself [25].

Nowadays, the nature of government interventions is also changing, moving away from the
purely administrative role they used to have. The countries and areas in which government bodies and
authorities of all levels introduce new functional roles of facilitators and intermediators for collaborative
interactions within and among innovation ecosystems appear to provide a competitive advantage in
creating and maintaining successful innovation ecosystems [19].

Vasconcelos Gomes et al. [26] aimed to provide an answer to the question how to coordinate a
complex network of actors in the presence of individual and collective uncertainties in innovation
ecosystems. They conducted a comparative analysis of five case studies; all of them start-ups that
created and coordinated complex innovation ecosystems for the development and commercialization
of radical innovations. They found that many actors in an innovation ecosystem tend to initially
consider uncertainties more as individual uncertainties without realizing that other partners may also
face the same kind of uncertainty. Moreover, when trying to mitigate or overcome these uncertainties
in an isolated way, without taking into account the innovation system partners, they may contribute to
the diffusion of those uncertainties through the innovation ecosystem; this way, a specific uncertainty
that begins as individual is then integrated into the mindset and decision planning of different actors,
hence becoming collective.

Lubik and Garnsey [27] claimed that under an innovation ecosystem perspective is it obvious
that value generation is a dispersed process which encompasses co-innovation from other actors
in the business environment who have the potential to increase the generated value. In addition to
that, according to Pellinen et al. [28], in a business ecosystem, the process of decision making can be
influenced by actions, as well as expectations of other actors in the same ecosystem, through a pattern
of co-evolution.

Focusing on the logistics sector, Meyer-Larsen et al. [29] emphasize the importance of creating
innovation ecosystems; they state that the increase of interaction among the different actors involved is
expected to limit the existence of trust issues which could result also in the faster adoption of innovation
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and help overcome existing barriers. In the relevant literature it is increasingly mentioned that a better
understanding of the roles that the different ecosystem actors play in the innovation process should be
obtained (e.g., see [14,30]).

In summary, we can see that the innovation ecosystem perspective is one that allows us to look at
innovation in a connected way, including actors and their relationships, as well as concerted actions
towards innovation implementation. We take over this perspective for the transfer of innovation into
a game model used to make actors aware of challenges related to innovation implementation in a
sustainable way. In the next section, we describe the instrument of serious games in the domain of
transport and logistics to help us define our gaming approach.

2.2. Overview of the Use of Games in Transport, Logistics and Innovation

Serious games are used more and more to enhance awareness and encourage the process
of knowledge building in an engaging environment that invites collaboration among different
stakeholders [11]. Although the term may sound relatively new, in reality serious games is just
a modern expression of approaches and models which date back many centuries ago [31]. The process
of playing is inherently connected with human societies, all over the world. In ancient Greece for
instance, Plato was the first philosopher who emphasized the educational importance of games in
formulating children’s attitude; he claimed that through games, children are given the opportunity to
get familiarized with habits that are going to be useful for them for the rest of their life [32].

Clark Abt, in his book Serious Games (1970) [33], gave a definition of what makes a game be
characterized as a serious game. According to this definition, serious games “have an explicit and
carefully thought-out educational purpose and are not intended to be played primarily for amusement.
This does not mean that serious games are not, or should not be, entertaining” [33] (p. 9). A few
years later, Duke estimated that games were going to be the language of the future and published
the homonymous book Gaming: The Future’s Language [34]. Approximately half a century later,
numerous definitions can be found in relevant literature, from different researchers in different scientific
areas and fields. In our research, serious games or simulation games are synonymous and can be
described as “experimental, rule-based, interactive environments, where players learn by taking actions
and by experiencing their effects through feedback mechanisms that are deliberately built into and
around the game” [35] (p. 825).

Serious games use a simplified abstracted model of reality, contributing this way to a better
understanding of complex issues [36]. Having a set of clearly defined rules, they encourage interaction,
while at the same time providing a model for learning. Moreover, the direct consequences of every
action and decision can be observed, therefore the players can realize the impact of their own decisions,
as well as of the ones of the other players [37], within a “safe” environment [35]. These characteristics
make them valuable tools for exploration and observation of player behavior.

According to Olejniczak et al. [38], the use of serious games by policy makers is a very promising
approach in estimating the impact of new complex policies and regulations, due to the fact that they
comprise the following strengths:

• They are able to reveal mechanisms such as the initial assumptions of the stakeholders involved,
their decisions, as well as the feedback loops that are created by their reactions;

• They demonstrate the effects of these mechanisms over time, which in real life becomes evident
over a much longer period, and;

• They create a risk-free environment in which the representatives of the different actors can test
hypothetical scenarios of different policies and experiment with new ways of interpreting these
and similar actions.

In supply chain management, simulation games have been used to bring attention to the topic of
shared resources [29]. When simulation games are employed, the ideas generated to overcome barriers
related to innovation implementation tend to be more creative [39], and the impacts of applications
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which are based on information communication technologies (ICT) or intelligent transportation systems
(ITS) can be examined effectively through them [40]. Simulation games can also be used as an efficient
channel for information provision around future situations, associated with a high level of uncertainty,
such as climate change [41]. Hidayatno et al. [42] designed a serious simulation game to act as a learning
medium of supply chain management for biofuel production. Their game focuses on companies which
operate crude palm oil mills. According to the authors the game has proven to be effective in increasing
the understanding of players on concepts and complex issues related to sustainable supply chain
management. With the learning objective of this game focusing on internal material flow, another
simulation game was developed, under the objective of making players familiar with the important
role that Industry 4.0 technology can play in production logistics [43].

Focusing on the Dutch railway system, Van den Hoogen and Meijer [44], found that simulation
gaming can contribute to the coordinated planning of innovation implementation. Kurapati et al. [45],
examined how simulation games can be used to foster sustainability in transportation operations
through synchromodal corridor management. The authors developed a digital simulation game which
was tested in game sessions with experts in The Netherlands.

Simulation gaming can be thus considered as a robust approach increasing comprehension in
large-scale systems with a high degree of integration and with numerous actors dealing with significant
uncertainties [36], by examining these systems through different perspectives [46].

3. Case Analysis—Context of the Game-Based Research Studies

Port cities around the world have the increasing tendency to be engaged in various strategies
to stimulate innovation through activities such as triple-helix collaborations, innovation ecosystem
approaches, urban entrepreneurialism etc. [47].

The city of Rotterdam in The Netherlands is home to the Port of Rotterdam, being the largest
container seaport in Europe and 10th largest in the world with state-of-the-art container terminals [48].
In 2019, the total number of deep-sea vessels that docked in the Port exceeded 29,000 and that of inland
vessels reached approximately 86,000 [48]. This is translated to almost 8.8 million containers (more than
14.8 million TEU (TEU: “twenty-foot equivalent unit. This is the standard unit for counting containers
of various capacities and for describing the capacities of container ships or terminals. One 20 foot ISO
(International Organization for Standardization) container equals 1 TEU”) [49]).

In 2011, Rotterdam Port Authority, in collaboration with various ministries, businesses and
research institutes in The Netherlands, published a strategic development plan called ‘Port Vision
2030′, in which comprehensive strategies to handle the growing volumes of containers in an efficient
and sustainable way were presented. In this vision document, it was stated that by 2030 the aim would
be to drastically reduce the road share of hinterland container transport, reaching 35%, so that 65% of
containers would be transported by barge or rail [50].

It is undeniable that in terms of transport and logistics, The Netherlands has many unique location
advantages among European countries with the Port of Rotterdam being a major multi-modal gateway
to the rest of Europe. As a result, as already highlighted in Roukouni et al. [51], a huge strain is put
on the road network, while the demand keeps increasing and there is a drastic need for innovations
that make use of the current infrastructure more efficiently and reduce congestion, while at the same
time enhance traffic safety and limit transport emissions [52]. One promising case to deal with these
challenges is truck platooning [51].

Truck platooning can be defined as the concept of “trucks driving automatically in small convoys,
a short distance apart, using wireless vehicle-to-vehicle (V2V) communication and advanced driver
assistance systems resulting in a smoother traffic flow, higher traffic safety, fuel savings and a reduction
in CO2 emissions” [53] (for more information about the ruck platooning concept see [54,55]). According
to Roukouni et al. [51], “for the truck platooning concept to work, many factors have to be aligned, e.g.,
the technology has to be developed, the legislation and road infrastructure have to be adapted, and the
business model has to be accepted by the users”. Hence, although the technology has been evolving a
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lot during the last years, there is still a way to go as certain technological barriers exist, in addition to
a conservative attitude of several of the logistics companies involved. Moreover, as multiple actors
are involved, there are a lot of stakeholders that have to align in order for the final decisions to be
taken. Therefore, it is obvious that truck platooning has all the characteristics of a complex system
and represents a sustainable innovation on the forefront of development in The Netherlands [51,56].
All these reasons made it an ideal choice for a demonstration case for the development of our first
serious board game, Mobinn.

At the same time, the large and continuously growing volume of containers being transported
through the Port of Rotterdam also creates a need for other innovative systems, such as a digital
platform that would gather all the required information for booking containers into one single place.
Multi-sided platforms (MSP) are “technologies, products or services that create value primarily
by enabling direct interactions between two or more distinct customer or participant groups” [57].
The tremendous technological progress of our era, facilitated platform development and lead to an
unprecedented volume of data exchange, which magnifies the platform’s value for all the parties
involved, often resulting in disrupting sectors as a whole, as in the case of Uber or Airbnb platforms
for example [51,58].

The potential scalability of digital platforms is a reason why they can cause such disruptions.
They cause network effects which can be either positive, resulting to additional value, or negative,
having the exact opposite result [59]. A key factor to improving visibility in supply chains and
transport networks is information sharing [60]. However, many companies and actors are reluctant
to share information as they assume the power of information is diminished when it is shared [61].
Olesen et al. [62] found that the lack of information exchange usually has three causes; limited data
availability, lack of trust and system complexity. Being aware of the existence of these challenges,
we decided to develop the second serious game, Platform4Barge, to increase actors’ awareness of the
importance of data sharing and transport network visibility for inland barge transport, which is seen,
together with rail, as the sustainable replacement for truck transport.

4. Development of the Serious Games

Serious games represent an interactive and efficient instrument for learning, decision-making,
and awareness building and they are an effective tool for simulating dynamic and complex systems,
such as transport and logistics systems [35,36]. While the sector has successfully implemented
game-based approaches to address several challenges already (see e.g., [44,45,63,64]), the question of
innovation implementation has not yet been addressed thoroughly through a game-based approach.
Below, we explain how the two games, based on the two illustrated cases, have been designed in order
to fill this gap.

4.1. Elements and Game Play

The Mobinn (Mobilize Innovation) game is a board game that represents the relationships among
actors involved in setting up a truck platoon in a simplified way. Platform4Barge is a second version
of the initial game, which has been tailored to the specific situation and challenges around the use
of multi-sided digital platforms in barge transportation. The two games were developed based on
an iterative process that used loops of testing and adjustments of early prototypes, and included
researchers, game developers, and domain experts.

We followed the philosophy of the triadic game design (TGD) concept, introduced by Harteveld [65].
According to the TGD concept, each serious game comprises three different “worlds”—reality, meaning
and play. The first one, reality, as the term implies, refers to the world that is surrounding us and to its
reflection to the game we are developing. The world of meaning is associated with purposefulness;
as we have already discussed previously in Section 2.2 of the article, serious games have certain
defined objectives to fulfil, such as creating awareness towards a specific issue etc. A serious game
does not exist just to be played and provide entertainment to the participants. At the same time though,
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the component of fun should not be overlooked as well, as it is placed in the center of the third world,
the one of play. This world includes also the game elements and dynamics, which are the means that
can make the game experience captivating and intriguing for the players [65].

Embracing this game design philosophy, we considered the component of meaning and the
component of play the same for both our serious games. Meaning is reflected on the objective of our
research, which, as stated previously in the introduction, is to raise awareness around the challenges
associated with implementing innovative systems in transport and logistics in a sustainable way and
explore the role of different actors involved. The game materials and dynamics also do not change.
The physical game elements of each game include: one game board, four role cards, five action cards
per role, event cards, tokens, and pawns. The roles of the players in the two games correspond to the
key actors of the truck platooning ecosystem and of the port container ecosystem for Mobinn and
Platform4Barge respectively. What changes is the world of reality for the two cases, and thus the
content of all the cards involved in each game. A description of how we obtained the critical insights
in the reality of each one of the cases, which helped us then unfold the content of the cards, follows.

For the Mobinn game, in order to develop the role cards, as well as the action and event cards of
the game, we first needed to understand who are the main actors that are involved in shaping the truck
platooning community and what is “at stake” for each one of them; then we translated this information
into content of our three types of cards: role cards, action cards and event cards. we started by a
comprehensive literature review of scientific papers about truck-platooning (publications in journals
and conference proceedings, working papers, theses’, e.g., see [54,55,66]). As truck platooning, being
a technology-driven innovation, does not have such a large volume of scientific literature available
yet, we also decided to study materials such as white papers, reports (e.g., see [52,67], websites and
media sources e.g., see [68,69]. Moreover, The Netherlands has organized a few years ago the so-called
European Truck Platooning Challenge, when the country was in the EU presidency [70], and we also
reviewed the results of this initiative [71,72]. After the online desk research which helped us obtain a
better understanding of the truck platooning world and especially of the actors involved, we discussed
our initial ideas with actors within the Port of Rotterdam and we concluded that the main categories
of actors involved in truck platooning are the following: the transporters, the freight forwarders,
the policy-makers and the developers.

Each actor category then helped us in building a role and creating a role card that “brings this
role into life”—from the world of reality into the world of play. Each role card briefly explains who
the player is and what is his/her mission in the game. For instance, the developer is a representative
of an original equipment manufacturer (OEM) company, which is interested in the truck platooning
technology and has already invested a significant amount of resources in the research and development
process. The objective of this role is to develop the technology before the company’s competitors in the
field in the most cost-effective way possible. The absence of EU regulations on the topic is a source
of concern for this role. The policy-maker’s role in the game is represented by an employee with
a high-ranking position in the Dutch Ministry of Infrastructure and Water Management. The main
dilemma that this role faces is if they should be patient until the EU publishes regulations and then align
the national policy accordingly or work towards making The Netherlands a frontrunner country in this
field, by introducing country-level policy that would encourage the deployment of truck-platooning.
Figure 1a illustrates an example of a role card in Mobinn.

In the case of Platform4Barge, to re-construct the world of reality around it, we followed exactly
the same logic in developing the game cards’ content; beginning with a thorough literature review on
the field of multi-sided digital platforms, with a focus on digital platforms in transport and logistics,
and the container ecosystem in particular. As an extra way to gain meaningful insights in this case,
we used also our experience from co-developing a set of four teaching cases and a teaching note
around the use of multi-sided digital platforms in transport and logistics [73], together with actors
from the Port of Rotterdam as well as from the private sector (we worked on the cases’ development
in parallel with the game development). We organized a number of try-out sessions with master’s
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students in Rotterdam to test and validate the teaching cases, and the feedback we received was also
valuable content wise for the development of the game cards. Following that, we arranged meetings
with actors of the Port of Rotterdam who helped us in shaping our ideas and finally deciding the
four main categories of actors for this game: the shippers/freight forwarders (in a combined role
that represents the demand side), the deep-sea terminal operators, the barge operators and the port
authority. For example, the role card of the representative of the port authority implies that the player
acts as an orchestrator of the introduction of the digital platform and its operation and as a facilitator
of the process. Achieving sustainability through modal shift is of crucial importance for this actor.
Figure 1b presents an example of a role card in Platform4Barge.
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The same process of exploring the world of reality for both our case studies, helped us also in
defining the key performance indicators (KPIs) for both the games, as illustrated in Table 1.

Table 1. Key Performance Indicators of Mobinn and Platform4Barge.

Mobinn Platform4Barge

Technology maturity Modal shift
Physical/legal infrastructure maturity Reliability
Innovation adoption Innovation adoption

The KPIs are illustrated on the game boards, with a 1–9 point scale, using a “traffic light” approach,
i.e., dividing the scale in three areas: red, yellow and green, inspired by the work of Van den Ende
(2019) (Figure 2a,b). The green area indicates alignment of interests and goals, the yellow area shows
only partial alignment, while the red one demonstrates lack of consensus of actors. Each action card,
in addition to describing a certain action that can be performed by a certain role, indicates the number
of tokens needed to be paid by this role as well as by other(s) in the game in order to be activated.
The impact of the card on the three KPIs of the game is also mentioned (Figure 3a,b). The event cards
contribute in creating more suspense and fun during the game, as they can indicate either a positive, or
a negative event that “disrupts” the players’ plan and can make them adapt their strategy (Figure 4a,b).
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Both games are played in five rounds. At the beginning of a game session, each player gets
one role card, all respective actions cards and an initial number of tokens. When a round begins,
each player can either bring to the negotiations table one of the action cards or alternatively he/she can
choose to not “act” in this round. After every player shares his/her decision, the players who chose to
use an action card, simultaneously place them on the board. Each player has to pay the number of
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tokens that is written on the card for his/her own role before requesting other players to support the
action with their tokens.

The card is considered valid and has an impact on the KPIs of the game, only in cases when all the
roles mentioned on it agree to contribute with the necessary number of tokens—otherwise, the player
who suggested the card loses the invested tokens and he/she can keep the card for future use. At the
end of each round, an event card is drawn, and each player gets some extra tokens, representing
income from their services. The role of other important actors (in addition to the ones represented
by the four main roles), such as the European Commission (in the form of regulations or directives),
is introduced in the game through the event cards.

The goal of both games is to “make the innovation happen” (in our case the innovation is aimed at
the concepts of truck platooning and the multi-sided digital platform respectively), which is translated
in achieving to have all three KPIs in the green area of the game board (points 7–9 in the 9-point scale)
at the end of game play.

The main learning goal defined for both games is to understand how important an innovation
ecosystem perspective is for a successful adoption of innovation in the transportation domain. Actors,
decisions and actions within the innovation ecosystem are highly interdependent. Both games aim
to highlight this characteristic and make players more aware of the interrelations of decisions and
events. The players have the opportunity to influence the innovation ecosystem by (joint) investments
and actions, but they must keep in mind that the innovation is also influenced by external events,
limited budget and the existence of only five rounds. The game is played by at least four players
(one per role). In cases when there are more participants, teams are formed and two or sometimes
three players can together play a single role. This enables participants to first discuss choices of actions
and it can be seen as a purposeful game element. Every game session is introduced by a short briefing,
during which the facilitator explains the concept and the rules of the game. After the completion of
the five game rounds, a debriefing follows. The total time of the game play, including briefing and
debriefing is approximately 60 to 90 min for each of the games.

4.2. Play-Test Sessions and Data Collection

In order to test the two games and receive valuable feedback for further improvement, several
game sessions were organized in which the game prototypes were played. The Mobinn game was
tested between October 2018 and November 2019 at game sessions in The Netherlands and the
USA (Figure 5a). The Platform4Barge prototype was tested at sessions in The Netherlands between
December 2019 and February 2020. (A fourth game session was planned for March 2020, as part of
an alumni-student event organized by Transito, the study association for the Bachelor and Master
program Urban, Port and Transport Economics (UPTE) of the Erasmus University Rotterdam. This
scheduled event was cancelled due to the measures taken to stop the spread of COVID-19 (Corona
Virus Disease 2019) in Europe) (Figure 5b).Sustainability 2020, 12, x FOR PEER REVIEW 11 of 18 
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Figure 5. (a) Play-test session of Mobinn, during the event for the 10th year-anniversary of RDM
(Rotterdam Dry Docks, in Dutch: Rotterdamsche Droogdok Maatschappij) Campus in Rotterdam,
4 July 2019; (b) play-test session of Platform4Barge during the Erasmus Port Campus in Rotterdam,
12 December 2019.
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All sessions of both games were facilitated by at least one member of the game development
group, who was responsible for the briefing, facilitation, debriefing, as well as for the data collection
during and after the game. The data collection took place by audio recording if it was feasible to do so,
and by observation through the participating researchers. Usually, one researcher took over the role of
process facilitator, and one more observed the session. Beyond dedicated game sessions, the game
was also played as part of a larger event, where usually background noise made audio recording
difficult. During these sessions, data was collected by observation and notes during the game-play.
The notes taken included decisions of the players, the cards they chose to use, as well as their game
play behavior. After the end of the game, a debriefing phase was conducted based on semi-structured
questions regarding the game experience and the take-aways. (The debriefing questions were adapted
from the framework described by Kriz [74], in line with the former adaptation of this framework made
for the debriefing and workshops of the Plaitra Game Session, which took place in the context of
the iTRACK Project, at TU Delft Campus, The Netherlands, in May 2017). The questions aimed at
deriving what types of feelings were experienced by the players during the game play and at revealing
the lessons learned (if any) by the game. Moreover, the players were asked what, according to their
opinion was working well during the game and which elements might need improvement, and how
we can achieve this improvement. These questions were used as a trigger to initiate the discussion
with the participants, but they were not in any case exclusive—the players were invited to share any
kind of feedback, comment, observation or suggestion for change they considered relevant with the
game facilitator. Thus, the debriefing phase focused on the game itself as well as the play experience of
the players.

The following tables present the number and type of players, as well as the location where each
game session took place (Table 2 for Mobinn and Table 3 for Platform4Barge).

The following section discusses the results of the game sessions.

Table 2. Play-tests sessions that have been organized for Mobinn.

Game Session Number of Players Type of Players Location

1 5 Experts and actors related to the
truck platooning community

Futureland, Maasvlakte II, Port of
Rotterdam, NL

2 8 Transport and logistics experts
from academia and industry

SmartPort (SmartPort is
“a neutral knowledge platform,
stimulating alliances, financing
scientific research and providing
public knowledge dissemination.
The aim is to speed up
innovations in the Port of
Rotterdam” [75] premises,
Rotterdam, NL.

3 4 Researchers in the field of
gaming and/or transportation TPM Faculty, TU Delft, NL

4 12 MBA program students
Supply Chain Management
Center, Robert H. Smith School of
Business, USA

5 11 Experts in transport and logistics
from the Dutch Railways Railcenter, Amersfoort, NL

6 5 Actors in the field of transport
and logistics RDM Rotterdam Campus, NL
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Table 3. Play-tests sessions that have been organized for Platform4Barge.

Game Session Number of Players Type of Players Location

1 4 Experts from the Rotterdam School
of Management community

Erasmus Centre for Urban, Port
and Transport Economics, NL

2 8

Participants of Erasmus Port
Campus (Erasmus Port Campus is
“an initiative aiming to bring the
port to the campus. The event was
organized by Erasmus UPT and
SmartPort@Erasmus to connect the
academic world with the latest
developments in the port. Theme
of the day was: Digitization in
ports; Lifting smart logistics to a
higher level” [76], students/alumni
and professionals/experts)

Erasmus Centre of
Entrepreneurship, NL

3 7 Actors/experts working at the Port
of Rotterdam on key positions

World Port Center, Port
Authority of Rotterdam, NL

5. Results and Discussion

The results discussed in this section represent a summary of the observations of the facilitator
and accompanying researcher, collected and analyzed by the researcher team in a qualitative way,
based on the in-situ observations during the game play and during the debriefing stage, as well as
based on the recordings (when available) and notes for both stages. This approach follows methods
as proposed in the field of serious gaming towards solving sustainability-related issues by Den
Haan and Van der Voort [77]. Their study found that the majority of publications which fall into the
aforementioned category of trying to address sustainability challenges have used qualitative data for
the game evaluation, including unstructured observations by the researchers and debriefings.

Both games have been tested by players with a diverse background, knowledge and with
different roles; from real actors in the field to professionals and members of the academic and research
community; all do have knowledge of the domain of transport and logistics from their respective
profession. The facilitator of the game was trying to intervene as little as possible during the game play,
to minimize the associated biases and be able to detect and analyze the negotiations and discussions
that were taking place among players, and only tried to support the process of play, but not the decision
making. High engagement levels were observed during all game sessions, which proved that the
games succeeded in creating an enjoyable, comfortable and fun environment for the players.

The negotiations and discussions among players involved more tension when actors with a
presence in the field were involved. On the other hand, students and researchers were more curious
and keener on learning about the innovation process around truck platooning and multi-sided digital
platforms. The professional actors, being already familiar with the concepts, were able to focus more
on attributes such as the aspirations of the different roles, and the characteristics of the different actions
that could be taken. Students also reported that after the end of the game play, they felt that they
obtained a more holistic view and a more comprehensive understanding regarding the challenges
for new technologies and innovative concepts to be adopted by the transport and logistics sector.
They also realized the value of communication among the stakeholders and organizations in an
innovation ecosystem.

As the concept of innovation ecosystem and its importance emerged through the games,
the participants appeared afterwards to have realized that nobody can win these games playing
alone; it was necessary to discuss, negotiate and collaborate with other parties to increase the KPIs.
It was observed that in those game sessions in which the players realized early in time that they needed
to collaborate and share information and knowledge with each other to boost the KPIs, almost every
game finished with all three KPIs in the green area of the spectrum. On the other hand, in sessions
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where the players appeared more reluctant to collaborate and unwilling to have increased visibility of
their negotiation strategy in the beginning of the game, they struggled towards the end of the game
and often failed to reach the objective of having all KPIs in the green area within the five rounds of
the game.

A very interesting observation was made during a Mobinn game session with real actors related
to the Port of Rotterdam; at one of the rounds, the resources of one player/role were not enough to
invest in an action card that that player would like to use. At that moment, another player suggested to
pay his part instead, because he said that this action could really contribute to the direction of “making
the innovation happen” and thus it would be a win-win for both the roles they represented if they
made this joint investment. The noteworthy point here is that this was never mentioned in the game
instructions as an option, but the game play motivated the creative, out-of-the box thinking of the
player towards the direction of collaboration.

When players had already some background knowledge on truck platooning, they considered
it a plus in better understanding the Mobinn game. As for Platform4Barge, even players which did
not have any background knowledge on the specific topic of exchange platforms, did not encounter
difficulties in understanding, because they were familiar with the concept of digital multi-sided
platforms through very widespread platforms of this kind in other sectors, such as Uber and other
on-demand transport services for shared mobility, and Airbnb in housing.

A repeated comment during the Mobinn sessions was about the equal distribution of money
(tokens) among roles; several players felt that this is often not the case in real-life, as the authorities’
budget is usually considerably higher than the one of private actors. For this reason, for Platform4Barge
it was decided to start with a different number of tokens per role to better reflect the situation in reality.

Last but not least, feedback from experts included the view that identifying all actors involved in
an innovation ecosystem, along with their potential actions, is already a very powerful characteristic of
both the games.

6. Conclusions

Actors from diverse backgrounds participated in a number of play sessions with both games;
from experts who represented the real actors in the field, to students, researchers and professionals.
This led to very interesting observations and proved that both games can act as triggers to make
participants aware of the existing challenges that stakeholders involved in transport and logistics face
when implementing innovations to increase sustainability. The games provide useful insights in the
benefits of collective goal setting and can support and stimulate discussions towards the importance of
collaborative action in innovation processes. The games can be used to trigger a valuable discussion
and make actors aware of the value of an innovation ecosystem, and the need for collaboration to
achieve sustainability goals.

The results of the game sessions highlight the critical role that each actor can play in an innovation
ecosystem, by collaborating on data sharing and improving data visibility and transparency. The study
found that using serious games to address the challenge of enhancing awareness, communication and
collaboration of actors in innovation ecosystems can be highly effective.
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