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INTRODUCTION

In France, there is a noticeable and contunually growing interest in sustainable
development education strongly supported by the legislation (from the “Loi Barnier’
introduced in 1995 and later the “Lois Grenelle” in 2009 and 2010) and by civil
organisations (CPU, CIRSES, etc.). As it was outlined in the latest annual report of
CGE [1] (Conférence des Grandes Ecoles — a French national organisation
gathering together directors and leaders of engineering, management and business
schools), sustainable innovation and entrepreneurship education became a central
guestion for higher educational institutions (HEIs) despite the existing discrepancies
on regional level. According to Prevost and Jouffray [2] this interest to integrate
sustainable development in their educational activities is particularly strong in
engineering schools. The introduction of sustainable development education in the
accreditation criteria’s in 2014 by the French commission of accreditation (CTI -
Commission de Titre des Ingénieurs) generated a real change not only in the way of
thinking about the importance and place of sustainable development education in
engineering education but also in the practice of French engineering schools [3].

Despite this keen interest, there are few available open-access teaching materials
for sustainable development education focusing on entrepreneurship and innovation
subjects. For this reason, the main purpose of our work was to create a highly
adaptable new teaching material to raise students’ awareness about sustainable
entrepreneurship and innovation issues. This objective is in line with the CGE’s
Sustainable Development Chart [4] encouraging their members to integrate the
challenges of sustainable development in the educational program progressively.
Moreover, this is among the main priorities of HEIs in France [5] in coherence with
the European Commission entrepreneurship 2020 action plan [6]. This new and
innovative teaching material will be open-access and widely spread in France
between all HEIs members of the CGE (not only for engineering students but for
other students feeling interest in this subject).

In this paper, we aim to provide guidelines for the design of teaching materials for
sustainable development education based on the Transdisciplinary Case Study
(TCS) approach. This work is based on our experience in the CGE’s Sustainable
Entrepreneurship and Innovation Working Group in France. The members of our
multidisciplinary working group are teachers and researchers in divers HEI's
(engineering, agriculture, management, etc.) who have a specific interest to make a
contribution to sustainable development education. We consider sustainable
development as one of the major issues of our modern society, and our work is
motivated and founded on this common interest.



TRANSDISCIPLINARY FRAMEWORK

Transdisciplinary is a relatively recent construct developed by Piaget in 1970 with the
evolution of disciplinarity in order to help a better understanding of the modern world
with growing complexity. He defined transdisciplinary as a ‘superior stage’ of
interdisciplinarity ‘which will not be limited to recognise the interactions and/or
reciprocities between the specialised researches, but which will locate these links
inside a total system without stable boundaries between the disciplines’ [7:144]. For
Edgar Morin, transdisciplinary represented the liberty of thinking ‘between
disciplines’ (or go-between disciplines) that allows an exchange by creating a link
between them. According to his definition, all ‘knowledge is relevant only if it can fit
into a context and the most sophisticated knowledge, if it is completely isolated
ceases to be relevant’ [8:3]. In 1985, Nicolescu involved the meaning of ‘beyond
disciplines’ in the definition, for the reason that in our modern world ‘disciplinary
knowledge has reached its own limitations with far-reaching consequences not only
for science but also for culture and social life’ [9:21]. From this perspective,
disciplines are considered in their social context in a holistic way, not separately from
the real world and taking into consideration their interdependence [10].

The relevance of the transdisciplinary research and sustainability is widely
recognised, almost considered as mainstream today. Besides, it is evidence that
there is a close link between the transdisciplinary approach and sustainability issues
to find a solution to a problem in a complex societal context [11]. In this case,
transdisciplinary learning allows us taking sustainability issues from their starting
points and exploring them from the angle of various disciplines applying an
integrative perspective to find an effective solution [12]. Consequently,
transdisciplinary learning is a well-adapted form of learning in sustainability
education to tackle with real, complex and socially relevant problems. As it was
highlighted by Merck and Beermann [13:24] ‘transdisciplinary teaching can have a
positive influence on the motivation of graduates, especially in sustainability
programs, and allows an active imparting of practice-based knowledge’. Also, the
application of transdisciplinary teaching is particularly relevant in the situations when
there is a high level of discrepancy between the logic of sciences as it is the case
between engineering and social sciences.

In engineering education, transdisciplinary teaching and learning is broadly
recognised and viewed as an excellent way to develop engineering students’
capacity to apply a holistic view and not to be limited only to their technical
disciplines. As it was pointed out by Jeder [14:130] transdisciplinary teaching has
numerous advantages for students’ sustainability skills and competencies
development as ‘opportunity for motivation, inspiration and stimulation of the interest
in knowledge and exercise of critical thinking and creativity...diversity in the way of
thinking, feeling and living and opens decks to a modern understanding of the world
and life which school should prepare’. For Nicolescu [15] each discipline should
devote approximately 10% of teaching time for transdisciplinary so as to develop a
larger perspective. According to Tejedor and Segalas [16:7088], the integration of
transdisciplinary teaching and learning in engineering curriculum allows for training a
‘new brand of an engineer’ who ‘thinks critically about the co-construction of public
welfare and the technological systems’.

From the beginning of the '90s, the ‘Transdisciplinary Case Study - TCS’ is viewed
as a powerful and particularly well-suited method to conduct sustainability learning



using unstructured cases with qualitative data in a real-world context for complex
and socially relevant sustainability issues [17]. For Steiner and Posch [18] this
appropriate method for sustainable development involves learning not only for the
students but also for the teachers and participating practitioners as it is based on a
mutual learning process between them.

TEACHING MATERIAL DESIGN

For the teaching material design, we developed a five step iterative process based
on the process for TSC defined by Scholz and Tietje [19] from the goal definition until
the final validation.

1.1 Goal definition

This first step of our teaching material design aimed to develop the mutual
understanding of the issue, including the formation of guiding question, in order to
define our objective. Despite our common interest in sustainable entrepreneurship
and innovation education, our multidisciplinary working group had a very different
vision about the possible objectives depending on our disciplines and professional
culture. After several sessions of discussion, we were able to create a collective
perspective and a new meaning for all of us with the application of a transdisciplinary
approach. Consequently, the goal definition was based on valuable mutual learning
process between us, as it was indicated by Steiner and Posch [18]. We decided not
to focus on a specific question of sustainable entrepreneurship and innovation but
rather to offer a broad vision to the students. We thus defined a future-oriented
objective: stimulating and inspiring students’ motivation and raising their awareness
for future investigations and actions.

1.2 System building

Based on the recommendations of Scholz et al. [17], we opted to the application of
multiple case studies with unstructured cases that is better adapted to the
transdisciplinarity approach than the application of single case study. From an
epistemological point of view, our new teaching material has an exploratory nature
that is compatible with this choice. For the problems’ structuration, we were based
on the widespread Sustainable Development Goals (SDGs) defined by the United
Nations. As our main objective is to offer a broad vision for students, we defined as
our imperative to address the maximum possible of these goals but at least one of
them for each case study. For the system building, as an innovative solution, we
defined a structural matrix with treated goals, in the face of various contextual
situations and disciplinary perspectives as the third dimension.

1.3 Scenario construction

For the scenario creation, we selected complex and multi-faceted real-world
problems occurring in our modern society generating a significant social or societal
impact. In order to provide a broad transdisciplinary vision, each member of our
multidisciplinary project team patrticipated in the scenario construction allowing us to
integrate into the scenarios the vision of various disciplines (e.g., engineering,
management, agriculture, marketing, social sciences, etc.). For the scenario
description, we followed the guidelines defined by do Prado Leite [20:49] and tried to
avoid the main weakness as the minor semantic problems or the lack of
homogeneity or perspectives. Also, we aimed to follow the structure of our matrix
system and develop scenarios in order to fill it in a most optimised and relevant way.



1.4 Assessment questions

In the framework of the assessment process, we defined multi-criteria assessment
guestions based on the four following issues: general definition, perceived values,
stakeholders’ role and applied strategy. For the development of assessment
guestions, we implemented a multi-logic thinking approach requiring students to
combine the knowledge of different disciplines and using multifaceted reasoning
inciting them not to give the immediately obvious answer to the questions. The
application of multi-logic thinking approach was guided by our intention to avoid a
simplified assessment including traditional step-by-step logic considered as less
adapted in the case of transdisciplinary approach toward sustainability learning.

1.5 Validation process

For the validation of our new teaching material, we applied a two-step, intern and
extern validation process. At first, we carried out an internal validation with the
participation of our working group members to discuss the areas of consensus or
divergences in each case study and provide a first impact description with future
orientations. Secondly, the external validation by academic teachers, researchers
and practitioners in the framework of a workshop dedicated to investigating their
opinion as independent experts [21]. This external validation step is particularly
challenging as it gives a first external vision of our work judging his diver’s facets.

RECOMMENDATIONS

Despite their high interest and willingness, engineering HEIs have several difficulties
to introduce sustainable development education effectively. As the experimental
study of Prevost and Jouffray [2] questioning institutions, teachers and students
revealed one of these major difficulties is linked to the definition of the sustainable
development education. Teachers in diverse technical disciplines feel not really
legitimate and competent to teach sustainable development issues which they do not
manage the whole understanding. For this reason, applying transdisciplinary
approach in the design of pedagogical dispositive is essential in order to allow a
holistic understanding of sustainable development issues. However, our experience
pointed out the difficulties of the application of transdisciplinary approach in the
development of teaching materials.

The first obstacle could be for engineering schools to work out new transdisciplinary
teaching materials is to get together a multidisciplinary team. In our case, the
initiative and support of CGE was a critical condition of our work as we had the
opportunity completing it in the framework of a well-organised working group with
membership from very different HEIs from various French regions and all of us
specialised in diverse disciplines. As our case shows, an existing and well-
established multidisciplinary professional network could greatly facilitate the
application of the transdisciplinary approach.

Secondly, at the beginning of the work process, our working group had very
divergent ideas and perspectives about the meaning of education for sustainable
entrepreneurship and innovation. For creating a mutual understanding and finding
the way how to work together, we needed to take our time to discuss and understand
each other views. We wanted to achieve not only a ‘cross-disciplinary borrowing’
[16:7086] but removing the limitation between our fields to thinking ‘beyond
disciplines’ [9]. It was evident that the application of transdisciplinary approach
requires close collaboration between our working group members, but we widely



underestimated the difficulty and time needed for this first step of conceptual
definition. However, this major difficulty at the beginning of the work could decline
the group dynamic or in certain cases causes the dissolution of the working group.
To avoid this situation it could be useful to consider this difficulty of multidisciplinary
collaboration in advance to be able to provide communication and coordination
support [22].

We have to highlight that the interface has a significant role in the whole system
design process. We used the platform SULITEST having a special mission to
support sustainable development education and in particularly sustainability literacy.
The vision and assignment of this platform are perfectly in line with our mission and
could allow us to widespread our work not only on the national but also on the
international level. The features and constraints of this platform were taken into
consideration from the beginning of our work for achieving good system adaptability.

In the scenario construction, the selection of real-world cases was a real dilemma of
our design process. We raised the question about the adequate complexity level and
broached SDGs goals of our selected cases. As noted by Steiner and Posch [18],
too high complexity level could cause the frustration and demotivation of students
while too low complexity level could be perceived as unrealistic and demotivating for
acquiring additional knowledge. Accordingly, the most adequate solution seems to
be selecting real-world cases in line with our objectives. For example, our main
objective was to give a broad multidisciplinary perspective for our students, so we
tried to select heterogeneous cases with limited complexity but giving sources of
complementary information. In this case, they have the possibility to enhance the
complexity level of their case studies if they want to gain added knowledge.

CONCLUSION

Sustainable entrepreneurship and innovation education for engineering students is a
very complex subject that includes not only technical but environmental, ecologic,
economic, social or societal dimensions. Consequently, the application of
transdisciplinary approach for the development of innovative teaching materials is
highly relevant to train modern holistic engineers. However, to put into practice a
transdisciplinary teaching materials design process for a multidisciplinary team
involves several difficulties. Our experience shows that close collaboration between
our working group members and high level of commitment in the same way at the
personal and institutional level were essential for this work.

At this time, we are at the end of the internal validation process and preparing our
national workshop for the external validation. Following the validation, we intend to
implement our new teaching materials on the French national level with the help of
the CGE’s network. As a future perspective, we would like to explore the perception
of engineering students and their teachers about the efficiency of these new teaching
materials. More specifically, to investigate engineering students about their
perception: What kind of sustainability skills and competencies could they develop
with it? What are their motivations? What is the real effect of this transdisciplinary
pedagogical approach?

ACKNOWLEDMENT

The authors would like to acknowledge their colleagues from the project A-STEP
2030, co-funded by the Erasmus+ programme of the European Union. The European



Commission support for the production of this publication does not constitute an
endorsement of the contents which reflects the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the
information contained therein.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

GCE - Conférence des Grandes Ecoles (2017), Rapport annuel 2017,
Available at: http://www.cge.asso.fr.

Prevost, Ph. & Jouffray, A. (2013), Le développement durable dans les
formations d’'ingénieur en France : comment se situer entre formation
professionnelle et « éducation a... », Education et socialisation, Available at:
https://journals.openedition.org/edso/104#quotation.

Jolly, A-M and Mabhieu, L. (2015), Influence du processus d’accréditation sur
I'éducaiton au Dévelopment Durable, Rapport de CTI.

GCE- Conférence des Grandes Ecoles (2003), Charte de la Conférence des
Grandes Ecoles pour le développement durable, Available at:
http://www.cge.asso.fr

Béjean, S. & Monthubert, B. (2015), Pour une société apprenante:
proposition pour une stratégie national pour lI'enseignement surpérieur,
Available at: http://cache.media.enseignementsup-
recherche.gouv.fr/file/STRANES.

Boissin, J-P, (2013), Propositions 2020 et expériences sur les Poéles
Etudiants Pour I'lnnovation, le Transfert et 'Entrepreneuriat (PEPITE) dans
I'Enseignement Supérieur, Rapport MESRI.

Piaget J. (1972), L’épistémologie des relations interdisciplinaires.
L’interdisciplinarité : problemes d’enseignement et de recherche dans les
universités, OCDE : Paris.

Morin, E. (1997), Quelle Université pour demain ? Vers une évolution
transdisciplinaire de I'Université, Motivation, Num. 24.

Nicolescu, B. (2010), Methodology of transdisciplinarity — levels of reality,
logic of the included middle and complexity, Transdisciplinary Journal of
Engineering and Science, Vol. 1, Num. 1, pp. 19-38.

Nicolescu, B. (2006), Transdisciplinarity: past, present and future. Moving
Worldviews: Reshaping sciences, policies and practices for endogenous
sustainable development, ETC/COMPAS, Leusden, 142-166.

Hadorn, G. H., Bradley, D., Pohl, C., Rist, S., & Wiesmann, U. (2006),
Implications of transdisciplinarity for sustainability research, Ecological
Economics, Vol. 60, No 1, pp. 119-128.



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

UNESCO (2012), Shaping the Education of Tomorrow: 2012 report on the
UN decade of education for sustainable development, Available at:
http://lunesdoc.unesco.org/images/0021/002166/216606e.pdf.

Merck, J. & Beermann, M. (2015), The Relevance of Transdisciplinary
Teaching and Learning for the Successful Integration of Sustainability Issues
into Higher Education Development. In Integrative Approaches to Sustainable
Development at University Level (pp. 19-25). Springer, Cham.

Jeder, D. (2014), Transdisciplinarity - The advantage of a holistic approach to
life. Procedia-Social and Behavioral Sciences, 137, pp. 127-131.

Nicolescu, B. (1999, April), The transdisciplinary evolution of learning, In
Symposium on Overcoming the Underdevelopment of Learning at the Annual
Meeting of the American Educational Research Association, Montreal,
Canada.

Tejedor, G. and Segalas, J. (2015), Transdisciplinarity in engineering
education. A must for sustainable development in technology education,
Proceedings of EDULEARN15 Conference, 6th-8th July 2015, Barcelona,
Spain.

Scholz, R. W., Lang, D. J., Wiek, A., Walter, A. |., & Stauffacher, M. (2006).
Transdisciplinary case studies as a means of sustainability learning:
Historical framework and theory, International Journal of Sustainability in
Higher Education, Vol. 7, Num. 3, pp. 226-251.

Steiner, G. & Posch, A. (2006), Higher education for sustainability by means
of transdisciplinary case studies: an innovative approach for solving complex,
real-world problems, Journal of Cleaner Production, Vol. 14, Num. 9-11, 877-
890.

Scholz, R. W. & Tietje, O. (2002), Embedded case study methods:
Integrating quantitative and qualitative knowledge, Ed.: Sage.

do Prado Leite, J. C. S., Hadad, G. D., Doorn, J. H., & Kaplan, G. N. (2000),
A scenario construction process, Requirements Engineering, Vol. 5, No. 1,
pp. 38-61.

Albarello, L., (2012), Apprendre a chercher, Ed.: de boeck, Paris.

Adamczyk, P. D. & Twidale, M. B. (2007), Supporting multidisciplinary
collaboration: requirements from novel HCI education. In Proceedings of the
SIGCHI conference on Human factors in computing systems, pp. 1073-1076.



