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Summary 
 

Background and focus of this study 

This research focuses on clarifying the cognitive mechanisms of entrepreneurial risk-taking. 
More specifically, it focuses on how entrepreneurs’ cognitive processes influence their risk-
taking propensity. Why is this focus interesting? 
 
Risk-taking propensity, the willingness to take risks, is an important property of every 
(economic) actor since the majority of all decisions made are based on one’s beliefs about 
and attitude towards risks. This means that one’s risk taking propensity has a high impact on 
daily decision making.          
 In this respect, the risk-taking propensity of entrepreneurs is of special importance since 
their (risky) decision making is generally seen as driving the growth and development of 
economies. Entrepreneurs typically find themselves in environments that frequently require 
dealing with and anticipating to risks. 

Up till now, research has identified several determinants of risk-taking propensity. 
Examples are: age, inertia, outcome history and self-efficacy (Simsek, 2007; Sitkin & 
Weingart, 1995; Krueger & Dickson, 1994; Sitkin & Pablo, 1992). However, academics are 
still interested in indentifying more individual level and controllable determinants of risk-
taking propensity. In response to a call of Stewart and Roth (2004), Podoynitsyna (2007) 
recently contributed to this gap in literature by studying cognitive determinants of risk-taking 
propensity among entrepreneurs. She found intuitive and rational thinking as well as 
susceptibility to seven cognitive biases to be of influence on risk-taking propensity.  

Given this gap and recent contribution; the fact that cognition forms an important theme 
in the literature on entrepreneurship plus the notion that cognitive processes are generally 
known to precede and influence decision making (Baron, 2000, 2004; Ucbasaran et al., 
2001), the cognitive, individual differences perspective on risky decision making seems a 
fruitful perspective to adopt when studying the mechanisms of entrepreneurial risk-taking 
(and in particular the role of risk-taking propensity herein).  

Following Podoynitsyna (2007), in this research we therefore focus on entrepreneurs’ 
use of heuristics in (risky) decision making. In specific, we focus on entrepreneurs’ tendency 
to use Fast and Frugal Heuristics (FFHs) during decision making and the influence this 
tendency has on their risk-taking propensity. To create an interesting conceptual model for 
this study, we added the construct ‘FFH-use’ to the conceptual model of Podoynitsyna 
(2007), which is a model of entrepreneurial decision making based on the dual process theory 

(DPT). By doing this we sketch a more complete view of the cognitive mechanisms 
underlying entrepreneurial risk-taking. Specifically, we give more insight into the effects of 
the use of two different types of heuristics in risky decision making processes instead of 
exclusively focusing on the well-known classical heuristics and corresponding cognitive 

biases only. This makes us the first authors combining the results of two (rather isolated) 
research programs on heuristics into one conceptual model and the first researching ‘FFH-
use’ among entrepreneurs. 
 

Gaps, research questions and contributions 

As mentioned in the foregoing section, the main gap underlying this research concerns the 
scarcity of individual level and controllable determinants of risk-taking propensity. By 
including the construct ‘FFH-use’ to our model of entrepreneurial risk-taking, we can 
formulate our first research question as: How does the entrepreneur’s general tendency to use 

FFHs in decision making, affect his risk-taking propensity? 
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By considering heuristic-use (and in specific: FFH-use) as a central focus in our research, two 
other gaps can be indentified.  

First, although it is generally known that people differ in the degree to which they use 
particular FFHs, academic research has not been able to identify determinants of FFH-use yet 
(Hilbig, 2008; Newell et al., 2003). Since Podoynitsyna (2007) has been successful in 
empirically linking intuitive (experiential) and rational thinking (the two main elements of the 
dual process theory) to the classical heuristics & cognitive biases, it seems worthwhile to also 
research whether these two processing modes are associated with FFH-use. Therefore, the 
second research question we pose is: How do experiential and rational thinking influence an 

entrepreneur’s tendency to use FFHs in decision making? 

Second, as has been mentioned earlier, this research considers entrepreneurs’ use of two 

types of heuristics which, in literature, exist rather isolated from one another (viz. the 

classical heuristics and FFHs). Both heuristics are brought forward by other research 
programs (the Heuristics & Biases program and the ABC program respectively). Although 
both programs have made significant contributions to our understanding of human decision-
making, their heuristics have not been studied jointly thus far (Shah & Oppenheimer, 2008). 
There has been no attention for neither theoretical nor empirical linkages between them. In 
specific, the relatedness of both types of heuristics (when both are seen from a particular 
framework/perspective) is an unaddressed gap in literature. Note that in this study we 
contribute to this gap by empirically positioning both types of heuristics in the framework of 
the dual process theory. In addition, there is no academic work available on the influence 
these heuristics could have on one another: since both types of heuristics are assumed to be 
used by people, the question arises whether a predisposition to use one type of heuristics 
influences the predisposition to use the other type of heuristics. 
Since the classical heuristics are typically not being measured and these heuristics are 
assumed to drive cognitive biases (which are frequently measured in academic research), we 
will address this third gap by researching whether biases have an influence on FFH-use. We 
will focus on four cognitive biases (viz. hindsight bias, overconfidence, illusion of control 

and law of small numbers) because these biases have been found to be of particular relevance 
to entrepreneurs (Podoynitsyna, 2007; Keh et al., 2002; Simon et al., 2000, Baron, 2000; 
Busenitz & Barney, 1997). Our third research question can thus be formulated as: How do 

variations in entrepreneurs’ susceptibility to four cognitive biases influence their variations 

in FFH-use? 

 
By designing our study in this way, we simultaneously contribute to the research on 
determinants of risk-taking propensity and FFH-use; the development of the dual process 
theory; the integration of the literature on heuristics and, finally, to the entrepreneurial 
literature on risk-taking. 
 

Conceptual model and hypotheses 

In this study we explore how rational and intuitive thinking and the predisposition to use two 
types of heuristics together form entrepreneurial risk-taking propensity. Our conceptual 
model suggests classical heuristics & cognitive biases as well as FFH-use to mediate the 
relationship between the use of the experiential and rational system and risk-taking 
propensity. The positioning of the constructs is based on Sitkin & Pablo (1992) (who indicate 
individual characteristics to be able to act as determinants of one’s risk-taking propensity) 
and the dual process theory. The constructs in our model are interpreted as ‘predispositions’ 
(and thus as individual characteristics) of a decision maker. 
For each of the three research questions mentioned before, we formulated hypotheses. 
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Methodology 

The data for this study have been collected by means of a survey which has been conducted 
in 2006. Respondents were US entrepreneurs. In this study an entrepreneur is defined as a 
person who has been closely involved in the creation of at least one start-up (this person is 
not necessarily the founder of the venture). This research has a between-subject design. 

FFH-use has been measured in a probabilistic, inferential choice task. The construct 
‘FFH-use’ was modeled as a binary variable, with value 1 indicating ‘FFH-use’ and value 0 
indicating the use of a comprehensive information processing strategy called the ‘weighted 

additive rule’ (WADD strategy). These two types of information processing strategies are the 
only ones defined by the ABC program. 

The mediating nature of our study favored Structural Equation Modeling (SEM) as an 
analysis technique. Using a data set of 289 US entrepreneurs we empirically tested our path- 
model using LISREL 8.7. Non-normality in the data forced us to lay aside the method of 
Maximum Likelihood (ML) estimation since ML estimators of standard errors and global 
model fit are not robust against non-normality (Boomsma & Hoogland, 2001; Jöreskog & 
Sörbom, 1996, p. 239-258). Using ML in this case could lead to two problems: 1) deflation of 
standard errors: this causes too many relations to be considered significant while in fact they 
are not; 2) inflation of the chi square statistic (used to indicate model fit): this causes correct 
models to be rejected too often. By estimating our Confirmatory Factor Analysis (CFA) 
model and our path-model according to the estimation method Robust Maximum Likelihood 
(RML) based on the Pearson sample covariances, we solved the aforementioned threats and 
ensured the obtainment of reasonable results.  

 
Main findings and theoretical implications 

As a general result, our research shows that FFH-use as well as the classical heuristics & 
cognitive biases fully mediate the relationship between intuitive & rational thinking and risk-
taking propensity. As regard to the research questions we obtain the following interesting 
results.  

First, our results indicate that the tendency to use FFHs has a contaminating (positive) 
effect on risk-taking propensity, causing decision makers to (unconsciously) take more risks. 
Within our study we have thus identified FFH-use as a new determinant of risk-taking 
propensity. Moreover, we note that with this finding we also indentified a controllable 
determinant of risk-taking propensity. This determinant can be considered as easy to control 
since it concerns a deliberate and rather conscious type of information processing policy 
people use: this is something people can get easily aware of and change themselves (be it 
with or without the help of external (educational) interventions). In addition, we note that 
people aiming to minimize distortion of their risk-propensity can choose which determinant 
to focus on first. According to a Satorra-Bentler scaled chi-square difference test (Muthen & 
Muthen, 2005) the biases and FFH-use are equally strong predictors of risk-taking propensity. 

Second, we conclude that FFH-use is significantly associated with an entrepreneur’s 
degree of rational and intuitive thinking. This means that the influence of the two systems of 
thinking goes further than their impact on the (widely) studied classical heuristics & 
cognitive biases only. With this finding we are the first able to identify determinants of FFH-
use. In addition, a thorough statistical analysis showed that we can empirically dispute the 
claim made by some researchers of the ABC program that FFHs would be particularly closely 
related to intuition. When defined as a separate system according to the dual process theory, 
our results indicate that the relation between intuition and FFHs is smaller than expected.  

Third, our results show illusion of control to be another factor positively influencing 
FFH-use. Contrary to our expectations, a decision maker’s susceptibility to hindsight bias, 
overconfidence and, in specific, the law of small numbers-bias does not have a significant 



 V 

effect on his/her use of FFHs. We have not been able to come up with a plausible explanation 
for this result. However, since we only find illusion of control to have a significant effect on 
FFH-use, we consider the likelihood of this relationship to be of a ‘spurious’ kind as rather 
small. We note that this finding could be an (indirect) indication for the existence of a 
relation between the two types of heuristics, which implies that further research could be 
worthwhile. 

Finally, following Podoynitsyna (2007) we have found new empirical support for the 
existence of an internal structure among the cognitive biases. Our results also indicate that the 
effects of hindsight bias and overconfidence on risk-taking propensity are not robust. Future 
research towards both latter mentioned points is therefore indicated. 
 

Managerial implications 

Entrepreneurs as well as employees can use our model for self-assessment in order to 
determine the extent to which cognitive biases and their tendency to use FFHs contaminate 
(increase) their risk-propensity. After having discovered this, they should realize themselves 
it to be worthwhile and possible to take measures against these factors as to minimize their 
potentially distorting effects.  
To undo the effect of the cognitive biases several debiasing techniques are available in 
literature.  
People with a high tendency to use FFHs should first be informed about the negative 
consequence their tendency has. This consequence should make people realize that 
comprehensive and systematic information handling can be more beneficial in some 
situations after all. More specific, these people should realize themselves that it pays off to 
apply the WADD strategy more often in situations where this strategy is a feasible option. 
Second, people with a high score on FFH-use should be taught how to recognize situations in 
which application of a comprehensive WADD strategy is still feasible.  
Both aforementioned things could be taught through education/training. In this respect, taking 
into account the notions of Rieskamp & Otto (2006), it seems to pay off to educate people as 
early as possible on this issue. After all, the more time there is left to get experience with the 
results of the WADD strategy, the higher the likelihood that one will develop a robust 
preference for applying the WADD strategy in particular decision situations. 

In addition, managers could use the information about an employee’s risk-taking 
propensity and his/her susceptibility to disturbing influences for selection purposes. If people 
differ in their cognitive processes and risk-taking propensity, they will make strategic choices 
in fundamentally different ways. This can, of course, lead to other decisions being made. 
Since cognitive profiles can be considered to be moderately stable, these profiles may present 
a source of sustained difference among individuals and firms. In the field of strategic 
management such differences have been shown to be sources of competitive 
advantage/disadvantage. This means that by selecting people on their ‘cognitive profile’ firms 
would be able to create their own form of competitive advantage (Busenitz & Barney, 1997). 
Besides selection purposes, managers can also use the aforementioned information about 
their employees to indentify people who would profit from some training on these issues. 
 

Limitations and future research directions 

Despite the careful design and execution of this study there are several limitations that could 
be addressed in future research.  

First, contrary to other empirical studies on determinants of FFH-use (Bröder, 2003; 
Newell et al., 2003), we studied FFH-use on the category level instead of on the strategy 
level. The reason for this was that including an individual construct for each strategy would 
have made our model too complex. However, we hope that a part of the future research aimed 
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at validating our findings will exclusively focus itself on studying determinants or effects of 
FFH-use. In this way it can more easily be checked whether our findings can be replicated on 
the strategy level as well.  

Second, since we are the first who research FFH-use through a survey, we can imagine 
there to be possibilities to improve our way of measuring the construct ‘FFH-use’. We hope 
future research will spend attention to this point too.   

Third, attention needs to be paid to grasping all facets of the rational processing scale 
since the engagement aspect of the NFC scale got excluded from our CFA.    

Finally, we recommend future research to make use of independent measures of 
overconfidence and hindsight bias.  
 
Other, general directions for further research include: replication of our findings; research 
regarding the internal structure of the cognitive biases; further research towards the 
theoretical and empirical relations between the use of different types of heuristics. 
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Abbreviations 
 
 

CEST Cognitive-Experiential-Self-Theory 
CFA Confirmatory Factor Analysis 
DPT  Dual Process Theory 
FFH Fast and Frugal Heuristic 
FI Faith in Intuition 
H&B  Heuristics and Biases (program/literature/authors) 
ML Maximum Likelihood 
NFC Need For Cognition 
REI Rational-Experiential Inventory 
RML Robust Maximum Likelihood 
SEM Structural Equation Modeling  
WLS Weighted Least Square 
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Definitions 
 
Attribute 

substitution 

A model of judgment by heuristic. Attribute substitution occurs when the target 
attribute is assessed by mapping the value of some other attribute on the target 
scale (see also definition of ‘heuristic judgment’). 
This definition is exclusively linked to the Heuristics & Biases program.  

 

Availability 

heuristic 

Heuristic which uses as its heuristic attribute the object that is related to the 
target attribute and comes to mind fastest (Kahneman & Tversky, 1974). It is 
considered to be a heuristic that is unconsciously and automatically used by 
humans in judgmental situations. 
This definition is exclusively linked to the Heuristics & Biases program. 
 

Classical heuristics Term to refer to the availability and representativeness heuristics of the 
Heuristics & Biases program. 
 

Cognitive bias Error in judgment when a heuristic is applied. The cause for this error is that 
the target attribute and heuristic attribute are not the same (Kahneman & 
Frederick, 2002).  
This definition is exclusively linked to the Heuristics & Biases program. 

 
In this research, we will consider the cognitive biases ‘hindsight bias’, 
‘overconfidence’; ‘illusion of control’ and ‘law of small numbers’. 
 

Dual Process 

Theory (DPT) 

Theory which claims individuals to have two fundamentally different systems, 
experiential and rational, which are responsible for two modes of information 
processing: experiential and rational processing (Epstein et al., 1996). All 
behavior is seen as the product of the operation of both systems. The main 
assumption of the theory is that the two systems operate simultaneously, 
independently and interactively (Sloman, 2002; Kahneman, 2003).   
 

Entrepreneur A person who has been closely involved in the creation of at least one start-up 
(this person is not necessarily the founder of the venture). Study specific 
definition. 
 

Experiential 

(intuitive) 

processing 

Thinking style and operating mechanism of the experiential system, which is 
present in every human. The experiential system has as its primary 
characteristics: automatic, holistic, associatonistic, non-verbal and intimately 
associated with affect (Denes-Raj & Epstein, 1994).  
 

Fast and Frugal 

Heuristics (FFHs) 

Domain/task specific decision strategies that work with a minimum of 
information, time and computations to make adaptive choices in real 
environments.  
They reduce the complexity of the decision situation by using only a small part 
of the available information (making them ‘frugal’) as well as by using no or 
only simple serial rules for information integration (making them ‘fast’). Each 
FFH is modeled as an algorithm based on a three-stage model of search, stop 
and decision rules. For each of these three stages a guiding principle is defined.  
This definition is exclusively linked to the ABC program on Fast and Frugal 
Heuristics.  

 
Examples of FFHs included in this research are: Minimalist; Take the Best; 
Tallying. 
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Within this research FFHs are used within a probabilistic, inferential choice 
task based on uncertain cues.  
 

Heuristic (general 

definition) 

 

Simplified, cognitive information processing strategy used for (simplifying and 
speeding up the process of) judgment and decision making.  
 

Heuristics 

(according to ABC 

program) 

Rules for judgment and decision making that exploit evolved capacities and 
structures of environments and are distinct from optimization models 
(Gigerenzer, 2004).  
This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.  

 

Heuristic  

judgment 

A judgment is said to be influenced by a heuristic when people do not use the 
target attribute of the object for their judgment, but substitute it by a related 
heuristic attribute that comes more readily to mind  (Kahneman, 2003). 
This definition is exclusively linked to the Heuristics & Biases program.  
 

Hindsight bias Bias which causes people to remember their predictions about a former event 
more accurately than they actually were. This means that there is an 
inconsistency in the prediction of an outcome before and after knowing the 
actual outcome of the event (Slovic & Fischhoff, 1977).  
This definition is exclusively linked to the Heuristics & Biases program.  
 

Illusion of control Bias which makes people perceive that objectively chance determined or 
uncontrollable events are within their control (Langer & Roth, 1975; 
Zuckerman et al., 1996).  Illusion of control thus refers to an overestimation of 
one’s skills, and consequently his or her ability to cope with and predict future 
events (Simon et al., 2000). 
This definition is exclusively linked to the Heuristics & Biases program. 

 

Law of small 

numbers 

Concerns the phenomenon that people make their judgments on the basis of a 
small sample, while not taking into account the actual size of this sample 
(Podoynitsyna, 2007). This leads them to generalize information obtained from 
these small samples, without being aware of the low level of reliability this 
information exhibits. 
This definition is exclusively linked to the Heuristics & Biases program. 

 

Minimalist Fast and frugal heuristic. One-reason decision making strategy.  
Heuristic based on the following model (Gigerenzer et al., 2002): 

0) Can a choice be based on pure recognition? If not, proceed to step 1. 
1) Randomly select cue and look up the cue value of the two objects. 
2) Stop search when a cue value is discriminating between the options 
(one of the values is 1, the other 0). Otherwise go to step 1.  
3) Predict that the object with the cue value of 1 had the higher value in 
the criterion. 

This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.  

 

Natural 

assessments 

Attributes that are routinely and automatically registered by the experiential 
system without intention or effort. This means they are always accessible. 
These are permanent candidates for the heuristic role (Kahneman, 2003). 
Examples are: physical properties (size/distance/loudness); similarity; causal 
propensity; surprisingness; affective valence; mood (Kahneman & Frederick, 
2002). 
This definition is exclusively linked to the Heuristics & Biases program. 
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One-reason 

decision making 

strategies 

Type of FFHs in which only one cue is used to make a final choice between 
two choice alternatives. 
This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.  

 
Overconfidence The failure to not know the limits of one’s knowledge (Russo & Schoemaker, 

1992), resulting in unjustified confidence in one’s own judgments. 
This definition is exclusively linked to the Heuristics & Biases program.  
 

Rational 

processing 

Thinking style and operating mechanism of the rational system. The rational 
system has as its primary characteristics: conscious, analytical, intentional, 
primarily verbal, relatively affect-free, functioning by a person’s understanding 
of conventionally established rules of logic and evidence (Denes-Raj & 
Epstein, 1994). 
 

Representativeness 

heuristic 

Heuristic which uses as its heuristic attribute the object that most resembles the 
target attribute (Kahneman & Tversky, 1974).  It is considered to be a heuristic 
that is unconsciously and automatically used by humans in judgmental 
situations. 
This definition is exclusively linked to the Heuristics & Biases program. 

 

Risk A characteristic of a decision interpreted as the potential (maximum) 
magnitude of possible unfavored outcome(s).  
Risk is here proportional to the magnitude of the unfavored outcome(s): the 
greater the ‘loss’ (unfavored outcome(s)), the greater the risk.  
 
This definition is derived from the work of March & Shapira (1987) who 
indicate that managers typically define ‘risk’ in terms of ‘the potential for 
maximum loss/worst outcome(s)’. Note that in practice they place emphasis on 
amounts/quantities instead of on probabilities or expected values. In classical 
decision theory, risk is most commonly conceived as reflecting variation in 
possible outcomes, their likelihoods and their subjective values. 
 

Risk-taking 

propensity 

The current, general tendency of a decision maker to take or avoid risks. Risk-
taking propensity is seen as a predisposition that can change over time. It is 
conceptualized as a changeable individual trait and thus is an emergent, 
although persistent property of the decision maker (Podoynitsyna, 2007; Sitkin 
& Pablo, 1992; Stewart & Roth, 2001). A higher risk-taking propensity is 
associated with more risky behavior. 
 

Take The Best Fast and frugal heuristic. One-reason decision making strategy.  
Heuristic based on the following model (Gigerenzer et al., 2002): 

0) Can a choice be based on pure recognition? If not, proceed to step 1. 
1) Select the cue with the highest validity and look up the cue values of the 
two objects. 
2) Stop search when a cue value is discriminating between the options 
(one of the values is 1, the other 0). Otherwise go to step 1.  
3) Predict that the object with the cue value of 1 had the higher value in 
the criterion. 

This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.   

 

Tallying Fast and frugal heuristic. Improper linear model which relies on adding but not 
on weighting.  
Heuristic based on the following model Gigerenzer (2004): 
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1) Search through cues in random order. 
2) Stop search after m cues and determine which object has the most 
positive cue values and proceed to step 3. If the number is equal, return to 
step 1 and search for another cue. If no more cues are found, guess. 
3) Predict that the object with the higher number of positive cue values has 
the higher value on the criterion.  

This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.  
 

Uncertainty There is uncertainty when an event has outcome variability and one can not be 
sure of what its outcome will be. Often the probabilities on the outcome states 
and/or the outcome states themselves are unknown, making prediction 
impossible. Uncertainty can sometimes be solved by gathering information. 
 

WADD strategy A complex, rational strategy (Glöckner, 2007). It is an effort-full processing 
rule (based on weighting and adding principles) for arriving at optimal 
decisions and accurate judgments. The WADD strategy uses all information 
available and integrates this information. On the basis of this rule the decision 
maker makes the choice for the alternative with the highest weighted sum. This 
strategy is closely related to normative rules for evaluating expected value and 
expected utility (Shah & Oppenheimer, 2008).  
This definition is exclusively linked to the ABC program on Fast and Frugal 

Heuristics.  
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Abstract 
 

This study aims to uncover new insights into the cognitive mechanisms of 

entrepreneurial risk taking. In specific, we focus on the cognitive factors that 

influence one’s predisposition to take risks. We therefore add the tendency to use 

fast & frugal heuristics (FFHs) during decision making as a new variable to an 

already existing, dual process-based model of entrepreneurial risk-taking. By 

doing this, we are the first to combine and jointly examine the results of two 

research programs on heuristics. In specific, we look at how entrepreneurs’ 

predispositions to use classical- and fast & frugal heuristics mediate the 

relationship between their degree of intuitive & rational thinking and their risk-

taking propensity. Entrepreneurs’ use of the classical heuristics is represented by 

their susceptibility to four cognitive biases. Using a data set of 289 US 

entrepreneurs we empirically explore whether the tendency to use FFHs during 

decision making is associated with one’s willingness to take risks; if intuitive and 

rational thinking can be considered determinants of FFH-use and if the 

susceptibility to four cognitive biases has an effect on FFH-use. 

Our results show that the use of FFHs has a polluting (positive) effect on risk-

taking propensity. We suggest the tendency to use FFHs to be a rather easily 

controllable factor: education could be beneficial in this respect. In addition, we 

conclude that FFH-use is significantly associated with an entrepreneur’s degree 

of rational and intuitive thinking. This means that the influence of the two systems 

of thinking goes further than their impact on the (widely) studied classical 

heuristics & cognitive biases only. With this finding we are the first able to 

identify determinants of FFH-use. Finally, our results show illusion of control to 

be another factor influencing FFH-use. The more an entrepreneur suffers from 

the illusion of control bias, the higher his tendency to use FFHs. We note that this 

finding could be an indication for the existence of a relation between the two types 

of heuristics. We therefore suggest it to be worthwhile to conduct more research 

towards the theoretical and empirical relations between the use of different types 

of heuristics. With our study we simultaneously contribute to the research on 

determinants of risk-taking propensity and FFH-use; the development of the dual 

process theory; the integration of the literature on heuristics and, finally, to the 

entrepreneurial literature on risk-taking. 

 
 
Keywords: risk-taking propensity; dual process theory; intuition; rational thinking; fast & 
frugal heuristics; cognitive biases; entrepreneurship. 
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1. Introduction  
 

ue to the current economic crisis everybody has become aware of the importance of the 
phenomenon ‘risk-taking’. Whether it concerns a personal decision to invest your 

savings in shares or a firm’s decision to enter a new market, the majority of all decisions 
made are based on one’s beliefs about and attitude towards risks. Risk-taking propensity, the 
willingness to take risks, is thus an important property of every (economic) actor.  
 
Whether the economic climate is good or bad, most people consider entrepreneurship to be 
strongly associated with risk-taking. Entrepreneurs are considered to be economic actors that 
see particular opportunities and dare to exploit them, despite the often high risks of failure. 
By the very nature of their activities, entrepreneurs often find themselves in new, 
unpredictable, complex, dynamic and ill-structured situations. In these kinds of environments, 
in which the windows of opportunities are quickly closing, it is impossible not to get 
confronted with risks. Therefore, entrepreneurs’ risk-taking propensity (meaning the 
predisposition of a decision maker to take or avoid risks) can be considered a crucial factor: it 
determines to a large extent which decisions they make.   

This research focuses on clarifying the mechanisms of entrepreneurial risk-taking. 
More specifically, it focuses on how entrepreneurs’ cognitive processes influence their risk-
taking propensity. Before explaining this more thoroughly, let us first take a closer look at the 
cognitive perspective in the entrepreneurial literature. 
 
Cognition forms an important theme in the literature on entrepreneurship (Baron, 2000, 2004; 
Ucbasaran et al., 2001). The cognitive perspective emphasizes that everything we think, say 

or do is influenced by mental processes - by the cognitive mechanisms through which we 
acquire information, enter it into storage, transform it and use it to accomplish a wide range 
of tasks (e.g. making decisions, solving problems) (Baron, 2004). As we all know, 
(entrepreneurial) risky decision behavior is generally also preceded (and therefore influenced) 
by thinking processes in which information gets searched, processed and decided upon. The 
ways in which this information handling takes place can be very diverse: people individually 
differ on this aspect and this can be the reason that some people make other decisions than 
others. Since people also differ in their willingness to take risks the cognitive, individual 

differences perspective on risky decision making seems a fruitful perspective to adopt when 
studying the mechanisms of entrepreneurial risk-taking (and in particular the role of risk-
taking propensity herein) (Stewart & Roth, 2004).  

In this respect, Podoynitsyna (2007) has recently shown intuitive & rational thinking as well 
as susceptibility to so-called ‘cognitive biases’ to be of influence on risk-taking propensity. 
More specific, she concluded these biases to have a distorting influence on risk-taking 
propensity since they (unconsciously) increase someone’s (current) general willingness to 
take risks. In this respect, one could consider somebody’s risk-taking propensity to be most 
pure/undistorted when it exactly matches his/her risk-preference (which is one’s general 
desire to pursue or avoid risks). Sitkin & Pablo (1992) note risk preference to be a 
determinant of risk-propensity and state that risk-propensity is influenced by more factors 
than risk preferences only (these factors could thus be seen as distorting one’s natural 
predisposition to risk-taking). Other individual level determinants of risk-propensity that have 
been discovered are: age, inertia, outcome history and self-efficacy (Simsek, 2007; Sitkin & 
Weingart, 1995; Krueger & Dickson, 1994; Sitkin & Pablo, 1992). 

D 
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However, other determinants are currently still being sought for. Academics are specifically 
interested in indentifying more individual level and controllable determinants of risk-taking 
propensity. By studying risk-taking propensity from the individual differences and cognitive 
perspective our study has the potential to contribute to this gap in the literature. The question 
is: how? 
 
There are two aspects of human cognition that have been frequently examined in the current 
literature on ‘cognition’, ‘decision making under uncertainty’ and ‘entrepreneurship’: 
heuristics and biases and the Dual Process Theory (DPT). We will elaborate upon both 
aspects shortly. 

Regarding the first aspect, it has been known for a long time that people are not fully 
rational decision makers at all times. Due to bounded rationality (Simon, 1955) people are 
often forced to use simplified information processing strategies (heuristics) to be able to 
understand and act upon situations. Therefore, ‘heuristics’ are a prominent topic in both the 
entrepreneurial as well as the decision making literature. People have been shown to differ in 
their degree of heuristic reasoning: so have entrepreneurs been shown to make more active 
use of heuristics during decision-making than managers of large organizations (Busenitz & 
Barney, 1997). Baron (1998) remarks that entrepreneurs regularly find themselves in 
situations that tend to maximize the potential impact of various simplifying heuristics.  
Although heuristic decision making can be advantageous, it can also come at costs. The 
Heuristics & Biases program is a research program on heuristics which has postulated 
cognitive biases to arise as a consequence of the use of the so-called classical heuristics (viz. 
the availability and representativeness heuristics, which are assumed to be heuristics of a 
rather automatic and unconscious nature). Through cognitive biases decision makers tend to 
view situations and their inherent uncertainties differently than they would without these 
biases: as a consequence their risk-taking behavior changes.  
The majority of research regarding heuristics has focused on the presence of cognitive biases 
and their influence on decision making. This means that the classical heuristics have been 
dominantly focused upon, a tendency which can also be recognized in the entrepreneurial 
literature on cognition. So have entrepreneurs been proven to be particularly susceptible to 
various cognitive biases, viz. hindsight bias, overconfidence, illusion of control and law of 

small numbers (Podoynitsyna, 2007; Keh et al., 2002; Simon et al. 2000; Busenitz & Barney, 
1997). Moreover, Forbes (2005) suggests that entrepreneurs also differ in their degree of 
susceptibility to these biases due to individual differences as well as situational factors. This 
means that entrepreneurs as a group are not cognitive homogeneous. 

Regarding the second important aspect of human cognition researched, we mention the 
dual process theory (DPT). Within the academic literature the dual process theory has been 
purposed as being able to help clarify the working of information processing in human 
decision-making. In specific, cognitive scientists have proposed two systems of information 
processing to be present in every human: the experiential and rational system. Together they 
are assumed to be responsible for all behavior (which thus also includes decision behavior 
and the use of information processing strategies herein). Current research towards the 
existence, definition and workings of these processing modes is merely of a theoretical 
nature: there are different dual process theories available (Smith & DeCoster, 2000; Chaiken 
& Trope, 1999) and it is not at all clear yet which one best describes reality.  
It is good to note that the dual process theory proposed by Sloman (1996; 2002) and the 
Heuristics & Biases program have got interwoven over time: both have used results of one 
another to extend their own theory. It is therefore that Podoynitsyna (2007) recently 
empirically linked the two processing modes to the cognitive biases in a research which was 
also focused on finding new cognitive determinants of entrepreneurial risk-taking propensity. 
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Knowing what has been researched thus far, how can we now contribute to finding new 
cognitive determinants of risk-taking propensity? The key to the answer on this question lies 
in the research on ‘heuristics’. Let us explain this more clearly. 

Despite the dominant focus on the classical heuristics, lots of other heuristics have been 
identified by other research programs (Shah & Oppenheimer, 2008). Examples are, amongst 
others, the so-called ‘Fast and Frugal Heuristics’ (FFHs) defined by the ABC research 
program (Gigerenzer & Todd, 1999). Compared to the aforementioned classical heuristics, 
these heuristics are strategies of a more deliberate nature. FFHs are considered to be domain 
specific and are not seen to cause cognitive biases. However, by taking into account less than 
all information available and integrating little/no information they also evoke specific views 
on decision situations.  
Empirical research on the use of FFHs has shown that people really use FFHs during decision 
making tasks and that people differ in the degree to which they make use of a particular FFH. 
However, despite the fact that entrepreneurs are considered to make more use of heuristics 
than other people, there has been no research regarding their use of FFHs yet. As a 
consequence, the effects of these heuristics on risky decision making are also unknown. This 
means that if we want to contribute to the academic literature by finding new cognitive 
determinants of risk-taking propensity, we can do this by researching whether the overall 
tendency of an entrepreneur to use FFHs in decision making has an (distorting) influence on 
his risk-taking propensity. Therefore, we formulate the following research question:  
 

How does the entrepreneur’s general tendency to use FFHs in decision making, affect his 

risk-taking propensity? 

 
Considering FFH-use, two other gaps in literature become apparent. 

First, although it is generally known that people differ in the degree to which they use 
particular FFHs, academic research has not been able to identify determinants of FFH-use 
yet. In specific, no task-related determinants could be found and although the focus has now 
shifted to studying personality dimensions of decision makers, this endeavor has not been 
successful thus far either (Hilbig, 2008; Newell et al., 2003). However, since Podoynitsyna 
(2007) has been successful in empirically linking intuitive (experiential) and rational 
processing (dual process theory) to the classical heuristics & cognitive biases, it seems 
worthwhile to also research whether these two processing modes are associated with FFH-
use. The research question we pose is:  

 

How do experiential and rational thinking influence an entrepreneur’s tendency to use FFHs 

in decision making? 

 
Second, although both the Heuristics & Biases program as well as the ABC program 

have made significant contributions to our understanding of human decision making by 
identifying two ‘types’ of heuristics people actually seem to use, their heuristics have been 
studied in isolation (Shah & Oppenheimer, 2008). There has been no attention for neither 
theoretical nor empirical linkages between them. In specific, the relatedness of both types of 
heuristics (when both are seen from a particular framework/perspective) is an unaddressed 
gap in literature. Note that in this study we contribute to this gap by empirically positioning 
both types of heuristics in the framework of the dual process theory. Earlier, only Griffin & 
Gilovich (2002) have examined the two types of heuristics from this same perspective. 
However, they did not do this by performing empirical research regarding these relations. 
In addition, there is no academic work available on the influence these heuristics could have 
on one another: since both types of heuristics are assumed to be used by people, the question 
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arises whether a predisposition to use one type of heuristics influences the predisposition to 
use the other type of heuristics. Since the classical heuristics are typically not being measured 
and these heuristics are assumed to drive cognitive biases (which are frequently measured in 
academic research), we will research whether biases have an influence on FFH-use. We will 
focus on four cognitive biases (viz. hindsight bias, overconfidence, illusion of control and law 
of small numbers) because these biases have been found to be of particular relevance to 
entrepreneurs (Podoynitsyna, 2007; Keh et al., 2002; Simon et al., 2000, Baron, 2000; 
Busenitz & Barney, 1997). Our third research question can thus be formulated as:  
 

How do variations in entrepreneurs’ susceptibility to four cognitive biases influence their 

variations in FFH-use? 

 
Taken together, this study empirically explores the influence of both experiential (intuitive) 
and rational thinking (independent variables) on risk-taking propensity (dependent variable). 
In our model we assume both an entrepreneur’s general tendency to use FFHs during decision 
making as well as his general susceptibility to four cognitive biases to play a mediating role 
in the aforementioned relationship. We constructed our conceptual model by extending the 
conceptual model of Podoynitsyna (2007) with the construct ‘FFH-use’.  
The data have been gathered by means of a survey among US entrepreneurs. In this study an 
entrepreneur is defined as a person who has been closely involved in the creation of at least 
one start-up (this person is not necessarily the founder of the venture).  
By applying Structural Equation Modeling (SEM) with Robust Maximum Likelihood 
estimation on 289 data points we empirically tested our model.  
This research has a between subject design.  
 
With this study we contribute to several research fields in academic literature. First, we 
contribute to the entrepreneurial literature on risk-taking by being the first to study FFH-use 
among entrepreneurs. Second, since we apply the dual process theory and link the two 
processing modes to FFH-use, we simultaneously contribute to both the development of the 
dual process theory as well as to current research focused on identifying determinants of 
FFH-use. Finally, we contribute to the integration of the literature on heuristics by studying 
the influences of the classical heuristics & cognitive biases on the use of FFHs and by 
studying the heuristics’ relative positioning towards one another in light of the dual process 
framework. To our knowledge, this makes us the first who empirically research both types of 
heuristics jointly in one conceptual framework.  
 
 
The remaining sections of this paper are organized as follows. In section 2, we review the 
current literature regarding the dual process theory, heuristics and risk-taking propensity. 
Next, section 3 presents our conceptual model and hypotheses. Section 4 discusses the 
research methodology: it handles the process of data-collection, -measurement and -analysis. 
Subsequently, the results of the model estimation will be presented in section 5. The 
Discussion section forms the final part of this paper. It will discuss the major findings, 
implications and limitations of this study. Moreover, some future research directions will be 
suggested. 
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2. Theoretical Background 
 

n this section we give insight into the most important theoretical notions on which this 
study is based. First, the dual process theory will be discussed. This theory can be seen as 

the backbone of our study. Second, the two streams of research regarding ‘heuristics’ will be 
presented. Next to explaining their essentials we will explain how their heuristics will be used 
in this research. Finally, we will present the current state of knowledge regarding the 
disposition risk-taking propensity, which acts as the dependent variable in our research. 
 

2.1. The Dual Process Theory  

Human reasoning can be seen from several perspectives: the dual process theory (DPT) does 
this from an information processing perspective (Sadler-Smith & Sparrow, 2007). A review 
of the literature on the dual process theory shows that there are several dual process theories 
available (Smith & DeCoster, 2000).1 In this study we will follow the ideas of Sloman (1996; 
2002) and the definitions of the cognitive-experiential self-theory (CEST) (Epstein, 1994) 
which, according to Smith & DeCoster (2000), are compatible. Moreover, CEST is one of the 
most elaborate streams in the dual process theory.  
 
Our dual process theory claims individuals to have two fundamentally different systems, 
experiential and rational, that are responsible for two modes of information processing: 
experiential and rational processing (Epstein et al., 1996). All behavior is seen as the product 
of the operation of both systems.

2
 The main assumption of the theory is that the two systems 

operate simultaneously, independently and interactively (Sloman, 2002; Kahneman, 2003).   
According to CEST, the experiential system (also known as intuitive system) is a system that 
operates in an automatic, rapid, effortless, holistic, associationistic manner (Denes-Raj and 
Epstein, 1994). It is primarily non-verbal and intimately associated with affect.  
The rational system is a primarily conscious, analytical system that functions by a person's 
understanding of conventionally established rules of logic and evidence (Denes-Raj & 
Epstein, 1994). It is intentional, effortful, relatively slow, primarily verbal and relatively 
affect-free. 
 
Given this conceptualization of the dual process theory there are three points worth 
emphasizing.  

First, it is important to realize that the two processing modes are not opposite ends of a 
single dimension but truly represent two kinds of information processing that are 
independent. This means that each individual can always be assessed on the two separate 
dimensions. In this respect, we refer to the REI scale that measures individual differences in 
intuitive-experiential and analytical-rational thinking styles separately (Pacini & Epstein, 
1999; Epstein et al., 1996). 

Second, the existence of the phenomenon ‘simultaneous contradictory belief’ (Sloman, 
1996) is seen as proof for the statement that all behavior is a product of both systems working 
simultaneously. In case of simultaneous contradictory belief, people receive two different 
answers at the same time on a question they have posed themselves. This causes them to 
experience a conflict between the heart and the head: it makes them aware of their two 
different ways of thinking. Normally though, the systems interact in such a harmonious, 
seamless manner that people believe they are operating as a single system.  
However, the fact that all judgment and behavior can be seen as a product of both intuitive 
and rational thinking does not imply that a specific behavior can not be primarily determined 

I 
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by one system. The relative influence of the two systems can vary by situation and person 
(Epstein, 2008).  

Finally, both types of information processing are assumed to have appropriate and 
adaptive effects: none is considered to be superior over the other.  
 

2.2. Two programs on heuristics 

In academic literature a lot has been written about ‘heuristics’. Although definitions of the 
concept vary, we consider the general definition of a heuristic to be a simple cognitive 
information processing strategy which serves the purpose of reducing complex tasks to 
simple judgment operations. Heuristics use principles of effort-reduction and simplification 
for arriving at satisfactory solutions with modest amounts of computations. In this research, 
we will focus on heuristics (cognitive strategies) that people use for making probabilistic 
inferences.  

The literature on heuristics can be described as vast and disconnected. The field has 
generated a substantial list of different heuristics through different research programs but a 
common, integrative ground to all this work is lacking. This leaves the field vulnerable to 
(difficult to recognize) redundancy. It is therefore that Shah & Oppenheimer (2008) recently 
suggested a new integrative theoretical framework (based on effort reduction principles) as a 
first step to the creation of a comprehensive theory for this field of research. Their proposed 
framework aims to reduce redundancy in the field and to help explicate domain-general 
principles underlying heuristics. 

In this study we will focus on two research programs on heuristics. Both programs aim 
to clarify how the human mind works when making probabilistic inferences and both have 
defined some heuristics people are supposed to use for making these inferences. Since both 
programs use a totally different view and positioning of the central concept ‘heuristic’, it is 
very difficult to link their results or position the two research programs relative to one 
another. Furthermore, the programs can be considered to exist rather isolated from each other. 
In specific, current literature both lacks theoretical viewpoints towards the relatedness of both 
types of heuristics as well as information regarding the empirical relations between them.  

However, both research programs are important since they have brought forward two 
different ‘types’ of heuristics that people actually use. Therefore, both types of heuristics 
have been made central concepts in our study. In the following subsections we will therefore 
elaborate upon the most central notions of each research program and sketch their 
corresponding (view on) heuristics. This discussion is necessarily limited: a more 
comprehensive review of both programs is provided by Sinkiewicz (2009). 
 

The Heuristics & Biases program 

The Heuristic & Biases program (H&B program) is very well known and has Kahneman and 
Tversky as its founding fathers. This program has been based on the existence and 
subsequent explanation of so-called ‘cognitive biases’. These biases are said to be driven by 
three (general purpose) heuristics. In our research, we will focus on two of these heuristics 
and four corresponding cognitive biases. First however, we will start with more clearly 
defining the concepts used in the H&B program. Next, we will make some short notes on 
how these concepts are used in our study. 
 
In the H&B literature a precise definition of judgment by heuristics has arisen only recently 
(Kahneman & Frederick, 2002). A judgment is said to be mediated by a heuristic when an 
individual assesses a specified target attribute of a judgment object by substituting a related 
heuristic attribute that comes more readily to mind (this process is called attribute 
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substitution) (Kahneman & Frederick, 2002). Although the heuristics can be deliberately 
applied, they are typically applied unconsciously and automatically. 
The H&B program has defined two general purpose heuristics that fit the definition of 
heuristic judgment: the availability and representativeness heuristic (Kahneman, 2003). 
Representativeness is the degree to which the heuristic attribute is similar to or resembles the 
target attribute. Judgments based on the representativeness heuristic are thus judgments 
influenced by what is typical. Availability is the ease with which instances or associations 
related to the target attribute can be brought to mind. Judgments based on the availability 
heuristic are thus judgments based on what comes to mind easily (Kahneman & Frederick 
2002, Kahneman & Tversky, 1973).  

Heuristics are assumed to drive biases. Cognitive biases are errors in judgment where a 
heuristic is applied. A bias appears because the target attribute is different from the heuristic 
attribute.  

Although heuristics are seen to cause biases, the heuristics themselves are considered to 
be sensible estimation procedures that can also deliver proper outcomes, instead of biases 
only (Kahneman & Tversky, 1996; Tversky & Kahneman, 1974).3 Heuristics are further 
assumed to rely on sophisticated underlying processes such as memory retrieval (Griffin & 
Gilovich, 2002).  

The heuristics brought forward by the H&B program are only loosely defined and have 
not been empirically measured in a direct way yet (with own scales). The reluctance to 
properly specify the workings of the heuristics and the conditions under which they appear, 
make them, according to critics, “too vague to account as explanations of how the mind 
works” and “non falsifiable” (Gigerenzer, 1996). Furthermore, critics see heuristics as being 
negatively positioned by the H&B program: heuristics would be positioned as “deficient 
mental procedures” (Gigerenzer, 1996) and/or “limited decision-making methods that people 
often misapply to situations where logic and probability theory should be applied instead” 
(Gigerenzer & Todd, 1999). 
 
 
What is important to emphasize in light of our study is that the availability and 
representativeness heuristics are supposed to be automatically and unconsciously applied, 

general purpose heuristics. These heuristics, to which we will also refer with the term 
classical heuristics, are assumed to function on an associative, natural tendency. This means 
that they use as their heuristic attribute, routinely and automatically registered attributes 
which are always accessible. Such permanent candidates for the heuristic role are called 
natural assessments (Kahneman, 2003). Examples are: physical properties 
(size/distance/loudness); similarity; causal propensity; affective valence; mood (Kahneman & 
Frederick, 2002). 
 
As regard to the cognitive biases, it is important to highlight the following issues.  
Within the H&B literature biases are assumed to originate as a consequence of applying the 
availability and/or representativeness heuristic. In addition, biases are considered to be bad: 
they hinder sound (rational and comprehensive) decision making (Simon et al., 2000).  
In this study, we will consider the cognitive biases hindsight bias, overconfidence, illusion of 

control and law of small numbers. We have chosen to focus on these biases since they have 
been frequently researched and also because they have been found to be relevant to 
entrepreneurs. In specific, the susceptibility of entrepreneurs to overconfidence, illusion of 
control and/or the law of small number bias has been researched by Keh et al., (2002); Simon 
et al. (2000) and Busenitz & Barney (1997). In addition, Podoynitsyna (2007) emphasized the 
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relevance of the hindsight bias to entrepreneurs. Earlier, Baron (2000) implicitly studied this 
bias in the entrepreneurial context as well.  
 

Hindsight bias occurs when entrepreneurs remember their predictions about a former event as 
more accurately than they actually were. This means that there is an inconsistency in the 
prediction of an outcome before and after knowing the actual outcome of the event (Slovic & 
Fischhoff, 1977). In hindsight, people tend to assign higher likelihoods to outcomes that 
actually have occurred and exaggerate what they could have anticipated in foresight 
(therefore hindsight bias is also called the ‘knew-it-all-along effect’ (Pohl, 2004)). This leads 
to an unjustified trust in one’s ability to make accurate and sound judgments: we thus 
overestimate our abilities for similar situations in the future. For example, having understood 
- in hindsight - how a product failure came about could lull an entrepreneur into a false sense 
of security: perceiving that the cause was clear to him all along, he will expect being able to 
easily prevent product failures of this kind in the future.   

A person suffering from the overconfidence bias does not know the limits of his 
knowledge which results in unjustified confidence in his own judgments and abilities (Russo 
& Schoemaker, 1992). Specifically, it causes people to be too sure of their own assessments, 
failing to recognize the uncertainty involved in their decisions: that is, people suffering from 
the overconfidence bias treat assumptions as facts.  
The general procedure to measure overconfidence is to ask respondents for their answers on 
questions and ask them to rate their confidence that these answers are indeed correct. 
Overconfidence bias occurs when respondents are extremely sure that they are right when 
they are actually wrong (see Appendix B).  
Two factors that may influence the degree to which individuals are overconfident are the 
amount of information gathered on which one can base his judgment/choice and the ease with 
which individuals can recall reasons for confidence. Examples of overconfidence are 
numerous, and the phenomenon seems to become almost universal when one (over)estimates 
the likelihood that one’s favored outcome will occur (Griffin & Varey, 1996). Even for 
neutral general knowledge questions people show stable overconfidence (Fischhoff et al., 
1977).  

Illusion of control means that people perceive that objectively uncontrollable events are 
within their control (Zuckerman et al., 1996; Langer & Roth, 1975). This means that people 
overestimate their personal influence on an outcome or on factors that lead to a particular 
outcome. In the entrepreneurial setting, it means that entrepreneurs with a high level of 
illusion of control perceive that they can influence factors that are only partially controllable 
or not controllable at all. For example, they may feel they can accurately foresee and 
influence their sales. However, there are always some exogenous factors that they can not 
control and on which they do not anticipate (Podoynitsyna, 2007). 

Finally, the law of small numbers bias arises when people make their judgments on the 
basis of a small sample, while not taking into account the actual size of this sample 
(Podoynitsyna, 2007). This leads them to generalize information obtained from these small 
samples, without being aware of the low level of reliability this information exhibits. For 
example, people who decide to start a venture based on a few success stories solely are 
probably unaware of the ‘full picture’ and the low likelihood on experiencing such a success 
themselves. 
 
Busenitz & Barney (1997) noted that people differ with respect to the degree to which they 
are susceptible to (particular) heuristics and biases: they concluded entrepreneurs to be more 

susceptible to the use of decision making heuristics and biases than managers in large 

organizations. In addition, Forbes (2005) provided evidence for significant differences 
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among entrepreneurs regarding the degree to which they exhibit the overconfidence bias. 
This latter finding suggests that entrepreneurs are not cognitively homogeneous and raises the 
question what could be the causes and effects of these cognitive differences. As can be 
concluded from the Introduction section, our research is built around these questions. 

 

The ABC program on Fast and Frugal Heuristics 

The second research program regarding heuristics we will focus on has Gigerenzer & Todd 
(1999) as its founding fathers. The so-called ABC program on Fast and Frugal Heuristics 

(FFHs) seems to have been born out of critique on the H&B program. One of the primary 
aims of this research program is to emphasize the favorable character of decision-making by 
heuristics. A striking aspect of the ABC program is that it takes up the (traditional) notion of 
heuristics as an essential cognitive tool for making reasonable decisions and enabling people 
to behave adaptively in their environment. Heuristics are seen as the way the human mind can 
take advantage of the structure of the information in an environment to arrive at reasonable 
decisions. Within this program one is focused on the ways and settings in which simple 
heuristics lead to accurate and useful inferences. The program is strongly founded on the 
bounded rationality concept of Simon (1955): FFHs are seen as models of bounded 
rationality (Gigerenzer & Todd, 1999). 
 

Within the ABC program it is strongly emphasized that FFHs are distinct from ‘as if’ 
optimization models such as the complex, rational WADD strategy, also known as the 
weighted additive rule (Shah & Oppenheimer, 2008; Gigerenzer, 2004). A WADD strategy is 
a decision strategy for arriving at optimal decisions and accurate judgments based on the 

principles of weighting and adding. It is characterized by the use and integration of all 
information available in a decision situation according to a multiple regression like manner 
(Glöckner, 2007; Gigerenzer, 2004).  

In contrast, FFHs are defined as domain/task-specific decision strategies that work with 
a minimum of information, time and computations to make adaptive choices in real 
environments. These strategies enable the decision maker to make inferences in a fast and 
frugal way: they reduce the complexity of the decision situation by using only a small part of 
the available information (making them ‘frugal’) as well as by using no or simple serial rules 
for information integration (making them ‘fast’). FFHs are purported to provide 
psychologically plausible cognitive process models that describe a variety of judgment 
behavior (Dougherty et al., 2008). They can be used to solve problems of sequential search 

through objects or options, as in satisficing
4
 (Gigerenzer & Todd, 1999). In addition, they can 

also be used to make choices between simultaneously available objects. 
 

Although FFHs use and integrate less information and are therefore simpler than the WADD 
strategy, this comes not at cost of their inferential accuracy. The heuristics are fast and frugal 
without a significant loss of accuracy because they can exploit the structure of the 
environments. For example, one has proved that the FFH ‘Take The Best’ can yield as many 
correct inferences more quickly and with less information than integration strategies (such as 
the WADD strategy) that embody “classical properties of rational inference” (Gigerenzer, 
2002, p.166/197-198; Gigerenzer et al., 1991). The worshipping of decision making 
according to ‘rational’, effort-full strategies is thus claimed to be both undesirable

5
 and 

unneeded: simple heuristics can obtain the same results with less effort. 
 
Each FFH is defined as an algorithm, based on a three-stage model of search, stop and 
decision rules. For each of these three building blocks a guiding principle is defined. 
Examples of FFHs frequently mentioned in the literature are the recognition heuristic, Take 
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The Last, Minimalist, Take The Best and Tallying. Note that since FFHs are modeled as 
algorithms they are more precisely defined and can therefore be more easily falsified than the 
classical heuristics of the H&B program. Two main methods have been used to construct 
computational models of FFHs: combining building blocks and nesting existing heuristics 
(Gigerenzer & Todd, 1999).6   
The actual use of FFHs by people is supported by empirical evidence (Newell et al., 2003; 
Bröder, 2000; Rieskamp & Hoffrage, 1999). 
 
 
In light of our study it is important to note that, when compared to the classical heuristics, 
FFHs can often be considered to be of a more deliberate nature (although this is not explicitly 
put forward by the ABC program!). Related to this, Gigerenzer (2007) notes some FFHs to be 
unconscious, but he adds that, if wanted, these can often be brought under the control of 
consciousness.  
Moreover, Gigerenzer only distinguishes between WADD and FFHs. This means that either a 
WADD strategy or an FFH is used as a cognitive strategy in decision making tasks.  
 
In our study we will consider the use of FFHs or a WADD strategy by entrepreneurs in a 
probabilistic, inferential choice task based on uncertain cues (see also section 4.2).7  
The FFHs included in our study are Minimalist, Take The Best and Tallying. As mentioned 
before, each of these heuristics differs to a certain extent from the WADD strategy and is 
defined as an algorithm. We will now shortly define each FFH (for an algorithm based 
definition of the heuristics, see the Definition list included in this report). 

The Minimalist is the strategy most strongly deviating from the multiple regression-like 
way of information processing. When a decision maker applies the Minimalist strategy he 
first randomly selects a cue and looks up its value. When this cue fully discriminates between 
the decision alternatives available, one chooses the alternative with the highest cue value. 
However, if the cue does not discriminate a following randomly selected cue is taken into 
account. This process repeats itself until a cue is found that does discriminate between the 
alternatives and a choice can be made. 

A decision maker deciding according to the FFH Take The Best does not randomly take 
into account cues but does this in order of their perceived importance. Just as was the case 
with the Minimalist, one stops considering cues after a discriminating one has been found. 
Note that both Minimalist and Take The Best are FFHs which let a decision maker base his 
choice/decision on one cue only. Within the ABC program strategies of this type are called 
one-reason decision making strategies. Also note that both aforementioned strategies break 
with the principle of adding. 

Finally, Tallying entails looking up a fixed, randomly determined amount of cue values 
for each decision alternative and subsequently summing up the positive cues for each 
alternative. The decision maker should then choose the alternative with the largest number of 
positive cues. Note this strategy to break with weighting but not with adding. In this study, 
this is the strategy least deviating from the WADD model. 

 

The relation between the DPT and both research programs on heuristics 
Within both research programs comments have been made regarding the relation between the 
heuristics and the concepts ‘intuition’ and ‘ratio’ (which both seem to be related to the dual 
process notion explained earlier).8  

The classical heuristics of the H&B program are highly interwoven with the dual 
process model sketched in section 2.1. Given the histories of both literature streams, 
Sloman’s two systems notion seems to have been partially built on the work of the H&B 
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program: in his first article on the two systems of thinking, Sloman (1996) explicitly notes the 
representativeness heuristic as a mechanism of the associative system (Gigerenzer & Regier, 
1996). Over time, H&B authors seem to have adopted terms from the dual process theory in 
their work as well. We can here refer to Kahneman (2003) who describes the idea of biases 
originating from System 1 (experiential system) and being able to get suppressed/corrected 
by System 2 (rational system). Note that also the terms in which the classical heuristics have 
been defined closely relate to the terms used in the dual process theory (e.g. natural 
assessments). In addition, Griffin & Gilovich (2002) have made explicit references to 
relations between the classical heuristics, FFHs and the two systems of thinking as defined by 
Sloman (2002). 

As regard to the relation between FFHs and the two systems of thinking, things lie 
more complicated. Gigerenzer (2007) suggest FFHs to be closely related to intuition. In 
specific, he notes FFHs to be one of the underlying principles of human intuition. However, 
this linkage is not explained thoroughly. When making references to rationality and intuition, 
Gigerenzer primarily focuses on distinguishing the nature of the ‘object’ FFHs from pure 
‘rationality’. Betch (2008) notes that in literature heuristics have often been labeled ‘intuitive’ 
to distinguish them from formal rules of thinking and inference (rules based on logic and 
probability theory): this is also what Gigerenzer seems to do. However, Epstein (2008, p.33) 
has noted that “not all heuristic processing can be considered intuitive processing”. 
What is clear is that the ABC program has not spent time on defining or positioning their 
FFHs from the two systems perspective. However, it has not been completely neglected by its 
authors either. In reaction to Sloman (1996), Gigerenzer & Regier (1996) showed to be 
skeptical regarding the definition, specificity and usability of the purposed systems. Years 
later, Gigerenzer & Hoffrage (2007) still show to be skeptical regarding the use of the dual 
process model but also explicitly note to consider FFHs as potential mechanisms of the 
associative system as defined by Barbey & Sloman (2007). Again however, this linkage 
comes without an explanation. Moreover, by explicitly referring to (and criticizing) the 
absence of (thoroughly defined) mechanisms of System 1, Gigerenzer and Hoffrage do not 
seem to consider the classical heuristics as potential mechanisms of System 1 anymore. 

In conclusion: when referring to the relation of the classical heuristics and FFHs to the 
DPT there can be concluded that the classical heuristics are closely related to and compatible 
with the two systems notion. In contrast, within the ABC program the references made 
regarding the relation between FFHs and concepts as ‘intuition’ and ‘ratio’ seem to be rather 
disconnected from the dual process framework. Besides referring to these linkages 
differently, this program does this more implicitly and vaguely. 
 

Conclusion: implications for our research 

The current section has clearly indicated that it seems worthwhile to include both types of 
heuristics in a model which aims to study cognitive processes of entrepreneurs. After all, both 
programs have identified heuristics that people actually seem to use in practice when making 
judgments under uncertainty (Kahneman & Frederick, 2002; Kahneman & Tversky, 1973; 
Newell et al., 2003; Rieskamp & Hoffrage, 1999; Shah & Oppenheimer, 2008) Moreover, 
none of the research programs claim to be able to explain the working of the human mind 
completely. 

Furthermore, taking into account the notions of the DPT presented in section 2.1, we 
can consider the use of both types of heuristics to be determined by the experiential and 
rational system: after all, according to the DPT all behavior can be seen as a product of both 
systems of thinking. Taking this individual differences perspective on heuristic processing, 
we will study how individual differences in the use of the two systems of thinking explain the 

variation in (both types of) heuristic-use among entrepreneurs. By doing this, we will 
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contribute to the empirical research on determinants of FFH-use (Newell et al., 2003) and to 
the development of the dual process theory. In addition, by positioning the two types of 
heuristics into a common framework we can study their relatedness when looked at from a 
dual process perspective.9  
Earlier, Pacini & Epstein (1999), Epstein et al. (1996) and Shiloh et al. (2002) considered the 
influence of differences among people in the two thinking styles on different forms of 
heuristic processing. Pacini & Epstein (1999) note the relative contribution of the rational and 
experiential thinking styles to depend on the kind of heuristic processing considered. This 
claim strengthens the relevance of researching the systems’ relatedness to both types of 
heuristics.   

Finally, since relations between both sets of heuristics have never been researched upon 
thus far, we consider it valuable to search for (empirical) relations between the cognitive 

biases and FFH-use. 

 
The following section will present the current state of knowledge regarding the disposition 
risk-taking propensity and its role in our research. 
 

2.3. Risk-taking propensity 

Strategic decisions, be it the development of new products, the start of a new venture, or the 
forming of an alliance, are based on beliefs about and attitudes towards risks (Tversky & 
Kahneman, 1974). In this respect, literature defines risk-taking propensity (the willingness to 
take risks) as one the most important direct determinants of individual, risky decision making 
(Sitkin & Weingart, 1995; Sitkin & Pablo, 1992). 

Risk-taking propensity is defined here as the current, general tendency of a decision 

maker to take or avoid risks. Risk-taking propensity is seen as a predisposition
10

 that can 
change over time. It is conceptualized as a changeable individual trait and thus is an 
emergent, although persistent property of the decision maker (Podoynitsyna, 2007; Stewart & 
Roth, 2001; Sitkin & Pablo, 1992).11 A higher risk-taking propensity is associated with more 
risky behavior. 

Literature indicates that risk-taking propensity is a construct which is difficult to define 
and operationalize. Different ways of defining and measuring the construct are seen to have 
led to contradictory findings in academic research (Sitkin & Weingart, 1995). In this respect 
we refer to the influential study of Brockhaus (1980) (who claimed that there are no 
differences between entrepreneurs and managers in their predisposition to take risks) and the 
meta analytic findings of Stewart & Roth (2001; 2004) (who indicated that entrepreneurs on 
the whole appear to have a higher risk propensity than managers and, in addition, that 
entrepreneurs as a group also vary in their risk-taking propensity).  

In addition to the aforementioned findings, research by Sitkin & Pablo (1992) and 
Sitkin & Weingart (1995) has indicated the central role of predispositions in determining 
risky behavior. First, Sitkin & Pablo (1992) made a significant contribution to the literature 
on individual risk taking by stating that the (previously supposed) direct impact of 
antecedents relations on risky decision making actually takes place only via the mediating 
function of risk propensity and risk perception.12 Moreover, these authors introduced the 
conceptualization of risk propensity as a changeable, individual trait. In addition, Sitkin & 
Weingart (1995) empirically proved the central and mediating roles of both risk propensity 
and risk perception. They found risk propensity to be an antecedent of risk perception, with 
risk perception fully mediating the effects of risk propensity on risky decision making 
behavior. This finding means that people who are more willing to take risks also perceive less 
risk in a particular situation.13 This finding underscores the role of dispositional influences 
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besides situational influences in determining risk behavior. Therefore, Stewart & Roth (2001, 
p.151) noted that “risk propensity appears to lie at the crux of a constellation of constructs 
that form an interconnected situation-trait rubric of entrepreneurial risk behavior” and that 
“the entrepreneur’s risk propensity and its role in decision making may ultimately provide a 
vital component of a robust model of the process of entrepreneurship”.  

In conclusion, this finding thus provides strong support for the value of retaining the 
risk propensity construct in theories and empirical research about individual (and thus 
entrepreneurial) risk behavior. 
 
Over time, literature has defined risk preference, age, inertia, outcome history, self-efficacy 
and rational thinking as important, individual level determinants of risk-taking propensity 
(Podoynitsyna, 2007; Simsek, 2007; Sitkin & Weingart, 1995; Krueger & Dickson, 1994; 
Sitkin & Pablo, 1992). It is notable, that except for rational thinking, a lot of determinants are 
of an uncontrollable nature. Moreover, one could see one’s natural risk-taking propensity to 
be solely determined by one’s risk preference (the general desire to take risks) and other 
factors to have a distorting effect on this natural risk propensity. These latter factors can thus 
cause someone to (unconsciously!) take more or less risks than he would normally want to 
take.  
 
Regarding the general research towards risk-propensity Stewart & Roth (2004, p.10) have 
called for more research towards the links between cognition and risk propensity. Specifically 
they noted: “there appear to be important questions concerning the links between risk 
propensity, risk perceptions and cognition that need more examination in studying individual 
differences that influence entrepreneurial decision making”. In response to this call, 
Podoynitsyna (2007) has recently shown intuitive & rational thinking (see section 2.1 about 
the DPT) as well as susceptibility to seven cognitive biases to be of influence on risk-taking 
propensity. Rational thinking turned out to be a direct determinant and cognitive biases were 
found to fully mediate the positive relationship between experiential thinking and risk-taking 
propensity.  
 
Given the fact that people (and entrepreneurs in specific (Busenitz & Barney, 1997)) adopt 
heuristics in decision making processes and that FFH-use (just as the use of classical 
heuristics) can be seen as an output of the two systems of thinking, it seems valuable to add 
the construct FFH-use to the model researched by Podoynitsyna (2007). As such there can be 
determined whether FFH-use is a determinant of risk propensity by itself (just as the classical 

heuristics & cognitive biases are) and whether adding this construct will change previously 
found (mediating) relations between intuitive & rational processing and risk-taking 
propensity (Podoynitsyna, 2007). In our research we will study this extended model. This 
exercise will contribute to obtaining a more complete view on the (cognitive) determinants of 
risk-taking propensity and will simultaneously provide us with a new chance to discover a 
controllable determinant of risk-taking propensity. 
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3. Conceptual model and hypotheses 
 

n this section we present the conceptual framework and hypotheses of our study.  
Figure 1 presents our conceptual model. It shows the relationship between the two systems 

of thought, classical heuristics & cognitive biases, FFH-use and risk-taking propensity. As 
can be seen, our model suggests classical heuristics & cognitive biases as well as FFH-use to 
mediate the relationship between the experiential and rational system and risk-taking 
propensity. 
 

availability heuristic:

hindsight bias

overconfidence

Classical heuristics & cognitive biases

representativeness heuristic:

illusion of control
law of small numbers

rational system

risk-taking propensity

experiential system

FFH-use

H1a

(+)

H1b

(-)

H2

(+)

H3 (a-d)
(+)

 
Figure 1 – Conceptual model  

 
The positioning of the constructs is based on Sitkin & Pablo (1992) (who indicate individual 

characteristics to be able to act as determinants of one’s risk-taking propensity) and the dual 
process theory.  

We want to note that the constructs in our model are interpreted as ‘predispositions’ 
(and thus as individual characteristics) of a decision maker. The majority of the constructs 
has been measured over different situations in which (per situation) the dispositional and 
situational element of a specific behavior can not be distinguished. However, the common 
factor behind a set of these situations reveals us the underlying dispositional aspect of each 
construct.14  

As mentioned before, Stewart & Roth (2001) have indicated that risk-taking is 
determined by situational as well as pre-dispositional aspects (e.g. risk-taking propensity). In 
addition, Forbes (2005) noted entrepreneurs’ susceptibility to cognitive biases to be a 
function of both contextual as well as individual differences, which provides support to our 
idea of considering susceptibility to biases as well as FFH-use as an overall tendency of the 

decision maker (Podoynitsyna, 2007). Moreover it supports the idea that individual 
differences in the use of the two systems of thinking can underlie the predispositions to use 
(specific types of) heuristics. 

As already noted in section 2.2 we focus on four cognitive biases and two classical 
heuristics. In literature there is not one, unambiguous allocation of the biases to the heuristics 
available. We based our classification on Tversky & Kahneman (1974); Kahneman (2003); 
Russo & Schoemaker (1992). Note that we measure the tendency to use classical heuristics 
indirectly since specific scales for measuring the use of these heuristics are lacking. By 

I 
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measuring the degree to which an entrepreneur is susceptible to the different biases, we will 
thus implicitly also get an idea of his personal tendency to use the classical heuristics. In this 
respect, we want to note that heuristics are assumed to drive biases and biases themselves are 
commonly measured in academic work on this topic. 
 
We will now consider the hypotheses for the marked arrows in Figure 1. For all other 
relationships in this conceptual model we refer to the hypotheses as presented in 
Podoynitsyna (2007). 
 

3.1. The relation between the two systems of thinking and FFH-use 

This subsection will concentrate on the influence of the two systems of thinking on FFH-use. 
First, we will explain the linkage between the use of the experiential system and FFH-use. 
Next, we will elaborate on the relation between the use of the rational system and FFH-use. 
 
First, it is good to note that a higher score on experiential (intuitive) processing here means 
that one more strongly relies on this system in decision-making tasks. An increased reliance 
on the intuitive system means that more trust is granted to the (tacit) knowledge and insights 
that are made readily available by the associative process. In this respect, (Epstein et al., 
(1996, p.398/401) note that people with higher scores on intuitive thinking are more prone to 
regard their intuitive response as logical. This increased level of trust in what comes up 
intuitively, decreases the need to check or supplement this knowledge with information 
obtained through (for example) an analysis of externally available data. Consequently, this 
decreases the chance on selecting a strategy which performs the most exhaustive kind of 
analysis when being in a decision situation. An optimal, ‘rational’ WADD strategy will be 
deemed least attractive and useful because it requires a lot of effort and because the obtained 
information will probably be of a very low added value (after all, one already has a strong 
idea about the way in which to act through his/her intuition). Since a decreased preference for 
WADD automatically means an increased preference for FFH (see section 2.2, p.11), we 
expect an increased level of reliance on the experiential system to lead to an increased use of 
FFHs as a decision making strategy. 

So in short, a higher score on the experiential system means that one has an increased 
reliance on the experiential system in decision making situations. In specific, this means that 
one has more trust in knowledge that comes to mind instantly. This leads to a decreased 
tendency to supplement or check this knowledge (after all this knowledge is considered to be 
sufficiently valid and logically by itself to act upon). As a consequence the WADD-strategy 
(being able to provide the most supplemental knowledge) will become less attractive. This 
automatically means an increased likelihood of choosing FFH. 
 
In addition, we could give another explanation for the above-sketched influence of the 
experiential (intuitive) system on FFH-use. 
Denes-Raj & Epstein (1994) indicate that the experiential system operates on the basis of 
associative processing. Associations are similarity-based links between objects. Making 
associations thus requires being able to detect feature overlap between objects. The chance on 
finding overlap between two objects increases when fewer features are taken into account 
simultaneously. This means that to be successful in coming up with associations, information 
needs to be omitted. 

We consider a higher score on experiential processing to (amongst others) mean that 
associative reasoning is performed more often. An increase in associative thinking implies 
that associations are made more frequently by someone. More frequently making associations 
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will make you feel more comfortable with its underlying principle of omitting information. 
Since FFHs typically rely on the principle of omitting information, the likelihood of feeling 
comfortable with FFHs increases. Therefore, the likelihood of preferring FFHs over an 
optimal WADD strategy increases. 
 
In conclusion we thus hypothesize: 
Hypothesis 1a:  The more the experiential system is used, the higher the use of FFHs relative 

to a WADD strategy will be. 
 

 

We will now explain the relation between the use of the rational system and FFH-use. 
According to CEST, the rational system is a primarily conscious, analytical system that 
functions by a person’s understanding of logical rules and evidence (Denes-Raj & Epstein, 
1994). It is characterized as intentional, slow, effort-full and rule-governed (Kahneman, 
2003).   

The primary objective of each heuristic (and thus FFHs) is to simplify with the aim of 
reducing the required effort relative to an optimal WADD strategy (Shah & Oppenheimer, 
2008). Simplification can be obtained through several ways. FFHs typically simplify and 
reduce effort by breaking with/omitting the rules of weighting and adding (which inevitably 
leads to the use of less information in the decision process). These two rules are central to 
optimization models as the WADD strategy (Gigerenzer, 2004). 

When a person’s reliance on the rational system increases, his tendency to solve 
problems by use of logical or mathematical reasoning increases (Smith & DeCoster, 2000) 
since a thoughtful, comprehensive analysis is strived for (Shiloh et al., 2002). This leads to an 
increased will to use the weighting and adding rules. Since FFHs break with one or both of 
these rules they will be less attractive as a decision making strategy. We therefore expect 
decision makers with a higher degree of rational processing to more strongly prefer a WADD 
strategy over FFHs. 
 
We thus hypothesize: 
Hypothesis 1b:  The more the rational system is used, the lower the use of FFHs relative to a 

WADD strategy will be. 

 

3.2. The relation between FFH-use and risk-taking propensity 

In this subsection we will explain why we expect entrepreneurs having a preference for FFH 
over a WADD strategy to have a higher risk-taking propensity than entrepreneurs who do not 
favor applying a FFH as a decision making strategy. 
 
First however, we call to mind the definition of risk-taking propensity as “the current, general 
tendency of a decision maker to take or avoid risks” (Sitkin & Weingart, 1995, p.1575). The 
higher one’s risk-taking propensity, the more risks he is willing to take. Risk-taking 
propensity is a general predisposition - and thus a persistent property - of a decision maker 
that can however change over time. We will now consider how the preference for and 
subsequent use of FFHs as a decision-making strategy influences risk-taking propensity. 
 
Researchers have proved that a choice15 based on the application of a FFH has been formed 
upon less information (cues) than a choice based on a WADD strategy (Gigerenzer et al., 
2002). This means that in the FFH decision making process objectively more choice-
supporting as well as choice-disfavoring information is neglected than in the situation in 
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which a WADD strategy is applied. This means that a decision maker basing its choice on a 
FFH objectively takes more risk. After all, he either lacks to fully confirm to himself that he 
made a good choice or he fails to detect issues posing a risk and favoring another alternative 
to be chosen.  
A decision maker preferring a FFH over a WADD strategy is thus willing to accept an 
objectively higher degree of risk in his decision process. Therefore, if an entrepreneur has a 
(stronger) preference for using FFHs, his level of risk-taking propensity will be higher.16  
In short: while an FFH-supporter uses less information in its decision making process than a 
WADD supporter, he objectively takes more risks. 

 

In addition, another line of reasoning can be thought of which leads to the same conclusion 
regarding the effect of FFH-use on risk-taking propensity. In this reasoning, which is more 
specifically focused on entrepreneurs, we highlight the role the environmental context can 
play in the relation between FFH-use and risk-taking propensity. 
 
Entrepreneurs work in typical environments. One of the characteristics of these environments 
is that they are dynamic. This means that, except for working with uncertain information, 
entrepreneurs often face situations in which information is not stable. This causes them to be 
continuously aware of possible relevant changes in their environment and to adapt their 
decisions accordingly if necessary. 

Two important FFHs (Minimalist and Take The Best - which are also included in our 
study) are one-reason decision making strategies: this means that only one cue is used to 
make a final choice between two choice alternatives. In a dynamic environment, such one-
reason decision making strategies typically lead to less robust answers (regularly changing 
choices) than a WADD strategy.17

  

When faced with changing information in a specific decision task someone 
consistently preferring to decide according to a one-reason based FFH has a higher chance on 
changing his choice than someone who consistently prefers a WADD strategy. The impact of 
this switching-behavior is of particular importance: changes of choice make previously 
invested time in an earlier preferred alternative useless. When supposing a fixed time-frame, 
this implies that the FFH-supporter has less time to prepare plans needed to implement his 
new choice than the WADD-supporter has to implement his (original, not changed) choice. 
This smaller amount of time available to the FFH-supporter can impede sound preparation 
and timely introduction of the course-of-action chosen, thereby increasing the risk on low 
effectiveness or failure of the actions taken (after all, a lack of preparation increases the risk 
on incomplete plans and unforeseen issues). In this case a person adhering to a one-reason 
based FFH will thus run objectively more risk than a person adhering to a WADD strategy. 

So in short, the higher the preference for one-reason-based FFHs, the higher the 
chance on switching choice behavior when a particular decision is re-evaluated in a context 
of changing information. A higher chance on switching choice behavior (instable decisions) 
means that one can prepare action plans (related to the choice) less well. This increases the 
risk of failure of the course-of-action implemented. 
In conclusion, being an FFH-supporter in a dynamic context thus means that one is prepared 
to take objectively more risk than a WADD supporter (whose decisions are more stabile). 
  
Therefore we hypothesize: 
Hypothesis 2: The higher the use of FFHs relative to a WADD strategy, the higher the level 

of risk-taking propensity will be. 
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3.3. The relation between biases and FFH-use 

In this subsection we will elaborate on the relation between the four cognitive biases and 
FFH-use. 
 

Hindsight bias occurs when entrepreneurs remember their predictions about a former event 
more accurately than they actually were. This means that there is an inconsistency in the 
prediction of an outcome before and after knowing the actual outcome of the event (Slovic 
and Fischhoff, 1977). Looking back in hindsight, people unconsciously re-adjust their initial 
judgment so it becomes more compatible with how things worked out in reality. This leads to 
an unjustified trust in our ability to make accurate, sound judgments and thus hinders learning 
of past mistakes (some mistakes will not get noticed because of the hindsight bias). Pohl 
(2004, p.366) notes that “if we consider ourselves more knowledgeable than we really are, we 
could easily overestimate our abilities for similar situations in the future”.  
 

The more an entrepreneur suffers from the hindsight bias, the more likely he will (in 
hindsight) remember decision situations as being predictable. In specific, the hindsight bias 
makes someone remember former decision situations as more predictable than they actually 

have been and as such, in hindsight, underestimate the uncertainty that has been present in a 
decision situation. This way of remembering the past also has an influence on one’s 
expectations of the future: the predictability of future decision making situations will get 
overestimated too.18  
The higher the expected predictability of a future decision situation, the easier the decision 
maker expects it to be to evaluate the situation and take an adequate decision. After all, a high 
degree of predictability means that it is (rather) clear and unequivocal how a situation will 
develop itself and what its outcome will be: there is a relatively low degree of uncertainty so 
only minor information and effort will be needed to see through the situation. This means that 
the higher the estimated predictability, the less a decision maker expects having to consider a 
lot of information in evaluating the situation. Since the decision maker does not expect it to 
be needed to adopt an extensive WADD strategy and since this strategy is clearly more 
effortful than an FFH-based strategy (making it already a less attractive alternative), we 
expect the decision maker to (initially) adopt an FFH-based strategy. This thus means that the 
higher the hindsight bias, the higher the likelihood that an FFH-based strategy will be used. 
 
Moreover, next to (in hindsight) considering situations to be more predictable than they 
actually have been, a person with a high score on the hindsight bias will consider: 
1) his original prediction to be closer to the true outcome than actually has been the case; 
2) the true outcome to have had a significantly higher likelihood of occurring than its 
alternatives. This means that the decision maker, in hindsight, underestimates the likelihood 

of alternative outcomes. 
 
Together these three factors regarding past events also influence the expectations and 
handling of a decision maker in future decision situations.  
The higher a decision maker scores on the hindsight bias, the higher the likelihood that he 
will consider new situations to be easily predictable (meaning: having an choice 
alternative/cue which is significantly more likely/relevant than others) and himself to be able 

to recognize this most likely choice alternative/relevant cue (after all, the higher the hindsight 
bias, the higher the likelihood that he remembers his original predictions in former situations 
as being correct).   
In new decision situations these factors increase the likelihood that the decision maker will 
only take into account the choice alternative/cue that he considers to be most likely/relevant 
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(of the set of choice alternatives/cues which he can easily indentify).
19

 This means that there 
is only a small chance that he will search for and evaluate possible alternatives. After all, by 
having identified a highly likely choice alternative/relevant cue, he is convinced that other 
alternatives/cues must, per definition, be less likely/relevant than this one (this is what 
happened in past decision situations according to this person). In addition, he expects his 
original idea to be correct (this is also what he remembers to have occurred in former 
decision situations) and therefore there is no need to search for other options either.  

In conclusion, the higher the hindsight bias, the lower the likelihood that one will 
consider multiple cues/alternatives. This increases the likelihood of the decision maker to 
select simple and univocal ways of information processing and decision making, which 
means that the likelihood of application of an FFH-based strategy increases.  
 
We thus hypothesize: 
Hypothesis 3a: The level of hindsight bias will be positively associated with the use of FFHs 

relative to a WADD strategy. 
 

 

Overconfidence bias is the failure to know the limits of one’s knowledge (Russo & 
Schoemaker, 1992), resulting in unjustified confidence in one’s own judgments and abilities. 
People with a high score on overconfidence have a high belief in obtaining their favored 
outcome. 
 
Let us, for example, consider entrepreneurs busy with a new product introduction. 
Entrepreneurs with a high level of overconfidence will tend to be more certain of the product 
success than their actual judgment accuracy would allow. When entrepreneurs are 
overconfident, they feel that their favored outcome will almost certainly be obtained. This 
thought will also make them believe that the likelihood to obtain an unfavored outcome is 
rather low (at least lower than it actually will be). As a consequence they feel less need to 
spend attention to identifying factors that could lead to this unfavored outcome and act upon 
them.  
In decision making tasks, a WADD strategy gives you the most chance on getting insight into 
potential risk factors since it simply analyzes more (complete) information about the 
available choice alternatives. However, people with a high level of overconfidence will not 
be interested in the WADD strategy for this reason since they do not see any potentially 
factors threatening their goal (they do not/ less question their favored outcome to be 
obtained). In addition, the WADD strategy is also significantly more effortful than the FFH- 
based strategy. Because of these two points, we expect people with a high level of 
overconfidence to prefer an FFH-based strategy over a WADD strategy. 
 

In addition to this line of reasoning, we consider people with high levels of overconfidence to 
be more likely involved in complex, new and challenging situations. After all, these people 
perceive a lower risk on personal failure than other people. They will therefore be more 
prepared to (voluntarily) get themselves into uncertain, new, complex and dynamic situations.   
However, in situations of this kind a WADD strategy can often not be relied upon due to the 
fact that the required computations will exceed human cognitive limits. This means that a 
heuristic (e.g. a FFH) will have to be used. As a consequence, FFHs will be used more 
frequently by this type of people than by people not willing to face this complex and 
challenging type of situations. We will now assume people who often have to use heuristics 
due to complex environments, to be more likely to prefer heuristics in easier decision 
situations too (note that in these easier decision-making contexts other decision making 
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strategies could also be a feasible option). We consider this a reasonable assumption because 
Rieskamp & Otto (2006) claim people to develop robust preferences for decision making 
strategies over time. They claim this preference gets developed through a process of 
reinforcement learning based on past performances of strategies used.  
Taking this notion into account, it seems logical that a person finding himself relatively more 
often confronted with complex decision contexts in which he has to use a heuristic (e.g. 
FFHs), will also develop a stronger robust preference for a heuristic-based decision strategy. 
A stronger general preference for heuristics will make it more likely that an FFH-based 
strategy will be preferred over a WADD strategy in every random, future decision context 
faced. 
 
We thus hypothesize: 
Hypothesis 3b: The level of overconfidence bias will be positively associated with the use of 

FFHs relative to a WADD strategy. 
 

 

Illusion of control means that people perceive that objectively uncontrollable events are 
within their control. This means that people will overestimate their personal influence on an 
outcome or on factors that lead to a particular outcome. Typically, situations with skill-
associated features (like familiarity, active engagement with the material and foreknowledge 
of possible outcomes) will lead to overestimation of personal control (Pohl, 2004). 
 
Someone who exhibits the illusion of control bias sees fewer uncontrollable factors in a 
decision situation than are objectively present. In specific, this person will consider factors 
that are objectively uncontrollable to be under his control.  
In general, it is more difficult to predict how an uncontrollable factor will turn out than a 
controllable factor. After all, if marked as ‘controllable factor’ a person presumes to know 
that and how he can influence the factor to acquire his favored result, while for an 
‘uncontrollable factor’ it is not at all clear which outcome will be obtained (the outcome 
states and their chance distribution may be known but which outcome is obtained is perceived 
to be more uncertain than for controllable factors (Sitkin & Pablo, 1992)). In other words, the 
more uncontrollable factors one sees in a decision situation, the more uncertainty a decision 
maker will experience. The higher the level of experienced uncertainty, the higher the 
likelihood that a decision maker will have the tendency to thoroughly weigh the decision 
factors against one another before making his decision. The use of a WADD strategy is more 
compatible with this tendency to thoroughly consider the decision situation than a FFH-based 
strategy. This means that the more uncontrollable factors are noticed, the higher the 
likelihood that WADD will be used. 
In the same vein this means that the higher the level of illusion of control, the fewer 
uncontrollable factors (uncertainties) are experienced. As a consequence, the decision maker 
perceives less need to thoroughly analyze a situation and will make the decision faster. The 
faster the decision process, the higher the likelihood of FFH-use.  
 
We thus hypothesize: 
Hypothesis 3c: The level of illusion of control will be positively associated with the use of 

FFHs relative to a WADD strategy. 
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Finally, the law of small numbers bias arises when people make their judgments on the basis 
of a small sample, while not taking into account the actual size of this sample. This leads 
them to generalize information obtained from these small samples, without being aware of 
the low level of reliability this information exhibits. 
 
People with a higher score on the law of small numbers-bias are less able to recognize the 
level of unreliability inherent to the (little) information they base their inferences on. This 
means, that these people see less harm in basing a decision/judgment on a minor amount of 
information. When confronted with a choice for either using a WADD or a FFH-based 
decision making strategy to execute an inference task with, these people will have less 
aversion to FFH-based strategies, which are known to make use of a substantial less amount 
of information than a WADD strategy. Since, in addition, an FFH-based strategy requires less 
effort, it seems perfectly logical to these people to choose an FFH based strategy over a 
WADD strategy. 
 
We therefore hypothesize: 
Hypothesis 3d: The level of law of small numbers-bias will be positively associated with the 

use of FFHs relative to a WADD strategy. 
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4. Methodology 
 

his section elaborates on the data collection, - measurement and –analysis and as such 
describes the methodology of our study. 

 

4.1. Sample and data collection 

The data for this study have been collected by means of a survey which has been conducted 
in 2006. Respondents were US entrepreneurs. In this study an entrepreneur is defined as a 
person who has been closely involved in the creation of at least one start-up (this person is 
not necessarily the founder of the venture).  
Several sources were utilized to identify this group of entrepreneurs: (1) a list of one hundred 
entrepreneurs, compiled by the venture capitalist David Silver (Silver, 1985); (2) the list of 
national winners of the Entrepreneurs of the Year awards, compiled by Ernst and Young; and 
(3) a list of 6359 founders of venture-backed firms provided by VentureOne, a leading VC 
research company located in San Francisco. VentureOne began tracking equity investment in 
1992. It collects data by surveying VC firms for recent funding activities and portfolio 
updates, gathering information through direct contacts at venture-backed companies, and 
investigating various secondary resources such as company press releases and IPO 
prospectuses from VentureOne 2001. Together, these sources drew their members from a 
pool that included virtually every enduring company created by an entrepreneur in the US 
from 1960 till 2001.  

A total of 1500 randomly selected entrepreneurs with complete contact information 
were selected for the survey. In administering the survey the total design method for survey 
research has been followed (Dillman, 1978). The first mailing packet included a personalized 
letter, a project fact sheet, the survey, a priority postage-paid envelope with an individually-
typed return-address label and a list of research reports available to participants. The package 
was sent by priority mail to the 1500 selected entrepreneurs. 324 mailing packages were 
returned due to undeliverable addresses or names. The adjusted sample thus consisted of 
1176 entrepreneurs. 

To increase the response rate, four follow-up mailings were sent to the companies. One 
week after the mailing, a follow-up letter was sent. Two weeks after the first follow-up, a 
second package, having the same content as the first package, was sent to all non-responding 
companies. After two additional follow-up letters, 289 completed questionnaires had been 
received. The response rate was 24.6% (289/1176).  

There was checked for non-response bias by means of the extrapolation method. In 
specific, we used the method of extrapolation over successive waves (Armstrong & Overton, 
1977).  Two waves were created to determine whether respondents belonging to different 
waves significantly differed from one another on the variables included in our model (wave 
1: 75 respondents; wave 2: 214 respondents). Non-response bias was not indicated. 

In our sample, 208 were male and 81 were female entrepreneurs. The highest degree 
obtained for 47 of the entrepreneurs was high school, for 148 – bachelor degree, for 84 – 
master degree and for 10 – PhD degree. The mean age of the respondents was 42 years, while 
on average they founded 4.5 ventures and were currently involved in 2.1 ventures. On 
average they had 14.5 years of entrepreneurial experience. 

 

T 
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4.2. Measurements 

In our survey we used existing cases and scales where possible. However, we decided to 
strengthen these measurements by the development of additional entrepreneurial cases. This 
means that we tried to tailor these items more strongly to the entrepreneurial context. Survey 
length limitations eventually forced us to select items from the scales. The items with the 
highest factor loadings got selected.  

Where no existing scales were available for the constructs we wanted to measure, we 
developed these scales ourselves. Items were deducted from definitions, examples and ideas 
available in the existing literature.  

The survey got pre-tested by extensively interviewing 12 entrepreneurs. During the first 
part of these interviews the entrepreneurs told the researchers about the background of their 
ventures. This information allowed the researchers to better interpret subsequent answers of 
the respondents on the questionnaire. Entrepreneurs were asked to ‘think aloud’ during the 
process of filling out the English questionnaire (Hunt et al., 1982). The interviews got 
recorded and two researchers made careful notes of the verbalizations and thinking processes 
of the entrepreneurs. The analysis of the interview data eventually led to changes in the 
wording of some instructions, cases and items. Appendix B presents an overview of the items 
finally used in our study and the construct reliabilities obtained. This overview also gives 
information about the different response formats used. Below the measurements are discussed 
in more detail. 
 

Dependent variable 
The dependent variable in our study is risk-taking propensity. This construct has been 
measured by using the ‘certainty equivalent approach’. This approach aims to plot the 
individual form of the entrepreneur’s utility curve (Mullins et al., 1999; Kahneman & 
Tversky, 1979; Schneider & Lopes, 1986). In this approach entrepreneurs receive a number 
of scenarios with two possible options: one certain and one risky, each having the same 
expected value. Risk aversion is presented when one prefers certain outcomes over gambles. 
Risk-seeking behavior presents itself when gambles are preferred over certain outcomes. In 
the measure taken from Mullins et al. (1999) and Schneider & Lopes (1986) entrepreneurs 
are confronted with five scenarios. Each scenario measures risky actions on a different level 
of the expected value. Entrepreneurs are considered to be completely risk averse if they 
consistently choose for certain options across all five scenarios. They are considered to be 
completely risk seeking if they choose for the risky options in all five scenarios. The scores 
between 0 and 5 represent varying degrees of risk-taking propensity. 

To increase the likelihood of proper measurement of the risk-taking propensity 
construct, we added two other risk-propensity measures to our scale. Both measures are also 
based on the certainty equivalent approach. In the corresponding questions entrepreneurs are 
asked to make a choice between one certain option and nine risky options. All ten options 
have the same expected value. The risky options are ranked based on their level of riskiness. 
This level is varied by manipulating the percent of the total sum that entrepreneurs can win 
and loose. As a result, we get a very precise estimate of a point on the entrepreneur’s utility 
curve. This point is sufficient to estimate the form of the entrepreneur’s utility curve. By 
means of the exponential function we make an approximation of this curve (e.g. Walls & 
Dyer, 1996).  

The Cronbach's α for all three measures of risk-taking propensity jointly is 0.87. 
 

Mediating variables 

Our conceptual model contains five mediating variables: the cognitive biases hindsight bias, 
overconfidence, illusion of control and law of small numbers on the one hand, and FFH-use 
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on the other hand. In this subsection we will point out how each of these mediating variables 
is measured. We will start with the cognitive biases. 
 
Cognitive biases 
Hindsight bias occurs when entrepreneurs remember their predictions about former events 
more accurately than they actually were. In our questionnaire we measured the level of 
hindsight bias as follows. First, we asked the entrepreneurs to answer three difficult, general 
knowledge questions at the beginning of the survey. These questions had two answer options: 
correct and incorrect. In addition, we asked the respondents to rate the probability of their 
answers being correct. At the end of the survey we gave them the correct answers on the 
questions and asked them to remember their estimates of correctness in hindsight, without 
looking back at the first page of the survey. The hindsight bias manifests itself when 
respondents originally gave the incorrect answer and lowered their estimate for correctness in 
hindsight. The larger the difference between the original estimate and the estimate in 
hindsight, the more someone possesses the hindsight bias. This procedure of measuring 
hindsight bias has been used earlier by Bukszar & Connolly (1988) and Slovic & Fischhoff 
(1977). To obtain a reliable measure Campbell & Tesser (1983) recommend a time span of at 
least 30 minutes between the two estimates. Our measure can be considered to be reliable 
since it took respondents about 40 to 45 minutes to fill out our survey. 

We thus used a three-item scale for hindsight bias. The scale’s reliability was α= 0.75. 
 
The aforementioned general knowledge questions and original estimates of correctness were 
also used to measure overconfidence. Overconfidence bias is the failure to know the limits of 
one’s knowledge (Russo & Schoemaker, 1992), resulting in unjustified confidence in one’s 
own judgments and abilities.  
We developed a three-item scale to measure overconfidence. Our procedure is based on the 
procedure followed by Forbes (2005) and Brenner et al. (1996). However, since we 
considered the knowledge questions used by these authors to be somewhat out-dated, we 
chose to use other questions instead.  
We considered respondents to have a higher level of overconfidence when they were more 
certain of having given the correct answer when in fact they were wrong. The scale had a 

reliability of α= 0.82. 
 
Illusion of control means that people perceive that objectively uncontrollable events are 

within their control. We measured this construct by a four-item scale (α= 0.85). Our 
measurement procedure for this construct has been based on the work of Simon et al. (2000) 
and Zuckerman et al. (1996). An impression of the items used can be found in Appendix B.  
The more one believes to be able to foresee future events or considers an individual’s 
outcome history to be a pure result of his own doing, the higher the level of illusion of control 
this person exhibits. 
 
The law of small numbers bias arises when people make their judgments on the basis of a 
small sample, while not taking into account the actual size of this sample. This leads them to 
generalize information obtained from these small samples without being aware of the low 
level of reliability this information possesses. 

We used a three-item scale (α= 0.81), based on Simon et al. (2000) and Mohan-Neill (1995). 
Items concern: the tendency to base strategic decisions on the opinion of close friends or 
colleagues solely; the tendency to make decisions without having large scale market research 
available and the degree to which one prefers personal advice over statistics as a basis for 
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decision making. The higher respondents score on these items, the higher the level of law of 
small numbers-bias they exhibit. 
 
FFH-use 
FFH-use was measured by giving entrepreneurs a probabilistic, inferential choice task (see 
Appendix B). The entrepreneurs were provided with information about four American cities 
and were subsequently asked to predict which city they expected to have the highest 
homelessness rate (Tucker, 1987). After having made their choice, respondents were 
confronted with four types of decision making strategies. Subsequently, they were asked to 
indicate which of the four decision strategies most closely approximated the strategy they 
used themselves in solving the inferential choice task. In this study strategies 1 to 3 are FFHs: 
these strategies represent the strategies Minimalist, Take The Best and Tallying respectively 
(Gigerenzer, 2004; Gigerenzer et al., 2002). Strategy 4 represents the WADD strategy (Shah 
& Oppenheimer, 2008; Glöckner, 2007; Gigerenzer & Todd, 1999 ) 
In conclusion, within this study the construct ‘FFH-use’ has always been measured relative to 
the use of a WADD strategy. Note that these two types of information processing strategies 
are the only types distinguished by Gigerenzer (2007). Moreover, in this study ‘FFH-use’ is a 
one-item construct which captures FFH-use on the category level instead of on the 
(individual) strategy level.20 Other researchers have used both other measurement methods as 
well as other measurement levels to capture FFH-use (Bröder, 2000, 2003; Newell et al., 
2003). With respect to the measurement method we note that we are the first to measure this 
construct in a survey-context. This means our measurement method had to fit the 
requirements posed on survey length. After all, to be able to be of practical use the length of a 
survey is necessarily limited. 
 

Independent variables 

The independent variables in our study are formed by the use of the rational and the 
experiential system.  
Our scale for the use of the rational system is based on the Need For Cognition (NFC) scale 

(Pacini & Epstein, 1999; Epstein et al., 1996). The three-item scale used in our study (α= 
0.98) taps the extent to which entrepreneurs are good at in-depth, hard and logical thinking. 

The use of the experiential system (α= 0.98) is measured by the Faith in Intuition (FI) scale 
(Pacini & Epstein, 1999; Epstein et al., 1996). The six-item scale used in our study taps the 
extent to which entrepreneurs rely on their gut feelings and instincts, and believe in their 
hunches. 
Items for our systems’ scales were selected from the latest versions of both the NFC and FI 
scales. We selected the items that had the highest factor loadings and corresponded most 
strongly to the conceptual domains mentioned in the definitions of the rational and 
experiential system (Pacini & Epstein, 1999). 

 

4.3. Analysis 

This subsection will handle issues related to the data analysis performed in this study. First, 
we will spend some words on the phenomenon of common method bias. Second, we will note 
that our data suffer from serious non-normality and we will explain how this non-normality 
affected the design of our data analysis. Third, we will present the descriptive statistics and 
reliabilities of our constructs and the outcomes of the Confirmatory Factor Analysis (CFA). 
Because the mediating nature of our study favored the use of Structural Equation Modeling 
(SEM) as an analysis technique, we constructed a path-model with the help of LISREL 8.7. 
We therefore end this section with information about this path-model. 
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Common method bias 
Common method bias occurs when the instruments the researcher employs enter into or 
affect the scores or measures that are being gathered. Common method bias might lead to 
misleading conclusions: for example, it can lead researchers to conclude that the link between 
constructs is stronger than it actually is (Ketchen & Berg, 2006). 
We used a number of procedural remedies to diminish potential common method bias 
(Podsakoff et al., 2003). In our study applying archival data or having different respondents 
was not possible. Therefore, we used a second best option by varying the types of measures. 
Besides Likert scales, we also used cases for some biases and more objective utility curve-
based measures for risk-taking propensity. We shuffled Likert-scale items as well.  
Finally, we tested for the common method bias statistically by performing the Harman’s 
single-factor test (Podsakoff et al., 2003). We forced all constructs into an one factor model. 
The χ2/df had a value of 19.65, indicating an extremely bad fit. Since it is also significantly 
worse than the fit of our measurement model (reported in Table 3, χ2/df is 1.31) we can 
conclude there is no significant common method bias present in our data. 
 

Non-normality and its consequences for data analysis  

During the primary data screening of the individual items we noted that almost all items were 
non-normally distributed. This led us to examine our constructs (Hair et al., 2006) of which 
the majority also turned out to be moderately to severely non-normally distributed. We came 
to this conclusion by examining the skewness and kurtosis values for all eight constructs 
included in our conceptual model (see Table 1.). Curran et al. (1996) state that (absolute) 
skewness values >2 and (absolute) kurtosis values >7 indicate concern for moderate 
violations of normality; skewness values >3 and kurtosis values >10-20 would indicate 
serious non-normality (Kline, 1998; Curran et al., 1996).  
 

Table 1 – Skewness, kurtosis and corresponding P-values 
 

 Skewness Kurtosis 

Variable Z-score P-value Z-score P-value 

Experiential system -0.642 0.521          -3.885 0.000 
Rational system 2.507 0.012          -1.521 0.128 

Hindsight bias 2.092 0.036        -15.781 0.000 
Overconfidence -1.692 0.091          -9.257 0.000 
Illusion of control -4.573 0.000           0.871 0.384 
Law of small numbers -2.900 0.004          -1.024 0.306 

FFH-use -6.480 0.000          -4.556 0.000 
Risk-taking propensity 0.394 0.694        -24.514 0.000 

 

Source: PRELIS 8.7 

 

For the confirmatory factor analysis and the construction of a structural equation model, an 
estimation method is needed. Usually, the estimation method Maximum Likelihood (ML) is 
used in both analyses. This estimation method assumes the data to be multivariate normally 
distributed. From literature it is known that ML estimators of standard errors and global 
model fit are not robust against non-normality (Boomsma & Hoogland, 2001; Jöreskog & 
Sörbom, 1996, p. 239-258). This leads to two problems.  
First, standard errors get deflated: this causes too many relations to be considered significant 
while in fact they are not. Second, the chi square statistic (used to indicate model fit) gets 
inflated: this causes correct models to be rejected too often.  
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To prevent these problems from occurring, measures have to be taken. In this respect, one can 
choose to use an estimation method which does not assume the data to be normally 
distributed. To determine which estimation method can best be used in our situation three 
factors have to be taken into account simultaneously. These are: (1) the degree of non-
normality present in the data; (2) model complexity and (3) sample size (Boomsma & 
Hoogland, 2001).21 Note that our data exhibits moderate to severe degrees of non-normality; 
our model can be classified as large and complex and our sample size is N= 289. 

 A literature review showed that there were two estimation methods that could be 
appropriate for our situation: the Weighted Least Square method (WLS) and the Robust 
Maximum Likelihood method (RML). After careful examination of the literature, we found 
that the WLS method becomes very instable and unreliable when models are complex and 
sample sizes are small (N<1000) (Jöreskög, 2005; Boomsma & Hoogland, 2001; Cortina et 
al., 2001). Therefore, we decided not to use this method but to use the RML method instead.  

The RML method estimates standard errors under non-normality assumptions (by using 
the asymptotic covariance matrix in its estimations). However, the parameter estimates are 
the same as obtained under the ML method. When using the RML method we also get the 
opportunity to use another chi-square test statistic for assessing model fit. This statistic is 
called the Satorra-Bentler-Scaled-Chi-Square statistic (Satorra & Bentler, 1988). Since it is 
also estimated under non-normality assumptions, we do not have to fear for artificial inflation 
of the test statistic anymore. The use of the RML approach has been advised by Jöreskog et 
al., 1999, p.179-190), West et al. (1995) and Hu et al. (1992).  

After having decided to use the RML method, we tried to get an indication of the 
‘optimality’ of this method when applied to our situation. Based on the information given by 
Boomsma & Hoogland (2001) we can conclude that choosing this approach will guarantee 
reasonable results to be obtained. Boomsma & Hoogland (2001) indicate that, although RML 
is the most appropriate option for our situation, there could be some little bias in the results 
since our sample size is smaller than 400. They also note this bias to be smallest when N is 
≥400 and the absolute kurtosis value is ≥1. Moreover, these authors remark that negative 
kurtosis values could cause the standard errors to get somewhat inflated. Note that this 
possible inflation of the standard errors is not very harmful for the validity of our results since 
significance levels are only estimated more conservatively. 

In conclusion, we decided to estimate our non-normal data by making use of the RML 
method. This estimation method will be used for the CFA as well as for the construction of 
the structural model (Jöreskog et al., 1999, p. 186). 
 
The last issue regarding the data analysis concerned the question whether to perform the 
required estimations based on sample correlations or covariances.  
Here our way of modeling the FFH construct is of primary importance. As mentioned in 
section 4.2 the construct ‘FFH-use’ has been modeled as a binary variable. Chen & Popovich 
(2002, p.26) note that ‘FFH-use’ can be seen as a ‘natural’ (true) binary variable. Therefore, 
they recommend using point-biserial correlations to indicate the relation between this 
variable and other, continuous variables. Both Chen & Popovich (2002, p.34) as well as 
McNemar (1949, p.192) indicate that in case of a true binary variable the point-biserial 
correlation is equivalent to the Pearson correlation. This means that no special type of 
correlation is required for our estimations. 
However, since the RML method requires the calculation of an asymptotic covariance matrix, 
we will have to decide whether to use Pearson correlations or Pearson covariances to base the 
computations of the asymptotic covariance matrix on. Note that each input will have another 
corresponding asymptotic covariance matrix. In this respect, Jöreskog et al. (1999, p.209-
214) point at the potential problems associated with the analysis of sample correlation 
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matrices. In specific, analysis of correlation matrices could lead to an incorrect estimation of 
the chi-square statistic and the standard errors. Since we use the RML method with the aim to 
prevent exactly these two types of problems, we decided to base our analysis on the 
(generally preferred) sample covariance matrix.  
 

Descriptive statistics  

In Table 2 we present descriptive statistics and Cronbach α's for our variables. Cronbach α's 
range between 0.75 and 0.98, which suggests good reliabilities (Nunnally, 1978). Note that 
overconfidence and hindsight bias have a high correlation (0.87) since we intentionally linked 
both constructs in our measurements. FFH-use and the rational system also have a high 
correlation (-0.72). However, neither the VIF nor the condition-index based tests indicated 
any substantial multicollinearity effects for the aforementioned two pairs of constructs.22 
 

 

Table 2 – Means, Standard Deviations, Correlations and Reliabilities 
 

Construct Mean St.Dev. 1 2 3 4 5 6 7 8 

1. Risk-taking propensity 4.45 2.35 0.87        

2. Experiential system 4.48 1.37 .30** 0.98       

3. Rational system 3.17 1.29 -.31** -.28** 0.98      

4. Hindsight bias 1.04 0.94  .27** .29** -.34** 0.75     

5. Overconfidence 5.80 2.42  .35** .32** -.32** .87** 0.82    

6. Illusion of control 5.09 1.30  .51** .26** -.34** .27** .21* 0.85   

7. Law of small numbers 4.74 1.34  .35** .39**  -.10 .41**   .35** .18* 0.81  

8. FFH-use 0.74 0.44  .37** .30** -.72** .29**   .29**    .41** .11 - 

Figures on the diagonal line represent Cronbach's α 
*    p< 0.01 
** p< 0.0001 

 

 

CFA results 

Prior to testing the hypotheses as presented in sections 3.1-3.3, we conducted a confirmatory 
factor analysis on the independent and mediating variables (except for the one-item construct 
FFH-use). We performed this analysis using RML estimation in LISREL 8.7. During this 
analysis items having cross loadings or low-item to construct loadings were deleted. Table 3 
presents the measurement model.23 
 
The goodness of fit statistics provided by LISREL indicate a good model fit (Hair et al., 
2006): χ

2
/df is 1.31, RMSEA is 0.033, Standardized RMR is 0.037, GFI is 0.92, CFI is 0.99, 

NFI is 0.97 and NNFI is 0.99. As becomes clear from Table 3 all factor loadings are highly 
significant (p< 0.001). In addition, all completely standardized factor loadings exceed the 
minimal level of 0.50, while the majority even exceeds the preferable level of 0.70 (Hair et 
al., 2006; Fornell & Larcker, 1981). Therefore, we can conclude that our scales possess 
convergent validity. In addition, discriminant validity is achieved since no confidence interval 
around the factor correlation estimates (the PHI values in the CFA output - which are not 
reported here) includes the value 1 (Anderson & Gerbing, 1988). 
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Table 3 – Confirmatory Factor Analysis 

(Completely Standardized Solution) 
 

Construct 

Item 

Factor 

Loading 
T-value 

Rational System   

RS4 0.99 25.55 
RS5 0.98 25.07 
RS6R 0.94 25.26 

Experiential System   
ES1 1.00 30.56 
ES2R 0.77 17.27 
ES3 0.80 18.54 
ES4 0.99 30.10 

ES5 0.99 29.09 
ES6 0.99 29.40 

Hindsight bias   
HI1 0.67 12.88 

HI2 0.75 14.64 
HI3 0.70 13.71 

Overconfidence   
OV1 0.82 16.69 
OV2 0.86 15.99 
OV3 0.67 13.84 

Illusion of Control   
IC2 0.84 15.86 

IC3 0.64 11.67 
IC4 0.77 13.76 
IC5 0.83 16.50 

Law of Small Numbers   

SN2 0.77 13.34 
SN4 0.75 12.70 
SN5R 0.94 14.39 

 
R- the item is reversed. 
Satorra-Bentler χ2= 247.09, df= 189; RMSEA= 0.033; St. RMR=  0.037; 
GFI= 0.92; CFI= 0.99; NFI= 0.97; NNFI= 0.99. 
Estimation method: Robust Maximum Likelihood. 
 
Please see Appendix B for the meaning of each variable. 

 
 
 

Structural model 
The mediating nature of our study favors the use of Structural Equation Modeling (SEM) as 
an analysis technique. We used LISREL 8.7 to perform this analysis. Taking into account our 
sample size (N= 289) we considered the construction of a path-model most convenient. We 
based this path-model on the measurement model as obtained in the CFA and we added to it 
the one-item construct FFH-use and our dependent variable risk-taking propensity (Anderson 
& Gerbing, 1988). We used the Robust Maximum Likelihood (RML) method in combination 
with Pearson covariances to estimate our model. In our model we allowed for covariance 
between overconfidence and hindsight bias and between their error terms because of the 
relatedness of the measures of these constructs. 

The model revealed a bad fit between the theoretical model and the empirical 
covariances provided by the sample (Hair et al., 2006): χ2/df is 7.48, RMSEA is 0.15, 
Standardized RMR is 0.071, GFI is 0.96, CFI is 0.97, NFI is 0.97 and NNFI is 0.83.      
However, the modification indices suggested a substantial improvement potential when 
covariances between some biases would be allowed for. We decided to follow the 
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improvement suggestions made by LISREL and allowed for covariance between hindsight 
bias and law of small numbers; overconfidence and law of small numbers and hindsight bias 
and illusion of control, respectively. As a consequence, the model revealed a good fit (Hair et 
al., 2006); χ2/df is 1.33, RMSEA is 0.034, Standardized RMR is 0.022, GFI is 1.00, CFI is 
1.00, NFI is 1.00 and NNFI is 0.99.   
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5. Results 
 

esults are presented in Figure 2 and Table 4 in Appendix C.  The results reported in this 
section are all based on the unstandardized Total Effects.  

 
Our general hypothesis was that both cognitive biases as well as FFH-use mediate the 
relationship between the use of the two cognitive systems and risk-taking propensity. Our 
results show that FFH-use as well as the classical heuristics & cognitive biases fully mediate 
the relationship between the two modes of information processing and risk-taking propensity.  
As regard to the Total Effect, we find both the experiential and the rational system to have a 
significant relation with risk-taking propensity (β= 0.43, p< 0.001; β= -0.48, p< 0.001).  
 
As regard to the hypotheses tested, we find the following results. 

 Hypothesis 1a assumed a positive relation between the use of the experiential system 
and FFH-use. This hypothesis is confirmed by our results (β= 0.03, p< 0.05). In addition, our 
results are also consistent with hypothesis 1b which assumed a negative relation between the 
use of the rational system and FFH-use (β= -0.24, p< 0.001). Intuitive processing and rational 
processing thus both turn out to be significantly associated with FFH-use. 

Hypothesis 2 suggested a positive relation between FFH-use and risk-taking 
propensity. Our results show hypothesis 3 to be confirmed (β= 0.86, p< 0.10). 

Finally, hypothesis 3 concerned the relationships between the four cognitive biases 
and FFH-use. Only the level of illusion of control turns out to be positively associated with 
FFH-use (β= 0.06, p< 0.001). This positive relationship found is consistent with the relation 
we hypothesized (hypothesis 3c). The relationships between hindsight bias, overconfidence 
and law of small numbers and FFH-use are all insignificant. This means that hypothesis 3a, 
3b and 3d are not supported. 

R 
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Figure 2 – LISREL results for the path-model Systems-Biases-FFH-Risk Taking mediation  

 
 

In this figure the unstandardized Total Effects are reported. 
By using dashed lines and displaying the model in two parts (A and B) we aimed to increase the 
readability of the model results. 
* p< 0.10; ** p< 0.05; *** p<  0.01; **** p< 0.001  

 

A) 

B) 
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6. Discussion  
 

his chapter forms the final part of this paper and presents the major findings and 
implications of this study. In addition, it reflects on limitations of our research and 

suggests some future research opportunities. 
 

6.1. Major findings and theoretical implications 

In this study we explore how rational and intuitive thinking and the predisposition to use two 
types of heuristics together form entrepreneurial risk-taking propensity.  
In our search for new cognitive determinants of entrepreneurial risk-taking propensity, we 
add the construct ‘FFH-use’ to an already existing and empirically tested model of 
entrepreneurial decision making based on the Dual Process Theory (DPT) (Podoynitsyna, 
2007). By doing this we sketch a more complete view of the cognitive mechanisms 
underlying entrepreneurial risk-taking. Specifically, we give more insight into the effects of 
the use of two different types of heuristics in risky decision making processes, instead of 
exclusively focusing on the classical heuristics and corresponding cognitive biases only. This 
makes us the first authors combining the results of two (rather isolated) research programs on 
heuristics into one conceptual model. Moreover, by researching the effect of an 
entrepreneur’s susceptibility to four cognitive biases on his tendency to use FFHs in decision 
making, we are the first to (indirectly) research whether an individual’s use of particular 
heuristics has effects on other forms of heuristic information processing performed by this 
person. In addition, by positioning ‘FFH-use’ in the two systems framework of the dual 
process theory we simultaneously contribute to the research on determinants of FFH-use as 
well as to empirical research regarding the applicability of the dual process theory. 
Our model suggests classical heuristics & cognitive biases and FFH-use to mediate the 
relationship between the use of the experiential and rational system and risk-taking 
propensity. 
 
In the Introduction section we have formulated three gaps and corresponding research 
questions. We will now discuss the answers on these questions below. 
 
The first gap addressed by this study concerns the scarcity of individual level and controllable 
(cognitive) determinants of risk-taking propensity. Our research question was: How does the 

entrepreneur’s general tendency to use FFHs in decision making, affect his risk-taking 

propensity? 

Our results show that having a stronger tendency to use FFHs during decision making causes 
an entrepreneur to be more willing to take risks. Within our study we have thus identified 
FFH-use as a new determinant of risk-taking propensity. This determinant can be considered 
to have a distorting effect since it unconsciously increases one’s natural risk-taking 
propensity (note that we consider one’s natural risk-taking propensity to be solely based on 
one’s risk preference, see the Introduction section and section 2.3).  

A few points are worth mentioning here. First, the finding of this new determinant is 
important because it contributes to our general understanding of the mechanisms underlying 
entrepreneurial risk taking. Our study shows that, next to the classical heuristics, also other 

types of simplified cognitive strategies are worth researching in the light of clarifying the 
mechanisms of risky decision making. Moreover, it shows that cognitive biases and the 
tendency to use FFHs together fully mediate the influences of experiential and rational 
processing on risk-taking propensity.   

T 
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Second, the identification of this determinant is of particular importance since it 
concerns a predisposition of a rather easy to change nature: this means that we have not only 
found a new but also a controllable determinant of risk-taking propensity. This determinant 
can be considered as easy to control since it concerns a deliberate and rather conscious type 
of information processing policy people use: this is something people can get easily aware of 
and change themselves (be it with or without the help of external (educational) interventions). 
This means that by identifying this determinant, we have given people more opportunities to 
actually control the distortion of their own risk-taking propensity.  

In this respect, a more detailed analysis showed us that there is no significant difference 
in the importance of the two determinants of risk-taking propensity, viz. the biases and FFH-

use (∆ χ2= 0.28, ∆ df= 1; < 3.84, α= 0.05 (Hair et al., 2006)). People aiming to minimize 
distortion of their natural risk-propensity can thus choose which determinant to focus on first: 
this does not seem to matter. We note that this result has been obtained by analyzing a model 
in which all four cognitive biases were taken together and represented by one construct. We 
compared the strength of the two determinants relative to one another using the nested model 

approach and the corresponding Satorra-Bentler scaled chi-square difference test (Muthen & 
Muthen, 2005). We performed this test by fixing the coefficient of ‘FFH-use’ to the direct 
unstandardized coefficient value of the ‘bias’-construct and by subsequently doing this the 
other way around as well. As indicated, these changes did not significantly worsen our model 
and therefore we have to conclude that there is no significant difference between both 
coefficients.  
We note that in the other analyses reported on in this section, we also adopted the above 
described analysis method. 

 
The second gap concerned the absence of (personal level) determinants of FFH-use. To 
contribute to this gap, we posed ourselves the question: How do experiential and rational 

thinking influence an entrepreneur’s tendency to use FFHs in decision making? 

Our findings show that two new, individual level determinants of FFH-use have been 
found. Both experiential and rational thinking are able to make significant contributions in 
explaining the variance in the predisposition to use FFHs among entrepreneurs in our sample. 
With this finding we thus contribute to the empirical research on determinants of FFH-use. 
We also find the effect of rational processing on FFH-use to be partially mediated by illusion 
of control. In contrast, there is no mediation effect for experiential processing present. 

 A more detailed analysis showed FFH-use to be more strongly determined by rational 
processing than by experiential processing (the results of the Satorra-Bentler scaled chi 

square difference test are: ∆ χ2= 84.59, ∆ df= 1; > 3.84, α= 0.05 (Hair et al., 2006; Muthen & 
Muthen, 2005)). These results thus provide evidence for a significant difference between the 
coefficients of the two systems. These results are based on the analysis of a model in which 
we took all four cognitive biases together and represented them by one construct. However, 
there should be noted that in our original final model (in which four separate bias constructs 
are present) we were not able to detect a significant difference between the strength of the 

relation of both thinking systems with FFH-use (∆ χ2= 0.102, ∆ df= 1; < 3.84, α= 0.05). 
However, despite these different results it is clear that with these findings we are able to 
empirically dispute the claim of Gigerenzer & Hoffrage (2007), who suggest FFHs to be 
particularly closely related to the intuitive (experiential) system. Although our results can not 
incontestably prove the relation between FFH-use and intuition24 to be rather small (when 
compared to its relation with the rational system), our results at least indicate that the relation 
between intuition and FFHs is smaller than expected by Gigerenzer & Hoffrage. 

Finally, we conclude to have found only partial empirical support for the claim of 
Griffin & Gilovich (2002). Griffin & Gilovich (2002, p. 16-17) state that: 1) FFHs are more 
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strongly associated with the rational system and 2) classical heuristics & cognitive biases are 
more strongly associated with the intuitive system.25 However, as regard to the classical 
heuristics & cognitive biases, we did not find a significant difference in strength between the 
relationship of the experiential and the rational system with the ‘bias’- construct (∆ χ2= 0.56, 

∆ df= 1; < 3.84, α= 0.05). This means that the classical heuristics are not significantly more 
strongly associated with the experiential system than with the rational system, as Griffin & 
Gilovich claim in their second point. Instead our results show them to be equally strongly 
associated with each system.  
As regard to the FFHs however, we did find FFH-use to be more closely associated to the 
rational system than to the experiential system, (see the earlier presented result: ∆ χ2= 84.59, 

∆ df= 1; > 3.84, α= 0.05 (Hair et al., 2006)). We thus find support for the first point of their 
claim. Again, the aforementioned results have been obtained by conducting an analysis on the 
model in which all four biases are represented by one ‘bias’-construct.  
 
Third, our study also aimed to sketch more light on whether there exist relationships between 
one’s susceptibility to the four biases and one’s predisposition to use FFHs in decision 
making. To our notion we are the first researching this relation. Our findings indicate a 
positive effect of illusion of control on FFH-use. Contrary to our expectations, a decision 
maker’s susceptibility to hindsight bias, overconfidence and, in specific, the law of small 
numbers-bias does not have a significant effect on his/her use of FFHs. We have not been 
able to come up with a plausible explanation for this result and invite other researchers to 
interpret this finding or do empirical research upon it themselves to see whether it can be 
replicated. However, since we only find illusion of control to have a significant effect on 
FFH-use, we consider the likelihood of this relationship to be of a ‘spurious’ kind as rather 
small. In this respect, one could have claimed ‘hurry’ (Hoffrage & Reimer, 2004; Baron, 
1998) to have a positive relation with both constructs and, while not included in this research, 
to cause a ‘false’ relationship between illusion of control and FFH-use.  

Furthermore, our result could be an indication for a relationship between the two types 
of heuristics. One then has to assume that a stronger susceptibility to the biases is a direct 
consequence of a stronger tendency to use classical heuristics in decision making.

26
 When 

interpreted in this way, our result suggests a new research opportunity in the field of 
heuristics.  

Finally, just as two other biases, illusion of control has been found to have a positive 
effect on risk-taking propensity. However, next to a direct effect, this bias also has a 
significant indirect effect on risk-propensity (which is mediated by FFH-use).  
 
Last but not least, we want to make a note upon two other remarkable findings.  

First, we notice the positive effect of hindsight bias and the negative effect of 
overconfidence on risk-taking propensity. Both findings are contradictory to the findings 
obtained by Podoynitsyna (2007). This could be caused by our decision to link the questions 
on overconfidence and hindsight bias in our survey. Whatever the cause may be, this finding 
implies that the results for these cognitive biases are not robust and that more research 
towards their effects is indicated.  

Second, just as Podoynitsyna (2007) we find evidence for the existence of an internal 
structure between the cognitive biases. Since we needed to allow for covariances between 
three pairs of biases to obtain a good model fit, we find an even stronger support for the 
existence of an internal structure than Podoynitsyna (2007). Future research could focus on 
more thoroughly checking for such a structure empirically and, if generally present, explain it 
theoretically. 
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6.2. Managerial implications 

The results of our study are also of direct value to entrepreneurs and managers.  
Entrepreneurs as well as employees can use our model for self-assessment in order to 

determine the extent to which cognitive biases and their tendency to use FFHs influence 
(increase) their risk-taking propensity.

27
 After having discovered this, they should realize 

themselves it to be worthwhile and possible to take measures against these factors as to 
minimize their potentially distorting effects. 
To prevent the cognitive biases from having an influence on decision making one could make 
use of several de-biasing techniques available in literature (Hodgkinson et al., 2002; Wright 
& Goodwin, 2002; Schoemaker, 1993; Fischhoff, 1982). Note that the tendency to use 

classical heuristics during decision making (which can be assumed to be the cause of one’s 
susceptibility to particular biases) can not be influenced: after all, these heuristics are 
supposed to be used automatically and unconsciously (Kahneman, 2003).  
In contrast, the tendency to use FFHs during decision making can be influenced since we 
here talk about heuristic decision making behavior of a more conscious nature. This means 
that if one regulates his use of FFHs and WADD, one is able to influence the degree to which 
his risk-taking propensity gets influenced. Two things have to be taken care of to give people 
this possibility of regulation. First, people with a high tendency to use FFHs should be 
informed about the negative consequence their tendency has: although FFHs are less effort-
full and often as accurate as a WADD strategy, their use can (unconsciously) increase one’s 
natural willingness to take risks, leading one to make other decisions than one would have 
normally made. This consequence should make people realize that comprehensive and 
systematic information handling can be more beneficial in some situations after all. More 
specific, these people should realize themselves that it pays off to apply the WADD strategy 
more often in situations where this strategy is a feasible option. Second, people with a high 
score on FFH-use should be taught how to recognize situations in which application of a 

comprehensive WADD strategy is still feasible. Both aforementioned things could be taught 
through education/training.  
In addition, taking into account the notions of Rieskamp & Otto (2006)28 it seems to pay off 
to educate people as early as possible on this issue. After all, the more time there is left to get 
experience with the results of the WADD strategy, the higher the likelihood that one will 
develop a robust preference for applying the WADD strategy in particular decision situations. 
This means that in each future, random decision making situation, the WADD strategy will 
have a higher likelihood of getting applied. This subsequently decreases the chance that a 
person develops a severely distorted risk-taking propensity (which can influence the 
outcomes of a vast amount of (future) decision making situations).  
 
In light of the aforementioned issues there are two important things worth remarking.  

First, we do not recommend people to take measures against the biases or their 
tendency to use FFHs with the aim to maximize, minimize or optimize their risk-taking 
propensity. Instead, there is strived for a minimally (unconsciously) obscured risk-taking 
propensity. Since one’s willingness to take risk is an individual characteristic, this tendency 
has an influence on all decision situations faced by a person. Once distorted, people will take 
a lot of decisions they normally would not have taken. By mitigating the disturbing effects of 
biases and FFH-use we try to keep this from occurring. 

Second, we do not aim to stop entrepreneurs and other people from using heuristics: 
there are a vast amount of situations in which the use of heuristic strategies is the only 
feasible option for the boundedly rational human mind. Instead, we aim to teach people to use 
WADD strategies more often in situations where they are perfectly applicable. As such the 
potentially disturbing effect of FFH-use on one’s risk-taking propensity gets minimized. We 
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thus aim to teach entrepreneurs and others to recognize and choose the best cognitive strategy 
for each situation. In this respect, Baron (1998, p.291) notes the following: “What we want, 
ultimately, is not entrepreneurs who are paralyzed into inaction by efforts to conduct totally 
logically assessments of all possible risks and benefits, but rather ones who pause and reflect 
sufficiently to increase the chances that they and their societies will prosper.” Being able to 
‘manage’ one’s own preference for heuristic thinking makes people apply systematic thought 
and FFHs to situations in the most beneficial way. 
 
Finally, managers could use the information about an employee’s risk-taking propensity and 
his/her susceptibility to disturbing influences for selection purposes. If people differ in their 
cognitive processes and natural risk-taking propensity, they will make strategic choices in 
fundamentally different ways. This can, of course, lead to other decisions being made. Since 
cognitive profiles can be considered to be moderately stable, these profiles may present a 
source of sustained difference among individuals and firms. In the field of strategic 
management such differences have been shown to be sources of competitive 
advantage/disadvantage. This means that by selecting people on their ‘cognitive profile’ firms 
would be able to create their own form of competitive advantage (Busenitz & Barney, 1997). 
Besides selection purposes, managers can also use the aforementioned information about 
their employees to indentify people who would profit from some training on these issues.  
 

6.3. Limitations and future research directions 

There are four main limitations inherent to this study. First, it should be remarked that, 
contrary to other empirical studies on determinants of FFH-use (Bröder, 2003; Newell et al., 
2003), we studied FFH-use on the category level instead of on the strategy level. The reason 
for this was that including an individual construct for each strategy would have made our 
model too complex. However, we hope that a part of the future research aimed at validating 
our findings will exclusively focus itself on the determinants or effects of FFH-use. In this 
way it can more easily be checked whether our findings can be replicated on the strategy 
level as well. 

In addition, we also consider our measurement of the construct ‘FFH-use’ as a potential 
limitation of this study. Studying FFH-use in a survey context did not allow us to make use of 
methods normally used in empirical studies on FFH-use such as ‘process tracing’ and 
‘outcome analysis’ (Shah & Oppenheimer, 2008; Bröder, 2000, 2003; Newell et al., 2003). 
Since we are the first who research FFH-use through a survey, we can imagine there to be 
possibilities to improve our way of measurement. We hope future research will spend 
attention to this point too. 

Third, our measure for rational thinking does not grasp all the facets normally measured 
by the NFC scale. Specifically, the engagement aspect got excluded in our CFA. Future 
research should try to retain this aspect.  

Finally, in our research design we intentionally linked the questions about 
overconfidence and hindsight bias to the same context in order to be able to directly compare 
their effects. As indicated earlier, this decision may have had implications for the reliability 
of the results obtained for these constructs. This, although multicollinearity between the 
constructs was not indicated and the time lag between answering the overconfidence 
questions and the hindsight bias questions can be considered sufficient (Campbell & Tesser, 
1983). However, we recommend future research to make use of independent measures of 
overconfidence and hindsight bias or use a larger time lag between the questions (> 40-45 
minutes). 
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Appendix A: Notes 
 

Section 2: Theoretical background 
1 Sadler-Smith & Sparrow (2007) note that dual process theories differ in terms of the general 

properties distinguished for each system and (crucially!) in the relative dependence of each 
system. However, all share the common view that two separate processes are involved in 
reasoning with each process leading to a different construction of the task. 

2 In literature the experiential system is also referred to by ‘System 1’ and the rational system by 
‘System 2’ (Kahneman, 2003; Stanovich & West, 2000)  

3 However, rarely if ever do Tversky and Kahneman give examples of heuristics working well 
(Busenitz & Barney, 1997). 

4 (Based on Gigerenzer & Todd, 1999): One model of bounded rationality is Simon’s concept of 
satisficing—a method for making a choice from a set of sequentially encountered alternatives, 
when one knows only little about the possibilities in advance and no optimal stopping point can 
be calculated (models of sequential search). FFHs are also models of bounded rationality. 
Satisficing and fast and frugal heuristics are seen as two overlapping but different categories of 
bounded rationality: there are some forms of satisficing that are fast and frugal, and others that 
are computationally unreasonable; and there are some fast and frugal heuristics that make 
satisficing sequential option decisions, and some that make simultaneous option choices. The last 
category is the one we focus on in our research. 

5 Note that due to human cognitive limits the execution of complex rational strategies is not 
always feasible. 

6 The nesting principle means that heuristics can be built from other heuristics. An example is the 
Take The Best heuristic which first step is checking whether the recognition heuristic can be 
applied (Hoffrage & Reimer, 2004). 

7 In contrast to the classical heuristics and cognitive biases, FFHs have never been researched in 
the entrepreneurial field before.  

8 Payne & Betman (2004) note that System 1 thinking is related to what is commonly called 
intuition.  

9 Only Griffin & Gilovich (2002) have positioned both sets of heuristics to one another from the 
perspective of the dual process theory: they claim the classical heuristics to be more strongly 
related to System 1 and FFHs to be more strongly related to System 2. However, this claim has 
not been supported by a thorough theoretical explanation. Nor has it been empirically verified.  

10 We consider a predisposition an individual characteristic which is less fundamental than a 
personality trait.   

11 In literature one can also find conceptualizations of risk-taking propensity as a stable individual 
attribute/trait. 

12 Risk perception has been defined as the assessment of risk inherent in a particular situation by a 
decision maker (Sitkin & Pablo, 1992). 

13 One explanation for this relation is that one’s predisposition to risk-taking determines which 
information is attended to in a situation: individuals predisposed to taking risks will attend more 
to the opportunities inherent in a situation than to the threats and thus perceive less risk (Sitkin & 
Weingart, 1995). 

 

Section 3: Conceptual model and hypotheses 
14 Note that in this case the dispositional interpretation is the only correct one: a situational 

interpretation is impossible since the constructs have not been measured in one situation only. 
15 We focus on choices made in the context of a probabilistic, inferential choice task. 
16 Here we note that our category ‘FFH’ in fact consists of three separate FFH strategies that each 

differ with respect to the amount of information they use. The average number of cues looked up 
increases when taking into account Minimalist, Take The Best and Tallying respectively. A 
stronger preference for FFH can thus be equated to having an increased preference for strategies 
that use a minimal amount of information (and thus come with a higher risk-taking propensity 
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when chosen). Therefore, we can not only state that a preference for FFH will lead to a higher 
risk-propensity but also that the stronger the preference for FFH (indicating a stronger 
preference for a strategy closer to the Minimalist-strategy), the higher the level of risk-propensity 
will be. 

17 After all, a change in one cue has more influence on a decision that is solely based on this cue 
than on a decision that is based on a number of cues which information is integrated into one 
comprehensive value. 

18 Note that we here talk about one’s expectation of a situation before one is actually in this 

situation. 
19 Note that since he expects the decision situation to be predictable, he expects the crucial aspects 

to be salient and readily available, meaning that no extensive information search will be needed 
to detect it. 

 

 

Section 4: Methodology 
20 The frequencies for each strategy are: strategy 1: 72; strategy 2: 62; strategy 3: 80 and strategy 

4: 75. We therefore assume a sufficient amount of variation to be present in the data. This allows 
us to model this construct in a binary way in which the first three strategies represent the 
category ‘FFH’ and strategy 4 represents the category ‘WADD-strategy’. 

21 Boomsma & Hoogland (2001) define a small sample size as N<200. They define a complex 
model as a model containing > 6-8 observed variables. 

22 The VIF for overconfidence and hindsight bias was 4.36 and 4.63 respectively; the VIF for 
rational system and FFH-use was 2.20 and 2.27 respectively (while the cut-off value is >10, 
(Hair et al., 2006). The highest condition index was 24.97. Condition indices > 30 indicate 
serious multicollinearity problems (Belsley et al., 1980). 

23 Note that the items presented in the measurement section are the items that passed the CFA. 
 
 

Section 6: Discussion 
24 When conceptualized as (a part of) a separate system of thinking, defined according to CEST. 
25 They suggest this by talking about the two types of heuristics in the following way: “The two 

systems view also helps to clarify the differences and similarities between the heuristics from the 
H&B program and those of the fast & frugal heuristics program. The prototypical FFHs studied 
by the ABC group are System 2 heuristics”. Moreover they refer to the classical heuristics as 
follows “System 1 heuristics and the biases that arise from them (…) ”. 

26 Note that this is in line with the H&B literature which assumes biases to be driven by heuristics 
(Kahneman, 2003) 

27 Differences between persons on these factors create a difference between the level of riskiness 
the entrepreneur himself experiences and the level of riskiness someone else with similar 
background and knowledge would observe in these entrepreneur’s actions (e.g. Simon et al., 
2000). In other words, it creates a difference between the objective risky "reality" and the 
subjective risky "reality" of the entrepreneur. As a result, one’s risk-taking propensity becomes 
unbalanced/distorted. 

28 Rieskamp & Otto (2006) state that, based on strategies’ past performances, people will develop 
robust preferences for decision strategies over time. 
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Appendix B: Constructs, measurement items and 
reliabilities 
 
Note: (R) indicates a reversed item 

 

Dependent variable 

 

Risk-taking propensity (αααα= 0.87) 

 
We present different scenarios below. Assuming that given probabilities are accurate, what would you 
choose if you have to make a decision now without additional information? 

 

Risk-taking propensity 1 (Taken from Mullins et al., 1999) 
 
RP1. 
1. I would always choose the following scenario (please check one answer only): 
□ A:  an 80% chance of winning $400 and 20% chance of winning nothing, or  
□ B:  receiving $320 for sure 
 
2. I would always choose the following scenario (please check one answer only): 
□ A:  receiving $300 for sure, or 
□ B:  a 20% chance of winning $1,500 and 80% of winning nothing 
 
3. I would always choose the following scenario (please check one answer only): 
□ A:   a 90% chance of winning $200 and 10% chance of winning nothing, or 
□ B:   receiving $180 for sure 
 
4. I would always choose the following scenario (please check one answer only): 
□ A:   receiving $160 for sure, or 
□ B:   a 10% chance of winning $1,600 and 90% chance of winning nothing 
 
5. I would always choose the following scenario (please check one answer only): 
□ A:   a 50% chance of winning $500 and 50% chance of winning nothing, or 
□ B:   receiving $250 for sure 

 
Coding algorithm: IF score=risky option THEN coding=1; ELSE coding=0; 
Final coding=sum of all 5 sub-codings 

 

Risk-taking propensity 2 (New item, based on Schneider & Lopes, 1986) 
 
RP2. 

6. I would always choose the following scenario (please check one answer only): 
□ receiving $900 for sure, 
□ a 90% chance of winning $1,000 and 10% chance of winning nothing,  
□ a 80% chance of winning $1,125 and 20% chance of winning nothing,  
□ a 70% chance of winning $3,000 and 30% chance of winning nothing,  
□ a 60% chance of winning $4,500 and 40% chance of winning nothing,  
□ a 50% chance of winning $1,800 and 50% chance of winning nothing, 
□ a 40% chance of winning $2,250 and 60% chance of winning nothing,  
□ a 30% chance of winning $3,000 and 70% chance of winning nothing,  
□ a 20% chance of winning $4,500 and 80% chance of winning nothing, or 
□ a 10% chance of winning $9,000 and 90% chance of winning nothing 
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Risk-taking propensity 3 (New item, based on Schneider & Lopes, 1986) (R) 
 
RP3R. 
7. I would always choose the following scenario (please check one answer only): 

□ a 10% chance of winning $100,000 and 90% chance of winning nothing, 
□ a 20% chance of winning $50,000 and 80% chance of winning nothing,  
□ a 30% chance of winning $33,333 and 70% chance of winning nothing,  
□ a 40% chance of winning $25,000 and 60% chance of winning nothing,  
□ a 50% chance of winning $20,000 and 50% chance of winning nothing, 
□ a 60% chance of winning $16,667 and 40% chance of winning nothing,  
□ a 70% chance of winning $14,286 and 30% chance of winning nothing,  
□ a 80% chance of winning $12,500 and 20% chance of winning nothing,  
□ a 90% chance of winning $11,111 and 10% chance of winning nothing, or 
□ receiving $10,000 for sure 
 
 

Mediating variables 

 

Hindsight bias (αααα= 0.75) 

(New items, following Bukszar & Connolly, 1988; Slovic & Fischhoff, 1977) 

 

(On the last page of the survey) 
Below are three questions which assess your confidence on your answer to earlier questions (please 
do not turn the pages back and change any answers).   
 
HI1.  
Earlier we asked you which country (Canada or New Zealand) has a higher percentage of 
entrepreneurs. Let’s assume that the correct answer is New Zealand. Knowing this new information, 
please answer the following question (score: 0-100%): 

• If your answer was New Zealand, how confident were you that New Zealand would 
be the correct answer? 

• If your answer was Canada, how confident were you that Canada would be the 
correct answer? 

 
HI2. 
Earlier we asked you whether London or Beijing is farther away from Seattle. Let’s assume that the 
correct answer is Beijing. Knowing this new information, please answer the following question 
(score: 0-100%): 

• If your answer was Beijing, how confident were you that Beijing would be the correct 
answer? 

• If your answer was London, how confident were you that London would be the correct 
answer? 

 
HI3. 
Earlier we asked you whether Nissan or Toyota was founded earlier. Let’s assume that the correct 
answer is Nissan. Knowing this new information, please answer the following question (score: 0-
100%): 

• If your answer was Nissan, how confident were you that Nissan would be the correct 
answer? 

• If your answer was Toyota, how confident were you that Toyota would be the correct 
answer? 

 
Coding algorithm: IF answer on the question from overconfidence measure was correct THEN 
coding=0; ELSE coding = (score from overconfidence – score from hindsight). 
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Overconfidence bias (αααα= 0.82)   
(New items, following Forbes, 2005; Brenner et al., 1996) 

 

(On the first page of the survey) 
Below are some challenging questions. One of the two possible answers is correct. Please work 
through the questions quickly and check the box with the response that best represents your answer. 
 
OV1.  
Which country has a higher percentage of entrepreneurs: Canada or New Zealand? How sure are you 
with your answer to this question? (score: 50% … 100%) 
 
OV2.  
What is farther away from Seattle: London or Beijing? How sure are you with your answer to this 
question? (score: 50% … 100%) 
 
OV3.  
Which company was founded earlier: Nissan or Toyota? How sure are you with your answer to this 
question? (score: 50% … 100%) 
 
Coding algorithm: IF answer is correct THEN coding=score-5; ELSE coding=score. 
 

 

Illusion of control (αααα= 0.85)  

(Taken from Simon et al., 2000; Zuckerman et al., 1996) 

 
Below we list some personality characteristics. Please circle the number next to each statement that 
best represents your degree of disagreement or agreement (where 1=Strongly Disagree; 4=Neutral; 
7=Strongly Agree; and numbers between 1 and 7 represent the varying degrees). 
 
IC2. 
I can accurately predict when larger competitors would enter the market. 
 
IC3. 
I can succeed at making this venture a success, even though many others would fail. 
 
IC4. 
There is no such thing as misfortune; everything that happens to us is the result of our own doing. 
 
IC5. 
In each and every task, not finishing successfully reflects a lack of motivation. 
 
 

Law of small numbers (αααα= 0.81)  
(Modified from Simon et al., 2000; Mohan-Neill, 1995) 

 
Below we list some personality characteristics. Please circle the number next to each statement that 
best represents your degree of disagreement or agreement (where 1=Strongly Disagree; 4=Neutral; 
7=Strongly Agree; and numbers between 1 and 7 represent the varying degrees). 
 
SN2. 
When making strategic decisions, it is sufficient to ask the opinion of a few of my closest friends and 
colleagues. 
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SN4. 
I prefer a personal advice to statistics. 
 
SN5R. 
 I do not make decisions until I have results of large scale market research. (R) 
 
 

FFH-use 

(New item, based on Gigerenzer, 2004; Gigerenzer et al., 2002; Tucker, 1987) 

 
Below you will find a table with 6 cues related to homelessness rate. Please provide your best guess as 
to which city has the highest homelessness rate and answer the related questions. 
 

   

Cues 
Los Angeles Chicago New York New Orleans 

Rent control is available Yes no Yes No 

Vacancy rate  is below median below median below median above median 

Temperature is above median below median above median above median 

Unemployment is above median above median above median above median 

Poverty is above median above median above median above median 

Public housing is below median below median above median above median 

 
Based on the information provided above, which city has the highest homelessness rate?  
   ____ Los Angeles;     ____ Chicago;      ____ New York    or  _____ New Orleans? 
 
 
Please select one of the following four decision rules that best describes your choice of the city with 
the highest homelessness rate. Please note that these decision rules are alternative types and none is a 
necessarily "right" or "wrong" decision rule: 
 

___ Type 1  I randomly selected a cue and looked up the cue values for the cities. If this cue 
did not (fully) discriminate, I tried the next random cue and so on until the 
choice was made.  

___ Type 2 I selected the most important cue and looked up the cue values for the cities. If 
this cue did not (fully) discriminate, I tried the next best cue and so on until the 
choice was made.  

___ Type 3  I summed up the positive cues for each city across all cues. I then selected the 
city with the largest number of positive cues. 

___ Type 4  I assigned a weight to cues and summed up the weighted positive cues for each 
city across all cues. I then selected the city with the largest score. 

 
Coding algorithm: IF answer is 4 THEN coding=0; ELSE coding=1. 
 

 

 

 

 

 

 

Cities 
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Independent variables 

 

Rational system (αααα= 0.98) 

 (Taken from Pacini & Epstein, 1999; Epstein et al., 1996) 

 

Below we list some personality characteristics. Please circle the number next to each statement that 
best represents your degree of disagreement or agreement (where 1=Strongly Disagree; 4=Neutral; 
7=Strongly Agree; and numbers between 1 and 7 represent the varying degrees). 
 
RS4. 
I am much better at figuring things out logically than most people. 
 
RS5. 
I have a logical mind. 
 
RS6R. 
I don't reason well under pressure. (R) 

 

 

Experiential system (αααα= 0.98) 
(Taken from Pacini & Epstein, 1999; Epstein et al., 1996) 

 

Below we list some personality characteristics. Please circle the number next to each statement that 
best represents your degree of disagreement or agreement (where 1=Strongly Disagree; 4=Neutral; 
7=Strongly Agree; and numbers between 1 and 7 represent the varying degrees). 
 
ES1. 
I like to rely on my intuitive impressions. 
 
ES2R. 
I don't have a very good sense of intuition. (R)  
 
ES3. 
Using my gut feelings usually works well for me in figuring out problems in my life. 
 
ES4. 
I believe in trusting my hunches.  
 
ES5. 
Intuition can be a very useful way to solve problems. 
 
ES6. 
I often go by my instincts when deciding on a course of action. 
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Appendix C: LISREL results 
 

Table 4 – LISREL results for the Systems-Biases-FFH- Risk-Taking mediation 

(unstandardized solution, based on Total Effects) 
 

Independent  

variables: 
Risk-taking 

propensity 
FFH-use 

Hindsight 

bias 

Over- 

confidence 

Illusion of 

control 

Law of small 

numbers 

Experiential system (H1a)   0.43 ****  0.03 **  0.17 ****  0.49 ****  0.18 *** 0.44 **** 
Rational system (H1b) -0.48 **** -0.24 **** -0.24 **** -0.53 **** -0.32 **** 0.01  
FFH-use (H2)  0.86 *           
Hindsight bias (H3a)   1.58 ****  0.04          
Overconfidence (H3b) -0.51 *** -0.01          
Illusion of control (H3c)  0.77 ****  0.06 ****         
Law of small numbers (H3d)  0.34 ** -0.01          

 
Significance levels are based on unstandardized coefficients 
*p< 0.10;  ** p< 0.05;  *** p< 0.01;  **** p< 0.001 
 

Model fit: 
Satorra-Bentler χ2= 2.65 df= 2 RMSEA= 0.034  St.RMR= 0.022 GFI= 1.00 CFI= 1.00 NFI= 1.00 and NNFI= 
0.99 
 

Remark: Within this solution, covariances between the constructs: Hindsight bias- Overconfidence; Hindsight 
bias- Law of small numbers; Overconfidence- Law of small numbers and Hindsight bias- Illusion of control are 
allowed for. 
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