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Beliefs in luck as a factor of decision-making under risk 
 

Decision-making implies a choice among several alternatives. This choice is 

often associated with risks, since its consequences cannot always be unambiguously 

predetermined: each alternative with some probability may result in different 

outcomes. For example, decision to invest in a company’s shares may bring profit, 

but at the same time it is associated with the risks of losing money in the case of an 

unfavorable economic situation. 

Currently several theories describing individual behavior under risk have been 

formulated. The most famous one is von Neumann-Morgenstern expected utility 

theory (von Neumann & Morgenstern, 1953). This theory assumes a decision-

making mechanism based on a maximization of the expected utility functional that 

is expected value of a particular payoff function. This functional describes a person’s 

preferences if and only if they satisfy completeness, transitivity, continuity and 

independence assumptions (von Neumann & Morgenstern, 1953). 

Due to these limitations the expected utility theory has been criticized. The 

critics usually note that in reality individuals’ preferences may violate properties 

assumed by the theory. In particular, the most controversial one is the independence 

assumption. Independence violations have been demonstrated within some well-

known paradoxes including the Allais paradox and the Machina paradox. Therefore, 

subsequent theories of decision-making under risk usually relaxed this assumption. 

Subjective expected utility theory is a popular alternative to the classical 

expected utility theory. It assumes that individual maximize subjective expected 

utility i.e. replacing objective probabilities with subjective ones. The most famous 

theories of this class include rank-dependent utility theory (Quiggin, 1982) and 

weighted utility theory (Chew, 1983). These theories suggest that objective 

probabilities may undergo subjective transformation, in particular, due to various 

kinds of cognitive distortions in probabilities perception. 

Empirical studies suggest that subjective expected utility theories usually 

outperform classical expected utility theory (for example see (Dhami & al-Nowaihi, 



3 
 

2007)). However, the results of these studies have been criticized due to the 

discrepancy between the decision-making conditions of laboratory experiments and 

the reality. Changing the design of experiments, in particular, providing the 

opportunity to receive feedback, may lead to significant changes in the individuals’ 

behavior. Thus, a number of studies (in particular, (Kuilen & Wakker, 2006), (Braga 

& Starmer, 2005)) provide an evidence that under the sequential decision-making 

with a feedback individuals tend to “learn”. That is, their behavior converges to the 

predictions of the expected utility theory. The revealed preference hypothesis 

provides a possible explanation to this phenomenon (Plott, 1993). According to this 

hypothesis individuals’ preferences transform along with a feedback until they 

converge to some basic ones, in particular, those described by the expected utility 

theory. 

Thus, there is a question about the existence of a mechanism that 

simultaneously takes into account the corresponding preferences dynamics and 

allows for theoretical justification of the distortions i.e. probabilities perception in 

statics. Mechanisms describing preferences dynamics are usually imply dynamics of 

payoff function parameters (for example, (Delaney, Jacobson, & Moenig, 2018) 

(Delaney, Jacobson, & Moenig, 2020) (Wilson, 2018)). However, following 

subjective expected utility approach it is reasonable to anticipate that changes in 

preferences may also be associated with the dynamic of subjective probabilities, in 

particular, changes in some parameters of function determining transformation of 

objective probabilities into subjective ones. Therefore, the development of an 

appropriate mechanism is a relevant task. In order to determine possible directions 

of transformation functions parameters dynamics We will consider psychological 

aspects of the subjective probabilities formation. 

One of the most famous psychological approaches explaining objective 

probabilities transformation was proposed by prospect theory (Kahneman & 

Tversky, 1979). Individuals may perceive the difference between similar 

probabilities as insignificant if these probabilities are far from extreme values (zero 
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and one). At the same time individuals may overestimate the difference between 

guaranteed events and events with a high probability. 

Another approach describing the possible direction of probabilities 

transformation was proposed by (Hey, 1984). According to this approach the 

probabilities transformation may be caused by an optimism: an optimist will tend to 

overestimate the probabilities of favorable outcomes and underestimate the 

probabilities of unfavorable ones, while a pessimist overestimates the probabilities 

of unfavorable outcomes and underestimates the probabilities of favorable 

outcomes. Note that this approach may be of interest from the point of view of 

abovementioned preferences dynamics problem. The individual’s optimistic 

expectations may be subject to dynamics under the influence of a feedback that is 

the results of earlier decisions. Probably individuals observing positive results of 

their decisions may become more optimistic due to the lucky streak effect (Gilovich, 

Tversky, & Vallone, 1985). In turn this dynamic may determine the dynamic of 

subjective probabilities. 

Therefore, in this paper optimism, namely, optimism caused by individual 

beliefs in luck, is considered as a factor of decision-making under risk determining 

both the mechanism for the subjective probabilities formation and the preferences 

dynamic. This approach is methodologically convenient since it considers both 

aspects via a single parameter. 

 

Literature review 
 

Optimism and pessimism are subject to intensive investigation in the 

psychological literature. For example, (Weinstein, 1980) considers the problem of 

unrealistic optimism that is based on underestimation of unfavorable events 

probabilities and overestimation of favorable events probabilities. One of the 

evidences in favor of existence of this phenomenon is the fact that many individuals 

are unreasonably optimistic about their own chances of encountering a certain 

disease (see for example, (Sparks, Shepherd, Wieringa, & Zimmermanns, 1995), 
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(van der Velde, van der Pligt, & Hooykaas, 1994), (Weinstein, Marcus, & Moser, 

2005), (Clarke, Lovegrove, Williams, & Machperson, 2000), (Waters, et al., 2011)). 

Decision-making under risk literature concerns the issue of optimism rather 

episodically. In (Hey, 1984) optimistic behavior is considered as a factor 

determining the mechanism of the subjective probabilities’ formation. According to 

this approach optimistic (pessimistic) individuals overestimate the likelihood of a 

favorable (unfavorable) outcomes. As a result, the subjective probabilities 

distribution of the payoffs of a more optimistic individual stochastically dominates 

the distribution of a less optimistic individual. At the same time realist individual 

(that is not an optimist or a pessimist) considers the objective probabilities 

distribution. 

Note, that in further studies (considering decision making under risk from the 

point of view of subjective expected utility) this definition was used as common 

knowledge i.e. often without the reference to (Hey, 1984). So, the rank-depended 

utility functional was analyzed on the basis of this definition1. In particular, the 

conditions under which this functional describes the behavior of optimistic and 

pessimistic individuals were derived by (Quiggin, 1993), (Wakker, 2001). The 

convexity (concavity) 2 of the subjective cumulative probabilities function is often 

considered to be sufficient (but not necessary) condition of optimistic (pessimistic) 

behavior. In addition, in the framework of rank-dependent expected utility theory, a 

number of different probability transformation functions, allowing to model both 

pessimistic and optimistic behavior depending on the values of certain parameters, 

were proposed. Corresponding parameters quite often turned out to be statistically 

significant in empirical studies providing evidence in favor of the existence of the 

optimistic (or, sometimes, pessimistic) expectations.  (Booij, Praag, & de Kuilen, 

2009). 

 
1 For instance, in (Quiggin, 1993, P. 78)) optimism definition in terms of first-order stochastic domination is given in 

Lemma 6.1. 
2 As a result, concavity turns out to be a stronger than first-order stochastic dominance condition. In this case, 

according to (Quiggin, 1993, P. 80), a strong form of pessimism occurs, in which the ratios of subjective and objective 

probabilities of outcomes increase in rank. 
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Paper (Webb & Zank, 2011) considers the class of functionals of the rank-

dependent utility theory, within which individuals may simultaneously demonstrate 

optimistic and pessimistic behavior by increasing the weights assigned to the best 

and worst possible outcomes. Corresponding decision-making functional has the 

form of an affine combination of three components: utility from the worst and best 

outcomes and the expected utility. As a result, the measure of optimism is 

determined solely by the ratio of an exogenous (the same for all lotteries, regardless 

of their characteristics) parameter to the weight assigned to the expected utility. The 

authors call the type of optimism considered in the study consistent “in the sense 

that it is independent of the utility of the best outcome, thus independent of the 

magnitude of outcomes, but also independent of the positive probability of obtaining 

the best outcomes” (Webb & Zank, 2011). The theory proposed makes it possible to 

model the behavior of individuals for whom the attractiveness of an alternative may 

sharply increase (decrease), when there appears an additional opportunity to obtain 

an outcome that is more (less) favorable than the best (worst) outcome considered 

initially within the framework of this alternative, even with an extremely low 

probability. 

Some studies consider optimism as a factor influencing investor behavior in 

the financial markets (Yao & Li, 2013). For example, (Rocciolo, Gheno, & Brooks, 

2019) assume that optimistic individuals overestimate the probabilities of gains 

exceeding the reference point. Note, that models of optimism based on this idea were 

also considered in the framework of the rank-dependent utility theory, for example, 

in the study (Fehr-Duda, de Gennaro, & Schubert, 2006). 

Also, optimism and pessimism are considered within the framework of 

decision-making theories under uncertainty. (Dillenberger, Postlewaite, & Rozen, 

2011), (Gumen, Ok, & Savochkin, 2012). At the same time, subjective expected 

utility functionals, except the previously mentioned rank-dependent utility theory 

functional, remain insufficiently studied in the framework of optimism concept. In 

addition, the reasons of optimism are also weakly investigated (Yao & Li, 2013). 

Steps towards answering this question have been made in the studies that have 
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considered optimism as an effective behavioral strategy (Akerlof & Dickens, 1982), 

(Landier, 2000). Within these approaches, optimistic behavior allows individuals to 

increase their utility. For example, in study (Brunnermeier & Parker, 2005) 

individuals get utility not only from the events that actually occur, but also from the 

corresponding expectations. That is, optimistic expectations have their own value 

and directly affect the utility received by the individual. As a result, even though the 

distortions in the perception of reality generated by the optimism may negatively 

affect the decisions made by the individual, the corresponding risks are compensated 

by the positive psychological effect provided by the expectations of favorable 

events.  

Finally, there is a number of empirical studies concerning the influence of an 

optimism on individual decisions. For example, (Puri & Robinson, 2007) proposed 

an approach to measure optimism based on comparing the individual subjective 

beliefs about their life expectancy and statistical estimates of the corresponding 

indicator. Based on the results of the analysis, the authors received statistical 

evidence in favor of the fact that optimism is positively associated with the 

expectations of favorable economic events both for the individual and in the whole 

country. Also, the authors found a weak but significant positive correlation between 

optimism and risk attitude, which is consistent with theoretical approaches (Quiggin, 

1993), (Wakker, 2001). Series of studies, a detailed review of which is presented in 

(Booij, Praag, & de Kuilen, 2009), obtain the parameters estimates of the rank-

dependent utility theory functionals, indicating that individuals are prone to 

optimism in the domain of gains exceeding the reference point, but may be 

pessimistic about the probability distribution of the gains located to the left of the 

reference point. In (Rocciolo, Gheno, & Brooks, 2019) statistical evidence in favor 

of both the existence and dynamics of optimistic beliefs among the financial market 

participants were obtained. At the same time, the authors note that since they 

considered the aggregated measure of optimism, it is difficult to determine which 

part of the dynamic was caused by changes in the individual optimistic beliefs, and 

which is due to a change in the structure of the market participants. This result, in 
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particular, motivates the investigation of the previously not studied problem of 

finding empirical evidence in favor of the optimistic beliefs dynamics at the 

individual level. This question takes the central stage in the current research.  

Note, that the terms “optimism” and “pessimism” used in the economic 

literature may not fully reflect the idea of  favorable and unfavorable outcomes 

probabilities overestimation. Psychological literature says, that optimism may be 

caused by both the peculiarities of the external circumstances perception and the 

internal factors. For example, a student may be optimistic, suggesting that her exam 

preparation efforts have a significant impact on the likelihood of getting a high 

grade. However, this kind of optimism is the part of decision-making under 

uncertainty in a special case when it is necessary to determine the influence of 

various factors on the probability of possible outcomes. On the other hand, optimism 

may be caused by the belief that probabilities, due to the individual intrinsic 

characteristics, may differ from real ones. For example, a student can learn five 

tickets out of ten and know that on the exam she will pull out a ticket randomly, and 

as a result she can pull out both a familiar and an unknown ticket with equal 

probability. However, belief in luck (that is taking into account factors that are not 

conditioned by any objective circumstances that can change the objective 

probability) may make the individual to think that the real probability of pulling out 

the desired ticket exceeds the probability of getting an unfamiliar one. Thus, luck 

may be considered as a specific factor of optimism in the framework of decision-

making under risk. Therefore, in this research We are using the term “luck” rather 

than “optimism”. 

 

Goals and objectives of the research 
 

The main goal of the research is to develop the model that may be useful for 

empirical analysis and could explain individual’s preferences dynamics in terms of 

changes in subjective beliefs in luck under the framework of decision-making under 

risk. Note, that the research mainly concentrated on the adaptation of this model to 
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the econometric analysis. Therefore, some theoretical aspects, including the 

derivation of necessary and sufficient conditions of preferences of individual who 

has beliefs in luck are omitted and remain for the subsequent studies3. To achieve 

this goal the following tasks have been solved. 

1. To formulate psychological foundations of the model by considering the 

researches on optimism and individual beliefs in luck. 

2. To study and systematize previous studies on optimistic behavior modeling 

under the framework of decision-making under risk theory. 

3. To derive necessary and sufficient conditions under which the subjective 

probabilities dynamics determines the preferences dynamics, and to formalize the 

idea of luck as a subjective probabilities’ property. Then it should be possible to 

describe preferences dynamic in terms of beliefs in luck dynamics. This approach, 

in particular, makes it possible to propose a model that is convenient for empirical 

analysis of preferences dynamics. This dynamic will depend on a single parameter 

reflecting the subjective beliefs in luck. 

4. To describe necessary and sufficient conditions under which the subjective 

probabilities of the rank-dependent utility theory and weighted utility theory 

functionals can be used to describe the behavior of an individual believing in luck. 

These conditions are required, in particular, for the selection of specific forms for 

the decision-making functionals used in the econometric part of the study. 

5. To propose the mechanisms describing the dynamics of subjective beliefs 

in luck and study their properties both analytically and on simulated data.  

The other goal of the research is the empirical verification of the proposed 

theory. Fulfillment of this goal requires the following tasks to be solved. 

1. To collect and process data on participants of the Russian, USA and Dutch 

versions of the television show «Deal or No Deal». 

 
3 Note, that solving this problem can be extremely complicated task. So, for example, according to (Diecidue & 

Somasundaram, 2017, P. 90) up to the present time prospect theory (Kahneman & Tversky, 1979) was not fully 

formalized in terms of necessary and sufficient conditions about the preferences it describes. However, the solution 

to this problem can be very relevant. So, (Diecidue & Somasundaram, 2017, P. 90) note that the maxmin expected 

utility theory gained popularity only more than thirty years later, when its preference foundations were described. 
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2. To develop an econometric model to test the hypothesis that TV show 

participants have subjective beliefs in luck, and these beliefs are subject to dynamics. 

3. To test corresponding hypotheses on the collected data. 

 

Main findings 
 

Let’s list the key results of the research. 

1. A model explaining the dynamic of individual’s preferences through 

changes in beliefs in luck has been proposed. The properties of the proposed model 

were studied analytically and on simulated data. In particular, statistical evidence 

that the proposed recalculation mechanisms may, under certain conditions, ensure 

the discovered preference hypothesis are obtained from the simulated data analysis. 

(Plott, 1993). Note that the key difference between the proposed approach and the 

previous one (Delaney, Jacobson, & Moenig, 2020) is that preferences dynamics are 

modeled through the prism of changes in the subjective probabilities function 

parameters instead of the utility function parameters. This feature contributes to the 

discovered preference hypothesis literature (Delaney, Jacobson, & Moenig, 2020). 

2. Based on the abovementioned model and (Post, van den Assem, Baltussen, 

& Thaler, 2008) econometric approach a group of nonlinear (in terms of index) 

binary choice models with heteroscedastic random error was proposed. This model 

makes it possible to describe the behavior of TV show “Deal or No Deal” 

participants and to estimate their beliefs in luck along with the parameters 

determining the dynamics of these beliefs.  

3. According to the results of the econometric analysis there were statistical 

evidence in favor of the fact that participants of the Dutch and American versions of 

TV show “Deal or No Deal” could have beliefs in luck that may change in 

accordance with the lucky streak effect. However, for the participants of the Russian 

version of the show no convincing evidence in favor of the beliefs in luck dynamics 

was found. 
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4. An indirect approach to the formation of possible outcomes probability 

distribution of the TV show “Deal or No Deal” participants has been proposed. 

Empirical analysis results provide statistical evidence in favor of the superiority of 

this approach over the classical (direct) one that has been applied in previous studies 

related to the investigation of participants behavior in different versions of this TV 

show. 

5. According to model parameters estimates related to different subsamples 

(for participants of the Dutch and American versions of TV shows) beliefs in luck 

may differ depending on various individual characteristics, in particular, gender and 

education: more educated individuals are probably less prone to rely on believes in 

luck in decision-making situations. This result contributes to the literature devoted 

to the studies of the differentiation in decision-making parameters under risk 

depending on individual characteristics (Fehr-Duda, de Gennaro, & Schubert, 2006), 

(Eckel & Grossman, 2008). 

Additional research findings are as follows. 

1. The results of studies of optimism in the decision-making under risk 

theories have been systematized. In particular it has been shown that despite the fact 

that researchers did not always refer to each other or to a common source many of 

them used a similar definition of optimism that is based on the concept of first-order 

stochastic dominance. 

2. Detailed review of psychological research has been provided. These 

researches motivate the consideration of optimism as a factor of decision-making 

under risk. 

3. For the rank-dependent utility theory functional and for the weighted utility 

theory functional the necessary and sufficient conditions (which must be imposed 

on the subjective probabilities functions) under which these functionals may 

describe the preferences of believing in luck individual were systematized and 

derived. The derivation of the corresponding properties, in particular, is intended to 

facilitate the selection of specific forms for the functionals used in econometric 
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studies. Examples demonstrating these properties application were presented in the 

econometric part of the thesis. 

4. The properties of subjective probabilities of believing in luck individual 

have been investigated. In particular, it has been shown that if an individual’s 

preferences are described by the weighted utility functional and she considers herself 

to be lucky (unlucky), then increase in the possible gain causes an increase 

(decrease) in the corresponding probability. This result is consistent with the 

desirability bias psychological effect (Krizan & Windschitl, 2007). 

5. Data on the behavior of participants of Russian TV show «Sdelka?!» have 

been collected. 

6. Econometric analysis of the behavior of participants in the Russian version 

of the TV show provides statistical evidence in favor of the existence of a dynamic 

reference point and the effect of asymmetric adaptation of reference point to gains 

and losses. 

 

Scientific contributions 

 

Let’s outline key contributions of the research: 

1. A model of decision-making under risk explaining (through the dynamic of 

subjective beliefs in luck) changes in the individuals’ preferences has been proposed. 

In particular, the proposed approach allows to model empirically encountered 

phenomenon according to which the preferences of individuals receiving feedback 

on the results of decisions they made deviate less and less (over time) from the 

expected utility theory axioms. This result contributes to the literature on discovered 

preferences hypothesis. (Plott, 1993). 

2. Several generalizations of the econometric model (Post, van den Assem, 

Baltussen, & Thaler, 2008) have been proposed. Approach proposed allows to 

consider the influence of subjective beliefs in luck and their dynamics on the 

decisions made by the participants in the TV show “Deal or No Deal”. In addition, 
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a modification of the model makes it possible to take into account the asymmetric 

adaptation of the reference point to gains and losses. 

3. Based on the results of application of the econometric models proposed to 

data about the behavior of participants in the Russian, Dutch and American versions 

of the show “Deal or No Deal”, there were obtained statistical evidence in favor of 

the dynamics of individual subjective beliefs in luck. Previously, similar results were 

obtained only at the aggregate level. (Rocciolo, Gheno, & Brooks, 2019). 

4. There were obtained statistical evidence in favor of the differentiation of 

decision-making parameters (both utility function parameters and beliefs in luck) 

between different groups of individuals, which contributes to relevant studies (Fehr-

Duda, de Gennaro, & Schubert, 2006), (Eckel & Grossman, 2008). 

5. An econometric analysis also reveals asymmetric adaptation of the 

reference point to gains and losses that is consistent with the hypothesis of 

(Kahneman & Tversky, 1979) and contributes to the literature on the reference point 

dynamics (Post, van den Assem, Baltussen, & Thaler, 2008). 

6. The study of the functionals of the weighted utility theory and the rank-

dependent utility theory from the point of view of describing behavior of the 

believing in luck individual has been carried out. In particular, necessary and 

sufficient conditions for the subjective probability functions under which these 

functionals can be used to take into account the idea of individual beliefs in luck are 

derived. In addition, it is shown that under certain conditions propensity to risk 

increases along with the degree of subjective beliefs in luck. This result contributes 

to studies of the relationship between risk attitude and optimism. (Quiggin, 1993), 

(Wakker, 2001), (Puri & Robinson, 2007). 
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The main results for the defense of the thesis 
 

Model of the subjective beliefs in luck dynamic 

 

Suppose that individual has a set   of preferences   over lotteries , 

where R  denotes element index of the given set. Consider the subjective 

probability function ( )( , ) , ,p L p x p = , where x  reflects possible outcomes in 

lottery L , and vector p  — corresponding probabilities, besides 
1

1
n

i
i

p
=

=  and  

0 1ip   for any {1,..., }i n . Without loss of generality, assume 1 ... nx x  . As a 

result, each lottery with objective probabilities 4 L   matches some lottery 

( )( ) , ( , )h L x p L =  with subjective probabilities. Preferences 0=  will be called 

initial or basic, and 0( )h L L= . We will say that lottery is degenerate if 1ip =  for 

some i . 

Suppose that the following properties are met: 

• Preferences stability axiom (PSA) 

For any lottery 1L  and 2L  from ( ) ( )1 2~h L h L   follows 1 2~L L , and from 

( ) ( )21h L h L   follows 1 2L L . 

• Subjective probabilities independence from impossible outcomes property 

(PP-1) 

For any , {1,..., }t k n  and n N :

( ) ( )*1 1 1 1 1 1 1 1 1 1,..., ,..., ; ,..., ,0, ,..., ,..., , ,..., ; ,..., , ,...,t k n k k n k k n k k nt
p x x x p p p p p x x x x p p p p− + − + − +=  

where: 

*
,   1

1,   

t t k
t

t t k

 −
= 

− 
. 

 
4 Note that the question of the definition and empirical estimation of objective probabilities is currently quite 

controversial (see, for example, (Shoemaker, 1982). In further analysis, it is assumed that the individual knows the 

true values of the probabilities of the corresponding outcomes. Nevertheless, the approach proposed can potentially 

be extended to the case of uncertainty, when the true probabilities are unknown, but can be estimated based, for 

example, on the frequency of similar outcomes occurrence.. 
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Let’s formalize the definition of subjective beliefs in luck (Hey, 1984) in the 

following way: 

• Axiom of luck (АL) 

If 12  , then: 1 2
1 1

( , , ) ( , , ), {1,..., 1}
k k

L L

i i
i i

p x p p x p k n 
= =

   −  , where 

{1,..., }: 1ii n p   . 

This axiom allows to consider   as a subjective measure of an individual’s 

luck since from the same lottery with 2  she will expect to receive a gain not 

exceeding a certain amount less likely than with 1 . 

The following statement describing the relationship between individual 

beliefs in luck and the risk attitude has been proved in thesis. 

Statement 1. Suppose, (PSA), (AL) и (PP-1) are met. In addition, an 

individual prefers a lottery with a higher certainty equivalent, that is: 

2 1( , ) ( , )CE L CE L   with 2 1L L  for any  , 1L  and 2L . 

Subject to these conditions, risk propensity, in accordance with the definition 

(Montesano, 1988), strictly increases in  , that is, for any non-degenerate lottery 

L : 

 2 1 2 1( , ) ( , )CE L CE L      , 

if and only if the individual’s preference set   can be described by a sequence of 

functionals V , strictly increasing in   for non-degenerate lotteries and staying 

constant for degenerate lotteries. 

Result above allows to say that if the preferences set   of the believing in 

luck individual is described by the functionals of the subjective expected utility 

theory then propensity to risk increases along with subjective degree of luck. This 

statement is consistent with the models previously proposed in the framework of the 

rank-dependent utility theory (Quiggin, 1993), (Wakker, 2001), and also with the 

results of empirical studies (Puri & Robinson, 2007). 
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In addition, necessary and sufficient conditions under which the functionals 

of the rank-dependent utility theory and the weighted utility theory can be used to 

describe the behavior of individuals believing in luck have been derived. These 

conditions determine the relationship between the subjective probability functions 

p  and the parameter of luck  . 

Statement 2-А. For the weighted utility theory functional (AL) holds if and 

only if  for any L , 2 1 2 1{1,.., :., }t t n t t  , 2 1  , ( )
2 1 2 1
, 0,1 : 1t t t tp p p p +   holds: 

2 2

1 1
1

2

2

1
( , ) ( , )

( , ) ( , )

t t

t t

p L p L

p L p L

 

 
 . 

Statement 2-B.  For the rank-dependent utility theory functional (AL) holds 

if and only if the cumulative subjective probabilities function ( , )q   decreases in 

  , where: 

( )11
1 1

, ,
i

L
k k

i
i i

p pp  
= =

 
= 

 
  . 

Note that Statement 2-B was previously formulated in (Quiggin, 1993) for the 

discrete case:   took two possible values, one of which corresponded to objective 

probabilities, and the other to subjective. At the same time Statement 2-А is provided 

for the first time. These statements can be useful in the selection of specific 

functionals’ forms in econometric analysis. 

Describe the mechanisms determining the dynamic of subjective beliefs in 

luck. Let the individual play sequentially T  non-degenerated lotteries, indexed as 

{1,..., }t T . Outcome in the each of these lotteries tL  is denoted as a random variable 

tX . Depending on the realization of the outcome tx , in the lottery tL , subjective 

beliefs in luck take the value t . Due to believe in luck, an individual supposes that 

outcome in the lottery tL   is the random variable t

tX


 with some (subjective) 

distribution function t

tF 
. Note that due to (AL), t

d

t tX X

=  if and only if 0t = . 
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The study proposes two recalculation mechanisms. In the first one, it is 

assumed that forming at the period t  subjective beliefs in luck depend only on the 

current outcome tX  and its subjective expected value ( )1t

tE X
 − : 

 ( )( )1, ,t

t t tX E X t
  −= , where t  increases in tX  и ( )1t

tE X
 − . 

The advantage of this specification is that individual may use very small 

amount of information in order to form new believes in luck. Indeed, the previous 

information concentrated in an aggregated form in ( )1t

tE X
 − , when tX  allows to 

adjust beliefs in luck depending on the outcomes in the current lottery. Special cases 

of this mechanism satisfying some reasonable properties are considered. In 

accordance with the first of them, an individual is consistent in his expectations in 

the sense that she presupposes keeping her expectations about outcome of a given 

lottery after its realization. The second property assumes, that over time an 

individual increasingly trusts the accumulated experience, in comparison with the 

new incoming information. 

Within the framework of the second proposed recalculation mechanism an 

individual forms her believes in luck focusing not on the expected value but on the 

distribution function: 

( )( )
11, tt t tF X  
−−= , where 

t  increases in ( )
1t tF X −

 and 
1t −
. 

This mechanism reflects the idea that outcomes with the high realization and 

low probability makes individual feel herself luckier. 

In the framework of discovered preference theory (Plott, 1993) it is of interest 

to answer the question whether an individual’s preferences may converge to some 

basic ones over time. It is assumed that individual has discovered preferences if his 

subjective beliefs in luck converge in probability to objective ones. For the first 

mechanism, the observance of this property is proven in the case when an individual 

sequentially plays the same lottery. In the case of several lotteries, it is technically 

difficult to prove the corresponding property. Therefore, the preferences dynamic is 

studied using simulated data analysis. 
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Simulated data analysis suggests that preferences of individual that apply 

proposed recalculation mechanism probably converge to discovered preferences. 

However, convergence can be rather slow. In addition, even if, starting from a 

certain period, the mathematical expectation of beliefs in luck turns out to be 

extremely close to zero (which corresponds to objective situation), its standard 

deviation may remain quite large. As a result, subjective beliefs in luck can fluctuate 

around zero with a fairly high intensity. A significant degree of fluctuation may 

complicate the application of economic models assuming individual preferences 

stability, even if these models take into account possible deviations from the 

expected utility theory axioms. Therefore a correct description of the mechanism 

determining subjective probabilities dynamic may turn out to be crucial in describing 

individual behavior, especially if the amount of information accumulated earlier is 

small. 

Finally, the following special cases of the first and second mechanisms are 

considered in the econometric analysis: 

( )( ) ( ) ( ) ( )( )1

22

1 1argmin 1 t

t t t t tE X X E X E X
 



   −= − + − − , 

( ) ( ) ( )
1 1 1

2

1 1 2

1 1 1

2 2 2t t tt t t t tF X F X sgn F X     
− − −−

     
= + − + −  −     

     
. 

In the first mechanism, the parameter 1  determines the weight assigned to 

new information in the formation of belief in luck. With 2 0 =  in the second 

mechanism a positive value of the parameter 1  gives evidence in favor of the lucky 

streak effect, and a negative — of the gambler’s fallacy. Nonzero parameter values 

2  allow to consider possible nonlinearity within the framework of this mechanism. 

 

Econometric models of subjective beliefs in luck as a factor in decision-

making under risk  
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Based on (Post, van den Assem, Baltussen, & Thaler, 2008) an econometric 

binary choice model with heteroscedastic random error has been proposed. This 

model allows to analyze the behavior of participants of the TV show “Deal or No 

Deal” in the framework of decision-making under risk theories. 

First, we describe the rules of the TV Show considered. Before the start of the 

main game process, several different amounts of money known to the player in 

advance are randomly distributed among the closed briefcases. Information about 

sum in the particular briefcase is unknown. The contestant begins to open the 

briefcases. The amounts in the open briefcases become known and are removed from 

the game. After opening a certain number of briefcases, the contestant receives an 

offer from the so-called bank in the form of a guaranteed amount of money. If the 

player agrees to the offer, the game ends. In case of rejection, she opens a few more 

suitcases from the remaining ones, after which she receives some offer from the bank 

again, which she can accept or reject and continue to open the briefcases. This 

mechanism is repeated several times. If the contestant rejects all bank offers, her 

gain is the amount in the last unopened briefcase.  

In the framework of decision-making under risk models, these rules can be 

formalized as follows. The game consists of a certain number of rounds R . At the 

end of each round {1, , }r R ,  that is, after opening 
ro  briefcases, contestant i  

chooses between two lotteries. First, the bank offers the contestant to finish the game 

in exchange for a guaranteed gain 
irB , forming lottery (1, )s

ir irL B= . The second 

lottery is defined as 11

1 1 1 1( ,..., ; ,..., )rmc

ir r r ir irL p p B B +

+ + + += , where 
1

1 1,..., m

ir irB B+ +  — are 

the possible bank offers 5 in the next round 1

1

r
r

k

k

o

r
K o

m C −

=

−
= , 

1
r

r

p
m

=  , 
0 0o = , K  

 
5 Following (Post, van den Assem, Baltussen, & Thaler, 2008) it is assumed, that the contestants use a certain 

deterministic function to calculate the expected bank offer depending on the briefcases remained. 
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indicates the total number of briefcases. When making decisions, contestant uses the 

subjective expected utility functional, that is, accepts the bank offer if6: 

( ) ( )
1

1 1
1

0
rm

i t

ir tr ir ir
t

u B p u B 
+

+ +
=

− +  , 

where 1

i

trp +  reflect the subjective probabilities, and ir  — heteroscedastic 

independent random errors (for contestant i  in round r ). As a result, the maximized 

likelihood function has the form: 
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, 

where: 

• ird  takes value 1, if the individual accepts bank offer and 0 otherwise, 

•   — standard normal distribution function, 

•   — function ( ).u  parameter, 

•   — random errors variance parameter, 

•   — parameter reflecting subjective beliefs in luck, 

• 1 2,   — parameters of subjective probability recalculation mechanisms, 

• G  — set of the contestants, 

• iR  — set of the rounds played by the contestant i . 

The key difference between the proposed econometric model and the basic 

(Post, van den Assem, Baltussen, & Thaler, 2008) is in incorporations of the 

parameters 1 2,   and  , responsible for accounting and recalculation beliefs in luck: 

these parameters determine the form and dynamics of the function p . 

Within the framework of this model, two approaches were proposed to 

describe the behavior of show participants: direct and indirect. The direct approach 

 
6 As a function ( ).u  utility function with constant relative risk aversion (CRRA) was used, however, for robustness 

check, a models with constant absolute risk aversion (CARA) utility function were also estimated. 



21 
 

is consistent with that used in previous empirical research about this TV show. It 

proceeds from the assumption that individuals overestimate the probabilities directly 

related to the bank possible offer. The indirect approach weakens this assumption by 

modeling the subjective probabilities of the bank’s offer based on pre-calculated 

subjective probabilities of opening the briefcases with certain amounts of money. 

The proposed model was used on real data about the Dutch, American and 

Russian versions of the show “Deal or Not Deal”. The data for the Russian version 

were collected by the author as part of the current study. In the framework of the 

direct approach, the selection of specific functional forms allowing taking into 

account subjective beliefs in luck was carried out using Statement 2-A, since the of 

weighted utility theory functional was taken as a basis. In the indirect approach, an 

ideologically similar functional was used. In this case subjective probabilities 

depend not on the possible bank offers, but on the amounts in the briefcases the 

contestant could open. The results obtained suggest that indirect approach probably 

better describes contestants’ behavior.  

The results of econometric analysis using an indirect approach support the 

hypothesis about the influence of individual belief in luck on decision-making in the 

United States and the Netherlands, since in each of these countries the parameter   

was found to be statistically significantly different from zero. The obtained positive 

values of this parameter indicate that the contestants could consider themselves 

lucky. In addition, the received signs of estimates and the joint significance of the 

parameters 1  and 2  are consistent with lucky streak effect: when favorable 

outcomes occur, individuals consider themselves luckier and assess the likelihood 

of favorable outcomes in the future as higher. At the same time, when analyzing the 

Russian version of the TV show, it was not possible to obtain statistical evidence 

either in favor of the influence beliefs in luck on decision-making, or in favor of 

their dynamics. 

Separate models were also estimated using Netherlands and the United States 

data for men and women, as well as for people with and without higher education. 

The results obtained give evidence in favor of both the of beliefs in luck among the 
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corresponding groups, and in favor of the differentiation of these beliefs between 

them.  

The results of the analysis of contestant behavior in American version of the 

shows using the direct approach turned out to be similar to those obtained using the 

indirect approach. However, for the Dutch contestants, it was not possible to obtain 

convincing statistical evidence in favor of the beliefs in luck dynamic. Nevertheless, 

this could be due to the significantly lower quality of the model based on the direct 

approach compared to the indirect one, as evidenced by significant differences in the 

AIC criteria. Finally, we note that due to the significantly lower computational 

complexity of this approach, it was possible to apply the first recalculation 

mechanism. As a result, there were obtained statistical evidence in favor of the 

recalculating subjective probabilities in accordance with this approach for the United 

States contestants. In addition, according to AIC criteria, this model turned out to be 

the best among the direct approach models used on the US data according to AIC.  
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