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Abstract The automotive industry is experiencing a moment of innovation. With
electronics gaining importance, the need to find sustainable solutions and the
rampant availability of sharing platforms, the dynamics of this sector is witnessing
a paradigm shift. A host of startups is colonizing every niche of what seems to be the
new architecture: shared and self-driven electric vehicles. Old incumbents and
emerging startups are interacting to control key technologies and the user interfaces
of the future. The mechanical machine is being converted into a computer. The
connected car is creating a new ecosystem for entrepreneurial opportunities. This
study analyzes a set of 156 venture-backed startups: the nature of the firms, their
founders’ profiles, their origins, their technological capabilities, and their investors.
Our findings and conclusions are: (1) a phase of instability and vibrancy is beginning
wherein multiple emerging firms compete to impose their standards, (2) the com-
petitive battle is conducted in the digital arena, (3) disruption is led by outsiders with
entrepreneurial experience and deep knowledge of digital technologies, and (4) a
final winning dominant design may emerge. Entrepreneurial outsiders and outsiders
coming from consumer electronics, electrical companies, and/or digital platforms
have a window of opportunity to enter this new market.
# 2017 Kelley School of Business, Indiana University. Published by Elsevier Inc. All
rights reserved.
1. The automotive industry:
A Cambrian moment

In January 2014, The Economist published an influ-
ential article titled “A Cambrian Moment,” which
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explained a millisecond in time 540 million years
ago when life forms began to multiply on earth. The
article claimed that something similar is happening
now in the economic world due to the force of
disruptive new technologies. An entrepreneurial
explosion fueled by technological change is trans-
forming the foundations of almost every industry.
Digital startups are spawning an astonishing
variety of new products and business models. The
disruption has hitherto penetrated a stable, oligop-
olistic industry dominated by a few big players that
ndiana University. Published by Elsevier Inc. All rights reserved.
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make up the automotive industry. Now, however,
car manufacturing is going through its Cambrian
moment.

With electronics gaining weight in the technolog-
ical configuration of a car, along with the need for
sustainable solutions and the emergence of sharing
platforms, the dynamics of the whole sector is
witnessing a paradigm shift. A host of new firms
are invading the industry and colonizing every niche
of what seems to be the new dominant design:
shared, digital, and self-driven electric vehicles.
A new era is beginning in which old mechanical
incumbents fight against digital giants and emerging
startups to control the key technologies of the
future.

In this article, we aim to shed light on these
startups and why and how they are threatening
the very foundations of the old industry. To do so,
we first carry out a literature review focused on
how the combination of technological change and
entrepreneurship creates new industry dynamics.
Second, we provide an overview of what the auto-
motive industry means in the global economy today,
highlighting the evidence of a renewed entrepre-
neurial activity. We also analyze the most recent
strategic consultancy reports and what scholars say
about the current transformation in the industry.
Third, we explore the features of a significant set
of emerging technology startups to characterize
who the new entrants are, in addition to their
origins and competitive tools. Last, we show
the results and discuss implications and further
research avenues.

2. How industries change: Theoretical
foundations

Several streams of researchers have analyzed the
phenomenon of how an industry is transformed
by emerging technologies and entrepreneurial
initiatives. In such cases, new technologies are
introduced into the market and create competitive
destruction of the old (Schumpeter, 1942). Techno-
logical change has an unequivocal impact on eco-
nomic growth (Solow, 1957; Tushman & Anderson,
1986). Technological evolution is characterized by
periods of great experimentation and entrepre-
neurial activity, followed by the acceptance of a
new product architecture (Abernathy & Utterback,
1978). Most of the fundamental innovations occur
during the first years of an industry’s existence
when a stream of new entrants competes to
impose their standards (Abernathy & Clark, 1985).
Researchers have characterized an architectural
innovation as the case when new technologies make
existing firms’ competencies obsolete and create
new market linkages, showing that competence-
destroying technological waves are usually driven
by new firms.

Foster (1988) introduced his famous S-curve
model: A given technology is initiated with a phase
of slow performance growth, followed by a
quick expansion, and then finished with a maturity
phase of limited improvement. Christensen (1997)
demonstrated that first-movers and entrepreneurs
enjoy a decided advantage over incumbents when
a new product architecture is about to be born. He
introduced the concept of disruptive innovation
wherein an old company is overridden by new firms,
moving away from immature (yet-to-be improved)
technological capacities. It is not necessary for new
firms to overcome the old firms’ performance; it is
enough to overcome the expectations of the old
firms’ market in some new dimensions of perfor-
mance. Foster (1988) stated that new firms’strategic
flexibility gives them a competitive advantage.

Spencer and Kirchhoff (2006) explored the link
between technological change and creative de-
struction, with special attention to the role of
new technology-based firms (NTBFs), showing that
NTBFs are a leading driver of creative destruction.
They described a set of advantages for NTBFs: low
dependence on customers (since they do not yet
have an existing customer base), low dependence
on former investments, inexistence of organization-
al resistance to change, and rapid technological
improvement (for they are operating before or
during the S-curve slope). NTBFs ability to mobilize
external resources (like venture capital) increases
the possibility of bringing disruptions to the market
(Rannikko, 2012). New firms have nothing to lose,
while incumbents risk their current strategy, which
has been successful so far.

3. The present: An old fortress
harassed by a swarm of
technology-based startups

3.1. A true global industry

The automotive industry is probably the best exam-
ple of a truly international industry. It has been a
generator and exporter of leading management
practices and the source of a continuous stream
of high and medium technologies. As stated by
Bertoncello and Wee (2015), “as much as any other
product, the car has shaped not only the global
economy but how billions of people live.” It has
been a paradigm of an oligopolistic sector in which
fierce competition has stimulated fast technology
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development. At a global level, the market has been
traditionally dominated by the U.S., which in
1960 did about 75% of production worldwide. Today,
China is the largest vehicle manufacturer, with a
production rate of about 28 million yearly units,
followed by the U.S. with about 12.2 million units.

The automotive sector has traditionally been a
‘fortress-industry,’ in that original equipment man-
ufacturers (OEMs) hold a stable position with little
chance of being displaced by entrepreneurs. When
applying the five forces model (Porter, 1989), it was
assumed that there was no possible substitute for
the automobile–—nothing offers the same level of
convenience. The bargaining power of suppliers is
low and buyers rely on big brands. Exorbitant in-
vestment capital is required to build manufacturing
facilities prepared for global competition. The R&D
race in the industry is affordable only to gigantic
producers. OEMs continue to focus on technological
aspects in their fight for supremacy. Still today, it is
an automotive company, Volkswagen, who holds the
top R&D budget in the world, with a total invest-
ment of $13.2 billion (PricewaterhouseCoopers,
2017). No new entrepreneurs seem to be able
to beat the big dinosaurs and the automobile’s
dominant architecture has not changed for more
than a century.

Yet the time of stability is over. The first signs of
disruption appeared with the emergence of Better
Place, a startup founded in Palo Alto in 2007 by a
charismatic entrepreneur, Shi Agassi, who promised
to free the world of oil dependence through new
electric vehicle batteries. The project attracted
the interest of the Israeli government, which invit-
ed the company to establish operations in Israel.
Agassi developed a new original business model:
Vehicles would be sold without the battery, which
would significantly reduce the price of the car. The
battery would be owned by Better Place, and swap-
ping battery stations would be deployed to change
any exhausted battery in a few minutes. By 2011,
the company had attracted more than $700 million
in venture capital. However, the huge investment
required and a market share that was far lower than
expected led Better Place to bankruptcy (Lunden,
2013). But the seed was sown. For the first time in a
century, a young startup threatened to change the
very economic foundations of the old fortress. Led
by Tesla and Uber, a new wave of startups took over.
Auto tech entrepreneurial dynamics heated up in
2016 when annual activity doubled to a record high,
with over $1 billion invested across 87 deals; this
signified a tenfold increase in disclosed funding
since 2012 (CB Insights, 2017). As the IBM Corpora-
tion noted, the industry is headed for major change:
“For more than 100 years, the automotive industry
has created competitive advantage through engi-
neering excellence, but this will not be sufficient”
(Wollshlaeger, Foden, Cave, & Stent, 2015).
Technology-driven trends like electric vehicles, da-
ta analytics, connectivity services, shared mobility,
or autonomous cars will revolutionize the industry.

3.2. What lies ahead: Sensing the winds
of creative destruction

Strategic consultants have performed intensive pro-
spective analyses of the automotive market in the
last few years, alerted by the impact of digitization
in the car. KPMG and The Center for Automotive
Research (2012) anticipated the convergence of
sensor and communication technologies to create
self-driving cars. The market seemed ready for the
acceptance of autonomous cars (KPMG, 2013). The
industry was crackling with entrepreneurship and
was attracting some of the best and most creative
thinkers, while billions of dollars in R&D were being
mobilized by venture capitalists (KPMG, 2014).
Meanwhile, owning a car increasingly seemed an
irrational decision. The average price of a new car
was $31,253 in 2013, an amount often unaffordable
for individuals. In 2014, car sharing services at-
tracted more than 1.2 million members in the
U.S. alone (TSRC, n.d.).

A new ecosystem was being formed around tra-
ditional OEMs, new OEMs (like Tesla or Google), old
suppliers, technology startups, venture capitalists,
and research labs. Developing cutting-edge soft-
ware and integrating the car with the smartphone
ecosystem would be strategic differentiation
factors for automotive leaders (Baker et al.,
2016). McKinsey & Company (2016) drafted four
major trends for the automobile industry: (1) shift-
ing revenue pools towards shared mobility; (2)
changes in mobility behavior–—10% of the cars sold
in 2030 could be shared vehicles; (3) diffusion of
new technologies–—15% of the vehicles sold in
2030 could be autonomous; and (4) new competi-
tion and cooperation dynamics, with streams of new
entrants targeting specific segments. Roland Berger
(2016) forecasted that “completely new business
models for automobile usage and ownership will
emerge in the next ten years.” KPMG (2016) said
that “intelligent cars will demand smart business
models.” The new opportunities will expand
revenue pools by about 30%, up to $1.5 trillion
(McKinsey & Company, 2016), and the scope of
change will also affect cities. The transformation
of the car into a mass-market mobility service
could free up more than 5.7 billion square meters
of parking space in the U.S. alone (Gao, Kass, Mohr,
& Wee, 2016).
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3.3. What scholars know: A stock of
knowledge ready to transform the market

There is a wide stream of scientific literature
around connected cars, autonomous vehicles, and
electric vehicles. Yet this literature is found in
very recent engineering journals and conferences.
The abundance of technical research into new
automobile systems anticipates the deep wave of
business innovation that is coming. The car is being
converted into a formidable sensor platform, a node
of a new ‘internet of vehicles’ as an extension of the
emerging internet of things (Gerla, Lee, Pau, & Lee,
2014). The automotive industry is witnessing a
paradigm shift and a profound change fueled by
new technologies (i.e., self-driving systems, 3-D
parts printing, new batteries), and by demographic
trends (Swan, 2015). The automotive value chain
has been converted into a cross-domain network of
old manufacturers and smartphone manufacturers
(Shelly, 2015). The car is being transformed into
a big data orchestrator (Mikusz, Jud, & Schäfer,
2015), which will likely be self-driven (Shapiro,
2016). We have found evidence of growth dynamics
of NTBFs in the automotive industry, but the busi-
ness transformation that this rapid technological
change is creating has not yet been researched in-
depth by business scholars. We have found a dearth
of management literature centered on this phenom-
enon. Our intention is therefore to fill part of this
research gap. The next step is to identify which new
firms are attacking the old fortress.

4. Who the entrants are: Research
questions and data collection

Our research interests are focused on knowing the
following questions: (1) What kind of companies are
emerging in the industry? and (2) what is the origin
Figure 1. Number of companies by type
of these companies? Principally, we intended to
identify the profiles of these firms–—whether they
were founded by scientists, by experienced entre-
preneurs, or by automotive managers, and in which
of them old incumbents participate. With these
goals in mind, we conducted an explorative study
on the features of the emerging companies in the
sector.

We obtained the study sample from Crunchbase,
an international database of NTBFs, investors, and
venture capital firms managed by the owners of
TechCrunch, one of the most recognized interna-
tional news outlets on technological innovation.
The sample of companies was obtained by selecting
the generic category ‘automotive,’ and the specific
categories ‘autonomous vehicles’ and ‘electrical
vehicles.’ We chose companies founded since
January 2012, with headquarters in Europe and
the U.S., and that have received a total funding
amount greater than $100,000. We consider that
above this threshold, the quality of the companies is
high enough, for they have proven to be attractive
for professional investors, while below, their main
financial sources are more likely ‘fools, friends, and
family.’ The data were extracted on November 11,
2016. The initial sample consisted of 190 startups
(eventually restricted to a pool of 156). The original
database included the following information
about the companies: description of the company,
description of the product or service, technological
competencies, fields of operation, website, date of
foundation, total funding amount, and the list of
investors.

After reviewing the company profiles and analyz-
ing their websites, the companies were classified
into 11 different groups according to the type of
product/service they offered and their position in
the value chain (see Figure 1). We excluded 26 com-
panies from the sample after they were identified



Figure 2. Funding amount by company
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as manufacturers of other transport devices (motor-
cycles, bicycles, wheelchairs, or skates), financial
firms, or companies not directly related to the
sector. Based on this criteria, 164 companies
emerged as valid. These companies accumulate
an aggregated funding amount of approximately
$1.2 billion.

Figure 1 shows the distribution of companies by
category. The largest categories are self-driving
technologies, navigation and communication tech-
nologies, sharing vehicles platforms, and car dealer
platforms. Companies are mainly in early funding
rounds; 125 of the 164 companies (76.21%) have
Figure 3. Number of companies by funding range

Figure 4. Number of companies by country
obtained a total funding of less than $5 million.
Only two of them have received investments
above $100 million. Figure 2 shows the distribution
of the total funding amounts along the series of
companies and Figure 3 shows the segmentation of
companies by investment ranges.

Of the 164, 109 companies (66.46%) are North
American–—and of these, 52 (31.70%) are headquar-
tered in California. The most represented countries
behind the U.S. are the U.K. (10 companies), the
Netherlands (6 companies), Germany (5 companies)
and France (5 companies). Figure 4 shows the
number of companies by country of origin.



Table 1. Scientific/Entrepreneurial/Industry-
experienced profiles present in the founding teams

PhDs Entrepreneurs Automotive
mgrs.

No No No 40 25.6%

No No Yes 16 10.2%

No Yes No 46 29.5%

No Yes Yes 19 12.2%

Yes No No 12 7.7%

Yes No Yes 2 1.3%

Yes Yes No 19 12.2%

Yes Yes Yes 2 1.3%

Total 156

MScs Entrepreneurial Automotive
mgrs.

No No No 29 18.6%

No No Yes 11 7.1%

No Yes No 30 19.2%

No Yes Yes 13 8.3%

Yes No No 23 14.7%

Yes No Yes 7 4.5%

Yes Yes No 35 22.4%

Yes Yes Yes 8 5.1%

Total 156
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5. In search of the origins: Scientific,
entrepreneurial, or industrial
founders?

We completed the data collection exercise from
Crunchbase with biographical information on the
founding teams, extracted from the companies'
websites. When no accurate information was found
on the websites, we used the LinkedIn profiles of the
entrepreneurs. In 8 cases, we have not found any
available biographical information. Therefore,
there is a final sample of 156 companies with bio-
graphic information about their founders available.

Out of 156 companies in the sample, 35 (22.4%)
have founding teams with the presence of at least
one PhD, with a total of 49 PhDs found. Of the
remaining companies, 51 companies (32.69%) have
founding teams with at least one Master of Science
degree (MSc). This means that a total amount of 86
(55%) companies have scientists or high-tech pro-
fessionals on their founding teams. The PhD pro-
grams in which the entrepreneurs participated
correspond to studies in electrical engineering
(15 cases), management and law (11 cases), com-
puter sciences (10 cases), physics and mathematics
(7 cases), bioengineering (3 cases), mechanical
engineering (2 cases), and Aeronautics (1 case).
Of the companies that do not have a PhD or MSc
among their founders, 51 (32.69%) have at least one
university graduate. Among the founders with un-
dergraduate degrees only, we identified degrees in
management, economics, or marketing (42 cases);
engineering or computer sciences (25 cases); and
design or mechanical engineering (5 cases). Of the
total sample, 19 firms (12.18%) were created by
entrepreneurs without a university degree.

In terms of experience in business creation,
87 out of 156 (55.77%) companies include experi-
enced entrepreneurs among their founders. The
entrepreneurs with experience present in the
founding teams of our sample have founded
366 companies (with an average of 3.85 companies
founded per team). In 69 cases (44.23%), the com-
pany in question is the first one founded by its team
(no one from their team has previous entrepreneur-
ial experience). With regard to prior experience in
the automotive industry, only 39 out of 156 firms
(25%) have a founding team with at least one expe-
rienced manager coming from the industry.

In order to identify the most frequent profiles
of the founding teams (technological/entrepre-
neurial/industry-experienced), we segmented
the sample of companies according to their scien-
tific and technological profiles (whether the found-
ing teams have PhDs or MScs within their ranks),
their entrepreneurial profiles (whether they have
experienced entrepreneurs who previously have
created other companies), and their level of indus-
try experience (whether they have managers with
specific experience in the automotive industry).
Results can be seen in Table 1.

If we analyze only those business categories
related to advanced technologies, the proportion
of management teams with PhDs increases–—71
companies in the sample belong to the categories
of self-driving systems, navigation and communica-
tion systems, data processing, and driver assistance
systems. In two of them, we did not find biographi-
cal information for the founders. Of the remaining
69, 25 (36.23%) have PhDs among their founders.
The companies with PhDs or MScs on their founding
teams reach 46 (66.67%). As regards the entrepre-
neurial profiles, 39 (56.52%) out of the 69 have
founder teams with entrepreneurs who had already
created other companies; and only 22 (31.88%) have
experienced automotive managers in the sector.

The composition of the founding teams changes
substantially when we look at the category of shar-
ing vehicles platforms. We did not find a single
founding team with the presence of a PhD. Out of
the 22 companies in this segment, 8 (36.36%) have
MScs on their founding teams, 12 (54.55%) have
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experienced entrepreneurs but, again, only 3
(13.64%) are founded by experienced managers in
the automotive sector.

In the cases where entrepreneurs do not have
previous experience in the automotive industry, we
analyzed the fields of experience of the founders.
Among the 117 founding teams with no experience
in the industry, we found entrepreneurs who have
declared experience in the following industries:
technology (47 cases), software (43 cases), infor-
mation technologies (32 cases), business manage-
ment (22 cases), finance (21 cases), marketing
(20 cases), telecommunications (18), electronics
(14), internet (14), energy (13), web development
(8), apps (6), aeronautics (4), and robotics (4).

Incumbents react through stake participations
and acquisitions. Old leaders are taking positions
in the capital of some of the emerging companies.
Eleven of the sample companies are represented by
OEMs or Tier 1 firms (BMW, General Motors, Toyota,
Daimler, Jaguar Delphi, Vaelo, Magna, Faurecia and
Robert Bosch are among their shareholders). Sam-
sung is a shareholder of three other startups, and
Microsoft has invested in two of them. One firm,
Ottomatika, was acquired by Delphi in 2015 (for a
nondisclosed amount) and another, Cruise Automa-
tion, by General Motors in 2016 (for $581 million).

6. Summary: The revolution is led by
outsiders

We analyzed emerging technology-based companies
in the automotive industry using Crunchbase’s da-
tabase. We studied the profiles of their founding
teams in search of the origin of these companies.
We found that the categories of greater presence
are those of self-driving systems, navigation & com-
munication systems and Vehicle-sharing platforms.
Confirming the research findings of major consul-
tancy firms, the sector seems to be heading toward
a new paradigm of self-driven, connected and
shared vehicles.

With regard to the backgrounds of founding
members, 62.82% of emerging companies have at
least one member with a PhD or MSc. PhDs have
been mostly pursued in electrical engineering
and computer science. Experienced entrepreneurs
participated in 55.77% of the sample companies,
with most of them having experience in fields
related to technology, software, and information
systems. However, only 39 of the 156 companies
analyzed (25%) have experienced managers from
the automotive industry among their founders.
The proportion of PhDs and MScs increases in
those categories related to autonomous driving
technologies, navigation, driving assistance sys-
tems, and connected vehicles, and decreases in
those related to vehicle-sharing business models.
The emerging company profile, therefore, is char-
acterized by founding teams with advanced knowl-
edge or experience in electronic engineering,
software, or computer sciences.

Experience in the industry specifically does not
seem to be a decisive factor in founding a promising
emerging automobile company. The automotive
value chain, which has traditionally been closed
by incumbents, is becoming a value chain open to
digital experts. The revolution is led by outsiders
with entrepreneurial experience and deep knowl-
edge of electrical engineering and software, capac-
ities that have been external or secondary in a
basically mechanical industry. Digital technologies
have therefore opened the door for entrepreneurs
to conquer the new automotive value chain; the
entrance to the old impregnable fortress has fallen,
giving rise to new business models built around
collaborative digital platforms, intelligent algo-
rithms, big data, and next-generation sensors.
The future superstars of this new automotive model
are being designed today by entrepreneurs in some
remote garage. Venture capitalists know this and
are starting to make serious bets.

7. Further discussions and
management implications

A phase of instability and effervescence is beginning
in the industry, triggered by accelerated technolog-
ical change. Multiple firms–—incumbents and new
entrants–—will compete to impose their standards,
destroying the oligopolistic balance enjoyed to
date. Car design and manufacturing is entering an
era of product innovation wherein the concept of
the vehicle will be redefined based on the new
features offered by digital technologies. Given
the diversity of emerging technologies in the sample
of firms, it seems that there is no definitive tech-
nological standard yet. A vertical/integral industry
seems to be disintegrating and is becoming horizon-
tal/modular, but this cycle is usually followed by the
apparition of new big players that will expand
vertically again, in a sort of clock-speed cycle (Fine,
2000). The critical role of safety and vehicle-to-
vehicle communications, which require compatibil-
ity assurance between brands as a must, anticipates
a winner-takes-all-dynamic, as is often the case in
digital markets (Varian & Shapiro, 1998) like what
happened in the 1980s with the IBM PC and the
‘Wintel’ standard (Windows + Intel). Indeed, the
struggle for the imposition of standards has already
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begun with the aggressive strategic movement of
Tesla giving away their patents as if they were open
source (Chambers, 2014). The movement is almost
identical to IBM’s in the 1980s, when–—in the face
of fierce competition with many brands with non-
compatible technologies trying to impose their
standards–—IBM opened its design with the intention
of making it the industry's dominant architecture. It
did so but at the price of commoditizing a high-tech
product like the PC, which became a low-cost
object. IBM PC clones spread throughout the world
and the IBM PC standard dominated the industry for
almost 20 years. In the automotive industry, this
dynamic may be repeated. A winner-takes-all game
may emerge. Once that happens, the window of
opportunity for entrepreneurs will be closed again.

The industry is being redefined. The competitive
battle will be conducted in the digital arena. As we
have seen, entrepreneurs with deep knowledge or
experience in digital markets or electronics have an
opportunity in the new ecosystem. Additionally,
companies coming from industrial or consumer
electronics industries, electrical companies, and/
or interactive digital platforms may also have a
huge opportunity to exploit their expertise and
enter this new market.
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