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Abstract

Ambiguity is ubiquitous in entrepreneurial decisions. However, recent studies
show no difference in ambiguity attitudes of entrepreneurs and non-entrepreneurs,
in stark contrast with classic and contemporary entrepreneurship theory. Through a
within-subject experimental design, I measure individual ambiguity attitudes in two
conditions that are quantitatively equivalent, but differ in terms of framing. In the
chance condition, participants are told that environmental contingencies matter for
the likelihood of success, and in the skill condition participants are told that skill
matters in influencing the likelihood of success. Participants’ entrepreneurial inten-
tion and overconfidence were collected prior to the experimental task. The findings
show that, first, ambiguity attitudes are likelihood- and context-dependent. Second,
in the chance condition participants predominantly exhibit ambiguity aversion. In
the skill condition, findings show a prevalence of ambiguity seeking. Overconfidence,
orthogonal to entrepreneurial intentions, is irrelevant to the observed differences in
ambiguity attitudes between chance and skill conditions. Finally, entrepreneurial in-
tention is relevant to the skill condition only, where it reinforces the tendency to seek
ambiguity. The focus on ambiguity attitudes in skill-related contexts and the rele-
vance of entrepreneurial intention is novel, and it contributes to the microfoundations
of entrepreneurship theory.
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Two roads diverged in a wood, and I –
I took the one less traveled by,
And that has made all the difference.

- Robert Frost, The Road Not Taken, 1916

1 Introduction

Uncertainty is a foundational condition for entrepreneurial action and the pursuit of profit

opportunities (Knight, 1921; Loasby, 2007; McMullen and Shepherd, 2006). Past litera-

ture suggests that entry to entrepreneurship can be explained, among other factors, through

individual-level heterogeneity in perceptions of ambiguity (Shane and Venkataraman, 2000).

Yet, surprisingly, recent field experiments report no differences in ambiguity attitudes be-

tween entrepreneurs and control groups (Holm et al., 2013; Koudstaal et al., 2015). This

inconsistency is in stark contrast with empirical evidence and theories for which individual-

level conjectures and entrepreneurial diverging beliefs are key for the discovery, creation,

and pursuit of profit opportunities (Klein, 2008; Shepherd et al., 2007; Pontikes and Bar-

nett, 2016).

An alternative explanation for entry into entrepreneurship is overconfidence (Åstebro

et al., 2014; Burmeister and Schade, 2007; Koellinger et al., 2007). There is wide consen-

sus in the literature that entrepreneurs maybe overconfident, and more so than the lay

population (Busenitz and Barney, 1997; Busenitz et al., 2003; Cooper et al., 1988; Forbes,

2005; Hayward et al., 2006; Lowe and Ziedonis, 2006; Schade and Koellinger, 2007; Simon

et al., 2000; Simon and Houghton, 2003). However, the overconfidence we can measure

as an estimation error (Moore and Healy, 2008), arises when individuals assess unknown

entities, such as performance outcomes or chances of success. Arguably, ambiguity is a

necessary condition for overconfidence to manifest. In realistic business contexts relevant

to entrepreneurship, it is often impossible to assess overconfidence. Under these circum-

stances, ambiguity attitudes, as an antecedent of overconfidence, may reflect individual

subjective beliefs. Hence, the objective of this paper is to investigate individual attitudes

toward ambiguity in different decision contexts, and to evaluate the effect of personal char-

acteristics, such as entrepreneurial intention and subjective expectations that might be
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overconfident.

Through a within-subject experimental design, I measure individual attitudes toward

ambiguity in two conditions that are quantitatively equivalent, but differ in terms of fram-

ing. In the chance condition, participants are told that environmental contingencies matter

for the likelihood of success, and in the skill condition participants are told that their skill

matters in influencing the likelihood of success. In the study, ambiguity is defined as impre-

cision in probabilistic information (Knight, 1921) and operationalized through probability

intervals (Curley and Yates, 1985). In the decision task, 191 MBA students, choose between

pairs of risky and ambiguous prospects. Through this revealed preferences approach, for

each pair of prospects I determine a probability equivalent, that is a known probability for

which the individual is indifferent between a risky prospect and an ambiguous prospect.

All participants face both the chance and skill conditions in counterbalanced order. Prior

to the decision task, I collect students’ entrepreneurial intentions (Liñán and Chen, 2009).

As well, I collect individual subjective beliefs on the expected grade and the expected rank

for an entrepreneurial project, part of an MBA course evaluation. This approach allows to

assess individual absolute and relative overconfidence.

The results show that ambiguity attitudes are not stable traits, but depend on the like-

lihood level and differ across the chance and skill conditions. I observe a predominance of

ambiguity aversion in the chance condition, consistent with Ellsberg (1961)’s prediction.

However, findings show that all decision makers are more prone to ambiguity seeking in

the skill condition. Entrepreneurial intentions and overconfidence are orthogonal. Over-

confidence or underconfidence cannot explain the difference in ambiguity attitudes between

the chance and skill conditions: overconfident and underconfident decision makers exhibit

similar attitudes towards ambiguity in each decision context. Entrepreneurial intention

is relevant to the skill condition only, and it reinforces the tendency to seek ambiguity.

This empirical strategy allows to investigate the effects of framing and specific contexts on

attitudes toward ambiguity, controlling for individual beliefs and characteristics, such as

overconfidence and entrepreneurial intention. Hence, this design may contribute to better

understanding the observed entrepreneurial behavior in the field, and thus complete pre-

vious experimental findings on entrepreneurs’ ambiguity attitudes that investigate chance
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contexts only (Holm et al., 2013; Koudstaal et al., 2015). The focus on ambiguity attitudes

in decision contexts in which skill matters, and the relevance of entrepreneurial intention

is novel and it contributes to the microfoundations of entrepreneurship theory.

2 Theoretical background

This work builds on Knight (1921)’s distinction between risk, ambiguity and uncertainty.

Specifically, risk implies precise knowledge of probability distributions and uncertainty

implies unknown probability distributions. In-between situations correspond to decisions

under ambiguity, for which Ellsberg (1961) predicts ambiguity aversion. There is increasing

consensus in the literature that in business contexts decision makers rarely face risk (Al-

varez and Barney, 2005; Folta, 2007), and that the pertinent condition is often uncertainty

(McMullen and Shepherd, 2006; Shepherd et al., 2007). In this regard, Keynes (1921) ar-

gued that entrepreneurs face vague, fuzzy or ambiguous probability distributions and may

even not assign at all well-defined probabilities to future outcomes. From this perspective,

ambiguity seems the most common condition in business, situations in which individuals

have some idea of the likelihood of success, but seldom precise information.

Earlier interest in ambiguity perceptions of entrepreneurs included applications of the

ambiguity tolerance psychometric scale (Budner, 1962). Schere (1982) provided evidence

of more ambiguity tolerant entrepreneurs, given their selection into complex environments.

However, further replications did not support this finding (Dollinger, 1983), casting doubt

on the validity of the scale1. Recent experimental papers have measured ambiguity attitudes

of entrepreneurs employing available methods (Holt and Laury, 2002) from the behavioral

decision making literature. Specifically, the designs of Holm et al. (2013) and Koudstaal

et al. (2015) measure ambiguity attitudes of entrepreneurs and non-entrepreneurs with

monetary lotteries. Both studies, featuring representative samples from China and the

Netherlands, report no significant differences in ambiguity attitudes of entrepreneurs and

non-entrepreneurs. These findings clash with most classic and contemporary entrepreneur-
1In later applications, the ambiguity tolerance scale was used in association with the locus of control (Be-

gley and Boyd, 1987), risk propensity (Teoh and Foo, 1997), or to identify heterogeneity in entrepreneurial
characteristics (Tajeddini and Mueller, 2009).
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ship theories, in which uncertainty is ubiquitous in most entrepreneurial decisions (Cantillon

et al., 1755; Deligonul et al., 2008; Knight, 1921; Keynes, 1921; McMullen and Shepherd,

2006; Say, 1836). Additionally, this emerging evidence is in contrast with the number of

new ventures flourishing every year world-wide: 12,000 new companies were founded each

day in 2015 in China, phenomenon referred to as “mass entrepreneurship”2, whereas the

Netherlands is among the European countries with higher rates of business creation com-

pared to the pre-crisis period3. From an individual-level perspective, among other factors,

entrepreneurs’ diverging subjective beliefs compared with the general population are at-

tributed fundamental importance in the recognition and the pursuit of profit opportunities

(Klein, 2008; Shepherd et al., 2007; Pontikes and Barnett, 2016). Hence, under which cir-

cumstances should one expect differences in subjective beliefs to be reflected in individual

attitudes toward ambiguity?

In terms of individual subjective beliefs, overconfidence is often brought forth as an

alternative explanation for entrepreneurial entry (Åstebro et al., 2007; Burmeister and

Schade, 2007; Busenitz and Barney, 1997; Forbes, 2005; Lowe and Ziedonis, 2006; Schade

and Burmeister, 2009; Simon et al., 2000; Simon and Houghton, 2003). Cooper et al.

(1988) report that among the almost 3000 entrepreneurs surveyed in their study, roughly

33% forecast 100% chance of success of their ventures, and 81% forecast 70% or higher.

Overconfidence, as a decision bias, manifests through inflated subjective perceptions of

likelihoods of success, in domains where individual skill, capability, knowledge or perfor-

mance are relevant (Camerer and Lovallo, 1999). Overconfidence is generally measured

through the difference of expectations of performance or rank in competitions with actual

realizations, respectively known as overestimation and overplacement (Moore and Healy,

2008).

Few important observations derive from reviewing the vast literature on overconfidence.

First, overconfidence emerges in relation to individual attributes, such as skill, ability,

or performance in absolute terms or relative to a reference group, in empirical studies
2New York Times, Sept 3, 2016 “Venture Communism: How China Is Building a Start-Up Boom”.
3OECD (2016), “New enterprise creations”, in Entrepreneurship at a Glance 2016, OECD Publishing,

Paris.
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(Koellinger et al., 2007), or lab experiments (Fischhoff et al., 1977; Grieco and Hogarth,

2009; Hoelzl and Rustichini, 2005). Second, overconfidence as such, can only be evaluated

in retrospect (Fischhoff, 1982), as performance expectations, or any probability statement

attached to it cannot be proved wrong ex-ante. Subjective judgments of entrepreneurial

skill (Jovanovic, 1982; Wu and Knott, 2006), estimates of future outcomes (Shane, 2009),

or likelihoods of success (Cooper et al., 1988), at least at the individual level, entail consid-

erable ambiguity. These judgments and decisions may also be prone to overconfidence, but

it is challenging to assess the effect of the bias. If ambiguity is fundamental for overconfi-

dence to emerge, ambiguity attitudes may be an antecedent of overconfidence that we are

able to observe and measure. From this perspective, analyzing decision contexts in which

skill or individual capabilities matter, may prove useful to further understanding individual

attitudes toward ambiguity.

3 A measure for ambiguity attitudes

In this section I present a simple method to measure attitudes toward probabilistic am-

biguity. First, ambiguity is operationalized through probability intervals, [p, p], where p

is the lower bound of the interval, and p is the upper bound of the interval (Curley and

Yates, 1985). The method is based on a modification of Budescu et al.’s (2002) generalized

version of prospect theory (Kahneman and Tversky, 1979), in order to introduce binary

choices between an ambiguous prospect, that gives $x, with likelihood [p, p]), and nothing

otherwise; and a risky prospect that gives $x, with probability r, and nothing otherwise.

The probability of the risky prospect varies within the endpoints of the interval [p, p],

creating a list of n risky prospects, with probability ri, with i = 1, ..., n. The decision maker

faces binary choices between a given ambiguous prospect and a list of risky prospects. At

the indifference point the two prospects are equally valuable to the decision maker, as given

in equation 1:

U(x) ∗ f [wap+ (1− wa)p] = U(x) ∗ f(r∗i ) (1)

This approach is consistent with Budescu et al.’s (2002) original assumptions on a mono-
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tonic and increasing utility function U(.), and that the same utility function operates for

both risky and ambiguous prospects. Hence, it is allowed to simplify U(.) on both sides of

the equation 1, and have the following:

f [wap+ (1− wa)p] = f(r∗) (2)

The additional assumption of a strictly increasing weighting function f(.), allows to further

simplify equation 2 and simply work within the argument of f(.)4:

wap+ (1− wa)p = r∗i (3)

This procedure allows to efficiently elicit the ambiguity parameter, wa, knowing the prob-

ability of the risky prospect at the indifference point, r∗i . The values of the wa parameter

indicate the ambiguity attitudes of the decision maker. Specifically, wa = 0.50 denotes

ambiguity neutrality, meaning that the decision maker attributes equal weights to the end

points of the probability interval, thus summarizing the probability interval at its midpoint.

An ambiguity parameter wa > 0.50 indicates ambiguity aversion, or the decision maker

placing a higher weight to the lower bound of the probability interval. Finally, an ambiguity

parameter wa < 0.50 indicates ambiguity seeking, or the decision maker placing a higher

weight to the upper bound of the probability interval. One should note that the parameter

wa is defined in [0, 1] and it is not sensitive to the location or length of the probability

interval [p, p].

4The rationale of Budescu et al. (2002)’s assumptions follows. The explanation is natural for the
utility function U(.), since the outcome is identical and precisely defined for the ambiguous and the risky
prospect. Regarding f(.), the same probability weighting function that applies to point probabilities, will
as well apply to the focal points of a probability interval. As such, being the focal points of the probability
interval known, the decision maker will transform these points through the same function he transforms
precise probabilities
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4 Experimental Design

4.1 Participants and procedure

Participants were 191 MBA students (average age 30 years, 29% female) from a European

business school. MBA students were invited to participate to a decision making study via

email. Participation to the experiment was voluntary. Students took the experiment in

the classroom, prior to a class session, following the link in the invitation email, using any

personal device connected to the internet. The experiment took on average 10 minutes

to complete. Instructions were provided in the invitation email and at the beginning of

the experiment, describing the nature of the decision task and the confidentiality of the

data collection. Questions appeared on the screen one at a time and participants could

not go back and change answers to previous questions. Students were informed that four

participants would be randomly selected to get the payoff of e200 in the form of Amazon

or other vouchers.

4.2 Individual characteristics and beliefs

Entrepreneurial intentions. The week prior to the decision task, I collected participants’

entrepreneurial intentions (EI) using the Liñán and Chen (2009) scale. The aim is to inves-

tigate any association of entrepreneurial intentions and ambiguity attitudes. I used several

robustness measures to ensure the reliability of the selected EI scale, as the individual en-

trepreneurial intent scale (IEIS) of Thompson (2009), and students’ stated probability of

starting a business post-MBA (Kolvereid and Isaksen, 2006; Krueger et al., 2000), students’

exposure to entrepreneurship courses, and startup experience.

Overconfidence. Students’ overconfidence was measured in reference to an entrepreneurial

project evaluation, part of an MBA course. Students’ expressed their expectations on ab-

solute and relative project evaluation. Actual evaluations were based on individual funding

decisions towards each project. Students were endowed with hypothetical e20,000, to be
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allocated as funding among projects. Hence, the total funding for each project generated

a natural ranking, from the highest funded to the lowest funded. For each participant,

the relative overconfidence measure was the difference between project’s expected rank and

project’s funding rank obtained from the total funds allocated5.

4.3 Experimental task

Decision tasks. In the experimental task, participants faced binary choices between

ambiguous and risky prospects. Prospects were framed as investment decisions that could

obtain a known outcome. Ambiguity attitudes were elicited in two main conditions: chance

and skill. In the chance condition, the likelihood of success was a functions of environmental

contingencies. In skill condition, the decision maker could influence the chance of success

through her entrepreneurial skills.

Chance and skill conditions. In the chance condition, the decision task was formulated as

follows: “Projects A and B are investment opportunities that differ in terms of chances

of success. Both prospects have potential net returns of e100.000 in case of success, and

nothing otherwise. Project A is ambiguous, as its chances of success can only be determined

within a range. Project B is risky, with well-defined chances of success.” In the skill

condition, the decision task was formulated as: “Project A and B are is an entrepreneurial

opportunities that differ in terms of chances of success. Both projects have potential net

returns of e100.000 in case of success, and nothing otherwise. Project A is ambiguous, as

its chances of success can only be determined within a range. You can influence Project’s A

chances of success through your entrepreneurial skills, where stronger skills can determine

higher chances of success. Project B is risky, with well-defined chances of success”. Figure

5 shows the exact display of decisions to the participants.

It is worth noting that quantitatively, the chance and skill conditions are equivalent.

They only differ in terms of framing. The outcome of e100.000 was constant across

prospects and conditions. I varied the likelihood levels, using respectively 5%, 25%, 50%
5Each project was evaluated by an average of 50 students.
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and 75%6. The skill and chance conditions, for a total of 8 decisions, were administered

to participants in counterbalanced order. Figure 1 illustrates the experimental design and

Table 1 summarizes the stimuli of the experiment.

Figure 1: Experimental Design

Notes. Within-subject counterbalanced design. Quantitatively the two conditions are equivalent.

Ambiguity parameter. The dependent variable of interest is the ambiguity parameter wa,

which is determined based on the indifference probability r∗. In order to determine r∗ for

each decision, choices between ambiguous and risky options were chained, meaning that

new questions were conditional on answers to previous questions. We defined an i number

of iterations for each decision to have a 2% precision in determining the indifference point

r∗. The chained procedure has the advantage of asking participants fewer questions, hence

a more time-efficient data collection. Moreover, the chaining procedure can accommodate

participants switching from the ambiguous to the risky option in their choices, as the

information is updated at each iteration and new questions are conditional on previous

answers.

5 Results

A 2x4 repeated measure ANOVA7 on the ambiguity parameter, wa, with context and

likelihood as within-subject repeated measures is significant (F = 8.36, p < 0.000, adj.R2 =

6The probability intervals around these likelihoods were the highest possible. Hence, interval length
was not an experimental condition.

7Throughout the paper, all reported statistical tests are two-sided, with 0.05 level of significance.
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Table 1: Experimental Stimuli

Decisions Likelihood Probability interval Outcome (e) Expected value (e)
Skill
D1 5% [0.00 - 0.10] 100.000 5.000
D2 25% [0.00 - 0.50] 100.000 25.000
D3 50% [0.00 - 1.00] 100.000 50.000
D4 75% [0.50 - 1.00] 100.000 75.000
Chance
D5 5% [0.00 - 0.10] 100.000 5.000
D6 25% [0.00 - 0.50] 100.000 25.000
D7 50% [0.00 - 1.00] 100.000 50.000
D8 75% [0.50 - 1.00] 100.000 75.000

0.48). Results show that ambiguity attitudes are significantly different in the skill and

chance conditions (main effects for context, F = 58.97, p < 0.000), and across likelihood

levels (main effects for likelihood, F = 13.19, p < 0.000). There were no order effects

(F = 0.78, p < 0.378).

Ambiguity attitudes in the skill and chance conditions. Table 2 summarizes average am-

biguity attitudes across likelihood levels in the skill and chance conditions. Ambiguity

attitudes are likelihood-dependent, in the sense that these vary with the likelihood level

in both skill and chance conditions. As well, ambiguity attitudes differ significantly be-

tween the skill and chance conditions, with a prevalence of ambiguity seeking in the skill

condition. In the chance condition, I observe ambiguity neutrality and ambiguity aversion.

Interestingly, in the chance condition, at 50% likelihood, I observe ambiguity aversion, as

originally predicted by Ellsberg (1961). However, in the skill condition there is a predomi-

nance of ambiguity seeking, or a reversal of Ellsberg’s Paradox.

Result 1. Ambiguity attitudes differ across chance and skill conditions.

Result 1a. Ambiguity seeking prevails in the skill condition. Findings show that ambigu-

ity attitudes differ across skill and chance conditions. In the chance condition, attitudes

evolve from ambiguity neutrality to ambiguity aversion. Whereas, in the skill condition,

ambiguity seeking prevails, and ambiguity neutrality is observed only at high likelihoods.

Figure 2 and Table 2 summarize these findings.

Entrepreneurial intentions. For the Liñán and Chen (2009) EI scale, a Cronbach’s
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Table 2: Ambiguity parameters in the skill and chance contexts

Decisions Likelihood Outcome waskill Attitude wachance Attitude waskill − wachance

D1 5% 100.000 0.30a AS 0.49 AN -0.19a
D2 25% 100.000 0.32a AS 0.49 AN -0.17a
D3 50% 100.000 0.42a AS 0.55a AA -0.13a
D4 75% 100.000 0.48 AN 0.62c AA -0.14a

Notes. N=191. Ambiguity parameters wa are tested against 0.50 for neutrality (AS = ambiguity seeking, AN = ambiguity
neutral, AA = ambiguity averse). The last column reports paired t-tests results for wa differences between skill and chance
contexts.
a p < 0.001, b p < 0.01, c p < 0.05.

Figure 2: Ambiguity parameters in the skill and chance contexts

Notes. N=191. Ambiguity parameters above 0.50 reflect ambiguity aversion, and below 0.50 reflect ambiguity seeking. In the
skill context, the ambiguity parameter waskill is predominantly located in the ambiguity seeking domain.

alpha of 0.95 indicates sufficiently high internal consistency. We correlate individual EI

scores with the stated likelihood of starting a business post-MBA (ρ = 0.59), and with the

score achieved in the Individual Entrepreneurial Intent Scale (IEIS) of Thompson (2009)

(ρ = 0.82)8. Based on participants responses, we identify individuals who score at least 5

in each dimension of the Liñán and Chen (2009) scale, and classify these individuals in a

high EI group.

A mixed model ANOVA (2x2x4) on the ambiguity parameter wa, with high EI as

a pre-experimental heterogeneity factor (two levels: high EI and controls), and context

and likelihood as within-subject repeated measures is significant (F = 8.13, p < 0.000,

adj.R2 = 0.49). As before, the main effects for context (F = 59.03, p < 0.000), and

likelihood (F = 12.77, p < 0.000) are significant. Additionally, high EI (main effects
8The Cronbach’s alpha of the elicited Thompson (2009)’s IEIS is 0.77, and its correlation with the

likelihood of starting a business post-MBA is (ρ = 0.54). Our results are robust to using the Thompson’s
scale as an alternative to Liñán and Chen (2009).
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F = 7.57, p < 0.006) is significantly correlated with the ambiguity parameter, and more

so in domains where skill matters (two-way interaction of high EI and context, F = 6.06,

p < 0.013). The regression model underlying the mixed ANOVA shows that context-skill

is significant (coef. = −0.18, t = −8.76, p < 0.000). As well, high EI is significant

(coef. = −0.19, t = −2.09, p < 0.036). For likelihood (t = 2.09, p < 0.037; t = 5.59,

p < 0.000), results show that at higher likelihoods, the ambiguity parameters are higher,

hence the tendency to avoid ambiguity (coefficients respectively 0.04 and 0.12). Hence, the

ambiguity parameter is lower in contexts where skill matters and in the presence of high

entrepreneurial intention9.

Ambiguity attitudes and entrepreneurial intentions. Table 3 summarizes average ambiguity

attitudes for the high EI group and the control group, in the skill and chance conditions for

each decision. In the chance condition, attitudes evolve from ambiguity neutrality at low

likelihoods to ambiguity aversion at high likelihoods, and there are no significant differences

in ambiguity attitudes between the high EI individuals and controls. In the skill condition,

although the evolution of ambiguity profiles is similar for both groups (from ambiguity

seeking at low likelihoods to ambiguity neutrality at high likelihoods), I find statistically

significant differences between individuals with high entrepreneurial intentions and others.

The high EI group exhibits stronger ambiguity seeking at low and mid-range likelihoods10.

Result 2. Entrepreneurial intentions are associated with stronger ambiguity seeking in the

skill condition only. Groups with different entrepreneurial intentions have similar ambigu-

ity profiles in the chance condition. However, entrepreneurial intention is associated with

stronger ambiguity seeking in the skill condition only. Figures 3 and 4 illustrate these

results. For details on t-test see Table 3.
9In order to check the correlation of ambiguity attitudes and entrepreneurial intentions we perform

panel regressions with the ambiguity parameter wa as the dependent variable and context and likelihood
as independent variables, controlling for participants’ score on the Liñán and Chen (2009) scale or using
the dummy group variable high EI used in the ANOVA analysis. Coefficients are negative and significant
(EI score, z = −2.20, p < 0.028; high EI, z = −2.07, p < 0.039) showing that entrepreneurial intentions
are associated with lower ambiguity parameters, hence the tendency to seek ambiguity

10Within-group analysis show that the differences in ambiguity attitudes between skill and chance are
preserved and significant within each group. However, differences are stronger for the high EI group (see
Figure ?? in the Appendix).
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Table 3: Ambiguity parameters for skill and chance by entrepreneurial intention groups

Decisions Likelihood Outcome wahighEI Attitude waControl Attitude wahighEI − waControl

Skill
D1 5% 100.000 0.24a AS 0.33a AS -0.09b
D2 25% 100.000 0.27a AS 0.34a AS -0.07c

D3 50% 100.000 0.36a AS 0.45c AS -0.09b
D4 75% 100.000 0.45 AN 0.50 AN -0.05
Chance
D1 5% 100.000 0.45 AN 0.51 AN -0.06
D2 25% 100.000 0.47 AN 0.50 AN -0.03
D3 50% 100.000 0.54c AA 0.56b AA -0.02
D4 75% 100.000 0.60a AA 0.63a AA -0.03

Notes. High EI (N=62), controls (N=129). Ambiguity parameters wa are tested against 0.50 for neutrality (AS =
ambiguity seeking, AN = ambiguity neutral, AA = ambiguity averse). The last column reports two-sample t-tests results
for wa differences between entrepreneurs and others.
a p < 0.001, b p < 0.01, c p < 0.05.

Figure 3: Ambiguity parameters by contexts between entrepreneurial intention group

(a) Skill (b) Chance

Notes. High Entrepreneurial Intention (N=62), controls (N=129). Ambiguity parameters above 0.50 reflect ambiguity aver-
sion, and below 0.50 reflect ambiguity seeking. In the skill context, the ambiguity parameters waskill of both groups are
predominantly located in the ambiguity seeking domain. The High Entrepreneurial Intention group exhibits stronger ambi-
guity seeking.

Overconfidence. The focus of this set of analysis is on relative overconfidence, which is

measured as the difference between the expected and realized ranking of an entrepreneurial

project. Hence, this type of relative overconfidence is relevant for individual skills in en-

trepreneurial contexts. Of the 191 participants, 165 (86.3%) are overconfident: they expect

a higher ranking than the actual one for their project11. The overconfidence measure is
11We elicit a series of overconfidence measure concerning the exam evaluation, the grade, or the curve

positive for the overall course evaluation.
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Figure 4: Ambiguity parameters by context within entrepreneurial intention group

(a) High Entrepreneurial Intention Group (b) Control Group

Notes. High Entrepreneurial Intention (N=62), controls (N=129). Ambiguity parameters above 0.50 reflect ambiguity aver-
sion, and below 0.50 reflect ambiguity seeking.

orthogonal to the entrepreneurial intention classification (a test of proportions is not signif-

icant: χ2 = 0.49, p− val = 0.482; the correlation coefficient ρ = −0.051, p− val = 0.484).

I include the overconfidence measure as a covariate in the previous mixed model ANOVA

(F = 8.45, p < 0.000, adj.R2 = 0.49). As before, the main effects for context (F = 18.38,

p < 0.000), and likelihood (F = 13.63, p < 0.000) are significant. As well, the main effect

are significant for high EI (F = 7.29, p < 0.007), but not for overconfidence (F = 0.01,

p < 0.940). However, two-way interactions of high EI and context (F = 5.31, p < 0.021)

and overconfidence and context (F = 10.66, p < 0.001) are both significant.

The regression model underlying this ANOVA shows that context-skill has a coefficient

of −0.25 and is significant (t = −8.71, p < 0.000), and so is likelihood, with coefficients

respectively 0.06 and 0.14 (t = 3.41, p < 0.001; t = 7.87, p < 0.000). As well, high EI is

significant (t = −2.03, p < 0.042) with a coefficient of −0.17, while overconfidence is not

(t = −0.31, p < 0.758). However, it is interesting to observe that entrepreneurial intention

in the skill context (interaction of high EI and context, t = −2.30, p < 0.021) contributes

to lowering the ambiguity parameter (coef. = −0.043), whereas overconfidence in the skill

context (interaction of overconfidence and context, t = 3.26, p < 0.001) contributes to

increasing the ambiguity parameter (coef. = 0.082). Hence, overconfidence in this stance

has an opposite effect compared with entrepreneurial intention.
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Result 3. Overconfidence is irrelevant in explaining the differences in ambiguity attitudes

between skill and chance conditions. Overconfident and underconfident participants do

not show significant differences in attitudes within each condition12. However, both over-

confident and underconfident participants exhibit ambiguity seeking in the skill condition.

Overconfidence is orthogonal to entrepreneurial intention.

6 General discussion

The primary objective of this paper was to investigate individual attitudes toward ambigu-

ity in chance and skill conditions. Quantitatively such conditions were equivalent, however,

the framing differed. In the chance condition, it was stated that likelihood of success de-

pended solely on environmental contingencies, whereas in the skill condition the statement

suggested that entrepreneurial skill could influence the likelihood of success of the project.

6.1 Different types of ambiguity

Different ambiguity attitudes across the skill and chance conditions lend support to the

context-specific nature of such attitudes. This result is consistent with previous experimen-

tal findings on natural sources of ambiguity, such as temperature or stock price fluctuations

(Abdellaoui et al., 2011; Chew and Sagi, 2008). Although in realistic decision environments

it is challenging to fully disentangle ambiguity deriving from chance and ambiguity deriv-

ing from skill, the results show that decision makers ambiguity attitudes strongly differ in

contexts where individuals perceive their skill as pivotal in determining positive outcomes.

The idea of separating such types of ambiguity has been proposed in previous research,

and it is in this sense consistent with March and Shapira (1987)’s contrast of environments

that present purely exogenous risks and environments in which managers have a sense of

control. Similar distinctions of ambiguity types were further proposed in Wu and Knott

(2006) as “demand-uncertainty” and “ability-uncertainty”, implying different degrees of in-
12When analyzed alone, overconfidence can only in part explain the observed difference in ambiguity atti-

tudes between skill and chance conditions. However, when analyzed jointly with entrepreneurial intention,
overconfidence loses significance.
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dividual influence over positive outcomes. This paper contributes to the entrepreneurship

literature by considering different types of ambiguity, skill-related contexts, and a tractable

method to elicit ambiguity attitudes.

6.2 Lotteries and contextualised decision frames

The chance condition in the experiment involves investment options instead of abstract

lotteries, which remain the widely used device in economic experiments. This choice design

makes more meaningful the comparison per se and the observed differences in attitudes

between chance and skill conditions. Arguably, abstract lotteries in the chance condition

could generate even stronger differences between chance and skill conditions. Worth not-

ing is that although the decision tasks in the experiment are framed as investment or

entrepreneurial opportunities, participants do not decide on capital allocations or commit-

ting their own wealth or endowment. The participants only engage in choosing between

prospects that are risky or ambiguous, with a given likelihood level. The aim of such design

was to measure ambiguity attitudes.

6.3 Entrepreneurial intention and overconfidence

The experiment reveals that entrepreneurial intention is only relevant to ambiguity atti-

tudes in the skill condition, context in which it reinforces an already present tendency of

all decision makers to seek ambiguity. This is also a main contribution of the paper. First,

this result has the potential to complete null findings from field experiments that report

no differences in ambiguity attitudes of entrepreneurs and non-entrepreneurs investigated

with lotteries (Holm et al., 2013; Koudstaal et al., 2015). Future field investigations of

ambiguity attitudes may include additional decision contexts relevant to entrepreneurship,

in addition to the lotteries. The fact that entrepreneurs may overestimate their skill or

ability in business decisions remains a relevant aspect. However, such subjective beliefs

or expectancies, correct or inflated, cannot be verified or falsified ex-ante (Keynes, 1921;

Gerrard, 1994). Keynes (1921) referred to these beliefs as “state of confidence”, and other

authors have coined the term credence or overcredence (Deligonul et al., 2008; Gerrard,
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1994), a different concept than the overconfidence we can measure, which ex-ante entails

erroneous expectation (Moore and Healy, 2008).

In alternative designs, overconfidence may lead to ambiguity seeking, for example if

individual ranking is determinant for the unknown likelihood of success (Camerer and

Lovallo, 1999; Cain et al., 2015), typical of market entry experiments. However, the present

findings show that overconfidence as subjective beliefs in a somewhat related domain, may

not necessarily explain ambiguity seeking observed in the skill condition.

6.4 Ambiguity attitudes as microfoundations of behavior

Ambiguity can be seen as a fundamental feature of life (March, 1996). Classic and con-

temporary theories of entrepreneurship posit that entrepreneurs face substantial ambiguity

in most business decisions (McMullen and Shepherd, 2006) and are rewarded for bearing

the uncertainty that comes with the entrepreneurial choice (Knight, 1921). From this per-

spective, ambiguity attitudes can be considered as antecedents of entrepreneurial action

that reflect individual conjectures on the opportunity-individual nexus (Klein, 2008; Shane

and Venkataraman, 2000; Venkataraman, 1997) in domains in which decision makers feel

more influential, more confident and perhaps even overestimate their chances of success

(Shepherd et al., 2007).

Hence, understanding how decision makers’ beliefs and individual characteristics inter-

play in shaping ambiguity attitudes in business domains is primacy in better understanding

the microfoundations of entrepreneurial decision making. One could interpret ambiguity

attitudes as foundational antecedents of action within the effectuation logics theorized in

Sarasvathy (2009). Sarasvathy suggests that entrepreneurial decision making is based on

effectual constructivist logics, specifically when the future is unpredictable, goals are un-

clear, and the environment is driven by human action. These suggestions resonate with the

importance of ambiguity attitudes in situation where entrepreneurial conjectures, although

prone to overconfidence or wrong in hindsight, may trigger impactful action (Busenitz and

Barney, 1994, 1997).
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7 Conclusions

The results of this study contribute to the entrepreneurship literature in several ways.

First, the paper documents that framing and decision contexts matter for ambiguity atti-

tudes. Ambiguity attitudes are significantly different in conditions where individual skill

is perceived to be relevant compared with conditions in which only chance and contingen-

cies matter in determining success. Results show significant ambiguity seeking in the skill

condition. Second, findings show that the presence of entrepreneurial intention strengthens

ambiguity seeking in skill conditions only, context in which all decision makers predomi-

nantly exhibit ambiguity seeking. Last but not least, the results show that overconfidence

measured on a performance aspect, is not relevant in explaining ambiguity seeking. Taken

together, these results complete previous findings on ambiguity attitudes of entrepreneurs

investigated through abstract lotteries (Holm et al., 2013; Koudstaal et al., 2015). The

results also suggest that behavioral differences in ambiguity profiles between entrepreneurs

and others are likely to appear in situations relevant to entrepreneurship, in which individ-

uals perceive their skill to be pivotal in determining positive outcomes. Skill-relevant con-

texts, individual confidence in ability, and specific intentions may be fundamental elements

to trigger human action (Bandura, 2006; March, 1994) in uncharted and unprecedented do-

mains. In highly ambiguous environments, entrepreneurial intentions may catalyze action

and support individual commitments to a specific strategy. Often, a convincingly chosen

action plan could be the desired outcome, perceived as superior to both alternatives of pure

guessing or total inaction.

The focus of this paper on individual attitudes toward ambiguity in skill contexts and

the relevance of entrepreneurial intention brings in a novelty and contributes to the micro-

foundations of entrepreneurship theory.
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Appendices
A Experimental design

Figure 5: Decision examples in the skill and chance conditions

(a) Skill condition

(b) Chance condition

Notes. Two different decision are displayed for illustration. It was always the case that the first choice for each decision had
Project B display the mid-point of the probability interval of Project A.

25



B Overconfidence: Additional analysis

When considering only overconfidence and analyzing it as a cross-section factor in a mixed
model ANOVA (adj.R2 = 0.49, F = 1.04, p < 0.308), it is not significant (main effects
F = 1.04, p < 0.308), while context (main effects F = 39.64, p < 0.000), likelihood
(main effects F = 13.19, p < 0.000), and the two-way interaction of overconfidence and
context (F = 11.43, p < 0.001) are significant. The underlying regression shows that
overconfidence per se is associated with lower ambiguity parameters (coef. = −0.22, t =
−2.59, p = 0.010), but as in the previous analysis, the presence of overconfidence in the
skill contexts contributes to more ambiguity aversion (interaction, coef. = 0.08, t = 3.38,
p = 0.001). Adding entrepreneurial intention as a covariate, reiterates the previous results.

Figure 6: Overconfidence: Within-group ambiguity parameters in the skill and chance
context

(a) Overconfidence (b) Underconfidence

Notes. Overconfident participants (N=165), underconfident (N=26). Ambiguity parameters above 0.50 reflect ambiguity
aversion, and below 0.50 reflect ambiguity seeking. Both confidence groups exhibit significantly different attitudes in the skill
and chance contexts.

Figure 7: Overconfidence: Between-group ambiguity parameters in each context

(a) Skill (b) Chance

Notes. Overconfident participants (N=165), underconfident (N=26). The overconfident and underconfident groups exhibits
indistinguishable ambiguity attitudes respectively in the skill and chance contexts.
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