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ABSTRACT. New ventures as well as new business units
experience significant difficulties in finding a viable business
model. They often need to adapt their initial business model due
to the presence of uncertainty and ambiguity. Technology-
based companies are confronted with particularly high degrees
of uncertainty and ambiguity. We hypothesize that adaptation
is crucial for the performance (measured as survival) of these
businesses, but that this effect is moderated by the (in)depen-
dence of the new technology-based business and by the industry
in which it is active. We test the adaptation-performance
hypothesis through a survival analysis of a sample of 117
independent new ventures and business units. Our findings
suggest that adaptation is beneficial in less mature, capital-
intensive and high-velocity industries but not so in more ma-
ture, stable industries. Also, adaptation reduces failure rates in
dependent business units as compared to independent ventures.
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1. Introduction

One of the most pertinent questions in the field
of entrepreneurship research, as suggested by
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Venkataraman (1997, p. 121) is ““...why, when
and how some [entreprencurial companies] are
able to discover and exploit opportunities while
others cannot or do not”. Various authors have
put forward that it is not the clairvoyance of the
entrepreneur or intrapreneur that determines
this ability. There exists evidence that most ini-
tial selections of business models by new busi-
nesses have to be abandoned later on and that
minor or major adaptations to the initial busi-
ness model are needed.

Pitt and Kannemeyer (2000) question whe-
ther many entrepreneurs are able to define the
business concept correctly from the outset. To
paraphrase Stoica and Schindehutte (1999, p. 1):
... only in a minority of cases do entrepreneurs
succeed because they define their concept cor-
rectly from the beginning, and rarely do they
immediately achieve a good fit between the
available opportunity and their approach to the
business concept.”” Or as Peter Drucker (1985, p.
189) has noted: “When a new venture does
succeed, more often than not it is in a market
other than the one it was originally intended to
serve, with products and services not quite those
with which it had set out, bought in large part
by customers it did not even think of when it
started, and used for a host of purposes besides
the ones for which the products were first de-
signed.” Existing research data confirms this.
Brokaw (1991), in her update of the 27 ventures
that were profiled in Inc.’s “Anatomy of a Start-
up” series between the period of 1988 and 1990,
found that by 1991, a large fraction of the sur-
viving ventures had adapted their initial business
model: “What has made or broken many of the
companies we've watched...is... the ability (or
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inability) to recognize and react to the com-
pletely unpredictable... To be flexible, and not
just in response to small surprises but to really
big ones — like discovering you’re selling to the
wrong customers or selling through entirely
wrong channels. Some companies even find they
have to revamp from top to bottom in order to
survive. They discover they’re in the wrong
business’ (Brokaw, 1991, p. 54). It thus appears
that the ‘appropriateness’ of a venture’s business
model determines its success, that defining an
appropriate business model from the beginning
is difficult, and that adaptation to the initial
business model is therefore crucial for success.
Although the importance of adaptation for
new ventures is widely accepted, a more detailed
investigation is needed on the link between
adaptation and performance of new businesses.
Stoica and Schindehutte (1999) investigate the
relationship between entrepreneurial adaptation
and performance (measured as profitability,
average firm growth, and a subjective measure of
survey respondents’ perceptions), and a number
of factors and activities enabling adaptation. Al-
though their research study provides interesting
results, their sample — where the typical firm has
been in business between 5 and 25 years, and has
fewer than 100 employees — is not representative
of ‘new’ ventures or business units. Pitt and
Kannemeyer (2000) use a sample of companies
less than five years old. However, they study the
effect of personality traits (intolerance of ambi-
guity, locus of control, and risk taking propen-
sity) on the degree to which marketing strategy
had changed, but do not investigate the effect of
adaptation on performance. To our knowledge,
existing work takes for granted the benefit of
adaptation in new businesses, and does not pay
any attention to factors that may affect the rela-
tionship between adaptation and performance.
Therefore, this paper focuses on the relationship
between adaptation and performance in new
businesses and possible moderators. Firstly, we
discuss the difficulty new businesses have in
finding a viable business model. We suggest that
they need to adapt their initial business model and
that this need for adaptation is mainly due to the
presence of uncertainty and ambiguity. We show
that technology-based businesses are confronted
with particularly high degrees of uncertainty and

ambiguity with respect to both technology
and markets (see also Morris et al., 1999; Shane
and Stuart, 2002), and therefore focus on new
technology-based businesses as a special case
worth investigating. Secondly, we hypothesize
that adaptation will be crucial for new technol-
ogy-based business’ performance. Hypotheses
are then formulated with respect to the moder-
ating effect of sector characteristics. We also
hypothesize that the performance effect of adap-
tation differs between business units of estab-
lished companies and independent start-ups.
Finally, we test these hypotheses through survival
analysis of a sample of 117 new businesses.

2. Literature overview

2.1. New businesses on the search for viable
business models

New businesses often start from a market vision
or from a technological capability. In both cases,
the new business can only be successful if this
initial idea is translated into an economic reality
through the development of a successful business
model (Chesbrough and Rosenbloom, 2002).
Hamel (2000) discerns four major components of
the business model: (1) core strategy, (2) strategic
resources, (3) customer interface, and (4) value
network. Similarly, Chesbrough and Rosen-
bloom (2002) describe the function of a business
model as “‘to articulate the value proposition,
identify a market segment, define the structure of
the value chain, estimate the cost structure and
profit potential, describe the position of the firm
within the value network, formulate the com-
petitive strategy” (Chesbrough and Rosen-
bloom, 2002, pp. 533-534). Pitt and Kannemeyer
(2000) also consider distribution, facility or space
requirements, marketing approach, and person-
nel resources as components of the marketing
strategy. Morris et al. (1999) regard financial
requirements as an additional component.

The set of all feasible business models is often
not foreseeable in advance (see the work of Dru-
ilhe and Garnsey, 2002, 2004 on university spin-
outs). This is largely due to the uncertainty and
ambiguity new businesses are confronted with.
This is especially true for technology-based
businesses that are coping with high degrees of
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both technical and market newness (see also
Morris et al., 1999; Shane and Stuart, 2002).
Therefore this paper will focus on new technol-
ogy-based businesses as a special case worth
investigating. Certainly during the early stages in
its life, a technology-based business is confronted
with high degrees of both uncertainty and ambi-
guity while having access to a limited knowledge
and experience base and while experiencing
restricted access to resources as it tries to bring a
new product or service application to the market
(Bhidé, 2000). The underdeveloped resource
base of the new technology-based business (NTB
business) may hence negatively affect its
performance (Wernerfelt, 1984).

Innovations are by definition only successful
when they succeed in coupling a technological
capability to a user need (Teubal et al., 1991).
During this process, innovations face consider-
able selection pressures on their way to com-
mercialization (Nelson and Winter, 1982). Not
only is the nature and the outcome of the tech-
nical activities inherently unpredictable (Stee-
nsma et al., 2000), but also the market selection
and commercialization process itself poses
problems of uncertainty and ambiguity (Chesb-
rough and Rosenbloom, 2002). Utterback (1987)
therefore distinguishes between technical and
target uncertainty. There is some evidence that
uncertainty with respect to markets has an even
larger effect on the development of opportunities
than technological uncertainty (Eisenhardt and
Schoonhoven, 1990; Saemundsson and Lind-
holm Dahlstrand, 2005). The range of options —
and problems — that founders of new businesses
confront is vast. Entrepreneurs and intrapre-
neurs must continuously ask what application
they want to strive for and what competencies
they need to develop in order to accomplish that
prowess (Bhidé, 1996). In emergent markets,
technological options are at best marginally
understood, distribution channels and sources of
supply are problematic, market needs are not
clearly defined, and hence, market viability
cannot be proven a priori (see Abernathy and
Utterback, 1975; Bhidé, 1996, 2000; Eisenhardt
and Schoonhoven, 1990; Teubal et al., 1991).

As a logical consequence, it is not always
possible for a NTB business to identify upfront
what will be the most viable business model.

Uncertainty and risk induce the need to change
the business model (Pitt and Kannemeyer,
2000). In general, high levels of uncertainty are
known to require adaptive organizational pro-
cesses (Timmons et al., 1990). Chakravarthy
(1982) elaborates on the concept of adaptation,
discerning between three states of adaptation
(unstable, stable, or neutral) permitting respec-
tively a low, medium and high level of immunity
from environmental changes. In the context of
new ventures, Stoica and Schindehutte (1999)
state that: “The adaptive entreprencur allows
the business concept to develop over time as he/
she gains experience with products, markets,
suppliers, employees, and other key variables
surrounding the enterprise” (pp. 1-2). We define
entrepreneurial business model adaptation as a
new business’ adjustments fo its business model
as the business evolves from an initial idea or
business plan through the early stages of the
organizational life-cycle towards a more stable
business (based on Morris et al., 1999; Pitt and
Kannemeyer, 2000). Note that this is a more
narrow definition than the concept of adapta-
tion by Chakravarthy (1982). In our work, we
do not intend to look at Chakravarthy’s pro-
cesses of adaptive specification and generaliza-
tion. Rather, we want to investigate the effect of
business model adaptation (related to the hier-
archical states of adaptation in Chakravarthy’s
work) on performance.

It thus appears that the ‘appropriateness’ of
its business model determines the success of a
NTB business, that defining an appropriate
business model from the beginning is difficult,
and that adaptation to the initial business model
is therefore crucial for NTB business’ success.
Existing research suggests that the relationship
between adaptation and performance is however
not a linear one. In the context of technology-
based companies, Roberts and Meyer (1991)
show that the relatedness of new product
introductions affects performance (measured in
terms of company sales data) in a curvilinear
way. They find that a new product strategy
focusing on an intermediary level of technology
and market relatedness outperforms both more
and less related strategies. With respect to the
frequency of business model adaptation, litera-
ture on established firms (McGee et al., 1989) as
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well as on new ventures points to the danger of
not only ‘“under-adaptation’, but also ‘over-
adaptation’, i.e. the danger of changing too
frequently. As explained by Stoica and
Schindehutte (1999, p. 7): ‘under-adaptation
can lead to unintended costs (especially inven-
tory), lost customers, and missed opportunities.
Over-adaptation utilizes resources unnecessar-
ily, may find the firm under-emphasizing its core
business, and frequently finds the firm pursuing
courses of action that do not generate requisite
payoffs.” Stoica and Schindehutte (1999) pro-
pose that the danger of over-adaptation is
especially present in entrepreneurial businesses.
They point out that entrepreneurs are opportu-
nists, but that resource constraints limit the
thorough analysis of these new opportunities. It
is thus not unlikely that they will spread out
their resources too thin over various opportu-
nities, reducing the possibility to succeed in any
of them. We therefore hypothesize that:

Hypothesis 1: There is an inversed u-shaped
relationship between business model adaptation
and performance of NTB businesses.

2.2. Moderating effects

It cannot be assumed that all adaptation will
have the same effect on performance. We saw
that adaptation is necessary due to uncertainty
and ambiguity. According to Morris et al.,
(1999), uncertainty and ambiguity result not
only from an untested business concept, but also
from a turbulent external environment. This
suggests that adaptation will be more beneficial
in turbulent industries than in stable industries.
Also, within the same industry, some new busi-
nesses will be better at deciding on and executing
adaptations. We can expect that higher quality
adaptation will have a more positive effect on
performance. We argue below that the
(in)dependence of a new business will affect its
ability for high quality adaptation and thus also
the effect of adaptation on performance.

2.2.1. Sector effects
The sector in which a NTB business operates
may affect the relationship between adaptation

and performance. A first possible moderator is
the maturity of the industry sector in which a
NTB business operates, and more specifically
whether or not a dominant design has emerged
(Utterback, 1994). In mature markets, dominant
designs, process technologies, and strategies are
clear. New businesses should identify the ac-
cepted, viable business model for the industry
upfront. Adaptation may not be beneficial.
Growth markets, on the other hand, are viable
but turbulent. There may be multiple options for
how to compete within an overarching domi-
nant design. Whether or not the business model
is adapted may therefore not affect performance
significantly. And in emergent markets, the
timing of commercial takeoff and the viability of
certain business models are impossible to pre-
dict. Adaptation may then be highly beneficial.

Secondly, the effect of adaptation on perfor-
mance may be influenced by the capital intensity
of the sector in which it operates. One would
logically reason that the need for large invest-
ments (R&D and other types) hinders shifts in
business models. However, under these circum-
stances, sticking to an inappropriate business
model will lead to great financial losses, jeop-
ardizing performance and survival. In less cap-
ital intensive industries, lack of adaptation will
lead to smaller losses and will thus not affect
performance so strongly.

Also, adapting various aspects of the business
model may be necessary not only to find an
appropriate place in the environment or to find
the most appropriate environment; it is also
necessary when environmental circumstances
change (see for example the work of Hrebiniak
and Joyce, 1985; Tuominen et al., 2004; Van de
Ven and Poole, 1995). In the latter case, estab-
lished companies as well as new businesses may
need to change course. Of important influence in
this respect is the sector’s regime of technologi-
cal opportunity, i.e. ‘the set of production pos-
sibilities for translating research resources into
new techniques of production’ (Cohen and
Levin, 1989, p. 214). It influences the pace and
the direction of technical advance in a broad
sense and especially in the long run. Technical
advance may be higher-paced in some industries
than in others. If the industry’s technology
advances rapidly, a (new as well as established)



Adaptation and Performance in New Businesses 85

company’s performance will be drastically
reduced if it does not adapt its business model in
accordance with these technological advances.
Sticking to a chosen business model will affect
performance to a lesser extent in sectors with
low-paced technological advances. We therefore
hypothesize that:

Hypothesis 2: The effect of business model
adaptation on performance is more positive for
NTB businesses in immature, highly capital
intensive sectors with high-paced technological
advance than for their counterparts in mature,
less capital intensive sectors with low-paced
technological advance.

2.2.2. Effect of the NTB business’ (in)dependence
Some new businesses will be better at deciding
on and executing adaptations. Adaptation
requires organizational flexibility and organiza-
tional learning. On an individual level, an
internal locus of control, tolerance of ambiguity,
and risk taking propensity are positively related
to adaptability (Pitt and Kannemeyer, 2000).
These organizational and individual charac-
teristics are highly related to the (in)dependence
of the new business. Independent NTB ventures
are usually associated with flexibility (Morris
et al., 1999). Small businesses appear better able
to adapt, given their flexible structure, speed of
decision-making, and limited external and
internal decision constituencies (Stoica and
Schindehutte, 1999). It has been posited that
innovation (as a form of adaptation) differs in
type and rate between new and established firms
(Klepper, 2001; Legnick-Hall, 1992; Morris
et al., 1999). Incumbents have serious difficulties
in assessing and implementing certain types of
innovation, such as architectural innovations
(Henderson and Clark, 1990), competence-
destroying innovations (Tushman and Ander-
son, 1986) and innovations that appeal to new
users due to reliance on feedback from current
customers (Christensen, 1993). Also, it has been
shown that entrepreneurs score higher on risk-
taking and tolerance of ambiguity than manag-
ers (Falbe and Larwood, 1995; Morris et al.,
1999; Pitt and Kannemeyer, 2000). So, inde-
pendent NTB ventures appear more flexible,

more risk-propense, and more tolerant of
ambiguity than NTB business units of estab-
lished firms, suggesting a higher ability to adapt.

Also an internal locus of control is positively
related to adaptation (Pitt and Kannemeyer,
2000) because it leads to a more active search for
strategic information and knowledge (Seeman
and Evans, 1962) and a more active effort to
adjust (Brockhaus, 1982). An organization’s
adaptive ability is a result of organizational
learning (Markoczy, 1994; Pitt and Kannemey-
er, 2000). Since entrepreneurs are known to have
an internal locus of control (whereas managers
generally have a more external locus of control,
see Morris et al., 1999; Pitt and Kannemeyer,
2000), independent NTB ventures may be more
able to learn than NTB business units of
established firms. However, the opposite may
also be true. Independent NTB ventures fre-
quently suffer from under-developed intelligence
gathering and analysis capabilities (Stoica and
Schindehutte, 1999) and learning is not likely to
be as well-organized or systematic as in estab-
lished companies that are already further down
the learning curve (Morris et al., 1999).

Moreover, independent NTB ventures have
cash flow constraints and debt obligations that
may limit their ability to move in new directions
(Stoica and Schindehutte, 1999). For the quality
of a business model, it is important that there is
a fit between all its subcomponents (Hamel,
2000). Adaptations in one component (e.g.
products/services) may then require changes in
other components (e.g. different distribution
channels, different marketing strategy). Whereas
independent businesses need to acquire these
resources, capabilities, and knowledge through
learning, networking and partnering (Shepherd
et al., 2000; Teubal et al., 1991), business units
of established companies might benefit from the
resources, capabilities and knowledge present in
the parent organization. Although independent
ventures, and certainly those that spun-out of
established companies, may have significant up-
front knowledge on markets, technologies and
organization, they usually do not have the cash
and capabilities to simultaneously adapt various
subcomponents of the business model.

We must conclude that entrepreneurs exhibit
the characteristics that enable adaptation
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(internal locus of control, risk-propensity, and
tolerance of ambiguity) to a higher extent than
manager of business units of established firms.
However, the latter have better-organized and
more systematic intelligence gathering and
analysis capabilities. In addition, they can use
their parents’ resources and capabilities to
simultaneously change various components of
the business model in order to reach fit between
these components. It is unclear from existing
literature whether or not the availability of re-
sources and capabilities is more important for
the adaptation of the business model than indi-
vidual characteristics such as an internal locus of
control, risk-propensity and tolerance of ambi-
guity. If resource availability is more important,
adaptation quality should be higher in business
units of established firms. If individual charac-
teristics are more important, adaptation quality
should be higher in independent NTB ventures.
We thus want to verify whether or not:

Hypothesis 3: The effect of business model
adaptation on performance is more positive for
NTB business units of established companies
than for independent NTB ventures.

3. Empirical analysis
3.1. Data source

The unit of analysis is the NTB business. The
data source used is the annual CorpTech direc-
tory. This directory provides information on
technology businesses that operate in the United
States, including those that are domestic- and
foreign-owned, public and private, parent com-
panies, and divisions. Each year, each firm is
listed with (amongst other information) its
product codes (CorpTech codes as well as SIC
codes) and product descriptions. Sometimes
sectors are mentioned multiple times, each time
with a different product and/or service descrip-
tion. In addition, a short text describes the
markets/industries the company is selling to,
and whether or not it is a business unit of an
established company. Both the textual descrip-
tion and the CorpTech codes, SIC codes and
product descriptions indicate whether the com-
pany offers products, services or both.

Directories have been used as a data source in
existing research (see for example Lu & Beam-
ish, 2001; Romanelli & Tushman, 1994). Data
from the CorpTech directory have recently been
used by Puranam and Srikanth (2003, working
paper) to investigate the structural integration
of acquisitions and by Lee (2004, working pa-
per) to identify firms’ entry into the network
switching market. The main asset of the Corp-
Tech directory is that it covers young as well as
established, small as well as large, and private as
well as public companies. Firms must be inde-
pendently managed operations, although they
may be divisions of larger entities. According to
CorpTech, of a random sample of 200 emerging
companies presented in the CorpTech directory
between 1989 and 2003, 88% did not appear in
D&B’s Million Dollar directory, 77% were not
mentioned in Wards’ Directory, and 81% were
missing from the Thomas register. So, unlike
most other databases, the CorpTech database
pays much attention to emerging companies and
is therefore highly suitable for our study.
CorpTech identifies firms from a variety of
sources, including technology newsletters,
industry (vertical) trade associations, technol-
ogy-related press clipping services, economic
development agencies, manufacturers’ directo-
ries, other databases and interviews with related
manufacturers. When a previously unknown
company is identified, an interviewer calls the
company and conducts a 15-20 minute inter-
view, typically with a senior member of the sales
or marketing staff. The interviewer formulates a
profile, coding the products or services. The
company is then requested to proofread the
profile and correct any errors. Profiles are up-
dated approximately once per year.

3.2. Sample

For each of the directory editions 1992 until
1996, we selected independent technology-based
start-ups and (independently managed) tech-
nology-based business units of established
companies that were listed for the first time in
that edition, with a complete profile, and had
been founded only one or two years prior to the
edition. This means that the average business is
only 1.5 years old when it enters our sample.
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Although we will not be able to capture the very
early — and probably more frequent — changes in
business model, previous case study research has
shown that it can take ventures multiple years to
find their first viable business model. Clarysse
and Moray (2004) study an academic venture
that adapts is business model over a period of
four and a half years. Andries et al. (2004) in
their study of academic as well as non-academic
technology-based ventures, find that it can take
ventures up to 7 years to define a viable business
model. We are therefore confident that with an
average age of 1.5 years at entry, this sample
will enable us to study this search and adapta-
tion process.

Of these one- and two-year old companies, we
selected the ones active in the automation, bio-
tech and environmental industry. We selected
these three sectors based on various criteria:
firstly, they have a considerable number of
independent as well as dependent start-ups.
Secondly, there are almost no companies in the
Corptech database that were active at start-up in
more than one of these three sectors. New
businesses that started out in more than one of
these three sectors were removed from the
sample. This selection criterion allows us to use
dummy variables for initial sector (see below).
Thirdly, these three sectors differ with respect to
maturity and stability. Whereas the biotech
industry is generally considered to be still a not
yet mature and rapidly developing sector, the
automation industry has more the characteris-
tics of a growth market, being viable but still
somewhat turbulent. The majority of the com-
panies in our environmental industry sample are
active in traditional waste management and
water treatment, and are hence characterized by
some degree of maturity. Recent data on levels
and intensities of venture capital investments in
the US (NVCA, 2004) support this. The bio-
technology industry accounts for about one fifth
of all venture capital investments made in the
US in 2003. Measured by dollars, this industry
even received the largest increase in 2003 as it
received $379.9 million more than in the previ-
ous year. Automation-related industries follow
at a distance, being merely a part of the broader
defined ““industrial” investments, accounting for
less than 4% of all venture capital investments

in 2003. Waste management and water treat-
ment are still more absent, in line with their
more mature characteristics as an industry. The
use of these three criteria led to a total sample of
117 businesses. For each of them, we coded the
CorpTech information from the first year they
were listed in the directory until 2003 (if they
were still listed as existing in the 2003 edition) or
until the year they went out of business, were no
longer traceable, or were taken over by another
company. This led to a total number of 681
observations (or an average of about 6 obser-
vations per business). The distribution of the
sample over CorpTech sectors and business
background is given in Table I.

3.3. Variables

3.3.1. Outcome variables

We saw that new business can only successfully
perform if their initial idea is translated into an
economic reality through the development of a
successful business model (Chesbrough and
Rosenbloom, 2002). A variety of measures exist
for indicating new-venture success (Brush and
VanderWerf, 1992; Sapienza et al.,, 1988).
However, many of these performance indicators
are less appropriate in the context of NTB
businesses. NTB businesses may need several
years of technological development before they
can start selling. Therefore, (growth in) sales or
market share, or financial results cannot be
considered indicators of NTB business perfor-
mance. Some studies (Hanks et al., 1993; Sch-
rader, 2001) therefore prefer (growth in) the
number of employees as a performance indica-
tor. However, it may well be that the develop-
ment of a company’s business model is not
going according to schedule and that additional
employees are hired to speed up the process. The

TABLE 1
Distribution of companies for full sample and for adapted
sub-sample (between brackets)

Automation Biotech Environmental

Independent 27 (18) 16 (12) 22 (8)
Business unit of 15 (7) 16 (9) 21(8)
established company

Total 42 (25) 32 (21) 43 (16)
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number of employees may therefore be related
to good as well as to bad performance. Other
studies focus on survival as an indicator of
performance (Gartner et al., 1998; Shane and
Stuart, 2002). Similarly, we use the continued
autonomous existence of a NTB business as
performance indicator in this study. For each
year, we code in the variable STATUS whether
the company is alive, out of business, taken over
by another company, or whether CorpTech was
unable to recontact the company (in this case,
the business probably no longer exists). There is
no way of knowing whether the take-overs in
our sample were financial successes for the
shareholders of the new business. A company is
generally only a target for a take-over if it pos-
sesses certain strengths. However, many take-
overs take place because the new business is not
able to develop a successful business model
autonomously. The acquirers then often have
the complementary resources (such as comple-
mentary technology or marketing and distribu-
tion channels) to successfully develop and
market a product or service. For our analyses,
we therefore define ‘survival’ as the continued
autonomous existence of a new venture (whether
an independent new venture or an independent
new business unit of an existing company). A
take-over is then considered a ‘failure’ to con-
tinue functioning autonomously. We are thus
interested in the survival of the company, as
opposed to going out of business, or being taken
over by another company.

3.3.2. Explanatory variables

3.3.2.1. Company and sector variables. A dummy
variable DEP is used to indicate whether a business
is an independent start-up (DEP =0) or a business
unit of an established company (DEP=1). In
order to correct for the effects of maturity, capital
intensity and technological advance, we discern
between three sectors represented by sector
dummies: automation (SECl1=1, SEC2=0),
biotech (SEC1=0, SEC2=1), and environmental
(SEC1=0, SEC2=0).

3.3.2.2. Constructing measures of adaptation. We
defined entrepreneurial adaptation as a new
business’ adjustments to its business model as the
business evolves from an initial idea or business

plan through the early stages of the organiza-
tional life-cycle towards a more stable business.
Unfortunately, the CorpTech database only
provides company information on products and
markets, and not on other business model
components such as technology, distribution
channels, pricing, etc. This means that we can
only capture business model adjustments by
coding changes in the description of products
and markets. Business model adaptation due to
changes in other components of the business
model are not captured in our analysis.

Two time-dependent variables CMKT, and
CCMKT, represent respectively the change in
target markets for a specific year and the
cumulative change in target markets up to that
year. Each year, we coded whether or not the
target market has changed as a 0 (no change) or
1 (at least one change) compared to the previous
year as CMKT. For each year, we then calculate
the cumulative number of target market changes
until that year as CCMKT. By coding cumula-
tive changes, we intend to check whether or not
there exist learning effects with respect to
adaptation of the business model. The possibil-
ity of a learning effect stems from literature on
dynamic capabilities and the resource-based
view of the firm, in which organizational capa-
bilities are described as high-level routines. A
routine is “‘a behavior that is learned, highly
patterned, repetitious, or quasi-repetitious”
(Winter, 2003). Repetition of a specific pattern
of activity (see also Nelson and Winter, 1982)
over long periods of time may hence have a
cumulative or learning effect. However, multiple
business model changes may also indicate a lack
of learning. In that case, cumulative changes will
have a negative effect on survival. In addition,
we coded whether or not the business has
changed from targeting one to targeting more
than one market or vice versa as CHOM,
(CHOM =1 if there is a change from one to
more than one target market or vice versa;
CHOM =0 otherwise). Also here, a cumulative
score is calculated as CCHOM,. We also coded
whether the business changes between being a
product company, a service company, or offer-
ing both services and products. A change in a
certain year is coded as CHPS,=1 (CHPS,=0
otherwise). Also here, a cumulative score is
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calculated as CCHPS,. We also coded the extent
to which the CorpTech codes in which the
business is active have changed compared to the
previous year as a CHCORP,. We did this by
counting the number of changes in CorpTech
codes. A CorpTech code disappearing or a new
CorpTech code appearing is counted as one
change. One CorpTech code being replaced by
another CorpTech code is thus counted as two
changes. In the same way, changes in SIC codes
are represented by the variable CHSIC,, and
changes in product or service description by the
variable CHPROD,. Also here, cumulative
scores are calculated as CCHCORP,, CCHSIC,
and CCHPROD,.

3.3.3. Control variables

Various studies have demonstrated that industry
characteristics have a significant effect on sur-
vival rates. Audretsch (1991) already showed
that the existence of scale economies and a high
degree of capital intensity lowers the likelihood
of survival (see also van Praag, 2003 and Almus
and Nerlinger, 1999 on the effect of external
factors on growth and survival). In our analysis,
we therefore control for the direct effect of
industry on survival.

On the company level, the high mortality risk
new ventures (and also the special case of new
technology-based ventures) are facing is often
seen as a consequence of liabilities they are
confronted with from their conception onwards.
In general, we can discern between the liabilities
of smallness and newness. The liability of
smallness hypothesis points to the relationship
between size and mortality. The theoretic
rationale behind this hypothesis dates back to
Hannan and Freeman’s original paper on pop-
ulation ecology (1977), in which they state that
“the appropriate time scale for a selection pro-
cess increases with the size of the organizations
under consideration”. Explanations for this
phenomenon are related to the environment
(given resource-based arguments) favoring
organizations with structural inertia (Singh and
Lumsden, 1990), scale effects (Barron et al.,
1994), and to the availability of ‘slack resources’
in larger organizations: financial resources
(Berry & Taggart, 1998; Hite & Hesterly, 2001),
as well as human capabilities (Mc Cartan-Quinn

and Carson, 2003; Steensma et al., 2000). In our
analysis, we capture the concept of liabilities of
smallness by controlling for the size of the
business. CorpTech provides us with the number
of employees of the firm, represented by the
variable EMPL. Unfortunately, for a number of
business units of established companies, only the
parent’s number of employees was given and we
had to remove these observations from the
sample.

Complementary to this liability of smallness,
the liability of newness is often identified as a
major cause of mortality (Shepherd et al.,
2000; for an overview see Eisenhardt and
Schoonhoven, 1990). The theoretical explana-
tion goes back to Stinchcombe’s (1965) obser-
vations that new organizations have higher
failure rates than older ones. Hannan and
Freeman (1984) argue that in modern societies
and markets (commercial as well as financial)
organizations with high levels of ‘reliability’
and ‘accountability’ are favored by selection
processes. New ventures lack a ‘track record’
with customers and suppliers (see also Hay
et al., 1993), and the employees and founders
of these ventures are not always able to
quickly assume the new roles and relationships
that are required from them in order to thrive.
Business relationships with stakeholders need
to be built, legitimacy and reputation need
to be established, new employees must be
recruited and trained (Hite and Hesterly, 2001;
Lu and Beamish, 2001). Shepherd et al., (2000)
suggest that this newness or novelty consists of
novelty to market, novelty in production, and
novelty to management. Hay et al. (1993) point
to the existence of an ‘asset accumulation gap’
that ventures must close in order to satisfy
early customers and outperform established
rivals. Also Zahra et al., (2000) suggest that,
even when offering a superior technology or
product, ventures must learn new skills and
competencies in order to position their products
successfully and to survive. Although indepen-
dent NTB ventures — and especially those that
have spun-out of established companies — may
have significant up-front knowledge on mar-
kets, technologies and organiz- ation, they
usually do not have the same access to cash
flows, relationships, and reputation as NTB
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business units of established companies (Bhidé,
2000). Liabilities of newness will therefore be
less an issue in NTB business units of estab-
lished companies than in independent NTB
ventures. We control for liabilities of newness
by including the direct effect of (in)dependence
on survival in our analysis.

3.4. Analysis

3.4.1. Factor analysis

On our total sample of 117 business units and a
total of 681 observations, we performed a factor
analysis on the variables representing adaptation
of the business model: CMKT,, CHOM,, CHPS,,
CHCORP,, CHSIC,, CHPROD,, CCMKT,
CCHOM, CCHPS,, CCHCORP,, CCHSIC, and
CCHPROD,. The basic statistics for these vari-
ables are presented in Table 1. The results of the
factor analysis are shown in Table III. The
Kaiser—-Meyer—Olkin measure of sampling ade-
quacy is 0.69, which is sufficient for performing
factor analysis (Sharma, 1996, p. 116). Using the
cutoff criterion eigenvalues>1, three factors
were obtained. The rotated factor pattern shows
that Factor 1 represents cumulative changes in
products or services. Cumulative changes in
CorpTech codes (CCHCORP), SIC codes
(CCHSIC) and product description (CCH-
PROD) all have factor loadings for Factor 1 of

about 0.9. CCHPS (cumulative changes from
products to services or vice versa) has a factor
loading of about 0.7. Factor 2 represents yearly
changes in products or services. Yearly changes
in CorpTech codes (CHCORP), SIC codes
(CHSIC) and product description (CHPROD)
all have factor loadings for Factor 2 of 0.9 and
more. CHPS (yearly changes from products to
services or vice versa) has a factor loading of
about 0.6. Finally, Factor 3 represents changes
(both cumulative and yearly) in target markets.
CHMKT, CCHMKT, CHOM, and CCHOM all
have factor loadings for Factor 3 between 0.71
and 0.78. These high factor loadings already
point to the adequacy of the factor solution. In
addition, the root mean square residual is 0.078,
which appears to be small implying a good factor
solution (Sharma, 1996, p. 107).

3.4.2. Event history analysis

When preparing for our analysis, we found that
of our 681 observations, 363 scored zero on
Factor 1, Factor 2, and Factor 3. Of the 117
businesses in our sample, 55 — representing a total
of 281 observations —had not adapted their initial
business model in any of the years we docu-
mented. The remaining 62 businesses — repre-
senting 400 observations — had adapted their
initial business model at least once. The distri-
bution of the adapted sub-sample over sectors

TABLE II
Descriptive statistics and correlations
chmkt cchmkt chom cchom  chps cchps chcorp  cchorp chsic cchsic  chprod cchprod
Descriptive
Mean 0.0279 0.1322 0.0103 0.0485 0.0264 0.1160 0.3348  1.4670 0.2261  0.7526 0.3319 1.4993
Std dev 0.1648 0.3798 0.1009 0.2149  0.1605 0.3715 1.0429 2.6143 1.0220 1.9023 1.1587 3.0598
Correlations
chmkt 1 0.4578 0.6015 0.2940 0.1388  0.1873 0.2279  0.1165 0.1862  0.1388 0.2133 0.1240
cchmkt 0.4578 1 0.2714 0.6061 0.1115 0.3602 0.1183  0.2873 0.1114  0.3257 0.1274 0.2835
chom 0.6015 0.2714 1 0.4516 —0.0168 0.1643 0.0930  0.0765 0.1048  0.0984 0.0965 0.1119
cchom 0.2940 0.6061 0.4516 1 0.0054  0.2427 -0.0003 0.0670 —0.0042 0.0693 0.0180 0.1041
chps 0.1388 0.1115 —-0.0168 0.0054 1 0.4910 0.4477  0.2228 0.4982  0.2437 0.4746 0.2425
cchps 0.1873 0.3602 0.1643 0.2427 0.4910 1 0.2754  0.5574 0.3058 0.5791 0.3238 0.6463
chcorp 0.2279 0.1183  0.0930 -0.0003 0.4477 0.2754 1 0.4652 0.8776  0.4314 0.9277 0.4263
cchorp 0.1165 0.2873 0.0765 0.0670  0.2228  0.5574 0.4652 1 0.3954  0.9137 0.4420 0.9305
chsic 0.1862 0.1114 0.1048 -0.0042 0.4982 0.3058 0.8776  0.3954 1 0.4598 0.8177 0.3692
cchsic 0.1388 0.3257 0.0984 0.0693  0.2437 0.5791 0.4314 09137 0.4598 1 0.4023  0.8450
chprod 0.2133 0.1274 0.0965 0.0180 0.4746  0.3238 0.9277 0.4420 0.8177 0.4023 1 0.4742
cchprod 0.1240 0.2835 0.1119 0.1041  0.2425  0.6463 0.4263 09305 0.3692 0.8450 0.4742 1
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TABLE III
Results of factor analysis

Rotated factor pattern

Factorl Factor2 Factor3
chmkt —-0.01496 0.24000 0.76226
cchmkt 0.34515 -0.02103 0.71099
chom —-0.02256 0.08268 0.77379
cchom 0.11280 —-0.11632 0.77213
chps 0.17697 0.61077 0.03780
cchps 0.69401 0.20700 0.24665
chcorp 0.22082 0.92447 0.04954
cchcorp 0.92313 0.24081 0.02564
chsic 0.20380 0.90252 0.04436
cchsic 0.89752 0.24706 0.05949
chprod 0.23704 0.90420 0.05851
cchprod 0.91941 0.23270 0.06146
Kaiser’s Measure of Sampling Adequacy: Overall

MSA =0.68592579. Three factors will be retained by the
MINEIGEN criterion.

Final Communality Estimates: Total =8.808892.

Root Mean Square Off-Diagonal Residuals: Over-
all=0.07829047.

and company background is given in Table I
(between brackets). As shown in Figure 1, sur-
vival curves are steeper for the non-adapted sub-
sample than for the adapted sub-sample and this
difference is statistically significant (P-value of

0.0892 for Log-Rank test and of 0.0636 for
Wilcoxon test). In our further analyses, we then
investigated more in detail whether this difference
in survival rates could actually be attributed to
differences in adaptive behavior.

The standardized scoring coefficients that re-
sulted from the factor analysis were used to
calculate the scores on these three factors for
each of the 681 observations in our sample.
These scores were then used in our further
analysis of business survival. We applied event
history analysis, and more precisely, Cox-
regression with the counting process syntax (see
Allison, 1995). Cox-regression does not require
us to choose a particular probability distribution
for survival times, increasing robustness. In
addition, it allows for time varying covariates,
ties, and multiple types of events. An advantage
of the counting process syntax is that we can
accommodate for the fact that some companies
enter the dataset one year and others two year
after being formed. It also allows us to include
companies that disappear from the directory
without an indication of what happened to
them. They are treated as censored at the last-
known date of their existence.
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Figure 1. Survival curves of adapted (dotted line) and non-adapted (full line) sub-samples.
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The presence of a large number of non-
adapted businesses and the related large number
of zero values made estimation unreliable due to
a lack of variability in the data. We therefore
decided to perform Cox-regression on the sub-
sample of 62 businesses (with 400 observations)
which had undergone at least one change in
business model, and therefore had at least one
score for Factor 1, Factor 2, or Factor 3 dif-
ferent from zero in at least one year. This ap-
proach allows us to examine the effects of
change on survival within the group of NTB
businesses that adopted changes, not yet taking
into account the comparison with the companies
that did not experience any changes in business
model. Removing all non-adapted businesses
from the sample introduces the risk of biased
results. It would have been opportune to com-
pare the characteristics of non-adapted and
adapted firms to see if they are different.
Unfortunately, it is not possible to complement
our data with additional company information.
This is due to the fact that the majority of the
businesses in our sample are not covered in
other databases. It is also not possible to collect
additional data through a survey, since almost
half of the companies were no longer in business
by 2003 and can thus not be contacted. We
therefore use a procedure similar to the Jack-
knife procedure (Tabachnik and Fidel, 1996, p.
328). In a first part of the analysis, we restrict
ourselves to this adapted sub-sample. In a sec-
ond part, we further test the hypotheses put
forward in this paper by complementing the sub-
sample with various runs of randomly chosen
businesses that never changed their business
model. Using this procedure, we are able to
overcome the overrepresentation of businesses
that never changed their business model in the
overall sample leading to problems of statistical
interpretation and validity.

For our sub-sample consisting of 400 obser-
vations relating to companies that at least had one
change in their business model, we estimated the
hazard that a business does not survive (i.e. that it
goes out of business, that it is taken over by an-
other company, or that CorpTech is unable to
recontact it) through Cox regression. To avoid
the problem of causal ambiguity, we used a one-
year time lag between the time-dependent cova-

riates on the one hand and the status of the
company (whether or not it survived) on the other
hand. We first estimated a model with only con-
trol variables. We then estimated a second model
including the scores on Factor 1, Factor 2 and
Factor 3 at time ¢. In a third model, we added the
squared factor scores. In these three models (see
Table V), only the effect of SEC2 is significant
and negatively related to the hazard at time 7+ 1,
implying that new businesses in the biotech sector
have a significantly higher probability of surviv-
ing than their counterparts in the environmental
sector. This finding is in line with the fact that
product development cycles in the biotechnology
industry are rather long, and with the previous
remark that the biotechnology industry seems to
have excellent access to the financial market to-
day. Biotech companies receive the necessary
levels of resources to go through the lengthy
development process. Whether or not the com-
pany fails will be determined only at the time the
success or failure of the product development
becomes apparent. The squared factors do not
have a significant effect.

In a fourth regression model, we left out the
squared factor scores and included interaction
effects (1) between independence and the factors
representing adaptation, and also (2) between
sector and the factors representing adaptation.
The results are also shown in Table V. All in-
teraction terms including the variable sec2 have
high parameter estimates, high standard errors,
and Wald chi-square statistics close to zero. This
suggests that there is a (quasi-)separation pro-
blem. When looking at the data, we found that
this is indeed the case. For each of the interac-
tion terms, there exists a range of values for
which there are no or almost no NTB businesses
that fail. Quasi-separation makes that maximum
likelihood estimates do not exist for factl xsec2,
fact2xsec2 and fact3xsec2. However, it has
been shown in literature (Allison, 2003) that if
one leaves the offending variables in the model,
the coefficients, standard errors, and test statis-
tics for the remaining variables are still valid.
The standard errors and Wald statistics for the
problem variables are incorrect, but likelihood
ratio tests for the null hypothesis that their
coefficient is zero will be valid. A good solution
(Allison, 2003) is therefore to leave the problem
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variables in the model and report their coeffi-
cient as + or —eo. In Table V and VI, the sta-
tistical significance of factlxsec2, fact2xsec2
and fact3xsec2 is therefore calculated based on
the likelihood ratio tests (and not on the Wald
statistics like for the other wvariables). The
Likelihood Ratio Chi-Square test for the overall
model results in a P-value of 0.09, meaning that
the null hypothesis that all the coefficients are 0
should be rejected on a 0.10 level. We find that
Factor 1, Factor 2, and Factor 3 all have a po-
sitive and significant effect on the hazard rate
(implying a negative effect on survival). The fact
that both Factor 1 and Factor 2 have a signifi-
cant effect means that there is a cumulative effect
of product/service changes over multiple years.
We could not study this distinction between
yearly and cumulative adaptation of target
markets, since both are represented by Factor 3.
These positive main effects refer of course only
to the reference case of independent new
ventures in the environmental sector. When we
look at the interaction effects, we see that this
main positive effect of adaptation on the hazard
rate is highly moderated by sector. The positive
effect of cumulative changes in products (Factor
1) on the hazard is reversed for companies in the
automation and biotech sector, implying a po-
sitive effect of cumulative product changes on
survival in these two sectors. Also the positive
effect of changes in target markets (Factor 3) on
the hazard is reversed for companies in the
automation and biotech sector, implying a po-
sitive effect of changes in target markets on
survival. Similar although statistically insignifi-
cant tendencies are found for yearly changes in
products (Factor 2). Our findings suggest that

the adaptation is beneficial in immature, capital-
intensive and high-velocity industries such as the
biotech industry. However, adaptation appears
detrimental in mature, stable industries such as
the environmental sector." Our Hypothesis 2 is
thus supported. We also find significant inter-
action effects between adaptation and indepen-
dence. The positive effects of Factor 1, Factor 2,
and also Factor 3 on the hazard of failing are
significantly reduced for business units of
established companies, meaning that adaptation
has a more positive effect on survival. Hypoth-
esis 3 is thus supported. This suggests that the
quality of adaptation is higher in NTB business
units of established firms than in independent
TB ventures. The availability of resources and
capabilities thus appears to be more important
for the adaptation of the business model than
individual characteristics such as an internal
locus of control, risk-propensity and tolerance
of ambiguity. We can conclude that the total
effect of adaptation on failure rates differs
depending on the independence and the industry
of the business (see Table IV).? Adaptation
therefore is not a goal in itself. On the contrary,
the effect of adaptation on survival is highly
company and sector specific.

In a fifth regression model (also shown in
Table V), we added the squared factor scores to
test for a nonlinear relationship between adap-
tation and failure rates. As in our third model,
we find no significant effect of these quadratic
terms on the hazard and we therefore reject our
Hypothesis 1.

In none of the models discussed above, a
significant effect of the quadratic factor scores or
of the number of employees (which we used as a

TABLE IV
Effect of adaptation on hazard of failing (based on regression model 4 in Table V)

Automation

Biotech Environmental

Independent Factl: 1.6531-1.8706 (-)

Fact2: 1.4353-1.0705 (+)
Fact3: 10.3860—10.5398 (-)
Factl: 1.6531-1.8706—1.4403 (-)
Fact2: 1.4353-1.0705-1.3233 (-)

Fact3: 10.3860-10.5398-8.5363 (-)

Business unit of
established company

Factl: 1.6531—c0(-)
Fact2: 1.4353—co(-)
Fact3: 10.3860—co(-)
Factl: 1.6531—c0—1.4403 (=)
Fact2: 1.4353—-0—1.3233 (-)
Fact: 10.3860—c0—8.5363 (-)

Factl: 1.6531 (+)
Fact2: 1.4353 (+)
Fact3: 10.3860 (+)
Factl: 1.6531-1.4403 (+)
Fact2: 1.4353-1.3233 (+)
Fact3: 10.3860-8.5363 (+)
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TABLE V
Cox-regression for adapted sub-sample

Parameter estimate

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Secl —-0.4275 —0.4645 —-0.5619 —-0.3068 —-0.0967
Sec2 —1.9568** —2.0340%* —2.1555%* —3.5399 —-3.5308
Dep 0.0990 0.0556 0.0459 —-0.0055 0.2782
Empl —-0.0005 —-0.0005 —-0.0006 —-0.0003 —-0.0002
Factl 0.0211 —-0.0869 1.6531** 1.0621
Fact2 0.1558 0.6129 1.4353* 1.3182
Fact3 —-0.0560 -0.1118 10.3860%** 7.3690
(Fact1)? 0.0026 0.0553
(Fact2)? -0.1489 -0.1328
(Fact3)? 0.6582 -0.7240
Factl xsecl -1.8706* -1.4020
Factl xsec2 —8.4064(—o0)**  —8.4639(—o0)**
Fact2 xsecl -1.0705 —-0.5870
Fact2xsec2 —2.9641(—0) —2.6591(—<0)
Fact3xsecl —10.5398%** —-7.1083
Fact3xsec2 —46.9262(—c0)**  —46.9615(—00)**
Factl xdep —1.4403* -0.9694
Fact2xdep —1.3233* -0.9814
Fact3xdep —8.5363* -5.0677
Overall model Likelihood Ratio Chi-Square 9.94 Chi-Square 10.57 Chi-Square 12.83 Chi-Square 23.87 Chi-Square 24.71
4 df 7 df 10 df 16 df 19 df
P 0.04 P0.15 P0.23 P 0.09 PO0.17

*Significant at 0.10 level; **Significant at 0.05 level.

Sec: automation (SEC1 =1, SEC2=0); biotech (SEC1=0, SEC2=1); environmental (SEC1=0, SEC2=0).
Dep: Independent start-up (DEP = 0); business unit of an established company (DEP=1).

Empl: Number of employees.

Factl: Represents cumulative changes in products or services.

Fact2: Represents yearly changes in products or services.

Fact3: Represents changes (both cumulative and yearly) in target markets.

control for the size of the firm) was found. In a
second part of our analysis, we left out these
variables out of the Cox regression (see Model 1
in Table VI, with a P-value of 0.05 for the
Likelihood Ratio Chi-Square test). We then
randomly selected 20 NTB companies that had
never changed their business model, added them
to the adapted sub-sample and re-ran our
analysis. We repeated this procedure three
times. As explained earlier, this allows us to
overcome the overrepresentation of non-adap-
ted businesses in the overall sample leading to
problems of statistical interpretation and valid-
ity. The results for these five Cox-regressions are
shown in Table VI. The regression coefficients
remain comparable over the different samples
and for some terms statistical significance is also
preserved. More specifically, the interaction

effects of Factor 1 (cumulative changes in
products and/or services) and Factor 3 (changes
in target markets) with sector/industry
remain significant in some of the samples. Also
the interaction effect between Factor 1 and
Factor 2 and independence remain statistically
significant. The results in Table VI hence sup-
port the robustness of our findings.

4. Discussion, limitations and suggestions
for further research

In a first part of our analysis, we demonstrated
that NTB businesses that made at least one
adaptation to their initial business model have a
significantly higher probability of surviving than
NTB businesses that never made any adaptation
at all. We then analyzed in detail the effect of
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TABLE VI
Cox-regression for randomly enlarged samples (20 companies added)

95

Parameter estimate

Variable Model 1 Model 1b Model Ic Model 1d
n=400 n=>520 n=>503 n=482
Secl —0.5474 —-0.7101 —1.0687* —-0.5038
Sec2 —2.9445 —1.4983 —-1.8607* —-1.8187*
Dep —0.1573 —0.3794 -0.9219 0.1004
Factl 1.6487** 1.2233% 0.5908 1.3345%*
Fact2 1.4431* 0.8856 0.0439 1.0100
Fact3 10.3426** 7.4238* 4.4847 8.5769*
Factl xsecl —1.8087** -1.2278 —0.6668 —1.4785%
Factl xsec2 —21.3076(—o0)** —-18.3680 —21.3520(—o0)** —16.4136(—c0)**
Fact2xsecl -1.0737 —0.5211(—oc0)** 0.1654 —-0.7720
Fact2xsec2 —8.0832(—oc0)** —6.585(—c0)* —7.3048(—o0)* —5.7980(=c0)
Fact3xsecl —10.1384** —6.8348 —4.2553 —8.4414%*
Fact3xsec2 —112.1567(—o0)** —94.9299(—o0)** —110.7177(—o0)** —85.6604(—o0)**
Factl xdep —1.3867(—c0)** —0.8949 —-0.2896 —-1.2729%*
Fact2xdep —1.3043* —-0.9754 —0.4827 —1.2480*
Fact3xdep -8.3730* —5.6887 —2.7341 —-7.3876
Overall model Likelihood Ratio Chi-Square 24.75 Chi-Square 20.62 Chi-Square 25.48 Chi-Square 22.64
15 df 15 df 15 df 15 df
P 0.05 P0.15 P 0.04 P 0.09

*Significant at 0.10 level; **Significant at 0.05 level.

Sec: automation (SEC1 =1, SEC2=0); biotech (SEC1=0, SEC2=1); environmental (SEC1=0, SEC2=0).

Dep: Independent start-up (DEP =0); business unit of an established company (DEP=1).

Empl: Number of employees.

Factl: Represents cumulative changes in products or services.

Fact2: Represents yearly changes in products or services.

Fact3: Represents changes (both cumulative and yearly) in target markets.

adaptation on NTB businesses’ failure rates.
Through factor analysis, we found that adap-
tation to a company’s initial business model can
be factored into three components: cumulative
changes in products or services, yearly changes
in products or services, and changes (both
cumulative and yearly) in target markets. We
found that all three factors have a significant
main effect on failure rates, indicating that there
exists not only a simple, but also a cumulative
effect of adaptation with respect to products or
services. Apparently contrary to Hypothesis 1,
these relationships between adaptation and the
hazard of failure are positive and linear.
However, these positive main effects refer
only to the reference case of independent NTB
ventures in the environmental sector. We find
that these effects are significantly moderated
by the sector of the business and by whether
or not the NTB business is independent. Our
findings suggest that the adaptation is benefi-

cial in immature, capital-intensive and high-
velocity industries such as the biotech indus-
try. Here we also find that cumulative changes
have a positive effect on survival, suggesting
that there is a learning effect helping to arrive
at a better business focus. However, adapta-
tion appears detrimental in mature, stable
industries such as the environmental sector.
Here we also find that cumulative changes
have a negative effect on survival, signaling
that a lack of focus is problematic in more
mature industries. In more mature industries,
adaptation indicates that a new business was

not able to identify the accepted, viable
industry business model upfront. Multiple
adaptations then point to the complete

inability of a new business to identify this
accepted business model. In general, the effect
of adaptation also differs between independent
NTB businesses and NTB business units of
established companies. The interaction effect
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between adaptation and independence is neg-
ative, meaning that adaptation reduces failure
rates in dependent NTB business units as
compared to independent NTB ventures. Also
here we find that interaction effects are sig-
nificant for cumulative as well as for yearly
changes. These findings suggest that the qual-
ity of adaptation is higher in NTB business
units of established firms than in independent
NTB ventures. The availability of resources
and capabilities thus appears to be more
important for the quality of business model
adaptation than individual characteristics such
as an internal locus of control, risk-propensity
and tolerance of ambiguity. The findings that
the effect of adaptation is highly dependent on
the sector in which a NTB business is oper-
ating and on whether it is an independent
business or a business unit of an established
company, has some serious implications for
entrepreneurial management. Existing litera-
ture suggests that adaptation is a necessary
condition for survival. Our research clearly
indicates that this cannot be taken as a general
rule. Adaptation is not a goal in itself. On the
contrary, the effect of adaptation is highly
company and sector specific.

Contrary to what we expected based on
insights from existing literature, we did not
find a curvilinear relationship between adap-
tation and new business’s hazard of failing.
There are two possible explanations for this.
Firstly, existing research has not used samples
of very young and small companies. This
could mean that, although over-adaptation is a
concern in medium-sized and large established
companies, high degrees of adaptation are not
dangerous in new, small companies. A second
explanation might be that due to resource
constraints, new businesses would not easily
succeed in adapting their business model. This
would mean that although high degrees of
adaptation might lead to higher failure rates,
this is not an issue since new businesses do not
have the resources to engage in over-adapta-
tion. A third possibility is that existing re-
search focuses on the relationship between
adaptation and performance in terms of sales,
growth, profits, etc. In our analysis, we used
survival as the outcome variable. It might be

that over-adaptation indeed leads to a decline
in sales, growth or profits, but that this decline
is not significant enough to threaten the sur-
vival of over-adapting businesses.

Additional suggestions for further research
thus emerge from our findings. Firstly, we dem-
onstrated that NTB businesses that made at least
one adaptation to their initial business model
have a significantly higher probability of sur-
viving than NTB businesses that never made any
adaptation at all. In the light of this finding, it is
striking that 55 out of 117, or 47% of the NTB
businesses in our sample stuck to their initial
business model, thereby potentially jeopardizing
their chances for survival. Further research
should try to find out whether NTB businesses
are unaware of the necessity to change, or whe-
ther they are unable to make these changes
happen. Reasons for this unawareness and/or
inability should be identified. Secondly, the fact
that we did not find a curvilinear relationship
between adaptation and survival deserves more
attention.

In this paper we wanted to test whether
business model adaptation influences a NTB
business’ probability of survival. One could
object that if we indeed find a relationship
between adaptation and survival, this is not a
direct causal relationship, but one that is
constructed by the underlying effect of sunk
costs. If an investment in a new business is
characterized by a large amount of sunk costs,
investors will less rapidly terminate the busi-
ness activity even if it is underperforming. It
could be that in such a case, one starts to
randomly adapt the business model in the
hope to stumble upon something that does
work. The presence of sunk costs would then
drive the longevity as well as the business
model adaptation of new businesses. The
CorpTech database does not allow us to
investigate this alternative explanation, since it
contains no data related to sunk costs. How-
ever, we included a time-lag in our analysis
and found a relationship between business
model adaptation in one year and probability
of survival in the next year. Therefore, the
relationship found between adaptation and
survival can be considered a direct one
pointing in the direction of causation.
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In our analysis, we were able to discern
between independent NTB start-ups and NTB
business units of established companies.
However, it would also be interesting to look
at spin-outs of universities and research insti-
tutes. These companies are listed in the
CorpTech database as independent businesses.
The same goes for spin-outs of established
companies. An additional limitation of our
research is that we used sector dummies to
look at the interaction effect of adaptation and
sector. Further research should have separate,
more fine-grained indicators of industry
maturity, capital intensity, and technological
opportunity in order to disentangle the indi-
vidual effects of these sector characteristics.

We believe that the selection of our sample
added to the existing literature, mainly because
the NTB businesses under study were on aver-
age only 1.5 years old when they entered our
database. However, the sample we used is rela-
tively small. Further research should validate
our findings for a larger sample of NTB busi-
nesses.
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Notes

' We find that the effects of Factor 1 and also of Factor

3 differ significantly between the automation and the
environmental sector. The effect of Factor 3 differs sig-
nificantly between the biotech and the environmental
sector. We also reran our analysis using the automation
sector as the reference sector. We do not find any sig-
nificant differences between the effect of Factors 1, 2 and
3 in the biotech sector versus in the automation sector.
2 Similar effects are found when using the results of the
simpler regression model 1 in Table VI.
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