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Summary 
The emergence of autonomous vehicle(AV) technology, as well as other technologies associated with 
the “Fourth Industrial Revolution”, opens up opportunities for entrant firms to challenge incumbent 
firms and implies a transition in the way societal functions are currently fulfilled. Such sociotechnical 
transitions require radical changes in dominant technologies but also in institutional elements, such as 
user practices, standards, rules, norms, cultural beliefs, and expectations. However, scholars that have 
studied incumbents and entrants in the face of radical change have predominantly focused on 
determinants of successful performance and not on how incumbent and entrant firms influence 
sociotechnical transitions by their actions. Also, there has been a propensity to explain the outcome, 
instead of focusing on the process within unfolding transitions. This thesis fills these gaps by focusing 
on firm agency together with the endogenous processes of a sociotechnical transition, leading to the 
research question of: ‘how do incumbent and entrant firms differ in their contribution to technological 
and institutional change within the sociotechnical transition towards autonomous vehicles?’.  
Four incumbent and four entrant firms are studied over the period 2009-2016, with a focus on the state 
of California in the USA. This thesis uses three types of qualitative data, i.e. a media analysis, secondary 
data, and stakeholder interviews, to distill an extensive overview of the shift towards autonomous 
vehicles. The main finding is that the transition towards autonomous vehicles has undergone an 
acceleration as a result of differing, but complementary and synergetic contributions of both incumbent 
and entrant firms to technological and institutional change. Specifically, incumbent firms have been 
paramount in progressing AV technology gradually for the past two decades. But by undermining 
current cultural-cognitive beliefs and norms regarding vehicles and by expressing bold technological 
expectations, a new powerful, influential entrant sparked essential institutional change. In turn though, 
incumbents started adopting these institutional strategies and technological expectations themselves. 
Moreover, incumbents and entrants started working together in developing AV technology. In 
conclusion, this thesis shows that incumbents and entrants need each other to instigate technological 
and institutional change required for a sociotechnical transition.  
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“As the joke goes,  
if Microsoft made a car,  

it would have to pull over regularly 
 to reboot itself.” 

 
 
 
 

–  Financial Post 
January 23, 2013 
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1. Introduction
It is not a matter of if but only a question of when 
autonomous vehicles (AVs) will hit the road 
(Mosquet et al., 2015). Autonomous vehicle 
technology refers to a control system within a 
vehicle that takes over executive driving tasks and 
the monitoring of the driving environment from a 
human driver in some, and ultimately all, driving 
situations. Multiple estimates of consultancies 
and vehicle manufacturers say AVs will hit the 
road en masse somewhere between 2020 and 2030 
(Automotive Technology Research, 2014; Gao, 
Hensley, & Zielke, 2014; Martin, n.d.; Morgan 
Stanley, 2015). Protagonists perceive AVs to 
improve traffic flows, be safer, cleaner (through 
efficient driving behavior and electric vehicles), 
and to enhance productivity and social inclusion 
(The Netherlands EU Presidency, 2016). 
Conversely, skeptics see a less rosy future: traffic 
flows could worsen due to cheaper car use and 
zero-occupancy vehicles, and if neither ride 
sharing nor electrification takes off this transition 
might not turn out so positive (Barcham, 2014; 
Chase, 2016)  

The shift towards automation and artificial 
intelligence is also happening outside of the 
automobile industry; it is recognized to be part of 
the “Fourth Industrial Revolution” (Kagermann, 
2013; Mosquet, 2015; Schwab, 2016). This 
revolution is characterized by the emergence of 
cyber-physical systems1 that include numerous 
emerging technologies, such as artificial 
intelligence, robotics, the “Internet of Things”, 
nanotechnology, energy storage, and quantum 
computing (Schwab, 2016). These emerging 
technologies bring about two things. First, it 
opens opportunities for new entrant firms to 
challenge incumbent firms with these 
technologies. Second, the way societal functions 
are currently fulfilled will change drastically as a 
result of these emerging technologies, in 

                                                        
1 Cyber-physical systems refers to a new generation of systems with integrated 
computational and physical capabilities that can interact with humans through many 
new modalities (Baheti & Gill, 2011).  

academia referred to as a “sociotechnical 
transition” (Geels, 2002).  

However, sociotechnical transitions do not 
happen easily due to the lock-in of current 
sociotechnical configurations (Cohen, 2012; 
Unruh, 2000). Sociotechnical configurations are 
namely stable – and inert – through a dominant 
technology that is interdependent and co-evolves 
with coherent institutional elements, e.g. certain 
user practices, standards, rules, norms, cultural 
beliefs, expectations (Geels, 2002, 2014; Penna & 
Geels, 2014; Smith & Raven, 2012). Within this 
stable configuration there is room for gradual 
technological and institutional change, but for a 
transition to occur radical technological and 
institutional change is required (Geels & Schot, 
2007). 

Actors, such as incumbent and entrant firms, play 
a mediating role regarding the co-evolution of 
technology and institutions and influence the 
transition process (Fuenfschilling & Truffer, 
2016). Incumbent firms are tied to the established 
technology and embedded within in the dominant 
institutional environment while entrants are not. 
Therefore, incumbents and entrants may have 
different contributions to radical technological 
and institutional change within a sociotechnical 
transition. These differing contributions may both 
play a crucial, complementary, and synergetic role 
in a sociotechnical transition. 

Yet, scholars that have studied incumbents and 
entrants in the face of radical or disruptive 
technological change have not researched this. 
Instead there has been a propensity towards 
explaining “who wins”; being either incumbents 
or entrants. For example, incumbents are seen as 
too rigid, reluctant to cannibalize on their profits, 
tied to their current value and customer network, 
and turning their core competencies into core 
rigidities (Christensen, 1997; Henderson & Clark, 
1990; Leonard-Barton, 1992; Reinganum, 1983; 
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Tushman & Anderson, 1986). While entrants do 
not have these constraints and have been 
portrayed as advantageous challengers 
(Christensen, 1997; Christensen & Rosenbloom, 
1995; Lieberman & Montgomery, 1988). 
Alternatively, the assumption of the “incumbent’s 
curse” or the “attacker’s advantage” is 
increasingly found to be incorrect: the tendency 
that incumbents have great difficulty in the face of 
radical technological innovation is not universal 
(Hill & Rothaermel, 2003) and incumbents 
actually do innovate radically (Chandy & Tellis, 
2000). More so, the ability of entrants to disrupt 
incumbents has been overestimated (Bergek, 
Berggren, Magnusson, & Hobday, 2013). Still, 
the propensity of explaining either the 
incumbents’ or entrants’ side remains a 
stronghold in the literature (Ansari, Garud, & 
Kumaraswamy, 2015; Ansari & Krop, 2012) 

There are two problems with “choosing sides”. 
First, scholars have looked for determinants of 
successful performance and focused less on how 
incumbents and entrants influence sociotechnical 
transitions by their actions. Second, in relation to 
incumbents and entrants it has led to outcome 
focused research on transitions instead of a focus 
on the processes of unfolding transitions. This is 
ironic as transitions take decades and the demise 
of firms does not happen from one day to the next. 
So, the role of firm agency together with the 
endogenous processes of a transition deserve 
more attention.  

Therefore, this thesis focuses on both incumbent 
and entrant players’ actions in relation to 
technological and institutional change. The aim is 
to see what their different contribution is in a 
sociotechnical transition as well as to account for 
their interplay. Here, technological change and 
institutional change are viewed as equally 
important, co-determinant and co-evolving. This 
leads to the following research question: 

 

 

How do incumbent and entrant firms differ 
in their contribution to technological and 
institutional change within a sociotechnical 
transition? 

Specifically, this research studies the 
sociotechnical transition towards autonomous 
vehicles and has an exploratory nature. Four 
incumbent and four entrant firms are studied over 
the period 2009-2016. By using different 
qualitative methods, i.e. a media analysis, 
secondary data, and stakeholder interviews, an 
extensive overview of the shift towards 
autonomous vehicles over the period is given. I 
will show that AV technology has undergone an 
acceleration as a result of the contribution of both 
incumbent and entrant firms and their interplay 
with technology and institutions. 

By looking at firm agency, this thesis steps away 
from the focus on outcome and performance 
determinants and opens up a new way to look at 
the “incumbents vs. entrants” debate. Thereby I 
also contribute to existing literature by providing 
more insight in the endogenous processes of a 
sociotechnical transition, specifically by showing 
that incumbents and entrants need each other in 
transitions. Moreover, this thesis broadens the 
view on transitions with regard to the increasing 
emergence of “Fourth Industrial Revolution” 
technologies by providing handholds on how to 
incorporate this in future research. Finally, it gives 
practitioners, policymakers, and academia a first 
insight in the recent unfolding of the emergence 
of autonomous vehicles. 

This thesis is organized as follows. Section 2 
describes the theoretical framework used for this 
research. Section 3 covers the methodology. The 
findings are presented in Section 4 discussing 
incumbents and entrants in relation to 
technological change, then institutional change, 
and finally reflecting upon the entire interplay. 
The paper concludes with Section 5, providing a 
discussion, theoretical and practical implications, 
and a final conclusion.  
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2. Theory 

2.1 Sociotechnical transitions: stable regimes through technology & institutions
If technological change radically transforms the 
way societal functions – such as transportation – 
are fulfilled, this is referred to as a sociotechnical 
transition (Geels, 2002, p. 1257). Previously 
studied transportation examples are the shift from 
sailing ships to steamships between 1780-1900 
(see Geels, 2002), or from horse-drawn carriages 
to automobiles from 1860-1930 (see Geels, 2005). 
Currently, society is at the brink of the 
sociotechnical transition from vehicles driven by 
human beings to fully automated vehicles driven 
by a control system. 

To understand transitions, scholars use a 
sociotechnical systems perspective as it 
incorporates a configuration of not only different 
technological elements, but also institutional 
elements (Geels, 2004; Hekkert, Suurs, Negro, 
Kuhlmann, & Smits, 2007). Specifically, 
technology and institutions are seen as the two 
central, co-evolving, interdependent pillars of a 
sociotechnical system that are at constant 
interplay with system actors, such as firms or 
policymakers (Fuenfschilling & Truffer, 2016; 
Geels, 2004). These actors influence 
technological and institutional change but are also 
in turn affected by them (Berger & Luckmann, 
1966; Dosi, 1982; Hughes, 1986; Lawrence & 
Suddaby, 2006).  

Central within the sociotechnical systems 
perspective is the concept of a sociotechnical 
regime (Dosi, 1982; Geels, 2002; Nelson & 
Winter, 1982; Rip & Kemp, 1998), defined as ‘the 
complex of scientific knowledge, engineering 
practices, production process technologies, 
product characteristics, user practices, skills and 
procedures, and institutions and infrastructures 
that make up the totality of a technology’ (Van 
den Ende & Kemp, 1999, p. 835). Within a 
sociotechnical regime, there is a dominant, co-
aligned technological and institutional logic that 
results in a coherent, highly interrelated and stable 
structure (Markard & Truffer, 2008). As a result, 
sociotechnical regimes are inert and rigid, making 

a transition to another regime difficult and 
lengthy.  

On the one hand, this stability – or inertia – is a 
product of how technological progress unfolds. 
Technology is defined as ‘a set of pieces of 
knowledge, both practical and theoretical, know-
how, methods, procedures, experience of 
successes and failures and also, of course, 
physical devices and equipment’ (Dosi, 1982, pp. 
151–152). Technological progress follows a 
technological trajectory, i.e. stable patterns of 
technological developments consisting of a 
cluster of possible technological directions whose 
outer boundaries are defined by the regime it is in 
(Dosi, 1982; Geels & Raven, 2006). The concept 
of trajectories implies that technological 
innovation activities within the regime proceed 
gradually along paths influenced by the 
sociotechnical regime itself.  

On the other hand, stability is strengthened even 
more by the institutional environment of the 
regime. The concept of institutions comes from 
‘the idea that there are enduring elements in 
social life – institutions – that have a profound 
effect on the thoughts, feelings, and behavior of 
individual and collective actors’ (Lawrence & 
Suddaby, 2006, p. 216). Ranging from a 
continuum of the conscious to the unconscious 
(Hoffman, 1999), there are regulative, normative, 
and cultural-cognitive institutions (Scott, 2013). 
Regulative institutions are formal and structure 
repeated human interaction, while normative and 
cultural-cognitive institutions are informal and 
constrain behavior through codes of conduct, 
taboos, or standards of behavior (North, 1990; 
Wirth, Markard, Truffer, & Rohracher, 2013). 
Still, institutions are in a constant interrelated 
dynamic, they gradually change and changes in 
cognitive institutions will likely affect formal 
institutional change (Woolthuis, Hooimeijer, 
Bossink, Mulder, & Brouwer, 2013).  
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2.2 The role of firm agency in 
sociotechnical transitions 
Firms play a significant and direct role in 
sociotechnical transitions, as they are the ones that 
mainly drive technological change and have 
considerable institutional influence. Specifically, 
due to vested interests and existing investments, 
firms are responsible for technological stability 
and incremental improvements, but they also 
drive radical technological change (Bergek et al., 
2013; Chandy & Tellis, 2000; Christensen, 1997). 
Likewise, firms have institutional influence by 
applying institutional strategies (Oliver & 
Holzinger, 2008; Wesseling, Farla, Sperling, & 
Hekkert, 2014), either by maintaining established 
institutions (Baysinger, 1984; Smink, Hekkert, & 
Negro, 2015), or by undermining them and 
creating new ones (Battilana et al., 2009). Thus, 
firms are potential contributors or inhibitors to the 
radical technological and institutional change 
necessary for a sociotechnical transition. Still, 
scholars agree that the role of firms and agency in 
transition processes has not often been covered 
extensively nor explicitly in transitions literature 
(Fuenfschilling & Truffer, 2016; Geels, 2014; 
Wesseling, 2015).  

Broadly, in a sociotechnical transition there are 
two types of firms: incumbent firms that are 
embedded within the sociotechnical regime built 
around an established technology and entrant 
firms that are not. As a result, it is likely that 
incumbents and entrants will inherently differ in 
their objectives and backgrounds and will thus 
play a different role within a transition by 
contributing differently to technological and 
institutional change.  

2.2.1 Technological change  

Scholars have used numerous categorizations of 
innovation to highlight the dichotomy between 
incremental and radical technological progress 
(Abernathy & Clark, 1985; Utterback & Suarez, 
1993). Because on the one hand, technology 
provides regime stability and usually proceeds 
along a trajectory, while on the other hand, radical 
technological change does happen (Breschi, 

Malerba, & Orsenigo, 2000). Categorizations are 
e.g. competence-enhancing versus competence-
destroying innovations (Tushman & Anderson, 
1986), sustaining versus disruptive innovations 
(Christensen, 1997), and modular versus 
architectural innovations (Henderson & Clark, 
1990). Still, despite the different specific 
focusses, they all refer to whether technological 
change is in line with the current sociotechnical 
regime or not, which will be the distinction used 
in this thesis.  

Following the logic that incumbents are vested 
inside a sociotechnical regime and entrants 
outside of it, this dichotomy has implications for 
firm activity related to technological change. If 
the innovative activity of firms gradually builds 
upon the existing technology it fits within 
sociotechnical regime. However, if the new 
technology is too radical and thus too disparate 
from the traditional technology, it does not fit 
within the sociotechnical regime. Therefore, I 
propose the following: 

Proposition 1: As a result of being embedded 
in the established socio-technical 
regime of vehicle manufacturing, 
incumbents will have a gradual 
approach to implementing automated 
vehicle technology. 

Proposition 2: As a result of being an outsider 
to the established socio-technical 
regime of vehicle manufacturing, 
entrants will have a radical approach 
to implementing automated vehicle 
technology. 

2.2.2 Institutional change 

Actors are important influencers of institutional 
change as institutions are socially constructed 
(Berger & Luckmann, 1966). That is why 
institutional theory scholars have started to study 
the role of agency in institutional change, referred 
to as “institutional work” (Lawrence & Suddaby, 
2006). Actors influence institutional change via 
three different strategies: maintenance of the 
institutional environment, creation of new 
institutions, and the disruption of the institutional 
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environment (Lawrence & Suddaby, 2006). 
Within this broad strategy typology different 
tactics have been distinguished aimed to change 
formal and informal institutions (for an overview 
see Lawrence & Suddaby, 2006).  

Regarding formal institutions, firms can maintain 
them by facilitating or supporting the creation of 
rules or aim to ensure compliance through 
enforcement or monitoring. Firms that aim to 
create formal institutions are active in lobbying or 
advocating independently or via lobby groups. 
Finally, firms can also disconnect certain 
sanctions or rewards from a set of practices, 
technology, or rules, thereby disrupting current 
formal institutions.  

Regarding informal institutions, maintaining 
tactics can be to deter institutional change by 
establishing coercive barriers, or firms can 
provide the public with positive (valorizing) and 
negative (demonizing) examples that reinforce 
certain normative or cognitive foundations. Also, 
firms can maintain norms by embedding and 
routinizing certain practices into everyday life of 
society. Firms create norms or cultural-cognitive 
beliefs by defining a new relationship between an 
actor and the technology and re-making 
connections between practices and the moral and 
cultural foundations the practices are set in. 
Moreover, firms can frame new practices 
beneficially in order to stimulate or ease adoption 
and firms can theorize about abstract chains of 
cause and effect (of the technology for instance). 
Lastly, firms can disrupt established norms and 
cultural-cognitive beliefs by undermining them or 
by disassociating the practice or technology from 
its moral foundation as appropriate within a 
specific cultural context. This decreases the 
perceived risk of the innovation. 

Additionally, firms can influence institutions by 
expressing technological expectations. The 
articulation of expectations contribute to 

successful furthering of the technology when they 
are shared by many actors and substantiated by 
ongoing projects (Schot & Geels, 2008; Smith & 
Raven, 2012). The interplay of such expressed 
expectations affects the attention, or hype, 
surrounding a technology (Van Lente, Spitters, & 
Peine, 2013). The expression of technological 
expectations by firms can be seen as a specific 
part of their institutional strategy.  

I posit that these institutional strategies are not 
mutually exclusive and that it is probable that 
firms use multiple strategies concurrently. It is 
expected that incumbent firms must reinforce and 
sustain the current institutional environment they 
are embedded in. However, they must also create 
new institutions to allow for incremental 
technological innovation (Dosi, Freeman, Nelson, 
Silverberg, & Soete, 1988). On the other hand, 
entrant firms not served by the current 
institutional environment will work to undermine 
and attack existing institutional regime (Bourdieu, 
1993). But entrants will also work to create new 
institutions for their technological innovations, 
though most likely focused on a new institutional 
environment and not the prevailing one. 
Following this delineation, I propose the 
following: 

Proposition 3: As result of being embedded in the 
established sociotechnical regime of 
vehicle manufacturing, incumbent firms 
will maintain current institutions and 
create new institutions to allow for their 
gradual approach to automated vehicle 
technology.  

Proposition 4: As a result of being an outsider to 
the established sociotechnical regime of 
vehicle manufacturing, entrant firms will 
disrupt current institutions and create 
new institutions to allow for their radical 
approach to automated vehicle 
technology.
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3. Methods 

3.1 Case study design
This thesis studied the recent dynamics of 
autonomous vehicle technology within the 
automobile industry via a longitudinal case study. 
The focus was on the United States of America; in 
particular the state of California. The automobile 
industry has been extensively covered in 
innovation and transitions literature (e.g. 
Abernathy & Clark, 1985; Bergek et al., 2013; 
Cohen, 2012; Penna & Geels, 2014; Wesseling, 
2015). It has been characterized with a 
concentrated and rather stable population of 
innovators (see Breschi et al., 2000), with Tesla 
Motors (est. 2003) being the only major new 
entrant in the past 80 years. A focus on California 
is chosen as it is one of the largest car markets in 
the world and it has a history of progressive car 
policy (Wesseling et al., 2014). Specifically 
related to AV technology, California was one of 
the first states to allow autonomous vehicle testing 
(Kelly, 2012) with testing permits granted to a 
variation of incumbent automakers and entrant 
firms (State of California Department of Motor 
Vehicles, 2016). 

Eight firms were studied to gain a full overview 
of incumbents and entrants aimed at developing 
and bringing AV technology to market2. These 
firms were a subset of all the firms that have 
obtained a permit to test automated vehicles from 
the California Department of Motor Vehicles 
(State of California Department of Motor 
Vehicles, 2016). To obtain information rich cases, 
firms with little overlap in characteristics, e.g. 
country and market focus, were selected (Table 
1). The four incumbents were Ford, Mercedes-
Benz, Nissan, and Tesla Motors. The four entrants 
were Google, Drive.ai, Faraday Future, and Zoox. 
Tesla Motors is categorized as an incumbent as it 
has sold cars to consumers for the past years. It 
should be noted that Tesla displays original 
equipment manufacturer (OEM) as well as 
software technology company features, and it 
                                                        
2 It is important to note that this thesis does not include incumbents that do not focus 
on AV technology. 

only sells electrically powered vehicles. Tesla 
should therefore not be viewed as homogeneous 
to the other incumbent firms but more as a hybrid 
incumbent-entrant (Hardman, Shiu, & 
Steinberger-Wilckens, 2015; Niu, 2016). Google 
is a multinational technology company and one of 
the world’s largest and highly valued companies, 
while the other entrants are three newly 
established startups (Crunchbase, 2016a, 2016b, 
Factiva, 2016a, 2016b). 
Table 1 Selection of firms aimed at developing and marketing 
automated vehicle technology (State of California Department of 
Motor Vehicles, 2016) 

Firm name Type Founded 
(year) 

(State), 
Country 

Ford  Incumbent (mass 
public) 

1903 Michigan, US 

Mercedes-
Benz 

Incumbent (luxury 
segment) 

1926 Germany 

Nissan Incumbent (mass 
public) 

1933 Japan 

Tesla Motors Incumbent (luxury 
EV segment) 

2003 California, 
US 

Google Entrant (major tech 
company) 

1998 California, 
US 

Drive.ai Entrant (software 
focus) 

2015 California, 
US 

Faraday 
Future 

Entrant (luxury EV 
segment) 

2014 California, 
US 

Zoox  Entrant (“robo” taxi 
focus) 

2014 California, 
US 

3.2 Data collection 
Three different qualitative data types were used, 
as the transition to autonomous vehicles takes 
place in a complex social setting that can better be 
understood by using qualitative data 
(Fuenfschilling & Truffer, 2016; Greenwood & 
Suddaby, 2006). The main data type was media 
data, complemented by secondary data, as well as 
semi-structured interviews with US stakeholders. 
By triangulating these data sources a 
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comprehensive overview on the developments of 
AV technology over the past years was obtained. 

The media data was retrieved from LexisNexis 
covering all “Major World Publications” with the 
query “firm name” and in the title or lead and the 
terms “driverless” or “autonomous vehicle”. To 
retrieve additional information on the startup 
firms a query was added with the terms “firm 
name” and “driverless” or “autonomous vehicle” 
in the entire article. The time period ranged from 
January 1, 2009 up to September 30, 20163. 
Autonomous vehicle technology started receiving 
increasing attention since the announcement of 
the Google “Self-driving Car Project” in October 
2010 (Markoff, 2010). Therefore, the starting date 
of January 1, 2009 was chosen to account for other 
activity prior to this announcement. The search 
yielded a total of 2355 articles that were read and 
coded using NVivo 11 software.  

Coding proceeded via a priori coding as the 
theoretical framework provided categorical 
guidelines (Weber, 1990). The coding of the 
media data served two purposes. First, to 
understand the important developments and 
dynamics of autonomous vehicle technology in 
relation to the firm selection in the past years. 
Second, to analyze institutional change strategies 
of firms, operationalized in Section 3.3.  

Secondary data sources data consisting of press 
releases, online documents and company websites 
were used to complement the LexisNexis. This 
served the purpose of gaining a better 
understanding of automated vehicle technology 
and assessing market launches of technologies by 
the selected firms. More insight in autonomous 
vehicle technology was gained by the definitions 
and descriptions provided by SAE International4.  

Finally, to gain an even deeper understanding of 
AV technology and the developments of the past 
years nine semi-structured interviews were 
conducted. The interviewed stakeholders were 
(automated) mobility experts, policymakers 
involved in formulating AV policy, and firm 

                                                        
3 This end date was necessarily chosen as a result of the fixed time period set for a 
the MSc. Innovation Sciences thesis. 

representatives either working on AV technology 
or in public affairs (Table 2). The interviewees 
were targeted using the network of the Institute for 
Transportation Studies at the University of 
California Davis (UCD) and through the “Coast 
to Coast E-Mobility” program affiliated with the 
Consulate General of the Netherlands in San 
Francisco. Not all firms from the selection were 
interviewed. Notably, Tesla and Google had a 
strict no-interview policy outside of what they 
publicly communicate. The interviews took 30 to 
60 minutes, were recorded when permission was 
granted, and transcribed. Interviews were either 
conducted face-to-face or via telephone as certain 
interviewees were not located near the UCD area. 
All interviewees were granted anonymity for this 
study considering the development of an 
emerging technology is a strategically sensitive 
topic.  
Table 2 List of interviewees and their role in the auto industry in the 
USA 

Position Interviewee 

State policy advisor 1 

State policy advisor 2 

Senior product engineer (incumbent) 3 

Global public affairs manager (incumbent) 4 

State agency deputy director 5 

Government & external affairs director 
(incumbent) 

6 

Automated driving director (entrant) & 
university professor  

7 

Head automated driving (incumbent) 8 

Innovative mobility university professor 9 

3.3 Operationalization 
OPERATIONALIZATION OF TECHNOLOGICAL CHANGE 
To study how firms contribute to the progress of 
autonomous vehicle technology a distinction was 
be made in the degree of automation using the 
levels of automation defined by SAE International 
(SAE International, 2014). In total there are six 
levels ranging from no automation (0) to full 
automation (5). The levels are distinguished by 

4 “SAE International” was initially established as the Society of Automotive 
Engineers. 
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whether a human driver or an automated control 
system executes three criteria: (1) the steering –
lateral control – and the acceleration/deceleration 
– longitudinal control – of the vehicle, (2) the 
monitoring of the driving environment, and (3) 
who is responsible for fallback when the 
automated system fails. Criteria (1) and (2) are 
together referred to as the “dynamic driving task” 
Also, a distinction is made for whether the 
automated driving system focuses on a specific 
“driving mode”, e.g. expressway merging, high 
speed cruising, low speed traffic jam, closed-
campus operations, or all driving modes, i.e. full-
time performance. The narrative SAE definitions 
are presented in Table 3. It is important to note 
that these levels imply no particular order or 
market introduction and that the criteria indicate a 
minimum of requirements of system capabilities 
per level rather than a maximum (SAE 
International, 2014).  

Technological change from level 0 up to level 5 
was studied by looking at the market release date 

of driver assistance systems and automated 
driving systems by the selected firms. Within in 
level 1 there are many different types of driver 
assistance systems for longitudinal control, e.g. 
adaptive cruise control (ACC), and the lateral 
control, e.g. blind spot assist, or left turn assist 
(Automated driving director & university 
professor, 2016). In level 2 these different systems 
are combined into one system. Therefore to study 
technological progress from level 0 to 2 this 
research focused on ACC development and is not 
exhaustive on all different (small) driver 
assistance systems. The development of ACC is a 
good proxy for level progress as these systems 
were the first automated control systems to be 
introduced, they form the basis of an automated 
control system and their development has 
followed a gradual path, i.e. from limited speed 
range, full speed range, up to complete stop-and-
go (Automated driving director & university 
professor, 2016).

Table 3 Narrative definitions of vehicle automation levels (source: SAE International, 2014) 

Level Narrative definition 

0 The full-time performance by the human driver of all aspects of the dynamic driving task, even when enhanced by 
warning or intervention systems 

1 The driving mode-specific execution by a driver assistance system of either steering or acceleration/deceleration using 
information about the driving environment and with the expectation that the human driver perform all remaining aspects 
of the dynamic driving task 

2 The driving mode-specific execution by one or more driver assistance systems of both steering and acceleration/ 
deceleration using information about the driving environment and with the expectation that the human driver perform all 
remaining aspects of the dynamic driving task 

3 The driving mode-specific performance by an automated driving system of all aspects of the dynamic driving task with 
the expectation that the human driver will respond appropriately to a request to intervene 

4 The driving mode-specific performance by an automated driving system of all aspects of the dynamic driving task, even 
if a human driver does not respond appropriately to a request to intervene 

5 The full-time performance by an automated driving system of all aspects of the dynamic driving task under all roadway 
and environmental conditions that can be managed by a human driver 

OPERATIONALIZATION OF INSTITUTIONAL CHANGE  
Institutional change strategies were 
operationalized to assess the type of strategy and 
the effect of the strategy ( 

Table 4). The type of strategy firstly corresponds 
to the three types of institutional change: 

maintain, create, and disrupt. The institutional 
actions were firstly plotted over time onto three 
horizontal axes, each representing a type of 
institutional change strategy. Secondly, the 
average of all actions was counted to depict the 
overall trend in institutional strategies and to see 
if firms changed in their institutional actions. This 
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resulted in a trend line across the same three 
horizontal axes over time. Additionally, the 
technological expectations of firms for when a 
certain SAE level was expected to be reached 
were analyzed and plotted over time. 

The effect of institutional strategies was measured 
in three ways. First, the number of institutional 
actions was counted to assess the weight of the 
strategy. The weighted strategy was combined 
with the earlier mentioned trend line to be 
depicted together. Second, to account for the 
general effect of firms’ institutional strategies the 

absolute and relative amount of media attention 
per firm was measured throughout the period. 
Media attention gives an indication of how much 
attention the firm received, the influence each 
firm had (through media), and thus who 
influenced the general (public) opinion most. 
Third, to assess formal institutional change, the 
change in US state and federal legislation was 
assessed. Legislative changes are objective events 
covered in media and are a decent indicator for 
how the formal institutional environment 
changed.

 
Table 4 Operationalization of type and effect of firm institutional change strategy 

Concept Sub concept Indicator Data 

Type of 
institutional 
change strategy 

Maintaining actions Existing regulation, norm, or cultural-cognitive belief 
concerning human driven personal vehicles that is 
reinforced, cultivated, or valorized 

or 

New regulation, norm, or cultural-cognitive belief 
concerning AV technology that is deterred or demonized 

Coded institutional 
actions in media database 

Creating actions New regulation, norm, or cultural-cognitive belief 
concerning AV technology that is constructed, linked to 
existing practices, framed, or theorized upon 

Coded institutional 
actions in media database 

Disrupting actions Existing regulation, norm, or cultural-cognitive belief 
concerning human driven personal vehicles that is 
disconnected, undermined, or disassociated 

Coded institutional 
actions in media database 

Trend of institutional 
strategy 

Average over time of coded actions per firm categorized as 
either maintain, create, or disrupt  

Coded institutional 
actions in media database  

Technological 
expectations 

Expressed year expected to reach an SAE level of 
automation. 

Coded expectations in 
media database 

Effect of 
institutional 
change strategy 

Weight of institutional 
strategy 

Count of coded institutional actions per firm  Coded institutional 
actions in media database  

Effect of institutional 
strategy (in general) 

Absolute and relative amount of media attention by count 
(per month) of all media articles including the terms 
“driverless” or “autonomous vehicle” and “<firm name>”. 

All articles in media 
database 

Effect of institutional 
strategy (on formal 
institutions) 

Changes in U.S. state or federal legislation Coded legislative changes 
in media database 
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4. Findings 
Section 4.1 discusses technological change. 
Section 4.2 covers institutional change consisting 
institutional strategies. Section 4.3 puts in context 
how effective the institutional strategies were by 
first looking at the absolute and relative media 
attention (2009-2016) and secondly by zooming 
in on what US policy has changed during the same 
period. Last, Section 4.4 reflects upon the 
identified incumbent-entrant interplay and their 
contribution to the transition of autonomous 
vehicle technology, pinpointing the most 
important findings of this thesis. On a side note, 
the presented quotes are meant to be illustrative 
and supportive, not exhaustive for the entire 
studied media database. All findings presented in 
the following section are based on the media 
database, secondary online sources, and 
interviews as discussed in Section 3. 

4.1 Technological change 
MERCEDES 
Mercedes is and has over the past two decades 
been a technological leader in AV technology 
(Figure 1). It first introduced partial adaptive 
cruise control (ACC) – a level 1 system –  in 1998 
and has over time upgraded this longitudinal 
control system (Larsen & Krueger, 2013). In 
2013, Mercedes was the first to combine the 
longitudinal control system with the lateral 
control system into a level 2 system (Automated 
driving director & university professor, 2016). In 
the beginning of 2017 this level 2 system was 
upgraded into the most advanced level 2 systems 
available (Golson, 2017). 

NISSAN 
Like Mercedes, Nissan introduced partial ACC in 
the late 90s and upgraded its ACC technology 
over time, but with less advances and smaller 
steps (Moran, 2007). In 2016 it released a 
prototype for a level 2 system that hit the market 
early 2017 (Nissan, 2016, 2016). This is a single-
lane system, making it less advanced than 
Mercedes’ systems (Figure 1). 

FORD 
Ford has not been a frontrunner when it comes to 
developing and selling automated vehicle 
technology. The firm first introduced partial ACC,  
in 2006 (Nunez, 2007). This was upgraded to full 
range ACC in 2012. At time of writing, it did not 
yet have a level 2 system on the market.  

TESLA 
Tesla jumped from level 0 directly to an advanced 
multi-lane level 2 system – “Autopilot”–  in 2014 
(Figure 1) (Tesla, 2014). Since then this system 
has received yearly upgrades for new as well as 
existing Tesla users through “over-the-air” 
software updates (Harwell, 2015). Via these 
updates Tesla is unique in treating its consumers 
as software technology users, but also via Tesla’s 
way of autonomous vehicle technology testing.  
Namely, Autopilot is in “public beta-testing” 
making the users of Tesla vehicles test drivers of 
their automation system (Musk, 2016). This 
allows Tesla to garner vast amounts of data of 
everyday traffic situations through these users. 
Contrastingly, incumbents mention that they only 
introduce technology after severe in-house and 
private testing (Global public affairs manager, 
2016; Government & external affairs director, 
2016).  

GOOGLE 
Google’s intentions with autonomous vehicle 
technology became clear after the announcement 
of their “Self-Driving Car Project” in October 
2010 (Markoff, 2010). Google has since then not 
sold any AV technology. However, Google has 
manufactured a friendly, bubble-shaped prototype 
(Markoff, 2014), this is elaborated upon later. 
Still, Google has over time frequently publicly 
announced how many test miles they have driven: 
224,000 in 2010; 770,000 in 2012; 1,200,000 in 
2014; 2,250,000 in 2016, creating the idea of 
technological progress. 

OTHER ENTRANTS 
Faraday Future released a futuristic prototype at 
the annual Las Vegas Consumer Electronics Show 
(CES) 2016 and the firm mentions it wants to be 
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leading in the field of AV technology (Mitchell, 
2016). Still, neither Faraday Future, nor Drive.ai, 
nor Zoox have produced or sold any AV 
technology since they were founded in 
respectively 2014, 2016 and 2016.  

OVERALL ASSESSMENT OF TECHNOLOGICAL CHANGE 
Vehicle automation technology is not new and up 
to date the technology has not been developed by 
“disruptive” entrants. An overview of the AV 
technology that has been brought to market over 
the past two decades is categorized per SAE level 
and presented in Figure 1. Supporting the figure, 
one interviewee mentions: ‘all these things we 
developed 12, 14, 15, 16 years ago and they hit 
the market in the last couple of years. This also 
shows that how long the innovation cycles are 
typically in the automotive industry’ (Automated 
driving director & university professor, 2016). It 
can thus be concluded that incumbent OEMs have 
played a major role in progressing AV technology 
gradually for the past two decades or more.  

This gradual technological progress affects the 
institutional environment as well. Level 1 systems 
were first only available on luxury models but 
over time these systems have become widely 
available in economy cars as well. Therefore, 

incremental AV innovations have become more 
embedded into everyday life of consumers. 
However, current level 2 systems are only 
featured on high-end models. This implies that 
regarding user norms and routines (i.e. 
institutions) the leap to even higher levels (3, 4 
and 5) of autonomy is still very large for many 
consumers.  

Finally, while incumbents have played a major 
technological role it is striking to see the what part 
Google and Tesla Motors have played. First, 
Google started testing its vehicles at a high level 
of autonomy (test level 4), without having 
previously produced any vehicles nor AV 
technology and at a time when the automobile 
industry had nog yet even combined the 
longitudinal and lateral control systems into a 
level 2 system. Second, while being the youngest 
car manufacturer around Tesla jumped from no 
automation straight to an advanced level 2 system 
in 2014. This shows how both Tesla Motors and 
Google have taken bold technological actions in 
relation to the “traditional” incumbents (Figure 
1). Still, the efforts of OEMs, like Mercedes, in 
the first place can be seen as a stepping stone 
towards these bold actions

Figure 1 Development and production of autonomous vehicle technology from 1995-2017 based on SAE levels of automation 
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4.2 Institutional change 
4.2.1 Institutional change strategies 

MERCEDES 
As a luxury brand Mercedes is set on giving its 
customer the best experience through innovations, 
but also through manual driving. This two-folded 
aim is reflected in Mercedes’ institutional strategy 
where it uses several creating tactics but also 
maintaining tactics (Figure 2). To maintain 
institutions Mercedes has used deterring and 
valorizing/demonizing tactics in the media. This 
is illustrated through the following statements: 
‘what happens if a child steps out into the street 
and the radar misses it’ ‘would our customers be 
willing to accept such a system?’ (Knapman, 
2012). Or ‘the car that will take you home after 
you have had too much to drink is a long way off, 
but is that what we really want?’ (English, 2014). 
And ‘mostly we don’t think people will give up 
their own cars. Americans like to do everything in 
their cars’ (Hardy, 2015). Moreover, Mercedes is 
set to keep a steering wheel in the car: ‘we decided 
that in the future we will go for a steering wheel, 
because there are situations where I will take 
over’ (Hall, McCowen, & Ottley, 2015). 
Ultimately Mercedes aims to ‘never automate the 
cool part of driving’ (Curtis, 2013). 

But Mercedes is a leader in technological 
advances of driving automation; this is also 
visible in its institutional strategy from early on 
(Figure 2). By theorizing they show that their 
automation system could ‘prevent or lessen the 
severity of 27 per cent of all accidents at road 
junctions resulting in personal injury. That 
equates to some 20,000 accidents a year in 
Germany alone.’ (Davis, 2013). Also, over the 
years the innovations first introduced in their 
high-end models have become standardized 
throughout the more model lines as well, 
embedding AV technology into the daily routines 
of a larger group of consumers. Lastly, by 
introducing several prototypes at auto shows 
Mercedes constructs new identities and fantasizes 

                                                        
5 Generation with birth years that range from the mid-1990s to early 2000s. 

about possible technological futures. Examples of 
these prototypes are the F015 “Luxury in 
Motion”, and the “Mercedes Vision Tokyo”, also 
a futuristic prototype aimed at the needs of 
Generation Z.5 

NISSAN 
Nissan’s institutional strategy is similar to that of 
Mercedes: maintain-create (Figure 2). Nissan 
also aims for AV technology to assist the driver, 
not takeover completely. For example, a Nissan 
executive mentioned in 2010 right after the 
entrance of Google that ‘removing control 
completely from the driver is not something the 
driver wants. If you want complete removal of 
control then you might as well get a bus or a train’ 
(Ottley, 2010). On the other hand, Nissan also 
introduced several prototypes with automation, 
theorizes over the advantages that automation 
features in vehicles have. It has also engaged in 
research partnerships for i.a. publicized pilot 
projects with universities, such as Oxford, 
Stanford, MIT, Carnegie Mellon and the 
University of Tokyo.  

FORD 
Ford started out with a maintaining and creating 
institutional strategy, but later also started 
disrupting certain institutions (Figure 2). At first 
Ford remained cautious and skeptical of AV 
technology. For example, Ford used maintaining 
tactics to instill doubt of the feasibility of full 
autonomy ‘as long as [a driver] is fully focused 
they are probably safer than a system, which, in 
certain conditions might try to take over driving 
and make the wrong decision’ (English, 2010). 
Another example is in 2016, where Ford 
questioned the capabilities of technology 
companies: ‘[on Apple] it’ll have a great 
interface, but you can’t reboot a vehicle as you’re 
going down the highway at 70 miles an hour’ and 
‘to talk about Google without sounding too 
offensive, understanding the technical complexity 
of a car, the number of lines of code is not what is 
in your smartphone’ (Bowles & Yadron, 2016). 
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But also in 2015 and 2016 via its Smart Mobility 
program – aimed at the next levels of connectivity, 
mobility, autonomous vehicles, customer 
experience, and big data – it frames its future 
strategy and steps away from being perceived as 
an old industry “dinosaur”, creating legitimacy 
for its future technological innovations. 
Moreover, Ford has begun to undermine certain 
traditional institutions. Instead of being a 
carmaker, the auto company now views itself as a 
mobility provider (Nimmo, 2016). An illustrative 
quote from its CEO in September of 2016: ‘For 
years we have very much thought about the 
“thing” and how much of the “thing” we sold. 
Now we are thinking more about usage’ 
(Mortished, 2016). Concluding, on the one hand 
Ford predicts we will all be paying Spotify-style 
subscriptions for transportation, while on the 
other hand remaining ‘very bullish about [their] 
traditional business model’(Dean, 2016).  

TESLA 
Unlike the older incumbents, it is found that Tesla 
does not maintain current institutions but has a 
create-disrupt strategy, with a focus on create 
(Figure 2). By treating its Autopilot technology 
like a software product its consumers become 
software users, creating new norms concerning 
AV technology. Moreover, its CEO claims bold 
ideas, asserting in 2016 that Autopilot – a level 2 
system – was ‘probably better than a person right 
now’ and saying that in a year or two it would be 
feasible to summon a Tesla from the opposite side 
of the country (Markoff, 2016). Another example 
where future ideas and beliefs are created is in 
Tesla’s “Master Plan, Part Deux”, a ten year plan 
released in September 2016: ‘in cities where 
demand exceeds the supply of customer-owned 
cars, Tesla will operate its own fleet, ensuring you 
can always hail a ride from us no matter where 
you are’ and that a future goal is to ‘develop a self-
driving capability that is 10X safer than manual 
via massive fleet learning’ (Musk, 2016). 

Additionally, Tesla undermines certain held 
beliefs. For example, its CEO stated that car 
ownership might have to be outlawed – ‘it’s too 
dangerous. You can’t have a person driving a 

two-ton death machine’ (Corcoran, 2016). 
Another example is the following, ‘any cars that 
are being made that don’t have full autonomy will 
have negative value’ (Thompson, 2015). Also, 
Tesla does not follow the rules set up by the 
California DMV completely, ‘Tesla is testing 
autonomous driving technology in a variety of 
ways (…) [just not] in a way that falls within the 
specific classifications of the DMV’ (Fung & 
McFarland, 2016). 

GOOGLE 
Google’s institutional strategy is the boldest and 
most clearly visible from the data, namely disrupt-
create (Figure 2). Continuously, Google has 
undermined beliefs and disassociated norms 
related to cars and car use. The CEO stated in 
2010 ‘Your car should drive itself. It just makes 
sense. It’s a bug that cars were invented before 
computers’ (Siegler, 2010). By releasing a 
bubble-like prototype (without a steering wheel, 
pedals, and ‘friendly’-looking) vehicle in 2014 
Google showed the world an alternative view of 
an autonomous vehicle and proved that a 
technology company was capable of developing a 
prototype car.  

Repeatedly Google has propagated that AV 
technology ‘improves people’s lives by making 
driving safer, more enjoyable, and more efficient’ 
(Cain Miller & Wald, 2013) and that it will make 
mobility inclusive for all, i.e. people currently too 
old, disabled, too young. Moreover, Google is a 
strong protagonist for full autonomy (level 4-5) 
and denounces semi-autonomy (level 2-3). 
Illustrative media quotes here are:‘[a partially 
automated car] doesn’t help a blind man get lunch 
or help an ageing widow get to here social events’ 
(White & Winkler, 2014) and ‘the assumption that 
humans can be a reliable backup for the system 
[i.e. level 2-3] was a total fallacy’ (Dougherty & 
Kessler, 2015). Specifically regarding formal 
institutions, Google has often been mentioned by 
media as having been a central force in lobbying 
for state legislation in Nevada and California to 
permit the testing of autonomous vehicles (Cain 
Miller, 2012; Markoff, 2011).  
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OTHER ENTRANTS 
Just as Google and Tesla, the entrant firms 
Faraday Future, Drive.ai, and Zoox do not 
maintain current institutions. Their focus on either 
disrupting current or creating new institutions. 
Nevertheless, and in line with the little media 
attention they receive (discussed in Section 
4.3.1), their institutional strategies are by far less 
visible and weaker than of the other firms in the 
selection. 

OVERALL ASSESSMENT OF INSTITUTIONAL CHANGE 

STRATEGIES 
The institutional strategies of the firms are 
presented in Figure 2, where all institutional 
actions are categorized into either maintain, 
create, or disrupt, per month (multiple actions per 
month are indicated as one data point). In Figure 
3 these actions are averaged into one weighted 
line showing the overall strategic trend of the firm 
and the relative “strength” of the strategy. 

As expected, incumbents do apply a maintain-
create strategy. Mercedes, Nissan, and Ford all 
reinforce current institutions. However, 
throughout the period these incumbents have also 
been influential in creating new institutions within 
the current regime that allow for an increasing role 
of AV technology. Tesla differs from the older 
incumbents as it does not maintain institutions, 
but only focuses on creating new ones and 
undermining certain current ones. This underpins 
that Tesla acts more like a hybrid incumbent-
entrant. 

All entrants focus on creating and disrupting 
institutions. Striking is how early on Google has 
been undermining current institutions as well as 
creating new institutions through lobbying state 
regulatory departments. Moreover, as Figure 3 
shows, Google’s trend line is far “heavier” than 
Ford, Mercedes, and especially Nissan. Only 
Tesla has in the shorter period of time also 
received a relatively high amount of attention 
compared to the other incumbents. Figure 2 and 
Figure 3 show how significant Google’s 
influence has been in breaking down current 
institutions, creating new ones, and thereby 
redefining the boundaries of the institutional 
regime essential for an AV transition. 

Apart from the influence of Google and Tesla it is 
most interesting to see how Ford adopts their 
strategy (in part) by starting to undermine certain 
institutions itself. This is exemplary for the 
interplay between influential entrants and industry 
incumbents. Ford adopts a hybrid strategy in that 
it still aims to sell cars under the current 
circumstances while also have one foot in the door 
of the future. Another example for the interplay 
between incumbents and entrants on an 
institutional level is the lobbying coalition called 
the “Self-Driving Coalition for Safer Streets” that 
was established in April 2016 between 
incumbents Ford and Volvo, ride-hailing startup 
companies Uber and Lyft, and Google (Hawkins, 
2016).

 
Figure 2 Institutional strategy presented per maintain/create/disrupt “action” in the LexisNexis database per year from January 2009 to 
September 2016 (per firm, a dotted line connects each events) 
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Figure 3 Institutional strategies in weighted trend lines, based on the average of events from Figure 2 

 

4.2.2 Expectations for technological progress 

MERCEDES 
Mercedes has not publicly expressed its 
expectations for automated vehicle technology 
progress as much as other companies have. In 
2013 it announced to have “self-piloting” 
(level 3) models by 2020, with the aim to keep 
assisting the driver (The Irish Times, 2013). 
Announcements of when to expect higher 
levels of autonomy were not found in the data. 

NISSAN 
Nissan’s expectations are also similar to 
Mercedes, though they are expressed more 
often and with a more precise road map. Nissan 
mentioned in 2013 and 2015 it aims to have a 
level 3 system available by 2020 (White, 2013). 
In 2016 Nissan released a roadmap for 
advanced level 2 system in 2018, and up to level 
3 in 2020 (Nissan, 2016). Again, these 
technologies aim to assist drivers not replace 
them (BMI Research, 2016).  

FORD 
In the beginning, Ford was by far the least 
ambitious concerning its technological 
expectations for AVs (Figure 4). In 2012, Ford 
expected semi-autonomous vehicle technology 
(level 2) to hit the market in 2025. On level 5 
they said in 2014, ‘I doubt we will ever get 

there’ (The Sunday Times, 2014). However, 
Ford adjusted its expectations in 2015 and 2016 
aiming to “skip” level 3 and instead introduce 
level 4 robo-taxis in 2021 and for 2025 a 
consumer-oriented level 4 vehicle suitable for 
several driving modes, though (probably) not 
full level 5 in 2025. Reasons for these 
expectations are that Ford says it does not aim 
to be the first company to sell autonomous 
vehicles but that they want to offer it at prices 
even economy-car buyers can afford 
(Naughton, 2015). Ford has thus pivoted in its 
expectations and ambitions, but still does not 
aim to be the first mover.  

TESLA 
Tesla’s predictions have always been made for 
the near future and seem to clearly follow a 
logical roadmap of an increase in autonomy 
level gradually over time. Tesla has predicted 
high level 2 for 2016 (2013), level 3 for 2017 
(2014), and level 4 for 2018 (2015) (Johnson, 
2013; Rodionova, 2015; Sparkes, 2014). 
Moreover, Tesla announced in 2016 that all 
new Tesla models will have (advanced) level 4 
hardware capabilities (Tesla, 2016). This 
enables buyers of new Tesla vehicles to obtain 
software updates up to (advanced) level 4 over 
time. 
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GOOGLE 
Google has been pivotal in expressing its 
expectations concerning when their automated 
vehicle technology will hit the road. Its 
expectations have always been focused on high 
autonomy, i.e. level 4. Moreover, Google has 
always expected these levels to be reached 
sooner than what other carmakers, Tesla 
excepted, predicted at the time. Google has 
mentioned AV technology to reach level 4 in 
2018 (2010), 2017 (2013), and in 2019 (2014, 
2016) (Harris, 2010; Kandell, 2016; The 
Dominion Post, 2013; The New Zealand 
Herald, 2014). 

OTHER ENTRANTS 
The technological expectations of the other 
entrant firms were not found in the data. 

OVERALL VIEW OF TECHNOLOGICAL EXPECTATIONS 
Figure 4 shows all expectations expressed by 
firms in the media data from 2009-2016. 
Mercedes and Nissan do express expectations 
for autonomy, still they remain focused on level 
3. Both Google and Tesla have over the years 
expected to reach level 4 sooner, where Tesla 
has the clearest gradual roadmap. Ford’s shift 
from level 2 in 2025 to level 4 in 2021 again 
shows how the firm has altered its strategy. 
These expectations are in line with the broader 
institutional strategies shown in Figure 2 and 
Figure 3. Showing that, besides specifically 
pronouncing a certain technological 
expectation, firms are also busy changing 
(maintaining, creating, or disrupting) the 
broader institutional context correspondingly to 
those expressed expectations.

 
Figure 4 Changing firm expectations for reaching SAE levels from 2009-2016, forecasts are for 2016-2025 
        * “Consumer-oriented” vehicle – indicates upper level 4, but not full level 5.  

4.3 Effect of institutional strategies 
4.3.1 Absolute and relative media attention 
from 2009-2016  

MERCEDES 
Mercedes was the first to be mentioned in the 
media in relation to AV technology (Figure 5). 
Throughout the entire period Mercedes received 
media attention due to new prototypes or the 
introduction of new technology in their high-

end models. Media attention was the highest 
during CES 2015 because of the revelation of its 
futuristic concept car F015 “Luxury in 
Motion”, with autonomous features, though 
unspecified which ones precisely (Danielson, 
2015). 

NISSAN 
Nissan peaks in relative media attention in 2013 
when the company announced its plans for 
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autonomous vehicles in 2020 (Figure 6). 
Nissan’s media attention does not increase in 
absolute terms throughout 2015 and 2016 
(Figure 5). Its relative share of media attention 
decreases notably during this period, indicating 
that other firms claim the headlines more.  

FORD 
From 2009-2014 Ford received very little media 
attention concerning autonomous vehicles 
(Figure 5). This changed during the Consumer 
Electronics Show (CES) 2015, when Ford 
announced its “Smart Mobility Plan”. More 
attention also came during CES 2016 when its 
CEO provocatively mentioned that in the future 
‘driving with a steering is as antiquated as 
wanting to ride a horse’ (Bowles & Yadron, 
2016). The highest media attention for Ford was 
in September 2016, when it announced its 
intensions to skip level 3 and aim for level 4 and 
beyond. Concluding, in the period 2015-2016 
Ford distinctively received more AV media 
attention than before. 

TESLA 
Tesla’s first AV related media attention begun 
halfway through 2013, i.e. later than the other 
firms, when its CEO started speculating about 
the Autopilot system (Figure 5). Since then 
both Tesla as a firm, with the reputation of an 
innovative young carmaker, and the Autopilot 
system, being perceived as technologically 
leading, have received increasing amounts of 
media. In the summer 2016 Tesla received the 
most attention of all firms. First, due to a fatal 
crash of a driver using Autopilot (Yadron, 
2016). But second, due to the brief ten year plan 
“Masterplan Part Deux” that includes 
autonomy as a central theme, (boldly) published 
shortly after the crash (Musk, 2016).  

GOOGLE 
Google and its “Self-Driving Car Project” have 
over the years received an abundance of media 

attention. This is in absolute terms (Figure 5), 
every major announcement by Google 
regarding AV technology has been widely 
covered by media. For example, Google’s 
lobbying activities related to state legislation in 
Nevada and California in 2012 and its bubble-
like prototype release in 2014. As well as 
relatively (Figure 6), during the entire time 
period the specific media attention for Google 
and autonomous vehicle technology largely 
coincides with the media attention the 
technology in general. Only in the second half 
of 2016 did other companies come close 
Google’s share of media attention. 

OTHER ENTRANTS 
Lastly, startup entrants Zoox and Drive.ai both 
received media attention during their launches 
and after successful funding rounds. Still, both 
companies are very secretive regarding their 
other operations. Faraday Future stepped into 
the spotlight with its futuristic prototype at CES 
2016. But besides this, Faraday Future also 
remains an under the radar company. 

OVERALL ASSESSMENT OF MEDIA ATTENTION  
So, while Mercedes and Nissan have been 
technological leaders in the 90s and 00s 
regarding AV technology (Figure 1), it is 
mostly Google, and more recently additionally 
Tesla and Ford, that have received the largest 
share of media attention from 2009-2016 
(Figure 5 and Figure 6). Up to 2016 Google 
accounted for roughly 50% of the media 
coverage where after it became slightly more 
disperse due to a greater role of Tesla and Ford. 
Media attention cultivates society’s perception 
of a technology. In this case it shows that 
without bringing technological progress to 
market Google has garnered a great hype around 
this technology. This indicates that Google’s 
institutional strategy has been of major 
influence.
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Figure 5 Count (per month) of all media articles including the terms ‘driverless’ or ‘autonomous vehicle’ and ‘firm’ from January 
2009 to September 2016. 

 
Figure 6 Relative percentage of count (per month) of all media articles including the terms ‘driverless’ or ‘autonomous vehicle’ and 
‘firm’ from January 2009 to September 2016.4.3.2 US state and federal policy change (2009-2016) 

4.3.2 US state and policy change (2009-2016)  

First, regulation lagged AV technological 
advancement. For example, in November 2012 
the National Transportation Safety board 
recommended that new cars be equipped with 
level 1 technologies, such as adaptive cruise 
control and automatic braking. In January 2013, 
the federal government made its first formal 
policy statement on autonomous vehicles, with 
a nonbinding recommendation that driverless 
cars should not be allowed, except for testing, 
but that semi-autonomous level 1 features could 
save lives (Cain Miller & Wald, 2013). To put 
this into perspective, Mercedes and Nissan had 
been marketing these technology since the late 
90s.  

On a state level more ambitious AV legislation 
had already been proposed in Nevada in May 

2011, with the influence of Google (Markoff, 
2011), and passed in March 2012 (Marks, 
2012). Also Florida in May 2012 (Valdes, 2012) 
and California in September 2012, again due to 
the influence of Google (Reuters, 2012), passed 
legislation concerning the testing of 
autonomous vehicles. All these activities 
occurred before the federal government 
recommended level 1 features of new cars. It is 
illustrative that Google announced its public 
testing of AV technology in October 2010 with 
neither federal approval, nor testing permits 
from the state Department of Motor Vehicles.  

However, later on, firms started advocating for 
more robust federal legislation to avoid a 
“patchwork” of (conflicting) state legislation 
(Lewontin, 2016; Peltz, 2016). Moreover, state 
legislators started working together more with 
the federal government (Policy advisor 2, 2016; 
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State agency deputy director, 2016). This finally 
resulted in that the National Highway and 
Safety Administration (NHTSA), a federal 
body, revealed its “Federal Automated Vehicle 
Policy”, aimed at level 3, 4, and 5, with the aim 
to indicate the most pressing issues, whilst 
remaining open and flexible (U.S. Department 
of Transportation, 2016). So, within four years 
the federal government went from lagging 
behind 1-2 decades in policy for level 1 
technologies to formulating policy for future 
level 3, 4, and 5 technologies. 

4.4 Reflection: An interplay between 
incumbents, entrants, technology & 
institutions  
The section above illustrates the different 
contributions of incumbent and entrant firms in 
relation to technological and institutional 
change. It shows that technology and 
institutions co-evolve and are interdependent of 
one another in a sociotechnical transition. 
Specifically, an interplay between incumbent 
firms and entrant firms is found in their 
differing contributions to technological and 
institutional change in the transition to 
autonomous vehicles. 

Incumbents have played an important 
technological role. Traditional OEMs have been 
crucial in the development of AV technology. 
Over the past 20 years firms as Mercedes and 
Nissan have invested R&D efforts into spurring 
this technology by introducing and gradually 
improving of vehicle automation technologies 
such as adaptive cruise control, starting at SAE 
level 1 up to level 2. Together with this 
technological influence came gradual 
institutional change: incumbents have gradually 
influenced customers as well as policymakers to 
adapt to increasingly more AV technology. 

However, it was a new entrant that sparked the 
massive increase of media attention for and the 
rapid development of policy catered to AV 
technology, namely Google. Since its 
announcement in October 2010 Google has 
persistently undermined associated beliefs and 

norms society held concerning personal 
automobiles. Google has continuously focused 
on convincing people that autonomous vehicle 
technology would be safer, more enjoyable, 
more efficient, and would make mobility 
inclusive for all societal groups. By focusing on 
the wide personal and societal benefits the 
technology would bring, by expressing 
expectations for reaching level 4, by developing 
a “cute” prototype, and by continuously 
denouncing SAE level 2 and 3 as a safe and 
logical option, Google has broken down 
cultural-cognitive beliefs held concerning 
vehicles and extended the frontiers of what was 
thought technologically perceivable and 
achievable, primarily through institutional 
influence. Finally, Google has been a 
determining force in shaping legislation for AV 
technology, which in turn stimulated the 
formulation of progressive federal policy.  

The role of Tesla, as a hybrid entrant-incumbent 
has also been of value in the unfolding of this 
transition. On a technological level Tesla has 
pushed incumbents’ boundaries by showing a 
faster and more radical approach to car 
manufacturing and AV technology, through a 
combination of a manufacturing and software 
technology mindset. For example, Tesla has 
taken a risk by putting its level 2 system 
Autopilot on the road in “public beta-testing”. 
Other OEMs would not dare to take such a risk 
because of the potential negative consequences, 
such as bad publicity and liability issues (Global 
public affairs manager, 2016; Government & 
external affairs director, 2016). On an 
institutional level Tesla has been less extreme in 
its disrupting strategy than Google, though still 
influential in creating new norms of how to 
approach car use and beliefs of what is 
(technologically) feasible in the future.  

Though more interesting is how incumbents, 
such as Ford, have pivoted to catch up with 
these “disruptive” entrants, as if they have 
learned from past cases (e.g. Christensen, 
1997). For example, Ford started to publicly 
rethink and reshape its approach to vehicles and 
mobility, and it entered a lobbying alliance with 
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an incumbent, entrant, and ride-hailing startups. 
Another example is that of General Motors 
(GM), though excluded from the firm selection 
in this thesis, through the media analysis it was 
still found that GM invested $500 million in 
ride-hailing startup Lyft and acquired a Silicon 
Valley AV startup called Cruise Automation for 
more than $1 billion (Heller, 2016). Another 
example of this is the alliance Google formed 
with Fiat-Chrysler Automobiles in 2016 
(Woolf, 2016). Or that Ford and Nissan 
amongst other OEMs have opened R&D 
facilities in Silicon Valley in the past years. So, 
incumbents and entrants not only have different 
contributions to technological and institutional 
change, but have also started working together 
to complement one another. 

So it seems that at first incumbents were rather 
coy in terms of radical technological 
development and disrupting institutional 
change. Specifically, at first Mercedes, Nissan, 
and Ford all progressed AV technology 
gradually and did not disrupt institutions. 
However, after an entrants push of institutional 
change (i.e. Google’s influence) and to a lesser 
extent technological change (i.e. Tesla’s 
influence) incumbents started taking over these 
technological expectations and institutional 
tactics (Ford) while others hold on to their 
existing technological and institutional paths 
(Mercedes and Nissan).  

 

5. Discussion
This research has focused on the single case of 
autonomous vehicles with a focus on the US and 
the state of California, hence some caution 
should be taken when generalizing the findings. 
Furthermore, this study was limited to only 
eight firms while the development of 
autonomous vehicle technology also happens 
outside the scope of this research. Also, it would 
be interesting to study to see whether firms that 
were not focused on the development of AV 
technology retarded or opposed certain 
technological or institutional progress (similar 
to Wesseling, Farla, & Hekkert, 2015). Still, a 
good overview was obtained with the current 
selection, through using worldwide media 
sources and by focusing on internationally 
operating firms with differing characteristics 
beneficiary for the exploratory nature of this 
research.  

Reflecting on the data sources it would be 
fruitful if future research focuses on conducting 
interviews that complement the media data 
more comprehensively by holding interviews 
with all involved stakeholders. This also opens 
up the possibility for diving deeper into the 
different institutional tactics firms used. 
Additionally, I suspect that especially Nissan 

was underrepresented in the data as they are 
homebased in Japan causing them to focus more 
on Japanese regulations, society, and media. A 
more central role of interviews would also 
circumvent that possible underrepresentation.  

Finally, the subject of autonomous vehicle 
technology, and broader of Industry 4.0, lacks 
the blessing of hindsight. However, the current 
data and timeframe did provide the opportunity 
to gain insight in the unfolding processes within 
a transition, which was a central aim in this 
thesis.  Furthermore, these technologies are 
developing at an increasing pace and it is crucial 
for academia, practitioners, and policymakers to 
gain a more comprehensive understanding as 
soon as possible.  

THEORETICAL IMPLICATIONS 
This research has looked into the endogenous 
processes of a transition by looking at what 
different contributions incumbents and entrants 
have, and how they need each other. In order to 
build upon this, future research may look into 
this interplay of incumbent and entrant firms in 
other currently unfolding or past transitions. 
This would help determine whether this is an 
understudied or new phenomenon due to 
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different technological, contextual, or firm 
characteristics.  

This case study was set in the light of the Fourth 
Industrial Revolution. It is fruitful to look more 
specifically at the current transitions literature 
to see whether this new stream of technologies 
will influence transition processes differently 
than before. Building on this, transitions have 
often been conceptualized as being triggered 
extreme landscape pressures or events that lead 
to a fundamental destabilization (Geels & 
Schot, 2007). But in this case, there is an 
extreme technological opportunity and push. 
Moreover, many case examples of the 
transitions literature are based on historical 
examples around technologies invented before 
the rise of information technologies, artificial 
intelligence, and Big Data. It is imperative for 
academia to get a grasp on how these new 
technologies will increasingly change and shape 
society.  

A final recommendation for future research is to 
look specifically into the role of entrants within 
transitions, possibly in relation to the strategic 
niche management literature (Schot & Geels, 
2008; Smith & Raven, 2012). This thesis has 
shown that entrants can have powerful 
(institutional) influence. Examples in other 
industries of powerful startup entrants are 
Airbnb (hotel industry), or Uber (taxi industry). 

But like Google in this thesis, other major global 
technology companies like Facebook, Amazon, 
and Apple, seem to be diversifying into 
different industries such as drone delivery, cars, 
virtual reality, and smart home devices 
(Leswing, 2016; Perez, 2016; Popper, 2016; 
Zuckerberg, 2014). How influential are these 
entrants, does the current transitions literature 
still hold regarding their role, and what does this 
imply for governing future transitions, are all 
questions worthwhile of future investigation..  

PRACTICAL IMPLICATIONS 
This results of this thesis have the following 
implications for industry practitioners, 
government, and society. First, practitioners 
may gain insights in competitive responses of 
players within the vehicle manufacturing 
industry heading towards autonomous vehicles, 
as well as insight in synergetic incumbent and 
entrant interaction. Second, unravelling the 
interplay between incumbents and entrants in 
relation to technology and institutions makes it 
easier to draft policy that stimulate 
sociotechnical transitions. Finally, it is 
important for society to be prepared for 
transitions with possible major consequences. 
Insights from this exploratory thesis may help 
identify and anticipate the transition to 
autonomous vehicles.

6. Conclusion
In this thesis, I have studied the different 
contributions of incumbent and entrant firms 
regarding technological and institutional change 
within the sociotechnical transition of 
autonomous vehicles. Here a control system 
within a vehicle takes over executive driving 
tasks and the monitoring of the driving 
environment from a human driver in some, and 
ultimately all, driving situations. The main 
finding is that this transition has undergone an 
acceleration as a result of differing, but 
complementary and synergetic contributions of 
both incumbents and entrants to technological 
and institutional change.  

Incumbents were responsible for gradual 
technological progression, this role should not 
be underestimated as these incumbents are a 
source of considerable technological 
knowledge. Thereby, incumbents also 
influences the routines of consumers making the 
society become more accustomed to AV 
technology. Google, as an entrant, was 
important for sparking institutional change. 
Google did this by undermining the notion that 
cars need to be driven by humans, and framing 
autonomous vehicles as far safer and more 
convenient than current vehicles. Tesla, as a 
hybrid incumbent-entrant complemented this by 
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showing incumbents that technological progress 
was possible far faster than had been the case, 
whilst additionally building the institutional 
case for autonomous vehicles to be better, safer, 
and more convenient. In turn, incumbents 
adopted certain technological expectations and 
institutional tactics from entrants. Moreover, 
both firm types started working together.  

To conclude, this study has stepped away from 
an outcome oriented view of incumbents and 

entrants in the face of radical technological 
change and focused on agency and the processes 
within an unfolding sociotechnical transition. 
Specifically finding that informal institutional 
change early on works as a catalyst to trigger the 
acceleration of further technological and 
institutional change. Ultimately showing that  
incumbents and entrants needed each other to 
instigate technological and institutional change 
required for a sociotechnical transition. 

Acknowledgements 
Special thanks are reserved for my supervisor, 
prof. dr. Marko Hekkert, for giving me the 
freedom to carry out this research and for taking 
the time to provide valuable feedback and 
inspiration, especially throughout the final 
stages of my thesis.  

I would also like to express my gratitude to the 
prof. dr. Daniel Sperling for hosting me at the 
Institute for Transportation Studies at the 
University of California Davis, a truly inspiring 

and fun environment to carry out my research. 
Additionally, I would like to thank Peter van 
Deventer at the Consulate General of the 
Netherlands in San Francisco for connecting me 
to his network via the Coast-to-Coast E-
mobility program.  

Last, I would like to thank Lex, Scott, Dico, 
Laura, Matthee, and Jip for their critical remarks 
and feedback. 

 References 

Abernathy, W. J., & Clark, K. B. (1985). Innovation: 
Mapping the winds of creative destruction. 
Research Policy, 14(1), 3–22.  

Ansari, S., Garud, R., & Kumaraswamy, A. (2015). The 
disruptor’s dilemma : TiVo and the U.S. television 
ecosystem. Strategic Management Journal, 
(AUGUST).  

Ansari, S., & Krop, P. (2012). Incumbent performance in 
the face of a radical innovation: Towards a 
framework for incumbent challenger dynamics. 
Research Policy, 41(8), 1357–1374.  

Automated driving director & university professor. (2016). 
Interview conducted by phone on December 6, 
2016. 

Automotive Technology Research. (2014). Autonomous 
Cars - Not if, but when. 

Barcham, R. (2014). Climate and Energy Impacts of 
Automated Vehicles, 1–30. 

Baysinger, B. D. (1984). Domain Maintenance as an 
Objective of Business Political Activity: An 
Expanded Typology. The Academy of Management 
Review, 9(2), 248–258. 

Bergek, A., Berggren, C., Magnusson, T., & Hobday, M. 
(2013). Technological discontinuities and the 
challenge for incumbent firms: Destruction, 
disruption or creative accumulation? Research 
Policy, 42(6–7), 1210–1224.  

Berger, P. J., & Luckmann, T. (1966). The Social 
Construction of Reality. New York: Doubleday. 

BMI Research. (2016, July 20). OEM Autonomous 
Driving Strategies: A Review. Business Monitor 
Online. 

Bourdieu, P. (1993). Sociology in question (Vol. 18). Sage. 
Bowles, N., & Yadron, D. (2016, January 7). Self-driving 

cars hog the road at CES. The Guardian. Las Vegas. 
Breschi, S., Malerba, F., & Orsenigo, L. (2000). The 

Debate on Technological Change and Patterns of 
Innovation in Industry : An Introduction. The 
Economic Journal, 110, 388–410. 

Cain Miller, C. (2012, September 27). That empty driver’s 
seat? Legal in California. The International Herald 
Tribune (Currently The International New York 
Times). 

Cain Miller, C., & Wald, M. L. (2013, May 30). Self-
Driving Cars for Testing Are Supported by U.S. The 
New York Times. San Francisco. 

Chandy, R. K., & Tellis, G. J. (2000). The Incumbent’s 
Curse? Incumbency, Size, and Radical Product 
Innovation. Journal of Marketing, 64(3), 1–17. 

Chase, R. (2016, August). Self-Driving Cars Will Improve 
Our Cities. If They Don’t Ruin Them. Backchannel. 

Christensen, C. M. (1997). The Innovator’s Dilemma: 
When New Technologies Cause Great Firms to Fail. 
Harvard Business School Press, Boston. 

Christensen, C. M., & Rosenbloom, R. S. (1995). 
Explaining the attracker’s adventage: technological 
paradigms, organizational dynamics, and the value 
network. Research Policy, 24, 233–257. 



E. van der Meer / MSc. Thesis Innovation Sciences 

 

 23 

Cohen, M. J. (2012). The future of automobile society: a 
socio-technical transitions perspective. Technology 
Analysis & Strategic Management, 24(4), 377–390.  

Corcoran, T. (2016, January 16). Big Brother rides shotgun 
in your driverless car. Financial Post. 

Crunchbase. (2016a). Crunchbase: Drive.ai. Retrieved 
December 16, 2016, from 
https://www.crunchbase.com/organization/drive-
ai#/entity 

Crunchbase. (2016b). Crunchbase: Zoox. Retrieved 
December 15, 2016, from 
https://www.crunchbase.com/organization/zoox#/e
ntity 

Curtis, S. (2013, August 27). Google planning “robo taxi” 
fleet. The Telegraph. 

Danielson, T. (2015, March 19). Mercedes-Benz F015 
promises a luxurious future for self-driving cars. 
The Christian Science Monitor. 

Davis, T. (2013, February 1). Exceptional Extras. 
Australian Financial Review. 

Dean, J. (2016, August 18). Driverless taxis hailed as next 
big thing in transport. The Times. 

Dosi, G. (1982). Technological paradigms and 
technological trajectories. A suggested 
interpretation of the determinants and directions of 
technical change. Research Policy, 11(3), 147–162.  

Dosi, G., Freeman, C., Nelson, R., Silverberg, G., & Soete, 
L. (1988). Technical change and economic theory 
(Vol. 988). Pinter London. 

Dougherty, C., & Kessler, A. M. (2015, May 19). Google’s 
self-driving cars to undergo street testing. 
International New York Times. San Francisco. 

English, A. (2010, December 4). The car that drives itself. 
The Daily Telegraph. 

English, A. (2014, January 16). Autonomous cars - is this 
the end of driving. The Telegraph. 

Factiva. (2016a). Faraday Future company profile. 
Retrieved December 15, 2016, from Factiva 
database 

Factiva. (2016b). Google company profile. Retrieved 
December 15, 2016, from Factiva database 

Fuenfschilling, L., & Truffer, B. (2016). The interplay of 
institutions, actors and technologies in socio-
technical systems - An analysis of transformations 
in the Australian urban water sector. Technological 
Forecasting and Social Change, 103, 298–312.  

Fung, B., & McFarland, M. (2016, January 16). In race for 
driverless cars, Google is in pole position. 
Washington Post. 

Gao, P., Hensley, R., & Zielke, A. (2014). A road map to 
the future for the auto industry. McKinsey & 
Company, (4), 42–53. 

Geels, F. W. (2002). Technological transitions as 
evolutionary reconfiguration processes: a multi-
level perspective and a case-study. Research Policy, 
31(8–9), 1257–1274.  

Geels, F. W. (2004). From sectoral systems of innovation 
to socio-technical systems: Insights about dynamics 
and change from sociology and institutional theory. 
Research Policy, 33(6–7), 897–920.  

Geels, F. W. (2005). The Dynamics of Transitions in 
Socio-technical Systems: A Multi-level Analysis of 
the Transition Pathway from Horse-drawn 

Carriages to Automobiles (1860–1930). Technology 
Analysis & Strategic Management, 17(4), 445–476.  

Geels, F. W. (2014). Regime Resistance against Low-
Carbon Transitions: Introducing Politics and Power 
into the Multi-Level Perspective. Theory, Culture & 
Society, (May 2013)  

Geels, F. W., & Raven, R. (2006). Non-linearity and 
expectations in niche-development trajectories: Ups 
and downs in Dutch biogas development (1973-
2003). Technology Analysis & Strategic 
Management, 18(3–4), 375–392.  

Geels, F. W., & Schot, J. (2007). Typology of 
sociotechnical transition pathways. Research 
Policy, 36(3), 399–417.  

Global public affairs manager. (2016). Interview 
conducted by phone on November 28, 2016. 

Golson, J. (2017). Mercedes will give Tesla’s Autopilot its 
first real competition this year. Retrieved March 8, 
2017, from 
http://www.theverge.com/ces/2017/1/6/14177872/
mercedes-benz-drive-pilot-self-driving-tesla-
autopilot-ces-2017 

Government & external affairs director. (2016). Interview 
conducted by phone on December 1, 2016. 

Greenwood, R., & Suddaby, R. (2006). Institutional 
Entrepreneurship in Mature Fields: The Big Five 
Accounting Firms, 49(1), 27–48. 

Hall, S., McCowen, D., & Ottley, S. (2015, January 15). 
Are we ready for cars with no drivers? Sydney 
Morning Herald. 

Hardman, S., Shiu, E., & Steinberger-Wilckens, R. (2015). 
Changing the fate of fuel cell vehicles: Can lessons 
be learnt from Tesla Motors? International Journal 
of Hydrogen Energy, 40(4), 1625–1638.  

Hardy, Q. (2015, June 11). A Futurist Looks at Where Cars 
Are Going. The New York Times. 

Harris, M. (2010, October 24). Look, no hands – the 
Google car is coming. The Sunday Times. 

Harwell, D. (2015, October 16). Tesla’s Autopilot still 
requires a driver. The Washington Post. 

Hawkins, A. J. (2016, April 26). Google, Ford, and Uber 
just created a giant lobbying group for self-driving 
cars. The Verge. 

Hekkert, M. P., Suurs, R. A. A., Negro, S. O., Kuhlmann, 
S., & Smits, R. E. H. M. (2007). Functions of 
innovation systems: A new approach for analysing 
technological change. Technological Forecasting 
and Social Change, 74(4), 413–432.  

Heller, M. (2016, March 12). GM Buys Startup to Fuel 
Driverless Car Push. CFO.com. 

Henderson, R. M., & Clark, K. B. (1990). Architectural 
Innovation: The Reconfiguration of Existing 
Product Technologies and the Failure of Established 
Firms, 35(1), 9–30. 

Hill, C. W. L., & Rothaermel, F. T. (2003). The 
Performance of Incumbent Firms in the Face of 
Radical Technological Innovation Author ( s ): 
Charles W . L . Hill and Frank T . Rothaermel 
Source : The Academy of Management Review , 
Vol . 28 , No . 2 ( Apr ., 2003 ), pp . 257-274 
Published by : Acade. Academy of Management 
Review, 28(2), 257–274. 

Hoffman, A. J. (1999). Institutional Evolution and Change: 



E. van der Meer / MSc. Thesis Innovation Sciences 

 

 24 

Environmentalism and the U.S. Chemical Industry, 
42(4), 351–371. 

Hughes, T. P. (1986). The Seamless Web: Technology, 
Science, Etcetera, Etcetera. Social Studies of 
Science, 16(2), 281–292. 

Johnson, D. (2013, December 5). UK to be “driverless car 
world leader.” The Telegraph. 

Kandell, J. (2016, May 23). Driverless Cars, Start Your 
Engines. Institutional Investor. 

Kelly, H. (2012, October 30). Self-driving cars now legal 
in California. CNN. 

Knapman, C. (2012, November 24). Driverless car distrust. 
The Daily Telegraph. London. 

Larsen, D., & Krueger, R. (2013). Mercedes-Benz 
“Intelligent Drive”: ADAS Techonlogies & Rollout 
Strategy in US market. 

Lawrence, T. B., & Suddaby, R. (2006). 1.6 Institutions 
and Institutional Work. The SAGE Handbook of 
Organization Studies, (January 2006), 215.  

Leonard-Barton, D. (1992). Core capabilities and core 
rigidities: A paradox in managing new product 
development. Strategic Management Journal, 
13(S1), 111–125. 

Leswing, K. (2016, December 3). Apple asks the 
government to make it easier to develop self-driving 
cars. Business Insider. 

Lewontin, M. (2016, March 16). Why concerns about self-
driving cars may require a more hands-on approach. 
The Christian Science Monitor. 

Lieberman, M. B., & Montgomery, D. B. (1988). First-
mover advantages. Strategic Management Journal, 
9(SPEC. ISSUE), 41–58.  

Markard, J., & Truffer, B. (2008). Technological 
innovation systems and the multi-level perspective: 
Towards an integrated framework. Research Policy, 
37(4), 596–615.  

Markoff, J. (2010). Google Cars Drive Themselves, in 
Traffic. The New York Times, (Oct. 9, 2010). 

Markoff, J. (2011, May 11). Google Lobbies Nevada to 
Allow Self-Driving Cars. The New York Times. 

Markoff, J. (2014, May 28). Google’s Next Phase in 
Driverless Cars: No Brakes or Steering Wheel. The 
New York Times. 

Markoff, J. (2016). A driverless-car puzzle: How do you 
keep the humans alert? International New York 
Times. Sunnyvale, California. 

Marks, P. (2012). Hands off the wheel if the going’s tough, 
the car gets cover. New Scientist. 

Martin, R. (n.d.). Autonomous Vehicles Will Surpass 95 
Million in Annual Sales by 2035. Retrieved June 19, 
2016, from 
http://www.navigantresearch.com/newsroom/auton
omous-vehicles-will-surpass-95-million-in-annual-
sales-by-2035 

Mitchell, R. (2016, June 24). Faraday Future driverless 
cars to hit California Highways. Los Angeles Times. 
Los Angeles. 

Moran, T. (2007, October 29). On the road: Smart cruise 
control smoothes traffic. Automotive News. 

Morgan Stanley. (2015). Autonomous Cars: The Future Is 
Now. 

Mortished, C. (2016, September 16). The auto inudstry 

lacks strategy, and that’s worrisome. The Globe and 
Mail. 

Mosquet, X., Dauner, T., Lang, N., Rübmann, M., Mei-
Pochtler, A., Agrawal, R., & Schmieg, F. (2015). 
Revolution in the Driver’s Seat (Vol. 30). 

Musk, E. (2016). Master Plan, Part Deux. Retrieved 
August 2, 2016, from 
https://www.tesla.com/blog/master-plan-part-deux 

Naughton, K. (2015, January 6). Ford CEO Fields Predicts 
Driverless Cars on Roads in 5 Years. Bloomberg 
News. 

Nelson, R. R., & Winter, S. G. (1982). An Evolutionary 
Theory of Economic Change. Belknap Press of 
Harvard University Press. Cambrigde, 
Massachusetts, and London, England. 

Nimmo, J. (2016, February 27). Ford vacates the driver’s 
seat as it sets out in new direction. The Independent. 

Nissan. (2016). Nissan’s Autonomous Drive Technology. 
Retrieved from 
http://nissannews.com/media_storage/images/N114
5_PDF_ProPilotFULL.pdf 

Nissan. (2016, July 13). Nissan’s new Serena ProPILOT 
technology makes autonomous drive first for 
Japanese automakers. 

Niu, E. (2016). The Most Compelling Argument for How 
Tesla Motors Is a Tech Company. Retrieved 
December 15, 2016, from 
http://www.fool.com/investing/general/2016/04/11
/the-most-compelling-argument-for-how-tesla-
motors.aspx 

North, D. C. (1990). Institutions, institutional change and 
economic performance. Cambridge university 
press. 

Nunez, A. (2007). New Ford Mondeo revealed, will debut 
in Geneva. Retrieved March 8, 2017, from 
http://www.autoblog.com/2007/02/13/new-ford-
mondeo-revealed-will-debut-in-geneva/ 

Oliver, C., & Holzinger, I. (2008). The Effectiveness of 
Strategic Political Management: A Dynamic 
Capabilities Framework. Academy of Management 
Review, 33(2), 496–520. 

Peltz, J. F. (2016, August 19). When will driverless cars 
get safety rules? Los Angeles Times. 

Penna, C. C. R., & Geels, F. W. (2014). Climate change 
and the slow reorientation of the American car 
industry (1979-2012): An application and extension 
of the Dialectic Issue LifeCycle (DILC) model. 
Research Policy, 44(5), 1029–1048.  

Perez, S. (2016, June 3). Amazon Alexa now has over 
1,000 Skills, up from 135 in January. TechCrunch. 

Policy advisor 2. (2016). Interview conducted in person on 
November 22, 2016. Sacramento. 

Popper, B. (2016, December 14). Amazon’s drone delivery 
launches in the UK. The Verge. 

Reinganum, J. F. (1983). Uncertain Innovation and the 
Persistence of Monopoly. The American Economic 
Review, 73(4), 741–748. 

Reuters. (2012, September 26). California governor gives 
green light to driverless cars on public roads. 
Financial Post. 

Rip, A., & Kemp, R. (1998). Technological change. 
Battelle Press. 

Rodionova, Z. (2015, November 20). Elon Musk uses 



E. van der Meer / MSc. Thesis Innovation Sciences 

 

 25 

Twitter to hire Tesla engineers. The Independent. 
SAE International. (2014). SAE International’s Levels of 

Driving Automation for on-road vehicles. 
Schot, J., & Geels, F. W. (2008). Strategic niche 

management and sustainable innovation journeys: 
theory, findings, research agenda, and policy. 
Technology Analysis & Strategic Management, 
20(5), 537–554.  

Scott, W. R. (2013). Institutions and organizations: Ideas, 
interests, and identities. Sage Publications. 

Siegler, M. (2010, September 28). Google’s Schmidt: It’s 
A Bug That Cars Were Invented Before Computers. 
TechCrunch. 

Smink, M. M., Hekkert, M. P., & Negro, S. O. (2015). 
Keeping sustainable innovation on a leash? 
Exploring incumbents’ institutional strategies. 
Business Strategy and the Environment, 24(2), 86–
101.  

Smith, A., & Raven, R. (2012). What is protective space? 
Reconsidering niches in transitions to sustainability. 
Research Policy, 41(6), 1025–1036.  

Sparkes, M. (2014, December 4). Driverless cars: how 
long until we can sit back and relax? The Telegraph. 

State agency deputy director. (2016). Interview conducted 
by phone on November 29, 2016. 

State of California Department of Motor Vehicles. (2016). 
Autonomous Vehicles in California. Retrieved 
August 2, 2016, from 
https://www.dmv.ca.gov/portal/dmv/detail/vr/auton
omous/testing 

Tesla. (2014, October 10). Tesla Unveils Dual Motor and 
Autopilot. Retrieved March 9, 2017, from 
https://www.tesla.com/videos/tesla-unveils-dual-
motor-and-autopilot 

Tesla. (2016, October 16). All Tesla Cars Being Produced 
Now Have Full Self-Driving Hardware. Retrieved 
from https://www.tesla.com/blog/all-tesla-cars-
being-produced-now-have-full-self-driving-
hardware 

The Dominion Post. (2013, September 7). 2020 vision. 
The Irish Times. (2013). Mercedes self-piloting car takes a 

100km spin. 
The Netherlands EU Presidency. (2016). Declaration of 

Amsterdam – Cooperation in the field of connected 
and automated driving. 

The New Zealand Herald. (2014, April 28). Google 
driverless cars mastering city streets. 

The Sunday Times. (2014, August 3). Driverless cars to be 
tested in Britain. Scapegoats required. 

Thompson, C. (2015, November 4). Elon Musk: In less 
than 20 years, owning a car will be like owning a 
horse. Business Insider. 

Tushman, M. L., & Anderson, P. (1986). Technological 
Discontinuities and Organizational Environments 
Philip Anderson. Administrative Science Quarterly, 
31(3), 439–465.  

U.S. Department of Transportation. (2016). Federal 
Automated Vehicles Policy, (September), 116. 
http://doi.org/12507-091216-v9 

Unruh, G. C. (2000). Escaping carbon lock-in. Energy 
Policy, 28(12), 817–830. 

Utterback, J. M., & Suarez, F. F. (1993). Structure, 
Competition, and Industry. Research Policy, 22, 1–

21. 
Valdes, A. M. (2012). Driverless cars on the move. 

Financial Post. West Palm Beach, Florida. 
Van den Ende, J., & Kemp, R. (1999). Technological 

transformations in history: how the computer 
regime grew out of existing computing regimes. 
Research Policy, 28(8), 833–851.  

Van Lente, H., Spitters, C., & Peine, A. (2013). Comparing 
technological hype cycles: Towards a theory. 
Technological Forecasting and Social Change, 
80(8), 1615–1628.  

Weber, R. P. (1990). Basis Content Analysis. Newbury: 
Sage. 

Wesseling, J. H. (2015). Strategies of Incumbent Car 
Manufacturers in Sustainability Transitions. Thesis. 

Wesseling, J. H., Farla, J. C. M., & Hekkert, M. P. (2015). 
Exploring car manufacturers’ responses to 
technology-forcing regulation: The case of 
California’s ZEV mandate. Environmental 
Innovation and Societal Transitions, 16, 87–105.  

Wesseling, J. H., Farla, J. C. M., Sperling, D., & Hekkert, 
M. P. (2014). Car manufacturers’ changing political 
strategies on the ZEV mandate. Transportation 
Research Part D: Transport and Environment, 33, 
196–209.  

White, J. B. (2013, August 28). Nissan pledges self-driving 
cars by 2020. Wall Street Journal. New York. 

White, J. B., & Winkler, R. (2014, December 22). Google 
self-drive cars seek partners. The Australian. 

Wirth, S., Markard, J., Truffer, B., & Rohracher, H. (2013). 
Informal institutions matter: Professional culture 
and the development of biogas technology. 
Environmental Innovation and Societal Transitions, 
8, 20–41.  

Woolf, N. (2016, May 3). Google and Fiat Chrysler team 
up for “first of its kind” self-driving car project. The 
Guardian. San Francisco. 

Woolthuis, R. K., Hooimeijer, F., Bossink, B., Mulder, G., 
& Brouwer, J. (2013). Institutional entrepreneurship 
in sustainable urban development: Dutch successes 
as inspiration for transformation. Journal of Cleaner 
Production, 50, 91–100.  

Yadron, D. (2016). Tesla driver dies in first fatal crash 
while using autopilot mode. The Guardian. San 
Francisco. 

Zuckerberg, M. (2014). Acquisition of Oculus VR. 
Retrieved March 13, 2017, from 
https://www.facebook.com/zuck/posts/1010131905
0523971 

 



 

Why incumbents and entrants needs each other: 
The road to autonomous vehicles  

E. van der Meer  

MSc. Thesis Innovation Sciences 

 

 


