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Abstract Divergent thinking is the ability to pro-
duce numerous and diverse responses to questions or
tasks, and it is used as a predictor of creative achieve-
ment. It plays a significant role in the business orga-
nization’s innovation process and the recognition of
new business opportunities. Drawing upon the cumu-
lative process model of creativity in entrepreneurship,
we hypothesize that divergent thinking has a lasting
effect on post-launch entrepreneurial outcomes related
to innovation and growth, but that this relation might
not always be linear. Additionally, we hypothesize that
domain-specific experience has a moderating role in
this relation. We test our hypotheses based on a rep-
resentative longitudinal sample of 457 German busi-
ness founders, which we observe up until 40 months
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after start-up. We find strong relative effects for inno-
vation and growth outcomes. For survival, we find con-
clusive evidence for non-linearities in the effects of
divergent thinking. Additionally, we show that such
effects are moderated by the type of domain-specific
experience that entrepreneurs gathered pre-launch, as
it shapes the individual’s ideational abilities to fit into
more sophisticated strategies regarding entrepreneurial
creative achievement. Our findings have relevant policy
implications in characterizing and identifying business
start-ups with growth and innovation potential, allow-
ing a more efficient allocation of public and private
funds.

Plain English Summary Divergent thinking is the
ability to generate many different and novel ideas to
solve tasks. When facing a challenge or a problem,
divergent thinkers would explore different approaches
in an unsystematic fashion in order to solve it. It is
known that this cognitive ability plays a role in the
innovation process of firms. However, what is its role
in the entrepreneurial process itself, particularly in the
last post-launch phase, where entrepreneurs seek sur-
vival through innovation and growth? Is the relation
between divergent thinking and business outcomes lin-
ear? Are there other factors that exacerbate its role?
Accounting for a variety of factors that might influ-
ence business outcomes, we find that divergent think-
ing has a positive effect on innovation and business
growth 40 months after start-up, as well as evidence of
non-linearities with respect to business survival. Fur-
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thermore, we find domain-specific experience to mod-
erate the effect of divergent thinking on business per-
formance in the post-launch phase. These results make
a valuable contribution to the understanding of creativ-
ity and business performance and for public and private
investors to identify and foster businesses with innova-
tive and growth potential.

Keywords Divergent thinking · Entrepreneurial
performance · Survival · Business expansion ·
Innovation

JEL Classification L25 · L26 · M13 · M51

1 Introduction

Understanding which factors influence entrepreneurial
development is crucial to the design of entrepreneur-
ship public policies, as such interventions can influence
entrepreneurial performance and overall the size of the
entrepreneurial sector in the economy (Parker, 2018).
This understanding is also valuable for investors (espe-
cially inexperienced ones), who might place weight
on product attributes or founders’ motivation in their
decision-making process, given the complex and tech-
nical investment information that they need to ana-
lyze (Shafi, 2021). There are different factors influ-
encing entrepreneurial development. Macroeconomic
conditions likeGDP and unemployment rates influence
entrepreneurship entry and exit rates (Koellinger &
Thurik, 2012; Fritsch & Kritikos, 2016; Sedlacek &
Sterk, 2017), and human capital contributes to exploit-
ing new opportunities and accumulating relevant new
knowledge, as well as facilitating finding financial
resources (Unger et al., 2011a; Marvel et al., 2016).
Likewise, creativity plays a significant role. Creativ-
ity and entrepreneurship are closely connected, as the
exploration and exploitation of business opportunities
require creative thinking (Zhou, 2008), and both con-
cepts can be understood as processes (Lex & Gielnik,
2017). Creative achievement within an organization is
the result of a combination of cognitive style (e.g.,
divergent thinking), personality (e.g., locus of control),
motivation, domain-specific skills, and resources at dif-
ferent stages of the creative process (Amabile, 1988;
Woodman et al., 1993; Baer, 2012; Amabile & Pratt,
2016). Similarly, instead of considering entrepreneur-
ship as an isolated event, it can be understood as a con-

tinuous process in which different factors are at play
during three distinct phases, namely the pre-launch,
launch, and post-launch of a business venture (Baron,
2007).According toLex&Gielnik (2017), the predom-
inance of the cognitive ability of divergent thinking in
the creative process will fluctuate across the different
phases of entrepreneurship. In the third phase, in partic-
ular, entrepreneurs will seek business survival through
continuous innovation and growth (Lex & Gielnik,
2017). The aim of this paper is to analyze the role
of divergent thinking in the post-launch phase of the
entrepreneurial process by examining its relation with
survival, innovation, and growth outcomes, as well as
focusing on potential non-linearities in these relations
and the potential moderating effect of types of domain-
specific experience.

The concept of divergent thinking was first intro-
duced by Guilford (1967), and it refers to the abil-
ity to generate diverse and numerous ideas to solve
tasks. When facing a challenge, divergent thinkers
consider different approaches that do not necessar-
ily rely on previous knowledge or routines. Diver-
gent thinkers explore different answers to a ques-
tion in an unsystematic fashion, whereas convergent
thinkers look for one correct answer in an analytical
way. Moreover, even though it cannot be understood
as creativity itself (Runco, 2008), divergent thinking
is described as a psychometric measure of creative
problem-solving abilities and an indicator of potential
for creative thinking and future creative performance
(Kuhn & Holling, 2009a; Runco & Acar, 2012). As
divergent thinking abilities can be transferred to spe-
cific domains (Clapham et al., 2005; Chen et al.,
2006), the channel through which divergent thinking
influences entrepreneurial outcomes is the transfer of
ideational abilities to a specific domain of business,
whereby business owners use their divergent thinking
skills to generate business ideas that enhance their per-
formance (Gielnik et al., 2012).

Creativity is fundamental to the innovation process,
as it helps to recognize new business opportunities
or needs and generate ideas to tackle them (Amabile,
1988; Scott & Bruce, 1994; Fillis & Rentschler, 2010;
Shane&Nicolaou, 2015; Castillo-Vergara et al., 2018).
Furthermore, creativity and creative problem-solving
skills are relevant to organizations facing changing
business environments. Small-scale firms and start-ups
face scenarios that require quick and flexible responses,
given their low financial capital basis and highly seg-
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mented markets (Rauch & Frese, 2000). The ability
to respond to those complex challenges in an innova-
tive fashion strongly depends on creativity or creative
problem-solving skills, such as ideation (Basadur &
Hausdorf, 1996). Williams (2004) argues that organi-
zations require a divergent thinking approach to solve
heuristic problems. Given that the solutions to those
problems are unknown, an optimal decision-making
process should involve identifying alternatives and a
divergent search for possible answers. Entrepreneurs
are confronted with those challenges in all three phases
of the entrepreneurial process. In the post-launch, in
particular, entrepreneurs’mainobjective is to guarantee
the survival of the business through continuous growth
and innovation (Lex & Gielnik, 2017).

The relationship between creativity and entrepre-
neurial performance has been tested empirically mul-
tiple times (Sarooghi et al., 2015). However, even
though divergent thinking and creativity are closely
connected, the relationship between divergent thinking
and entrepreneurship might not be as straightforward.
Higher levels of divergent thinking might involve para-
doxes (Acar &Runco, 2015). The diversity of the ideas
might lead entrepreneurs to think in opposites or find
contradictions, which could hinder their performance.
Similarly, when facing a problem, entrepreneurs with
high divergent thinking might consider multiple cre-
ative solutions but find it difficult to choose which is
the more efficient or optimal. Accordingly, it is rele-
vant to questionwhether the relation between divergent
thinking and entrepreneurial performance is always
positive. Furthermore, creative ideas might not trans-
late directly into creative achievement, as this requires
other factors such as motivation and network abilities
(Baer, 2012; Acar & Runco, 2019). Most theoretical
models concerned with creativity and entrepreneurship
highlight that creative achievement is a combination
of not only cognitive styles (convergent and divergent
thinking) but their interaction with motivation, experi-
ence, domain-specific skills, and entrepreneurial con-
text (Woodman et al., 1993; Vincent et al., 2002; Ama-
bile & Pratt, 2016; Lex & Gielnik, 2017).

Drawing upon the cumulative process model of cre-
ativity in entrepreneurship (Lex & Gielnik, 2017), we
hypothesize that divergent thinking has a lasting effect
on entrepreneurial outcomes up until 40 months after
start-up and that this relation is not always linear:
higher levels of divergent thinking might be counter-

productive during a phase in which both divergent
and convergent thinking are necessary. Additionally,
from an interactionist perspective (Zhou, 2008; Giel-
nik et al., 2012) in a post hoc analysis, we argue that
experience acts as a moderating contextual factor of
the effect of divergent thinking on entrepreneurial per-
formance, as it endows entrepreneurs with a differ-
ent cognitive framework that allows them to recog-
nize business opportunities more efficiently, and it con-
trols the individual’s ideational abilities to update and
sophisticate strategies to achieve creativity in a specific
working environment (Baron & Ensley, 2006; Agnoli
et al., 2019). We estimate the relation between diver-
gent thinking with business survival, patents or trade-
mark protection applications, job creation, business
field expansions, and regional expansions, as well as
with dynamic outcomes such as having hired employ-
ees in the last 20 months and the realization of business
field expansion plans.

Considering all of the variables that are at play
within the creative and entrepreneurial processes, we
control for a comprehensive set of possible confounders
including socio-demographic variables, human capi-
tal, intergenerational transmission, labor market his-
tory, localmacroeconomic conditions, business-related
characteristics, and other personality characteristics,
like the Big Five and locus of control and cognition
based on two numeracy tests and a memory test. Tak-
ing into account Lex and Gielnik’s (2017) suggestion,
that a longitudinal approach should be considered to
test the main assumptions of the model, our data set
combines survey data with administrative data from
the Federal Employment Agency in Germany. It com-
prises a unique representative longitudinal sample of
457 entrepreneurs who started their business in the first
quarter of 2009 and were surveyed twice, 19 and 40
months after business formation. Based on the Runco
Ideational Behavior Scale (RIBS) developed by Runco
et al. (2001), we construct a divergent thinkingmeasure
using a six-item battery of statements and aggregat-
ing them by factor analysis into one divergent thinking
factor index to estimate its influence on the mentioned
outcomes. We follow Podsakoff et al. (2003) and solve
potential common method biases by using a temporal
separation of about 20 months between our divergent
thinking measure and the outcomes of interest.

Our results show a long-term effect of divergent
thinking on post-launch innovation and growth out-
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comes. An increase in divergent thinking translates
into a higher probability of entrepreneurs applying
for patents or trademark protection, having employees,
exploring new business fields, and expanding into new
regions 40 months after business foundation. Besides,
an increase in divergent thinking increases the proba-
bility of hiring employees and realizing field expansion
plans between the two interviews. The relative effects
of divergent thinking on these outcomes are economi-
cally relevant and range fromabout 16 to 38% (for a one
standard deviation increase) with respect to the mean.
Additionally, we find strong evidence of non-linearities
in the relation of divergent thinking with business sur-
vival. There is also evidence for non-linear effects of
divergent thinking on exploratory innovations and job
creation, as well as suggestive evidence for expansion
outcomes.We show that the relation between divergent
thinking and innovation outcomes is always positive
(in line with previous literature Sarooghi et al., 2015),
with increasing marginal returns. Whereas, for job cre-
ation outcomes such as hiring or having employees,
we show that the relation follows an inverse U-shape,
indicating decreasing marginal returns. The results for
other outcomes are partially inconclusive but sugges-
tive of potential non-linearities. Finally, contributing to
the interactionist perspective literature on the interplay
of contextual factors with divergent thinking, we find
that domain-specific experience from self-employment
has a different interaction effect compared to experi-
ence from regular employment. While the latter pos-
itively affects the probability of business fields and
regional expansions, the former hinders innovation and
job creation. Thus, experience from regular employ-
ment is likely to follow Lex&Gielnik’s (2017) logic in
whichdivergent thinking affects entrepreneurs’ success
through the opportunity identification, whereas experi-
ence from self-employment might put entrepreneurs in
a functional fixedness mindset that hinders innovation.

Our study makes several contributions to the entre-
preneurship literature. First, it provides new evi-
dence on the link between divergent thinking and
entrepreneurial performance by testing the theoretical
framework on an ideal setting: we use the longitudinal
nature of our data to test the effect of divergent think-
ing on post-launch entrepreneurial outcomes, namely,
survival, innovation, and growth-related outcomes 40
months after business foundation. We show that diver-
gent thinking has a long-term effect on innovation and
growth entrepreneurial outcomes. This contributes to

the creativity and entrepreneurship research stream,
showing the relevance of divergent thinking as a sig-
nificant explanatory variable for business success in
yet another context. This understanding might facil-
itate the design of entrepreneurial training programs
and allow public and private investors to characterize or
identify businesses with growth and innovation poten-
tial at early stages. Second, we provide new evidence
on the non-linearity of divergent thinking in relation
with survival, innovation, and job creation outcomes
in the third phase of entrepreneurship, as well as sug-
gestive evidence of potential non-linearities in relation
with expansion outcomes. This could spur a discus-
sion on the optimal amount of divergent thinking in
the post-launch phase. Third, it provides new empiri-
cal evidence of the role of domain-specific experience
as a contextual factor and shows that there are different
interaction effects according to the type of experience
gathered prior to business foundation. We show that
experience from regular employment has a different
interaction effect compared to experience from self-
employment.

2 Theory and hypotheses development

2.1 Divergent thinking

Divergent thinking is defined as the ability to produce
diverse and numerous responses to questions or tasks.
It is also a reliable indicator of the potential for cre-
ative thinking, as it often leads to originality, which is
the central feature of creativity. Although the assess-
ment of divergent thinking has dominated the creativ-
ity research to the point that some might use it as a
direct measure of creativity, divergent thinking is only
an underlying factor of the creative process (Vincent
et al., 2002; Kuhn & Holling, 2009a; Runco & Acar,
2012). Creative performance or creative achievement is
a combination of both divergent and convergent think-
ing, as it is the result of an unrestricted search of ideas
(divergent thinking) and their evaluation (convergent
thinking) to perform a task or solve a problem (Bro-
phy, 2001; Cropley, 2006; Runco, 2010).

Divergent thinking is also expected to be stable
across time.According toMcCrae et al. (1987), individ-
ual differences in divergent thinking are stable over a 6-
yearwindow.Although there is a decline after the age of
40 (except for ideational fluency, namely the number of
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ideas generated), individuals with high levels of diver-
gent thinking are likely to maintain high levels relative
to similar-agepeers and in absolute terms.Additionally,
more recent studies show that there are no significant
differences between age groups, declines in divergent
thinking scores are not age-related, and—regardless of
an expected cognitive decline—divergent thinking can
be preserved in elderly ages (Roskos-Ewoldsen et al.,
2008; Palmiero et al., 2014; 2017).

There are several divergent thinking tests.1 Unlike
classical intelligence tests—which might fail to dis-
tinguish between creative and non-creative individu-
als (Kim, 2008; Hass, 2015)—divergent thinking tests
often involve open-ended questions with no correct
answers, and individuals are asked to provide as many
original responses as possible. Runco et al. (2001)
argue that this type of tests and their results are con-
ditioned by the experimental setting (timing, number
of people in the room, provided information, etc.) in
which the tests are implemented and the subjective
assessment of the answers by the evaluators, and there-
fore, the creative achievement or performance on such
experiments might be driven by different factors other
than divergent thinking. The authors developed the
RIBS to describe actual overt behavior in terms of
ideation, which they claim to be themost relevant crite-
rion when studying the predictive validity of divergent
thinking tests. We rely on the validity of this scale to
measure divergent thinking in our sample.

2.2 Divergent thinking and entrepreneurship

The role of divergent thinking in entrepreneurship can
be analyzed through the lens of creativity. Creativ-
ity is an indispensable component of entrepreneur-
ship, as it promotes identifying business opportuni-
ties, as well as generating ideas for new products,
services, or processes (Zhou, 2008). Creativity and—
most importantly—creative achievement are the results
of combining different components within a creative
process. Organizational creativity is an intersection
of a creative process,2 creative person, creative prod-

1 See Runco (2010), Kuhn and Holling (2009b), Hass (2015),
and Acar and Runco (2019) for descriptions and scopes of dif-
ferent divergent thinking test batteries.
2 Here, creative process refers to specific processes within the
organization, e.g., how resources are combined or managed,
rather than the creativity process.

uct, and creative situation (Woodman et al., 1993). At
the individual level, creativity is the result of experi-
ence (e.g., biographical variables), cognitive style (e.g.,
divergent thinking), personality (e.g., self-esteem), rel-
evant knowledge,motivation, and social and contextual
influences (e.g., social facilitation or time constraints,
Woodman et al. (1993)). These components are com-
bined at different stages of the creative process, as
Amabile (1988) andAmabile andPratt (2016) describe.
Amabile (1988) developed a model of organizational
creativity and innovation based on the premises that
individual creativity feeds innovation within organiza-
tions, and domain-relevant skills like knowledge, tal-
ent, or technical skills are not sufficient for an indi-
vidual to produce creative work. Amabile and Pratt
(2016) present an updated version of this model, which
focuses on the individual-level psychological process
involved in creativity. According to their model, the
individual creative process is influenced by skills in cre-
ative thinking, besides motivation and domain-specific
skills. Assuming that an individual has skills and incen-
tives to engage in creative performance, the authors
argue that a cognitive style that enhances taking new
perspectives on problems is a fundamental skill in the
production of creative work, as it combines the former
two raw materials in new ways to generate innova-
tive products. Ultimately, this cognitive factor will be
a combination of both divergent and convergent think-
ing, as diverse and original ideas need to be explored
but also assessed and evaluated at some point during the
process (Brophy, 2001; Cropley, 2006; Runco, 2010).

Like creativity, entrepreneurship can also be under-
stood as a process. Instead of considering it an isolated
event or a sequence of isolated events, entrepreneur-
ship can be described as a continuous, evolving pro-
cess (Baron, 2007). Lex and Gielnik (2017) argue that
in order to understand the relationship between cre-
ativity and entrepreneurship, it is necessary to consider
their nature as processes comprising different compo-
nents and phases. Thus, they develop the cumulative
process model of creativity in entrepreneurship. As
theorized by Baron (2007), the entrepreneurship pro-
cess has three major phases, namely the pre-launch,
the launch, and the post-launch of a business venture.
In each phase, different outcomes have predominance,
and the relative importance of some variables might
fluctuate (Shane, 2003; Baron, 2007). Lex and Gielnik
(2017) disentangle creativity into divergent and con-
vergent thinking and argue that both are at play during
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the three entrepreneurial phases. However, the relative
importance or predominance of each cognitive style
depends on the phase inwhich entrepreneurs find them-
selves.

The first phase of the entrepreneurial process is the
pre-launch. This phase is characterized by the explo-
ration and identification of viable business opportu-
nities (Ardichvili et al., 2003; Baron, 2007; Dimov,
2007). At this stage, in order to generate a high
number of novel and original business ideas, diver-
gent thinking must have predominance over conver-
gent thinking (Lex & Gielnik, 2017). In turn, conver-
gent thinking plays a role in assessing the viability
of those ideas (Cropley, 2006). However, while both
styles are necessary at this stage, divergent thinking
should play the major role (Gielnik et al., 2014; Lex
& Gielnik, 2017), given that the process of identi-
fying business opportunities is vital at a pre-launch
stage, and this process strongly depends on creating
novel combinations of ideas (Eckhardt & Shane, 2003;
Gielnik et al., 2014). On the other hand, the sec-
ond phase of the entrepreneurial process—the busi-
ness launch—challenges entrepreneurs’ capacities for
planning, assembling financial resources, building and
leveraging from social networking and human capi-
tal, etc. (Madsen et al., 2003; Shane & Delmar, 2004;
Baron, 2007; Lange et al., 2007; Unger et al., 2011b;
Lex&Gielnik, 2017). At this stage, entrepreneurs once
again require both divergent and convergent thinking.
For instance, they need to generate novel and attrac-
tive ideas to appeal potential investors and persuade
them during negotiations (Ward, 2004; Chen et al.,
2009; Lex & Gielnik, 2017), whereby coming up with
those ideas would require a divergent thinking style
(Cropley, 2006). Meanwhile, entrepreneurs need to
design a business plan for their new venture (Baron,
2007; Honig & Samuelsson, 2014). Evidence shows
that business planning has an influence on venture cre-
ation and development (Delmar & Shane, 2003; 2004;
Honig & Samuelsson, 2014). This task involves a rig-
orous search and evaluation of relevant information
(Chen et al., 2009; Honig & Samuelsson, 2014), which
requires entrepreneurs to use a convergent thinking
cognitive style (Cropley, 2006). Overall, at the second
stage of the entrepreneurship process, entrepreneurs
will require more convergent thinking, as they need to
focus on the opportunity that they chose in the previous
phase to make it viable and feasible (Lex & Gielnik,
2017).

2.3 Deriving our hypotheses

2.3.1 Divergent thinking in the post-launch phase

The main focus of this study is the third phase of
the entrepreneurship process, namely the post-launch,
which entrepreneurs enter 12 to 18 months after start-
up (Baron, 2007). In this phase, entrepreneurs need to
secure business survival, i.e., guaranteeing the newven-
ture is a viable, lasting, and growing business (Lex &
Gielnik, 2017). For this purpose, entrepreneurs need
to guarantee continuous innovation and growth in the
form of creating new products, services, or processes;
conducting negotiations; attracting and retaining high-
quality workers; and developing strategies for promot-
ing, among others (Baron, 2007; Lex&Gielnik, 2017).
Those activities require both divergent and convergent
thinking.

There are two types of innovations that require
different levels of divergent and convergent think-
ing, namely exploratory and exploitative innovations.
Exploratory innovations—also known as radical inno-
vations—refer to the inclusion of completely newprod-
ucts, services, or processes, particularly designed to
meet the needs of potential new costumers (Raisch &
Birkinshaw, 2008). This type of innovation focuses on
originality and novelty and refrains from relying on
existing knowledge (Benner & Tushman, 2003; Jansen
et al., 2006). By contrast, exploitative or incremen-
tal innovations refer to changes that aim to extend or
improve existing processes, products, or services and
therefore rely on existing knowledge to build upon.
They are designed to meet the needs of existing clients
(Raisch&Birkinshaw, 2008; Jansen et al., 2006). Thus,
divergent thinking plays a more relevant role in gener-
ating exploratory innovations, and convergent thinking
is more suitable for exploitative ones (Lex & Gielnik,
2017).

In terms of growth, when it comes to job cre-
ation, entrepreneurs need to use divergent thinking
to develop novel and creative working environments
that attract high-quality workers, allow them to exploit
their creativity, and keep them motivated (Williams,
2004; Matthew, 2009). However, at the same time,
those working environments need to be stable, with
well-defined standard operating procedures, for which
entrepreneurs need to use a convergent thinking cog-
nitive style (Lex & Gielnik, 2017). When it comes to
other types of growth such as dabbling in new busi-
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ness fields or expanding the business into new areas or
regions, entrepreneurs’ divergent thinking helps them
to develop alertness to new ideas and information
(Tang et al., 2012; Gielnik et al., 2014). Higher alert-
ness increases the likelihood of identifying business
opportunities (Ardichvili et al., 2003). Furthermore, the
process of business and regional expansions requires
assessing those potentially useful new business oppor-
tunities, negotiation skills, and planning, for which
entrepreneurs require convergent thinking.

Empirical evidence shows that there is a positive
relation between creativity and innovation outcomes,
although the strength of the relationship depends on
contextual factors (Sarooghi et al., 2015). Likewise,
evidence suggests that a firm’s innovativeness has a
significant relation with the venture’s growth (Roper,
1997; Thornhill, 2006; Audretsch et al., 2014). When
looking at divergent thinking specifically, Ames and
Runco (2005) show the positive correlation between
divergent thinking (measured as ideational behavior
using the RIBS) and the number of businesses that
the entrepreneurs have started. Additionally, Gielnik
et al. (2012) show that divergent thinking influences
entrepreneurship growth through business idea gener-
ation, under the assumption that divergent thinking is
a general cognitive ability that can be applied to spe-
cific domains (Clapham et al., 2005; Chen et al., 2006;
Baer, 2010).3 Overall, several scholars have focused
on the effect of creativity and/or divergent thinking on
entrepreneurial outcomes (see inter alia Vincent et al.,
2002; Ames & Runco, 2005; Gielnik et al., 2012; Giel-
nik et al., 2014; Reid et al., 2014; Chen et al., 2015).
However, as Lex and Gielnik (2017) point out, very
few have analyzed this relationship specifically for the
post-launch phase, and evidence is mixed as the effects
are not always significant. For instance, Baron and
Tang (2011) find a significant positive effect of creativ-
ity on the implementation of radical innovativeness,
and Morris and Fargher (1974) and Ames and Runco
(2005) find a positive effect on venture growth,whereas
Heunks (1998) finds no significant effect on venture
profit growth. As Lex and Gielnik (2017) suggest, in

3 As discussed in Sternberg (2005) and Baer (2010), differ-
ent levels of domain-general and domain-specific elements con-
tribute to creativity. Models like Amabile and Pratt’s (2016)
account for this by incorporating in their model domain- and
creative-relevant skills separately. We consider such potential
confounders of the effect of divergent thinking on entrepreneurial
outcomes by controlling for a comprehensive set of covariates.

order to adequately test the main assumption of the
model, a longitudinal approach should be considered,
as the role of divergent thinking might fluctuate over
time. In addition to the rather mixed evidence available
so far, little is knownabout the long-termeffect of diver-
gent thinking on entrepreneurial outcomes. Therefore,
we hypothesize the following:

H1a: Divergent thinking has a positive long-term effect
on business survival in the post-launch phase.

H1b: Divergent thinking has a positive long-term effect
on exploratory innovation outcomes in the post-
launch phase.

H1c: Divergent thinking has a positive long-term effect
on entrepreneurial growth outcomes in the post-
launch phase.

2.3.2 Divergent thinking non-linearities

As already mentioned, in the post-launch phase, entre-
preneurs are not expected to place more emphasis on
one of the two cognitive styles, but rather combine them
to be innovative and grow their business. However, it is
possible that entrepreneurs with higher levels of diver-
gent thinking may give more relevance to it and thus
hinder their performance. While divergent thinking is
implicitly assumed to have a linear and positive relation
to creative and entrepreneurial performance in theoret-
ical models (Amabile & Pratt, 2016; Lex & Gielnik,
2017), studies suggest that this relationship might not
always be the case, especially when it comes to inno-
vation.

Although innovativeness facilitates the design of
organizational routines, the discovery of newapproaches
to technologies and processes, and the ability of firms
to adapt to changing market conditions, evidence
shows that may not always be beneficial for small
and medium-sized firms’ performance (Rosenbusch
et al., 2011). For example, fostering an innovative
orientation has more positive effects on overall per-
formance than actually investing in creating innova-
tion process outcomes like patents (Rosenbusch et al.,
2011). In turn, Kreiser et al. (2013) have shown that
the relation between innovation and performance fol-
lows a U-shape. However, the attempts to address
non-linearities do not focus on divergent thinking but
rather on outcomes of it (e.g., innovation). The the-
ory and current evidence have not addressed the ques-
tion of whether the relation between divergent think-
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ing and entrepreneurial outcomes is always linear, let
alone its potential non-linearities in the third phase of
entrepreneurship. It is known that divergent thinkers
might encounter contradictions and paradoxes, as they
allow their minds to go in different directions and
explore potentially opposing ideas at the same time
(Acar & Runco, 2015), which can result in difficul-
ties in prioritizing and executing ideas, as well as
difficulties in decision-making (Malhotra & Harrison,
2022).Exploringdifferent perspectives and alternatives
to make decisions requires a substantial investment of
time and energy (Bartunek et al., 1983), and it has been
shown that it reduces performance in simple contexts
and under constrained conditions (Malhotra & Harri-
son, 2022). We argue that even though the relation of
divergent thinking with innovation and growth is posi-
tive, this relation is not necessarily linear, especially in
the third phase of the cumulative process model, where
both convergent and divergent thinking are at play. We
therefore hypothesize the following:

H2: The relationship between divergent thinking and
entrepreneurial outcomes in the post-launch phase
of entrepreneurship is not linear, as it might be
negative for very high levels of divergent thinking.

3 Data and measures

3.1 Data creation

The data set that we use was initially collected by
Caliendo et al. (2015, 2020). The authors created a
unique data set that enables a comprehensive and in-
depth comparison between subsidized start-ups out
of unemployment and non-subsidized start-ups out of
non-unemployment in Germany. As previously exist-
ing datasets usually did not provide sufficient informa-
tion to clearly identify both groups and were some-
what restricted with respect to individual information
about the founder (such as human capital or intergener-
ational transmission) and longitudinal information on
business development, Caliendo et al. (2015) created
a new dataset allowing for such a comparison. They
drew representative random samples of founders who
started a full-time business in the first quarter of 2009.
The cohort comprises initially unemployed individuals
who received a start-up subsidy (Gründungszuschuss)

from the Federal Employment Agency,4 and business
founders who were not unemployed directly prior to
start-up and did not receive the subsidy. Different data
sources were used to create representative samples of
both groups. Subsidized start-ups out of unemployment
were registered at the Federal Employment Agency
and hence could be easily identified in the adminis-
trative data (Integrated Employment Biographies) pro-
vided by the Institute for Employment Research (IAB).
However, identifying the non-subsidized start-ups was
not straightforward, mainly due to the absence of a
centralized register for all business founders in Ger-
many. Hence, Caliendo et al. (2015) relied on three
different data sources to obtain contact information for
non-subsidized start-ups: (1) the Chambers of Indus-
try and Commerce (“Industrie- undHandelskammern,”
CCI), (2) the Chambers of Crafts (“Handwerkskam-
mern,” CC), and (3) a private address provider to ensure
occupational representativeness. Finally, the authors
extracted a random sample of business start-ups within
the first quarter of 2009 from each data source and
collected the required information on these businesses
by means of computer-assisted telephone interviews
(CATIs).5

Thebusiness founderswere surveyed twice. Thefirst
interview (wave 1) was conducted in 2010 around 19
months after start-up and focused on an extensive list
of start-up characteristics, socio-demographics, previ-
ous labor market experiences, and intergenerational
transmissions. Additionally to their labor market sta-
tus, and conditional on the ongoing business activity
of their initial start-up from the first quarter in 2009,
they were also interviewed about their business perfor-
mance across various dimensions, including the num-
ber of jobs created as well as innovation and expansion
activities. The interviews conducted lasted on average
43min. The total number of realized interviews was
N = 3835, among which roughly 37% of interviewees
were female, which is very close to the share of female
founders in the general population of entrepreneurs

4 Administrative data shows that virtually all business founders
out of unemployment received the start-up subsidy for the time
period considered. Individuals were entitled to access the pro-
gram if they fulfilled certain preconditions. Thus, we are confi-
dent that our sample data does not suffer from any positive bias
among all previously unemployed entrepreneurs.
5 A more detailed description of the data-generating process
(implementation of the survey, etc.) can be found in Caliendo
et al. (2015).
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in Germany (41% in 2009, Federal Statistical Office
of Germany 2018). Caliendo et al. (2015) show that
male subsidized founders significantly lag behind reg-
ular founders in terms of income, business growth, and
innovation. Caliendo et al. (2020) amended the data
with a second interview in 2012 (wave 2) that extends
the observation window to 40 months after start-up
for 2034 panel observations. They show that the gaps
in the mentioned outcomes are relatively constant or
even widening over time. Figure 3 clarifies the data
structure.

3.2 Estimation sample

Even though the data was initially collected to evaluate
the effects of the start-up subsidy and hence start-ups
out of unemployment are somehow over-represented,
it is an ideal data set for analyzing the performance
of business start-ups in Germany as it contains a large
set of informative covariates (see, e.g., Caliendo et al.
(2023a, b)) and a broad spectrum of outcomes. While
Caliendo et al. (2015, 2020) focused on a comparison
between subsidized and regular founders, we follow a
completely different avenue of research. We use a ran-
dom sub-sample of the data for which the question on
divergent thinking was elicited during the first inter-
view. Additionally to the information from Caliendo
et al. (2015, 2020), a random sub-sample of 1038
entrepreneurs from the first wave of interviews (about
25% of the sample) was asked a questionnaire module
on cognitive and non-cognitive skills. The purpose of
this sub-sample was to gather information on variables
such as personality traits, numeracy skills, and mem-
ory, among others. We were able to include a battery
of ideational behavior items related to divergent think-
ing in this module. The scale will be described in more
detail in the next sub-section. The same module was
given to an additional random sub-sample of 25% in
the second wave as well.

We restrict our estimation sample to those entrepre-
neurs who were surveyed twice, 19 months (wave 1)
and 40 months after start-up (wave 2), who com-
pleted themodule on cognitive and non-cognitive skills
in the first wave of the survey and report the out-
comes of interest 40 months after start-up in the sec-
ondwave. Thus, we avoid potential reverse causality, as
entrepreneurial performance might influence divergent
thinking, introducing bias in our estimates. This leaves

us with a final estimation sample of N = 457 busi-
ness founders. Sincewe use longitudinal data, response
attrition induces a (very) weak selective bias in our
outcome variables. Entrepreneurs participating in both
waves might select themselves into the sample. As it
turns out, respondents of the two waves are on average
older, with a higher education and professional back-
ground; they have had shorter unemployment spells and
higher earnings in the past compared to the full sample
from wave 1. We follow Caliendo et al. (2020) to cor-
rect the potential attrition bias in our sample by using
an inverse probability weighting. Through the weight-
ing procedure, almost all significant differences are
eliminated.6

3.3 Measures

3.3.1 Divergent thinking

The RIBS comprises different items that reflect overt
ideational behavior. Given the budget constraints, the
limited interview time, and the length of the question-
naires, the divergent thinking battery included in the
module mentioned above was a shortened version of
theRIBS inRunco et al. (2001). Individuals in our sam-
ple were asked to rate six items from the RIBS, with
a focus on the frequency of ideation, attitudes towards
ideation, and problem-solving ideation, which are in
general the most relevant aspects of divergent thinking
tests (Acar & Runco, 2019). This is not uncommon,
as—for example—Stuhlfaut and Windels (2015) and
Taylor et al. (2021) use the same number of items for
their analysis. The items were rated on a seven-point
Likert scale ranging from (1) strongly disagree to (7)
strongly agree, and they are reported in Table 1. Items
1 (“I have many unusual ideas”) and 2 (“I think about
ideas more often than most people”) relate to the fre-
quency of ideation, items 3 (“I often get excited about
my own ideas”) and 5 (“I like to think about new ideas
just for fun”) reflect the attitudes of the entrepreneurs
towards ideation, and items 4 (“I often have suggestions
or ideas for solving problems”) and 6 (“Friends often
ask me to help them find ideas or suggest solutions”)
relate to ideation in problem-solving contexts.

We conduct a factor analysis to assess whether there
are underlying factors that might explain the variance

6 A detailed description of the weighting procedure is included
in the Appendix B.
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Table 1 Divergent thinking items in t19 and factor loadings

Mean SD Factor analysis
Factor 1 Factor 2 Uniqueness

(1) (2) (3) (4) (5)

Items

1. I have many unusual ideas 4.48 1.70 0.70 0.25 0.45

2. I think about ideas more often than most people 4.64 1.60 0.74 0.28 0.37

3. I often get excited about my quad own ideas 5.06 1.46 0.58 0.48 0.43

4. I often have suggestions or ideas for solving problems 5.50 1.09 0.38 0.48 0.62

5. I like to think about new ideas just for fun 4.97 1.70 0.59 0.39 0.50

6. Friends often ask me to help them find ideas or suggest solutions 4.69 1.60 0.42 0.37 0.68

Divergent thinking (mean index) 4.89 1.15

Number of observations 457

Notes: The table shows the mean and standard deviation of the divergent thinking items and the divergent thinking mean index, as well
as the rotated results for exploratory principal factor analysis conducted on divergent thinking items. Divergent thinking values go from
1 (very low) to 7 (very high). Reports on items are the average values on a 7-point Likert-type scale from 1 “strongly disagree” to 7
“strongly agree”

of the items as well as their correlation, thus avoiding
the disadvantages of using a mean index, i.e., the sim-
ple average over all items.7 Figure 4 in the Appendix
shows the scree plot of eigenvalues and the loadings
from the factor analysis. According to Fig. 4(a), retain-
ing the first factor is sufficient to explain most of the
variance of the six items, since the eigenvalue of the
first factor is the only one larger than 1 and it is also
the only one above the first pronounced break of the
line. Columns 3 to 5 in Table 1 present the rotated fac-
tor loadings and uniqueness of the items. As shown in
Fig. 4(b) and Table 1, all items load predominantly on
factor 1, and the loadings are larger than 0.5, show-
ing the strong correlation between the items and the
factor. Furthermore, the first factor manages to explain
the variance of all six items, as the uniqueness of the
items is lower than 0.7. Here, the retained factor shows
a stronger correlation with ideation frequency items (1
and 2) and less so with the problem-solving items (4
and 6). Additionally, Cronbach’s alpha reliability for
the items is 0.85.

We then extract a single factor as a divergent thinking
factor index. This index describes the commonvariance
of the items and relies on the data to determine each
item’s weight in the overall index. Figure1 shows the
histogram and distribution of the standardized factor

7 By using the mean of the items, one assigns the same weight
to each of them. This approach might not reflect the different
importance of each item, as they capture different characteristics
of ideational behavior, and some items might be more relevant
than others in the ideation process.

index and—as a comparison—the standardized mean
index (which we get by simply using the mean values
of each item). Both distributions are negatively skewed
with a slightly long tail at the left-hand side of the dis-
tribution, which shows a predominant high divergent
thinking level among entrepreneurs (the top of the dis-
tribution concentrates more than half of the density).
We can see that the computed factor index gives a reli-
able representation of the data that is not far from the
mean computation, with the advantage of giving a data-
driven weighting to each item of the scale.

3.3.2 Outcome variables

We consider three types of self-reported outcome vari-
ables taken from the secondwave: (i) survival, (ii) inno-
vation, and (iii) growth-oriented variables.

Survival Survival is measured as an indicator vari-
able that takes the value one when the entrepreneur
was still self-employed with the same venture that they
founded in 2009.8

8 While a business in general could keep operations after the
founder has left, we use this variable as proxy for business sur-
vival considering the characteristics of our sample that makes it
unlikely: low rates of job creation (approximately 53% operate
without any employees), relatively high share of subsidized start-
ups (about 55%), low levels of capital investment (less than 10%
made substantial capital investments). Furthermore, less than 8%
of the firms that we classify as non-survivors in the second wave
of the survey reported having employees in the first wave. All of
this suggests a strong dependence on the personal involvement
of the founder in the business.
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Fig. 1 Histogram of
divergent thinking factor
and mean indices in t19.
Note: The figure shows
histograms and kernel
distributions of the
divergent thinking factor
and mean indices 19 months
after business foundation
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Innovation For exploratory innovation activities, we
use the information concerning whether founders have
filed at least one patent application or applied for trade-
mark protection since start-up (1 if yes, 0 otherwise).9

Growth outcomes With respect to growth-oriented
outcomes, we consider the dimensions of job creation
and expansion activities. For job creation, we consider
the extensive margin, i.e., an indicator for businesses
with at least one employee (1 if at least one employee,
0 otherwise), as well as an indicator for businesses that
hired employees between the twowaves of the survey (1
if hired employees, 0 otherwise). For expansion activi-
ties, we observe whether businesses expanded into new
business fields or new regions (1 if yes, 0 otherwise)
and whether they realized field expansion plans dur-
ing the time between the two waves (1 if yes, 0 oth-
erwise). This last variable was created by looking at
entrepreneurs who stated that they planned to expand
their business inwave 1 and reported expansion inwave
2. Table 4 (panel A) in the Appendix presents the out-

9 The process of applying for a patent or trademark protection
indicates that the firms have produced or coined some type of
intellectual property. While this indicator may not be considered
the most accurate measure of innovation, we argue that this inno-
vative behavior can be used as proxy of exploratory innovation,
in contrast to exploitative innovation, which relates to improve-
ments on the implementation or efficiency of current processes
within firms. See alsoBlock et al. (2014), who propose that trade-
marks may also be used as a proxy for innovation activities.

comes of interest 40 months after business formation,
while Table 5 shows the correlations among outcomes.

3.3.3 Control variables

There are several determinant factors of entrepreneur-
ship and entrepreneurship performance, both pecu-
niary and non-pecuniary (Parker, 2018). Given that
our research aims to identify the influence of diver-
gent thinking on entrepreneurial performance in the
post-launch phase, it is necessary to control for other
individual- and business-related variables that are
known to affect entrepreneurial outcomes (Shane et al.,
2003). Besides, in line with Lex andGielnik (2017), we
include a broad set of covariates that account for vari-
ables at different stages of the entrepreneurial process.

Personal characteristics These include age, gender,
whether there are children in the household, and mar-
ital status. There is evidence supporting the consid-
eration of these variables as controls in our analysis.
For instance, Kautonen et al. (2014) show how age has
an influence on entrepreneurial behaviors, measured
as the starting or willingness to start a business. Sim-
ilarly, Fairlie and Robb (2009) describe how female-
owned firms have on average less start-up capital and
experience and how this is reflected in performance.
Additionally, the interplay between marital status and
children has also been shown to be a determinant of
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entrepreneurial performance (DeMartino & Barbato,
2003).

Human capital We include a categorized version
of entrepreneurs’ completed education level, as evi-
dence shows that there is a significant relation between
human capital and entrepreneurial success (Unger
et al., 2011b; Marvel et al., 2016).

Intergenerational transmission This set of con-
trol variables comprises indicators regarding whether
the parents were born abroad and were or are self-
employed, whether the father was employed at the
age of 15, and whether the entrepreneurs have taken
over the business from their parents. These controls
account for the importance of intergenerational trans-
mission in entrepreneurial outcomes, as described by
Dunn and Holtz-Eakin (2000). Evidence shows that
entrepreneurs who take over their business from their
parents leverage on social capital resources of their
family-firm parents to guarantee business survival (Cri-
aco et al., 2021).

Labor market history This set of covariates con-
tains information on the duration of dependent employ-
ment right before start-up, overall unemployment and
employment experience before start-up, as well as
income from the last dependent employment. We
include these variables as controls taking into account
that the duration of former paid employment (Parker,
2018) and income from it influence entrepreneurial
entry (Parker, 2018; Astebro & Chen, 2014).

Local macroeconomic conditions As business per-
formance is closely connected with the business cycle
(Millan et al., 2012; Koellinger & Thurik, 2012; Sed-
lacek & Sterk, 2017), we include the number of vacan-
cies available in relation to the stock of unemployment,
the real GDP per capita in 2008 before start-up, and
whether they live in East or West Germany.

Business-related characteristicsThis sectionof con-
trol variables includes the industrial sector of the busi-
ness,whether its foundationwas subsidized, and capital
invested at start-up. Additionally, our data accounts for
detailed information regarding entrepreneurs’ prepa-
rations before start-up and a categorical variable of
industry-specific experience that allows us to deter-
mine whether entrepreneurs have gathered domain-
specific experience from regular paid employment or
former self-employment. As shown by Caliendo et al.
(2015), formerly subsidized founders lag behind not

only in survival and job creation, but especially also in
innovation activities. Likewise, there is supportive evi-
dence of the importance of financial capital invested for
entrepreneurial performance (Holtz-Eakin et al., 1994;
Blanchflower & Oswald, 1998), as well as prepara-
tion and information gathering (Westhead et al., 2009;
Honig & Samuelsson, 2014; Delmar & Shane, 2003,
2004), and domain-specific experience, whether it is
from self-employment (Jovanovic, 1982; Ucbasaran
et al., 2003;Cassar, 2014;Rocha et al., 2015), or regular
employment (Dunkelberg et al., 1987; Parker, 2018).

Personality traits and cognition It has been shown
that personality traits have a significant influence on
business survival and other entrepreneurial outcomes
(see, e.g., Rauch & Frese, 2007; Kroeck et al., 2010;
Zhao et al., 2010; Caliendo et al., 2010, 2014). On
the other hand, divergent thinking is also closely con-
nected with personality traits. Chamorro-Premuzic and
Reichenbacher (1987) provide evidence that diver-
gent thinking is correlated with openness to expe-
rience. Likewise, Chamorro-Premuzic and Reichen-
bacher (2008) show that divergent thinking has a signif-
icant positive relation with openness to experience and
extraversion. In terms of cognition, we use numeracy
and memory tests to account for this cognitive style,
as it is mainly oriented to deriving one single correct
answer, emphasizes accuracy and logic, and is inti-
mately related to knowledge (Cropley, 2006). Overall,
this set of covariates contains information on the Big
Five personality traits, locus of control, and risk aver-
sion, as well as numerical cognition and memory tests
as proxies for convergent thinking.

The full list of control variables is listed in panel B
of Table 4 in the Appendix, and Table B.1 shows the
correlations among them.

3.3.4 Common method bias

Following Podsakoff’s (2003) recommendations, we
exploit the longitudinal nature of our data set and
rely on the temporal separation of measurement to
tackle potential common method biases. The measure
of divergent thinking and all control variables is taken
about 20 months apart from the measure of the out-
comes of interest. Additionally, our control variables
come from two independent data sources and are partly
self-reported and based on administrative information.
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4 Empirical analysis

4.1 Descriptives

Table 4 in the Appendix shows that the founders in
our sample were on average 43 years old at the time
of the start-up, about 36% are female, about 62% did
not have children living in the household, and they are
mostly fromWest Germany (about 80%).Most of them
attended upper secondary school (43%) and have expe-
rience in the field in which they opened their business,
mainly from former dependent employment (65%).
Their business fields are mainly related to services
(32%), manufacturing (16%), and retail sectors (17%).
The upper part of Table 4 shows all outcome variables
40 months after businesses were started. Overall, we
observe that nearly two-thirds of the businesses are still
operating at the end of our observation period. Nearly
half (47%) of them have at least one employee by that
time and 39% hired employees in between the first
(after 19 months) and second wave (after 40 months).
Thirteen percent expanded into new regions and 27%
into new fields (where 21% realized a field expansion
plan by t40 that they had stated in t19). Most interest-
ingly with respect to our innovation outcome, 12% of
the businesses filed an application for a patent or trade-
mark.10

4.2 Estimation strategy

In order to test the influence of divergent think-
ing on post-launch entrepreneurial outcomes, we esti-
mate logit regressions for all binary outcome vari-
ables with different specifications of divergent thinking

10 Toput this into perspective,Niefert (2005), usingdata from the
ZEW Foundation Panel (Almus et al., 2000), finds that 3.2% of a
sample of German start-ups founded in the early-1990s applied
for at least one patent by 1999/2000. However, since numbers
are not conditional on survival, they underestimate patent appli-
cations for survivors. Based on a sample of 21,517 German busi-
nesses founded between 1995 and 1998 originating from the
same data source, Engel and Keilbach (2007) report that 2.2% of
all start-ups applied for at least one patent at the time of business
formation.

(linear and quadratic).11 As described in Section
3.3.3, we control for an extensive set of individ-
ual socio-demographic and business-related charac-
teristics, local macroeconomic conditions, and other
personality traits and characteristics that are shown
to influence entrepreneurial development and might
be confounders driving the differences in outcomes
between entrepreneurs with different levels of diver-
gent thinking. The following logit regression for
patents and trademark protection is exemplary for all
outcome variables. The probability of applying for
patents or trademark protection is described as a func-
tion of divergent thinking and other covariates:

P(Patents or TM|DTi , Xi) = F(α + βDTi + X′
iγ ),

(1)

where DTi is operationalized based on the factor anal-
ysis described in Section3.3.1, and Xi stands for the
vector of control variables described in Section3.3.3. In
order to capture possible non-linearities, we use diver-
gent thinking as a continuous variable in a linear spec-
ification first to test hypotheses H1a–c and then add it
in quadratic form to test hypothesis H2.

Additionally, in order to test the interaction effect of
experience (hypothesis H3), we estimate the following

11 In order to decide about the underlying distribution
for our binary regressions—i.e., decide between a probit
model (standard normal distribution) and logit model (logistic
distribution)—we use different criteria suggested in the literature
(see, e.g., Chen&Tsurumi, 2010). First, we use theAkaike infor-
mation criterion (AIC), which is given by−2LL+2k, where LL
is the maximized log likelihood and k is the number of parame-
ters estimated.Next,we also compare the correct prediction rates.
For each observation i , we compute the estimated response prob-
ability p̂i = ̂P(yi = 1|x) = G(x′β̂). If p̂i ≥ ȳ, then we predict
a success ŷi = 1, if p̂i < ȳ the prediction ŷi is 0. The fraction
of observations where the prediction ŷi is identical to the actual
value and yi is the correct prediction rate (the higher, the bet-
ter). The results of these tests can be found in panel A of Table
2 for the logit estimation and panel A of Table 7 for the pro-
bit estimation. Both criteria strongly favor a logistic regression,
which we use for our main analysis. However, in the robustness
Section 4.5, we test the robustness of our results with respect to
the underlying distribution and run probit regressions.
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regression using patents and trademark protection as
an example:

P(Patents or TM|DTi , Xi) = F(α + β1DTi + β2experi

+β3DTi × experi + X′
iγ ), (2)

where experi is an indicator of having domain-specific
experience. We differentiate between experience from
self-employment and from regular employment. All
control variables used in Eq.1 are included in X′

i for
Eq.2.

4.3 Main results

4.3.1 Hypothesis 1

Table 2 shows the relation between divergent think-
ing and post-launch entrepreneurial outcomes. Esti-
mates are shown in terms of marginal effects at the
mean from logit estimations for panel A (linear spec-
ification) and logit coefficients for panel B (quadratic
specification).12 In panel A, column 2 shows support
for our first hypothesis regarding exploratory innova-
tion. An increase of one standard deviation (SD = 0.91)
in the divergent thinking factor13 is associated with
an increase of 4.1 percentage points (marginal effect,
b = 0.041, p < 0.1) in the probability of applying
for patents or trademark protection, which represents
a relative effect of 34% in relation to the mean.14 This
confirms our hypothesis H1b, namely that divergent
thinking has a positive influence on exploratory inno-
vation outcomes in the post-launch phase 40 months
after start-up.

Likewise, we find support for hypothesis H1c,
tested by estimations columns 3 to 7 of panel A.
Overall, divergent thinking has a positive effect on
entrepreneurial growth in the post-launch phase 40
months after business foundation. An increase of one
standard deviation in the divergent thinking factor is

12 See Table 4 for the complete list of covariates included in Xi.
13 To put this into perspective and give an example, a one stan-
dard deviation increase moves an individual from the 50%-th to
the 87%-th percentile of the divergent thinking distribution.
14 The relatively low significance of the marginal effect on
patents or TM (p = 0.08) can be explained by a low num-
ber of positive responses in the outcome along with a relatively
small sample size, which reduces the statistical power to detect
significant effects.

associated with an increase of 9.5 percentage points
(p.p.) in the probability of having employees (b =
0.095, p < 0.01), 4.8 p.p. in the probability of expand-
ing into new business fields (b = 0.048, p < 0.1), 4.9.
p.p. in the probability of expanding into new regions
(b = 0.049, p < 0.05), 6.5 p.p. in the probability
of having had hired employees between t19 and t40
(b = 0.65, p < 0.05), and 4.2 p.p. in the realization
of field expansion plans (b = 0.042, p < 0.1). The
relative effect of divergent thinking on these outcomes
ranges from about 16 to 38% with respect to the mean.
The only variable for which we do not observe signifi-
cant effects of divergent thinking in the linear specifica-
tion is business survival. Given that there is no evidence
of divergent thinking affecting the probability of busi-
ness survival in the post-launch phase 40 months after
start-up (b = −0.005, p = 0.819), we cannot confirm
hypothesis H1a in the linear specification.

4.3.2 Hypothesis 2

We test hypothesis H2 using the quadratic form of
the divergent thinking factor as an additional explana-
tory variable. Panel B of Table 2 reports logit coef-
ficients for the linear and squared divergent thinking
factors. The results show a positive and significant role
of squared divergent thinking for patents and trademark
protection applications (logit coefficient, β2 = 0.724,
p < 0.1), which suggests that the relation between
divergent thinking and exploratory innovation in the
post-launch phase might not be fully linear, but inno-
vation is always higher, the higher divergent thinking
levels are. We find similar results for survival in terms
of squared divergent thinking (β2 = 0.405, p < 0.01),
albeit not in its linear form (p > 0.1). On the other
hand, the relation between divergent thinking and the
probability of having employees describes an inverse
U-shape (β1 = 0.529, p < 0.05; β2 = −0.354,
p < 0.05), suggesting that the positive effect of diver-
gent thinking on such outcome starts decreasing after
a certain point.

However, this evidence is not completely informa-
tive by itself. In this case, our variables of interest—
i.e., divergent thinking in linear and quadratic form—
are highly correlated, and therefore, we conduct a
series of tests to validate their joint significance and
the necessity of including divergent thinking in a
quadratic form. First, we test for joint significance
using the Wald test and find support for the inclusion
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Table 2 Divergent thinking in t19 and entrepreneurial outcomes in t40

Survival Patents or TM Employees Field Regional Hired Realized field
(yes/no) expansion expansion employees expansion plans

(1) (2) (3) (4) (5) (6) (7)

A. Continuous divergent thinking factor index in t19—linear specification (marginal effects)

DT factor index in t19 −0.005 0.041* 0.095*** 0.048* 0.049** 0.065** 0.042*

(0.023) (0.023) (0.025) (0.026) (0.023) (0.027) (0.024)

Pseudo R2 0.328 0.477 0.398 0.275 0.450 0.278 0.345

Mean 0.65 0.11 0.45 0.27 0.13 0.39 0.22

Relative effect −0.79% 34.02% 20.78% 17.40% 38.00% 16.75% 19.43%

Classification rate 78.77% 84.13% 81.94% 74.92% 81.90% 77.46% 76.45%

AIC 888.42 340.71 585.13 613.52 367.09 675.51 487.81

B. Divergent thinking factor index in t19—quadratic specification (coefficients)

DT factor index in 0.205 0.828* 0.529** 0.315 0.689* 0.281 0.362

t19 linear (0.189) (0.475) (0.216) (0.198) (0.385) (0.189) (0.240)

DT factor index in 0.405*** 0.724* −0.354** −0.077 −0.407 −0.209 −0.091

t19 squared (0.119) (0.372) (0.161) (0.191) (0.331) (0.128) (0.290)

Pseudo R2 0.352 0.506 0.412 0.276 0.460 0.285 0.346

Joint significance

Wald test p-value 0.000 0.001 0.000 0.070 0.029 0.002 0.117

LR-Test p-value 0.000 0.000 0.000 0.057 0.004 0.001 0.095

Classification rate 80.09% 83.17% 81.29% 75.24% 83.17% 76.83% 76.45%

AIC 865.48 336.60 576.69 614.99 364.90 672.39 489.36

C. Divergent thinking factor index in t19—distribution in quartiles

Quartile 2 −0.125** 0.015 0.124* 0.071 0.060 −0.012 0.063

(0.059) (0.057) (0.071) (0.070) (0.055) (0.076) (0.068)

Quartile 3 −0.185*** 0.126** 0.284*** 0.101 0.080 0.227*** 0.125*

(0.058) (0.053) (0.073) (0.071) (0.060) (0.079) (0.064)

Quartile 4 0.025 0.151*** 0.222*** 0.092 0.078 0.154** 0.062

(0.063) (0.058) (0.063) (0.074) (0.051) (0.074) (0.073)

Pseudo R2 0.357 0.500 0.405 0.273 0.443 0.293 0.347

Observations 457 315 310 315 315 315 293

Controls:

A. Personal characteristics Yes Yes Yes Yes Yes Yes Yes

B. Human capital Yes Yes Yes Yes Yes Yes Yes

C. Intergenerational Yes Yes Yes Yes Yes Yes Yes

transmission

D. Labor market history Yes Yes Yes Yes Yes Yes Yes

E. Local macroeconomic Yes Yes Yes Yes Yes Yes Yes

conditions

F. Business-related Yes Yes Yes Yes Yes Yes Yes

characteristics
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Table 2 continued

Survival Patents or TM Employees Field Regional Hired Realized field
(yes/no) expansion expansion employees expansion plans

(1) (2) (3) (4) (5) (6) (7)

G. Personality traits
and cognition

Yes Yes Yes Yes Yes Yes Yes

Notes: Panel A shows the marginal effects of the divergent thinking factor (19 months after business foundation) on post-launch
outcomes (40 months after business foundation) based on a logit estimation. Panel B shows logit coefficients based on logit regressions
of divergent thinking in linear and quadratic form on the outcomes interest. Panel C shows the marginal effects of binary indicators for
the quartiles of the divergent thinking factor index using Quartile 1 as the baseline. Covariates include all control variables listed in
Table 4. Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. Relative effects with respect to the mean are reported.
Wald test applies χ2 test of linear restrictions. LRT test statistic is LR = −2(L1 − L0), where L0 and L1 are the log-likelihood values
associated with the full and constrained models, respectively. Classification rate: for each observation i , we compute the estimated
response probability p̂i = ̂P(yi = 1|x) = G(x′β̂). If p̂i ≥ ȳ, then we predict a success ŷi = 1, if p̂i < ȳ the prediction ŷi is 0. The
fraction of observations where the prediction ŷi is identical to the actual value and yi is the correct prediction rate. Akaike information
criterion (AIC) is given by −2LL + 2k, where LL is the maximized log likelihood and k is the number of parameters estimated. A
definition of the outcome measures can be found in Section3.3.2

of divergent thinking in its quadratic form for most
outcomes (with the only exception being the realiza-
tion of business field expansion plans). Additionally,
following Wooldridge (2002), we use the likelihood-
ratio test (LRT) to assess whether divergent thinking
in its quadratic form contributes to the model.15 The
test shows that the quadratic term is significant for all
outcomes, even though the p-value for realized plans
of field expansion is only 0.095. Finally, we assess the
fit of our specifications using the AIC, which confirms
that themodel including squared divergent thinking fits
the data better for all outcomes apart from whether the
entrepreneurs realized field expansion plans. Overall,
we find evidence of a non-linear relation between diver-
gent thinking and business survival, applications for
patents or trademark protection, and having employees.
We find slight evidence for potential non-linearities for
the rest of the growth outcomes, as the inclusion of
divergent thinking in its quadratic form is relevant for
the model.16

As we have hypothesized in Section 2.3.2 that the
relationship between divergent thinking and entrepre-
neurial outcomes in the post-launch phase might be

15 The LRT allows us to assess whether a predictor or group
of predictors significantly contribute to a model, by comparing
two nested models (Wooldridge, 2002). The test statistic of the
LRT is LR = −2(L1 − L0), where L0 and L1 are the log-
likelihoodvalues associatedwith the full and constrainedmodels,
respectively.
16 These results are not driven by the constructed factor index.
Table 8 replicates the analysis of potential non-linearities using
the continuous divergent thinking mean index and yields similar
results.

negative for very high levels of divergent thinking, we
conduct an additional test in panel C of Table 2. Here,
we split the divergent thinking factor into quartiles
(baseline, lowest quartile) and look at the results for
the upper three quartiles. The results underline the non-
linearity in the effects on business survival. While we
do not find a statistically significant effect for the fourth
quartile (b = 0.025, p = 0.688), the marginal effects
for the second quartile (b = −0.125, p < 0.05) and
third quartile (b = −0.185, p < 0.01) are negative,
statistically significant, and economically relevant (as
they relate to relative effects of −17.6% and −26.1%
in comparison to people in the first quartile who have
an average survival rate of 71%). The effects of diver-
gent thinking on applications for patents or trademark
protection are highest in the fourth quartile, and we
see decreasing marginal returns for having or hiring
employees.

Finally, we further contrast these findings by plot-
ting the marginal effects of divergent thinking on our
selected outcomes. Figure2 confirms our findings for
business survival, patents and trademark applications,
and having employees. Figure2 shows that the relation
between divergent thinking and survival is non-linear.
When looking at the bottom of the divergent thinking
distribution, there seems to be a negative effect. This
provides suggestive evidence concerningwhy the over-
all linear effect on survival in Table 2 is not significant.
In the case of applying for patents or trademark protec-
tion, we observe that the relation with divergent think-
ing is quasi-linear and always positive. If we compare
very low and very high values of divergent thinking,
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Fig. 2 Estimated marginal effects of divergent thinking in t19
on post-launch entrepreneurial outcomes in t40. Note: The fig-
ure shows marginal effects of the divergent thinking factor 19

months after business foundations on post-launch outcomes 40
months after business foundation at different values of the diver-
gent thinking factor with 95% confidence intervals

the effect on patents or trademark protection is signif-
icantly different. Finally, we find an inverse U-shape
relation of divergent thinking with job creation out-
comes and regional expansions and a weaker inverse
U-shape for field expansion outcomes. However, given
that their confidence intervals overlap, these findings
are not conclusive.

Overall, we find evidence supporting hypothesisH2,
namely that the relationship between divergent think-
ing and entrepreneurial outcomes in the post-launch
phase is not necessarily linear. This is particularly true
for business survival, where we find a pronounced
non-linear effect of divergent thinking. For exploratory
innovations, we find evidence of non-linearities as
well. In this case, we observe increasing marginal
returns, as the highest effect is found at the top end
of the distribution. For having or hiring employees, the

relation rather follows an inverse U-shape, indicating
decreasing marginal returns. For some of the other out-
comes, results are partly inconclusive—due to over-
lapping confidence intervals, which might be due to
the small sample size—but suggestive of potential non-
linearities.

4.4 Moderation analysis

4.4.1 An interactionist perspective: the role of
experience

Divergent thinking and entrepreneurial performance
are not related in a vacuum. As theorized and shown
by empirical studies, different factors are at play and
might provide specific contexts in which the relation

123



1540 M. Caliendo et al.

operates, as well as serve as mediators of the divergent
thinking effect (Amabile, 1988; Baer, 2012; Gielnik
et al., 2012; Amabile & Pratt, 2016; Lex & Gielnik,
2017; Warnick et al., 2021). Domain-specific skills,
knowledge, and expertise play a significant role in
the creative process (Amabile & Pratt, 2016, Gemmell
et al., 2012, Sternberg, 2005), yet evidence is mixed
regarding the role of experience in creativity. Some
argue that it is a necessary condition to generate novel
and useful ideas, while others show that experience
affects the ability to generate such ideas, as it creates a
mindset that relies on routines and reinforced associa-
tions (Schilling, 2005; Agnoli et al., 2019). Experience
in a specific domain might inhibit the generation of
new ideas, as well as the ability of creative problem-
solving (Schilling, 2005). Entrepreneursmight develop
functional fixedness,17 a mindset that prevents individ-
uals from exploring or considering different ideas or
solutions to problems. Entrepreneurs who have found
a way of solving a certain problem are likely to use the
samepathwhen similar or even different problems arise
and thus ignore different and potentially better ideas
to approach problems. On the other hand, experience
facilitates the recognition of viable ideas and can there-
fore produce novel combinations of resources that end
up in creative achievements (Tiwana &McLean, 2005;
Taylor & Greve, 2006). Experienced entrepreneurs
might prevent process losses caused by communica-
tion problems, coordination, or conflict management,
all of which can foster innovation (Taylor & Greve,
2006). Furthermore, given the relation of experience
and knowledge in entrepreneurship (Rae & Carswell,
2000), knowledge plays a paradoxical role as it sup-
plies the resources from which novel ideas are gener-
ated, although it carries a potential inhibiting effect on
creativity (Ward, 2004).

Previous evidence suggests that prior entrepreneurial
experience helps entrepreneurs to avoid taking inef-
ficient paths, even though they might initially appear
to be novel and original (Baron & Ensley, 2006). The
recognition of viable opportunities involves pattern
recognition, for which cognitive frameworks acquired
through experience play a significant role: experienced
entrepreneurs have a better picture of viable opportu-

17 Duncker and Lees (1945) developed the concept of functional
fixedness, which describes a situation in which an individual
cannot think of other uses for an object different to the common
ones.

nities than novice ones, as they connect the dots differ-
ently (Baron & Ensley, 2006). This goes in line with
Agnoli et al. (2019), who argue that domain-specific
experience acts as a mediator of divergent thinking, as
it helps entrepreneurs to develop sophisticated strate-
gies to optimally use their ideational abilities to carry
through creative goals. In other words, experienced
entrepreneurs have a more refined strategic thinking
that controls ideation and selects more suitable ideas
for different scenarios. Furthermore, evidence shows
that the interaction of divergent thinking with knowl-
edge and information (and therefore a level of domain-
specific experience) moderates the effect of divergent
thinking on different entrepreneurial outcomes (Giel-
nik et al., 2012, 2014; Xiao et al., 2022).

However, little is known about the potential mod-
erating effects of different types of domain-specific
experience, such as experience from self-employment
and regular employment. There is, however, some sug-
gestive evidence. For instance, earlier evidence shows
that previous self-employment experience has in itself
a positive effect on performance (Jovanovic, 1982;
Ucbasaran et al., 2003; Bosma&VanPraag, 2004; Cas-
sar, 2014; Rocha et al., 2015) and is linked to learning
processes in terms of networking and venture man-
agement (Cope, 2011), which in turn might exacer-
bate the functional fixedness mindset. Likewise, expe-
rience from former regular employment might have an
influence in ideation—as described in Bhide (1994).
Many entrepreneurs generate ideas for new ventures
from former jobs, and there is suggestive evidence that
entrepreneurs who obtained their business idea from
previous jobs have higher growth rates (Dunkelberg
et al., 1987; Parker, 2018). Not only that, different
working environments might affect creative behavior
(Ensor et al., 2001; Dul et al., 2011), and previous
employment variety (e.g., occupation, industry) might
influence the quality of creative achievements (Aste-
bro & Yong, 2016). In a post hoc moderation analysis,
we examine whether different types of domain-specific
experience have heterogeneous moderating effects.

4.4.2 Moderating effects of experience

We use the specification in Eq.2 and differentiate
between types of experience. Table 3 shows the inter-
action effects of experience from self-employment and
from regular employment for the relation between
divergent thinking and the outcomes of interest in terms

123



Divergent thinking and post-launch entrepreneurial outcomes... 1541

Table 3 Divergent thinking and domain-specific experience

Survival Patents Employees Field Regional Hired Realized plan
or TM (yes/no) expansion expansion employees field expansion

(1) (2) (3) (4) (5) (6) (7)

A. Experience from regular and self-employment

DT Factor × employment 0.037 2.195*** 0.224 0.498 2.196*** 0.504 0.861**

experience (0.261) (0.809) (0.423) (0.329) (0.800) (0.422) (0.426)

DT Factor × self-employment −0.722** −1.768** −0.486 −0.001 0.714 −1.025** 0.498

experience (0.338) (0.779) (0.379) (0.422) (0.832) (0.423) (0.475)

DT Factor 0.079 0.103 0.616 −0.071 −0.878* 0.054 −0.259

(0.252) (0.650) (0.463) (0.319) (0.501) (0.393) (0.321)

Employment experience 1.165*** 0.253 0.112 0.379 −0.454 0.002 0.437

(0.311) (0.739) (0.423) (0.447) (0.628) (0.378) (0.453)

Self-employment experience 0.766* −0.118 0.906** 0.520 1.805** 0.808* 0.283

(0.449) (0.909) (0.458) (0.445) (0.856) (0.425) (0.542)

Pseudo R2 0.334 0.503 0.387 0.277 0.485 0.276 0.351

Observations 457 315 310 315 315 315 293

Controls Yes Yes Yes Yes Yes Yes Yes

Notes: Table shows logit coefficients of logit estimations of the interactions of the divergent thinking factor (19 months after business
foundation) with dummy variables for having had domain-specific experience from regular employment and self-employment, as well
as for the divergent thinking factor, and the two types of experience individually. We control for the interaction of divergent thinking
with other types of experience
Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01
A definition of the outcome measures can be found in Section3.3.2

of coefficients from logit estimations. Experience from
regular employment has a positive significant moderat-
ing role for patents or trademark applications, regional
expansions, and the realization of field expansions
(logit coefficient, β = 2.195, p < 0.01; β = 2.196,
p < 0.01; β = 0.816, p < 0.05). In turn, experi-
ence from self-employment shows a negative interac-
tion effect for survival, applying for patents or trade-
mark protection, and the probability of hiring employ-
ees between t19 and t40 (β = −0.722, p < 0.05;
β = −1.768, p < 0.05; β = −1.025, p < 0.05).
We do not observe any interaction effects of regular or
self-employment on the probability of having employ-
ees or business field expansions. Identifying these inter-
action effects is difficult with the small sample at hand,
and we will discuss this in Section 5.2. Table 6 in the
Appendix shows the marginal effects of these inter-
actions as predictive margins of our outcomes. There
are significant marginal effects on business survival of
having domain-specific experience only from regular
employment (column 3) compared to not having expe-

rience neither from regular nor from self-employment
(column 1). For other outcomes, although the effects
are not significantly different from each other, they are
all relatively large and significantly different from zero.

Overall, divergent thinking interactions with differ-
ent types of domain-specific experience have a sig-
nificant effect on most outcomes of interest. In par-
ticular, having domain-specific experience from reg-
ular employment has a positive moderating effect on
exploratory innovations and the realization of business
field expansion plans, whereas domain-specific experi-
ence fromself-employment showsnegativemoderating
effects on business survival, exploratory innovation,
and job creation. This suggests that entrepreneurs with
domain-specific experience from self-employmentmight
develop a functional fixedness mindset that prevents
them from exploring novel ways of approaching prob-
lems or new ideas. On the contrary, entrepreneurs with
domain-specific experience from regular employment
seem to gain from such experience, as they report better
performance in terms of innovation and growth.
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4.5 Robustness analysis

We turn now to consider the robustness of our conclu-
sions to a variety of important issues. The results are
reported in Table 7.

Distributional assumptions—probit vs. logit In
Section 4.2, we have explained why the logit
regression—based on the AIC and the correct predic-
tion rates—is our preferred choice. Nevertheless, given
the differences in the cumulative distributions at the
tails, and the nature of some of our binary outcomes
with low positive responses, we want to test the robust-
ness of our results with respect to this distributional
assumption and replicate ourmain results from panel A
in Table 2 using a probit regression. Panel A in Table 7
in the Appendix shows that the marginal effects of the
divergent thinking factor on business field expansions,
regional expansions, having hired employees between
t20 and t40, and the realization of field expansion plans
are almost identical for both models. There are some
differences for applying for patents and trademark pro-
tection and the probability of having employees. How-
ever, these differences are relatively small, and hence,
the results are robust with respect to the distributional
assumption.

Continuous mean index In order to test the robustness
of the results in relation to the construction of our diver-
gent thinking factor index, panel B of Table 7 shows
the estimates when using the continuous standardized
divergent thinking mean index. The marginal effects
of the divergent thinking mean index closely resemble
those of the factor analysis, particularly for the proba-
bility of applying for patents or trademark protection,
having employees, expanding into new business fields,
having hired employees, and realizing business field
expansions. The largest difference can be found for
regional expansions, where an increase of one stan-
dard deviation in the divergent thinking mean index is
associatedwith an increase of 4.2 p.p. in the probability
of expanding into new regions, whereas it was 4.9 p.p.
with the factor index. Finally, as with the factor index,
there is no significant relation between divergent think-
ing and business survival. Overall, the marginal effects
are qualitatively and quantitatively very similar.

Panel attrition weights In panel C of Table 7, we repli-
cate the analysis from Table 2 without using panel
attrition weights (see Section3.1 for a discussion).

Marginal effects change only slightly. Variables that
were significant in the main estimation remain signif-
icant. One exception is the results for patents, which
becomes slightly smaller and loses statistical signifi-
cance, most likely due to the small sample size. Hence,
the results are robust with respect to attrition weights.

5 Discussion and conclusion

5.1 Key findings and implications

The aim of the present study was to investigate the
role of divergent thinking in the third phase of the
entrepreneurial process, namely the post-launch phase.
Drawing upon the cumulative process model of cre-
ativity in entrepreneurship (Lex & Gielnik, 2017),
we hypothesize that divergent thinking has a lasting
effect on post-launch entrepreneurial outcomes up until
40 months after start-up and that this relation is not
always linear. Finally, given that domain-specific expe-
rience allows entrepreneurs to recognize viable busi-
ness opportunities more efficiently (Baron & Ensley,
2006), and it shapes individuals’ ideational abilities
(Agnoli et al., 2019), we investigate whether different
types of domain-specific experience act as a moderator
of the effect of divergent thinking on entrepreneurial
performance.

In this paper, we provide current robust evidence of
the role of divergent thinking on different entrepreneurial
outcomes in the post-launch phase of the entrepreneurial
process. As Lex and Gielnik (2017) point out, a longi-
tudinal analysis is necessary in order to test the model.
Therefore, we use a representative longitudinal sample
of 457 German entrepreneurs from a two-wave survey.
We are able to test our hypotheses on business sur-
vival, patents or trademark applications, extensive job
creation, business field expansion, and regional expan-
sions, as well as on having hired employees in the past
20months of the post-launch phase and having realized
business field expansion plans. Additionally, our rich
data set allows us to account for a broad set of potential
confounders as control variables.

We find supportive evidence for our first hypothe-
ses, as divergent thinking has a positive effect on post-
launch innovation and growth outcomes 40 months
after business foundation. Thus, we confirm our the-
oretical framework based on Lex and Gielnik (2017),
as well as previous evidence in line with these findings
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(Morris & Fargher, 1974; Ames&Runco, 2005; Baron
& Tang, 2011). Additionally, we find strong evidence
of non-linearities in the relation of divergent thinking
with business survival, confirming our hypothesis. Low
divergent thinking values have a negative effect on sur-
vival and are significantly different from the positive
effects observed for values at the top of the distribution.
Even though we cannot argue that divergent thinking
measures innovativeness itself, this finding is in line
with Hyytinen et al. (2015), who show that start-up
innovativeness is not necessarily associated with the
probability of business survival in the early stages of
firm development. For patents or trademark applica-
tions, the relationship is also non-linear, but it is always
positive, i.e., it shows increasing marginal returns,
confirming the expected relation of divergent thinking
with innovation (Sarooghi et al., 2015). For job creation
outcomes, the relation follows an inverseU-shape, indi-
cating decreasing marginal returns. This is in line with
the idea that extremely high levels of divergent thinking
might be counter-productive (Rosenbusch et al., 2011;
Acar & Runco, 2015). For expansion outcomes, the
relations tend to have an inverse U-shape, but results
are not conclusive.

As for the moderating role of different types of
domain-specific experience, we find supporting evi-
dence of our hypothesis, as we find that experience
from regular and self-employment has significant mod-
erating effects for divergent thinking on most post-
launch outcomes. Experience from regular employ-
ment has a positive interaction effect on the proba-
bility of applying for patents or trademark protection,
having hired employees between survey waves, and
having realized field expansion plans. This is in line
with Dunkelberg et al. (1987) and Parker (2018), who
describe how entrepreneurs take ideas from former reg-
ular employment to apply them into their new ventures,
which is reflected in higher growth rates, and Mad-
sen et al. (2003), who show that experience in previ-
ous employment influences the building of networks
that secure venture growth. In turn, having domain-
specific experience from self-employment has a neg-
ative moderating effect on business survival, patent
or trademark applications, and the probability of hav-
ing hired employees. These results are in line with the
functional fixedness theory. Experience from previous
self-employment might limit the capacity for ideation,
as entrepreneurs might stick to previous processes

and ways of solving problems. This seems to affect
their capacity for creative problem-solving, which is
reflected in their lower probability of survival, innova-
tion, and job creation.

5.2 Limitations and suggestions for future research

We acknowledge that the scope of our results has its
own limitations, and some of them are closely related
to the survey data that we use. First, due to budget
constraints and the limited interview time, we have to
rely on a shortened version of the RIBS to measure
the divergent thinking levels in our sample. While we
believe that we have covered the most relevant aspects
of divergent thinking with the chosen items—which is
also supported by the strong predictive power of our
estimates—grasping the variability of the entire con-
struct by Runco et al. (2001) would have been more
ideal. Clearly, considering several measures of diver-
gent thinking (e.g., the Alternative Uses Task, Kuhn
and Holling, 2009b; Hass, 2015), their correlations
and stability over time in future research would be
very beneficial and help to draw more robust con-
clusions. Second, all of the outcomes in the survey
have been operationalized as dichotomous variables.
An operationalization of the outcomes of interest as
continuous variablesmight help identifyingmore accu-
rate effects and might allow exploring potential het-
erogeneities in more detail. Additionally, we use a
proxy for explorative innovation—whether founders
have filed at least one patent application or applied
for trademark protection—which might not cover the
full bandwidth of innovative behavior and actions in
the post-launch phase. Hence, broadening the scope of
outcome variables in future researchwould also be ben-
eficial. Third, our small sample makes it hard to iden-
tify non-linearities and interaction effects with preci-
sion. Given the suggestive evidence that we present, we
encourage further research on these topics, ideally in a
longitudinal setting with temporal separation of mea-
surement to tackle potential common method biases.
Especially, the non-linearity in the relation between
divergent thinking and survival (but also some of the
innovation and growth outcomes) seems to be a very
interesting avenue for future research, as it could shed
light on what an optimal level of divergent thinking
might be.
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5.3 Contributions and practical implications

Despite the limitations, the present findings offer sev-
eral useful contributions. First, it provides new evi-
dence of the link between divergent thinking and
entrepreneurial performance. We show the positive
effect of divergent thinking on post-launch innova-
tion and growth outcomes, and this confirms our the-
oretical framework based on Lex and Gielnik 2017.
Thus, we contribute to the creativity and entrepreneur-
ship research stream, showing the relevance of diver-
gent thinking as a significant explanatory variable for
business success in yet another context. Second, we
provide evidence of non-linearities of divergent think-
ing with survival, exploratory innovations, and growth
outcomes, as well as suggestive evidence of potential
non-linearities in the relationship of divergent think-
ing with expansion outcomes. We further confirm that
the relation between divergent thinking and innovation
outcomes is always positive—as inferred from the liter-
ature (Sarooghi et al., 2015)—with increasingmarginal
returns. For job creation outcomes, the relation has
an inverse U-shape, indicating decreasing marginal
returns. Evidence is not conclusive regarding non-
linearities for expansion outcomes. Third and finally,
we analyze the moderating effect of different types
of domain-specific experience. We show that domain-
specific experience from regular employment has a pos-
itive moderating effect on exploratory innovations, job
creation, and expansion outcomes, whereas domain-
specific experience from self-employment shows a
negative moderating effect on business survival and
exploratory innovations. Therefore, we show that self-
employment experience might hinder creative think-
ing and creative achievement, possibly by creating
a so-called functional fixedness mindset, in which
entrepreneurs rely mostly on established routines to
approach new ideas and solve problems.

Thefindings of our study also havepractical implica-
tions for business owners and policy-makers. As diver-
gent thinking is a stable cognitive ability and proves
to be a significant predictor of innovative performance
and business growth in the post-launch, it might serve
as a tool for policy-makers and private investors to iden-
tify and foster businesses with innovative and growth
potential, leading to a more efficient allocation of pub-
lic and private resources. Likewise, understanding the
influence of such cognitive skills in the entrepreneurial
process helps both policy-makers and business coaches

to accommodate entrepreneurial educational programs
according to different cognitive styles, accounting for
divergent thinking, or to develop training programs
aiming at developing divergent thinking skills, which
have already shown potential benefits for prospective
entrepreneurs (Aylesworth & Cleary, 2020).

Appendix A

Table 4 Descriptives for outcomes and control variables

Mean SD
(1) (2)

A. Postlaunch outcomes

Self-employed with same business

(firm survival) 0.65 0.48

Patents or Trademark 0.12 0.32

At least one employee 0.47 0.50

Expansion to new fields of business 0.27 0.45

Expansion to new regions 0.13 0.33

Hired employees from t19 to t40 0.39 0.49

Realized field expansion plans

from t19 to t40 0.21 0.41

B. Controls

A. Personal characteristics

Age at start-up (in years) 43.11 10.62

Male 0.64 0.48

Children in household

No children 0.62 0.49

Children under six years 0.18 0.38

Children between six and 14 years 0.29 0.45

Married 0.58 0.49

B. Human capital

School achievement

None or lower secondary school 0.20 0.40

Middle secondary school 0.37 0.48

Upper secondary school 0.43 0.50

C. Intergenerational transmission

Parents born abroad 0.18 0.38

Parents are/were self-employed 0.36 0.48

Business takeover from parents 0.09 0.28

Father of respondent employed at age 15 0.88 0.32
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Table 4 continued

Mean SD
(1) (2)

D. Labor market history

Duration of dependent employment

right before start-up

<1 year 0.05 0.22

5 or more years 0.47 0.50

Monthly net income from last dep.

employment right before start-up

Non-employed 0.24 0.43

e0−e1,000 0.13 0.34

>e1,000−e1,500 0.18 0.39

>e1,500−e2,500 0.25 0.44

>e2,500 0.14 0.35

Dependently employed and income

not specified 0.04 0.20

Unemployment experience before

start-upa

Not specified 0.01 0.12

0 0.23 0.42

>0−≤2 0.25 0.43

>2−≤5 0.24 0.43

>5 0.26 0.44

Employment experience before

start-upa

≤50 0.20 0.40

>50−≤70 0.19 0.39

>70−≤90 0.33 0.47

>90−≤99 0.12 0.32

>99 0.15 0.36

E. Local macroeconomic conditions

Vacancies related to

stock of unemployed 15.12 6.68

Real GDP per capita in 2008

(in e1,000) 34.11 14.29

East Germany 0.20 0.40

F. Business-related characteristics

Sectoral distribution of businesses

Manufacturing, crafts 0.16 0.37

Construction 0.07 0.25

Retail 0.17 0.38

IT 0.05 0.22

Other Services 0.32 0.46

Other sectors 0.19 0.39

Table 4 continued

Mean SD
(1) (2)

Subsidized 0.56 0.50

Preparations for business start

Seek intensive advisory service 0.52 0.50

Self-judgement 0.22 0.41

Recover industry informations 0.47 0.50

Provide business plan 0.66 0.47

Dispose financing plan for start-up-phase 0.61 0.49

Other measures 0.35 0.48

Industry-specific experience

before start-up

Due to dependent employment 0.65 0.48

Due to former self-employment 0.22 0.42

Due to secondary employment 0.20 0.40

Due to hobby 0.29 0.46

Due to honorary office 0.08 0.26

None 0.14 0.35

Capital invested at start-up

Not specified 0.03 0.17

<e5,000 0.52 0.50

e5,000−<e50,000 0.36 0.48

≥e50,000 0.09 0.29

Capital at start consisted

entirely of own equity 0.51 0.50

G. Personality traits & Cognition

Conscientiousness 6.10 0.82

Extraversion 5.71 1.10

Agreeableness 6.13 0.95

Neuroticism 3.99 1.42

Openness 4.95 1.41

Locus of control 5.46 0.80

Readiness to take risks 5.85 2.08

Numeracy test I 0.73 0.44

Numeracy test II 0.35 0.48

Memory test (hit rate from 0 to 10) 6.81 1.64

Number of obs. 457

Notes: The table shows themeans of postlaunch outcomes and all
considered covariates for the whole sample. All reported num-
bers are shares (unless stated otherwise). All outcomes in Panel
A except Self-employed with same business (N=457) are condi-
tional on business survival and reported for those who are still in
business only (n=315). Realized field expansion plans (n= 297)
is based on a slightly lower number of observations fue to non-
responses
aReported as the share of working time, standardized by age 15
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Table 5 Correlation matrix of divergent thinking and entrepreneurial outcomes

1. 2. 3. 4. 5. 6. 7.

1. Divergent Thinking Factor 1.00

2. Patents or Trademark 0.10* 1.00

3. At least one employee 0.06 0.12** 1.00

4. Expansion to new fields of business 0.20*** 0.11* 0.07 1.00

5. Expansion to new regions 0.14** 0.14** 0.20*** 0.32*** 1.00

6. Hired employees from t19 to t40 0.02 0.13** 0.66*** 0.07 0.18*** 1.00

7. Realized field expansion plans from t19 to t40 0.23*** 0.13** 0.06 0.86*** 0.32*** 0.06 1.00

Notes: The table shows the correlation matrix of divergent thinking and outcomes conditional on business survival. All outcomes are
conditional on business survival and reported for those who are still in business only (n=315). Realized field expansion plans (n= 297)
is based on a slightly lower number of observations fue to non-responses. ***/**/* indicates statistical significance at the 1/5/10% level

Table 6 Interactions’ marginal effects as predicted probabilities of entrepreneurial outcomes

Emp. Exp. = 0 Emp. Exp. = 0 Emp. Exp. = 1 Emp. Exp. = 1
Self-emp. Exp. = 0 Self-emp. Exp. = 1 Self-emp. Exp. = 0 Self-emp. Exp. = 1

(1) (2) (3) (4)

Survival 0.524 0.644 0.699 0.796

[0.467,0.581] [0.527,0.760] [0.660,0.738] [0.713,0.879]

Patents or TM 0.102 0.112 0.147 0.111

[0.056,0.148] [0.031,0.194] [0.102,0.192] [0.042,0.181]

Employees (yes/no) 0.418 0.538 0.437 0.556

[0.319,0.517] [0.418,0.658] [0.379,0.495] [0.451,0.660]

Field Expansion 0.217 0.289 0.274 0.350

[0.120,0.313] [0.149,0.429] [0.212,0.336] [0.237,0.462]

Regional Expansion 0.114 0.239 0.104 0.246

[0.055,0.174] [0.126,0.351] [0.072,0.137] [0.141,0.350]

Hired Employees 0.360 0.485 0.367 0.489

[0.260,0.459] [0.352,0.618] [0.307,0.428] [0.374,0.603]

Realized Field Exp. Plans 0.159 0.194 0.221 0.272

[0.082,0.236] [0.075,0.314] [0.163,0.279] [0.179,0.364]

Notes: Table shows the predicted probabilities of entrepreneurial outcomes based on logit estimation of divergent thinking factor (19
months after business foundations) interacted with indicators of domain specific experience (from employment and self-employment)
reported in Table 3
95% confidence intervals in brackets
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Table 7 Robustness checks

Survival Patents Employees Field Regional Hired Realized plans
or TM (yes/no) Expansion Expansion Employees Field Expansion

(1) (2) (3) (4) (5) (6) (7)

A. Continuous Divergent Thinking Factor Index in t19- Probit Estimation

DT Factor Index in t19 -0.002 0.034* 0.089*** 0.047* 0.051*** 0.066** 0.041**

(0.023) (0.018) (0.025) (0.024) (0.017) (0.026) (0.021)

Pseudo R2 0.326 0.464 0.390 0.276 0.444 0.278 0.345

Classification Rate 77.68% 83.17% 80.32% 73.33% 81.27% 75.56% 75.77%

AIC 892.65 352.09 591.78 612.70 369.85 675.73 487.54

B. Continuous Divergent Thinking Mean Index in t19

DT Mean Index in t19 -0.012 0.042* 0.091*** 0.051** 0.042** 0.059** 0.043*

(0.023) (0.023) (0.024) (0.025) (0.021) (0.027) (0.024)

Pseudo R2 0.328 0.499 0.397 0.270 0.439 0.291 0.341

C. Continuous Divergent Thinking Factor Index in t19- Without Attrition Weights

DT Factor Index in t19 -0.005 0.028 0.096*** 0.043* 0.048** 0.073*** 0.043*

(0.022) (0.037) (0.025) (0.026) (0.021) (0.027) (0.025)

Pseudo R2 0.317 0.449 0.380 0.268 0.384 0.255 0.309

Observations 457 315 310 315 315 315 293

Controls: Yes Yes Yes Yes Yes Yes Yes

Notes: Panel A shows marginal effects based on a probit estimation of divergent thinking factor (19 months after business foundations)
on the outcomes of interest (40 months after business foundation). Panel B shows marginal effects based on a logit estimation of the
mean index divergent thinking 19 months after business foundations on the outcomes of interest 40 months after business foundation.
Panel C shows the marginal effects of the divergent thinking factor 19 months after business foundations on post-launch outcomes 40
months after business foundation based on a logit estimation without panel attrition weights. Covariates include all control variables
listed in Table 4
Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01
A definition of the outcome measures can be found in Section 3.3.2

123



1548 M. Caliendo et al.

Table 8 Non-linearities for continuous divergent thinking mean index

Survival Patents Employees Field Regional Hired Realized plans
or TM (yes/no) Expansion Expansion Employees Field Expansion

(1) (2) (3) (4) (5) (6) (7)

A. Continuous Divergent Thinking Mean Index in t19 - Quadratic Specification (Coefficients)

DT Mean Index in t19 0.149 0.892* 0.488** 0.320* 0.587 0.234 0.367

(0.188) (0.513) (0.209) (0.194) (0.367) (0.187) (0.234)

DT Mean Index in t19 0.367*** 0.770* -0.361** -0.108 -0.455 -0.223* -0.087

(0.116) (0.394) (0.159) (0.195) (0.336) (0.128) (0.289)

Pseudo R2 0.349 0.510 0.411 0.278 0.458 0.285 0.346

B. Continuous Divergent Thinking Mean Index in t19 - Distribution in Quartiles

Quartile 2 -0.169*** 0.013 0.100 0.093 0.065 0.046 0.148**

(0.056) (0.050) (0.084) (0.069) (0.059) (0.077) (0.065)

Quartile 3 -0.183*** 0.126** 0.253*** 0.125* 0.110** 0.219*** 0.192***

(0.055) (0.054) (0.067) (0.068) (0.054) (0.073) (0.066)

Quartile 4 0.029 0.176*** 0.176*** 0.090 0.039 0.144** 0.089

(0.062) (0.056) (0.059) (0.067) (0.044) (0.071) (0.070)

Pseudo R2 0.363 0.512 0.399 0.276 0.454 0.287 0.365

Controls: Yes Yes Yes Yes Yes Yes Yes

Notes: Panel A shows logit coefficients based on logit regressions of the divergent thinking mean index in linear and quadratic form on
the outcomes interest. Panel B shows the marginal effects of binary indicators for the quartiles of the divergent thinking mean index
using Quartile 1 as the baseline.. Covariates include all control variables listed in Table 4
Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
A definition of the outcome measures can be found in Section 3.3.2

Fig. 3 Data generation and
sample restrictions

Note: For details on the construction of the data set, see Section 3.2 in the text and Caliendo et al. (2015, Section 4).

123



Divergent thinking and post-launch entrepreneurial outcomes... 1549

0
1

2
3

1 2 3 4 5 6

Factor Number

Eigenvalues Mean

(a) Scree plot of Eigenvalues

item1

item2

item3item4

item5

item6

.2
5

.3
.3
5

.4
.4
5

.5

F
a
c
to
r
 2

.4 .5 .6 .7 .8

Factor Loading Plot (Divergent Thinking)

Rotation: orthogonal varimax

Method: principal factors

(b) Factor loadings plot
Items:
1. I have many unusual ideas.
2. I think about ideas more often than most people.
3. I often get excited about my own ideas.
4. I often have suggestions or ideas for solving problems.
5. I like to think about new ideas just for fun.
6. Friends often ask me to help them find ideas or suggest solutions.

Note: The figure shows the scree plot of eigenvalues and the factor loadings plot
for the exploratory principal factor analysis conducted on divergent thinking items in t19.

Fig. 4 Factor analysis for divergent thinking items in t19

Appendix B: Panel Attrition

Details on the weighting procedure to correct for selec-
tive panel attrition As shown in the paper, the imple-
mentation of the panel survey in wave 2 introduced
a weak selection bias due to panel attrition (see Sec-
tion 3.1 in the manuscript for details). To correct for
this endogenous panel attrition, we apply a weighting
procedure that is based on weighting panel observa-
tions with the inverse participation probability, i.e., the
inverse of the individual probability to participate in
the wave 2 survey. The participation probability is esti-
mated using probit regression:

pi = Prob(si = 1|xi1), (3)

where pi is the probability to participate in the wave
2 interview and si is an individual response indicator,
taking the value 1 if individual i participated in the
wave 2 interview, and 0 otherwise. Xi1 denotes a vector
of observable characteristics available in wave 1, i.e.,
characteristics at startup as well as outcome variables
at the time of the wave 1 interview.

The inverse of the participation probability p̂i is then
used to correct the outcome variables in the second
wave yi :

ŷi = N ŵi
∑N

i=1 ŵi
(yi |si = 1), wi thŵi = si

p̂i
(4)

Thisweightingmethod assumes that interview drop-
outs are random, conditional on observable character-
istics (xi ) included in the probit model. Therefore, it
is important to have a large vector of observable char-
acteristics available to make the weighting procedure
a valid strategy. The data at hand allow us to control
for both general characteristics such as age, education,
and labor market history as well as outcome variables
as collected during the first interview. As mentioned in
the paper, the inverse probability weighting procedure
removes almost all significant differences in observ-
able characteristics and reduces the (insignificant) dif-
ferences in outcome variables even further.18 Thus, the
large set of variables used in the construction of the
panel weights makes us confident that the conditional
on observables assumption is fulfilled in our case.
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