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1. Introduction
The educational use of competitions dates back to I century B.C., and over the centuries they acquired 
more and more importance in improving students’ learning and foster their creativity. At the end of the 
XIX century, they started to become 
that, with their atmosphere of competition, these contests could promote the educational goal, 
challenging students in proving and matching their skills and their creative ideas.
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new ideas, they can not simulate, through a selection 
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Even considering the novel feature of a technology alone, this paper aims to investigate whether 
student competitions are actually generating innovative solutions. In this sense, the paper concerns on 
those specific design processes and how these produce effectively solutions radically innovative. 
Literature on how design processes should be in order to generate effectively innovative solutions is 
really wide and this paper does not aim at addressing a so extensive research issue, whose aspects refer 
to diverse fields from engineering design to psicology. The paper instead focuses on innovation paths 
of the teams’ prototypes over time, in order to comprehend the evolution of these design processes in 
student contests and, in particular, the role played by the product architecture into design. 
These design processes in fact are really specific since they take place into technical universities 
among students supported by professors. This if, on the one side, defines similar conditions to real-
world design situations and improves student skills and knowledge introducing them to real-life, on 
the other side, has at least two natural drawbacks. 
The former is the imitation phenomena. Imitation is a natural cognitive process and it is part of design 
(see a notable example in [Arciszewski and Cornell 2006]). However it is evident that if imitated 
principles or solutions are not overcomed, creativity and innovation are bounded. In student 
competitions, often teams seem to adapt their vehicles to the dominant design. This could be simply 
due to the goal of achieving the performance of the best vehicles, as well as can be due to the fact that 
students are not experienced designers and hence less confident in their possibilities. 
Cultural issues represent instead the latter. The departments in technical universities are culturally 
used to work separately and students rarely are educated to multidisciplinarity. If one looks at those 
prototypes, it seems that teams mainly work on modules and less on the architectures of their solution. 
Designers in companies worldwide are used to work in multidisciplinary contexts and, perhaps 
because they have more resources, are more used to accept the challenge of architectural changes. 
If these considerations on innovation paths and design processes into student competitions were true, it 
would mean that these contests lead to an absolute waste of resources and efforts in term of fostering 
innovation, leaving to competition the only role of educational platform. Therefore, the original goals 
of organizers (that aim to push innovation and technology forward) and participants (that want to 
improve student skills, knowledge and introduce them to real-world design situations) would be both 
not achieved. 
The paper attempts to demonstrate this thesis, first investigating the theoretical elements that can 
frame the problem, then describing the case study and the methodology, finally presenting some 
interesting results from the analysis. 

2. Innovation and design in student competitions 
Among the several means of fostering innovation, the most usual and well known are those linked to 
R&D activities inside firms. However, it is not so uncommon that, in order to exploit creativity and 
stimulate the development of new ideas under fewer constraints, companies set up competitions 
externally (e.g. AIAA in aerospace engineering, IEEE for the biomedical field, ASHRAE in 
architecture). 
These contests theoretically should provide benefits both for organizers that aim to create innovation 
environments [Deroy 2003] and for participants that can get educational and recognition opportunities 
[Raina 1968], [Kaiser and Troxell 2005]. In order to substantiate these general aims and in particular 
to verify the role of these contests as promoter of innovation, there are various aspects that need to be 
taken into account. 
First, it is important to understand which are the dynamics of innovation into student competitions. 
In real industrial contexts, these dynamics can be described through the observation of changes in the 
technological paradigms [Nelson and Winter 1982], [Dosi 1982], or through the analysis of product 
evolutions until its maturity in certain industries [Abernathy-Utterback 1978] or still investigating the 
progress of the adoption processes [Moore 1991], [Rogers 1995]. Real world dynamics are well 
represented by “technology push” and “demand pull” mechanisms for the selection of the winner 
products. 
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It is clear that student competitions instead can refer mainly to the “technology push” side of the 
specific technological paradigms, going to analyze the product evolution and paying particular 
attention to the contingent emergence of Dominant Design. 
Dominant design in general emerges when a specific product architecture comes to be adopted by a 
majority of the market. It is characterized both by a set of core design concepts that correspond to the 
major functions performed by the product and by a product architecture that defines the ways in which 
these components are integrated. Besides exogenous reasons (such as e.g. the reputation of the 
company), dominant designs emerge for aspects that are endogenous to the technical and economic 
environment. Leading technologies, economies of scale, relationships with complementary assets, 
network externalities, lock-in effects, etc. are some of these [Tushman and Anderson 1990], [Weil and 
Utterback 2005]. Many of these aspects are usual for traditional industrial environments, where 
companies compete for their innovative technical solutions and gain their competitive advantage also 
considering the industry and the market in which operate. 
Student competitions are scaled down in respect to these conditions and hence they do not allow to 
investigate many of these effects (such as for instance economies of scale or network externalities); 
dominance of the technology represents surely the main reason that make a specific design dominant 
in these contexts. 
Really, just because technology is the only one to determine the dominant design into these 
competitions, observe the progress of technology in these contests implies observe indirectly the 
evolution of the design processes. In particular, it is interesting analyse on one hand the evolution of 
the focus in the design activities and on the other hand the organizational aspects in these processes. 
While it is known in the literature [Ernst 2002], [Cooper and Kleinschmidt 2007], [Bhuiyan 2011] that 
managerial and organizational elements (adequacy of people and resources, the presence of a cross 
functional team, good internal and external communication, etc..) make product development activities 
successful, more rarely people think about organizations as consequence of the product architecture 
and of the dominant design established [Gulati and Eppinger 1996], [Fixson 2005]. 
Product architecture has been widely recognized as a crucial aspect influencing the dynamics of 
innovation and defining innovation strategies [Henderson and Clark 1990], [Fujimoto 2002]. If 
designers in a company want not only incremental or modular innovations, but they wish to design 
radical ones, must really act on product architectures. Moreover, once a dominant design has emerged, 
the organizational structure that becomes apparent and the design processes performed often tend to 
mirror the product architecture developed [Yassine and Wissmann 2007]. 
The feeling is that the situation is just the opposite for student competitions. Design activities are 
performed in teams, whose organizational structure is based on the diverse skills from different 
departments. This naturally defines the design processes as focused on product modules more than on 
architecture, defining a modular approach to design. Fostering multidisciplinary, communication and 
coordination becomes perhaps the greatest challenge in these design contexts. 
Different types of student competitions exist: Case study, Business Plan, Simulation, Ideation and 
Essay. It is quite obvious that if one wants to investigate the aspects mentioned above, the focus must 
be on those competitions that belong to the "Ideation" group and mainly relate to the engineering 
design field. Among them, one of the most famous is the Shell Eco-Marathon. 

3. The Shell Eco-Marathon case study 
Among the several types of these competitions, fuel economy ones are the most well known. Energy 
issues have become very critical in the last few years, rising severe questions regarding the 
sustainability of the current lifestyles. In particular, the search for new and sustainable solutions for 
mobility has acquired a huge importance, mainly from two perspectives. From an environmental point 
of view, global CO2 emissions are reaching too high levels, affecting dramatically everyone’s life and 
the transportation sector surely represents a great part of these. From a technological perspective, a 
new era of research is opened up and, there more than in other fields, the technological paradigm 
(avoiding the use of hydrocarbons) has been changed. 
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for competitors. People interviewed admitted to have taken inspiration and perhaps imitation processes 
have limited design creativity. 
In addition, if the goal of the competition has focused on improving the performance as much as 
possible to reach the asymptote, design efforts would have been concentrated on those modules of the 
architecture that allow greater improvements. The fuel cell stack and the control system appear to be 
the most important in this sense (its efficiency depends on humidity and temperature), as well as the 
most common cause of problems during the race. This could be the reason why interviews report that 
design attention of most of the teams primarily have been dedicated on this module, besides 
aerodynamics and weight reduction. Focusing on consumption has led to a technology push 
perspective, far from real problems like the sustainable mobility that really was the original aim of the 
innovation efforts. 
Hence, the design approach has been typically module driven, but also some organizational issues can 
be considered a strong reason of that, confirming the direct link between organization patterns and the 
vehicle designs, as stated by Yassine et al. [2007]. 
Data from interviews clearly show that teams have been not well-organized yet and that people in 
team have been more similar to a “group-of-friends” than a “well-structured-organization”. The 
majority of teams interviewed have declared that university departments supported the design of single 
modules, in relation to the competences needed. Also in more structured teams sustained by a higher 
number of departments, these have worked like independent units. Integration and coordination has 
been obtained only through meetings, but anyone has been the owner for the architecture. The main 
consequence is that innovation, which characterizes vehicles, would be most likely incremental or 
modular, as deign efforts have not regarded the architecture, but have concerned only the optimization 
of specific modules. 
Moreover, since in every university analogous departments (usually the department of Mechanical 
Engineering, Electronic Engineering and Energy Engineering) have generally the same competences, 
an additional source of similarity among teams and consequently among prototypes has been 
generated, neglecting the role of multiciplinarity for the success, as instead suggested by Cooper and 
Kleinschmidt. 

5. Conclusions 
Student competitions, besides being thought to foster the educational goal of improving students’ 
skills and knowledge, aim also at fostering creativity and innovation, developing leading technology 
and sustaining the flow of innovation through new ideas, in order to face and solve actual problems. 
However, it can happen that, instead of bringing positive effects, competitions create collateral effects 
to the innovation design, with as result a large waste of resources and efforts. 
The case of the Shell Eco-Marathon competition described in this paper has, in this sense, provided 
some interesting evidences. Student competitions are thoughts by companies, but really occur mainly 
in academic contexts, that affect prototype design processes. They, in fact, define conditions that are 
rather different from real word situations and moreover, because cultural reasons, generate design 
processes more focused on modules than on the product architecture. This modular approach, beside 
the imitation processes natural into these contents, limit creativity and consequently innovative 
solutions into design. 
Therefore, both the original goal of organizers that aim to push innovation and technology forward and 
the one of participants that want to introduce student to real-world design situations would be not 
achieved, leaving to these competitions the only role of educational platform. 
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