
   

 

   

 

Linköping University | Department of Management and Engineering  
Bachelor's Thesis, 15 credits | Economics  

Spring 2019 | ISRN-nummer LIU-IEI-FIL-G--19/02178--SE 
 

 

 

 

 

 

 

 

 

The Gambler’s Fallacy and 
Decision Fatigue in Decision-
Making  
- A study on driving license examiners.  

 

Spelarens felslut och beslutströtthet i beslutsfattande  
- En studie på trafikinspektörer  

 
 

 
Lahtinen, Tobias 

Lushaku, Faton 
Supervisor: Barrafrem, Kinga  

 
 
 

 
 
 
 
 

 

 

 

 

Linköpings universitet 

SE-581 83 Linköping, Sverige 

013-28 10 00, www.liu.se



 

 2 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Titel 

The Gambler’s Fallacy and Decision Fatigue in Decision-making 

Authors 
Lahtinen, Tobias (tobla319@student.liu.se) 

Lushaku, Faton (fatlu712@student.liu.se) 

Supervisor 
Barrafrem, Kinga 

Publication 
Bachelor’s Thesis in Economics 15 credits  

Spring 2019 

ISRN-nummer LIU-IEI-FIL-G--19/02178--SE 
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Abstract 

People make hundreds of decisions every day, at home, at school or at work and that requires 

mental efforts, which in turn can be depleting. Previous research in behavioral economics has 

shown that people are not always rational in their decision-making and the decisions they make 

are not solely based on the case merits or the decision makers' competence. In addition of being 

affected by the outcome of our previous decisions, people are also affected by the number of 

decisions they have made in one day, as a result of fatigue. 

The purpose of this paper was to test to what extent decisions made by driving license examiners 

at the Swedish Transport Administration suffer from decision fatigue and/or the gambler’s 

fallacy. Previous studies could show that the more decision we make on a day the more tired 

we get, which makes us revert to the status quo option, in order to simplify the decision-making 

process, and also that people tend to incorporate previous decisions in their decision-making.  

We analyzed data on 5,870 decisions, made by 50 driving license examiners, during March of 

2018. The decisions were analyzed through the use of logistic regression models. Our results 

showed that driving examiners are affected by decision fatigue but not the gambler’s fallacy. 

Surprisingly, our results suggest that the driving license examiners are affected by the opposite 

fallacy, namely the hot hand fallacy, predicting that an examiner is approximately 5% more 

likely to pass a test-taker if the previous test-taker passed. Furthermore, our models predict that 

examiners are affected by decision fatigue, and that the results are stronger in the afternoon. 

We could not say with certainty that the examiners use the hot hand fallacy, nor suffer from 

decision fatigue since our sample cannot be proved to be random. 

The authors of this study suggest that future studies should be conducted in government bodies 

that handle sequential decisions, in order to help policy-makers improve decision-making. 

 

Keywords: the gambler’s fallacy, the hot hand fallacy, decision fatigue, decision-making, 

Swedish transport administration, Swedish transport agency 
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Sammanfattning 

Människor fattar hundratals beslut varje dag, hemma, i skolan eller på jobbet vilket är mentalt 

ansträngande. Tidigare forskning inom beteendeekonomi har visat att människor inte alltid är 

rationella i sitt beslutsfattande och att de beslut de fattar bygger inte enbart på fallets meriter 

eller beslutsfattarens kompetens. Förutom att påverkas av resultatet av våra tidigare beslut, 

påverkas människor av antalet beslut de tar under en dag. 

Syftet med denna uppsats var att testa om beslut som tas av trafikinspektörer vid Trafikverket 

drabbas av beslutströtthet och / eller spelarens felslut. Tidigare studier har visat att desto fler 

beslut vi fattar på en dag desto tröttare blir vi, vilket gör att vi återgår till status quo-alternativet 

för att förenkla beslutsprocessen, men även att vi inkorporerar tidigare beslut i vårt 

beslutsfattande. 

Vi har analyserat data över 5870 beslut, gjorda av 50 trafikinspektörer under mars 2018. 

Besluten analyserades med logistiska regressionsmodeller. Våra resultat visar att 

trafikinspektörer påverkas av beslutströtthet men inte av ”the gambler’s fallacy”. Överraskande 

nog visade våra resultat att trafikinspektörer påverkas av det motsatta felslutet, nämligen av 

“the hot hand fallacy”. Våra modeller antyder att en trafikinspektör är cirka 5% mer sannolik 

att godkänna en provtagare om den tidigare provtagaren godkändes. Våra modeller antyder 

även att trafikinspektörer påverkas av beslutsutmattning, och att resultaten blir starkare på 

eftermiddagen. 

Vi kunde inte med säkerhet dra slutsatsen att trafikinspektörer använder ”the hot hand fallacy”, 

och inte heller att de drabbas av beslutsutmattning eftersom vår data inte kan bevisas vara 

slumpmässigt. 

Författarna till denna studie föreslår att framtida studier ska genomföras i statliga organ som 

hanterar sekventiella beslut för att hjälpa policyskapare att förbättra beslutsfattanden. 

 

Nyckelord: The gambler’s fallacy, the hot hand fallacy, decision fatigue
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1 Introduction 

“The sooner you realized he [Tversky] was smarter than you, the smarter 

you were” – A saying amongst psychologists (Thaler 2015, p.10) 

In 1974, Amos Tversky and Daniel Kahneman wrote a scientific article that would change the 

way we think about decisions. They found that people tend to have a hard time evaluating events 

of chance, which resulted in what they called the representativeness heuristic. Since then, many 

have studied related subjects (Rabin and Vayanos 2010; Chen, Moskowitz, and Shue 2016; 

Kahneman, Knetsch, and Thaler 1991; Samuelson and Zeckhauser 1988; Danziger, Levav, and 

Avnaim-Pesso 2011; Augenblick and Nicholson 2013; Daljord, Urminsky, and Ureta 2017; Ma 

et al. 2013), finding proof of a theory called the gambler’s fallacy and the status quo bias, and 

that when people experience depletion due to decision fatigue they tend to revert to the status 

quo. None, or few, have studied whether the prevailing bias for decision-makers in sequential 

decisions is the gambler’s fallacy, or if it is in fact decision fatigue. This study intended to do 

just that.  

 

One would presumably, if not bewandered in behavioral economics or psychology, believe that 

whether someone passes their driving license test would depend on their driving ability. 

However, this is an assumption that is not necessarily true; given that it is probable that each 

examiner takes several decisions each day, it is not preposterous to assume that they feel tired, 

depleted, as the day goes on, perhaps to such an extent that it affects their judgment and 

subsequently they start to use heuristics1, in order to simplify their decision-making.  

 

A common example of the gambler’s fallacy is a game of coin-toss, in which people expect 

short sequences of coin-tosses to be representative of the underlying chance, ergo 50/50. In 

other words, if 1 represents heads, and 0 represents tails, people expect a sequence of eight 

tosses to look like 01010101, even though different combinations will occur frequently if you 

look at a large sample. Furthermore, people deem the likelihood of a toss coming out as tails to 

be higher if the previous sequence was a series of heads, even though each individual coin-toss 

is random and independent of previous tosses (Chen and Moskowitz 2016; Rabin and Vayanos 

                                                 
1 A heuristic can be described as a rule of thumb. 
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2010; Ackert and Deaves 2010). Chen et al (2016) found proof of the Gambler’s fallacy in three 

types of high-stacks decisions: asylum judges, loan officers and baseball umpires. The authors 

showed that in all these three cases, the decision was correlated with the previous one, and was 

stronger when streaks occurred. 

 

Previous studies have showed that the decisions that people make every day are not based solely 

on their expertise. Many other factors affect which decision we make. A well-known bias 

regarding decision-making is that of fatigue, specifically decision fatigue. It has been shown 

that, when experiencing fatigue after repeated decision-making, people tend to stick with the 

status quo as a heuristic. The status quo bias is observed when people prefer to keep the situation 

unchanged instead of using more cognitively-depleting decision process, to minimize risks. In 

broad terms, it can be described to sticking with the safe option (Samuelson and Zeckhauser 

1988; Ackert and Deaves 2010). An interesting aspect to the status quo bias is that, according 

to Samuelson and Zeckhauser (1988), it can also be interpreted as sticking with one’s previous 

decision.  

 

The effects of decision fatigue has been shown to have great consequences for individuals; one 

study suggests that it is more likely to receive a favorable ruling in judiciary courts if the case 

is considered early in the day, or after a food break rather than shortly before break after 

multiple decisions have been made (Danziger, Levav, and Avnaim-Pesso 2011). Danziger, 

Levav, and Avnaim-Pesso (2015) found in their study on judges in Israel that fatigue plays a 

role in how we make decisions. They could see that the prisoners who had been scheduled early 

in the day got a conditional release about two-thirds of the time, at the same time they could 

also see a declining rate of granting a conditional release to the prisoners, which ended at only 

15 percent  just before the lunch break. After the lunch break, they could yet again see an 

increase in the chance of parole. Authors concluded that decision-making takes energy and 

when judges get tired, they try to make simple and safe decisions, which in this case was going 

with the status quo, an unchanged state, that the prisoners remain in prison. Similar conclusions 

have been made by scientist that studied the police officers in USA and the decision the police 

officers make regarding whether to shoot or not (Ma, Correl, Wittenbrink & et al 2013).  

 

This study looked at the decisions made by examiners for driving license in Sweden. According 

to the Swedish Transport Administration there were approximately 293,000 driving tests 

conducted during 2018 by hundreds of driving examiners around Sweden in 136 different 
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driving test offices (Swedish Transport Administration 2018a). The purpose with the driving 

test is to check if the test-taker has the knowledge and skills required to obtain a driving license 

of category B. To make so many decisions in one year requires professional people, whom run 

the chance of mental depletion. The examiners from our study, during a three-year period, made 

between 3,382 and 5,567 decisions and up to 14 decisions in one day. Therefore, it is reasonable 

to hypothesize that examiners for driving license could be observed to fall for the biases 

previously described. We intended to test if the gambler´s fallacy and decision fatigue 

significantly affects the probability of an examiner to pass or fail a test-taker. This knowledge 

will help target particular mechanisms in order to improve decisions. 

1.1 Purpose 

The purpose of this paper was to test to what extent Swedish examiners of driving licenses 

suffer from decision fatigue and/or the gambler’s fallacy. We found this to be relevant since it 

contributes an interesting perspective on biases previously observed, since as far as we know 

both has not been tested in the same sample, and it provides insights for policy-makers. This 

was done using econometrical models, and the gathering of data through a field study. 

1.2 Research Questions 

In order to achieve our purpose, the following questions were stated: 

 

i) To what extent are previous decisions affecting Swedish driving license 

examiners in decision-making? 

 

ii) To what extent are Swedish driving license examiners affected by previous streaks 

of decisions? 

 

iii) To what extent are Swedish driving license examiners showing signs of reverting to 

the status quo decision due to decision fatigue? 
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The first two questions aim to answer to what extent the decision-makers suffer from the 

gambler’s fallacy, and the third question aims to answer to what extent the decision-makers 

suffer from decision fatigue. 
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2 Background 

 

Every year, hundreds of thousands driving license tests are conducted by examiners in Sweden 

(Swedish Transport Administration, 2019a). They decide whether the person who takes the 

driving test will obtain the permit to drive a personal car or not. According to a study made by 

Alger and Eklöf (2016), there are three factors which affect whether the test-takers succeed on 

the driving test or not, besides driving abilities. The first is the age, sex and the sign-up method 

of the test-taker. The second is the effect of the traffic environment, with factors such as traffic 

intensity, the size of the city, presence of highway, railway crossing etc. belongs. And, last but 

not least, the effect which this study aims to investigate is the effect of the examiner. Two 

factors we will focus on are; i) whether the examiners are affected by their previous decisions 

that they have made and ii) how the examiners get affected by the number of decisions they 

make during a working shift, before and after the lunch break. 

 

There are more than five million vehicles registered on the Swedish roads (SCB, 2018), but to 

keep the safety on our roads people must first get a driving license issued by the Swedish 

Transport Administration, depending on the type of the vehicle they want to drive. So, every 

year hundreds of thousands of driving license tests are conducted by examiners in Sweden.  

 

It was on the 23rd of May 1902 in the city of Örebro where the first driving license was issued, 

and Alfred Hahn the first person in Sweden to get equipped with a driving license (Hasselgren, 

2017). It took four more years for it to be regulated by a law; it was in 1906 Sweden got its first 

law regarding a vehicle driving license. The rules at this time were few and simple; you had to 

be 18 years old, be fully familiar with the construction, maintenance and the operation of a 

vehicle and oddly enough, there were no tests regarding your driving abilities and the evidence 

was issued by the vehicle inspector (Swedish Parliament, 1997). Today the reality is completely 

different. According to the Swedish Transport Agency (2019a) there are more than ten different 

types of driving licenses associated with different type of vehicles. We will henceforth focus 

on what is called license B, which is the standard driving license for personal cars. 

  

There are six different requirements that one must fulfill in order to obtain a driving license of 

category B (Swedish Transport Agency, 2019b):  

 

i) You must have a valid learner’s permit 
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ii) You are a permanent resident in Sweden or studied here for at least six months. 

iii) You have turned 18. 

iv) You have had a valid risk training, parts 1 and 2. 

v) You have passed your driving license tests 

vi) You have no driving license from any other EEA country.  

 

According to the Swedish Transport Agency on the 31st of December 2017 there were about 

six and half million persons equipped with a driving license of category B (Swedish Transport 

Agency, 2019c). 47.4 percent of them were women and about 52.6 percent were men. 

Compared to year 1990 there were 5.12 million people who had a driving license of category 

B, about 56.2 percent of them were men and 43.8 percent women (Swedish Transport Agency, 

2019d). In total, there were 292,868 driving tests conducted during 2018, in 136 driving test 

offices around Sweden (Swedish Transport Administration, 2019b).  

 

To obtain a driving license of category B is demanding, and could be considered expensive, 

which depends partly on whether the test-taker passes the test on the first attempt and partly on 

whether the test-taker takes driving lessons via a driving school or privately. In other words, 

the more times the test-taker fails the test, the more expensive it becomes. The average cost of 

obtaining a driving license of category B is 15,000 SEK. However, if the test-taker chooses to 

not get the license through a driving school, the price for all mandatory parts is about 4,000 

SEK (Körkortonline, 2019).  

 

There are a few barriers of entry associated with applying for a learner’s permit, which the test-

taker must have in order to practice driving. The first thing the test-taker must do is to apply for 

a learner’s permit which is the permit to practice on a driving school or in private. The learner’s 

permit is also required to be allowed to do the theory- and the driving test, which is issued by 

the Swedish Transport Agency and is valid for five years.  The application itself is free of charge 

but the test-taker must provide the record of an eye test.  Medical barriers and a criminal past 

and can be reasons for rejection (Swedish Transport Agency, 2019e,f). The next step in the 

process is to conduct the risk training tests (Swedish Transport Agency, 2019g), which is two-

folded and mandatory. Part 1 is the test where the test-taker learns about the effects of drugs, 

alcohol and fatigue on traffic and other risky behaviors. Meanwhile, part 2, is the test for 

increasing the awareness of driving at different conditions, such weather and road conditions. 

Part 1 and 2 are valid up to five years.  
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Finally, the most important parts are the two tests the test-taker must pass to obtain a driving 

license of category B: a theory test and a driving test. Both tests must be approved in a period 

of two months, otherwise new tests must be conducted, and new fees must be paid (Swedish 

Transport Administration, 2019c).  

 

In addition to the requirements that a test-taker must fulfill in order to obtain a driving license, 

there may also be other reasons for approving, or rejecting, a person who does the driving test. 

It may be that the driving license examiner and the test-taker have a relationship, family or 

friendship relationship, various kinds of bribes or other factors such sign-up method.  

 

In our study we define the status quo, which means the existing or the unchanged state, as the 

decision where the subjects, the driving license examiners, choose to not pass any test-takers 

and thus not taking any risks for making wrong decisions. The present situation from the test-

taker's perspective is that they do not have a driving license and the plan is to obtain one, by 

passing the driving license test. This is also based on the status quo of judges who decided that 

before the lunch break or in the end of day, to make fewer parole decisions, therefore the 

prisoners remained in the prison (Danziger, Levav, and Avnaim-Pesso 2011).  

 

In order to fulfill the criteria for undergoing a one-year education that requires to practice the 

profession as a driving license examiner, first, it requires to have a complete high school degree, 

be 23 years old and have had a driving license of category B at least in three years (Swedish 

Transport Administration, 2019d). A relevant comparison for our study is what is requires to 

become a doctor; to become a doctor, it requires at least six years of education (Linköping 

University, 2019).  
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3 Heuristics and Biases 

”Man has limited time and intellectual resources. The consequence is that 

they use simple thumb rules - heuristics - when they make judgments”- 

Thaler, 2015 (p.42). 

This chapter explains and reviews theories that were used throughout this paper. The focus is 

on heuristics and biases. We explain the underlying bias for decision fatigue and the gambler’s 

fallacy and provide an in-depth review of contemporary papers, as well as seminal papers such 

as “Judgment under Uncertainty: Heuristics and Biases”, written by Amos Tversky and Daniel 

Kahneman in 1974. The fundament of behavioral economics can be considered as the 

questioning of the assumption that people act as rational agents, as argued by Thaler (2015) in 

his work “Misbehaving: The Making of Behavioral Economics”, a book that tries to explain 

the field for laymen. 

 

When answering questions that are related to chance, Tversky and Kahneman (1974) argues 

that people tend to use what they call the representativeness heuristic to simplify their decisions. 

They argue that people assume that the probability of something being true, let us call that event 

X, is related to whether that event, X, represents something else, Y. To illustrate, consider the 

following adapted example (Thaler and Sunstein 2008):  

 

Carl is a 26-year-old man who is a vegan and feels strongly about LGBT2 rights. Is it more 

likely that he is: 

 

a) A feminist bank-teller 

b) Bank-teller 

 

If you are like most people, you chose option a: Carl is a feminist bank-teller. This can, 

however, not possibly be true; two combined attributes can’t possibly be more likely than each 

one separately. Simply put, there are more bank-tellers than there are feminist bank-tellers. As 

explained by Thaler and Sunstein (2008), it is hard to answer these types of questions even if 

                                                 
2 Lesbian, gay, bisexual and transgender persons. 
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you are very much aware of the representative bias. People feel strongly that the characteristics 

of Carl represents that of a feminist, and therefore presume a) to be true.  

 

This flaw in our thinking is related to the way our minds work, which can be divided into two 

different systems: system 1 and system 2 (Kahneman 2012). System 1 is the automated thinking 

we use to process majority of the information we get, all the time. You can intuitively tell that 

someone is angry, or sad, without much thought or effort. System 2 is the reflective part of our 

brains that deals with complex problems, such as if we were to ask you to calculate your optimal 

savings each month for the rest of your life for your pension, or just to calculate the product of 

137 and 43. We use heuristics to simplify our decisions and, subsequently, we use system 1 to 

deal with problems that otherwise would be time-consuming. This is what happened when you 

presumably chose option a, that Carl is a feminist bank-teller. 

3.1 The Gambler’s Fallacy 

A consequence of using the representativeness heuristic has been shown to be the gambler’s 

fallacy. The gambler’s fallacy can be described as the mistaken belief that short sequences of 

random events should hold the same properties as the overall characteristics  (Tversky and 

Kahneman 1971, 1974; Rabin and Vayanos 2010; Chen, Moskowitz, and Shue 2016; Ackert 

and Deaves 2010). Consider the following example:  

 

You are playing a game of coin-toss with your friend where you are supposed to call heads or 

tails when the coin is in the air. You have played seven rounds and the sequence was: 0111011, 

where 0 denotes tails, and 1 heads. Your friend tosses the coin in the air, and you can choose 

 

a) Heads 

b) Tails 

 

Studies show (ibid.) that, when facing these types of decisions, people tend to choose option b, 

tails, presuming a sort of regression towards the mean, disregarding the fact that the underlying 

probability of each coin-toss is fair, ergo 50/50. Furthermore, people tend to presume that 

streaks are rare and unlikely to occur, even though streaks are likely to occur frequently in small 

samples (ibid.).  
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The Gambler’s fallacy has been tested on a wide range of topics, recently by Chen, Moskowitz 

and Shue (2016), who showed that the gambler’s fallacy occurs in high-stake decisions. Their 

findings show that the heuristic does not go away when the stakes grows larger, something that 

economists previously has hypothesized. The authors showed in three high-stake decisions 

(asylum judges, baseball umpires, and bank loans) that the decisions are correlated with the 

previous decision and the correlation is stronger when streaks occurs (ibid.). Furthermore, they 

showed that the findings become weak, towards non-existing, if the time between the decisions 

became longer. Gold and Hester (2008) showed that consistent breaks are a type of solution for 

the gambler’s fallacy. They were able to test this theory on people who flipped the coin 

immediately after a coin toss and tried to predict the outcome. They did the same experiment 

with people who had a break in between coin tosses. They concluded that the respondents could 

predict a result that was closer to the true chance if they rested between the decisions. In other 

words, participants who got rest between the coin flips were less likely to fall for gambler's 

fallacy (Gold and Hester 2008). 

 

The hot hand fallacy is a fallacy that shows the opposite behavior to that previously attributed 

to the gambler’s fallacy. The hot hand fallacy is typically found in sporting events. People tend 

to believe that streaks in sporting events will endure, disregarding the baseline probability 

which follows Bayes’ theorem (Ackert and Deaves 2010; Thaler 2015; Rabin and Vayanos 

2010).  Gilovich, Vallone, and Tversky (1985), were the first researchers to introduce the term 

of the hot hand fallacy. They examined people's beliefs watching basketball games in the 

National Basketball Association (NBA). They observed that both basketball players and fans 

tended to believe that the chance for a player to hit another shot was based on whether the 

previous one was a hit, thinking that player is on a hot-streak. The hot hand fallacy will express 

itself as positive autocorrelation in probability models (Chen, Moskowitz, and Shue 2016; 

Rabin and Vayanos 2010; Gilovich, Vallone, and Tversky 1985).  If spectators of a basketball 

game use the hot hand fallacy when evaluating probabilities, the same must be true for the 

outcome of the players. This means that, for the probabilities to be correct, the basketball 

players result regarding making a shoot must be positively autocorrelated, which has been 

showed not to be the case (Gilovich, Vallone, and Tversky 1985).  

 

Researcher have also attempted to find an explanation for the gambler’s fallacy and the hot 

hand fallacy, and how come people sometimes suffer from the gambler’s fallacy and sometimes 

suffer from the hot hand fallacy. Ayton and Fischer (2004) argue that the difference between 
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the gambler's fallacy and the hot hand fallacy is that, in the first case it is believed that 

autocorrelation stems from a mechanical factor as a reflection of total randomness, such as 

roulette games, where a machine or object determines the probability of a number to occur. 

While in the second case, the autocorrelation in Hot hand fallacy is due to the human factor, 

such as a basketball player, where it does not depend on chance solely (Ayton and Fischer 

2004). The explanation given by Ayton and Fischer is however insufficient; a study conducted 

in Maryland, U.S, showed that players were able to invest more in numbers that gave a profit 

in the previous week, demonstrating signs of the Hot hand fallacy in a game that solely depend 

on chance (Clotfelter and Cook 1991). 

 

A study from 2016 showed that these two heuristics, the gambler's fallacy and the hot hand 

fallacy, can occur in the same sample but not at the same time (Suetens, Galbo-Jørgensen, and 

Tyran 2016). The authors analyzed data from a natural experiment on the behavior of Danish 

people in an online lottery and analyzed data from 28 Saturdays in 2005. They discovered that 

players tended to choose numbers that had already been drawn during the previous week (the 

gambler’s fallacy) or invest more in the numbers drawn more recently (the hot hand fallacy). 

While our study did not intend to test for what is called the hot hand fallacy, it is still important 

for the reader to be aware of this phenomenon. 

 

Based on the theories previously described, and modelled after Chen, Moskowitz, and Shue’s 

(2016) study, two hypotheses were formulated: 

 

i) Agents will show negative autocorrelation in their decision-making 

ii) Streaks of passing test-takers are less likely to occur 

 

The first hypothesis would suggest that the agents uses the Gambler’s fallacy in their decision-

making, and the second, if true, would affirm the findings.   
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3.2 Status Quo Bias 

Samuelson and Zeckhauser (1988) showed that decision-makers tend to adhere to the status 

quo option when presented with new options, and the agents chose status quo options 

significantly more than what would be expected using the canonical model of rational agents 

that maximizes expected utility using probability of outcomes. Their work should be regarded 

as a significant blow to the implicit argument held by many economists that the rational choice 

theory can be used as a descriptive model for economic behavior at large. The status quo bias 

can be described as sticking with the default option, in other words doing nothing in the sense 

that you are just leaving things as is (Kahneman, Knetsch, and Thaler 1991; Samuelson and 

Zeckhauser 1988). To illustrate, consider the following example:  

 

You have received an envelope regarding your occupational pension. If you do not choose to 

change how your pension is placed, it is automatically put into a so-called traditional insurance, 

where you are guaranteed a certain amount for your pension. Otherwise, you can choose to 

place your occupational pension in a unit-linked insurance. A unit-linked insurance works 

similar to a mutual found and therefore involves a higher risk and no guaranteed pension 

amount, but you also have the possibility of a higher pension. You can choose: 

 

a) Keep your occupational pension in a traditional insurance policy 

b) Transfer your occupational pension to a unit-linked insurance 

 

In this example, which is modelled after a decision nearly all people will have to face, the status 

quo option is a), simply leaving things as is. What scientists have showed (Kahneman, Knetsch, 

and Thaler 1991; Samuelson and Zeckhauser 1988) is that people tend to choose option a) 

simply because it is the default. In the real world this is an even more difficult problem. For 

example, in Sweden you have the option to choose how your pension should be placed, but you 

have far more than one other option to choose from (Thaler and Sunstein 2008). As Samuelson 

and Zeckhauser would predict (1988), many Swedes opted with the status quo, significantly 

more than if just one option, as in our example, was presented (Thaler and Sunstein 2008). 

When people start to experience decision fatigue, they tend to adhere to the status quo bias 

(Danziger, Levav, and Avnaim-Pesso 2011; Augenblick and Nicholson 2013). 
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3.3 Decision Fatigue 

Making decisions is depleting (Augenblick and Nicholson 2013; Ma et al. 2013; Daljord, 

Urminsky, and Ureta 2017; Danziger, Levav, and Avnaim-Pesso 2011). Decision fatigue can 

be explained as the result of getting tired by making many sequential decisions. There are three 

major terms that are all related, called decision fatigue, choice fatigue, and mental fatigue 

(ibid.). Choice fatigue is similar to decision fatigue but tries to pinpoint the feeling of fatigue 

that is related to having too many options, for example buying hair shampoo in the supermarket. 

Mental fatigue includes decision fatigue but is also used more generally to describe the notion 

of feeling tired from extensive cognitive processing. Henceforth, we will use the term decision 

fatigue, defined as previously stated, but in short discuss choice fatigue. 

  

According to Augenblick and Nickolson (2013) choice fatigue is the result of facing many 

decision possibilities. Choice fatigue will increase the tendency of avoiding making a decision, 

given that there is a possibility to not make a decision at all, or rely on the heuristics. This will 

lead to an unchanged state, known as a status quo. In their study from 2013, they investigated 

the theory of choice fatigue and its effects on decision-making. They did a so-called natural 

experiment, in which they investigated how people get affected when they must choose from a 

long list of politicians or parties. They concluded that without a choice fatigue the voting 

abstentions would decrease with 8 percent. Furthermore, the further down a politician is on the 

ballot list, the less likely are people to vote for him or her.  They could also find the effect of 

selecting the default option or first person on the list, also known as primacy effect. 

 

Danziger et al (2011) found similar results to Augenblick and Nickolson (2013), concluding 

that fatigue has a significant effect on decision-making. They investigated how mental fatigue 

caused by sequential decision-making affects experienced judges in their parole decision-

making for prisoners. The prisoners who had been given an appointment early in the working 

shift, no matter if the shift was long or short, were more likely to get a conditional release, about 

65% of the time, than if the prisoners had the appointment late in the working shift, which ended 

to only 15% just before the lunch break. This tendency shifted back again to a high probability 

after a lunch break. They concluded that decision-making takes energy and when judges get 

tired, they look for the opportunities to make simple and safe decisions, which in this case 

means an unchanged state, that the prisoners remain in prison. In other words, when the 
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resources are depleted, people tend to make choices that use less energy. This means that 

decision fatigue is not solely a bias on decision-making but is definitely affected also by 

physiological needs (Daljord, Urminsky, and Ureta 2017). 

  

Decision fatigue can also be a result of physiological fatigue such as lack of sleep, hunger, or 

stress. A recent study showed that fatigued nurses are more likely to make wrong decisions at 

their work than well-rested nurses (Scott, Arslanian-engoren, and Engoren 2014). Danziger et 

al (2011) mean that breaks which splits the day into different decision periods, before and after 

the lunch break for example, can significantly help in preventing the reversion to the status quo 

due to the decision fatigue. In that way decision-makers can have the opportunity to refill with 

energy, increasing the glucose levels in the body, rest and improve their overall mood 

(Danziger, Levav, and Avnaim-Pesso 2011). Similarly, Persson et al (2019), exploited an 

existing natural experiment, investigating the role of decision fatigue on orthopedic surgeons 

and their decision to operate or not. They show that patients who met a surgeon by the end of 

their working shift were about 33 percentage points less likely to be scheduled for an operation 

compared to the patients who were scheduled early in the working shift. This shows that the 

effect of the decision fatigue has an impact even on patients and can make substantial 

differences for their health.  

 

Based on the studies presented about decision fatigue, we hypothesized that: 

  

i) The likelihood of an active choice by the decision-maker will decline the later the 

decision was made 

 

If our hypothesis holds true, the estimator for the position will be less than 0, indicating that 

the agents suffer from decision fatigue. An active choice is to pass a test-taker, arguing that 

the passive choice is reverting to the risk-free status quo decision to fail a test-taker. 
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4 Procedure & Model Specification 

 

We analyzed data from a field study on driving license examiners, were the data was provided 

by the Swedish Transport Administration. All calculations were made using the statistical 

program language R, and the code used is provided in appendix I. This chapter will focus deeper 

in terms of descriptive statistics and limits which are put on the data. Our basic data was, as 

stated, obtained from the Swedish Transport Administration and contained a selection of all 

196,864 decisions taken over a three-year period, between 2016 and 2018 in Sweden. The 

decisions were taken by 50 driving examiners, 25 women and 25 men, representing different 

offices around Sweden.  

4.1 Procedure 

For most of the 20th century, economics as a science considered to be a non-experimental 

science (Serra 2012). Serra emphasizes that until not so long-ago scientists claimed that 

economics is not a science where economists can test their hypothesis in the laboratory. He 

compared economics to other sciences, as astronomy or meteorology, and argued that 

economists can only rely on the made observations.  

 

In the choice between the laboratory experiment and a field study we have chosen to conduct 

the latter. Many studies around the world are conducted on students with the explanation as the 

most cost-efficient method (Falk and Heckman 2009). On the other hand, there are researchers 

who criticize the laboratory experiments as a method, claiming that students as a respondent 

group are unrepresentative for the population and usually the sample size is small, which 

according to them can produce an “unrealistic” data, even if Falk and Heckman (2009) do not 

agree with that point of view. There are those that emphasize the importance of, as they call it, 

the non-university sample, arguing that it increases the generalizability of the results (Vohs et 

al. 2008). Thus, we wanted to collect data from a field study i.e., based on the real-life decisions 

and which can help improve the operations of a state authority. However, according to Falk and 

Heckman (2009) emphasizing that one is better than the other is misleading. In fact, the choice 

is not between “realistic” or “unrealistic” - laboratory or field study, but the choice is finding 

the best way to elicit the causal effects which can impact the study (ibid.).  One important aspect 
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as to why field studies are preferred is the elimination of the so-called Hawthorne effect, where 

the subjects in the lab experiment pretend to behave differently because they perceive 

themselves as specially selected to conduct the experiment and they also feel observed, which 

is not present in case of using field data, where the experiment has already occurred. In other 

words, when the subjects do not know that they are part of an experiment they act more 

naturally, which is what we found attractive (Harrison and List 2004).  

 

We also found that a field study is the most appropriate method to conduct our work, since it is 

cost-efficient for both the data-provider and authors, who don’t have to appear physically to 

collect the data, it is the least time demanding method and it also depersonalizes the interaction 

between the experimenter and the respondent, and in this way make the study even more 

efficient (Greiner 2015). 

 

Gerber and Green (2011) define field experiment as the mix of two methodological strategies 

– fieldwork and experimentation. We find our study close to a natural experiment, except the 

way the test-takers signed up for the test, which is not randomly assigned, ensuring that every 

subject has the same probability of being assigned (Gerber and Green 2008). We are aware of 

this dilemma, but we do neither see this as an obstacle nor as a problem for conducting our 

study. The reason why we define our paper as a field study and not as a natural experiment, 

where the experiment occurs naturally (Harrison and List 2004), is due to the form of how the 

subjects in our data registered or signed up for the driving test. According to the Swedish 

Transport Administration there are two ways to sign up for the test (Swedish Transport 

Administration, 2019e). You can sign up either through the driving school, if you are taking 

lessons there, or booking through the Swedish Transport Administration’s website. The 

problem is that the way of signing up for the driving test is not randomly assigned, therefore 

our study doesn’t fulfill the requirements of being a natural experiment (Harrison and List 

2004). This means that people who want to conduct the test for driving license of category B 

can choose the day and the time they want to do the test. In the worst case, if there is a proof of 

a bias in the study, people who already are informed about this phenomenon, can manipulate 

the time of their test. 

 

The main problem that we faced on our journey of doing this study was to obtain the data that 

we wanted to test. We contacted more than ten different governmental bodies, but we were met 

with deaf ears and concerns regarding sensitive data, even though we were clear that we did not 
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want any sensitive or personal data; we wanted anonymized decisions, with some control 

variables such as age and gender. Finally, we got a positive response from the Swedish 

Transport Administration.  

4.2 Data collection 

Finding the difference in our models, whether the event is the result of the Gambler’s fallacy 

or Decision Fatigue, or both, we have decided to investigate decisions of driving license 

examiners. Our base data is obtained from the Swedish Transport Administration and contains 

a selection of 196,864 decisions taken over a three-year period, between 2016 and 2018. The 

decisions were taken by 50 driving examiners, 25 women and 25 men. To delimit our study and 

simplify the process of manual coding of one our dummy variables, we decided to limit the data 

of 196,864 decisions to only one month, which we found to be enough for our study. This was 

possible by using the program language R which could randomly assign one of 36 months of 

our data, and this turned to be March of 2018. We refer to the data spanning from 2016 to 2018 

as the base or main data, and the randomly assigned data, March 2018, we refer to as our chosen 

sub-sample or final data. 

 

Our chosen subsample March 2018 contains 5870 decisions made by 50 driving examiners, in 

861 working shifts. The number of driving tests conducted each month varies throughout the 

three years, and our subsample is slightly above average. The mean number of decisions per 

month over all three years was 5468, with a standard deviation of 705, which differs from our 

subsample with 402 decisions. With regards to the standard deviation, we found March 2018 

to be considered approximately average.  

 

All the decision-makers, i.e. the examiners, in the base data are the same persons with no 

possibility to identify them but separated in the data through an ID-number. Our data contains 

information about the gender and the age of the examiners, but no other data is attached about 

the examiners background. In our data we could find information about the start and finish time 

of every test conducted. All the tests in our subsample, March 2018, lasted for 45 minutes each, 

but there were tests lasting more than 45 minutes, between 55 and 90 minutes, long in our base 

data. 
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A working shift is defined as a whole day shift, with a lunch break. The first test conducted by 

a driving license examiner, could start as early as 7.15 in the morning and last until 18.15 in the 

afternoon. For example, an examiner who conducted 12 decisions, the maximum number of 

decisions in one day, could start at 8:00 in the morning and finish the last test as late as 18:15 

in the afternoon. In total, there were only five driving license examiners who conducted 11 or 

more decisions on a single day. The lunch break could fall in between 11.00 until 13.00 and 

last between 25 and 90 minutes. We created a variable where the position of the examinee, 

position 1 was the first test in the working shift, and reset after lunch break. In our subsample, 

the examiners took up to 12 decisions per day, excluding the three other decision types: 

Rejected, Not executed and Default, which you can read more below on the same chapter.   

 

The main requirement of the driving test is to show that the test-taker can apply the knowledge 

of driving a vehicle independently. This means that the examiner will check whether the test-

taker have achieved the goals to obtain a driving license (given that the test-taker have passed 

the theory test), in 26 different test points based on the curriculum (Swedish Transport 

Administration, 2019f). The test is considered as a sample, since all the moments won’t be 

tested. Which test points will be included in the sample varies from test to test. There are five 

main areas that will be assessed in a driving test: vehicle knowledge and maneuvering, 

environment and economical driving, traffic rules, traffic safety, and behavior (Swedish 

Transport Administration, 2019g). 

  

The driving test lasts for 45 minutes, of which about 25 minutes are active driving. The test 

starts with a security check of the vehicle, which is instructed by the examiner. In the end, the 

examiner will inform the test-taker whether he or she has passed the test. If the test-taker has 

not passed the test the examiner will inform and give him or her the test protocol to see on what 

areas to practice more (Swedish Transport Administration, 2019h).   

  

There are five different decision types on driving tests that examiners can make a decision on. 

In our study we have decided to focus on two types of decisions, “Pass” and “Fail”. There are 

three more decisions types that we have chosen to not include in our sample group, which are: 

i) Rejected, where the person who is tested is rejected from the test due to different obstacles 

and therefore, the examiner is not able to conduct the test. For example, the person does not 

provide a valid ID, or if the test-taker has an invalid vehicle (Swedish Transport Administration, 

2017). The candidate must still pay the fee. ii) Not executed is the second decision type that we 
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do not include in our study. This means that a driving test cannot be conducted due to the test-

taker falling ill. This time the candidate is not obliged to pay any fee. Finally, iii) Default is 

when the candidate does not show up to the test and the test cannot be conducted, which will 

be penalized with a fee (Swedish Transport Agency, 2012). The fee is 800 SEK on the 

weekdays, before 18.00. However, on the weekends and weekdays after 18.00 the fee is 1,040 

SEK (Swedish Transport Administration, 2018b). These decisions types were not provided in 

the data. 

4.3 Model Specification 

This section will be divided into two subsections that presents how we analyzed our data, and 

provides arguments as to why the models test what we are interested in.  

4.3.1 The Gambler’s fallacy 

Chen, Moskowitz, and Shue (2016) suggested a baseline specification for testing the Gambler’s 

fallacy using a linear probability model, consisting of: 

 

𝑌𝑖𝑡 =  ß0 +  ß1𝑌𝑖, 𝑡 − 1 +  𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 +  𝑒𝑖𝑡 

 

Yit is the depended variable, in this case the decision variable, for respondent i, at time t.  

Yit is a binary variable, where (for our example) 1 = pass and 0 = fail. Yi,t-1 is a lagged variable 

representing the previous decision made. Controls is control variables such as age and gender 

of the examiner. ß1 measures the change of the probability of making an active choice based 

on if the previous decision was a pass or fail. Values of ß1 < 0 indicate negative autocorrelation 

unrelated to specific preferences between the alternatives (ibid.). 𝑒𝑖𝑡 is the error term for 

individual i at time t. Our suggested model deviates from Chen, Moskowitz, and Shue’s (2016) 

presented baseline specification model, which uses a linear probability model, and instead we 

propose the use of the logistic regression model, allowing for more precise estimations (Stock 

and Watson 2015). We therefore propose, and used, the following baseline model: 

 

𝑃(𝑌𝑖𝑡 =  1 | 𝑌𝑖, 𝑡 − 1 )  =  𝐹(ß0 + ß1𝑌𝑖, 𝑡 − 1 +  𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 +  𝑒𝑖𝑡)  
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which can be written as, 

 

𝑃(𝑌𝑖𝑡 =  1 | 𝑌𝑖, 𝑡 − 1 )  =  
1

(1 + 𝑒−(ß0 +ß1𝑌𝑖,𝑡−1 + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠+ 𝑒𝑖𝑡)
 

 

The main advantage in using the suggested logistic regression model is that our model is more 

effective than the one previously presented since it provides a better approximation to the 

nonlinear nature of the population's true regression function (Stock and Watson 2015). Our data 

is likely to suffer from incorrect standard errors, and subsequently incorrect tests (Angrist and 

Pischke 2009), which we will compensate for by clustering our standard errors over decision 

makers, as suggested by Angrist and Pischke (2009) and Chen, Moskowitz, and Shue (2016). 

 

Like Chen, Moskowitz, and Shue (2016), we also tested for streaks of decisions. More precise, 

we tested if the agents were more likely to inverse their decision if the decision followed by a 

streak, or would lead to one, using the following logistic regression model: 

 

𝑃(𝑌𝑖𝑡 =  1 | 𝐼(𝑌𝑖, 𝑡 − 1 , 𝑌𝑖, 𝑡 − 2 ))  =   𝐹(ß0 +  ß1𝐼(1,1)  +  ß2𝐼(0,1)  +  ß3𝐼(1,0)  +  𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 +  𝑒𝑖𝑡)  

 

which can be written as, 

 

𝑃(𝑌𝑖𝑡 =  1 | 𝐼(𝑌𝑖, 𝑡 − 1 , 𝑌𝑖, 𝑡 − 2 ))  =  
1

(1 + 𝑒−(ß0 + ß1𝐼(1,1)+ ß2𝐼(0,1)+ ß3𝐼(1,0)+ 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠+ 𝑒𝑖𝑡))
  

 

Our estimators estimate behavior in comparison to the excluded variable that represents two 

consecutive decisions to fail a test-taker, (0,0). The assumption from the Gambler’s fallacy is 

that streaks will be less likely to occur, meaning that if an agent has chosen (1,0), they will be 

less likely to choose 0 since that will result in a streak of two consecutive 0’s (Chen, Moskowitz, 

and Shue 2016). 

4.3.2 Decision Fatigue 

All decisions were given a number for their position during that day, the first decision given 

the number 1 and starting over after lunch, ranging from 1-6. This means that the decisions 

before and after lunch were pooled together, but separated in the model through a dummy 
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variable that takes the value 1 if the decision was made after lunch. The dependent variable was 

the decision at time t. For the same reasons that were stated in section 3.3.1, we used a logistic 

regression model with clustered standard errors over decision-makers. The formula used is as 

follows, 

 

 𝑃(𝑌𝑖𝑡 =  1 | 𝑃 𝑖𝑡 )  =  𝐹(ß0 + ß1𝑃𝑖𝑡 +  𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝑒𝑖𝑡)  

 

which can be written as, 

 

𝑃(𝑌𝑖𝑡 =  1 | 𝑃 𝑖𝑡 )  =
1

(1 +  𝑒−(ß0 +ß1𝑃𝑖𝑡 + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 +𝑒𝑖𝑡))
 

 

Here, we test if the probability of an active choice [passing the test-taker] at time t for 

individual i is related to the position of the decision, which is the variable Pit in the equation. 

The assumption is that the later a decision was made, the higher is the likelihood of the 

examiners to revert to the status quo, i.e. failing a test-taker.    
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5 Descriptive Statistics & Results 

“The great tragedy of Science — the slaying of a beautiful hypothesis by an 

ugly fact.”- Huxley3. 

This chapter will be divided into four subsections, consisting of descriptive statistics, and the 

results of our models, testing for the gambler’s fallacy and decision fatigue. 

5.1 Descriptive Statistics 

Table I – Driving License Test: Descriptive statistics 

     

         

                                                      2016-2018 Mar-18 
Driving 
examiners 

 
50 50 

Women   25 25 

Men   25 25 

Mean age of driving examiners 49.6 50.52 

Total number of decisions 196,864 5,870 

"Pass"   88,648 (45) 2,486 (42.3) 

"Fail"   108,216 (55) 3,384 (57.7) 
By gender of  
examiners    

Women   99,490 (50.5) 3,070 (52.3) 

"Pass"   43,777 (44) 1,221 (39.8) 

"Fail"   55,713 (56) 1,849 (60.2) 

Men    97,374 (49.5) 2800 (47.7) 

"Pass"    44,871 (46.1) 1,265 (45.2) 

"Fail"   52,503 (53.9) 1,535 (54.8) 

Total number of working shifts 28,245 861 

Mean number of working shifts/pers 564.9 17.22 
Mean number of total decisions per day   
(all examiners) 348.5 217.4 

Mean number of decisions per work shift 7 6.8 
Mean number of driving examiners per 
day 49.8 31.9 

          

   
All numbers within brackets represents 
percentages.   

                                                 
3 Some remarks truly stand the test of time, such as this quote by Thomas Huxley in 1890.  
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Table I consists of descriptive statistics over our base data and subsample. Our base data 

contains a selection of 196,864 decisions taken over a three-years period, between 2016 and 

2018. The decisions were taken by 50 driving examiners, 25 women and 25 men, which also 

applies to our final data. Since women took more decision per person than men, 2116 decisions 

more, the percentage rate of decisions taken by gender is 50.54 percent women and 49.46 

percent men. 108,216 of 196,864 decisions were of type “Fail” i.e. about 55 percent, 

meanwhile, approximately 45 percent of decisions were of type “Pass”, in total 88,648. 

    

Our data for these three years represents a sample of about 24 percent of 836,684 decisions 

made in total, for the same period. We can see an increase in decisions made, from 268,616 

decisions in 2016, to 275,200 in 2017 and 292,868 in 2018. An increase with almost 10 percent. 

The percentage rate for approved and failed tests is approximately the same for all three years, 

with a difference of about 1.7 percent from 2016 to 2018.  

 

Our final data counts 5,870 decisions on driving license tests for a period of one month, March 

2018. All the decisions for this period are made by 50 driving examiners. Similar to our basic 

data even during the March 2018 women made more decisions than men, 52.3 percent 

respectively 47.7 percent. In total, during the March of 2018, women made 270 decisions more 

than men.  

 

The percentage for the approved and failed tests for our final data is slightly different compared 

with the rest of the data, where 42.3 percent passed the test and 57.7 percent failed. We can also 

see that women examiners tend to reject more test-takers than men examiners. About 40 percent 

of the persons who had a woman as an examiner passed the test and about 60 percent failed. 

This can compare to the data from the male examiners, where 45.2 percent of those who had a 

male examiner passed the test and 54.8 percent failed. In total, during the March of 2018, female 

examiners rejected 314 persons more than male examiners.  

 

During the March of 2018 there were in total 27 working days out of 31 days that March has, 

including both Saturdays and public holidays, but no Sundays occur on the data. The number 

of decisions and the number of the examiners working per day varies from day to day. There 

were between 26 and 326 decisions that all examiners together took on one day and the number 

of the examiners working per day varied from 3 up to 44, but the maximum number of 50 

examiners that our data contains, never occurs on a single work shift. Examiners did in total 
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861 working shifts and took 5,870 decisions. On average they took 217.4 decisions per day and 

there were 31.88 examiners working per day. Every examiner took on average 6.81 decisions 

per day or 117.4 decisions per month. Every examiner worked on average 17.22 working shifts 

during the March of 2018 and the mean age of the examiners was 50.52.  

5.2 Incorporating previous decisions  

Table II is the results from the baseline logistic regression model, consisting of i) a lagged 

variable of the previous decision the examiner made, ii) the age of the examiner, iii) their 

gender, and iv) whether it was before or after lunch (Afternoon). Variable ii) to iv) are control 

variables that were used to exclude other possible factors from the variable of interest, lag t-1. 

The table shows that the examiners decisions are not negatively autocorrelated, but instead 

shows near certain signs of positive autocorrelation (P < 0.0001). Ergo, our hypothesis that 

agents will show negative autocorrelation in their decision-making is rejected.  

 

The marginal effects for previous decision equals 0.0496 which predicts that the probability of 

an examiner passing the test-taker is approximately 5 percent higher if the previous decision 

was a pass, ceteris paribus. The marginal effects for examiner’s age equal 0.0003 which can be 

interpreted as for each additional year of the examiners age the probability of said examiner 

passing a test-taker is 0.3 percent higher, ceteris paribus, however the variable is not significant. 

The marginal effect for female equals –0.0509, which predicts that if the examiner is a female, 

the probability of passing the test-taker is approximately 5% lower. The marginal effects for 

afternoon equals –0.0322, which can be interpreted that the probability of an examiner passing 

the test-taker is approximately 3 percent less likely if the decisions was made in the afternoon.   
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 Table II – Driving License Test: Baseline Results 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
All estimators are presented as marginal effects, and the model used clustered standard errors over decision-makers. The dependent 
variable is the decision at time t. Lag t-1 is a dummy variable of the decision made at time t minus one, taking the value 1 if the decision 
was to pass the test-taker. Age is a variable of the examinators’ age. Female is a dummy variable that takes the value 1 if the examinator is 
a female. Afternoon is a dummy variable that takes the value 1 if the decision was made after lunch. 

 

The model has a low R-squared value, suggesting that only 0.9 percent of the decisions can be 

explained by the model. This is however not of interest for the study; we only intended to see 

if previous decisions are affecting the decision-makers, and if so to what extent, not to fit a 

model that best explains how decisions are made. Therefore, we are focusing on the estimators 

and whether or not the model itself is significant. The model chi-square suggests that the model 

is in fact significant, and that at least one of the variables has a significant effect on the 

dependent variable. Our baseline model suggests that an examiner is approximately 5 percent 

more likely to pass a test-taker if the previous test-taker passed, ceteris paribus. This suggests 

that it is possible that the examiners are using the hot hand fallacy. For this model, we 

interpreted the control variables in order for the reader to know how they could be interpreted, 

but henceforth we will only interpret the variables of interest. 

 

Our hypothesis regarding negative autocorrelation was in fact incorrect, however, the 

examiners are incorporating their previous decisions in their decision-making. This was further 

examined in Table III where the baseline model was extended to three models, model 2 adding 

      

   

 Estimators P-Value 

Lag t-1 0.0496 <0.0001 

Age 0.0003 0.8464 

Female -0.0509 

 

     0.0136 
 

Afternoon -0.0322 0.0487 

     

R-Square 0.009  

Chi-Square 37.41  

d.f 4  

Pr > Chi2 <0.0001  
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the decision at time t minus two, and model 3 adding the decision at time t minus two and minus 

three. 

 

 

Table III – Driving License Test: Extended Baseline Results 

        

 Model 1 Model 2 Model 3 

       

Lag t-1 0.0496** 0.0484** 0.0484** 

Lag t-2 N/A 0.0246* 0.0252* 

Lag t-3 N/A N/A -0.0085 

Age 0.0003 0.0003 0.0003 

Female -0.0508* -0.0497* -0.0503* 

Afternoon -0.0171* -0.0377* -0.0306* 

       

R-Square 0.009 0.009 0.009 

Chi-Square 37.41 41.09 41.48 

d.f 4 5 6 

Pr > Chi2 <0.0001 <0.0001 <0.0001 

        
All estimators are presented as marginal effects, and the models used clustered standard errors. The dependent variable is the decision at 
time t. *, and ** represents 5%, and 1% significance. Lag t-1 is the decision at time t minus one, taking the value 1 if the decision was to 
pass the test-taker.  Lag t-2 is the decision at time t minus two. Lag t-3 is the decision at time t minus three. Age is a variable of the 
examinators age.  Female is a dummy variable of the examinators gender, taking the value 1 if the examinator is a female. Afternoon is a 
dummy variable that takes the value 1 if the decision was after lunch. 

 

In all three models, the lagged variable lag t-1 is significant at 1 percent, and suggests 

approximately 5 percent causal effect on the decision, ceteris paribus. The effect is smaller for 

lag-2 (model 2 and 3), suggesting that an examiner is 2.5% more likely to pass a test-taker if 

the person at t-2 passed their test, ceteris paribus. Lag t-2 is in both models significant at 5%. 

In model 3, the variable lag t-3 was introduced, suggesting that the examiner is 0.8% less likely 

to pass the test-taker if the person at t-3 passed, ceteris paribus. The independent variable lag 

t-3 is not significant but could be interpreted as that streaks longer than three consecutive passes 

are deemed less likely by the decision-makers. Table III further strengthen the results regarding 

decision-makers probability to pass a test-taker if previous test-takers has passed. The fact that 
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lag t-2 also is statistically significant (and > than 0) further suggests that the decision-makers 

could be using the hot hand fallacy, since it predicts that streaks will endure. All three models 

are significant, as can be observed under their respective chi-square tests.  

5.3 Streaks 

Table IV predicts how examinators are affected by streaks and, as previously discussed,4 the 

variables of interest, Pass,.Pass, Pass,.Fail, Fail,.Pass, are to be interpreted in relation to the 

omitted variable Fail,. Fail. In Table IV, we can see that i) an examiner is 7.7% more likely to  

 
Table IV - Driving License Test: Streaks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All estimators are presented as marginal effects, and the model used clustered standard errors over decision-makers. The dependent 
variable is the decision at time t. Pass, Pass is a dummy variable that takes the value 1 if the previous two decisions was pass. Pass, Fail is 
a dummy variable that takes the value 1 if the decision at time t-2 was Pass, and t-1 was Fail. Fail, Pass is a dummy variable that takes the 
value 1 if the decision at time t-2 was Fail, and t-1 was Pass. Age is a variable of the examinators age. Female is a dummy variable that takes 
the value 1 if the examinator is a female. Afternoon is a dummy variable that takes the value 1 if the decision was made after lunch. Position 
is a variable that tells at what position the decision was made, from 1 to n.  

 

                                                 
4 See section 3.3.1. 

      

 Estimators P-Value 

Pass, Pass 0.0773 <0.0001 

Pass, Fail 0.0267 0.0856 

Fail, Pass 0.0486 0.0004 

Age 0.0003 0.8379 

Female -0.0492 0.0132 

Afternoon -0.0373 0.0138 

Position -0.0141 0.0221 

     

R-Square 0.010  

Chi-Square 43.12  

d.f 7  

Pr > Chi2 <0.0001  
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pass a test-taker if they follow two consecutive passes than if they were to follow two 

consecutive fails, ceteris paribus, significant at < 1 percent significance level. Our model 

suggests ii) that if the test-taker were to follow a sequence of Fail, Pass, they would be 

approximately 5% more likely to pass then if they were to follow a sequence of Fail, Fail, 

ceteris paribus. The variable Fail, Pass is significant at 1 percent significance. Furthermore, iii) 

our models predict that an individual would be approximately 2.7% more likely to pass with a 

sequence of Pass, Fail, then if they were to follow a sequence of Fail, Fail, ceteris paribus. Our 

hypothesis stating that streaks of passes are less likely to occur was false, and we can with 

confidence say that streaks of passes are more likely to occur and are incorporated in the 

examiner’s decision-making. This is in line with the results from 4.2, suggesting that the 

examiners could be using the hot hand fallacy. 

5.4 Decision Fatigue 

Table V consist of the results from our logistic regression model testing for decision  

 

Table V - Driving License Test: Decision Fatigue 

      

 Estimators P-Value 

Afternoon -0.0369 0.0175 

Position -0.01284 0.0211 

Age 0.0003 0.8411 

Female -0.0541 0.0114 
   

   

R-Square 0.007  

Chi-Square 30.52  

d.f 4  

Pr > Chi2 <0.0001  

      
All estimators are presented as marginal effects, and the model used clustered standard errors over decision-makers. The dependent 
variable is the decision at time t. Afternoon is a dummy variable that takes the value 1 if a decision was made after lunch. Position is a 
variable of the position of a decision, 1 being the first decision of the day, and the first after lunch. Age is a variable of the examinators age. 
Female is a dummy variable that takes the value 1 if the examinator is a female 
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fatigue. The variables of interest are Afternoon and Position, with Age and Female serving as 

control variables. The marginal effect of the variable Position is -0.01284, predicting that the 

likelihood of an examiner passing a test-taker decreases by approximately 1.3% for each 

additional decision that had been made prior, ceteris paribus. The marginal effect of Afternoon 

is -0.0369, suggesting that an examiner is approximately 3.7% less likely to pass a test-taker if 

the decision is made in the afternoon, ceteris paribus. Illustratively, this would depict itself as 

a downward shift of the downward sloping curve of the position after lunch, with the probability 

of passing the test-taker on the Y-axis and Position on the X-axis. The model shows statistically 

significant results suggesting that the examiners tendency to revert to the status quo [failing the 

test-taker] increases the more decisions they have made that day, and that the effect is stronger 

in the afternoon.  

 

In Table VI, we introduced an interaction variable between Afternoon and Position, allowing 

for different slopes before and after lunch. When the interaction variable was introduced, the  

 
Table VI – Driving License Test: Extended Decision Fatigue 

      

 Estimators P-Value 

Afternoon 0.0250 0.4284 

Position -0.0051 0.4918 

Afternoon x Position -0.0254 0.0251 

Age 0.0003 0.8185 

Female -0.0541 0.0116 
   

R-Square 0.008  

Chi-Square 36.23  

d.f 5  

Pr > Chi2 <0.0001   
   

All estimators are presented as marginal effects, and the model used clustered standard errors over decision-makers. The dependent 
variable is the decision at time t. Afternoon is a dummy variable that takes the value 1 if the decision was made after lunch. Position is a 
variable of the position of a decision, 1 being the first decision of the day, and the first after lunch. Afternoon x Position is an interaction 
variable of Afternoon and Position. Age is a variable of the examinators’ age. Female is a dummy variable that takes the value 1 if  the 
examinator is a female. 
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variable Afternoon changed to a positive marginal effect, 0.0250, predicting that the probability 

of passing a test-taker is 2.5% higher after lunch, ceteris paribus. The variable is not 

significantly different from 0. The marginal effect of Position is -0.0051, predicting that the 

probability of passing a test-taker decreases from 1 to n multiplied by 0.5% until lunch, ceteris 

paribus. The variable is not significantly different from 0. The probability of passing a test-

taker decreases by approximately 2.5% if the position occurs after lunch compared with the 

variable Position, given by the marginal effect of Afternoon x Position (-0.0254), ceteris 

paribus. This is partly in line with the results from Table V, but adding the interaction variable 

suggests that the examiners, if they are in fact reverting to the status quo, only significantly do 

so in the afternoon.  

 

The results of our models testing for decision fatigue is in-line with our hypothesis, stating that 

the likelihood of an active choice by the decision-maker [examiner] will decline the later the 

decision was made.  
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6 Discussion 
 

In this chapter, we will discuss the results and compare the outcome of the different models. 

 

Our sample is not random. The crucial aspect is that times are not assigned randomly to 

examiners, meaning that there is the possibility of patterns to occur naturally in the sample 

simply because of how people tend to choose their test-times. This might in itself cause 

autocorrelation. Before conducting our models, we hypothesized that the examiners would 

suffer from the gambler’s fallacy and decision fatigue. This was only partly true. We found the 

results from our baseline models to be surprising. The studies that we presented in chapter three 

that were based on types of decisions, such as asylum judges and baseball umpires, all found 

evidence of the gambler’s fallacy. The hot hand fallacy has, to our knowledge, not been found 

in similar populations. This can be caused by the non-randomness of our sample. We suspected 

that the people signing up through driving schools might get clustered together. We 

hypothesized that it could be a way for the schools to lower their costs. We reached out to our 

contact at the Swedish Transport Administration, who confirmed that it is possible for driving 

schools to sort of sign up people as groups. This could explain why we see evidence of the hot 

hand fallacy amongst our decision-makers since a previous study on driving licenses could 

show that it was more likely to pass if the test-taker had gone to driving school. This is 

reasonable since the test-takers that went to driving school likely had a better training. However, 

it is not enough to explain our results, meaning, the positive autocorrelation cannot be explained 

solely by the fact that the percent of people that passes are higher amongst driving school 

students.   

 

A plausible explanation could be that the examiners generally have a lower competence than 

the likes of judges. Let’s first examine why this could be a plausible explanation; the reasoning 

is that the hot hand fallacy has typically been observed were the people exhibiting this fallacy 

could be regarded as not being experts in what they are asked to do, such as probabilities of a 

basketball player making a shoot, or the likelihood of specific lottery numbers after they have 

been observed. The fallacy has been observed with basketball players themselves, but this is 

likely due to an increase in self-confidence and therefore we argue not applicable. It is logical 

that the basketball players get higher confidence if they are making more shoots than on 

average, but we fail to see how that would look for the examiners. We found the non-

randomness of the sample to be a more likely explanation, since there are tests that the 
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examiners need to pass in order to be allowed to work as such, combined with easy-to-use 

manuals for the tests. 

 

Decision fatigue is something we deemed to be likely to find evidence of prior to our tests. 

Unfortunately, due to the non-randomness of our sample, we cannot be sure whether the 

significant results are due to decision fatigue, or simply due to how people are signing up. It is 

possible that the results we see are because better drivers tend to sign up for times that occur 

before lunch, and vice versa.  

 

As argued in chapter three, breaks that split the day into different decision periods can 

significantly help in preventing the reversion to the status quo due to the decision fatigue. This 

is suggested to be the case in the extended results however the results were not significantly 

different from zero. With breaks, decision-makers can have the opportunity to refill with 

energy, increasing the glucose levels in the body, rest and improve their overall mood. In our 

study we could notice that the lunch breaks occur between 11.00 and 13.00 and can last from 

25, up to 90 minutes. But, what is important to mention regarding the breaks or eventually, the 

gaps, that fall between the driving tests conducted, is that we cannot identify if it is because that 

the examiner did not have a test scheduled at that time or if it depends on the other decision 

types, discussed in chapter 4.2, where one has chosen or cannot conduct the test for one reason 

or another, which also affects the number of decisions conducted on a day.  

 

Interestingly, in our first model for decision fatigue5the variable that splits the day in two is 

negative, suggesting that the lunch break has a negative effect on the probability of passing a 

test-taker. This is probably due to that it better fits the observations after lunch, but that the 

variable can only shift the curve up or down, and not the slope. We came to that conclusion 

since when we added the interaction variable [Table VI], the variable Afternoon had a positive 

marginal effect, and the interaction variable was negative, making the slope steeper after lunch, 

and the variable Position not significantly different from zero. In other words, the effect is not 

significantly different from zero before lunch, but it is after. The model in Table VI better 

represents the true regression function of the population since it allows for different slopes 

before and after lunch, with significant results. 

 

                                                 
5 See Table V. 
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Our theory as to why our extended model, testing for decision fatigue, only shows significant 

results in the afternoon is easy-to-use manuals. The fact that the examiners have clear formats 

of what should be tested, and easy-to-interpret points (the 26 different points touched upon in 

chapter 4.2.) that they can choose from, should make the system appropriate to uphold rule of 

law. We argue that it simplifies the decision-making process by giving the examiners several 

easier decisions to make, in effect breaking down a complex decision into several easy-to-

interpret parts. Our theory is that even though the examiners must make what seems as several 

depleting decisions, the system helps them make a correct decision by simplifying the decision-

making. After all, a heuristic is a way for our mind to simplify a decision for us, so it would 

stand to reason to suggest that if there is no need to simplify, we will not do so.  

 

Our subsample was March 2018. With this in mind, we feel confident in saying that all our 

agents are experienced examiners. Unfortunately, we did not have a variable controlling for 

experience, but we would like to lead the reader to the same conclusion. Given the fact that our 

base data consist 196,864 decisions, all examiners working from day one, and that March 2018 

is over two years into the sample, each one of our examiners had prior to our subsample already 

taken thousands of decisions, even if all of them started in January 2016. Furthermore, the 

average age of the examiners was 50.5 years which deems it likely that several of our examiners 

did not start at the Swedish Transport Administration in 2016. Our theory is that this is the main 

reason as to why our examiners does not show any signs of the gambler’s fallacy.  

 

Previous studies have showed that experience is one of the main offsets for the gambler’s 

fallacy. We would like to further this train of thought, to say that their experience is the reason 

why it is within the scope of our study to say that the examiners are using the hot hand fallacy 

in their decision-making. We argue that the amount of decisions the examiners must make, 

makes them fall for streaks, since even though groups of better drivers is likely to occur through 

driving schools signing up a group of students at similar times, it is not likely that this would 

happen frequently enough to explain our result. Rather, because this non-randomness occurs, 

the examiners subconsciously believe it to happen more frequently than it does, and therefore 

use the hot hand fallacy to simplify their decision-making. 

 

We suggest that policy makers should include lessons about the hot hand fallacy in their 

educational program for driving licenses examiners, since that might prevent the fallacy and 

even if the effect we see in our models are due to the non-randomness of our sample, it would 
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not harm the examiners decision-making. Furthermore, we suggest that sufficient breaks are 

provided in the afternoon since we can see that the effect of decision fatigue is only significant 

in the afternoon. Before adding breaks, policy makers should investigate if driving school 

students tend to sign up significantly more often in the morning, since that might be a reason to 

the results. 
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7 Conclusion 

“We can only see a short distance ahead, but we can see plenty there that 

needs to be done” – Turing, 1950. 

The aim of this study was to test if Swedish examiners of driving licenses are affected by their 

previous decisions in two ways; i) we wanted to test if the examiners used the gambler’s fallacy, 

and ii) if they showed signs of reverting to status quo due to decision fatigue. We conclude that: 

 

i) Previous decisions affect the examiner's decision making, but the correlation is 

positive and therefore shows signs of the hot hand fallacy. 

ii) Streaks of previous decisions affect the examiner’s decision making, but the 

correlation is positive and therefore shows signs of the hot hand fallacy. 

iii) Examiners are showing significant signs of reverting to the status quo decision due 

to decision fatigue, and the effect is stronger in the afternoon. 

 

We believe that this study has succeeded in creating an increasing understanding of a Swedish-

based context and has tested something that has not been tested in a similar manor, as far as we 

know. It is not enough to simply say that there is sequential decision-making to known what 

mechanism could be targeted to improve decision-making, as shown by our flawed hypothesis 

regarding the gambler’s fallacy. We realize that this is not a revelation, but argue that it is 

important since it highlights that similar tests should be conducted on all parts of society were 

individuals risk getting effected, such as the study in the U.S. that could show that asylum 

seekers got wrongly denied, or the recent study from Linköping University that could see a 

reverting towards the status quo (not to operate) amongst doctors. Future studies should study 

other institutions with sequential decisions in Swedish based contexts, in order for policy-

makers to know, among other things, if sufficient breaks are provided. Without this knowledge, 

and a will to act, individuals reap the consequences.   
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Appendix I 

Appendix I is the lines of code and packages that were used in order to create and test our 

econometrical models in R. 

 

library(AER) 

library(stargazer) 

library(rms) 

library(openxlsx) 

library(xlsx) 

#read the xlsx file 

driving <- read.xlsx("order_var.xlsx") 

 

#true or false as numeric 

passpass <- as.integer(as.logical(driving$`Pass,.Pass`)) 

passfail <- as.integer(as.logical(driving$`Pass,.Fail`)) 

failpass <- as.integer(as.logical(driving$`Fail,.Pass`)) 

 

# logistic regression model for baseline gambler's fallacy 

drivingtest=lrm(Decision ~ Lag1 + Age + Woman + Lunch, x=T, y=T, data=driving) 

 

# logistic regression model with 2 lagged variables 

drivingtest_lag2=lrm(Decision ~ Lag1 + Lag2 + Age + Woman + Lunch, x=T, y=T, 

data=driving) 

 

# logistic regression model with 3 lagged variables 

drivingtest_lag3=lrm(Decision ~ Lag1 + Lag2 + Lag3 + Age + Woman + Lunch, x=T, y=T, 

data=driving) 

 

# logistic regression model for streaks 

drivingtest2=lrm(Decision ~ passpass + passfail + failpass + Age + Woman + Lunch + 

position_lunch, x=T, y=T, data=driving) 

 

#logistic regression model for decision fatigue with interaction variable 
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drivingtest3=lrm(Decision ~ position_lunch + Lunch + Age + Woman , x=T, y=T, 

data=driving) 

 

# logistic regression model for decision fatigue with interaction variable 

drivingtest4=lrm(Decision ~ position_lunch + Lunch + LxPl + Age + Woman , x=T, y=T, 

data=driving) 

 

# logistic regression model for comparing gamblers fallacy and decision fatigue 

drivingtest5=lrm(Decision ~ Lag1 + Age + Woman + Lunch + position_lunch, x=T, y=T, 

data=driving) 

 

# Clustered standard errors model 1 

robcov(drivingtest, cluster=driving$Decisionmaker) 

 

# Clustered standard errors model 1 with 2 lagged variables 

robcov(drivingtest_lag2, cluster=driving$Decisionmaker) 

 

# Clustered standard errors model 1 with 3 lagged variables 

robcov(drivingtest_lag3, cluster=driving$Decisionmaker) 

 

# Clustered standar errors model 2 

robcov(drivingtest2, cluster=driving$Decisionmaker) 

 

# Clustered standar errors model 3 

robcov(drivingtest3, cluster=driving$Decisionmaker) 

 

# Clustered standar errors model 4 

robcov(drivingtest4, cluster=driving$Decisionmaker) 

 

# Clustered standar errors model 5 

robcov(drivingtest5, cluster=driving$Decisionmaker) 


