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Abstract. Improving both efficiency and security in intermatal supply
chains requires a new approach in data sharingcanttol measures. In-
stead of managing supply chain risks individuadlypply chain partners
need to collaborate in order to exchange carganmdtion and implement
control measures on the level of the entire sumblgin. Governmental
agencies, having access to this up-to-date and letenipformation, can
implement alternative risk assessment policiesjltieg in less disruptive
ways of supervising entire trade lanes. Howeves plaradigm shift re-
quires awareness of these supply chain visibildpoepts and increased
collaboration between partners in a value chainorifer to disseminate
these new concepts and initiate cooperation betwegnstakeholders, a
serious game called ‘The Chain Game’ was desigimeplemented and
evaluated.

1 Supply Chain Visibility

One of the main challenges that international mtatal container logistics faces
today is how to balance efficiency and securityfickfncy is one of the key perfor-
mance indicators businesses are aiming for in dimdéave competitive advantages.
In contrast, governmental agencies, such as cusabisrder control, have to main-
tain a high level of security to protect citizemgldusiness partners against unlawful
practices. However, increased efficiency and insedasecurity are goals that may
oppose each other. For example: in order to reagmkimum efficiency, disruptive
governmental interventions are undesirable fromtbsiness perspective, whereas
maximum security is reached by high inspection gaéed heavy enforcement
measures applied to all incoming and outgoing dneta. In current day practice,
most organizations in a value chain manage thgiplguchain risks individually, by
applying a combination of the 4Ts: transfer, tematen tolerate and treat. Risk transfer
practices are very mature and widely applied byntteee powerful chain actors. The
weaker chain actors often cannot transfer sucts risid pressure on margins forces



them to tolerate certain risks. If risk treatmesitbeing considered, it is often done
through internal control measures.

Research in supply chain dependencies, vulneiiabilind resilience proposes an
alternative approach, one that considers the figka the perspective of the entire
supply chain, instead of from each individual fragrmof the chain. Risk based con-
trol and supervision seems the way forward, tangetiigh risk consignments and
concentrate inspection effort on the targeted caieg, whilst applying alternative
less disruptive ways of supervision to the rests Toncept oBupply Chain Visibility
[1] takes the needs of both governmental agencidsbaisinesses in the chain into
account. The basic idea is a data sharing conbaptg built on integration of existing
data processing systems. This so-called ‘Data irgdék used by business companies
for end-to-end supply chain visibility, to ensuiighthdata quality and data complete-
ness and efficient connectivity to community sysge@ustoms and other authorities
can connect to the Data Pipeline through a dashbbioserface and use selected data
for reporting purposes, such as customs declasatibralso allows them to piggy
back on the validated and enriched supply chaia dat advance the risk analysis
and assessment they used to perform on data fratardons. An advantage for all
parties is that all available information is update, since the data itself is fed by the
originator of data and only retrieved by authorizsgrs. Time-consuming search for
additional information concerning a single transpmuld be avoided and additional
data sources (from container security devices %amle) could enrich the data sets
without revision of company-wide or governmentaladaases.

In theory this Supply Chain Visibility concept chanefit all actors within a supply
chain. This approach may not only lower costs ffier husiness partners in the supply
chain because of increased data sharing efficidnatymay also have customs recog-
nize that the corresponding trade lane partnersimmontrol’ of the major risks in
their supply chain, resulting in less disruptivéeiwentions from the authorities.
However, some required steps need to be takenaictipe to operationalize this ap-
proach. Most importantly, trade lane partners negedollaborate in implementing
both the data sharing concept and additional cbairtirol mechanisms. Examples of
control mechanisms on the level of the entire cla@ partner screening and coach-
ing, applying technologies for container integr{g/g. Container Security Devices)
and data validation procedures, either through iphyshecks (e.g. a tallyman check-
ing the packing list information) or by comparingta from different sources (three-
way match). A second important step is new polioyrf the governmental agencies,
that allows less disruptive interventions basea@ alifferent way of risk analysis.

Creating awareness of the aforementioned concept€@ntrol mechanisms, hav-
ing key stakeholders in a value chain recognizebttreefits of such an approach and
initiating collaboration to put these concepts iptactice proves to be a difficult and
time consuming process. In order to speed up theam development cycle but also
to disseminate the research findings we implemeatedlternative approach: a seri-
ous game. We believe the characteristics of segansing, which allows stakehold-
ers to have concrete experiences with the innowatdncepts in interaction with each
other, will disseminate the research successfully will initiate collaboration for
future implementation of supply chain visibility.



2 Serious Gaming

Serious games have proven to be an excellent mettilarplain and teach com-
plex concepts through experiential learning in @emvariety of domains. A well-
known example is strategic war games that have lbised in military training for
centuries. At least since the mid-19th centuryuke in the military tactical training
of officers has been documented [2, 3]. Businessulsitions, which can be simple
board games or massive computer games, are commsedlyin management educa-
tion [4, 5]. An almost classic example for thighe Beer Game, which was created in
early 1960s at the MIT's Sloan School of Managenighand is still used in man-
agement education to have players experience the/yp effect. Technological
progress has allowed for more complex and reakstimilators, such as flight simula-
tors, nautical simulators, crane simulators oridgwsimulators.

Simulation games and simulators are commonly ugadllow students to experi-
ence situations which are too costly, hazardousnethical to experience in the real
world. Simulation games are very useful to undexstaomplex problems through
experiential learning: experiencing the effects dedendencies of own behavior is a
very strong learning method. Simulation games aloaking mistakes in a safe envi-
ronment and thus learning by trial and error [HisTinvites players to try new strate-
gies and challenge long-standing patterns of behain “The Chain Game” we use
this to guide the players to try more collaboration

The use of (computer) games in education - eitepe@ally designed for educa-
tion or commercial off-the-shelf (COTS) games giswing [8, 9, 10]. The learning
theories which can be identified in games includsl \.wnown theories of learning
such as Gagne’s “Conditions of Learning theory”rdbar's "Theory of Multiple
Intelligences”, Skinner's "Operant Conditioning ang', Thorndike’s "Laws of Ef-
fect", Maslow’s "Hierarchy of Needs theory" and Kal “Experiential Learning
Model”. Also incorporated are learning approachiks active learning, experiential
learning and situated learning [11].

Probably the most compelling point about gameshésr tability to motivate and
engage, far better than other teaching methodsiskyebelieves that games “are the
most engaging intellectual past-time that we hawemted” [8]. In studies partici-
pants report to have moneterest in simulations or games than in classrawstruc-
tions. This correlates with the participants investingngicantly more time in learn-
ing with gameg7], [9], [11]. For our dissemination we take advantage of thyagn
ing and interest raising nature of games. Buckley Anderson identified three com-
mon characteristics which make games so compdllish

1. Being in control: Players work at their own abiligvel and speed and repeat mate-
rial as needed.

2. Feedback and rewards: Games give immediate feedBaltktional most games
reward behaviors and actions by the player whieh“positive” according to the
in-game logic particularly. This increases the frexocy of this behavior and teach-
es a positive attitude towards the content of thaeg



3. Challenge and mastery: Games challenge playemreain doable. They keep the
balance between too hard and tedium, giving thgeplieelings of self-efficacy.

Since games are an engaging medium for explairongptex systems, they can be
very useful to create awareness for new concept$, as the data sharing concept of
Cassandra, with key stakeholders. Serious gamiagigiimeaningful interaction with
both a relevant representation of the world andveeh key stakeholders, allowing
them to analyze the situation from different pectipes and create a shared under-
standing of the challenges [14]. As such, gaming giay an important role in the
transformation process needed to eventually impheneese concepts.

3 TheChain Game

Given the goals we hope to achieve, explainingctiraplex and abstract concepts
of supply chain visibility and initiating collabdian between key stakeholders in
supply chains, we believe serious gaming is a geitable medium — more so than
reports or presentation materiah. modern supply chain logistics stakeholders face
multidimensionaproblems with complex side effects and non-linegpahdencies. A
game typically is a simplified world, reducing tliemplex multidimensional prob-
lem to its essentials in order to showcase onlyréievant parts. This section de-
scribesThe Chain Game, the serious game that was designed to transéealtistract
chain visibility and chain control concepts int@agtical examples and to allow play-
ers to experience the effects of the researchedvations, even though the exact
effects (in reality) are not yet known.

The starting point for designing The Chain Gamehis goals that should be
achieved after playing the game. These learningsgeare defined as follows:

1. Players understand that collaboration between gugpdin partners is needed in
order to operationalize the concept of supply chaibility. Additionally, collabo-
ration will have benefits on the performance of sheply chain, but the investing
partners will not necessary receive the gains, sxudsion on return-on-
investments is necessary. In general, the perfacewmif businesses within one
chain are interdependable.

2. The concept of supply chain visibility and the urgiag innovations need to be
disseminated. The players (typically key stakehslde a supply chain) need to
understand the broader picture of supply chairbiisi, but also understand typi-
cal control measures they could implement.

3. Implementation of the supply chain visibility copte will increase robustness of
the entire supply chain as risks are more easitigated and governmental agen-
cies will apply less disruptive supervision measure

These requirements are used to design componettisasithe world model (cause
and effect), physical setting, narrative (i.e. st@nand storyline), aesthetics, but also
the game session (i.e. the process of game plajg.dEsign is an iterative process in
which play-testing is key: by trying out the gartlee designers can observe whether



the goals are reached and interaction and userierpe are what they hoped for. In
the sections below, we explain how the design nbetitial requirements.

3.1 Benefitsof Collaboration

In order to show the effects of collaboration anifiate discussion between key
stakeholders, we needed multi-player gameplay.Qtein Game has a fixed amount
of five roles, of which each plays part of an intgfonal supply chain: two sellers,
two freight forwarders and one buyer. The goal imitthe game is to create highest
value for the own company, based on three key peefoce indicators (KPIs). In
order to do so, players can invest in innovatisomftheir limited resources. Innova-
tions are either individual (conform the internahtrol measures) or collaborative (in
which case collaboration obviously is necessary) waill improve specific KPIs of
specific companies in the chain.

Interdepence between players is designed in theegaodel in multiple ways.
First off, investing in collaborative innovationsliincrease chain value more than
individual innovations on the long term. Howevdre tcollaborative innovations do
not necessarily benefit the players that have tedesr them: they may benefit one
player more than the other, may benefit a playat tlas not invested at all or may
even decrease company value of an investing playerse effects can be reduced by
the players themselves, as they are allowed toesthair benefits with each other.
This game mechanic stimulates investing in collabee innovations, but also sup-
ports discussion on return-on-investment. Additiynahe fact that the players are
(collectively) responsible for implementing innoigais and they almost immediately
see the effects of their actions contributes toghme characteristics ‘Being in con-
trol’ and ‘Feedback and Reward’ as described by.[13

Second, company value is not only based on thepkefprmance indicators of the
own company, but also on the performance of the chaia whole. But the perfor-
mance of the chain depends for a large part owiekest link of that chain. As a
result, players need to convince other playersngrove certain KPIs, conveying the
message that chain partners are highly interdepénde

3.2  Disseminating Concepts

The supply chain innovations are made availablactiens to the players of the
game. This forces the players of The Chain Ganretome familiar with the concept
of Supply Chain Visibility: they are required tdrtk about the value of the innova-
tions in the context of their working environmendawill experience the necessity to
cooperate in order to create greater supply chaibiNty. The innovations are fo-
cused on custom-related interruptions, in line \lith research goals of the Cassandra
project, and described on an abstract level, ith suway that they have an effect on
one or more KPIs of one or more roles. The effet&n innovation are not disclosed
until the innovation is implemented, creating thmltenge for the players to under-
stand these innovations and estimate their efféttey want to master the game (as
described before [13]). As they are trying to inmpént the best possible innovation



for their company, the main goals of the game aléexred: communicating the con-
cept of supply chain visibility, understanding betunderlying innovations and dis-
cussion within the supply chain on these innovation

An example of a supply chain visibility conceptixception Reporting’, which is
made available as collaborative innovation to tlaggrs of The Chain Game (see fig
1). For ‘Exception Reporting’ three investors agquired: both freight forwarders are
forced to invest, and a third one (either one efdkllers or the buyer) also needs to
contribute to implement this innovation. As desedtbefore, the companies that in-
vested in the innovation are not necessarily thengamies that receive the
(dis)advantages: ‘Exception Reporting’ not only imoyes the KPIs for both investing
freight forwarders, but also the buyer, whetheirvested or not. An important step
in clarifying the concepts to the players is expilag the argumentation of the effects,
which is done by a game facilitator. In the cas¢hef‘Exception Reporting’ innova-
tion, the reason for the impact is described devid: “Exception Reporting provides
the Freight Forwarders with early warnings for eotpd errors, allowing them to take
measures in an early stage. This will give themexamtrol over their business and
they will have the ability to reduce the negatiemgequences, which is also of inter-
est for the Buyer.”

Exception Reporting

This clever intervention gives you automatic notifications on
important operational and administrative milestones in the
container chain. When exceptions arise in the logistics chain, such
as integrity breaches and deviations from plan, you will be
notified. Exception reporting requires a Data Pipeline and
Business Dashboard.

Fig. 1. An example of a chain innovation card

A big challenge of designing The Chain Game wasitigufficient data is availa-
ble on the exact effects of these innovative cots;egp it was not possible at this
point to create a simulation model that predicésdffects on a detailed level. Howev-
er, the innovations were already described on atradi level in the CASSANDRA
Project deliverables [15]. As the goal of the gaméo create awareness about this
knowledge, a qualitative model suffices to creais awareness and support discus-
sion about the various concepts. As a result, tieets of each innovation were estab-
lished by interviewing subject matter experts isesies of workshops to come to the
content model of The Chain Game. In total, the at$feof 6 individual innovations
and 26 collaborative innovations were estimatediampdemented this way.



3.3 Chain Robustness

One of the promises of increased supply chain iitsibs that the supply chain
will be less sensitive to incidents that may ocdur.communicate this message, inci-
dents occur regularly to test the current statthefsupply chain. Incidents typically
have a negative effect on one or more KPIs of anenare companies, but imple-
mented innovations may (partly) mitigate theseatffeThe effects of an incident and
the mitigating innovations for each incident haeeib established by the subject mat-
ter experts, similar to the effects of the innomas. An example of an incident is
‘Cargo Theft: “Cargo has been stolen from truckattwere on their way from the
Seller to the seaport. Trucks are totally emptigdHhis criminal organization.” It has
a negative effect on the freight forwarders, tHiesand the buyer with the following
argumentation: “Both of the Freight Forwarders laetd responsible for their lack of
security measures for their part of transportatidreir reliability is severely damaged
and they have to compensate the costs of theahdftherefore their capability weak-
ens. The Buyer doesn't get its raw product in timbkich means that yet again, there
will not be enough of his product available foraitgrs. This hurts the perceived reli-
ability of the Buyer. The Seller is afraid to logleents and quickly offered to deliver
new cargo at cost price.” The innovation ‘ExceptiBeporting’ discussed before
mitigates 25% of these effects.

A second game mechanic that gives players the &akdbn the state of their sup-
ply chain is the role of Customs. Customs is stipmgerested in supply chain visi-
bility, since they profit from additional informath in a way that checks on data
might be executed in less time. Therefore, thengastin the supply chain may gain
advantages in relation to Custom checks if theyigea certain degree of visibility.
Ideally, Customs perceives the supply chain tasted trade lane, a concept strongly
related to supply chain visibility. These dynamieflect in the game by having Cus-
toms to perform a risk assessment on the stateeo$upply chain at the end of each
game round. The risk assessment decides if a @lysieck of the goods is per-
formed. Such a check has negative effects on trabiléy of all stakeholders of the
entire supply chain, since goods transported magdiayed for days. However, a
number of innovations in the game that are of @gtto Customs will have the supply
chain proceed towards the certificate of trustedid@rlane. Each implementation of
one of these innovations decreases the probabflayphysical check.

4 Evaluation

The final version of The Chain Game was dissemahdg playing it with two
groups of stakeholders: consultants of a large wdemcy firm and managers of
Dutch Customs. The goal of the play sessions wdmtb evaluate and disseminate
the game with stakeholders. The game was evalbgtedquestionnaire; additionally,
observations during the reflection phase are adsal dor the evaluation. A play ses-
sion consisted of 20 minutes of introduction, 1@ngaounds (75 minutes), filling in
the questionnaire and 30 minutes of reflection. gbal of the evaluation was to as-
sess whether the game is valuable for creatinglgwgbyain visibility awareness and



to make an inventory of possible opportunities piplp the game. The questionnaire
consisted of 3 questions (see Fig. 2) that neenléé scored on a 5-point Likert scale
(1 =totally disagree to 5 =totally agree), and the following open questions:

» What part of The Chain Game should stay the same?

» What part of The Chain Game should be adjusted?

* Which (business) opportunities do you see for ghise?

e Any further remarks?

41 Results

In general it can be concluded that both groupsaneinced The Chain Game has
value in creating awareness for supply chain igjbiFig. 2 on the next page shows
the results of the three closed questions — thdtsesf question 3 (as shown in Fig. 2)
show that both groups are fairly positive abouhgsThe Chain Game in their own
working environment: the 64% of the consultants positive (27% negative) and
55% of the Customs group are positive (0% negathi&) believe these score may be
toned down somewhat by the fact that these growwe wot the primary audience for
The Chain Game. For example, Customs does not draaetive playing role in the
game and for consultants the focus on customsectlaterruptions covers only a part
of their work. On the other hand, socially desieadhswers may also have influenced
the results, as the questionnaire was hardly anoogm

The answers to the open questions and the obsmrsatif the game facilitators
show that both groups are positive about the waysofg a game to raise awareness
and understanding for complex information. This vaés0 easily observed: players
were drawn into the game from the first round od #re game could keep the atten-
tion until the final round, for more than an hoAdditionally, the interactivity and
direct feedback was praised by both groups, allgvalayers to quickly gain insight
in the effects of certain innovations. Finally, fiche group of consultants several
people mentioned they were drawn to the digital\dadal implementation.

Both groups believed that more time should be weskfor the facilitator to ex-
plain the effects of innovations. Sometimes, thieat$ of innovations or incidents
were challenged by a player, but this does notyreshnd in the way of the goal of
the game: creating awareness. Discussion abowffdxets in real-life situations are a
consequence of the fact that the model is an etinfesubject matter experts and not
evidence-based. This means innovations sometimgstiacts that the players did
not expect. This cannot be resolved in the gameffasts need to be undisclosed to
force players to think about the meaning of innimret. However, it is necessary for
the game facilitator to take sufficient time foethArgumentatiomehind the effects
that take place. An expert opinion supports reledigcussion and counters players’
frustration. Additionally, some game design choibase resulted in the omission of
factors that can be of importance in the real wdflok example, the number of play-
ers is fixed, in order to keep the game econonsiraple as possible (i.e. a player can
basically invest only in one innovation each turd}. a result, stakeholders cannot
enter or leave a logistics chain, an action that ltave big effects in the real world.
This pragmatic choice was made to keep the ganyalpla within a few hours.



Somewhat related is thgame process: in the play sessions, hardly any reflection
on the adopted strategy was possible during thgmgeof the game because of the
fast pace during these sessions. As a result, islayere not able to reflect upon the
played innovations, the expected and the real &sfl@ad the underlying model. This
prevented them in creating a broader understaragforming and adjusting their
strategy. Particularly the group of consultantsuesied one or two reflection phases
during the game, in order to improve understandivitich can easily be adjusted by
pausing the game after 3 or 4 rounds.

Interestingly, the group of consultants believeel game to be strongly focused on
Customs-related innovations, while the group Custerauld like a more active role
for Customs in the game. The game can be improoethe consultants by adding
taxes- and legislation-specific innovations; tlsis10 problem from the perspective of
the game design, as long as the effects are @ifflgirealistic and in balance with
each other. However, it will change the focus @f glame, which was primarily aimed
at Customs-related interruptions. Making Custontsrattive in the game is more
difficult to implement, since this would mean adglia new role that is even more
asymmetrical to the roles that already exist inghme.

A number of differentopportunities were put forward during the play sessions.
The group of consultants believed the game canldgeg@ with companies to raise
awareness about supply chain visibility and onithigact Customs can have on sup-
ply chains. Both groups believed the game can gmirnsight in the interdependence
between supply chain partners and the importangeimtfy investing in innovations
and prevent weak links in the chain. Finally, Cussdbelieved the game can be used
as learning tool in management studies relateddistics.

It was clear to me what the goal
Consultants 9% 9% 55%
of The Chain Game was and how m: ) _
toreach it. Customs 67% [ 33% |
| would recommend The Chain Consultants 9% 27% [ 45% [ 18% |
Game to someone else (e.g. to
a colleague). Customs 17% 50% _
Playing The Chain Game is Consultants EAT18% T 9% 64%
useful for my own work Customs 44% 33% _

situation.
M Strongly disagree @ Disagree Neutral Agree M Strongly agree

Fig. 2. Results of the evaluation questionnaire

5 Conclusions

Disseminating the concepts and ideas concerninglgghain visibility is a chal-
lenge, as they are abstract and hard to grasptiddalily, future implementation of
these concepts require both support and collaloorati a multitude of stakeholders,
hence awareness within this group of stakeholdeessential to effectuate innova-
tions. In order to explain the complex concepts anitiate collaboration between
stakeholders, a serious game named The Chain Gamdeaveloped. The goal of The
Chain Game is to have players experience the effaetl advantages of increased



supply chain visibility. The serious game focusesaovariety of innovative concepts,
which can be implemented by the main actors inpgplsuchain. Feedback consists of
the effects of these innovations on a supply cleial. A qualitative game model was
built by a team of game designers and subject maxigerts, as little evidence-based
data is available as of yet.

The fully digital serious game has been testedtakeholders in two pilots. Both
groups evaluated the game as valuable in raisirageness on the subject of supply
chain visibility with stakeholders and believeadn act as a supporting tool in bring-
ing the necessary parties together. Additionalig, game can be used as learning tool
in management studies related to logistics. An irig observation during the tests
is the crucial role of the facilitator as subjectttar expert: he needs to have the time
and the knowledge to explain the argumentationrizbthie presented effects during
the game. If this precondition is met, The Chainm@acan provide an excellent start-
ing point for further discussion on the future opply chain visibility.
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