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Abstract. Today manufacturing is a complex process often resulting in long 
brittle supply chains with considerable contributions to the global resource de-
mand also posing a negative environmental impact (CO2 emissions, raw mate-
rial supply, etc.). Reducing the waste of resources and being more sustainable 
are objectives incentivized by materials in short supply and customer require-
ments. Thus, the ability to share resources, innovate and to implement emergent 
ICT will play a key role for companies’ competitiveness and their sustainabil-
ity. However, sharing resources puts high requirements on trust and gain  
sharing, amongst others. Although well known in supply chain management, 
the logistics sector is struggling to increase their shared resources. The authors 
found serious games (SG) to be a promising tool for awareness rising on shared 
resource. Existing supply chain games are analysed and their potential and 
weaknesses for the topic are examined, resulting in an outlook on the research 
needs in SGs for awareness on shared resources. 
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1 Introduction  

Today manufacturing is often a complex process involving several partners around 
the world [1] and based on economy of scale principles [2]. It results in long brittle 
supply chains with a considerable contribution to the CO2 emissions [3]. The supply 
chain can be seen as an ecosystem of different actors with different needs, acting in a 
dynamic environment [4]. Customer response, exception management, scheduling, 
prediction and forecasting are some of the key factors that have to be continuously 
improved and monitored [5], thus, monitoring the quality of service, supply chain 
visibility and security have becoming major factors determining logistics processes 
besides e.g. costs, duration, and carbon footprint [3, 4, 5]. 
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The European manufacturing industry’s basis is build by innovative SMEs with an 
excellent R&D base that allows them to thrive on the world market. However, due to 
the trend toward more customized products with shorter life-cycle the marginal cost 
per product is increasing and low efficiency of the logistics system is a challenge to 
overcome for reducing the costs and emissions. Studies reveal that the utilization of 
e.g. trucks on the roads vary between 30 to 50% [7], partly caused by the reduced size 
of each product and more efficient packaging, but also because the transport capacity 
was not adjusted correspondingly [8, 9]. The trend to reduce the waste of resources is 
not specific to the manufacturing industry, but combined with the increasing world 
market prices for raw materials the incentives to be as sustainable as possible are 
stronger. Thus, the ability to share resources, innovate and to drive the implementa-
tion and deployment of emergent ICT will play a key role for their competitiveness. 

In comparison to the manufacturing area where more and more strategic partner-
ships are (e.g. extended/virtual enterprises) formed along the supply chain, similar 
concepts are hardly deployed in the logistics field, even though a better utilisation 
would lead to cost savings, improved environmental balance and a more sustainable 
business models, but it also requires trust, coordination, joint planning and problem 
solving [10]. Business to business (B2B) technology enables a set of complex busi-
ness processes across distinct operating entities. This allows participants along the 
entire supply chain to share decision-making, workflow, and capabilities. Further-
more, the technology enables participants to collaboratively design, build, sell and 
service products faster, more efficiently, and more cost effectively on a global scale. 
The cooperation can be described in terms of integration within the scope of the net-
work as well as in terms of the strength of the inter-organisational bond [11, 12]. This 
paper aims at identifying and analysing different barriers for an increased access to 
shared resource. The second part of the paper deals with potential means to reduce 
and overcome some of these barriers by providing teaching concepts for awareness 
raising of the opportunities shared resources may give.  

2 A Need for a Shift Towards Production Ecosystems 

The traditional supply chain is product-centric, mostly focusing more on production 
cost reduction than on also including environmental and societal impacts into the 
optimisation strategy (i.e. using multi-criteria strategies). Consequently, for many 
years production was delocalized in remote low labour cost countries far from the 
market. This strategy worked well as long as the transport costs were low and the 
customer did not care so much about environmental and societal impact in the coun-
tries of production or for the environmental impact of transport.  

This perception has been slightly changed, and both customers and low cost coun-
tries’ governments pay more attention to the societal and environmental impacts of 
the transportation. In addition, most of these countries are now facing increasing 
wealth, and thus also increasing wages. Thus, there is a need for new production strat-
egies and, thanks to enhancements in ICT technologies; demand driven optimization 
strategies have been developed [13] both considering new production possibilities 
(i.e. 3D printing) and local sourcing trends. 

Looking ahead, these trends will enforce changes at different levels. On the supply 
side a market transformation is foreseeable towards more operational cooperation  
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between the different players in the logistics field. Current resistance factors, mostly 
market protection and lack of trust, will have to be overcome. On the demand side, fur-
ther globalisation, increases in product variants, personalized solutions and e-commerce 
might lead to a future establishment of “selling less of more” practices. For the logistics 
and manufacturing sectors, this will mean that environment-sensitive clients will be at 
the same time demanding fast and highly customised services. Both producer and the 
suppliers will profit from collaborative production by sharing resources and access to 
information through less inventory, less transport costs and improved resource utilisa-
tion as well as through a better environmental balance, but it has a negative influence on 
their flexibility: The requested delivery date by the customer strongly depends on the 
agreement with suppliers when they can deliver the needed components, which again 
depends on their production capacity. Sharing resources leads to less flexibility, since 
the access to the production means or logistics transport means is not only depending on 
in-house priorities but also on agreements with other collaboration partners. In addition, 
use of shared resources does increase the complexity of planning and reduces the free-
dom in the decision making process. This, in combination with the increasing pressure 
from customers and suppliers for transparent communication and information provision 
of product properties (e.g. process parameters used, components included) and related 
information (e.g. on-time according to plan, quality aspects), forces manufacturing 
companies to think of new ways to utilize the available infrastructure and intelligently 
add new technological applications. In order to enable innovative cost- and resource-
effective product solutions, with a minimal ecological footprint throughout the lifecycle, 
a holistic view on the supply chain and all its stakeholders (i.e. also the LSPs, transports 
companies and customs etc as well as manufacturer) should be considered. The chal-
lenge of mastering the complexity of applying a shared resource concept in a supply 
chain context can be envisaged from Ousterhouts layered model, showing the goods and 
information flow as well as the interaction among stakeholders at different layers in the 
supply chain (fig. 1).  

 

 

Fig. 1. Oosterhouts layered Model [14] 
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Based on fig. 1, it appears that the shared resource approach puts several complex 
requirements both on the collaboration between the stakeholders as well as on the ICT 
infrastructure, and thus may be a source for the low deployment and many of the ex-
isting barriers. 

3 Challenges and Barriers for Improved Cooperation and the 
Access to Shared Resources  

The hard global competition, inter-dependencies among stakeholders, tight schedules 
leads to need for better utilization of available resources. The innovation in the use of 
shared resources consists of bringing together the resources and capabilities of differ-
ent stakeholders in a supply chain (e.g. logistics services, providers and shippers) to 
address the optimisation and sustainability challenges faced by the logistics and trans-
port domain. In Europe, several manufacturers, suppliers and logistics and transport 
service providers are micro and small enterprises. These companies possess profound, 
specialized competences [15], but do often face a shortage in access to resources, in 
terms of human resources, funding as well as complementary assets and technologies 
[16]. Collaboration giving access to new, shared resources will ensure a better overall 
utilization [17]. A better utilitsation of resources can be realized today, by adding 
more intelligence in the existing ICT solutions as well as by increasing the adoption 
and integration of on-cargo and on-vehicle technologies as well as by using existing 
SCM tools for planning and execution, but is scarcely adopted. Thus in order to un-
derstand the low use, a survey was carried out in order to identify barriers that can 
limit uptake of new ways of sharing or using innovative solutions. When analyzing 
the limitation regarding the sharing of information, it was clear that a main problem is 
the lack of trust among the stakeholders [4]. Trust between the involved organiza-
tions is however a pre-requisite and can only be achieved through long-term relation-
ships between the actors and contracts that decrease the distance between the compa-
nies. Looking at common practice within the supply chain today, the use of short-term 
contracts is high. Shared resources require that more data needs to be processed and 
analyzed than if the resources are only used within a company, since the planning 
comprises not only own needs but also those of the collaborative partners. This leads 
the need for systems interoperability between the actors involved and a need for 
single, easy to use collaborative platforms, linked to the legacy systems. This be-
comes more important when the number of smaller-size organizations involved (e.g. 
such as smallholders, consumers purchasing groups, etc.) is high and when the logis-
tics infrastructure is shared. In addition to barriers related to sharing of information at 
a technical level, which is a well-known barrier, and for which concepts like federated 
platforms etc are in place, there are also barriers related to the business models. Most 
innovative business models are based on the perception that collaboration can lead to 
better results for everyone involved. For introducing them, models of how these re-
sults are to be split will have to be put in place from an early stage Such models 
should lead to quantifiable results and be very clear in their use and they should allow 
for synergy gain calculation and redistribution. Furthermore, business models that 



 Collaborative Serious Games for Awareness on Shared Resources 495 

involve the collaboration of various actors during the physical delivery process re-
quire common or compatible operational practices among the actors involved. This is 
a typical barrier found in most cases of horizontal or vertical cooperation in the 
supply chain. In addition, as mentioned above sharing resources has a direct influence 
on the flexibility, thus sharing infrastructure (especially physical one) among various 
partners requires clearly defined practices. Finally, the last area analyzed is related to 
organizational issues - the decision making process differs among the different stake-
holders. This in turn, increases the complexity as well as the challenge to keep the 
decision-making process transparent (local, central, management level etc.); in addi-
tion the concept of shared resources can only be realized throughout the supply chain 
by implementing advances ICT. The adoption of innovative technologies implies 
changes in the workforce of an organization. New expertise is required while skills 
acquired previously may become obsolete. In emerging technologies there are few 
people with the necessary competences. Additionally, the adoption of innovative 
technologies may result in frustration to the employees that have to change the way 
they normally used to do their job. All in all, so far it has not been possible to meas-
ure/assess the positive effect of the shared resources concepts in across the supply 
chain to such an extent that it has broadly uptaken and implemented. The next section 
will therefore discuss approaches based on experiential learning that might be used in 
order to create the required understanding of advantages and limitations of shared 
resources. 

4 Why Use Serious Games  

General trends supporting the use of shared resources like the Internet of Things will 
impact significantly on the supply chain as a whole. On the one side allowing, moni-
toring and handling goods through distributed computing infrastructures and, on the 
other side, allowing easy publication, retrieval and composition of freight information 
service.  

A successful introduction, implementation and operation of advanced technical  
solutions necessary for using share resources is not only a matter of hardware and 
software, but it does imply changes both in the organizational structure of the stake-
holders’ organizations as well as in the working environment of the employees. Thus, 
a key to a successful implementation of shared resources concept in supply chains is 
to increase the awareness [18]. Due to its high motivation factor and the possibility to 
let the participants play an active role, the use of experiential learning forms has been 
increasing within education at all levels [19, 20, 21]. With SCM and OR education, 
serious games are regularly used to overcome the gap between theory and practices. 
The most famous one is still the Beer Game [23] was developed by MIT to simulate 
the dynamics of a supply chain explaining the bullwhip effect which has been digita-
lized into online gaming format and systems thinking [23]. Games focusing at differ-
ent areas of SCM including manufacturing can be found in [19, 20, 21, 25, 26].  

Within the vocational training, there are several examples on how SG are used in 
the executive training for decades as well as examples on how games can be used in 
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the training of operational personnel [27, 28]. Most of these games are multi-player 
games, not only focussing on the specific problem, but also aiming at conveying the 
players the importance of communication and collaboration in a supply chain context 
through their own experience in the gaming environment. Through such games, the 
players also experience that information sharing and trust are key factors for success-
ful and sustainable collaboration in supply chains.  

The above discussed challenges and barriers for implementing shared resources in 
the supply chain require knowledge and skills about the mid- and long-term impact of 
collaboration decisions on security, trust, operational practices and gain-share. Look-
ing at available games used for SCM [21, 24] the collaboration and trust raising as-
pect is covered in several games, and games like the Fresh Connection, also take 
business consideration into account at a certain level. But a thorough analysis also 
reveals that they do not cover all barriers like the challenge visualising gain sharing 
models as well as how to optimise the utilisation of machine and transport capabilities 
by a high degree of flexibility. Depending on how games like Shortfall and the Lean 
Leap Logistics Games, the Beer game [25, 26] are embedded in a learning unit, these 
games can be used to discuss and make the players aware and able to understand how 
these barriers are related, but their simulation models does not mirror the complexity 
well enough for the topic of shared resources and therefore need to be extended in 
order to fully cover the complexity. Still unsolved is the question on how to develop 
simulation models mirroring the reality of the complex interaction better, and thus 
able to demonstrate the challenges of ownership of a shared resource etc. (what hap-
pens if a partner needs access to a shared resource while it is occupied?), still being so 
transparent that the players understand the inter-dependencies between their decision 
and the impact this have in the game? In addition to the knowledge about potential 
collaboration benefits, game solutions would need to incorporate strategic (and opera-
tive) decisions and their impact on the benefits of shared resources. Furthermore, it is 
important for an awareness raising game, that the player experience the boundaries 
being able to discover that these change in different environment. This requires that 
multi-criteria decision making processes in highly dynamic systems can be simplified 
in different levels and be adapted to be applied in different scenarios/settings. This 
again however requires a high degree of field specific knowledge and a flexible simu-
lation model. 

However, these requirements would increase the complexity of games which often  
may contradict the learning outcome because it may undermine the transmission of 
the learning objectives by causing confusion. The players may not have the ability 
anymore, to comprehend their actions and decisions and to reflect them in front of the 
game results. In order to avioid this and to take the indivdual learning and awareness 
raising need into account, we use a concept based on scaffolding principle, In a first 
step we intend to realise a prototype by using a game engine with an authoring tool 
allowing constructing several scenarios focussing on different aspects and with differ-
ent levels (both related to complexity and prior need of knowledge). This will require 
use of learning analytics in order to monitor and trace the gained skills and also for 
giving the players and the system feedback.  
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5 Conclusion 

Manufacturing has become a complex process resulting in long brittle supply chains 
with considerable contributions to the global resource demand and its environmental 
impact. Materials in short supply and customer requirements trigger market stake-
holders to reduce the waste of resources and to be more sustainable. Therefore, the 
ability to share resources, innovate and to implement emergent ICT becomes more 
important for the competitiveness and sustainability of businesses and companies. 
Sharing resources puts high standards on trust, gain-sharing, the use of ICT etc. Fur-
thermore, although well known in supply chain management, the logistics sector is 
struggling to find approaches to collaborate and to share.  

Among the identified barriers trust, the management of big data, interoperability 
issues and the costs of integration seems to be of high importance, but also the lack of 
understanding of the concept and its advantages contributes to the low penetration 
rate. This paper looked at the use of SG as a tool for increasing this awareness, and 
several games that cover some of the aspects and that could be used for overcoming 
the barrier were identified. This analysis of existing supply chain games revealed their 
potential but also remaining weaknesses and gaps, both related to the lack of accurate 
simulation models, as well as suitable ways of balance the reality of the real world 
with the simplification necessary for awareness raising of complex systems. Here, 
more research has to be carried out. New games for the discussed purpose would have 
gone ahead profound research to balance complexity and learning objectives. This 
research is complemented by the development of advanced serious game (engines), 
able to handle more indicators and providing substantial feedback and analysis of the 
game progress. Improved learning analytics will help to develop and evaluate such 
advanced environments. 
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