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Abstract—This study uses the characterization of con-
trasting modes of knowledge production to follow the activi-
ty of a group of engineers who migrated from an academic 
environment to a successful start-up firm. Qualitative data 
from interviews of two key members of the team were used 
to characterize their activities in the two settings. The au-
thors relate the engineering practice described in the inter-
views to the Gibbons Mode 1 and Mode 2 knowledge pro-
duction phases and note the importance of a phase change 
in the transition between the two modes. The resultant case-
study contributes material for use in role-play activity with 
engineering students to help develop interdisciplinary skills. 
The study also presents a critical analysis to evaluate the 
merits of the Mode 1 and Mode 2 framework for analysis of 
engineering practice at the level of the firm.  

Index Terms—Case-study, engineering practice, knowledge 
production, role-play.  

I. INTRODUCTION 
Many students graduating from engineering schools 

soon encounter a very different world when they start 
working in a professional engineering environment and 
recent studies have clarified some of the differences [e.g. 
1, 2, 3, 4, 5, 6, 7 and 8]. One difference lies in how 
knowledge is produced [9]. The publication of The New 
Production of Knowledge [10] led to considerable atten-
tion being focussed on two distinct models of research, 
identified by the authors as Mode 1 (associated with a 
traditional academic discipline-based approach) and the 
more recently emerged Mode 2 (a context-driven and 
problem-focused process more common in the entrepre-
neurial domain). We have interpreted in Table 1 the dif-
ferences between these two approaches as characterized 
by Figueiredo and Cunha [9].  

Although the practice of engineering design in academ-
ia and industry have tended to converge towards a Mode 2 
approach, as yet there is sparse evidence that this has been 
accompanied by corresponding developments in the engi-
neering education. Jorgensen [11] argues that educational 
reforms have tended to focus on the development of Mode 
1 model leading to a “crisis in engineering design”. He 
suggests there is a need for a re-thinking of the “missing 
elements in engineering teaching” so as to prepare future 
professionals to face the challenges arising from contem-
porary technological innovation.  

To help address the issue of Jorgensen’s “missing ele-
ments” this paper has the following structure: after intro-
ducing the background to the case-study and respective 
methodology, data from interviews is presented followed  

TABLE I.   
PARAMETERS ASSOCIATED WITH GIBBONS’ MODES 1 AND 2 OF 

KNOWLEDGE PRODUCTION 

 Mode 1  Mode 2 

Context academic, scientific economic and social applica-
tions 

Innovation linear  problems are set and solved in 
the context of application 

Community disciplinary, homo-
geneous teams, 
university based 

transdisciplinary; networked; 
heterogeneous actors 

Orientation explanation, incre-
mental 

solution focused 

Method replicability is 
important 

replicability not vital ( there 
may be secrecy/copyright 
issues) 

Quality assurance peer-review is cen-
tral 

context dependent: may 
involve peer-review; custom-
er satisfaction 

Definition of 
success 

scientific excellence  efficiency; satisfy multiple 
stakeholders: commercial 
success 

 
by an analysis of the findings from the perspectives of 
engineering pedagogy and of engineering practice re-
search. 

II. BACKGROUND 
This study is relevant to two areas of study: case-study 

based role-play as a pedagogical tool in engineering edu-
cation and engineering practice studies. In the next two 
sections we will outline pertinent prior literature in these 
two areas. 
A. Case-study based role-play as a pedagogical tool in 

engineering education 
A recent paper by James Trevelyan, whose team at the 

University of Western Australia has amassed considerable 
empirical data about engineering practice, argues for “re-
locating engineering studies from the curricular margins to 
the core of engineering education and research"[6]. This 
perspective is reinforced by studies of new-engineer ad-
justment in companies that suggest that few novice engi-
neers have the experience or knowledge to locate their 
technical competence and professional ideology within the 
organizational context [12] and others which show that in 
companies which systematically employ organizational 
socialization tactics that these strongly influence newcom-
er integration and task mastery which in turn lead to in-
creased satisfaction and organizational commitment [13]. 
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This perspective would seem to make a strong case for 
including a greater emphasis on socio-technical profes-
sional skills as part of undergraduate training. Various 
institutions have attempted to design or redesign engineer-
ing and technology courses to address such issues by 
adopting pedagogical approaches such as service learning 
[14] problem-based learning [15],  case-studies [16], deci-
sion-making games and role-play [17], or virtual simula-
tions [18] to help students develop attributes and thinking 
styles more appropriate for industrial practice [19].  As 
yet, however, no widely-used methodology has emerged 
to assess the effectiveness of such initiatives, an aspect to 
which we shall return in section VIII B.  

With the increased inclusion of Entrepreneurship in en-
gineering and engineering management courses, case-
studies have come to be seen as a useful pedagogical ap-
proach and journal articles focusing on real-life case-
studies have become more common (see for example the 
International Journal of Entrepreneurship and Innovation 
and the International Journal of Entrepreneurship and 
Innovation Management).  
B. Engineering practice studies 

At a symposium entitled Engineering as a Social 
Enterprise organized by the US National Academy of 
Engineering in 1990, Walter Vincenti pointed out that 
“engineering functions inseparably from the society of 
which it is part” and he went on to suggest that “to 
perform engineering’s task as a social enterprise” 
engineering practice needed to be better understood [20].  
In the intervening years there has been a growing body of 
empirical data about this topic but due to the research 
being dispersed in a variety of fields [21, 22, 323, 24, 25 
and 26] it has been difficult, as yet, to examine this data in 
such a way as to permit a global portrait of what engineers 
do.  The authors have proposed that engineering practice 
should be viewed as an autonomous field of research and 
argued that it has an important role to play in preparing 
engineers for the future challenges of the profession [27] 

Two conceptual models which have been proposed by 
policy makers to help understand the interplay of research, 
technology and business are the Triple Helix [28] and the 
New Production of Knowledge [29]. The former uses a 
coevolution model to characterize the relationship 
between university, industry and government in an 
increasingly knowledge-based social order. The New 
Production of Knowledge perspective, on the other hand, 
argues that the way in which scientific knowledge, 
technical practices, industry, education and society at 
large are organized are changing and they identify two 
distinct modes of knowledge production. Mode 1 is 
characterized by activity in the autonomous university 
with few direct links to industry. By contrast, Mode 2 
knowledge production takes place in the domain of 
business and entrepreneurship and its parameters are 
different to those of Mode 1 research and knowledge 
production in a number of important ways as we have 
summarised earlier in Table 1. 

Although both of these perspectives have been widely 
explored [30] there has also been attention drawn to 
potential weaknesses in their application to empirical data. 
Shinn comments that the Gibbons framework was 
proposed “with almost no concrete evidence is given for 
the assertions advanced; and no provision is made for 
future empirical (…) work.” [30] By contrast, he notes 

that although The Triple Helix was founded on a central 
core of empirical data, these are meta-level data presented 
in macroscopic terms and this constitutes a problem in that 
“the search for appropriate units of analysis takes place at 
a high level of aggregation, generalization and 
abstraction”.  

III. RESEARCH QUESTIONS AND METHODOLOGY 
Considering the above two fields of study, the 

following two research questions emerged: 
What useful data can be obtained on the history of deci-

sion making in an innovative engineering company using 
the Mode 1 and 2 model as a framing construct? 

 What implications for engineering education are sug-
gested?  

As this was a preliminary study, an exploratory case-
study methodology [35] with a narrative approach was 
adopted. 

 At the time when the work began in 2009, there had 
been relatively few studies  published with empirical data 
about engineering practice [27] and the authors found no 
published framework or model to represent what engi-
neers do. In her paper Building Theories from Case Study 
Research, Kathleen Eisenhardt [31] suggests that small-
scale case studies can be particularly valuable for theory 
building in the early stages of research on a topic or when 
the research is in an area where existing theory seems 
inadequate. Accordingly it was decided to choose a firm 
that was a recognised innovation leader and use a narra-
tive approach based around an appropriate framing con-
struct.  

The narrative approach has been gaining recognition 
among scholars as a research method and process [32, 33] 
and Steve Denning’s recent work also champions narra-
tive as a tool for organizational change [34]. It was adopt-
ed with the intention of building on the initial qualitative 
data to design a larger scale quantitative study to test or 
generalize the insights from the case study [35]. This 
aspect will be returned to in the Conclusions section. 

1) The company selected for the case study 
When management guru Gary Hamel’s consultancy 

firm Strategos polled 186 CEOs and senior figures in 
leading Portuguese companies to gather data on which 
international and national firms they considered to be the 
most innovative [1] the Portuguese company with the 
highest vote was YDreams, a start-up created in 2000 
when a group of engineers from a successful university 
research department at a Lisbon university (Universidade 
Nova de Lisboa) felt the need to move from a university to 
an entrepreneurial context. The group was part of a suc-
cessful university research department at the New Univer-
sity of Lisbon throughout the 90’s in the field of environ-
mental engineering and IT. Their Environmental Systems 
Analysis Group (GASA) was known for its pioneering 
work in a field that has since become dominated by 
Google Maps. In 2000, frustrated by the limitations en-
countered within the academic system, they effectively set 
aside the projects they had been working on and dedicated 
themselves to an entrepreneurial start-up.  

Their YDreams Company has since come to enjoy con-
siderable international success in the interactive space and 
augmented reality sectors.  With an initial investment of 
50 thousand euros in 2000, by 2010 the firm reportedly 
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had an annual turnover of over 9 million euros and its 
clients have included Vodafone, NOKIA, JC Decaux 
Airport, Siemens, Alcatel, Endemol and the BBC.  CEO 
Antonio Câmara won the prestigious Pessoa Prize in 2006 
[53] for his entrepreneurial achievements and the compa-
ny has won a number of international awards including the 
Industrial Design Society of America Gold Award for 
Interactive Environments in 2004, and an Auggie (Aug-
mented Reality Award) in 2010.  

2) Construct chosen to frame the data 
Of the two constructs described in section II A given 

that the Triple Helix is more appropriate to macro-level 
analysis and that the Gibbons Mode 1 and 2 approach can 
address both academic and entrepreneurial contexts at 
meso and micro level, the latter was adopted. Therefore 
the study considers the work of the group of Portuguese 
engineers who founded YDreams over a period of approx-
imately 15 years using the Mode 1 and Mode 2 characteri-
zations and looks for appropriate lessons which can be 
applied to engineering education to better prepare future 
engineers.  

IV. PROCEDURE 
Separate interviews were carried out with two senior 

members of the group involved in both phases: António 
Câmara, CEO of YDreams and former head of the GASA 
group and Edmundo Nobre, YDreams administrator 
(CFO) and co-founder. The interviewees were previously 
sent a brief summary of the intended case-study, which 
included Table 1, and during the individual interviews 
were invited to freely relate their experiences rather than 
respond to a fixed set of questions although occasional 
follow-on questions were posed by the interviewer where 
it was felt clarification was needed.  

The interview transcripts were subsequently analysed 
for sections relevant to the 7 parameters listed in Table 1 
relating to either Mode 1 or 2 of the Gibbons model. The 
analysis was returned to the interviewees to allow them to 
confirm the quotations. 

In the following sections we selected what we consider 
relevant portions of the interviews and present first those 
relating to the pre-2000 research group GASA. In the 
description of the research group phase we show the Mode 
1 characterisation for each parameter as set out in Table 1 
and also include the corresponding Mode 2 characteriza-
tion in italic typeface. In the entrepreneurial phase we use 
the opposite convention so that in this case the Mode 1 
characterization is in italic. 

V. INTERVIEW DATA 
A. Research group Phase: GASA  

1) Context  
academic, scientific economic and social applications 

António Câmara (CEO): Well, we were engineers but 
we were doing work that was engineering/science where 
we were essentially emulating the approach of the physi-
cal sciences, and not really engineering as such. 

Edmundo Nobre (CFO): Environmental engineers have 
always had a wide-ranging approach by the nature of their 
very general training. 

CEO: University groups tend to follow the logic of aca-
demia and academic publication and we had a lot of peo-

ple working on theories of interaction in a way largely 
oriented to emulating the sciences rather than developing 
products. We were creating new worlds but following an 
existing academic model.  

2) Innovation  

linear  problems are set and solved in the context 
of application 

CEO: For example, Conservation International, which 
has Harrison Ford as its vice-chair, was looking for a 
visualization system to represent the impact of forest fires 
on Amazonia and resulting climate change. We submitted 
a proposal based on our visualization models whereas 
MIT Media Lab presented a demonstration created by the 
people who had done the special effects for the film Titan-
ic. The difference being that they already had an opera-
tional prototype, a finished product, while we had only a 
complex model.  So, obviously, Conservation Internation-
al chose them and this episode really got us thinking, 
made me alter my own perspective quite radically and 
made me realize that however good our work was techni-
cally, we were never going to get very far in today’s world 
using an academic approach.  

So while our thinking was “ride the wave”, Media Lab 
was aiming to “put man on the moon” and in the universi-
ty context it was extremely difficult to create any kind of 
multidisciplinary laboratory like they had, almost impos-
sible in fact, because there were all kinds of barriers 
stemming from the fact that we worked within academic 
disciplines. So, when we worked in the Environment 
Department we were expected to be dedicating ourselves 
to working on the environment, even if we were able to 
come up with something useful for automobiles ...  

3) Community  
disciplinary, homogeneous 
teams 

transdisciplinary; networked; heteroge-
neous actors 

CEO: It was basically research work and recognition 
came from other researchers. In other words, our commu-
nity was that of investigators the world over within our 
area. 

CFO: We were always in contact with the best work go-
ing on internationally and made a point of encouraging 
our graduates to go to work at the top research centers. 
They in turn often stayed on and tended to cite our work 
which gave us more visibility.  

CEO: Then at a certain stage we came up against other 
communities, ones like MIT, not the traditional scientific 
community, who were leaders in the field and this was 
something of a shock for us. 

4) Orientation  
explanation, incremental solution focussed 

CEO: At GASA it was basically the kind of scholarly 
approach to which the majority of university courses here 
aspire; which means that they were very much built 
around knowledge, scientific knowledge, stabilized 
knowledge.  

CFO: We had the first virtual reality lab in Portugal, 
created for Expo 98 in Lisbon, complete with a set of 
instruments that were groundbreaking in world terms at 
that time in the area of over land navigation. We were the 
first country to have this infrastructure set up but it dwin-
dled out, because policy-wise its value wasn’t recognized. 
It was an over-ambitious project, probably ahead of its 
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time, and like so many other breakthroughs within univer-
sities because there isn’t an entrepreneurial or commercial 
perspective then things get bogged down and bit by bit 
come to a halt. 

5) Method  
replicability is important replicability not vital  

CFO: Our objective at that time was to produce papers 
whereas we came to see that at other centres like MIT the 
object was more to produce enterprises and so they had an 
applied research approach and received a lot of financial 
support from industry. 

Now MIT had funding to buy super-computers whereas 
we here could only invest in people, people who were 
capable of developing powerful algorithms which allowed 
us to overcome our less advanced hardware and what we 
achieved was certainly on a par with the best we saw at 
international level. 

6) Quality assurance 

peer-review is central context dependent: may involve 
peer-review; customer satisfaction 

CEO: We were, of course, very aware of ISI indexing 
(…) and getting our work accepted for major conferences 
which are extremely competitive, with an acceptance rate 
of around 3%.  

7) Definition of success 

scientific excellence  efficiency; satisfy multiple stake-
holder; commercial success 

CEO: What we basically wanted was to achieve 
worldwide recognition within the academic milieu 
through papers, articles and later books. 
B. Start-up Phase  – YDreams 

1) Context  
academic, scientific economic and social applications 

CEO: I realized that to be competitive with the top la-
boratories in our field we would need to have professional 
level management, accounts, public relations … in short 
to have an enterprise-like structure.   

CFO: We had come to the conclusion that if we 
couldn’t do what we aimed to do within the academic 
system then we would have to do it on the outside; so 
basically we went ahead and set up the company.  

CFO: When we first set up YDreams, the wide-ranging 
background of our team stood us in good stead. Now this 
transdisciplinary approach has paid off and in fact we 
have people who originally trained as environmental engi-
neers holding down key positions in accounts, program-
ming and project management.  

Whereas in our GASA days we used to play around 
with ideas and ask “OK, how could we get this on the 
market?” now it was more in a case of “OK, how can what 
we do that will be important for the market?” 

2) Innovation  
linear  problems are set and solved in the context of applica-

tion 

CFO:  We have our R&D section, YLabs, which has a 
variety of functions and these include: 
• assisting in developing the technological infrastruc-

ture for the company itself 

• short-term research focused mainly on product de-
velopment for our clients 

• long-term research which is looking to identify future 
paradigm shifts so that we can be right there when 
things are happening. In this respect, I would give the 
example of our work on interactive spaces which up 
to now has been entirely in the digital domain but as 
this sector has become successively more the prov-
ince of large international competitors, we have to be 
agile and so we have been working on the application 
of recent innovations in materials sciences and bub-
ble-jet technology to apply our know-how to the de-
velopment of novel interactive spaces in the physical 
domain. 

3) Community  
disciplinary, homogeneous 
teams 

transdisciplinary; networked; 
heterogeneous actors 

CEO: Now I would say that our community is com-
pletely different: we do what we do so as to satisfy two 
groups of people: our clients and our investors. 

4) Orientation  
explanation, incremental solution focussed 

CFO: We set out to adapt our practice from the GASA 
days to create a structure which was much more dedicated 
to industry, with a strong focus on applied research, one 
which would in turn be supported by industry.  Our focus 
was to be on the real world products rather than on publi-
cations. We aim to be a cutting edge company. 

Method  
replicability is important replicability not vital  

CEO: Now it really feels like we are doing engineering 
design and that we have left the world of classic research. 
One consequence of this is that now when we produce 
something new our first priority is to take out a patent and 
if we have time afterwards we may write it up in a paper. 
So this changes the dissemination process quite radically.  

In the company we have continued to carry out re-
search, the difference being that now we are very much 
more in the Man on the Moon mould. Now we really want 
to create products and the objective of all our research, 
pure or applied, is precisely product-focused. We are not 
at all interested in replicability– we want to be unique, 
that’s what it’s all about!  

5) Quality assurance 

peer-review is central context dependent: may involve 
peer-review; customer satisfaction 

CEO: So we are creating intellectual property, very im-
portant to appeal to clients and this has been fundamental 
in attracting investors in the various phases the company 
has gone through.  To be competitive we have to bring 
value to the market. 

6) Definition of success 

scientific excellence  efficiency; satisfy multiple stake-
holders; commercial success 

CFO: We originally wanted to leave academia and con-
quer the world! Success for us has two dimensions: obvi-
ously we want to become millionaires (laughs) but on the 
other hand we would like to be a company which helps 
give Portugal a strong international technological presence 
on a par with, say, what Nokia has in Finland. That is a 
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company which altered their national panorama and we 
would like to  think we could one day make a similar 
claim, that is to really make the difference between what 
Portugal is today and what it could achieve tomorrow – 
help to create a technology driven nation.  

VI. DISCUSSION 
The data presented suggest that although there was a 

predominance of Mode 1 characteristics in the GASA 
phase, there were already some signs of a Mode 2 in that 
there was a degree of transdisciplinarity in the research 
team and a concern with providing solutions to clients 
(creating virtual instruments for Expo 98, competing with 
MIT for projects). Equally, in the current entrepreneurial 
context, although the interviews would indicate a strongly 
Mode 2 perspective overall, it is worth mentioning that the 
YDreams headquarters adjoins the university campus 
where GASA used to operate, the CEO continues to lec-
ture there and there appears to be a certain degree of syn-
ergy between the two so it is probably true to say there 
hasn't been a complete abandonment of the Mode 1 ethos. 
So although the Mode 1 and 2 characterizations are seen 
to be useful here as a way of characterizing in a broad 
sense the knowledge production activity of the group of 
engineers in question and they help us accompany what 
seems to have been a significant phase change in the work 
of the group, it should not be seen as an either/or way of 
describing the real-world activity involved.  

The interviews show a growing awareness of the con-
straints of the Mode 1 context the group operated in dur-
ing the 90’s (“things got bogged down”; frustration with 
“ride the wave” thinking) which reached a critical point in 
the year 2000 when they decided to set up YDreams.  This 
point can be considered a phase change in the sense that 
the term is employed in systems and complexity theory to 
refer to a system in a given state which undergoes pro-
gressive disruption and achieves equilibrium by transition 
to a new state [36]. 
A. The use of Gibbons’ Mode 1 and 2 Model in the case 

study 
Although this exploratory analysis was intended to 

serve to lead to a subsequent quantitative analysis, the 
application of the Gibbons framework did not provide an 
obvious indication as to where subsequent research might 
move forward. This gives some confirmation to criticisms 
of the concept as lacking in programmatic and methodo-
logical components which could provide a systematic 
framework for scholarly inquiry [30].  

On the other hand, once the interview transcript had 
been analyzed as described earlier, the authors then ap-
plied a phenomenological bracketing procedure [54] to the 
data included in the Gibbons framework analysis and re-
examined the remaining interview data. This provided two 
relevant aspects arising from the quotations below from 
the CFO and CEO.   

CFO: Right now, I recall off the top of my head that our 
head of Quality, head of Research, head of Software, our 
top programmer and the account managers of our best 
accounts all come from an environmental engineering 
background and this pluri-disciplinarity, the capacity to 
handle a broad sweep of areas, is very valuable in a com-
pany like ours. These roles involve heading up teams 
where skills of dealing with both a range of multidiscipli-
nary projects and with their commercial aspects are vital. 
Obviously when we get to the execution, programming, 

design and so on then we will call upon our specialized 
people for these very specific functions. 

CEO: What worries me is that engineering courses in 
our national universities don’t have a tacit curriculum like 
you can find at top international institutions: our graduates 
have the technical skill; they can solve problems but are 
not good at explaining them. One feels they were well 
trained in problem-solving but at the expense of important 
skills like analyzing, communicating and debating which 
contribute to the kind of structured thinking we need. 

Noting that a significant number of engineers in the 
company were in posts of responsibility outside conven-
tional engineering domains and that the CEO identifies 
communication skills as a priority for success, has lead us 
to see limitations in our original model of engineering 
practice which was based around engineering design and 
knowledge production and encouraged us to look for 
alternatives, particularly for models based on an empirical 
approach. Accordingly the next step of our research in-
volved gathering empirical data on the activities of engi-
neers in companies and the time they devoted to these 
activities. This was achieved by collecting quantitative 
information via an online survey of 247 engineers and 
qualitative information through semi-structured interviews 
with 23 practicing engineers in a range of contexts ranging 
from SMEs to large national and international market-
leaders. This in turn allowed us to propose a visual repre-
sentation of the engineer in the workplace using an actor-
network approach which we published in a recent book [8] 

VII.  LIMITATIONS OF THE STUDY 
The fact that only one company was studied and only 

two senior staff members contributed does limit the de-
gree of generalizability.  In exploring a single case the 
authors align with a growing trend in academy that recog-
nizes that the single case may promote reflection and 
generate useful theory [37, 38]. It was mentioned in sec-
tion III that Kathleen Eisenhardt [39] suggests that small-
scale case studies can be particularly valuable for theory 
building in the early stages of research on a topic. She also 
claims out that testing existing theory on case studies may 
provide serendipitous findings which can lead to new 
insights. As was explained in the previous section, this 
particular case study did lead to valuable insights which 
enabled the authors to identify fruitful lines of inquiry for 
a successful large-scale study.  

Moreover, the case described reinforces our idea that 
our approach is academically appropriate for the purpose 
of our paper and, although the sample in this study is 
small, we believe that it has potential for organizational 
learning in a context where “history is not generous with 
experience” [40]. Furthermore, the study’s narrative com-
ponent can have a role as an example for use in classroom 
role-play activity. 

VIII. APPLICATION FOR ENGINEERING EDUCATION 
PEDAGOGY 

The findings would support calls for a Mode 2 ap-
proach to engineering design in syllabuses, perhaps adopt-
ing approaches similar to those described in the US [41, 
42] or South Africa [43]. Initiatives like the Purdue Uni-
versity EPICS program [44] or Georgia Tech’s Learning 
by Design [45] would seem appropriate approaches to 
develop transdisciplinary competences at undergraduate 
level. 
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A. Case-study based role-play  
To contribute to the repertoire of such approaches we 

would propose the use of the kind of case study and narra-
tive approach outlined in this paper which can provide 
material and a framework for role-play activities suitable 
for inclusion in this kind of broader approach to engineer-
ing education. Our experience with the use of role-play 
with engineering undergraduates would reinforce Naka-
mura’s comment that “a lack of understanding of the 
stakeholders’ roles assigned  to  learners  has  meant  that  
students  have  not  really been able to fully appreciate the 
project management scenario that  they  have  been  role-
playing” [52]. For this reason we have found it important 
to build these activities around real cases which are seen 
to be relevant to students rather than creating hypothetical 
situations or using virtual simulations. 

Following Felder and Brent [46], the authors consider a 
jigsaw activity approach to be appropriate here – one 
where groups of participants are supplied with different 
information and need to discuss or come to a consensus in 
a role-play. One possible application would be to use a 2-
stage approach. First focusing on the transition from re-
search group to start-up in 2000, the information about 
research and design group Y1 (as set out in section VA of 
this paper) is distributed to one group of students while 
other receive the that of research and design group Y2 
(section VB). The task is for the 2 groups to share their 
information and to summarize the difference between the 
two R&D groups. After instructor-facilitated feedback 
between the groups, the students learn what the real com-
pany YDreams company history was from 2000 to 2010.  

The second stage would again involve 2 groups in a jig-
saw activity role-playing a board meeting and in this case 
participants are supplied with different parts of the SWOT 
analysis data for the company’s globalization in 2010, and 
similarly come to agreement on strategic options. Once 
again this is followed by discussion on the real company 
choices and their outcomes. 
B. Evaluation of learning outcomes 

We are still at an early stage in terms of evaluating the 
use of role-play and case study approach in our own insti-
tutions but as the learning outcomes to be achieved with 
this approach involve changes in individual students such 
as their perceptions of the engineer’s role in the strategy 
management of a firm or of engineering workplace activi-
ty, phenomenography would be the method of choice. 
This is a qualitative methodology which focusses on the 
ways in which learners differ [47] with regard to specific 
phenomena and a useful introduction to its use in engi-
neering education can be found in a 2007 paper by Mann 
and colleagues [48].  

This method has been used in engineering education to 
evaluate size and scale in nanoscale science and technolo-
gy contexts [49], and transient responses in student prob-
lem solving contexts [50]. It is also beginning to emerge 
in other engineering contexts as well. For example, it has 
been used to identify conceptions of competent work 
among engineers in an auto manufacturing company [51] 
and conceptions of the value of information-technology 
(IT) research among IT researchers and practitioners [52]. 

IX. CONCLUSIONS 
This case study of a start-up company recognized as an 

innovation-leader makes a contribution to two fields of 

study: engineering practice studies and case-study based 
role-play as a pedagogical tool in engineering education.  

The authors applied the Gibbons Knowledge Produc-
tion framework to analyse narrative accounts from two 
senior engineers involved in creating a start-up and identi-
fied a critical phase change which prompted the transition 
from a university research to an entrepreneurial context. 
Although, we do find confirmation for Shinn’s comments 
regarding the limitations of this framework as guide to 
empirical research [30], we nevertheless were able to use 
the results of this qualitative narrative-based case study to 
design a larger scale mixed methods research project.  

A further theoretical contribution of the study is that it 
clearly exemplifies one of the advantages proposed for 
small case study research [31] in that  it provided seren-
dipitous insights which led the authors to design a larger 
mixed methods study which in turn generated useful theo-
ry which contributed to the emergent field of engineering 
practice studies. 

The contribution to engineering education pedagogy in-
volves the provision of first person accounts of the transi-
tion from academia to the start-up environment which can 
provide appropriate examples to use in role-play activity 
for engineering students using a jigsaw activity approach 
as outlined in section VIII A. 

Future research is expected to include a deepening the 
analysis of the GASA and YDreams contexts described 
here by enriching the interview data presented with addi-
tional data about this case such as documentary records 
from the contexts under study. At the same time we are 
looking towards acquiring similar data from other groups 
who have gone through a similar phase change process.     
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