
SSTTII  
SSttuuddiieess  

  
 

Science, Technology & Innovation Studies 

Vol. 10, No 2, December 2014  
 

 

Contents 
 

 

Helinä Melkas Information and knowledge base of innova-
tion policy-making: An analysis of documents 
on innovation information and knowledge 

3 

Marc R.H. Roedenbeck 
Jan C. Strobel 

Entrepreneurial Market Shaping in the Face 
of Path Dependency: The Success Story of 
Diesel Cars in Germany 

21 

Ulrike Tikvah Kissmann How Hegemonic Masculinity can be Under-
mined: Gender Hierarchies and Power Rela-
tions in the Operating Room 

45 

 

 

ISSN: 1861-3675 
 

www.sti-studies.de 



 

  



 

Science, Tec
Vol. 10 No. 2

ISSN: 1861-3

 

 

Informa
making:

An analy
knowled

Helinä Me
helina.me

Abstract 

This study 
cies. It is 
knowledge
carves ou
knowledge
policies. M
mation and
novation in
cy and oth
some posit
ventional, s
the private 
and techno
learning, n
processes o
for decisio
moving for
sented. 

chnology & Inn
2, December 2

3675 

ation and 
:  

ysis of do
dge 

elkas (Lappe
lkas@lut.fi)

 focuses on i
 crucial to 

e base of inno
t the char

e’ that are pre
Measurement 
d knowledge
nformation a
her documen
tive changes
science- and
 sector. This
ology does n
nor does it e
of innovation
n-making co
rward and im

novation Stud
2014 

 knowled

ocuments

eenranta Un
) 

nformation a
develop a 

ovation for s
acteristics o
evalent in the
 problems, i

e are discuss
and knowledg
nts. The stud
, data collec

d technology
 dominating

not capture a
mbed and d
n. The study
oncerning in
mproving in

dies  

dge base o

s on inno

niversity of 

and knowled
good unde

successful in
of ‘innovati
e conceptua
innovation m
sed first. The
ge are define

dy focuses o
ction and do
y-oriented vie
, simplified v
and reflect q
discuss the e
y contributes
nnovation po
nnovation in

of innova

ovation in

Technology

dge in innova
rstanding o

nnovation po
ion informa
lization of in

modes and h
e empirical p
ed and unde
n Finland. It
cuments stil
ew of innova
view of innov
qualitative pr
effects of wid
s to improvin
olicy and act
formation an

ST

Stud
www.sti-s

ation poli

nformatio

y,  

ation activitie
f the inform

olicy-making.
ation’ and 
nnovation str
hierarchy of 
part focuses 
rstood in str
t confirms th
ll reflect a na
ation mainly 
vation driven
rocesses of c
der societal 
ng the inform
tivities. Sugg
nd knowledg

TI 

dies 
studies.de 

icy-

on and 

es and poli-
mation and 
. This paper 
‘innovation 

rategies and 
data, infor-

 on how in-
rategy, poli-
hat, despite 
arrow, con-
 concerning 
n by science 
creativity or 
changes on 

mation base 
gestions for 
ge are pre-

 
 
 
 

 

 
 
 
 
 
 



4 STI Studies Vol. 10, No. 2, December 2014 

 

 

1 Introduction 

“Given the importance of innovation to 
individuals and societies everywhere, the 
global inadequacy of tools—even a rigor-
ous vocabulary—to measure innovation 
and trace its effects is striking.”  Carl 
Schramm, 2008 

Innovation is a ‘hot’ topic nowadays. 
Purely science and technology-
oriented thinking has made way for 
more holistic viewpoints. Today inno-
vation is understood as covering many 
different types – from product innova-
tion to process, organizational, ser-
vice, social, and so forth; open innova-
tion is sought for and advocated and 
practice-based innovation is increas-
ingly gaining interest (Harmaa-
korpi/Melkas 2012). Is this wider view 
reflected in statistics and data collec-
tion, strategy documents, conventions, 
and alike at international, national, 
regional and organizational levels? 
How do the different sectors perform 
in this regard?  

Widely available indicators such as 
R&D inputs, patent counts, patent cita-
tions, counts of new product an-
nouncements and more specific sur-
vey-based measurements have been 
used in trying to capture companies’ 
innovative performance (Hage-
doorn/Cloodt 2003). Indeed, statistics 
on R&D and patents have become 
easily accessible, while it is much more 
difficult to develop variables capturing 
creativity and the characteristics of 
learning organizations and to link 
those to innovative performance (Lo-
renz/Lundvall 2006). Today’s meas-
urements and criteria of innovation do 
not capture societal changes; there is a 
clear need for new ways to measure 
results and identify them and new 
ways to conceive innovation infor-
mation and knowledge (cf. Lundvall 
2007).  

Information and knowledge are con-
cepts that are widely referred to in 
discussions and research of innova-
tion. Yet, their characteristics as well 
as their interaction and relationship as 
well as implications of that interaction 

are hardly focused on. This study anal-
yses present views of innovation in-
formation and innovation knowledge. 
On the basis of the results, it proposes 
ways in which to look into them in the 
future in order to narrow the gap (cf. 
Melkas/Harmaakorpi 2012) between 
high-level innovation strategies and 
policies on the one hand and grass-
roots innovation activities on the other 
hand. Narrowing such a gap might 
increase effectiveness and long-term 
sustainability of innovation strategies 
and policies (cf. OECD 2008).   

This study focuses on how innovation 
information and knowledge were de-
fined and understood in different years 
in strategy, policy and other docu-
ments. The research materials consist 
of national, regional and international 
documents retrieved from the Internet 
and containing these concepts either 
in the English or Finnish languages. 
The purpose is to ‘test’ the following 
proposition: Data collection, strategy 
and policy documents and alike still 
reflect a narrow, overly science- and 
technology-oriented view of innovation 
taking place mainly in the private sec-
tor. The study contributes to the im-
provement of the information base for 
decision-making concerning innova-
tion policy and activities. The study 
also clarifies the problematic situation 
by “disaggregating” it: where is the 
problem in the information base and 
how does it manifest itself? The results 
may also help in improving interac-
tions between decision-makers, practi-
tioners and researchers.  

The theoretical background contains 
themes to be taken into account when 
considering innovation information 
and knowledge. The theoretical dis-
cussion lays the foundation for under-
standing how wide a topic innovation 
information and knowledge should be 
in the future.  
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tical expertise are combined with the help 
of various ideation and creative methods; 
such sessions may aim at, for instance, a 
concrete product or process innovation.   

Sub-category 2b contains more heteroge-
neous, longer-term development of organi-
zations, the effectiveness of which be-
comes visible more slowly. This may be 
conducted with the help of, for instance, 
applied community-based theatre methods 
and learning by doing. In this kind of de-
velopment that aims at, for example, or-
ganizational and social innovations, every 
employee – and customer – is an expert. 

2.2 Innovation measurement 

Innovation is viewed as an evolution-
ary process within an organization to 
adopt any change pertaining to a de-
vice, system, process, policy, or service 
that is new to the organization (Calan-
tone et al. 2002). Measuring innova-
tion can be challenging, especially 
when there is a need to bring clarity to 
a fundamentally creative process 
(Skarzynski/Gibson 2008). Traditional 
corporate measurements focus on 
aspects such as innovation process 
efficiency, employees' contribution and 
motivation as well as benefits for cus-
tomers. Measured values vary widely 
between businesses, covering such 
indicators as new product revenue, 
investment in R&D, time to market, 
customer and employee satisfaction, 
number of patents and additional sales 
resulting from past innovations.  

For the political level, measurements 
of innovation usually focus on a coun-
try or region. The types of innovation 
measured have increased, but tradi-
tional methods of measuring still in-
form many policy decisions. The accu-
racy of innovation measurements is 
widely discussed, but changes are slow 
due to various practical challenges in 
data collection. This study concerns 
both organizational and political lev-
els, but indirectly. That is, the data 
concern both levels, but the levels are 
not the focus of our attention in the 
results. This is because we believe that 
many of the problems should be dealt 
with at both levels at the same time. 
Skarzynski and Gibson (2008) noted, 

concerning innovation measures at the 
organizational level, that they can help 
managers in two ways: (i) to make 
informed decisions based on objective 
data; and (ii) to help align goals and 
daily endeavors with the near- and 
long-term innovation agenda. Both 
ways are also relevant for the political 
level. If the two levels do not speak 
“the same language”, problems in 
measurement likely persist.  

In general, intangibles are hard to con-
cretize, and that is why they are also 
hard to measure and manage (Bontis 
2001; Marr 2007). When measuring 
intangible things, indirect indicators 
are usually used to capture things that 
cannot be measured directly. If the 
phenomenon itself cannot be meas-
ured, then something closely linked to 
the phenomenon has to be measured. 
Indirect measures can be divided into 
objective and subjective measures. 
According to Saunila et al. (2012), all in 
all, the current types of measurement 
are especially difficult to apply to prac-
tice-based innovation because it often 
is more intangible by nature than tra-
ditional science- and research-based 
innovation. Current objective innova-
tion measurements are focused on 
industrial and technological innova-
tions, while service innovations have 
no proper way of being measured. 
Subjective measurement has tradition-
ally been conducted via questionnaires 
or other subjective assessment models 
(for further information, see Saunila et 
al. 2012).  

Lundvall (2007) noted that traditional 
innovation indicators reflect outputs 
such as number of patents or inputs 
that are easy to measure such as R&D 
expenditure. When it comes to indica-
tors of knowledge, there is a strong 
bias in favour of explicit knowledge. 
Investment in scientific knowledge is 
measured by surveys on R&D and in-
novation. The know-how built up 
through learning by doing, using and 
interacting – while, for instance, co-
creating service or social innovations – 
is much more difficult to measure. 
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Human capital measurements may 
register formal investment in educa-
tion but what people learn at the 
workplace or as customers is not easy 
to capture through standard meas-
urements. The absence of indicators 
makes the area less visible for policy 
makers, which contributes to a bias in 
innovation policy toward promoting 
STI (Science – Technology – Innova-
tion) rather than DUI (Doing – Using – 
Interacting) activities. For example, 
you can have better technology, but 
there are also crucial learning tasks 
involved that are important for innova-
tion. Such measurements and research 
are still missing, to a great extent.   

2.3 From data to knowledge and fur-
ther 

We now move on to the remaining 
fundamental concepts that lay the 
foundation for this study. It is im-
portant to understand the relationship 
between the three concepts of data, 
information and knowledge and how 
the quality of one affects the others. 
There are significant differences in 
how people describe and understand 
data, information and knowledge. 
(Pierce et al. 2006.) The role and quali-
ty of information, knowledge and data 
in enhancing functions of innovation 
management and therefore in innova-
tion policies are crucial. Knowledge 
controls and guides decision-making 
and other processes through assess-
ment of information. Quality of infor-
mation, again, cannot be improved 
independently of processes that pro-
duced this information and of contexts 
in which information consumers utilize 
it (Strong et al. 1994; Lee/Strong, 
2003). The same applies vice versa; 
contexts and processes cannot be im-
proved independently of quality of 
information. The relationship between 
information management and 
knowledge creation is close. Good 
information quality helps greatly in 
knowledge creation (Huang et al. 
1999). 

Unfortunately, a line is typically drawn 
between data- and information-related 
research and research on knowledge 
management, leading to a situation 
where the important interrelationship 
between these is often overlooked 
(Melkas 2004). In innumerable re-
search studies, the terms data, infor-
mation and knowledge are used inter-
changeably. Between information and 
knowledge, there is also considerable 
conceptual obscurity. Some research-
ers emphasize that despite their differ-
ence, the relationship between infor-
mation and knowledge is interactive 
(English 1999; Huang et al. 1999). The 
situation is further complicated by 
different types of knowledge – explicit, 
tacit and self-transcending (see, e.g., 
Nonaka/Takeuchi 1995; Pierce et al. 
2006). Scharmer’s (2001) concept of 
self-transcending knowledge means 
tacit knowledge prior to its embodi-
ment; the ability to sense the presence 
of potential, to see what does not yet 
exist. Drawing the lines between the 
various concepts is quite problematic. 
Explicit and tacit knowledge, for in-
stance, are not independent of each 
other but mutually complementary 
(Melkas 2004; Pässilä et al. 2013).  

One reason for the general confusion 
occurring in conceptual discussions 
may be caused by a “chaining process” 
that takes place in organizations (Mil-
ler et al. 2001). Some explicit 
knowledge may be treated as data by 
higher level processes. Explicit 
knowledge also may be sent to deci-
sion-makers who view it as infor-
mation. Certain information may like-
wise be treated as data by higher level 
processes. Miller et al. (2001) empha-
sized that recognizing and understand-
ing this chaining process may contrib-
ute to perceiving the complexity of the 
field. About ten years later it is still 
rarely discussed, although a similar 
chaining process appears to take place 
– not only internally but also  between 
organizations and the political level. 
The concepts in question have been 
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summarized as follows by Miller et al. 
(2001: 365): 

“Data: A representation of an object. 

Information: The aggregation of data into 
something that has meaning (semantics) 
through interpretation by human or auto-
mated processes. 

Knowledge: That which is derived and in-
ferred from assimilating information 
against perceived context, experience or 
business rules. 

Decision: A process for arriving at a solu-
tion to a problem, using knowledge to 
assess and judge information. 

(Situational) awareness: The assessment of 
information into decisions and actions, 
guided by knowledge of the contextual 
domain.” 

Awareness foregoes, in our view, un-
derstanding. That concept will be dis-
cussed in the concluding section of 
this study.  

2.4 Quality issues for data, infor-
mation and knowledge  

Information quality has traditionally 
been studied by researchers interested 
in information systems, databases and 
their management and data security, 
to mention a few. Researchers have 
concentrated on company environ-
ments and business information. Stud-
ies of information quality in the con-
text of innovation are still few. 
Knowledge quality is a newer concept 
than data and information quality. 
Conventionally, information quality 
has been described as how accurate 
information is. Huang et al. (1999) 
claimed in their comprehensive 
“guidebook” that no standard defini-
tion for the concept exists. English 
(1999) listed two general definitions: 

“information quality is consistently meet-
ing knowledge worker and end-customer 
expectations through information and in-
formation services, enabling them to per-
form their jobs efficiently and effectively; 
and information quality describes the at-
tributes of the information that result in 
customer satisfaction.” 

Wang and Strong (1996: 6) defined 
“data quality” briefly as “data that are 
fit for use by data consumers”. On the 

basis of these definitions and the theo-
retical discussion on, for instance, 
measurement problems, it can be ar-
gued that the quality of innovation-
related information is generally far 
from high quality. We are dealing with 
an issue – innovation – that is charac-
terized by highly fragmented infor-
mation and knowledge as well as 
needs. Moreover, the Web has become 
a large repository of information with 
varying qualities, and many users con-
sume that information without know-
ing its quality (Zhu et al. 2011). The 
following empirical part sheds some 
light on the complicated reality.  

3 Material and methods 

There is a body of research literature 
on information and knowledge for 
innovation, for instance, information 
and knowledge sourcing practices of 
companies. Veshosky’s (1998) study 
concerned innovation information – 
the ways in which project managers in 
the U.S. engineering and construction 
industry attempted to obtain infor-
mation about relevant innovations and 
the ways in which industry firms at-
tempted to facilitate their project man-
agers’ abilities to obtain such infor-
mation. He found that project manag-
ers rely heavily on trade magazines 
and conversations with coworkers for 
information about innovations and 
that firms’ efforts to facilitate infor-
mation seeking by their project man-
agers focus primarily on information 
from internal sources; reports of “les-
sons learned” and other means. Pro-
ject managers are often unaware of 
their firms’ policies or programs in-
tended to assist them in obtaining in-
novation information, or do not use 
available assistance (Veshosky 1998). 
While this is not a new study, its con-
clusions are still valid.    

The following is a case study in which 
strategy and policy documents and 
statistics are investigated qualitatively 
to find out about definitions and de-
scriptions concerning innovation in-



Melkas: Information and knowledge base of innovation policy-making  

 

 

9

formation and innovation knowledge. 
This is not a literature review, as we 
claim that strategy and policy docu-
ments and statistics reflect current 
understanding at the national and re-
gional levels in Finland better than 
research studies. Moreover, in today’s 
changing communication environ-
ment, it was seen as apposite to inves-
tigate publicly available documents. 

Finland was chosen as the country 
focused on due to, for instance, rela-
tively advanced innovation strategies 
and policies. The situation in Finland 
may well be indicative for other coun-
tries, too. The study does not focus 
directly on different types of innova-
tion or on the concept of innovation 
itself.  

The documents to be studied were 
chosen after a review of 250 strategy, 
policy or statistical documents on the 
Internet that included the concepts of 
innovation information, innovation 
knowledge or the corresponding con-
cepts in the Finnish language (inno-
vaatiotieto, innovaatiotietämys). The 
documents, most of which concerned 
Finland or were strategy documents of 
international organizations were origi-
nally retrieved in the autumn of 2008. 
They were produced in 2002–2008. Out 
of the 250 original documents 48 were 

of sufficient quality and depth for a 
detailed investigation. The initial aim 
was to investigate an equal number of 
documents from various hierarchical 
levels – the national, regional and local 
levels, for instance – but the quality of 
the data was such that the criteria had 
to be changed. The 48 documents were 
finally selected – not because of their 
origins but – as they contained either 

some kind of a definition of one of the 
concepts or a practical content related 
to it (or both), as understood by the 
authors of the documents or organiza-
tions that had published them. The 
documents are characterized in Table 
1. 

The difficulty of finding and selecting 
relevant documents is a result in itself; 
despite the importance of the concepts 
they are focused on surprisingly rarely. 
To improve the quality of the study, 20 
other national and regional innovation 
policy related documents (that did not 
come up in the original search) were 
retrieved and read with – interestingly 
– no traces of the concepts sought for.  

Another search with the same concepts 
was conducted in 2010. At that time, 
44 documents were found and studied. 
Updates were sought for in 2012, but 
the actual study was conducted on the 
basis of the earlier materials. There 

2008 2010 

48 documents, of which 44 documents, of which 

- 22 concerned innovation infor-
mation 

- 26 concerned innovation 
knowledge 

- 39 concerned innovation infor-
mation 

- 5 concerned innovation knowledge 

- 5 were national, regional or inter-
national policy documents (pro-
duced by ministries or other public 
bodies) 

- 10 were industry-related docu-
ments 

- 13 were science-related documents 
(not research papers but produced 
by research institutes or alike) 

- 23 were national, regional or inter-
national policy documents 

- 11 were industry-related docu-
ments 

- 10 were science-related documents 

Table 1: The research data 
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was very little change from 2010 to 
2012, but updates were checked to 
improve quality.   

As the study concerns many agencies 
and their work in a light that is not 
necessarily beneficial for them, the 
results are partly anonymized, that is, 
the names of the agencies or website 
links are in some cases not given. The 
study sheds light on practical defini-
tions and limitations of the concepts of 
innovation information and innovation 
knowledge. The study provides support 
to the theoretical discussion concern-
ing the widening innovation discourse 
and recommendations for policy-
makers. The interest is not in the 
change itself, although the samples 
were obtained in 2008 and 2010 partly 
also in 2012. Many of the earlier doc-
uments were still available in 2010 and 
2012. Only the new documents or up-
dates were retrieved, resulting in 
smaller numbers of documents for the 
later year. In this type of study, the 
data are not comparable as such 
across years. In this reporting of the 
results, the most comprehensive 2008 
search is primarily focused on, but this 
does not imply discounting the later 
data or overlooking the change alto-
gether.  

The key questions in analysing the 
documents included:  

How is innovation information or innova-
tion knowledge defined? 

How is it discussed in practice; what does 
it include? What does it not include? 

What needs are there concerning innova-
tion information or innovation knowledge 
in the context discussed? 

4 Results 

4.1 Views of innovation information  

‘Innovation information’ was focused 
on by studying the contents of 22 
strategy, policy or other public docu-
ments from Finland (produced by na-
tional agencies, regional agencies, 
universities and research agencies or 
companies) and abroad (OECD, Euro-

pean Parliament, European Commis-
sion) for 2008, and 39 for 2010. The 
concept was not defined properly in 
any of the documents that referred to 
‘innovation information’. ‘Information’ 
referred in these documents first and 
foremost to scientific information and 
utilisation of research results, alt-
hough the concept was not precisely 
defined. This is typical when discuss-
ing information – it is not broken 
down in detail and thus the core of 
challenges and cause-effect relation-
ships typically remains hidden or over-
looked (cf. Melkas 2004). It was indeed 
striking that even the concept ‘innova-
tion’ was not defined in the documents 
concerning that phenomenon. That 
would be the starting point with regard 
to innovation information, too, as the 
view of innovation has a significant 
impact on how innovation information 
(and knowledge) is understood.  

A document by the Finnish Funding 
Agency for Technology and Innovation 
(Tekes 2008) for instance, presented 
results of an innovation index devel-
oped by the World Economic Forum. 
Finland was placed at the top when 
looking at the results of an interna-
tional comparison. The index reflects 
(i) quality of research of research or-
ganisations, (ii) R&D costs of compa-
nies, (iii) collaboration between uni-
versities and companies, (iv) availabil-
ity of researchers and engineers, (v) 
use of patents and (vi) protection of 
immaterial rights. With regard to pro-
jects funded by Tekes, the following 
outputs were measured: (i) academic 
theses, (ii) publications, (iii) patent 
applications of research units, (iv) pa-
tent applications of companies, (v) new 
or substituting products, (vi) new or 
substituting services and (vii) produc-
tion processes.  

A generally held view of innovation 
information is that it is business in-
formation and thus confidential and 
protected, for instance patented. Sci-
entific information, by definition, 
should not be any of those. Scientific 
information is needed by many others 
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than companies: ordinary citizens, 
non-governmental organisations, po-
litical decision-makers, judicial bodies, 
and companies other than those par-
ticularly concerned (discussion in a 
scientific web blog, October 2008.) 
Despite this important point, the un-
derstanding concerning innovation 
information in the documents analysed 
concerned ‘technical’ issues such as 
number of patents and volume of R&D 
activities in terms of their costs.  

For instance, in a research presenta-
tion on utilisation and protection of 
innovations in the building industry 
and use of innovation information in 
that industry (written at a Finnish uni-
versity), it was noted that 80-90 per 
cent of all technology information is 
published in patent applications. By 
using patent information, developing 
already existing technical solutions 
again may be avoided. Other types of 
innovation information listed in the 
document included usability models, 
model rights and other immaterial 
rights. An innovation chain was under-
stood as starting from acquisition of 
innovation information, registration of 
possible patent or other rights and 
licence agreements and continuing to 
information management related to 
copying and distribution of advanced 
planning and building solutions. (A 
research presentation by Finnish re-
searchers, October 2008.) 

Business intelligence (BI) and competi-
tive intelligence (CI) are also concepts 
that one comes across in this type of  
study with the search term ‘innovation 
information’. They are fields that focus 
on ways in which companies can effi-
ciently acquire strategic information 
needed for management and decision-
making. This kind of strategic infor-
mation is related to, for instance, mar-
ket acquisitions, information on com-
petitors’ activities, even industrial es-
pionage, threats to one’s technology 
advantage, ways to attract new cus-
tomers, retaining the customer base, 
knowing customers and their needs 
(both visible and hidden) and buying 

behaviour. A business intelligence sys-
tem is used to analyse and interpret 
the information collected, such as in-
formation on the population and ad-
dress information, marketing data, 
innovation information (not defined), 
information on Internet use and in-
formation on on-line events. It was 
mentioned in the document in ques-
tion that  

“the information that has been collected 
with much effort needs to be refined to 
become part of a company’s knowledge 
and developed into clear operational strat-
egies that are based on real information on 
customers, competitors and markets, so 
that the company gains a significant com-
petitive advantage.”  (A development centre 
related to the information society, October 
2008) 

In a Finnish regional action plan for 
internationalization (Keski-Suomen… 
2009), innovation information was also 
brought up as needing to be better 
exploited in development work of dif-
ferent actors. There were suggestions 
for measures and targets of assess-
ment, but they were quite conventional 
ones and not even very much related 
to innovation information. The concept 
of innovation information was not 
defined. Koski (2007), again, wrote 
about innovation information as 
sources of information for innovation 
activities of companies (own company 
and customers being the most im-
portant ones).  

In Figure 2, typical directions of under-
standing innovation information are 
given on the basis of the findings. 
There are other directions as well, but 
these were identified as typical ones 
(through a quantitative and qualitative 
assessment). The general view (usually 
without any definitions) was most 
common among international organi-
zations and their strategy documents. 
The intellectual property rights (IPR) 
focused view was found both in inter-
national documents and national, 
company-oriented documents. The 
other two, the company relations fo-
cused view and the business intelli-
gence focused view were both found 
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Table 2: The topics of the reviews of statistics in 2008 and 2010 (main results).  

2008 2010 

1. Introduction 1. Introduction 

2. Innovation activity connected to 
product and process innovations in 
2006 - 2008 

2. Innovation activity related to prod-
uct and process innovations 2008-
2010 

3. Marketing and organisational inno-
vations 2006 - 2008 

3. Marketing and organisational in-
novations 2008-2010 

4. Introduction of innovations produc-
ing environmental benefits in 2006-
2008 

4. Creativity 

 5. User orientation in corporate inno-
vation activity and the production of 
innovative products 2008 - 2010 

 6. Innovation activity in human 
health and social work activities 2008 
- 2010 

 

Valovirta et al. 2009, on the use of 
SFINNO in innovation research.)   

In addition to VTT, Statistics Finland 
compiles a wide variety of statistics on 
innovation: new products, services and 
processes of industries and certain 
service sectors, production methods, 
costs of innovation activities, their 
structure and impacts as well as fac-
tors related to innovation processes 
(sources, collaboration, obstacles). The 
data are collected from companies 
only. Statistics Finland has lately in-
cluded novel types of data in its data 
collection. The definitions of Statistics 
Finland concerning innovation and 
innovation activities are relatively 
broad. An innovation is “a new or sig-
nificantly improved product (goods or 
services) brought to market by an en-
terprise or a new or significantly im-
proved process, a new marketing 
method, or a new organizational 
method in business practices, work-
place organization or external rela-

tions implemented by an enterprise”. 
Innovation is seen from the point of 
view of products, processes, marketing 
methods or organizational methods. 
Innovation activity has two definitions, 

of which the broad definition is indeed 
quite broad: “Innovation activities 
mean all operations and steps which 
lead, or are intended to lead, to the 
implementation of innovations.”  

In a reform of definitions, the concept 
of innovation was widened to cover 
marketing and organizational innova-
tions in addition to product and pro-
cess innovations. These types of inno-
vations were focused on for the first 
time in the results for 2004–2006 (pub-
lished in 2008). Bigger companies are 
covered to a higher degree, which is 
likely to reflect a more traditional view 
of innovation in the results. In the con-
text of the 2008 results, Statistics Fin-
land noted on its website: “Innovation 
and innovation activities are only pos-
sible to define at a general level. As 
innovation research is based on the 
enterprise’s own interpretation of the 
given definitions, in addition to a sam-
pling error, also a measurement error 
is possible.”  

For the Innovation Survey 2010 (cover-
ing 2008–2010), in addition to harmo-
nized EU data, the Finnish survey col-
lected other types of data that were 
considered important for the descrip-
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tion of innovation activity. The ques-
tions asked at the national level relat-
ed to topics such as procedures used 
by enterprises to integrate user orien-
tation in their innovation activity and 
in the manufacturing of innovative 
products. National results on human 
health and social work activities were 
also reported on. These novelties are 
quite interesting; it could be assessed 
that steps are indeed taken in a more 
multi-faceted direction. Table 2 shows 
that several new topics were included 
in 2010.  

With regard to creativity for instance, 
methods to stimulate new ideas or 
creativity were investigated. User ori-
entation in the innovation activity was 
also assessed (incorporation of user 
information and users into innovation 
activity and the production of innova-
tive products in 2008-2010 in enter-
prises with product innovations new to 
their markets). Obstacles of innovation 
activity were surveyed and the results 
indicated that lack of technological 
and market information was among 
recognized obstacles for some enter-
prises All in all there is a wealth of new 
data, also on effects, objectives and 
reasons of innovation activity. For in-
stance, information sources for inno-
vation activity in human health and 
social work activities were investigated 
in 2008–2010, according to importance 
of sources, in enterprises with innova-
tion activity (www.tilastokeskus.fi/til/ 
inn/kas_en.html). 

4.2 Views of innovation knowledge 

‘Innovation knowledge’ was focused 
on by investigating 26 strategy, policy 
or other public documents from Fin-
land and other countries for 2008, and 
5 for 2010. This was a less used and 
more obscure concept. There was a 
large amount of documents emphasiz-
ing the link between innovation, 
knowledge creation and knowledge 
transfer – and on the other hand, in-
novation information from a very 
technical point of view, as discussed in 
the previous section. Syntheses or 

common understanding or wider views 
hardly existed (apart from OECD 2008). 
This result reflects two polarized ap-
proaches – knowledge management in 
innovation on the one hand and patent 
information on technical appliances or 
other quite narrow types of infor-
mation on the other. However, innova-
tion information and knowledge is or 
should be a strategic issue at different   
levels. There was very little change – if 
any – in the situation in this study 
from 2008 to 2010. The results also 
showed that while there were some 
interesting documents with well-
developed ideas, these ideas had ap-
parently not reached, for instance, 
national strategy makers yet. 

 A unique document identifying inno-
vation knowledge was a Finnish work-
book related to IPR issues. In it, inno-
vation knowledge (innovaatiotietämys 
in Finnish) was seen as a sub-category 
of business knowledge (see Table 3). 
This is an example of a narrow view, 
but at least there was a definition. De-
fining the concept in this way for this 
particular type of workbook is, as 
such, understandable. 

4.3 Future needs and directions 

Despite the shortcomings, it could be 
seen in some of the documents – and 
especially the databases – that under-
standing is gradually changing and 
increasing with regard to innovation. 
In an OECD document (2008) – that 
could be called very advanced in this 
study – it was noted that a key policy 
challenge for OECD countries is to 
develop and implement policies that 
support innovation in a broader sense 
(e.g., including organizational and 
non-technological innovation) and to 
include sectors that do not undertake 
much R&D (e.g., resource-based and 
traditional sectors) as well as services. 
OECD’s view was confirmed in this 
study’s documents; many government 
initiatives targeting innovation remain 
focused on technological or science-
based innovation. Interestingly, impact 
assessment was brought up as a cor-
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Table 3: Business knowledge (source: http://palveluverkko.prh.fi/immateriaalityo-
kirja/immateriaalityokirja.pdf, accessed 24 July 2012). 

Customer 
knowledge 

Competitor and partner 
knowledge 

Innovation 
knowledge 

• Account of cus-
tomer needs 

• Research on con-
sumer behavior 

• Market analysis 
• Analysis of poten-

tial licensees 

• Analysis of competitors 
• Monitoring of competitors 
• Competitors’ patent appli-

cations (analyses of patent 
statuses, claims and can-
cellations) 

• Research on production 
and marketing obstacles 

 Mapping of potential col-
laboration partners, sub-
contractors or license 
sellers 

 Account and analy-
sis of the technical 
level  

• Monitoring and 
analysis of the 
technical field  

• Search for the 
technical solution 

 A technology map 

 

nerstone of innovation policy by the 
OECD. Policies to foster innovation are 
increasingly emphasized in many 
countries and governments need to 
justify how much they invest in inno-
vation, where they invest and how 
much the public gets in return. It was 

noted that assessing the socioeconom-
ic impacts of public R&D is crucial in 
order to evaluate the efficiency of pub-
lic spending, assess its contribution to 
achieving social and economic objec-
tives and enhance public accountabil-
ity. 

Determining and measuring the vari-
ous benefits of investment in R&D for 
a society is difficult. R&D spillovers 
and unintended effects are likely, since 
many key scientific discoveries are 
made unintentionally and applications 
of scientific research may be far from 
the original goal of the R&D. The time 
required to reap the full benefits from 
R&D may be quite long. According to 
OECD (2008), indicators based on in-
novation surveys are an important 
source of information for measuring 
innovation activities in firms and inno-
vation performance across countries, 
but their usefulness for guiding policy 
is limited by their extensive use as av-
erage pointers for benchmarking pur-

poses. They hide the great heterogene-
ity of innovation patterns across firms, 
sectors and locations.  

Indeed, the OECD report suggested 
using more sophisticated indicators 
based on innovation microdata (i.e. at 
firm level) to assess the individual 

characteristics of firms according to 
firm size, industry sector and “mode” 
of innovation. Understanding and 
measuring different forms of innova-
tion can help to improve policy design 
and implementation. The OECD Inno-
vation Microdata project is the first 
large-scale multinational attempt to 
exploit firm-level data from innovation 
surveys for economic analysis and the 
development of new indicators. Even if 
common innovation patterns have 
been identified, there is no “single” 
mode of innovation, and there appear 
to be major national differences in 
patterns of competitive and compara-
tive advantage. Innovation in firms 
goes considerably beyond technologi-
cal innovation and own generation of 
technology; policies to foster innova-
tion will need to account for this diver-
sity. Innovation surveys can be ex-
ploited further, for example by match-
ing innovation survey data with other 
firm-level data and administrative rec-
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ords, such as balance sheets, R&D 
surveys, etc. This would allow for a 
better understanding of innovation 
performance and the policies that 
affect innovation. (OECD 2008.) 
Despite these advanced ideas the 
document still reflects a very 
company-oriented view. What we need 
is a view that also covers the public 
and third, non-governmental sectors 
as well as hybrid constellations. These 
were missing from the documents 
investigated in this study. A clear 
emphasis on long-term effectiveness – 
as already called for by the OECD, 
implicitly – would also be needed and 
innovation information and knowledge 
likely play a major role in it. This is an 
important issue for future research. 

In a regional document from Finland 
(Osaava Pohjois-Suomi 2009), future 
directions related to innovation 
information were assessed in a rare 
way. They were listed as improvement 
of regional research management, 
juridical services for companies and 
other services to support 
establishment of new companies. It 
was noted that research in the region 
was “stuck in optimizing what is 
existent”. Researchers are employed in 
various regional development 
assessments and investigations, and 
the danger is that new openings are 
not made – openings that would 
enhance regional innovativeness, 
competence and learning. A significant 
challenge for researchers is to bring 
traditional industrial companies to 
sources of innovation information. The 
role of innovation networks and their 
support was highlighted. Rather than 
supporting individual innovative 
companies, innovation networks 
should be supported. (Osaava Pohjois-
Suomi 2009.) This brings up a new 
problem: how can networks and their 
innovativeness and innovation be 
discussed and made visible? Are there 
suitable concepts for monitoring, for 
instance, networks of knowledge-
intensive service companies focusing 
on, for example, various consulting 

tasks? Foresight activities as well as a 
better combination of research and 
practice were also brought up in the 
document.   

5 Discussion and conclusions: 
Towards clarity and innovation 
understanding 

This study has its limitations; Internet 
searches may have many 
shortcomings. However, the research 
data that were obtained with the help 
of the Internet searches would not 
have been possible to collect 
otherwise. The aim was to gain an 
overview of the views and contents of 
innovation information and knowledge 
at various ‘fronts’ at two points in 
time. This was deliberately not a 
literature review of academic 
publications. The results showed that 
while there was some variety in views 
concerning innovation information 
and knowledge, the concepts were 
usually not defined and were 
understood in a narrow, let’s even say, 
old-fashioned way. Their use typically 
reflected traditional “faith” in science 
and technology policy. According to 
the results, both concepts need 
clarification and widening in future 
documents. The present views also 
focus mainly on companies, failing to 
acknowledge that there are many 
other types of actors in innovation 
activities nowadays, also networks. 
Even the wider views did not cover the 
various types of innovations in a clear 
way. Nor did they cover the STI – DUI 
distinction and interaction, or 
innovation modes 2a and 2b (cf. 
section 2.1).  

Against this background, follow-up 
questions arise. Why is this so? Why is 
there a gap between ambitious new 
concepts of innovation – such as 
practice-based innovation or social 
innovation – and rather old-fashioned 
views on innovation in the selected 
documents? Is this mainly a problem 
of measurement? Or are there other 
factors at work? What are the starting 
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when talking about innovation is not 
irrelevant. From fragmented and unde-
undefined initiatives we thus need to 
move towards collection and 
communication of understanding 
concerning innovation. 

This study resulted in a few other 
considerations as well. Firstly, new 
emphases such as user-driven 
innovation and broad-based 
innovation (e.g., Finnish Government 
2009) highlight the need for a more 
holistic view. Should we reach 
communication of functional 
innovation understanding, we could 
reflect the wide variety of innovation 
and make things that are not visible in 
current statistics and measurements 
visible and more valued. Secondly, in 
future research, the relevant 
embodiments of innovation 
information and knowledge for 
different types of innovations could be 
specified, through case studies for 
instance. What sort of innovation 
information and knowledge would be 
needed for social innovation; what 
about organizational innovation? 
Obviously, this is complicated by the 
different levels – the organizational 
and the political. In this study the 
levels were deliberately “politically” 
blended, but in future research, they 
could be separated, yet included in the 
same study. For instance, what sort of 
information or knowledge would 
reflect creativity and what kind of 
information and knowledge does 
creativity need? Combining individual-
level views concerning innovation 
information and knowledge and 
national-level views is increasingly 
important; a national funding authority 
considering how to help 
innovativeness in Finland catch up to 
the international level and a local 
public sector employee who considers 
how to support innovation in her/his 
sector should not be as far from each 
other as at present.  

The initial proposition of this study – 
that data collection, strategy and 
policy documents and alike still reflect 

a narrow, overly science and 
technology-oriented view of 
innovation taking place mainly in the 
private sector – was clearly confirmed. 
The innovation discourse is still 
dominated by the natural science 
tradition; evidence for instance, is 
typically understood as quantitative 
data, while qualitative studies on the 
co-creation of information and 
knowledge should be (at least) equally 
as important (e.g., Pässilä et al. 2013). 
Such studies, if conducted in a careful 
and ethical way, disclose factors that 
increase innovativeness and creativity 
at the individual and organizational 
level. In general, what is also missing 
is innovation information and 
knowledge that measures and reflects 
well-being – the numbers of school 
drop-outs, statistics on youth 
education, information on ‘illfare’ in 
work life, just to mention a few. Such 
information is collected, but for 
different purposes only and the various 
sources and types of information 
relevant for innovation do not meet, 
unfortunately. Are we then actually 
talking about innovation information 
and knowledge, or information and 
knowledge innovations? It seems that 
both are needed in the present 
innovation context that would require 
increased openness, effectiveness and 
a multi-disciplinary, or rather – a 
“post-disciplinary” approach. Public 
awareness of innovation is an 
important part of innovation activities 
and it is not just a question for 
innovation journalism, communication 
studies, or any other discipline alone.  
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Abstract 

This paper explores the switch from a dominant design despite its self-
reinforcement effects. A mixed design study of the German car market history re-
veals that the dominance of Otto cars can be regarded as path dependence with 
self-reinforcement. The introduction of Diesel cars can be described as path crea-
tion due to multi-faceted agency. Changing for example the Diesel technology and 
taxation measures a momentum was created. This resulted in a decrease of the 
transaction costs and redirected old reinforcement effects in favour of the Diesel 
cars. Therefore, it is concluded, that future market introductions have to target the 
driving mechanisms behind the dominant design. 
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1 Introduction 

The ‘Limits to Growth’ by the Club of 
Rome (Meadows et al. 1972) as well as 
the subsequent oil crises in 1973 and 
1979 made the public aware of the fact 
that petroleum based fuel is a limited 
resource. Therefore a reduction in its 
consumption was seen as desirable 
through, for example, more fuel effi-
cient automobiles. Currently, and de-
spite several technological progresses, 
this aspiration has not lost its rele-
vance. It is further intensified by the 
climate change debate (UNFCCC 1997) 
leading to the central challenge of re-
ducing CO2 emissions per car. Possible 
ways to reach these goals include the 
advancement of existing engine tech-
nologies or the introduction of new 
ones like hybrid and fuel cell cars. Fo-
cusing on the introduction of new de-
signs, the greatest challenge seems not 
to be their initial technological devel-
opment but overcoming the current 
dominant design (Utterback 1994) of 
the Otto engine. 

Although there are already compre-
hensive studies on the dynamics of the 
introduction of new passenger car 
technologies (Christidis et al. 2003), 
the outcome of the process seems 
hardly foreseeable. However, what can 
be investigated in the context of inno-
vation processes are the driving forces 
behind the strength of the dominant 
design as well as how innovative de-
signs are pushed into the market. This 
does not necessarily mean that intro-
duced technologies automatically gain 
a large market share, but it is possible. 
Hence the central questions are: 1) 
Which mechanisms drive the mainte-
nance of the status quo in the car 
market, possibly hindering the intro-
duction of passenger cars with more 
fuel efficient engine technologies? 2) 
How can these mechanisms be influ-
enced?  

For the analysis of the mechanisms 
and agency in these diffusion process-
es, three theoretical approaches are 
combined: Firstly, the concept of path 

dependency explains the drive towards 
a stable dominant design by increasing 
returns (Arthur 1988, Beyer 2005). 
Secondly, path creation focuses on 
how such path dependent processes 
can be influenced by agency 
(Garud/Karnøe 2001, 2003). Finally, the 
S-curve-approach and its idea of tech-
nological switches from one curve to 
another (Sahal 1981, Christensen 
1992a, b) is used as a link between 
these two sides of the ‘path-coin’. 

Using these analytical concepts the 
goal is to draw lessons from the histo-
ry of comparable cases. For this pur-
pose a case in the context of passenger 
cars is needed where an existing dom-
inant technological design is (at least 
partly) substituted by a more efficient 
technology. It is easy to figure out that 
the dominant design in passenger car 
technologies has been the Otto engine 
(Otto cars) for decades now – at least 
in the US and central Europe in regard 
to sales statistics. In contrast, liquefied 
gas, electrical, or diesel engines chal-
lenged the Otto cars for years now. 
Interestingly the success story of Die-
sel in Germany (Jürgens/Meißner 
2005), which is one of the biggest Die-
sel markets in Europe (Jacob et al. 
2005), seems the proper case. While 
the Diesel engine technology for pas-
senger cars (Diesel cars) has been suc-
cessfully introduced in Germany, it 
does not play a major role in the US 
market. Accordingly, it can be analyzed 
which mechanisms drive the dominant 
design of Otto cars and how the agents 
in Germany were able to establish Die-
sel cars as a challenging design. 

The outline of this paper is as follows: 
Firstly, the theoretical framework and 
research propositions are developed. 
Secondly, the data used and the meth-
ods applied are critically reflected. 
Thirdly, the propositions are tested by 
analyzing the market breakthrough of 
Diesel cars against the background of 
the dominant Otto cars. Finally, con-
clusions are drawn regarding both, 
implications for further research as 
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well as the creation of new markets for 
fuel efficient automobiles. 

2 The diffusion of innovations, 
path dependence, and path 
creation 

The central conceptual assumption of 
this paper is that the diffusion ap-
proach of the S-curve (chapter 2.1), 
path dependence (chapter 2.2), and 
path creation (chapter 2.3) ideally 
complement each other. It will be ex-
plained how all paths are located in 
the continuum between emergence 
(diffusion/path dependence) and mind-
fulness (path-creation) (Sydow et al. 
2004, Sydow et al. 2005). For a better 
understanding, each concept and its’ 
assumptions are sketched briefly to 
pull all strings in a theoretical conclu-
sion together (chapter 2.4). Based on 
that, research assumptions are provid-
ed (chapter 2.4) for the empirical case 
study. 

2.1 S-curves and the diffusion of in-
novations 

In the early eighties, scientist discov-
ered that the diffusion of technology 
innovations follows the shape of an S-
curve (Rogers/Shoemaker 1971, Sahal 
1981, Rogers 1983, Sood/Tellis 2004).  

This process can be separated into 
three phases: gestation, take off, and 
saturation - for a more detailed de-
scriptions see (Sahal 1981, Fox 1973, 
Wasson 1974, Anderson/Zeithaml 
1984, Hill/Jones 1998, Mayntz 1988). 

One of the central works in this field is 
the S-curve analysis provided by Sahal 
(1981), who used a logarithmic func-
tion to show the relationship between 
the stock of sold products in period t 
and t+1 that was influenced by ex-
planatory variables. Interestingly Sahal 
maps both, the external empirical re-
sult of cumulative numbers of sold 
products (Sahal 1981) as well as the 
inner dynamics of innovations such as 
a rise in average service speed (Sahal 
1981). Empirically, the constants of a 
logistic function need to be determined 
within the empirical data provided 
(Ratkowsky 1989), because the logistic 
function is the most common sigmoid 
function modelling the logistic de-
pendence. Despite the S-curve being 
normally used as an ex-post instru-
ment for technology analysis (Haupt et 
al. 2004), it has also been transformed 
into the prescriptive strategic ‘McKin-
sey S-curve’ (Krubasik 1982, Christen-
sen 1992a, b).  

Regarding the driving forces behind 
the diffusion, S-curve approaches list 
multiple causes like learning-by-doing, 
learning-via-diffusion, disadvantage of 
beginning or specialization via scale 
(Sahal 1981, Rogers 1983). Unfortu-
nately, detailed explanations about the 
appearances and effects of those dif-

ferent causes are not provided. 

In summary; the S-curve approach 
deals with the rate of adoption of dif-
ferent innovations in a social system 
(Rogers 1983). Accordingly, it can be 
seen as one theory describing diffusion 
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processes, especially of technologies. 
Furthermore, determining whether 
empirical data follows a diffusion pro-
cess, is easy by determining constants 
of a logistic function. Thus, to check 
whether the adoption of Otto cars and 
the Diesel cars followed a diffusion 
process can be accomplished through 
an S-curve analysis. 

2.2 Historical mechanisms driving and 
maintaining a dominant design 

Path dependency focuses on the com-
petition of at least two innovations 
(David 1985). Following Arthur’s ex-
planation it can be summarized as 
examining and tracking how one par-
ticular ‘equilibrium’ or ‘market solu-
tion’ comes to be ‘selected’ from a 
multiplicity of alternatives (Arthur 
1988).  

To explain the effect of the key mecha-
nism driving a process to a particular 
equilibrium, Arthur and his colleagues 
used the Polya-urn process with some 
modifications. In the normal Polya-urn 
process there is an urn with two balls 
of two different colours (e.g. black and 
white). Then one draws a ball (e.g. one 
black ball) and puts back the ball with 
one additional ball of the same colour 
drawn (e.g. two black balls); and so 
forth. The result of the share between 
the balls is unpredictable in advance 
and varies between 99.99% and 0.01% 
(comparing black to white balls). 

In the extended Polya-urn process 
from Arthur, non-linear dynamic prob-
abilities dependent on the share (i.e. 
the total number of sold products) are 
used (Arthur et al. 1983, Arthur 1988). 
This means, that the probability that 
the drawer draws a ball of a specific 
colour rises in regard to the total 
number of balls in the urn – an ob-
servable rising market share effect. By 
that, the ‘increasing returns’ due to 
market shares results in an asymptotic 
function to either 100 vs. 0 or 0 vs. 100 
percent (Arthur 1989, 1994, Leydes-
dorff/Van den Besselaar 1998, Roeden-
beck/Nothnagel 2008).  

As ‘increasing returns’ Arthur extended 
the drives already provided in the S-
curve approach and groups path de-
pendency with diffusion processes. He 
added learning and scale effects, fixed 
costs as well as coordination effects 
with adaptive expectations, up-front 
costs, network effects or customer 
learning (Arthur 1988, 1996). Their 
mode of operation is described as self-
reinforcement, non-convexity or posi-
tive feedback - It means that a particu-
lar outcome has accumulated (Arthur 
1988). Based on Brian Arthur’s and 
Paul David’s research numerous other 
effects have been identified (North 
1990, Mahoney 2000, Pierson 2000, 
Deeg 2001, Langlois/Savage 2001, 
Sydow et al. 2005). Unfortunately, not 
every new mechanism is explained in 
detail – a very rich compilation of po-
tential feedback-loops based on the 
Polya-urn process is provided by Ster-
man (2000).  

A consequence of this accelerating 
process is an increasing inflexibility 
and finally a ‘lock-in’. It means, that at 
one point in time (where the difference 
between the market shares of the two 
technologies is big enough) the prod-
uct with the higher market share is 
selected only (Arthur 1989). Arthur 
called this point the ‘absorbing barri-
er’. The degree of this lock-in is meas-
urable by the minimum cost to effect 
changeover to an alternative (Arthur 
1988, Utterback 1994). Roedenbeck 
and his colleague argued that this def-
inition of an absorbing barrier is only 
arbitrarily selected. By using a 
weighted complexity function for 
simulating the network effects they 
could identify the lock-in during each 
selection process  based on a return 
probability (Roedenbeck/Nothnagel 
2008). 

Interestingly, the result of the process 
for the winning product follows a pol-
ynomial or exponential shape as the 
diffusion curve. Thus it can be argued 
that it represents the lower half of the 
S-curve (Unruh 2000).  
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To sum up, while the S-curve approach 
delivers the shape of diffusion pro-
cesses and names its driving forces, 
path dependency explains how mech-
anisms behind diffusion processes 
operate (Witt 1997). Thus, identifying a 
diffusion process through the S-curve 
analysis is a necessary condition for 
path dependency. As the sufficient 
conditions the theoretical aspects of 
(a) multiple alternatives in the begin-
ning of the process, (b) at least one 
self-reinforcing mechanism and (c) the 
changeover investments need to be 
identified.  

2.3 Entrepreneurs challenging the 
dominant design 

While Arthur’s changeover investments 
open up the discussion for the possi-
bility of leaving a lock-in, a closer look 
reveals at least four critical aspects: 
Firstly, since the investments aim to 
overcome an inefficient equilibrium, 
this macro-perspective ignores that a 
lock-in might not necessarily be ineffi-
cient for each agent. Secondly and 
accordingly, this approach does not 
adequately consider interests, agents 
and agency. Thirdly, a process-
perspective is missing in this idea, 
since it seems questionable that the 
changeover would be caused by one 
single investment or by one single 
agent only. Finally, measuring a lock-
in (or its degree) in costs seems only to 
be plausible when there is an alterna-
tive – otherwise there is no point of 
reference (Hall 1993).  

Thus, the concept of path creation 
necessarily departs from the short-
comings of path dependence, namely 
its stability-bias and macro-
perspective as well as its under-
conceptualization of agency and grad-
ual change (Deeg 2001, Strobel 2004). 
By that, it is possible to explain how 
the second path of Diesel cars in Ger-
many has been driven by different 
agents before its’ increasing returns 
were able to push the path by itself. 

At the core of the non-mathematical 
concept of path creation lies the idea 

of mindful deviation, i.e. entrepreneurs 
may intentionally deviate from existing 
artefacts and relevance structures - 
fully aware that they may be creating 
inefficiencies in the present, but also 
aware that such steps are required to 
create new futures (Garud/Karnøe 
2001).  

Starting with this disembedding from 
embedding structures (Garud/Karnøe 
2001), the path creating process ideally 
contains - from the perspective of an 
entrepreneur - (a) the mobilization of 
minds by boundary spanning (i.e. the 
translation or modification of the new 
idea in order to convince other 
agents), leading to (b) the generation 
of momentum. Hughes characterizes 
technologies acquiring momentum as 
follows: They have a mass of technical 
and organizational components; they 
possess direction or goals and they 
display a rate of growth suggesting 
velocity (Hughes 1986) . A third aspect 
added by Garud and Karnøe is (c) that 
entrepreneurial agency is distributed 
across actors stemming from multiple 
domains. This implies coalition-
building around new designs and their 
continuous re-interpretation and 
‘adaption’ (Akrich et al. 2002b, a). Fi-
nally, the agents not only disembed 
themselves from the previous path, 
they also become (d) increasingly em-
bedded in the new emerging path. This 
aspect offers two interesting connect-
ing points: Firstly, it could be seen as 
the switch to a new S-curve 
(Sood/Tellis 2004) or to a new and 
stable design. Secondly, this aspect 
provides the opportunity to show the 
close relation between path creation 
and path dependence, since the in-
creasing embeddedness results inter 
alia from the investments of the agents 
in their preferred alternative. Therefore 
it seems to be reasonable to regard 
increasing embeddedness as a conse-
quence of investments as simply an-
other mirroring perspective on Arthur’s 
changeover investments: Looking from 
the perspective of path dependency, 
these investments serve the purpose of 
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overcoming the current path, while 
looking from the perspective of path 
creation, the investments further the 
embedding of the agents into the 
emerging alternative. 

Consequently, when investigating the 
overcoming of a dominant design, it is 
not sufficient only to focus on spon-
soring investments in favour of the 
alternative in order to show or meas-
ure the strength of a lock-in as Arthur 
did. Instead, the (a) mindful deviation 
of (distributed) agents, their (b) 
boundary spanning and mobilizing 
activities, their (c) rising embed-
dedness in the new path, and finally 
the (d) generation of momentum have 
to be taken into account. Thereby, the 
path creation activities are investigated 
before path dependency takes place. 

2.4 Propositions 

All of the three concepts explained 
above, describe diffusion processes or 
the adoption of different innovations 
in a social system (Rogers 1983). But 
each approach describes a different 
facet. While the S-curve approach 
shows how the rate of adoption devel-
ops, the path dependency approach 
shows the increasing returns as the 
central mechanism behind that diffu-
sion and how it might lock-in. Addi-
tionally, path creation describes how a 
second path dependent diffusion pro-
cess can be introduced in a pre-
existing market, challenging a domi-
nant design (Witt 1997, Kemp et al. 
2001). Thus, the three approaches 
combined allow the shift in perspective 
from structure to agency and back. The 
institutional structure of the dominant 
design is maintained over time by path 
dependency. Agency on the other 
hand, challenges the old design by 
entrepreneur-driven path creation 
(Windeler 2003). 

Analyzing creational path dependent 
diffusion processes thus has to identify 
(a) an S-curve adoption process for the 
dominat as well as the challenging 
design, (b) alternatives in the begin-
ning of each process, (c) at least one 

self-reinforcing mechanism for each 
process, (d) the changeover invest-
ments in regard to the challenging 
design, (e) mindful deviation of (dis-
tributed) agents in regard to the chal-
lenging design, (f) boundary spanning 
and mobilizing activities in regard to 
the challenging design, (g) rising em-
beddedness in regard to the challeng-
ing design and finally the (h) genera-
tion of momentum. 

According to the theoretical framework 
and the central research question it 
must be investigated whether the dif-
fusion of Otto cars can be interpreted 
in a path dependent context. This path 
then possibly hinders the introduction 
of more fuel efficient engine technolo-
gies due to self reinforcement. Second-
ly, it must be analysed as a case 
whether the introduction of more effi-
cient Diesel cars can be characterized 
as a path creating diffusion process. In 
that case it must be shown how agen-
cy influences the driving forces of the 
old path.  

Regarding the path dependent diffu-
sion process of passenger cars with an 
Otto engine (Otto cars), the first step 
necessary, is to show that the diffusion 
of Otto cars follows the shape of the S-
curve. According to our theoretical 
background introduced above, propo-
sition one (P1) states that the total 
stock of Otto cars sold has a high 
curve-fit according to the logistic func-
tion. Furthermore, to assure the path 
dependent character of this process, 
proposition two (P2) claims that there 
was an alternative to the Otto cars at 
the beginning of the process which has 
been outperformed. Proposition (P3) 
requires at least one mechanism of 
self-reinforcement favouring the Otto 
cars. The fourth aspect of changeover 
investments, to show or measure the 
strength of the lock-in, is included in 
the discussion of path creation be-
cause it aims at the introduction of an 
alternative (P5). 

On the background of this path de-
pendent context the case study is con-
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 Focus of analysis 

 
S-shape 
 
(1950 – 2006) 

Path dependence 
 
(1950 – 2006) 

Path creation 
 
(1950 – 2006) 

Otto cars 
(context) 

P1: The total 
stock of Otto 
cars sold has a 
high curve-fit 
according to 
the logistic 
function. 

P2: There is an alter-
native to the Otto cars 
at the beginning of the 
process. 
 

Not the focus of this 
paper 

P3: At least one self-
reinforcement mecha-
nism for the Otto cars 
exists. 

Diesel cars 
(case) 

P4: The total 
stock of Diesel 
cars sold has a 
high curve-fit 
according to 
the logistic 
function. 

Not the focus of this 
paper 

P5: The specific invest-
ment of agents in the 
diesel alternative in-
creases over time. 

P6: (Distributed) Actors 
deviate from the domi-
nant otto-design. 

P7: The image of diesel 
is translated to further 
actors leading to their 
mobilization. 

P8: the capabilities and 
other investments of the 
engaged actors increase 
over time. 

P9: There is a point of 
momentum classified by 
mass, direction and rate 
of growth for diesel. 

 

 

ducted on the diffusion of Diesel cars. 
Regarding the assumption that this 
diffusion process can be characterized 
as path creation, it is again necessary 
to show that the diffusion of Diesel 
cars also follows the shape of the S-
curve. Accordingly, proposition four 
(P4) states that the total stock of Diesel 
cars sold has a high curve-fit accord-
ing to the logistic function. The second  
aspect is to show the changeover in-
vestments away from the existing path 
plus the four aspects of path creation 
discussed above. Regarding Arthur’s 
changeover investments, or the  
strength of the lock-in, proposition five 
(P5) is: The specific investments of 
agents in favour of the Diesel alterna-

tive increase over time. The first aspect 
of path creation is described by propo-
sition six (P6): (Distributed) agents 
deviate from the dominant design of 
Otto cars. Proposition seven (P7) fol-
lows: The image of Diesel is translated 
to further agents leading to their mobi-
lization. Proposition eight (P8) mirrors 
the changeover investments of P5, 
dealing with their consequences for 
the ‘investors’: Across time, the capa-
bilities and other investments of the 
engaged agents increase. Finally, 
proposition nine (P9) states that there 
is a point of momentum classified by 
mass, direction and rate of growth for 
Diesel (for a summary see table 1). 
 

Table 1: Propositions for path dependence and path creation 
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These propositions are analysed in the 
time frame between 1950 and 2006 
since this is the period in which the 
Diesel car developed its significant 
share in the passenger car market. 
Following Arthur one might argue, that 
the analysis should start at that time a 
Diesel car has first been sold – follow-
ing Garud and Karnøe it even should 
start at the first idea of the challenging 
alternative. But with the S-curve ap-
proach in mind - identifying the diffu-
sion process - it is not necessary to 
have the exact length of the gestation 
phase. And because the focus of this 
article lays on the identification of the 
mechanisms and agency behind the 
take off phase, starting the analysis in 
1950 is quite a good decision. Howev-
er, the causal analysis stops at the 
point in time when the momentum for 
Diesel cars is reached. This is due to 
path creation theory which sees the 
momentum as its final state. 

3 Research Design, methods and 
critical reflection on accessible 
data 

Considering Yin’s recommendation 
and due to the descriptive and fore-
casting character of this study, a longi-
tudinal single–case study was done. 
The reason is, because case studies are 
the preferred strategy when questions 
about how and why are being posed to 
draw forecasting possibilities from the 
answers. This strategy is especially 
useful when the investigator has little 
control over events and when the fo-
cus is on a contemporary phenomenon 
within a real-life context (Yin 1994). 
The German market of passenger cars 
serves as the unit of analysis. The 
market success of passenger cars with 
a Diesel engine in Germany - one of 
the biggest Diesel markets in Europe 
(Jacob et al. 2005) – is taken as a 
unique case (Yin 1994). The passenger 
cars with an Otto engine serve as the 
dominant design which is challenged. 
Taking this unique case as a critical 
test for the complementarities of the 
three approaches, this paper claims 

some degree of theoretical generalisa-
tion. 

Different research methods are used 
within a concurrent triangulation 
strategy (Creswell 2003, Flick 2004), 
analyzing the case with quantitative 
and qualitative techniques.  

On the quantitative side (P1, P3 to P5) 
different data sets from different 
sources in the time between 1950 and 
2006 were used1. If different values 
were available the mean was estimated 
to provide the highest coverage and 
eliminate failures in the sources. Un-
fortunately, there was a lack of sepa-
rated data for the passenger car stock 
of Diesel and Otto cars in the time 
span from 1950 to 1960. Since the Die-
sel share reached 3% of the total car 
stock in 1960, a fixed rate of 2% was 
taken as an optimistic assumption for 
the time from 1950 until 1960. The 
data available for the German road 
network reached back until 1975 only, 
so the testimonial evidence is restrict-
ed.  

In regard to P1 and P4 (the fitting of 
the data to the logistic function) a time 
series analysis was made using a non-
linear regression (Ratkowsky 1989, 
Bates/Watts 1988). The non-linear 
function was the sigmoid logistic 
growth model used for representing 
the S-curve: Y = ( (alpha / ( 1 + exp( 
beta - gamma * x1) ) ) + (x2*delta). 
There are two independent variables 
x1 and x2, where x1 represents the 
year and x2 is a dummy variable for 
the German reunion. The dependent 
variable Y is the total stock of cars. The 

1 As quantitative empirical data sources, 
tables from the German Federal Ministry of 
Finance (BMF), the German Federal Motor 
Transport Authority (KBA), the German 
Federal Office of Statistics (Destatis), Gen-
eral German Automobile Association 
(ADAC), Association of the German Petrole-
um Industry (MWV), German Federal Minis-
try of Labour and Social Affairs (BMAS), 
German Association of the Automotive 
Industry (VDA), German Federal Ministry of 
Transport, Building and Urban Affairs 
(BMVBS) have been used. 
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parameters in the logistic function 
represent the following: alpha is the 
asymptotic limit of the S-curve, (beta / 
gamma) is the x-coordinate of the in-
flection point and (alpha / 2) is its y-
coordinate. Delta is a parameter for 
the dummy variable. For estimating 
the parameters of the S-curve the sta-
tistical software R was used. The start-
ing values for alpha to delta where 
estimated by a graphical analysis of 
the data. The strength of the model is 
expressed by the t-values and their 
significance for each parameter under 
the condition of normal distributed 
residuals. 

For P3, at first, the possible increasing 
return loops need to be explained the-
oretically. Then, between each two 
aspects of the increasing return loop 
either a positive correlation - following 
the direction of the influence - or qual-
itative evidence is needed. Analysing 
the correlation, the standard Pearson 
correlations were calculated between 
two time dependent variables using 
the coefficient of correlation.  

Last but not least, P5 was analysed 
with a calculation: The difference of 
the pure Diesel taxation and the total 
Diesel taxation weighted with the quo-
tient of the annual rate of taxation for 
gasoline and the annual rate of taxa-
tion for Diesel was estimated.  

On the qualitative side (P2 and P6 to 
P9), causations have been identified by 
a tentative reconstruction of the pro-
cess using two daily business newspa-
pers: ‘Handelsblatt’ (HB) as well as 
‘Finanncial Times Deutschland’ (FTD). 
By using the search engine of the HB, 
approximately 5.000 results regarding 
Diesel were analysed. Furthermore, 
secondary literature was used. 

4 The German ‘Dieselization’ 
against the dominant ‘Otto path’ 

As outlined above, the propositions 
will be tested in this empirical section 
by focussing first on the context – the 
dominant design of Otto cars – and 

next, by investigating the process of 
the Dieselization (Hård/Knie 2000).  

4.1 Analysing the ‘Otto path’ in Ger-
many 

The Otto-engine was invented in 1876 
by Nicolaus August Otto and imple-
mented into passenger cars by Gottlieb 
Daimler and Karl Benz in 1886. In its 
early days, Otto cars competed with 
other designs such as steam engines 
as well as electric vehicles. However, 
due to production and marketing deci-
sions as well as technical solutions, 
these alternatives were outperformed 
at the beginning of the 20th century. 
The Otto-engine became the dominant 
design for automobiles (Cowan/Hulten 
1996, Rao/Singh 2001, Diekmann 
1979). Considering the total stock of 
Otto cars, the market success in Ger-
many took place relatively late: In 1938 
the total car stock in Germany num-
bered 1.27 million, shrinking to 0.19 
million by 1946 (Diekmann 1979, 
Edelmann 1989). From then on, the 
total number of registered cars in 
Germany increased significantly to 
about 0.54 million in 1950 (Diekmann 
1979) due to the immediately revived 
automobile production – e.g. 10 000 
VW ‘Käfer’ in 1946 (Edelmann 1989). A 
stimulating condition in this process 
were institutional changes in the Ger-
man taxation system – e.g. by making 
kilometres driven deductible from in-
come taxation in 1953 (Klenke 1993) 
as well as by lowering the motor vehi-
cle taxation (KFZ-Steuer) by 20% in 
1955 (Edelmann 1989).  

According to P1, the analysis starts 
with the non-linear regression analysis 
identifying whether the development of 
Otto cars between 1950 and 2006 in 
Germany has a high curve fit with the 
logistic function provided above. The 
starting values for the parameters in 
the case of Otto cars can be deter-
mined in the following manner: “al-
pha” as the asymptotic limit of the S-
curve is set to 4e+7, “beta / gamma” 
as the x-coordinate of the inflection 
point is thus set to 4000 divided by 2, 

 



30 STI Studies Vol. 10, No. 2, December 2014 

 

Figure 2: Total stock of Otto cars in Germany with and without reunion dummy 

 Regression with dummy variable 
Regression without dummy 
variable 

Parameters 
Parameter Esti-
mation t-Value 

Parameter Esti-
mation t-Value 

Alpha 2.955e+07 49.89*** 4.063e+07 32.23*** 

Beta 2.440e+02 16.41*** 1.879e+02   17.76*** 

Gamma 1.237e-01 16.37*** 9.494e-02   17.65 

Delta FIX: 6e+6 * / * FIX: 0 * / * 

*** 0.0001 Significance 

 Table 2: Results of the non linear regression for Otto cars 

and “alpha / 2” as its’ y-coordinate is 
set to 2e+7. Using the dummy variable 

“x2” for the German reunion once with 
a delta of 6e+6 and once with a delta 
of 0 lead to the following results: 

The strength of the model can be eval-
uated using the t-values and their sig-
nificance as well as the residual plot. 

In both models, all t-values are highly 
significant, while the model with the 
dummy for the German reunion has a 
slightly better fit: 

Additionally, the residual plots and 
their histograms (on the left for the 
model with the dummy and on the 
right without), are in both cases nor-
mally distributed.  

The results lead to the conclusion that 
both models have a high fit to the S-
curve where the one with the dummy 
is preferred. The diffusion process of 

Otto cars in the German passenger car 
market can therefore be seen as a 

standard innovation process. Interest-
ingly, interruptions in the data can be 
linked to historical data: These points 
are the two oil crises in 1973 and 
1979/80, and the German reunification 
in 1990. Obviously, these events de-

layed the diffusion process (oil crisis) 
or supported it (reunification). 

Consequently, proposition P1 is sup-
ported. The introduction of Otto-car’s 
can be seen as a standard diffusion 
process which is possibly path de-
pendent. In order to find out whether 
this standard diffusion process repre-
sents a path dependent process, P2 
and P3 have to be confirmed. As al-
ready mentioned above, passenger 
cars with an Otto engine outperformed 
steam engine cars (Hölzinger 2002) as 
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the first alternative. In Germany, the 
Diesel cars represented a second alter-
native from 1936 on (HB). Therefore 
proposition P2 can also be accepted.  

On the subject of proposition P3, the 
operationalization of increasing return 
loops is more difficult. In the case of 
the diffusion of the Otto engine, it is 
embedded into a social setting 

(Hughes 1986) where a broad variety 
of qualitatively different aspects could 
have influenced the engine’s market 
success. Correspondingly, Hård and 
Knie consider the cultural ambience of 
the automobile to consist of four di-
mensions: organization and network, 
routine and daily practice, meaning 
and discourse, as well as law and poli-
tics (Hård/Knie 2000). More concretely, 

Unruh suggests positive feedback be-
tween the size of the road network, the 
volume of traffic, and the collected 
taxes (Unruh 2000). Combining these 
ideas with the suggestions of Sterman, 
at least the two self-reinforcing loops 
of the ‘network effect’ and the ‘hot-
product effect’ are to be investigated, 
while others also may be present. 

Sterman’s ‘network effect’ resembles 
Unruh’s outline stating that rising 
sales have a positive impact on the 
installed base – i.e. the number of par-
ticipating customers -, thus raising the 
attractiveness of the network and of 
the product, spurring the whole indus-
try demand and thereby the sales. 

Figure 3: Residual plots and histograms of the non linear regression for Otto cars 
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Figure 4: Self Reinforcement Loop of Network Effects 

 

 
Stock of Otto-Cars 
(1950-2006) 

Petrol Stations 
(1950-1970) 

Petrol Stations 
(1970-2006) 

Stock of Otto-Cars 
(1950-2006) 

1 0.967 -0.879 

Fuel Station (1950-
1970) 

0.967 1 - 

Petrol Stations 
(1970-2006) 

-0.879 - 1 

 
Table 3: Correlations between the total number of Otto cars and the petrol station 
infrastructure 
 

Translated into the diffusion story of 
Otto cars, this means that rising sales 

of Otto cars caused the extension of 
petrol stations (NW1a) and the road 
network (NW1b). This caused a ‘me 
too’ attitude spurring the attrac-
tiveness of the network, leading again 
to an increasing motorization (NW2). 
Regarding NW1a a high correlation 
between the rising numbers of cars 
and the expansion of the petrol station 
infrastructure can be found in the early 
years from 1950 to 1970. After that 
point, the number of petrol stations 
steadily decreased due to low margins 
and market pressure to rationalise 
(HB, FTD). Accordingly, the results 
need to be handled carefully and the 
development after 1970 does not fur-
ther support the increasing return 
loop. 

Analysing NW1b, the correlation be-
tween the rising numbers of sales and 

the road network does not provide any 
useful evidence either. Although there 
is a high correlation in the time span 
from 1950 until 2006 the development 
of the road network starts on a high 
level with little increase in regard to its 
length. Thus we draw the conclusion, 
that the impact on the decision to buy 
passenger cars in Germany has been 
low. Therefore, part NW1b has to be 
neglected, too. 

Regarding NW2 the attractiveness of 
the network can be illustrated by the 
decreasing number of alternative 
transportation systems, such as rail-
ways, as well as the increasing number 
of kilometres driven per year. For ex-
ample, between 1950 and 1966, the 
use of personal vehicles increased 
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Stock of Otto-Cars 
(1950-2006) 

Road Network 
(1950-2006) 

Stock of Otto-Cars (1950-2006) 1 0.965 

Road Network (1950-2006) 0.965 1 

 

Table 4: Correlation between the total number of Otto cars and the length of the 
road network (without city streets) 

 

Figure 5: Self Reinforcement Loop of Hot Product Effect 

 

from 10% to nearly 50%, while the use 
of the public transportation system 
decreased to the same degree (Schlette 
1999). 

The second mechanism, the ‘hot-
product-loop’, is operationalised in the 
following way: Rising motorization 
spurs the growth rate of firms, which 
stimulates a hot-product perception, 
beside possible marketing invest-
ments, giving rise to positive media 
reports. These influence the attractive-
ness of the Otto car, further pushing 
the sales. 

The sales rates above and their expo-
nential growth leading to an increase 
in the growth rate have already been 
discussed. The third step in this loop, 
the hot-product perception, becomes 
obvious in the fact that the automobile 
developed into a status symbol (RAC 
1999). A special case in that regard is 
the VW ‘Käfer’ as a ‘car for everyone’ 
(Edelmann 1989). Moreover, passenger 
cars with an Otto engine became the 
expression of new freedom, individual-
ism and social success (Klenke 1993, 

Edelmann 1989) and of modernity per 
se (Buhr et al. 1999). Meanwhile the 
media discussed the ‘last pedestrian’ 
(Bretz 1960, Klenke 1993).  

Interestingly, there seems to be a time 
lag between the two mechanisms: 
While the ‘material’ network effect 
takes place in the early phase of the 
diffusion, the hot-product loop passes 
over into the cultural and cognitive 
framework of modernity.  

Data provided for the analysis of P3 
supports the existence of reinforce-
ment loops in the form of a network 

effect and a hot-product loop. In com-
bination with the proof of P2, the de-
velopment of the Otto cars can be seen 
as a path dependent process. There-
fore the introduction of Diesel cars 
faced a dominant design of Otto cars 
which was driven by path dependent 
mechanisms. How the ‘path creation’ 
of the Diesel cars took place despite 
this previously existing path is subject 
of the next section. 

Rising Motoriza-
tion 

Growth of Produc-
tion and Firms 

Marketing Invest-
ment into Positive 

Media Reports 

Attractiveness 
of the Product 
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Regression with dummy varia-
ble 

Regression without dummy varia-
ble 

Parameters 
Parameter Esti-
mation t-Value 

Parameter Esti-
mation t-Value 

Alpha 9.588e+07 0.252’ 1.215e+07 9.455*** 

Beta 1.401e+02 8.000*** 2.242e+02 12.548*** 

Gamma 6.860e-02 6.401*** 1.122e-01 12.400*** 

Delta FIX: 1.8e+6 * / * FIX: 0 * / * 

*** 0.0001 Significance, ‘ not significant 

Table 5: Results of the non linear regression for Otto cars 

 

Figure 6: Total number of registered Diesel cars in Germany (1950-2006) 

 

4.2 The long and winding ‘road’ of 
Diesel 

Compared to Otto, Diesel is very much 
a late bloomer regarding its ac-
ceptance as an engine design for au-
tomobiles. Invented in 1892 by Rudolf 
Diesel, it was mainly used in stationary 
power systems and vessels. In the 
1910s and 1920s, MAN and Peugeot 
started to modify the Diesel for use in 
buses and trucks (Hård/Knie 2000). 
The first passenger car with a Diesel 
engine, launched in 1936, was the 
‘Mercedes Benz 260 D’ (Oldtimer-
Klassiker.de 2006). The Diesel got the 
image of being a ‘heating-oil Ferrari’, 

and it remained in a ‘niche’-car for 
‘Vielfahrer’ accompanied by buses, 
trucks, and tractors (HB).  

Due to these starting conditions, the 
network effect in favour of the Otto 
cars can be excluded immediately as a 

hindering factor for the success of the 
Diesel cars: The one reason is that 
Diesel cars – contrary to other alterna-
tive such as railways – use the same 
road network. Second, due to the pre-
vious existing Diesel-markets of bus-
ses and trucks, the fuel supply infra-
structure was already in place.  

Regarding the diffusion of the chal-
lenging design of Diesel cars again a 
non-linear regression with the logistic 
function was made. The starting values 
for the parameters in the case of Diesel 
cars were set to the same values as in 
the case of Otto. Using the dummy 
variable “x2” for the German reunion 

once with a delta of 1.8e+6 and once 
with a delta of 0 lead to the following 
results:  

The strength of the model can be val-
ued using the t-values and their signif-
icance as well as the residual plot. This 
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Figure 7: Residual plots and histograms of the non linear regression for Diesel  
cars 

time, only the model without the 
dummy for reunification has t-values 
which are highly significant. Thus, the 
reunification plays a minor role in the 
case of Diesel cars. 

The residual plots and their histograms 
(on the left for the model with the 

dummy and on the right without), are 
in both cases normally distributed. 

Interestingly, other interruptions in the 
data can again be linked to historical 
events, but these differ from those in 
the case of Otto cars. The oil-crisis did 
not have a significant effect on the 
diffusion of this less consumptive en-
gine design. Contrary, technical inno-
vations such as the ‘turbo Diesel’ 
(1984) and the ‘direct injection’ (1998) 
seemed to be more influential. As a 
result of this analysis, P4 can be ac-
cepted. 

Considering the advantage of the dom-
inant Otto cars this rocky diffusion of 
the Diesel can only be explained by 
investigating the role of agency (for 
example innovation, political action 
and so on) according to propositions 
P5 to P9. In other words: How can 

agency explain that the Diesel engine 
is the only prime mover that has chal-
lenged the gasoline hegemony on a 
substantial scale (Hård/Knie 2000)?  

Although the first Diesel car, the ‘Mer-
cedes 260 D’, did not lead to an imme-
diate market success for Diesel pas-
senger cars, Daimler Benz stayed 
tuned to this technology due to its 
success in commercial vehicles (HB). A 
similar commitment can be recognized 
for the automobile supplier Bosch, 
which invented the first high-pressure 
injection for Diesel in 1927 (HB), and 
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the common rail-injection together 
with Fiat later on in the 1970s (Jür-
gens/Meißner 2005). Peugeot (later on 
PSA) as the developer of the first Diesel 
lorry also increased its experience in 
this sector (Hård/Knie 2000). Another 
central enterprise was, for example, 
VW enhancing the Diesel technology 
through the introduction of the pump 
nozzle in 1998. Interestingly, input by 
the German federal state and the Eu-
ropean Union was important but also 
contradictory, such as the much criti-
cised “zigzag” (HB) in the German en-
vironmental and transport policy. The 
European Community stimulated the 
development through the support of 
research projects and regulation of 
emissions (EURO I to IV) (Knie 1991, 
Böttger 1996). This picture of distrib-
uted agency is rounded off by the late-
comers BMW and Opel (HB). Taken 
together, this clearly supports proposi-
tion P6. 

The engagement of Daimler Benz also 
supports proposition P8: It can be as-
sumed that, since the share of Diesel 
cars had already reached 50% of Daim-
lers sales by 1987 (HB), Daimler Benz 
allocated an increasing amount of ca-
pabilities and investments towards this 
technology. The same conclusion is 
close at hand for BMW, considering its 
involvement in the Austrian ‘Diesel 
cluster’ in Steyr (HB). Certainly this 
development was fostered by the fact 
that the Diesel branch was a critical 
internal factor of success for Daimler 
Benz in 1985 as well as in 1994 (HB).  

Contrary to the continuous and in-
creasing technological progress of 
Diesel illustrated above, the history of 
its image (P7) is marked by a large 
number of changes: From being a fuel 
efficient but somewhat noisy, unin-
spired and sooty alternative in the late 
1970s, it changed into an environmen-
tally friendly one in the mid- 1980s 
(HB). In the time following, the devel-
opment of the Diesel was marked by 
repeated interaction between negative 
discussions regarding its NOx- and 
soot-emissions on the one hand and 

technological solutions to this on the 
other (HB). Combined with the in-
creasing debate on climate change and 
CO2 emissions, the Diesel turned into 
an environmental ‘Janus-head’ (HB). 
More important than this ecologically 
motivated discussion was the increas-
ing adjustment to the characteristics of 
the Otto car (quiet, spirited and ‘clean’) 
in combination with better efficiency. 
Finally, the ‘joy to drive’ (a typical 
German cultural aspect) met a new 
lifestyle, namely, the ‘joy to save mon-
ey’ (HB). To sum up, the technological 
efforts of the car manufacturers gained 
acceptance due to the changing image 
of Diesel coinciding with the appear-
ance of a new lifestyle – this supports 
P7. 

As a consequence of these develop-
ments the hot-product loop supporting 
the Otto cars was neutralized. This was 
achieved by the mimicking of the tech-
nological properties of the Otto cars. 
Later on, the hot-product status was 
even attributed to Diesel cars due to 
the combination of technological mim-
icking and the changing ‘Zeitgeist’ in 
favour of energy- and cost-saving 
technologies  

The coincidence of the new positive 
Diesel image with the ‘Zeitgeist’ plays 
an important role for the newly gener-
ated momentum (P9): While in the 
1980s negative debates were sufficient 
to reduce the sales (HB), this pattern 
can not be found in the late 1990s. 
Instead, sales steadily increased de-
spite a negative debate on its soot 
emissions and the potential prescrip-
tion of particle filters (HB). A second 
pattern that does not hold anymore is 
the negative correlation between ‘dis-
criminatory’ higher motor vehicle taxes 
for Diesels and their sales rate (Kunert 
1997). Another convincing aspect is 
that traditionally sceptical Japanese car 
manufacturers started to enhance their 
Diesel capacities in order to participate 
in this development (HB). Finally, it 
can be argued that the still increasing 
total number of Diesel cars, in combi-
nation with a decreasing number of 
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Otto cars, indicate an ongoing switch 
from the current S-curve to the next 
one. These findings support the notion 
that Diesel has acquired a direction 
leading clearly towards a higher pene-
tration of the market, which is reflect-
ed in the current percentage of newly 
registered Diesel cars being nearly 45% 
of the total (KBA 2005). Since the rate 
of growth increased strongly after 1999 

(Jacob et al. 2005), proposition P9 can 
be accepted. 

Last but not least, the so far neglected 
proposition P5 (changeover invest-
ments) represents an attempt to trans-
fer agency, breaking the lock-in into 
countable costs. In regard to the ef-
fects of path braking activities of dis-
tributed agents (see P6), the decisive 
taxation by the German federal state 
seems an additional central driver in 
the process. It shows the immense 
costs nearly no other agent was able to 
invest for a successful technological 
change. Empirically, the lack of miner-
al oil taxes due to the lower rate of 
taxation for Diesel compared to gaso-
line has been estimated. It can be seen 
that the changeover investment from 
the perspective of the federal state 
lasts over a long period of time 

(rhomb, cumulated to 83 billion € up 
to now). Two ‘waves’ can be recog-
nized over time in the analysis of the 
annual taxation investment. 

Of course, it has to be taken into ac-
count that the lower taxation rate for 
Diesel is historically rooted in the spe-
cial interests of the German transpor-
tation business (Kunert 1997, Jür-
gens/Meißner 2005). This differentiated 

taxation was countered, however, by 
inversely differentiated motor vehicle 
taxation (Kunert 1997). Other change-
over investments can be found in the 
build-up of capabilities by the auto-
mobile producers, such as BMW’s in-
volvement in the ‘Diesel cluster’ in 
Austria. Although only the costs of one 
agent are estimated here, they support 
proposition P5 as well as the evidence 
presented for P8. However, consider-
ing the statement that the Diesel has 
already acquired its point of momen-
tum, a continuation in sponsoring this 
alternative by the federal agent does 
not seem to be necessary. 

Because of the evidence collected 
above for all research propositions, the 
aspect of path creation in the case of 
Diesel can be accepted. In their inter-
lay,   the   propositions   investigated 

Figure 8: Total number of Diesel cars in comparison to the losses via taxation 
i  
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Environmen-
tal Janus-
head, 

 

i.e. low CO2- 
but high 
soot-

1989 Audi TDI   

1989/ 
1990 

 Rising motor 
vehicle tax on 
Diesel cars 

German re-
union 

1991/ 
1992 

 New tax relief  
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1992/ 
1993 

 EURO I  emissions 

1993 Invention of the 
Common-Rail-
Injection (CRI) by 
Fiat and Bosch 

  

1994  Rising motor 
vehicle tax on 
Diesel cars 

 

1995/ 
1996 

 Rising tax on 
gasoline 

  

Merger with 
new lifestyle,  

 

i.e. „the joy 
to drive“ 
meets “the 
joy to save 
money” (two 
typical Ger-
man cultural 
aspects) 

1996/ 
1997 

 EURO II  

1998 Application of the 
CRI by Daimler 
Benz;  
Introduction of 
pump-nozzle by 
VW 

  

2000 Introduction of 
the Diesel partic-
ulate filter by 
Peugeot 

  

2000/ 
2001 

 EURO III  

2004  EURO IV  

Table 6: Timeline of the path creation process 

above explain the rocky S-curve of the 
Diesel by providing ‘multiple layers of 
causation’. 

The technological enhancement of the 
Diesel engine was a necessary factor 
for the success of Diesel cars, but not 
asufficient one. This factor interacted 
with exogenous and endogenous 
changes; the first two breaking points 
in the S-curve can be correlated with 
the exogenous shocks of the oil crises 
in 1973 and 1979/80, making Diesels 
especially attractive for those who 
drive a lot of km per year (HB). The 
next increase in momentum in 1985 is 
explained by the motor vehicles tax 
relief for ‘low emission vehicles’. At 
that time, the limit value for exhaust 
gases was easier to keep for Diesels 
than for Ottos, so this relief had the 

effect of a sales discount, fostering the 
first ‘Diesel wave’ (HB). This develop-
ment was broken in 1987 by the broad 
introduction of three-way catalytic 
converters for Otto cars and their in-
creasing thriftiness (HB). Additionally, 
the tax relief was not only phased out 
in 1988 and 1989, the motor vehicle 
tax for Diesels was even increased in 
1989. Furthermore, the Diesel made 
negative headlines due to its sooty 
particle emissions and potential driv-
ing bans in the event of smog were 
discussed (HB). Against this, the posi-
tion of the Diesel cars was furthered by 
the use of new technologies reducing 
the harmful emissions as well as the 
1989 / 1990 debate on CO2 and climate 
change. Together with new tax relief 
from 1991 to mid 1992, these factors 
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spurred a new Diesel boom (HB). This 
boom lasted until 1995 when a strong 
decrease in Diesel sales occurred. The 
reason seems to lie in the taxation 
system: Despite the fact that in 1994 
the fiscal advantage of Diesel against 
gasoline regarding mineral oil taxes 
was enhanced, this effect was over-
compensated by a parallel increase in 
the motor vehicle tax on Diesels 
(Kunert 1997). The final drivers to-
wards the momentum of Diesel cars 
were the introduction of the TDI by 
Volkswagen and the CRI by Daimler, 
making the Diesel and Otto equivalent 
and meeting the new lifestyle.  

5 Discussion – results and future 
research 

This paper has shown that S-curve, 
path dependence, and path creation 
can be fruitfully combined: While the 
S-curve serves as an indicator for ‘dif-
fusion-paths’, path dependence ena-
bles the researcher to identify driving 
forces behind it. Path creation, on the 
other hand, provides close and intri-
guing insights into the role of agency 
influencing and creating these forces.  

This theoretical background was used 
in order to gain insight into potential 
future market introductions of more 
fuel-efficient automobiles. On the one 
hand, the paper provides evidence for 
the path dependent development of 
the dominant design of Otto cars. This 
was done by highlighting that the dif-
fusion of Otto cars in the German car 
market followed a typical diffusion 
curve (proposition 1; P1). Additionally, 
Otto cars outperformed the steam en-
gine in its early days (P2), while its 
diffusion was driven – at least to a 
certain degree - by a network- as well 
as a hot-product effect (P3). High and 
long-lasting changeover investments 
by different agents in favour of a more 
fuel-efficient alternative showed that 
the dominant design was locked in 
(P5). 

On the other hand, this paper provides 
evidence for the path-creating at-

tempts in favour of the Diesel car by 
identifying distributed deviation from 
the dominant design by agents such as 
Daimler Benz, Bosch, and the German 
federal state (P6). All these agents in-
vested in the challenging design (P5). 
Only partly supported by political regu-
lations and taxation, these agents 
managed to change the image of Die-
sel and to fit in with a new ‘Zeitgeist’ 
(P7). At this point, Diesel acquired 
momentum (P9), leading to an expo-
nential growth rate in comparison to a 
decline in the Otto car stock. Thus this 
could be seen as a change from the S-
curve of one technology to another.  

Because evidence could be provided 
for each individual proposition, the 
main proposition (MP) can be accepted 
as well. Hence, the case of the ‘Dieseli-
zation’ can serve as a critical case for a 
process of path creation on the back-
ground of path dependence. Accord-
ingly, the case provides some insights 
for the questions (a) which mecha-
nisms are behind the status quo in the 
car market and (b) how these mecha-
nisms could be influenced. Regarding 
the first question, network effects and 
a hot-product loop clearly played a 
role in the diffusion of Otto cars. Inter-
estingly, these two effects took place 
in partially different phases of the dif-
fusion process: While the network ef-
fect is closer connected to the begin-
ning of the diffusion, the hot-product 
loop changed its character over time 
and ended with the recognition of the 
Otto-driven passenger car as the core 
concept of modernity. These two ef-
fects also played an interesting role in 
the diffusion of the Diesel car: Firstly, 
the network effect played no negative 
role for the diffusion of Diesel, simply 
because Diesel cars use the same road 
network and due to the existing Die-
sel-fuel infrastructure so far dedicated 
to busses and trucks. Secondly, the 
disadvantageous hot-product loop was 
neutralized by mimicking the techno-
logical characteristics of the dominant 
design of Otto cars. Later on, the hot-
product image was even transferred to 
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the Diesel car as a consequence of the 
changing ‘Zeitgeist’. Last but not least, 
the transaction costs from one design 
to the other were shared between dif-
ferent, more or less co-operating 
agents. A significant part of the spon-
sorship was carried by the German 
federal state with its tax subsidies. 
However, other kinds of agency might 
be successful too, as, for example, the 
‘hybridization’ of the dominant design 
as has been done by Toyota’s Prius or 
bivalent gasoline-natural gas passen-
ger cars.  

Concerning future investigations six 
theoretical-methodological aspects 
and three empirical ones can be point-
ed out. The first theoretical suggestion 
is that the concept of path dependence 
needs to be developed further by using 
the plateau of the S-curve. This seems 
to fit with the assumption of decreas-
ing returns as discussed in literature 
(Unruh 2000, Deeg 2001). Secondly, it 
would be useful to put the relationship 
between path creation and path de-
pendency into one mathematical mod-
el (possibly as tried by Witt (Witt 1997) 
or Katz and Shapiro (Katz/Shapiro 
1985, 1986). This could be done by 
using the inspiration of the switch 
from one S-curve to the other. Thirdly, 
it is questionable how important the 
lock-in is for the concept of path de-
pendency, when a changeover is pos-
sible as shown in this paper. Fourthly, 
the concept of self-reinforcing mecha-
nisms clearly needs to be investigated 
further because they (a) seem not to 
operate constantly. Moreover, (b) in 
the literature, only ‘arbitrary’ sugges-
tions are made regarding how these 
mechanisms could look. Also (c) the 
necessary excessive use of longitudinal 
data - including a high variety of varia-
bles - resulting from their highly com-
plex nature is currently underestimat-
ed. Fifthly, the ‘neutrality’ of the net-
work effect in the case of the Diesel 
cars reveals that the degree of devia-
tion of the new design from the old 
one – respectively the radical nature of 
the innovation – plays an important 

role regarding the question which 
mechanisms of the old path have to be 
surmounted. Finally, the question how 
mechanisms can be addressed by the 
agents opens up the question of an 
active management of these mecha-
nisms and thereby of paths. 

Regarding the empirical case, the first 
aspect to mention is that it would be 
worth to investigate the still neglected 
agency in the case of the establish-
ment and maintenance of Otto cars. 
Likewise, it is necessary to look for 
mechanisms that drive the diffusion of 
Diesel cars before and after the mo-
mentum was reached. This would pro-
vide a broader picture of the complex 
development of path phenomena. 
Findings may then be contrasted with 
those of this paper. Secondly, as the 
changing image of Diesel revealed, it 
would be worthwhile to carry out a 
discourse analysis in order to closer 
monitor these developments strongly 
influencing the behaviour on the de-
mand side. Thirdly, it would be im-
portant to consider the consequences 
of the newly established Diesel-path 
for an eventual stabilization of the 
fossil fuel-consuming engine technol-
ogies in general, as well as for the in-
troduction of other, even more effi-
cient engine technologies into the car 
market. 

6 A forecasting conclusion – a 
plea for taking mechanisms into 
account 

A path-perspective focusing on mech-
anisms as drivers for dominant designs 
adds three new features to the study of 
innovations and for future attempts to 
introduce more fuel efficient engine 
designs: Firstly, the driving forces be-
hind existing design encompass nested 
causalities between very different 
spheres such as petrol stations and 
consumer’s images. These aspects can 
be very closely related, wherefore the 
different spheres can not be addressed 
separately. Instead, the linking mecha-
nisms between the spheres need to be 
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identified. This is the necessary first 
step. The second step is to identify 
how the driving mechanisms affect the 
attempted alternative – i.e. if they af-
fect them negatively (e.g. the hot-
product loop, the transaction costs) or 
positively (e.g. the existing fuel infra-
structure) or not at all (e.g. the road 
network). The third step then is to de-
velop strategies, as to how these 
mechanisms have to be addressed in 
order to introduce the new alternative. 
E.g. the hot-product loop can be af-
fected by mimicking the dominant de-
sign, by influencing the consumer’s 
image regarding the desirable charac-
teristics, by adding new characteristics 
and / or by hybridizing the dominant 
design. Furthermore, initial inertia 
both on the side of the consumers as 
well as the product developers can be 
targeted by lowering the transaction 
costs via sponsoring. Thus, the lesson 
to be learned is that it is not the image 
of the dominant design or the econo-
mies of scale per se but their interre-
latedness. 
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Abstract 

The present article describes the introduction of information and communication 
technologies in the operating rooms of two hospitals. It explores the dynamics of 
gender practices among the four occupational groups of the OR and how these 
practices evolved during computerization. With this, the paper contributes to the 
current discussions on hegemonic masculinity as a generative principle that con-
sider multiple, complex and context-specific versions of hegemonic masculinity. 
Drawing upon the theoretical framework of workplace studies, video recording and 
video analysis are used to study computer expertise that the personnel developed 
as a result of their day-to-day practices. The article shows that computer expertise 
is treated as a status characteristic in the first hospital and only those with higher 
status are authorized to use the computer-supported information system to ac-
quire prestige and to exert influence. In contrast, computer expertise does not 
function as a status characteristic in the second hospital. Here, computerized tasks 
are equated with assisting activities and are devalued. The paper examines the 
conditions under which computer expertise forms an amalgamation with gender 
and profession. It explains how existing gender hierarchies and power relations 
were restructured in the first hospital and how they were stabilized in the second 
hospital. 
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1 Introduction 

There are very pronounced differences 
between the proportions of men and 
women employed in the four profes-
sional groups that work in the operat-
ing room namely, the surgical and an-
esthesiological personnel and the sur-
gical and anesthesiological nursing 
services.1 The division into female and 
male occupations is not only relevant 
for the OR but is also a feature of the 
labor markets of industrialized coun-
tries in general (see, e.g., Smyth and 
Steinmetz, 2008; Trappe and Rosen-
feld, 2004). Female occupations are 
generally less well remunerated and 
enjoy lower prestige and status (see, 
e.g., Ridgeway and Correll, 2004; 
Ridgeway, 2001). Although men and 
women nowadays have equal access to 
education and occupations, the gen-
dered division of labor has remained 
intact. It is so persistent, because ac-
tors are “doing gender while doing 
work” (see, e.g., Gottschall, 1998; Hall, 
1993; Leidner, 1991). Occupations with 
higher status and prestige are ascribed 

1 Evidence for gender segregation can be 
found, first, by referring to the examination 
statistics of the Berlin Chamber of Physi-
cians. According to these statistics, for 
example, 33 men but only 7 women took 
the medical exam for the specialization in 
surgery in Berlin in 2004, whereas in anes-
thesiology the figures for men and women 
were 27 and 29, respectively (see Ärz-
tekammer Berlin, 2005). Second, the study 
on which this paper is based confirms 
these numerical relations between the 
sexes among medical personnel. Moreover, 
it highlights the pronounced gender segre-
gation among the nursing professions in 
the OR. While the surgeons in the surgery 
departments of the two hospitals investi-
gated were primarily made up of men (81% 
and 74%, respectively), the proportions of 
men and women among the anesthesiolo-
gists were almost equal with 39 % and 52% 
men (61% and 48% women), respectively. 
By contrast, surgical nursing was a wom-
an’s profession (94% and 83% women, 
respectively). Men represented a quarter of 
the anesthesiological nurses, which is unu-
sually high for a nursing profession (27% 
and 26% men and 73% and 74% women, 
respectively). 

 

to men, and the specific occupational 
traits and abilities are perceived as 
being masculine. This article will ana-
lyze such phenomena through the 
concept of “hegemonic masculinity” as 
originally developed by Raewyn Con-
nell (see, e.g., Connell, 2011) and as 
discussed, for example, by Lengersdorf 
and Meuser (2010), Scholz (2004), Pau-
litz (2012) and Faulkner (2007). Tech-
nology is an extremely significant site 
for gender negotiations at work. What 
function does technology perform in 
ensuring hegemonic masculinity? Is 
masculinity equated with technology 
and femininity with sociality as, for 
example, in Faulkner (2007)? Do men 
always acquire status and prestige 
through the appropriation of technol-
ogy? Under what circumstances do 
they incorporate feminine properties 
such as sociality?  

In spite of the pronounced gender-
specific division of labor in the OR, 
current studies on the technologiza-
tion of the operating room fail to take 
gender into account (see Schubert, 
2006; Prentice, 2005). Authors such as 
Oudshoorn (2009) or Wagner (1993, 
1995) demonstrated that the autonomy 
of the nurses decreases when technol-
ogy is introduced in hospitals. Under 
what circumstances can nurses gain 
autonomy during technologization? 
Can they undermine hegemonic mas-
culinity? The pervasive character of 
gender becomes visible in the amal-
gamation of gender and profession in 
hospitals. The caring work of nurses is 
perceived as genuine feminine ability 
(see, e.g., Waerness, 2000), whereas 
the instrumental relation of surgeons 
to the operating table is constructed as 
masculine property (for the dissecting 
room see Hochschild, 1990: 67). The 
emphasis of this paper lies on the 
nurses in the OR and how they can 
gain autonomy vis-à-vis the male sen-
ior medical personnel that occupy the 
hegemonic position in the OR, on the 
one hand, and how hegemonic mascu-
linity is ensured, also among men, on 
the other hand. It focuses less on the 
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female anesthesiologists and the fe-
male surgical residents taking part in 
this study who also had to negotiate 
their position within the relations of 
gender and profession.2 With this em-
phasis the present article will examine, 
firstly, the conditions under which the 
technologization of the OR contributes 
to the reconfiguration of the gender 
system and the redistribution of power 
relations and, secondly, under what 
conditions it leads to their stabiliza-
tion.  

This article draws upon the approach 
of video hermeneutics as developed in 
Kissmann (2009a, 2014). Within the 
framework of Merleau-Ponty’s “inter-
corporeity”, video recording is used to 
study human-machine intra-actions 
and especially gender-technology rela-
tions. Since sociality and corporeity 
are conceived as equally fundamental 
in Merleau-Ponty’s writings, social 
relations between objects as well as 
between bodies become possible. This 
allows the video analysis of human-
machine or machine-machine intra-
actions. Video hermeneutics is a prom-
ising tool to analyze the pervasiveness 
of gender in such intra-actions, be-
cause it opens the “black box” of how 
bodies and things are seen, spoken 
about or intra-acted with. Against this 
background, this article investigates 
the configuration of gender practices 
in the OR before and after the intro-

2 Firstly, female surgeons only held the 
positions of surgical residents. In none of 
the surgery departments studied did wom-
en occupy the position of senior surgeons. 
This “ceiling” of women’s careers could be 
analyzed in future studies. Secondly, the 
interactions between nurses and female 
doctors are also extremely insightful. As 
Ridgeway and Correll (2004) demonstrated, 
the status characteristics of gender and 
profession also come together in the inter-
action between a female doctor and a 
nurse. They play a structuring role when 
the women involved define themselves in 
contrast to men or perform functions typi-
cally classified as masculine. The latter 
conditions materialize in mathematics 
classes for girls, for example (see Correll, 
2001). 

duction of computer systems, specifi-
cally, so-called OR management sys-
tems. The subject of the study were 
two hospitals with comparable num-
bers of operating rooms (12 and 14, 
respectively) that used the same OR 
management system supplied by the 
same firm. The study shows that in the 
first clinic, the introduction of the OR 
management system contributed to 
restructuring gender hierarchies. In 
this case, the surgical nurses were able 
to circumvent the status expectations 
they were confronted with. Computeri-
zation led to the establishment of a 
cooperative style of work that enabled 
the surgical nurses to wield power and 
to control the relevant area of uncer-
tainty of OR planning. The latter was 
possible even though computer exper-
tise was treated as a status character-
istic and only those with higher status 
were authorized to use the computer-
supported information system to ac-
quire prestige and to exert influence. 
In the second hospital, by contrast, the 
OR management system stabilized the 
existing gender hierarchies. The intro-
duction of the computer-supported 
information system contributed to 
reinforce the style of work of depend-
ent assistance. Here, computerized 
tasks were equated with assisting ac-
tivities and were devalued accordingly. 
Computer expertise did not function as 
a status characteristic. Responsibility 
for entering the data in the OR man-
agement system was reserved exclu-
sively for the surgical residents and the 
surgical nurses. However, the actual 
OR planning, which constitutes the 
relevant area of uncertainty, remained 
the preserve of the senior surgeons 
who were all male.  

In a first step, this article will focus on 
the relevant discussions in workplace 
studies, feminist STS, and micro-
politics. In a second step, the gender 
system and power relations before the 
introduction of the OR management 
systems will be presented for both of 
the hospitals studied. In a third step, 
the central focus will be on the prob-
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lems that the surgical head nurse en-
countered in the first hospital follow-
ing the introduction of the computer-
supported information system. It will 
be described how she subverted the 
status expectations she was confront-
ed with and, in so doing, how she un-
dermined hegemonic masculinity. In a 
forth step, the emphasis will be on the 
style of work that became established 
in the two hospitals as a result of 
computerization. The conditions that 
led to the restructuring of power rela-
tions between the sexes in the first 
clinic and to their stabilization in the 
second will be described. 

2 Workplace studies and videos 

Videos have become useful tools for 
the analysis of workplaces and espe-
cially for the analysis of technology 
within the study of work (see, for an 
overview, Knoblauch and Heath, 1999). 
Scholars in the field of workplace stud-
ies share the premise from Lucy 
Suchman’s work “Plans and Situated 
Actions” (1987, 2007) that the meaning 
of technological artifacts does not fol-
low predetermined plans. Instead, the 
way technology is used depends upon 
local context and practices. If plans 
and scripts come into play, they are 
not inscribed into the artifact as one 
single purpose. Rather, they function 
as a kind of resource upon which users 
draw in order to organize their actions. 
This perspective sheds light upon the 
users’ expertise, because they may 
develop new meanings for artifacts 
that were originally not envisaged by 
the designers. Video recording and 
analysis are used within this frame-
work to study the expertise that people 
developed as a result of their daily 
practices. This essay will especially 
focus on computer expertise and ex-
amine under which circumstances it is 
treated as a status characteristic (see, 
e.g., Correll and Ridgeway, 2003). If 
computer expertise constitutes a status 
characteristic in a particular group, 
computer experts acquire a higher 
status due to the performance the 

group members ascribe to them and 
they can exercise greater influence and 
enjoy greater prestige.3 

Scholars in the field of workplace stud-
ies make use of videos within a wider 
ethnography. It is usually supplement-
ed by participant observation and in-
terviews (see, e.g., Tuma et al., 2013; 
Kissmann 2009a). The present article is 
based on an evaluation of 40 narrative 
interviews, on an analysis of partici-
pant observation of the work of 39 
people employed in the OR and on an 
analysis of a total of 400 hours of vid-
eo data.4 Within the latter, the misun-
derstandings were selected in order to 
reconstruct the interpretative achieve-
ments of the personnel that are neces-
sary to use the computer-supported 
information system. It has been a 
longstanding concern in sociology and 
anthropology to analyze breaches and 
breaks in routines in order to under-
stand the taken-for-granted everyday 
world (see Schütz, 1962; Garfinkel, 
1963). This ethnomethodological ap-
proach was adopted by conversation 
analysis to elaborate on breaches in 
doctor-patient conversations (see, e.g., 
Ten Have, 1990; Maynard, 2003). In 

3 Whereas gender, ethnicity, and age con-
stitute diffuse status characteristics, com-
puter expertise is described as a specific 
status characteristic. The former involve 
both general and specific expectations 
concerning the competence of the respec-
tive individual, such as, for example, the 
general expectation “that men are diffusely 
more able than women at most things” and 
the specific expectation that “men are bet-
ter at some particular tasks (e.g., mechani-
cal tasks) while women are better at others 
(e.g., nurturing tasks)” (Ridgeway, 2001: 
357f.). A specific status characteristic such 
as computer expertise, by contrast, rests 
exclusively on specific expectations regard-
ing competence. 
4 The narrative interviews were evaluated 
using narration analysis (see Schütze, 1976 
and 1978; for an overview, see Przyborski 
and Wohlrab-Sahr, 2008). The participant 
observation was conducted in the form of 
“job shadowing,” so that in each case a 
person working in the OR was accompa-
nied and observed at work over one or 
more days. 
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this paper, the misunderstandings in 
video-taped interactions were analyzed 
in order to reconstruct the doctors’ 
and nurses’ taken-for-granted inter-
pretations when they use the OR man-
agement system. It will be asked how 
doctors and nurses deal with a com-
munication problem when it crops up 
and how the OR management system 
is brought into the interaction. 

In video hermeneutics as developed in 
Kissmann (2014), a segment-in-
segment analysis is conducted as op-
posed to the picture-in-picture analy-
sis by Bohnsack (2009) or Raab (2007). 
Through thought experiment, choices 
of action are developed in each seg-
ment of 5 seconds that could possibly 
occur in the next segment. In doing so 
one can eliminate interpretation possi-
bilities in each new segment and one 
finally arrives at a point where one 
single interpretation remains. The pro-
cess of analysis is not described in this 
article, because it is too complex. 
However, the interpretation work that 
was necessary to reconstruct the 
meaning of the thereinafter mentioned 
elbow gesture is shown in Kissmann 
(2014). The segment-in-segment inter-
pretation makes it possible to analyze 
the flow of interactions. It focuses up-
on body conduct and not merely on 
positions. 

Drawing upon Merleau-Ponty, the au-
thor distinguishes between two forms 
of sociality: “intercorporeity” and “dia-
log”. The former denotes the triadic 
relation of the body self, the other 
body and the world. This form of soci-
ality refers to pre-reflexive and practi-
cal knowledge, whereas the dialog is 
mediated through language and refers 
to theoretical knowledge. Merleau-
Ponty also uses the terms of “gestural 
meaning” and “notional meaning” as 
synonyms for “intercorporeity” and 
“dialog” (see Merleau-Ponty, 1966). 
Everyday meaning is always made up 
of these two elements. Although they 
are interconnected in natural settings, 
video hermeneutics separates them 
during analysis. As a result, the mean-

ing of gestures and facial expressions 
can be analyzed with respect to their 
visual and bodily content only. Video 
hermeneutics goes beyond traditional 
notions of intentionality, because cor-
poreity and sociality are equally fun-
damental. Understanding is not pri-
marily based on consciousness as pos-
tulated by Weber or Schütz. Instead, 
the body itself is able to understand 
the other body and the world. The 
concept of “intercorporeity” is the pre-
condition for social relations between 
bodies as well as between objects. 
With this, visual-corporal expressions 
can be understood on a supra-
individual and pre-reflexive level as 
they occur in everyday interactions. 
The nodding gesture can be quoted as 
an example of this pre-conscious un-
derstanding. It is conducted and also 
interpreted on a pre-reflexive level 
without the immediate use of lan-
guage. 

A long-standing concern of feminist 
STS has been to show that gender and 
technology are co-constructed: One 
cannot fully understand one without 
the other, because both are socially 
constructed and socially pervasive (see 
Harding, 1986; Cockburn 1985, 1992). 
This view was further developed and 
specified in so far that technology, 
masculinity and femininity are not 
conceived as fixed and uniform catego-
ries. They rather contain multiple pos-
sibilities in the way they can relate to 
one another (see Wajcman, 2000; 
Cockburn and Ormrod, 1993; Casper 
and Clarke, 1998). Recent writings use 
the concept of ‘hegemonic masculini-
ty” by Raewyn Connell to explain how 
technology and masculinity are co-
constructed (see Paulitz, 2012; Faulk-
ner, 2007; Peterson, 2007; Abra-
hamsson, 2003). Connell’s concept is 
relational in two ways. Firstly, hege-
monic masculinity designates “the 
configuration of gender practice which 
embodies the currently accepted an-
swer to the problem of the legitimacy 
of patriarchy, which guarantees (or is 
taken to guarantee) the dominant po-
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sition of men and the subordination of 
women” (Connell, 2011: 77). Masculin-
ity does not exist except in contrast 
with femininity and within that relation 
it occupies the privileged position. 
Secondly, it denotes the relations 
among masculinities. Connell distin-
guishes two types of relationship: he-
gemony, domination/subordination 
and complicity on the one hand and 
marginalization/authorization on the 
other. The first type is internal to the 
gender order, whereas the second is 
used to characterize the interplay of 
gender with other structures such as 
class or race. Besides hegemony and 
domination, complicity is of particular 
importance for this paper. Not all men 
embody hegemonic masculinity, how-
ever they participate in the project of 
hegemonic masculinity, because they 
take advantage of the subordination of 
women. They are complicit in the 
sense that they benefit from being men 
in a patriarchy. 

In the analysis of the co-construction 
of masculinity and technology one can 
distinguish the approach developed by 
Wendy Faulkner (see, e.g., Faulkner 
2007 or Kleif and Faulkner 2003) from 
other approaches such as, for example, 
Peterson (2007) or Paulitz (2012). The 
former always relates masculinity and 
femininity to the dualism of ‘asocial’ 
and ‘social’. The co-construction of 
masculinity and technology derives its 
power from not being social. This 
makes sense in some cases. But 
Faulkner overlooks the cases where 
men incorporate sociality such as de-
scribed by Peterson (2007). The latter 
provides evidence that and how hege-
monic masculinity adapts to new de-
mands for a “softer” approach to work 
ideals. She describes how masculinity 
can incorporate classical feminine 
qualities such as social competence. 
Women do not benefit from this 
change. Rather they encounter prob-
lems if they perform in accordance 
with these new work ideals. As Peter-
son demonstrates, the privileged posi-
tion of masculinity and the hierarchical 

order prevailing between women and 
men can be maintained, since wom-
en’s social competence is assumed to 
be founded on biological and natural 
traits, whereas men’s social compe-
tence is recognized as an intellectual 
accomplishment and therefore as more 
important. Peterson (2007) or, for ex-
ample, Paulitz (2012) are in line with 
the concept of hegemonic masculinity 
as ‘generative principle’ as proposed 
by Sylka Scholz (2004). The latter sug-
gested that many versions of hege-
monic masculinity can exist simulta-
neously. She moved away from Con-
nell’s original view that every society 
generates one single pattern of domi-
nation. Instead, hegemonic masculini-
ty as ‘generative principle’ encom-
passes multiple, complex and context-
specific versions of hegemonic mascu-
linity. 

For the purposes of investigating the 
relation between computer systems 
and power in organizations, Ortmann 
et al. (1990: 13ff.) define power from 
the perspective of micro-politics as 
control over relevant areas of uncer-
tainty. An actor’s power depends on 
the relevance of the area of uncertainty 
he or she controls in relation to the 
other actors’ capacity for action. This 
definition, which originally stems from 
the organization theory of Crozier and 
Friedberg (1979), is extended by the 
authors using Giddens’ theory of struc-
turation. Drawing on the distinction 
between allocative and authoritative 
power resources (see Giddens, 1988: 
316), they supplement Crozier and 
Friedberg’s concept of power, which is 
confined mainly to information and 
communication with the material as-
pects of power. The latter are especial-
ly relevant for analyzing technologiza-
tion processes.5 

5 Technology is classified among the al-
locative power resources. According to 
Giddens (1988: 316), allocative resources 
are comprised of material aspects of the 
environment (raw materials, material 
sources of power), material means of pro-
duction or reproduction (instruments of 

 

                                                        



Kissmann: How Hegemonic Masculinity can be Undermined  

 

51 

3 The introduction of OR man-
agement systems 

Firstly, OR management systems make 
computer-assisted OR planning possi-
ble. In large hospitals with centralized 
operating rooms with around 15 thea-
ters, there is a very urgent need for 
coordination. This is because of the 
large reserve of personnel that must be 
assigned to a particular operating 
room according to the area of speciali-
zation. In this regard, the OR man-
agement systems make personnel 
planning possible. In addition, the OR 
management systems ensure the ad-
ministration of sterile material. Large 
amounts of material, ranging from 
surgical sutures to prostheses, are 
used up and reordered on a daily ba-
sis. During operations, so-called OR 
protocols can be generated through 
the OR management system in which 
the use of materials is recorded. Final-
ly, the data of the patients are man-
aged, using the computer-assisted OR 
planning, and the patients are as-
signed to a particular operating room. 

Prior to the introduction of the OR 
management system the OR program 
was drawn up by hand on large white-
boards in both the hospitals studied.6 

production, technology), and fabricated 
goods (products arising through the com-
bination of the first two categories). In 
contrast, he subsumes the organization of 
space and time where this is relevant for 
social action (spatiotemporal construction 
of roads and regions), the production and 
reproduction of the body (organization of 
the relationships between human beings in 
communal relationships) and, finally, the 
organization of life chances (production of 
opportunities for developing and express-
ing oneself) under authoritative resources. 
6 The introductory narrative questions for 
the interviews were formulated in such a 
way that they covered both the time before 
and the time after the introduction of the 
OR management system. The video record-
ings and the participant observation, by 
contrast, referred to the phase after the 
introduction of the computer system. A 
feedback workshop was conducted in order 
to compensate for the fact that only the 
subjective impressions of the interview 

As a result, it was accessible to every-
one, but the agreements on which it 
was based were made “on the fly” by 
the senior surgeons who were all male. 
This meant that the male and female 
senior anesthesiologists had little say 
in decisions, because they were only 
able to intervene after the fact had 
been established. At that time, both, 
the surgical head nurse and the anes-
thesiological head nurse could derive 
power from the fact that their staff was 
indispensable for the medical person-
nel. Nevertheless, they were restricted 
to fulfilling their function of providing 
assistance. They had to satisfy the ex-
pectations associated with this specific 
function in order to maintain the area 
of uncertainty they wanted to control 
(see Crozier and Friedberg, 1979: 63). 
As a result, the hierarchical relation-
ship between the nursing and medical 
status groups was very pronounced. 
Moreover, prior to the introduction of 
computerization, neither the surgical 
nurses nor the anesthesiological nurs-
es had opportunities for advancement. 
There was just one managerial posi-
tion for each specialized nursing ser-
vice and no further differentiations. 
This “ceiling” for the opportunities of 
career advancement within the special-
ized nursing services contrasts sharply 
with the physicians’ field of activity 
and salary system.7  

Before the OR management system 
was introduced in the two hospitals, a 
marked symbolic segregation regard-
ing the use of technology could be 

partners were available for the period prior 
to computerization. In the workshop, the 
individuals involved were able to discuss 
the results of the study. In this way it was 
possible to check whether the actors 
shared the same view of the period preced-
ing computerization. 
7 For the latter, the career ladder begins 
with the residency position, and then ex-
tends from the specialist, the attending 
physician, and the senior attending physi-
cian positions to, finally, the position of 
head physician in the department. In some 
hospitals, the residency positions are also 
in part filled by specialists. 
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observed within the anesthesiological 
nursing service. Although structurally 
speaking all members of the anesthe-
siological nursing staff performed the 
same work and received the same sal-
ary, the men utilized the technology to 
wrest control over symbolically valor-
ized tasks such as the repair of in-
strumentation. It was not only the men 
who engaged in “doing gender” as a 
valorization strategy; the women com-
plied with this themselves by playing 
down their own technical competence. 
The constructions of identity were 
aligned with the expectations attached 
to the respective gender roles. The 
anesthesiological head nurse in the 
second hospital for example, described 
herself as a “technical embryo”, even 
though she was very skilled in operat-
ing technical equipment.  

Studies such as Heintz et al. (1997) 
and Heintz and Nadai (1998) analyzed 
the gender practices in different occu-
pations such as the nursing profes-
sion, among others. In order to de-
scribe the behavior of male nurses 
within the female profession, they 
used the concept of tokenism as devel-
oped by Rosabeth Kanter (1977). This 
concept is also very useful in the pre-
sent paper, because nursing as a car-
ing profession emphasizes behaviors 
and skills characterized as antithetical 
to hegemonic masculinities. Male 
nurses embody a version of masculini-
ty that can be characterized as “subor-
dinated masculinity”, because they are 
excluded from the OR program design 
that is constitutive for masculinity in 
the OR. However, they are also “com-
plicit,” because they use valorization 
strategies to demarcate themselves 
from the female majority and, in doing 
so, contribute to the subordination of 
women. The valorization strategy pur-
sued by men in the anesthesiological 
nursing service can be explained in 
terms of the phenomenon of “status 
leveling” associated with tokenism. 
The latter concept was originally de-
veloped in order to explain the posi-
tion of women in male professions. 

When they are first encountered, fe-
male tokens are assumed to be the 
secretaries or wives of male profes-
sionals. Even if their professional sta-
tus is known, they are also approached 
with tasks that only secretaries and 
wives are required to perform. Kanter 
demonstrates that female tokens must 
achieve a “status leveling” in order to 
adapt the expectations they encounter 
to their proper professional role. By 
contrast, the findings presented here 
show that men within the anesthesio-
logical nursing service engaged in 
“status leveling” in order to demarcate 
themselves from the female majority 
through their technical competence. 
Here, masculinity and technology are 
co-constructed and utilized as a valor-
ization strategy within a female profes-
sion. These findings furnish evidence 
that female and male tokens experi-
ence different mechanisms of inclusion 
and exclusion. Male nurses in the an-
esthesiological nursing service con-
tribute to establishing gender-specific 
boundaries and to ensuring their re-
sulting exclusion from the majority by 
“doing gender.” They do not have to 
prove that they belong to the female 
majority. By contrast, publications 
such as Heintz and Nadai (1998) and 
Hirschauer (1994) show that women in 
male professions have to achieve a 
balance between “doing gender” and 
“undoing gender.” They must prove 
that they belong to the male majority 
and minimize differences while re-
sponding to cultural gender beliefs. 

“Status leveling” of the men within the 
surgical nursing service could not be 
observed. The reason for this may be 
that the male minority within the sur-
gical nursing service was much smaller 
than the male minority within the an-
esthesiological nursing service (6 % 
and 17% compared to 27% and 26%). 
Heintz et al. (1997) argue that the rela-
tion between numerical and social 
integration is not linear. Segregation 
begins to disappear if the minority is 
around 10% and smaller. These find-
ings stem from the discussion of the 
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tokenism concept in relation to ethnic-
ity (see Heintz et al., 1997: 47, footnote 
33). They show that if the ethnic mi-
nority is around 5 to 10%, the relation-
ship between minority and majority 
remains without conflict. Problems 
only emerge, if the minority increases 
to much more than 10%. Then the ma-
jority perceives the minority as threat-
ening and reacts with discrimination 
and segregation. For the present find-
ings in the OR this means that the 
male nurses within the surgical nurs-
ing service possibly perceived the fe-
male majority to be less threatening 
than the men within the anesthesio-
logical nursing service. Accordingly, 
the former may not have felt the need 
to demarcate themselves from the fe-
male majority through technical com-
petence. 

4 How status expectations are 
subverted 

After the introduction of the OR man-
agement system the senior physicians 
in the first hospital from both the sur-
gery and the anesthesiology depart-
ments had integrated the computer 
system into relevant routines. Com-
puter expertise was treated as a status 
characteristic. Therefore, the surgical 
and anesthesiological nursing services, 
as lower status personnel, encoun-
tered problems when they used the OR 
management system to acquire pres-
tige and to exert influence. Hegemonic 
masculinity was exercised through 
male senior surgeons’ appropriation of 
the computer-supported information 
system on the one hand and through 
the male senior attending anesthesiol-
ogist’s appropriation of it on the other 
hand. They occupied the hegemonic 
position, because they controlled the 
relevant area of uncertainty of OR 

planning. However, the surgical head 
nurse managed to circumvent the sta-
tus expectations she was confronted 
with and in so doing she undermined 
hegemonic masculinity in the OR. As a 
result, the surgical head nurse and the 
senior physicians could integrate the 
OR management system into their rou-
tines, and they could develop a com-
mon view of their procedures. Moreo-
ver, the surgical head nurse in turn 
enabled the surgical nurses under her 
supervision to exercise power vis-à-vis 
the doctors and to gain autonomy. The 
OR in this clinic was therefore charac-
terized by a cooperative style of work.  

The style of work in the second hospi-
tal, by contrast, could be described as 
dependent assistance. There, the sur-
gical nurses and the surgical residents 
were exclusively responsible for the OR 
management system. Computerized 
tasks were equated with ancillary ac-
tivities and devalued accordingly. Here, 
hegemonic masculinity was ensured 
through male senior surgeons’ reluc-
tance to embrace computerization. The 
dominant version of masculinity was 
constructed in surgery entirely through 
the instrumental relation to the oper-
ating table and in sharp contrast to 
computer work. The OR management 
system had stabilized the gender sys-
tem and relations of power in the sec-
ond clinic, so that the surgical nurses 
remained confined to their classical 
professional role as assistants. By 
comparison with other occupational 
groups, in neither of the two hospitals 
was the anesthesiological nursing ser-
vice able to break through the hier-
archization between physicians and 
nurses. Instead, the use of technology 
reinforced the symbolic, gender-
specific segregation within the profes-
sional group. 
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The analysis of misunderstandings in 
the video data have shown that the 
surgical head nurse in the first hospital 
with the cooperative working style had 
problems asserting herself vis-à-vis the 
senior medical personnel during the 
period following the introduction of 
the OR management system. These 
problems could be explained by the 
fact that computer work was treated as 
a status characteristic in the first hos-
pital. Those with lower status, such as 
the surgical head nurse, encountered 
resistance when they demonstrated 
competence in dealing with comput-
ers. From the perspective of those with 
a higher status, the computer expertise 
of the surgical head nurse was not 
legitimate because it did not tally with 
her status. The following video still 
was not de-identified in order to keep 
the gestures as authentic as possible 
(see fig. 1). It shows how and why a 
misunderstanding occurs as well as 
how actors deal with it and how the 
OR management system is brought 
into the interaction. 

The analysis of the video sequence 
from which the above still is drawn 
provided evidence that the elbow ges-
ture performed by the senior attending 
anesthesiologist was an expression of 
sympathy. The surgical head nurse, by 
contrast, saw the gesture in a different 
light. The way she framed the elbow 
gesture stems from her daily experi-
ences with the senior medical person-

nel. She was bound to interpret it as a 
reprimand because she had encoun-
tered resistance in many other interac-
tions when she sought to exert influ-
ence through the OR management 
system. Her interpretation of the elbow 
gesture is made apparent in the above 
video still by the way she withdraws 
her body. It is a conduct of defense 
and renders visible that she has prob-
lems asserting herself vis-à-vis the 
senior medical personnel. However, 
immediately following the elbow ges-
ture, the surgical head nurse leaned 
past the doctor toward the computer 
screen. The way the OR management 
system is brought into the interaction 
after the misunderstanding shows how 
the surgical head nurse subverts the 
status expectations she is confronted 
with. She develops a strategy of resili-
ence through which she finally gains 
recognition for her contributions to 
the OR planning by the medical per-
sonnel. That strategy consists in ap-
pealing to shared schemes of interpre-
tation and is a way of wielding power 
through consensus. Two de-identified 
video stills show how the previous 
misunderstanding was solved. They 
make visible how power can be exer-
cised through consensus (see figs. 2 
and 3). 

  

Fig. 1: The senior attending anesthesiologist (in the center) touches the elbow of 
the surgical head nurse (person at the right). 
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Figs. 2 and 3: The surgical head nurse 
points at the computer screen and 
explains her contribution to OR plan-
ning to the senior attending anesthesi-
ologist. 

Surgical head nurse: but it it’s all look 
here I’ve already umh said to Mechthild 
when she’s finished with the injections 

Senior attending physician anesthesi-
ology: to come down 

Surgical head nurse: to come down, 
replace me and in 2 and then they’re 
here in the back, right 

With her outstretched arm, the surgical 
head nurse indicated her contribution 
to OR planning. She showed the senior 
attending physician on the screen 
which nurses are assigned to which 
operating room for which procedures. 
By  looking  attentively at the  screen-
while supporting his chin in his left 
hand, he was signaling his undivided 
attention. In this way, he clearly indi-
cated that he ascribed to her the com-
petence to contribute to OR planning 
and that she had an equal right to in-
fluence the OR program. Both the lan-
guage used by the surgical head nurse 
(“but it it’s all look here”) and her 
pointing gesture to the computer 
screen emphasized that she had the 
necessary planning and organizational 
knowledge to make independent con-

tributions to OR planning. At “injec-
tions” the senior attending anesthesi-
ologist anticipated what the surgical 
head nurse was going to say with “to 
come down.” This indicates that he 
was following each step of her demon-
stration attentively and immediately 
recognized the implications of what 
had been said. The surgical head nurse 
knew in turn that the senior attending 
physician could follow each individual 
step. Her strategy of resilience consist-
ed of appealing to shared schemas of 
interpretation and of deliberately using 
shared knowledge, such as the fact 
that Mechthild was entrusted with the 
injections. Other shared schemas of 
interpretations were, for example, 
which operation made sense at what 
time and with which staff. The surgical 
head nurse used them to back up her 
contributions to the OR program and, 
with this, wielded power through con-
sensus. Appealing to shared interpreta-
tions in decision-making processes is 
a way to exercise power through con-
sensus.  

Although the surgical head nurse was 
not entitled to gain influence and pres-
tige through the OR management sys-
tem because of the differences in sta-
tus, she managed to breach the status 
expectations and to demonstrate just 
as much skill in the design of the OR 
program as the male senior surgeons 
and the male senior attending anes-
thesiologist. The strong hierarchiza-
tion between the surgical head nurse 
and the male senior surgeons was 
breached and gave way to a coopera-
tive style of work. Hegemonic mascu-
linity was undermined because the 
surgical head nurse became an equal 
player in the “serious game” of the OR 
plan design. Men seek homosocial 
communities to play for the position of 
hegemonic masculinity. They perform 
“serious games” (that are not for fun) 
because power resources are allocated 
(see Meuser, 2001). Competitiveness 
therefore is a major feature of hege-
monic masculinity. The OR plan design 
was such a playground for the hege-
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monic position because it represented 
the place where power resources were 
allocated. It was constitutive of the 
ideal of hegemonic masculinity.  

The basic skill that the players need, 
was generally characterized by the 
senior attending anesthesiologist as 
“communication work”: “A system that 
is transparent, where you can see the 
changes at every workplace, it has the 
disadvantage that a certain, that cer-
tain umh that in addition to the PC, to 
the individual operation, communica-
tion work still must be maintained, and 
this communication must not, umh the 
PC must not replace the communica-
tion”. The interview partner did not say 
that he uses communication work to 
wrest control over the relevant area of 
OR planning. For him, communication 
work seemed to be a general ideal and 
not a means to realize an ideal of mas-
culinity. A principle feature of mascu-
linity consists in “the hypostasis of 
masculinity to the general human” and 
that “the constitutive impact of gender 
as common ground is masked in ho-
mosocial communities” (see Meuser 
2001: 14). However, the senior attend-
ing anesthesiologist also acknowl-
edged that communication work is “a 
problem with which we have to strug-
gle” and that “it would not be a prob-
lem, if the surgical departments had 
more discipline”. The specific commu-
nication skill was used by the senior 
surgeons and the senior attending 
anesthesiologist to compete for the 
hegemonic position in the OR.8 Alt-

8 Previous studies on the use of computer-
supported information systems in the OR 
showed that communication work usually 
is performed by the OR coordinators, i.e. 
the senior anesthesiologists. This special 
task is necessary to make the computer 
system work and to ensure that the data of 
the patient are handled with care (see 
Kissmann, 2009b). However, in the first 
hospital with the cooperative style of work, 
communication work was performed by all 
senior physicians. Whereas the male and 
female senior anesthesiologists perceived 
the computer-supported communication 

hough communication work is gener-
ally seen as a feminine property such 
as, for example, sociality or social 
competence (see, for example, Peter-
son, 2007), it was adopted by male 
senior doctors for competitive purpos-
es. It shows, in contrast to Faulkner 
(2007), that technical competence and 
sociality were not mutually exclusive 
for the project of hegemonic masculin-
ity. 

5 The working style in the two 
hospitals 

In the new way of exercising power, 
which was encountered only in the 
hospital with the cooperative style of 
work, the surgical head nurse went 
beyond performing the function of 
providing assistance. She managed to 
assert herself and to acquire an equal 
role in designing the OR plan. Moreo-
ver, she in turn enabled the surgical 
nurses under her supervision to break 
through the classical assistant role vis-
à-vis the surgeons. What enabled the 
surgical nurses in the clinic with the 
cooperative style of work to wield 
power was that they had the oppor-
tunity to check the decisions of the 
senior medical personnel in the so-
called “history” of the OR management 
system and hence to criticize these 
decisions constructively.9 In the sec-
ond clinic in which the style of work 
was characterized by dependent assis-
tance, the surgical nurses did not have 
the opportunity to scrutinize the OR 
planning process, because the senior 
doctors devalued computerized tasks 
as nonprofessional work and the OR 
planning was conducted informally 
“on the fly.”  

work as a means to make data available 
everywhere, the male senior surgeons and 
the male senior attending anesthesiologist 
used it to wrest control over the relevant 
area of uncertainty of OR planning.  

9 The history contains a record of who 
made entries in the OR plan and the time 
of the entry. 
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In virtue of the practical option offered 
by the “history” as represented in the 
OR management system and of the fact 
that in the first hospital the senior 
physicians were centrally involved in 
OR planning, the surgical nurses could 
accumulate planning and organiza-
tional knowledge and exercise control 
over the area of uncertainty of OR 
planning. The surgical head nurse ex-
pressed the gain in power through the 
OR management system as compared 
to the whiteboard as follows: “I see, 
aha, the operating room here, so the 
hernia was already scheduled, I saw 
that the time-limit would exceed for the 
room, I called the OR coordinator10 and 
said, look can't we perform it in Room 
8, I have staff there.” The example 
quoted shows how the surgical head 
nurse exercised control over the area 
of uncertainty of OR planning. 
Through access to the computer sys-
tem, she was able to reconstruct who 
had made which entries for which 
room. In the example in question, a 
“hernia” was scheduled for operation. 
Due to the planning and organization-
al knowledge she had accumulated, 
she was able to estimate that “the 
time-limit would exceed,” i.e. that the 
schedule originally worked out by a 
senior surgeon was incorrect and that 
the operation would take longer than 
the time allocated. Against this back-
ground, she proposed to the OR coor-
dinator that the hernia operation 
should be conducted in Room 8, be-
cause surgical nurses were still availa-
ble there. By identifying incorrect en-
tries in the OR management system, 
the surgical head nurse contributed to 
transforming personnel resources into 
work and, in doing so, exercised con-
trol over a central operational area of 
uncertainty (see Ortmann et al., 1990: 
17). Moreover, the surgical head nurse 

10 In both of the hospitals investigated, the 
position of OR coordinator was filled on a 
rotating basis by one of the attending anes-
thesiologists as well as occasionally by the 
head anesthesiologist. 

 

had formed small workgroups of 5 to 6 
surgical nurses that reflected the actu-
al course of the operations and these 
groups were supposed to look for al-
ternatives when the occasion arose. 
One workgroup, for example, was as-
signed to work out how preparing the 
rooms in the morning and replenishing 
them with material could be coordi-
nated efficiently using the OR man-
agement system. In this way, the sur-
gical head nurse enabled her team to 
develop contributions of their own to 
OR planning. 

Moreover, in the first hospital the 
structural preconditions for opportuni-
ties for advancement within the surgi-
cal nursing service changed. The for-
mal area of activity became increasing-
ly differentiated because, with the in-
troduction of the OR management 
system, the surgical head nurse estab-
lished the position of assistant for 
supplies and had plans for further po-
sitions of this kind. This new activity 
no longer fit into the classical profile 
of the surgical nurse assisting the sur-
geon. Before the introduction of the 
OR management system, the surgical 
head nurse filled out the orders her-
self. In the case of small sterile materi-
als, she let her surgical nurses assist 
her, however without allowing them to 
act independently. After computeriza-
tion, the new assistant for supplies had 
independent responsibility for the 
computerized ordering of sterile mate-
rial and pharmaceutical supplies and 
no longer worked in the operating 
rooms herself. Instead, she coordinat-
ed several storerooms and made the 
orders at her own discretion over the 
hospital’s own intranet without the 
signature of the surgeons. Computeri-
zation had prompted the change in 
signing authority and, as a result, 
loosened the formal hierarchies be-
tween the medical personnel and the 
surgical nurses. The assistant for sup-
plies was answerable to the surgical 
head nurse only. By contrast, after the 
computerization some of the anesthe-
siological nurses had to do the order-
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ing in addition to their work in the OR. 
For this purpose, the order forms 
saved on the computer were printed 
out, filled out by hand, and counter-
signed by the anesthesiological per-
sonnel. As a result, the ordering pro-
cess within the anesthesiological nurs-
ing service depended on the decision 
of the physicians, and it did not con-
tribute to differentiating this area of 
activity. Here, there were no further 
opportunities for advancement apart 
from the managerial position. 

In the second hospital with the style of 
work of dependent assistance, by con-
trast, the OR management system was 
not integrated into the relevant rou-
tines by the senior physicians. Only the 
surgical nurses and the surgical resi-
dents used it and then merely as a 
“data base,” for example, to enter the 
operation protocol data or to record 
the material used up in the course of 
an operation. The OR management 
system was not used to develop a 
shared overview of the procedures as it 
was the case in the first hospital. Since 
the same computer-supported infor-
mation system was implemented in 
both clinics by the same firm, the sur-
gical nurses and the surgical residents 
in the second clinic – i.e. those re-
sponsible for the computer work – 
could also have had access to the his-
tory. However, it would not have 
helped them, because the relevant area 
of uncertainty of OR planning was not 
dealt with through the OR manage-
ment system. Instead, it was informally 
designed by the male senior surgeons 
“on the fly”. They conformed to a 
model of “classical surgeon” that can 
be characterized through their instru-
mental relation to the operating table 
and that stands in sharp contrast to 
computer work. The “classical sur-
geon” was described by a senior sur-
geon as follows: „He can contribute 
little to computers, because he boycotts 
them completely, he does not want to 
be concerned with them, he accesses 
the internet and looks at the stock ex-
change ehm but not more, but he 

spends the whole day in the OR, usual-
ly and in between runs to the intensive 
care unit and the endoscopy and stuff 
like that, that’s the typical classical 
surgeon”. 

As was made clear by the interview 
excerpt, the “classical surgeon” is male 
and wealthy enough to invest money 
in the stock exchange (or at least he 
toys with the idea). The model of heg-
emonic masculinity outlined here, 
bears similarities to Connells and 
Woods model of “transnational busi-
ness masculinity” (see Connell and 
Wood, 2005: 347). They both idealize 
neoliberal attitudes and relate them to 
hegemonic notions of a tough, de-
tached, and independent masculine 
self. In addition, hegemonic masculini-
ty was strongly tied to the instrumen-
tality of the operating table. The “clas-
sical surgeon” spends most of the day 
in the OR where the patient is reduced 
to his or her organs. The view on hu-
mans therefore was entirely instru-
mental. Moreover, hegemonic mascu-
linity was constructed in contrast to 
sociality as a feminine property. In the 
first hospital, “communication work” 
was an integral part of hegemonic 
masculinity. Here, the emphasis was 
placed on classical surgery that is gen-
uinely asocial, because communication 
is reduced to a minimum. 

In the second hospital with the style of 
work of dependent assistance, hege-
monic masculinity was ensured 
through senior surgeons’ reluctance to 
embrace computerization. The OR 
planning was made informally “on the 
fly” and without the computer system. 
The following extract from an inter-
view with a female surgical resident 
shows that the data were fed into the 
OR management system without con-
sulting with the other professional 
groups. Unlike in the first hospital, 
computer work did not make it possi-
ble to influence the other status 
groups.  
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Figs. 4 and 5: The head anesthesiolo-
gist (right) does not know how to op-
erate the OR management system and 
receives the necessary information 
from the surgical head nurse. 

Female surgical resident: “Well I al-
ways enter the patient number, and 
then the computer looks up the patient 
for me, and then I select the patient, 
and then it just asks me, the computer, 
I have to make entries in the box, 
what’s the underlying condition, what 
should be operated, which side, what 
position should the patient be put in, 
what kind of anesthetic, who’s the op-
erating surgeon, then you click on done 
and it’s in the OR program.” 

Interviewer: “Yes and you know all of 
that, the various things, I mean the 
kind of anesthetic, or do you read it 
from the patient record?” 

Female surgical resident: “No, well I 
mean there are a set of anesthesiologi-
cal procedures, you can kinda figure 
out what is involved, you know there’s 
an intubation, or a laryngeal mask or 
you do that, or there’s a plexus, I mean 
in the end it’s up to the anesthesiolo-
gist, but yeah you can go ahead and 
enter whatever you think.” 

The statements of the surgical resident 
quoted make it clear that she did not 
take entering the data into the OR 
management system seriously. She 
paid scant attention to the patient rec-
ord and did not consult with the anes-
thesiologists. Computer knowledge 
was not a status characteristic in this 
clinic; otherwise those higher up in the 
status hierarchy would have been able 
to use it to gain influence and wield 
power.  

While the surgical residents could af-
ford not to take the OR management 
system seriously, the surgical nurses 
had to be extremely meticulous when 
entering the data in the operation pro-
tocol. The following de-identified video 
stills of an interaction between the 
head anesthesiologist and the surgical 
head nurse in the second hospital re-
veal that the physician did not need to 
be concerned about his ignorance of 
how to operate the OR management 
system. The surgical head nurse and 
her “girls,” by contrast, had to feed the 
necessary data into the computer pro-
gram (see figs. 4 and 5).  

Surgical head nurse: yeah sure, what’s 
wrong with it 

Head physician anesthesiology: but 
that one isn’t even supposed to have 
started yet 

Surgical head nurse: but until now 

Head physician anesthesiology: here 
this one, it’s already started 

Surgical head nurse: well in the morn-
ing when the girls go into an OR, they 
log in of course and already prepare 
everything 

Head physician anesthesiology: good, 
then I’ll have to go in there again, I’ll 
have a look myself, that’ll be a bit faster 

In the example, the head anesthesiolo-
gist tried to access the OR plan in the 
OR management system. He knew that 
he could not access the information 
for an operation while the data for this 
operation was being entered in the 
relevant operating room and the corre-
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sponding data field was open. Howev-
er, he was not aware that every morn-
ing the surgical nurses enter the data 
for the rest of the day in each operat-
ing room and in the process open all 
of the data fields. As a result, it is not 
possible to access any information in 
the OR plan in the morning as long as 
the surgical nurses are still entering 
the data. The head physician was 
amazed at the error message, because 
the data field for the operating room 
he had clicked was supposed to take 
place only later in the day. This is why 
he said, “but that one isn’t even sup-
posed to have started yet.” He thought 
that the surgical nurses entered the 
data only while an operation was actu-
ally taking place and hence that the 
data were inaccessible only during the 
operation. As a result, he was discon-
certed and assumed that the operation 
which he had clicked, and which was 
actually scheduled for later, was never-
theless currently taking place: “here 
this one, it’s already started.” The sur-
gical head nurse standing behind him 
explained that in the morning her sur-
gical nurses, “the girls,” prepare the 
operations for the day in question in 
all of the ORs and enter the data for 
each operation into the OR manage-
ment system. This interaction shows 
that computer work was not a status 
characteristic in the second hospital 
with its dependent assistance style of 
work. The senior physicians paid no 
attention to the data input and to the 
way the OR management system oper-
ated. At the end of the interaction, the 
head anesthesiologist wanted to check 
in person whether everything was in 
order in the operating room. Thus he 
preferred to exercise influence through 
his presence and direct communica-
tion in the operating room. If comput-
er work had been a status characteris-
tic, he would have exercised influence 
through the OR management system. 
Moreover, the head anesthesiologist 
was not at the forefront of hegemonic 
masculinity. As an anesthesiologist, he 
did not match the ideal of instrumen-
tality towards the operating table and 

of being asocial. The interaction 
showed that he relied on direct com-
munication in the OR which stands in 
contrast to the ideal of hegemonic 
masculinity of reduced communication 
in surgery. In his situation, it was cru-
cial to devalue women’s work because 
it gave him a better position in the 
competition for the strongest mascu-
linity.  

The hierarchical relationship between 
physicians and nursing staff could not 
be breached by the anesthesiological 
nursing service in either of the two 
hospitals. Even after the introduction 
of the OR management system, the 
anesthesiological nurses had little au-
tonomy, as was made clear, for exam-
ple, by the abovementioned ordering 
procedure for anesthesiological mate-
rial. In both hospitals, the order forms 
had to be countersigned by the medi-
cal personnel. Thus, the anesthesio-
logical nurses were not able to order 
new material on their own initiative. 
The symbolic workplace segregation 
within the anesthesiological nursing 
service had increased following the 
introduction of the OR management 
system. The co-construction of mascu-
linity and technology no longer oc-
curred by way of the maintenance of 
instrumentation but through the mode 
of operation of the OR management 
system. The men within the anesthesi-
ological nursing service achieved their 
symbolic status by “doing gender” 
within the occupational group by regu-
larly explaining the mode of operation 
of the computer to the female nurses. 

6 Summary and conclusion 

The present article described the in-
troduction of information and com-
munication technologies in the operat-
ing rooms of two hospitals. Both clin-
ics had a similar number of operating 
rooms, and the same OR management 
system was installed in both hospitals 
by the same firm. The paper examined 
how hegemonic masculinity adapted to 
the new demands of computerization. 
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Firstly, masculinity was not always 
equated with technology as, for exam-
ple, in Faulkner (2007) or Kleif and 
Faulkner (2003). The model of the 
classical surgeon in the second hospi-
tal stood in sharp contrast to computer 
work. Secondly, when masculinity and 
technology were co-constructed, this 
was not always to the detriment of 
sociality. Technical competence of the 
masculine self and communication 
were not always mutually exclusive as, 
for example, in the two abovemen-
tioned publications. Instead, evidence 
could be provided of the flexibility and 
mutability of masculinity. The present 
paper examined the diverse ways in 
which technological competence can 
be employed to reinforce hegemonic 
masculinity. It demonstrated that the 
OR management system was used in 
the first clinic to support and value 
male senior doctors’ competitions to 
win control over the relevant area of 
uncertainty of OR planning. In contrast 
to this, the computer-supported infor-
mation system was used in the second 
clinic to devalue the activities of the 
nursing staff. In both cases, men ac-
quired status and prestige either 
through the appropriation of the OR 
management system or through de-
marcation from it. However, the gen-
der hierarchies in the first hospital 
were restructured, because the surgi-
cal head nurse subverted the status 
expectations she was confronted with. 
As a result, a cooperative style of work 
was established in the first hospital. By 
contrast, the classical dependent assis-
tance style of work in the second hos-
pital ensured that the existing gender 
hierarchies and power relations were 
reinforced. It was in the latter clinic 
only that the autonomy of the nurses 
became limited through technologiza-
tion such as discussed in Oudshoorn 
(2009) or in Wagner (1993) and (1995). 

In the first hospital with the coopera-
tive style of work, greater value was 
attached to computer work in general, 
and it was integrated into the routines 
by the senior surgeons and anesthesi-

ologists. Here it constituted a status 
characteristic. This explains why the 
surgical head nurse encountered re-
sistance when she wanted to use the 
OR management system to exert influ-
ence. Because she was endowed with a 
lower status, she was not entitled to 
demonstrate competence in dealing 
with computers. In contrast, in the 
second hospital with the dependent 
assistance style of work, computer 
work was not a status characteristic. 
The higher-status physicians did not 
have to worry that their ignorance in 
dealing with the OR management sys-
tem would entail a loss of influence or 
prestige. In the second hospital, only 
the lower-status surgical nurses had to 
be meticulous when entering the data 
into the computer system. The surgical 
residents also had to perform comput-
er work. Since they belonged to the 
higher-status medical personnel how-
ever, they could afford not to take the 
OR management system seriously. In 
the second hospital with the depend-
ent assistance style of work, computer 
work in general was devalued and 
equated with ancillary tasks. 

The present article explored the strate-
gies of resilience that women, such as 
the surgical head nurse of the first 
hospital, can use to weaken hegemon-
ic masculinity. Abrahamsson (2003) 
examined the conditions that lead or-
ganizations to revert to their original 
form following the introduction of 
equal opportunity programs and or-
ganization-oriented projects. The pre-
sent findings, by contrast, provided 
evidence that status expectations can 
be subverted and hegemonic masculin-
ity undermined by wielding power 
through consensus. It could be 
demonstrated that the surgical head 
nurse of the first hospital managed to 
have her proposals implemented via 
consensus by appealing to shared in-
terpretations, such as the interpreta-
tion of which operation made sense at 
what time and with which staff mem-
bers. Her strategies of resilience led to 
changes in the established mode of 
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work of the surgical nurses assisting 
the medical personnel, whereas in the 
clinic with the dependent assistance 
style of work, the assistive occupation-
al role of the nurses was solidified. In 
the first clinic, the practical options 
facilitated by the OR management sys-
tem were utilized by the surgical head 
nurse to exercise power on the basis of 
consensus and shared interpretations. 
Using the so-called history, she was 
able to wield control over the relevant 
area of uncertainty of OR planning and 
to involve herself and her team actively 
in shaping the processes. In the sec-
ond clinic, the surgical nurses did not 
develop these practical options afford-
ed by the OR management system and 
they remained confined exclusively to 
assistive tasks. In comparison with the 
surgical nursing service, in neither of 
the two hospitals was the anesthesio-
logical nursing staff able to breach the 
hierarchical relationship between phy-
sicians and nurses. Instead, a pro-
nounced symbolic segregation within 
the occupational group took place via 
the co-construction of technology and 
masculinity.  

The approach of video hermeneutics 
proved to be extremely worthwhile for 
the analysis of human-machine intra-
actions. While social psychology 
scholars, such as Ridgeway and Correll 
only explain the emergence and 
maintenance of status expectations, 
such as computer expertise, video 
hermeneutics reconstruct the ways in 
which actors deal with machines and 
how they perform (status) differences. 
As the approach of video hermeneutics 
draws upon ethnomethodology and 
phenomenology, it does not ask what 
actors do; rather, it asks how they do 
it. In doing so, the present paper was 
able to reconstruct the surgical head 
nurse’s strategies of resilience that 
would have been overlooked other-
wise. The present article demonstrated 
that the way she subverted status ex-
pectations was a means to undermine 
hegemonic masculinity, because the 
gender hierarchies in the first hospital 

were restructured. Her contributions to 
OR planning enjoyed as much value as 
men’s contributions. 

7 Transcription rules 

((laughs)) = comment by the tran-
scriber 

, = brief pause 
much- = break-off 
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