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Introduction

Economics was not considered an experimental science until recent 

times. Nevertheless, in the last years there has been an excellent growth 

in experimental economics’ research. Nowadays, economists accept this 

experimental branch and most of them use it to check the theory. The 

strengthening of this experimental science occurred in 2002 when Professor 

Vernon Smith was awarded the Nobel Prize in Economic Sciences for his 

ground-breaking work in the field of experimental markets. The experimental 

economics’ branch origin dates back to Daniel Bernoulli’s (1738) study of the 

San Petersburg paradox. This experiment was the first that pointed out the 

differences between theory and subjects’ behaviour. 

In the past, economics and psychology were distant, but with the 

incursion of experimental economics, both sciences came together in some 

aspects. For instance, the best point of union of both sciences is the study of 

human behaviour. However, there are some points in which differences arise 

and one of them is the role of incentives. 

In this thesis, incentives, risk preferences and cognitive biases as 

overconfidence and framing are in the spotlight. 

One of the most solid principles of experimental economics is incentives. 

This field strongly believes that subjects will only reveal private information 

and preferences if they are rewarded with real money to do so, and that leads 
xi



to trustworthy results. Given that experimental economists firmly believe 

that monetary incentives have a crucial role motivating subjects to reveal 

their preferences, they are also convinced that monetary incentives will 

lead to more effort and higher performance in other areas like, for instance, 

academic performance. Specifically in this area, economists, policymakers 

and researchers have set their sights. This thesis goes in depth in the role of 

monetary incentives in academic performance in order to shed light on their 

potential motivational effect as a tool to improve academic performance and 

to remove some biases found in the literature.

Another solid principle of experimental economics is framing. It is a 

bias by which subjects make different choices depending on the description 

of a formally identical decision problem. This bias plays an important role 

in individual decision making under risk. Specifically, Von Neumann and 

Morgenstern (1944) had a fundamental contribution to individual decision 

making with their Expected Utility Theory in which they explained decisions 

under risk and uncertainty. More recently, Kahnemann and Tversky (1979) 

developed the Prospect Theory, pointing that each individual interprets 

differently probabilities. Thanks to these contributions and others, nowadays 

the literature accepts that individuals are not risk neutral and some tools 

have been provided to researchers to elicit risk attitude. Nevertheless, the risk 

measure used may be affected by the way in which subjects face it. For this 

reason, the thesis analyses what risk task measure, if any, does not suffer from 

this bias and consequently, is are robust to variations in the structure of the 

task.

xii



This thesis is organised in three chapters that share the experimental 

economics methodology in order to investigate the role of monetary incentives 

and different cognitive biases. In terms of incentives, Chapter 1 analyses the 

effect of incentive-compatible self-chosen goals on academic performance by 

means of a randomised field experiment with the purpose of being aware 

of the motivational role of incentives in this new area. In terms of cognitive 

biases, Chapter 2 examines the framing bias caused by two versions of the 

most frequent procedure used to elicit risk attitudes, the choice list procedure. 

The aim of this chapter is to elucidate whether this bias highly reported in 

the literature is just due to changes in the structure of the tasks or it may be 

influenced by other factors. Lastly and following with cognitive biases, Chapter 

3 investigates the overconfidence bias. It means that a person’s subjective 

confidence in their performance is reliable greater than the objective result 

of their performance. The aim of this chapter is to analyse how monetary 

incentives can affect this bias in potential and actual academic achievements.

xiii
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Chapter 1. Monetary incentives and self-chosen goals in 

academic performance: an experimental study

Abstract 

This paper analyses the effect of incentive-compatible self-chosen goals 

on academic performance by means of a randomised field experiment. We 

use two alternative payment mechanisms, a piece-rate and a rank-order 

tournament, to motivate students depending on their absolute or relative 

academic performance respectively. Students enrolled in Introductory 

Microeconomics were classified in two types depending on whether they 

had a failed background in this course (returning students) or they had not 

(new students). Controlling for potential confounding factors such as gender, 

degree, professor and university entrance grade, we find that both payment 

mechanisms are effective increasing grades of new and returning students.
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1. Motivation

Many students are especially prone to focus too much on the present. 

Assessing the present costs of studying is much easier than evaluating 

(distant) potential future benefits. Policy makers might see this myopic 

behaviour as an opportunity of improvement, and might want to try to offset 

present costs implementing closer benefits. One approach to address the 

present bias is simply requiring students to think about their academic goals 

and to formulate them. Another approach to correct the aforementioned 

bias is offering immediate incentives that trim immediate costs. Adopting 

both approaches, we conduct a randomised field experiment where over 170 

undergraduate students are asked to report their individual goals on academic 

performance and monetary incentives are delivered to participants who reach 

their self-chosen goal.

2. Literature review

Our paper is related to two separate lines of research. The first one is 

the literature on goal setting. Goal setting is a cognitive theory based on the 

premise that the source of motivation is the desire and intention to reach 

a goal, i.e. the aim of a task that a person consciously desires to achieve or 

obtain (Locke and Latham, 2002, 2006). In achievement environments, 

such as higher education, task goal setting is a function of many variables, 

including skills and outcome expectations. Following Zimmerman (2011), 
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outcome expectation can be defined as a belief about the success of a given 

task, differentiating it from the highly correlated concept of self-efficacy 

expectation, which is the belief about the personal capability to execute the 

behaviour needed to produce the desired outcome. Both of them are key for 

students’ motivation:  if a student does not consider himself capable or has 

low outcome expectations, his/her motivation decreases and he/she does not 

make the effort needed to succeed1.  Although Bandura (2006) developed a 

guide for constructing scales to measure perceived academic self-efficacy, it 

is not possible to get an incentive-compatible elicitation of self-efficacy scales. 

However, outcome expectations can be elicited using betting on outcomes 

as an incentive-compatible method. Specifically, when students bet on their 

outcome in a particular task, they take responsibility and ownership for their 

own goal. As Elliot and Fryer (2008) pointed out, such self-chosen goal setting 

is empowering and proactive, creating commitment and acceptance. In the 

same vein, Royer et al. (2015) and Samek (2016) concluded that giving the 

option to subjects to choose their own goal “acts as an internal commitment 

device meant to overcome problems of self-control” (Samek 2016, 2).

From the pioneering work of Latham and Locke (1979) to the present, 

there has been an extensive body of empirical literature testing goal-setting 

theory in controlled environments23. However, when it comes to self-chosen 

1. See Pajares (2008) for a literature review on self-efficacy and regulation learning.
2. These authors were the first to report evidence that goals lead to a better performance as compared to 
not setting goals.
3. See Dykstra (2015) for a review on empirical evidence supporting goal setting as a tool to increase 
individuals’ performance.
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goals, the number of empirical contributions is limited and not all of them 

use incentive compatibility. Without financial incentives, Falk and Knell 

(2004) presented a social comparison model where people chose their own 

reference standards in order to accomplish goals of self-enhancement and 

self-improvement. The model’s prediction about people tending to compare 

themselves to similar others was confirmed through a questionnaire where 

students only received a small show-up fee. Using the same methodology, 

Sackett et al. (2014) presented a questionnaire where marathoners were either 

asked or not asked to provide a time goal prior to their race. They found that 

the mere fact of asking runners (without potential financial reward) about 

their goals prior to the race improved performance among experienced but 

not novice marathoners. 

Using a large sample of college students, Clark et al. (2016) analysed the 

effect of self-chosen goals based on course performance and a specific task 

(completing online practice exams). They found that course goals had no 

significant impact on the performance of college students but, in contrast, 

task-based goals had a large positive effect on the level of task completion. 

However, students’ extrinsic motivation in these two field experiments could 

be critically undermined because students were not financially rewarded 

when they met their self-chosen goals. The importance of financial incentives 

was analysed in Goerg and Kube (2012). By means of a natural field experiment 

where workers were hired to re-organise a library, these authors presented 

the workers with an incentive's contract that combined self-chosen goals and 
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monetary rewards in such a way that all of them preferred to set themselves 

a non-trivial goal. They found that self-imposed goals could work even in the 

absence of corresponding monetary incentives.

Empirical evidence on self-chosen goals where subjects’ performance is 

based on financial incentives is even scarcer. Using a field experiment in an 

Indian data-entry firm, Kaur et al. (2010) tested whether workers demand self-

disciplining devices. They found that a fraction of workers voluntarily agreed 

to incur in a monetary loss when falling short of a self-chosen production goal. 

Moreover, Dalton et al. (2015) proposed a simple model of self-chosen goals 

and tested its predictions in the laboratory, finding that only men confirmed 

their model’s predictions: they exerted greater effort under the self-chosen 

goal contract system than under a piece-rate contract. 

More related to our experiment and involving first-year university 

students, van Lent and Souverijn (2016) analysed the effect of setting a goal 

and increasing its ambitiousness using mentor-student meetings. They found 

out that treatment group students performed better as compared to students 

in the control group. Nevertheless, students who were challenged to set a 

higher goal performed significantly worse than comparable students in the 

goal treatment. Contrary to van Lent and Souverijn (2016), we ask students 

to formulate their own goal and bet on it without any external influence, 

rewarding them financially. Theoretically, in our experiment, students’ self-

chosen goals must generate more effective incentives than those given by 
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a third party because students set their goals based on their capabilities and 

knowledge, creating their own individual motivation.

 

Second, our paper is related to the literature based on financial incentives 

on academic performance. Experimental economists are convinced that 

higher incentives will lead to more effort and higher performance. However, 

psychologists claim that incentives improve performance in “algorithmic” 

or repetitive tasks, but they are less effective, or even counterproductive, in 

“heuristic” tasks requiring creativity, concentration, or intuition. Because 

learning has generally been classified as heuristic, extrinsic grade incentives 

may not be effective motivators. The argument behind this claim is that the 

use of incentives could crowd out intrinsic motivations that are important 

to produce the desired behaviour4. Leaving aside ethical issues about the 

convenience of using financial incentives to improve students’ grades, 

incentives have become object of interest of economists, policymakers, 

and researchers in the last years. In the literature, mixed evidence has been 

obtained using randomised field experiments and natural experiments (using 

databases from state programs) to analyse the effects of financial incentives 

on students’ academic performance5.

  

4. Gneezy et al. (2011) state that a potential conflict arises between the extrinsic and the intrinsic effects of 
the incentives, especially in areas like education, contributions to public goods and forming habits, in the 
short run and in the long run.
5. See Lavecchia et al. (2016) for a survey of effectiveness of financial incentives in education.
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3. Research Design

All the evidence analysed in the previous section is far from being 

conclusive because it has been generated in experiments or quasi-experiments 

with a wide array of incentive specifications, incentivised performances, 

target students and timing of performances and payments. The following is 

an elaboration of how such characteristics are related to the effectiveness of 

financial incentives on academic performance, comparing our study to the 

literature.  

To begin with, we deal with the specification of the incentives provided. 

This specification includes two general categories: incentives for inputs and 

incentives for outputs. The former means anything (reading books, doing 

homework, attending school, etc.) that can contribute to learning under the 

student’s control. The latter refers to student achievement, generally measured 

through test scores or class grades. Although Fryer (2011) concluded that 

output experiments demonstrated less-promising results than the input ones, 

we focus on output incentives given that traditional price theory predicts that 

they are socially optimal6. Output incentives include financial aid intended 

for payment of education expenses like tuition, fees and books, and freely 

6. Using different award schemes for primary and middle school students, Fryer (2011) found that paying 
for performance on standardised tests had little or no effect on the outcomes for which students received 
financial incentives.
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available monetary rewards.7 We prefer to use money as incentive because, 

as Croson (2005) pointed out, everyone values it and it is non-satiable (more 

is always better). Additionally, it is worth to note that our field experiment 

has been specifically designed for research purposes and it is not part of any 

state program dedicated to improve academic results. This fact allows us to 

manipulate independent variables, choosing timing incentives and payment 

mechanisms (piece-rate system and rank-order tournament) under controlled 

conditions8.

Second, we focus on the incentivised performance. In most cases, 

achievements required are referred to accomplishing a minimum composite 

score over an academic course, involving different subject matters and skills.9  

Given our interest in self-chosen goals, we offer incentives in a specific subject 

and over a limited time horizon, trying to facilitate students’ thinking over their 

goals. With this objective in mind, we choose to incentivise the Introductory 

Microeconomics final exam like in Leuven et al. (2011). Similar to us, Levitt et al. 

(2011) incentivised a specific task (a standardised test), focusing on short-term 

effort in achievement.

Third, we address the issue of target students, differentiating (a) primary/

7. Many colleges and universities offer financial incentives in the form of merit scholarships. However, these 
incentives are of a different nature to freely disposable money. See, for example, papers by Henry et al. 
(2004), Cornwell et al. (2005), Angrist and Lavy (2009), Angrist et al. (2009), Scott-Clayton (2011), Sjoquist and 
Winters (2012) and Castleman (2014). 
8. The vast majority of the papers use only one payment mechanism, generally the piece-rate system.
9. See, for example, papers by Fryer (2011), Bettinger (2012), Angrist et al. (2014), Barrow et al. (2014) and 
Castleman (2014).
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middle education and higher education students, (b) higher and low ability 

students and (c) voluntary and non-voluntary students10. Regarding (a), we 

are interested in higher education students given that monetary incentives’ 

provision to under-age subjects can be a problematic issue. This is so given 

that when participants are minors, experimentalists have to consider the 

ways children of different ages view the value of a payment, and to ensure 

that the amount and method are age-appropriate, and it does not present 

undue influence. With respect to (b), students are classified based on their 

scores in different tasks,  which can be more or less related to the incentivised 

performance. Using scores in two programs of mathematics in Dutch 

secondary education, Leuven et al. (2010) sorted students in high and low 

ability types. These authors found that high-ability students had higher pass 

rates and collected significantly more credit points whenever they were 

assigned to (larger) reward groups. In contrast, low-ability students appeared 

to achieve less when they were assigned to the large reward group. These 

negative effects for less-able students were consistent with the work by 

Camerer and Hogarth (1999), who found that the performance threshold 

could result in a binding participation constraint at the bottom of the ability 

distribution, resulting in zero incentive effects for low-ability students. In 

the same line and following a tournament rule to the 30 best performing 

students, Paola et al. (2012) obtained that financial rewards increased high 

ability (above the median high school grade) students’ performance while the 

effect was null for low ability participants. Looking for the closest relationship 

10. See Laveccia et al. (2016) for a literature classification according to education level.
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between students’ academic background and their incentivised task, we 

classify them in two types: returning students (if they had a failed background 

in Introductory Microeconomics) and new students (if they had not). Contrary 

to the aforementioned literature, where the effect of incentives is low or null 

for low ability students, we obtain that incentives are effective, increasing 

returning students’ academic performance. Regarding (c), we randomly assign 

students to a treatment group (where incentives are offered) or to a control 

group (where no incentives are offered once they have explicitly declared 

their will to participate). Our design, requiring voluntary participation, ensures 

that subjects are really interested in being included in the experiment. In the 

terminology we use below, only subjects interested in the offered incentive will 

be considered participants. In the vast majority of the literature, experiments 

included as participants subjects who did not explicitly declare any interest in 

the offered incentive. Exceptions are Leuven et al. (2011), where students had 

to select themselves into different tournaments, Jackson (2010), Cha and Patel 

(2010), Scott-Clayton (2011), Pattel and Rud (2012), where students had to enrol 

in the corresponding state program, and Paola et al. (2012), where students 

were asked to fill a participation form11.

Lastly, we deal with another significant issue: time intervals. Specifically, 

we focus on the waiting time between the call and the starting of the task, and 

11. In our paper, incentive effects are disentangled from sorting effects by means of an experimental design 
that allows us to obtain individual data on academic performance with and without incentives in the 
same Introductory Microeconomic course. Contrary to Leuven et al. (2011), we find that the difference in 
performance between students can be attributed entirely to incentive effects.
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the waiting time between the accomplishment of the task and the reception of 

incentives (rewards). On one hand, most of the studies that reward incentives 

based on test performance announced the incentives well in advance of the 

test. On the other, studies that announced incentives immediately before the 

test distributed the payoffs with an appreciable delay. The evidence on such 

delayed rewards is mixed. In this sense, O’Neil et al. (1995, 1997) found that 

students’ effort may be increased by financial rewards offered at the time of 

the test. In the same vein, Levitt et al. (2012) found that all motivating power of 

the incentives vanished when rewards were handed out with a delay. Therefore, 

shortening as much as possible both time intervals is a recommendable 

strategy in order to obtain a significant impact on student performance.12  In 

our case, both waiting times are reduced to a minimum: incentives are offered 

after the midterm exam, allowing a maximum one month time span between 

the announcement of the experiment and the day of the final exam (similar to 

Leuven et al., 2011).13  After the publication of the definitive grades (two weeks 

after the exam), participants are immediately paid in cash. 

Summing-up, our experimental design aims to maximise the efficacy 

of monetary incentives on academic performance in a specific task, offering 

monetary incentives (according to a piece-rate system or a competitive 

ranking) on self-chosen goals to volunteer higher education students. Based 

on this design strategy, we propose the following hypotheses:

12. Braun et al. (2011) is an example of good results in which the incentive was announced immediately 
before the test and the reward was distributed immediately after the test.
13. Students were allowed to bet until the day before the final exam.
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Hypothesis 1 (H1): Monetary incentives based on self-chosen academic 

goals should increase the academic performance obtained by both new and 

returning students. 

Hypothesis 2 (H2): A piece-rate payment mechanism should be more 

effective upgrading average academic performance of all participants than 

a rank-order tournament system. Contrary to piece-rate payment schemes, 

under rank-order tournaments students’ payoffs are discontinuous in the level 

of exerted effort. This is so given that a marginal unit of effort increases the 

expected student payoff by increasing the probability to win, but it does not 

necessarily generate a higher payoff. This feature can produce complicated 

behavioural effects affecting its effectiveness. 

Our results confirm H1 and reject H2 using a clean experimental design 

where confounding factors such as gender, degree, professor and university 

entrance grades are controlled.

Onwards, the structure of the paper is organised as follows: first, we 

present the design of the implemented experiment; after that, we analyse the 

empirical evidence collected; and lastly, we present our conclusions. 
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4. Experimental design

We conducted a randomised field experiment aiming to improve 

academic performance in an introductory course of Microeconomics through 

monetary incentives offered on the basis of self-chosen goals. 

New and returning students enrolled in the 2017/2018 course of 

Introductory Microeconomics at the University Jaume I were offered the 

possibility of taking part in a monetary incentive program asking them through 

an invitation call about their willingness to participate. We opened our call 

once students had been midterm examined.14  In the call they were informed 

that students responding affirmatively would be randomly assigned15  to one 

of three groups: a control group, Treatment 1 (T1), or two alternative treatment 

groups: Treatment 2 (T2) and Treatment 3 (T3). In T1 participants would not 

be monetarily incentivised. Alternatively, participants assigned to T2 would 

be paid according to their absolute (piece-rate) academic performance. 

Lastly, in T3 a rank-order tournament would be used as payment mechanism 

to reward participants.16 Additionally, we notified that participants would 

receive information about their corresponding group before they were invited 

to choose a goal for their final exam grade. This design discards possible 

14. Subjects had not been informed about any incentive program before the midterm. 
15. We randomise the treatments within each type (new and returning) of student.
16. Rank-order tournaments as analysed in Lazear and Rosen (1981) are characterised by the evaluation 
of individual performance relative to the performance of competitors. Regarding this issue van Dijk et al. 
(2001) find that tournaments lead to a higher effort on average but more variable compared to the other 
payment schemes.
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willingness effects given that, both the treatment groups and the control 

group are integrated only by students declaring their willingness to participate 

in the program. Moreover, students not responding our call were included in 

Treatment 0 (T0) in order to compare non-participants’ midterm grades with 

the corresponding ones obtained by participants. In doing so, we can check 

for the actual existence of a (potential) willingness effect in our sample.

Like in Clark et al. (2016), we allowed participants to bet17 according to 

their personal goal (as opposed to goals set by a professor).18 In this way, the 

goal was tailored to each student’s degree of self-control and ambition. In order 

to do so, we used an experimental design strategy similar to Jackson (2010), 

opening a call named “Bet for your grade and win”, right after students had 

been informed about their grades in a midterm exam.19 This within-subject 

strategy aims to collect individual grades with and without incentives for the 

same subject. Among 496 students enrolled in Introductory Microeconomics 

(406 new students and 90 returning students), 177 of them (111 new students 

and 66 returning students) attended the call to participate in this experiment. 

These rates of acceptation contrast with De Paola et al. (2012) where about  

90% of students assigned to treated groups decided to participate in the 

experiment.

17. Note that we use the meaning of “bet” as a guess or opinion, given that our participants do not risk their 
own money.
18. Unlike van Lent and Souverijn (2015), where a mentor-student meeting was used to induce students to 
set a course-specific grade goal, we choose to implement a website to gather students’ bets in order to 
avoid any kind of bias in their outcome expectations.
19. In order to participate in the experiment, subjects were asked to register on a betting system based on 
PHP+MySQL through our lab’s (LEE) website. Once registered they were randomly assigned to the control 
or the treatment groups. Then, all students could bet on the highest grade they thought they could get.
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Table 1 lists the summary of the treatments discussed above.

Table 1

Summary of treatments. ME: Midterm exam; FE: Final Exam

In the experiment, the purpose of bettors was to maximise their monetary 

reward (R).  Subjects were informed that their reward (R) would depend on 

their bet (B), the grade (G) they obtained in the Introductory Microeconomics 

final exam, and, only for returning students, the average grade (AG) in the 

same subject-matter final exams in previous semesters, according to the 

following function: 

Students were rewarded with R euros only if G was higher than or equal 

to B.20

20. For new students R=B2 given that AG=0.
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Therefore, in T2 all students whose grade was higher than or equal to their 

bet (successful bettors) earned R euros.21  Alternatively, in T3 we implemented 

two rank-order identical tournaments, one for the new students and another 

one for returning students, offering the aforementioned rewards only for the 

top three students in each tournament22.  Thus, new and returning students 

compete separately in two independent tournaments for prizes. In the 

experimental instructions, participants23  were informed that the two rankings 

would be published soon after the notification of the final exam actual grades, 

and prizes would be delivered to participants immediately after that.24  

Our experimental design allows us: (a) to make between-subjects 

comparisons between grades obtained in the midterm exam by non-

participants (T0) and participants (T1+T2+T3) in order to test for willingness 

effects, (b) to make between-subjects comparisons between grades obtained 

in the final exam by T1 students and T2/T3 students and (c) to analyse the factors 

driving the incentivised grades and bets, controlling for potential confounding 

factors, such as gender, degree, professor and University Entrance Grade (UEG).

 

21. Note that, if G≥B, the reward was the same for all students with identical bets, independently of the 
obtained grade. Additionally, students were only paid if their final grade was at least 5 out of 10.
22. According to Vandegrift et al. (2007), a tournament in which second and third-place performers also 
receive a payment should induce lower performance than a winner-take-all tournament.
23. New and returning students were informed about the number of participants included in their group 
before they were allowed to bet. 
24. The instructions are available upon request.
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5. Data analysis

5.0. Sample self-selection: a potential willingness effect

Because of our design requires students’ willingness to participate in the 

program in both the control group and the treatments group, potential self-

selection problems are ruled out. In spite of this, it can be interesting to analyse 

the real existence of this potential effect comparing grades obtained in the 

midterm exam between students who are willing and who are not willing to 

participate in the program. 

Table 2

Averages and standard deviations (included between parentheses) 

corresponding to grades obtained in the midterm exam by new and 

returning students.

Table 2 shows that the average grades obtained in the midterm exam 

by new/returning students declaring their willingness to participate in the 

program are higher than non-participants. However, these differences are 
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statistically significant in median only for new students.25 In consequence, 

requiring voluntary participation in the control group avoids an actual self-

selection problem in our sample of new students. 

Additionally, as double-check tool for rule out self-selection problems, 

we compare grades obtained by students in the midterm exam between our 

treatment groups (T2/T3) and the control group (T1) finding no significant 

differences in any case.26   

5.1. Descriptive statistics

This section presents descriptive statistics of students’ bets and grades 

corresponding to the final exam in the Introductory Microeconomics course.

5.1.1. Bets

Figure 1 shows new and returning students’ bets averages. For both, new 

and returning students, we observe that the bets’ average is slightly higher in 

T3 compared to T2.27 Moreover, the bets’ averages obtained by new students 

are higher than the ones obtained by returning students.

25. Mann-Whitney test p-values for new (returning) students: 0.013 (0.291).
26. Using a t- (Mann-Whitney) test we find no significant differences between T1 and T2, and T1 and T3, for 
both new (returning) students, p-values: 0.771 and 0.760 (0.236 and 0.398) respectively.
27. Using a Mann-Whitney test we find no significant differences between T2 and T3 bets for both new 
(p-value: 0.935) and returning students (p-value: 0.270)
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In view of the fact that only the top three students were monetary 

rewarded in T3, bettors in this treatment could be compelled to overestimate 

their goals, resulting in higher bets.

 

5.1.2. Grades

For returning students, we define “grade improvement” as the 

students’ final exam grade in the semester in which the incentive program 

was implemented minus the average of final exam grades in previous 

semesters.  

Figure 2 displays descriptive statistics corresponding to new students’ 

grades and returning students’ grade improvements after our call. We observe 

Fig 1. Bets’ average (standard deviations included between parentheses)
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that the average of grades obtained by T2 (T3) new students is 1.36 (1.28) points 

higher than the average of grades obtained by T1 students. A similar pattern is 

observed for returning students given that the difference between T2 (T3) and 

T1 average of incentivised improvement grades is 1.23 (1.43). Graphically, we 

can see these aforementioned differences in grades and grade improvements 

between the control group and the treatment group students for new and 

returning students respectively are noticeable.

Additionally, for new students in the two incentivised treatment groups, 

we observe that the standard deviation of incentivised grades is higher than 

the one corresponding to T1.  Nevertheless, for returning students we observe 

the opposite effect.    

Fig 2. Averages and standard deviations (included between parentheses) corresponding to grades (new 
students) and grade improvements (returning students).
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Comparing the treatment groups, T2 and T3, we observe no noticeable 

differences between grades under the two incentive systems (piece-rate and 

rank-order tournament) for both new and returning students.

5.2. Statistical tests

5.2.1. Incentive effects.

In this subsection, we analyse the effect of monetary incentives on new 

and returning students’ final exam grades. Since all datasets are normally 

distributed for a 95% level of confidence, parametric tests are used in order 

to compare incentivised grades: (a) a t-test comparing means from the two 

populations, (b) a Levene test comparing variances and (c) a Kolmogorov-

Smirnov test comparing distributions.

5.2.1.1. New students

Distributions of grades obtained in the final exam by students in T1, T2 

and T3 are presented in Figure 3. For grades higher than five, the percentage of 

treatment group students is higher than the controls’ percentage. Particularly, 

only incentivised students reach the highest grades. Additionally, for a 90% 

level of confidence, grades obtained by new students in T2 can be considered 

not normally distributed.28 For this reason, we implement additional non-

parametric tests in order to confirm our results.

28. Kolmogorov-Smirnov test p-values for T1, T2 and T3 are 0.084, 0.119 and 0.115.
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For both treatments, T2 and T3, from (a) we find that the median of 

grades obtained by incentivised groups is significantly higher than the 

median of grades obtained by students in our control group.29  In addition, we 

obtain from b) that the variance of T2/T3 grades is significantly higher than 

the variance of T1 grades 30, while from (c) we find that there are no significant 

differences between the distributions of grades obtained by T2/T3 students 

and the corresponding distribution for T1 students. 31  

Result 1: For both payment schemes, piece-rate and rank-order 

tournament, monetary incentives based on self-chosen goals are effective to 

increase the grades obtained by voluntary new students.  

29. T-test p-values: 0.027 for T2 and 0.012 for T3. Additionally, Mann-Whitney test p-values are 0.096 for T2 
and 0.042 for T3.
30. Levene test p-values: 0.000 for T2 and 0.002 for T3.
31. Kolmogorov-Smirnov test p-values: 0.104 for T2 and 0.079 for T3.

Fig 3.  Distribution of grades obtained in the final exam by new students in T1, T2 and T3.
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5.2.1.2. Returning students.

Figure 4 presents distributions of improvement grades obtained in the 

final exam by returning students in T1, T2 and T3. In this figure, we can observe 

that, with the exception of improvement grades between 4 and 4.99, for any 

positive grade improvement the percentage of controls is lower than the 

percentage of incentivised students. 

In both treatments, from (a) we find that mean of grade improvements in T2/

T3 is significantly higher than the mean of grade improvements obtained by non-

incentivised students.32  Moreover, from (b) we find significant differences between the 

variances of grade improvements only comparing T1 and T333, while from (c) significant 

32. T-test p-values: 0.080 for T2 and 0.027 for T3.
33. Levene test p-values: 0.708 for T2 and 0.088 for T3.

Fig 4. Distribution of grade improvements obtained by returning students in T1, T2 and T3.
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differences are obtained between distributions of incentivised and control students.34 

Result 2: Both relative and absolute academic monetary incentives 

based on self-chosen goals are effective to increase the grade improvements 

of returning voluntary students.

 

Results 1 and 2 confirm our H1. However, result 2 contrasts with Grove 

and Wasserman (2006) that using a natural experiment concluded that 

grade incentives to practice economics throughout the semester boosted the 

average freshman exam performance, but not that of academically above- or 

below- average students, or of any other category of students.

5.2.2. The effects of different payment mechanisms

In this section, we compare the treatments groups (T2 and T3) to analyse 

the effect of the two payment mechanisms implemented for both new and 

returning students finding that there are no significant differences between 

medians, variances and distributions of (improvement) grades obtained by 

new (returning) students in T2 and the corresponding ones in T3.35 

In accordance with the findings obtained by van Dijk et al. (2001), that 

workers with relatively low ability do not seem to realise that they have little 

34. Kolmogorov-Smirnov test p-values: 0.066 for T2 and 0.011 for T3.
35. For new (returning) students, t, Levene and Kolmogorov-Smirnov tests p-values are 0.903 (0.716), 0.458 
(0.092) and 0.982 (0.357) respectively.
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chance of winning a rank-order tournament, we obtain that subjects do not bet 

differently owing to the payment system. Namely, differences in the median/

distribution of bets are not statistically significant between treatments36. 

Result 3: Incentives based on relative academic performance are equally 

effective than those based on absolute performance to increase the average 

of students’ grades.  

5.3. Regression Analysis

5.3.1. Determinants of bets

In this subsection, we estimate different models to shed light on the 

determinants of the bets.

The models include as covariates: (1) the fact of being assigned randomly 

to T1 (where students are paid according to a piece rate) or to T2 (where a 

tournament is used to reward students), (2) the non-incentivised (midterm) 

grades collected before the starting of the incentives’ program, (3) the fact of 

being a returning student, (4) the degree they are enrolled in 37, (5) professor38  

and (6) the University Entrance Grade (UEG). 

36. Mann-Whitney test p-value is 0.761 and Kolmogorov-Smirnov test p-value is 0.249.
37. The subject Introductory Microeconomics is shared by students of 4 different degrees: Management, 
Economics, double degree of Economics and Law and Accounting.
38. Each professor teaches one of the 6 class groups from A to F.
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Table 3.

Models explaining bets.  Standard errors in parentheses. *** p<0.01, 

** p<0.05, * p<0.1

The last model presented (Model 7) controls for all the potential 

confounding factors. The results obtained in this analysis are quite conclusive. 

The midterm exam grades do not influence subjects’ bets. Otherwise, other 

factors such as treatment group, the fact of being returning, gender, degree and 

class group affect significantly the self-chosen goals of students. Particularly, 
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those who have failed the subject previously choose less-demanding goals 

than students facing the subject the first time do. Furthermore, given that in 

the tournament mechanism (T3) only the top three students are rewarded, their 

bets are higher than the ones of those betting under a piece rate mechanism 

(T2). In the explanation of bets, gender plays a role, pointing that women 

are more conservative in terms of bets than men are. In addition, students 

enrolled in the double degree bet significantly higher than those enrolled 

in accounting do. A possible explanation may rest on the fact that they are, 

theoretically, cleverer given that the cut-off mark for entering in this degree is 

higher. Furthermore, one class group is statistically significant respect to class 

group C. We use class group C as a reference category because the professor 

is one of the experimentalists. The results help us to avoid potential critics 

about the problem of having a professor in the subject who has design the 

experiment given that only the bets fixed by students belonging to the class 

group F are significantly higher. The remaining class groups bet in a similar 

way. Finally, the UEG does not affect students’ self-chosen goals.

5.3.2. Determinants of the incentivised grades

Now, we estimate different models to shed light on the key determinants 

of the incentives’ program effects on students’ incentivised grades. This analysis 

not only supports our previous results based on descriptive analysis, but also 

controls for the potential influences of confounding factors. We include the 

same covariates as before.
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Table 4

Models explaining incentivised grades. Standard errors in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1

As long as more covariates are included in the models the explanation 

power increases and, step-by-step the effect of each explanatory variable can 

be analysed in a detailed way. The first result obtained is the power of the 

incentives provided increasing grades. Specifically, the tournament is more 
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powerful increasing grades than the piece rate, although both of them reach 

their main purpose. The career path of the student in the same subject (non-

incentivised grade) as a predictor of their grade is verified.  Another determinant 

explaining incentivised grades is the fact of being a returning student in the 

subject: given that, it is not the first time they face the subject’s concepts, their 

grade increases in average more than the one obtained by subjects enrolled 

in the subject the first time. Gender does not influence the grades under 

incentives. Additionally, another determinant is the degree they are enrolled 

in, pointing that those coursing the double degree in economics and law 

obtained significantly higher grades than those enrolled in accounting. The 

last factors explaining the grades obtained in the incentivised scenario are 

the class groups they belong to or in other words, the professor. As we have 

explained previously, we use class group C as a reference category because 

the professor is one of the experimentalists. The grades obtained by his/her 

students are in the mean, finding groups with significantly more and fewer 

points in the incentivised grades analysed thus, our results are not influenced 

by this fact. Lastly, the UEG has not any effect in the incentivised grades 

obtained by the students. 

The previous results based on descriptive analysis are corroborated by 

means of these regressions making our results about the role of the incentives’ 

program designed more convincing. 
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Result 4: Both payment mechanisms are effective increasing grades of 

new and returning students also controlling potential confounding factors. 

Furthermore, although grades obtained in the midterm exam do not affect 

students’ self-chosen goals, they do explain their final exam grades.

6. Conclusions

Our paper is the first study that introduces self-chosen academic goals in 

an incentive-compatible field experiment including two alternative payment 

mechanisms. We have analysed the effectiveness of monetary incentives 

based on absolute and relative academic performance using a piece-rate and 

a rank-order tournament system respectively. New and returning students 

in Introductory Microeconomics at the University Jaume I were offered 

the possibility to participate in the incentives program explaining them 

beforehand the different groups they could be assigned to. Those accepting 

and showing explicitly their will to participate were randomly assigned to a 

control (where no incentives were offered) or to two alternative treatment 

groups (where incentives were offered) and then, they were asked to bet on 

their own final exam grade. Our experimental design aims to maximise the 

efficacy of monetary incentives based on self-chosen goals, choosing to a 

specific task and a limited time horizon, and providing the incentives with 

immediacy. 
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Our results suggest that non-incentivised grades obtained in the 

midterm exam do not influence students’ self-chosen goals, but they explain 

the incentivised grades obtained in the final exam.

 

Controlling for potential confounding factors as gender, degree, professor 

and university entrance grade, we find that incentives based on a tournament 

mechanism are as effective as those based on a piece-rate scheme to increase 

grades of new and returning students. 

Although this paper highlights the importance of providing incentives to 

students in order to increase their academic performance, policymakers could 

be worried by the financial resources needed to guarantee its effectiveness. Our 

results show that a (low-cost) rank-order tournament payment mechanism 

based on self-chosen goals can be as effective as a (resource intensive) 

piece-rate mechanism. Consequently, government policies should be able to 

support the development of effective incentive programs, allowing students 

to compete for rewards based on their self-chosen goals.
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Chapter 2. Framing and repetition effects on risky choices: 

a behavioural approach

Abstract 

Framing effects play an important role in individual decision making 

under risk. This investigation revisits framing effects caused by two versions 

of the choice list procedure, lottery vs. lottery (LL) and lottery vs. certainty (LC). 

In the former, subjects face pairwise choices between lotteries within a choice 

list. In the latter, subjects are asked to state a minimum safe amount to give 

up the lottery they are endowed with. In order to elicit risk preferences, we 

implement an incentive-compatible experiment that allows imprecision and 

controls the proper functioning of the random lottery incentive mechanism. 

Particularly, it is tested whether variations in the number of options offered in 

a choice list with and without variations in the range of options affect subjects’ 

choices. Our results suggest that changes in framework disturb subjects’ risk 

preferences only in the LC version when the range of options presented has 

been decreased.
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1. Introduction

Risk attitude is known to be a key determinant of various economic and 

financial choices. Behavioural studies that aim to evaluate the role of risk 

attitude in contexts of this type require tools for measuring risk aversion at 

both the individual and aggregate levels. The most frequent procedure to elicit 

individual risk attitudes is referred as the choice list procedure. The choice list 

method presents a table of binary choices designed so that as a respondent 

works through the table, he can be expected to switch at some point from “one 

side” to the other. Two alternative versions of this procedure are the lottery vs. 

lottery (LL) and lottery vs. certainty (LC) methods. In the LL method, subjects 

face pairwise choices between lotteries within a choice list. A famous example 

of this method was proposed by Holt and Laury (2002, HL hereafter), in which 

subjects are given a list of 10 decisions between paired lottery choices where 

payoffs are constant and probabilities vary. Our closed-elicitation LC method 

is based on a Becker-DeGroot-Marschak (BDM) auction in which subjects are 

asked to choose a minimum safe amount to give up the lottery they have 

been endowed with. In order to determine the subject’s payoff in a choice 

list, the Random Lottery Incentive (RLI) payment mechanism is used to pick 

randomly one decision from the list. If the isolation hypothesis from prospect 

theory (which implies that subjects evaluate each risk task independently of 

the other tasks) is maintained, each pairwise choice a subject makes in the list 

can be interpreted as if he had faced only a single binary choice. 
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This paper investigates whether subjects’ choices are influenced by 

framing effects originated by the choice list procedure. Framing effect is a 

decision-making bias in which subjects choose differently when the same 

problem is presented in diverse ways. This effect can be referred to multiple 

issues that may affect the presentation of the risk task implemented.  The best-

known framing effects are related to variations in the order, the number and 

range of the options presented in the risk choice task. Using the experimental 

task named the Asian Disease Problem, the framing effect was first presented 

by Tversky and Kahneman (1981). They highlighted the importance of changes in 

individual preferences because of inconsequential changes in the formulation 

of choice problems. In a subsequent paper, Tversky and Kahneman (1986) 

argued that framing effects violate the normative condition of description 

invariance, which stipulates that the same problem should be evaluated in 

like manner regardless its description. An example of models assuming this 

principle is the Expected Utility Theory (EUT) model where choice options are 

evaluated strictly as a function of probability and payoff, with no specification 

of probability-payoff framing. 

Results on framing effects are a mixed bag depending on the method 

used to elicit subjects’ risk aversion and the type of framing effect analysed 

(ordering effects, changes in the number of options presented with or without 

affecting their range, simultaneous versus sequential presentation of lotteries, 

etc.). Hey and Orme (1994) found that when the same 100 pairs of ternary 

lotteries were repeated two times on separate days (with a possibility to declare 
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indifference) in different order, subjects chose identical options for each pair 

in around 75% of all cases. Increasing the number of repetitions with respect 

to his previous paper, Hey (2001) found that some individuals maintained a 

constant variability in their responses to a 100 pairwise risky-choice questions 

in spite of their repetition. Using the HL method, Andersen et al. (2006) found 

that choices were affected by ordering effects and the range of a given lottery. 

Specifically, they found out that the deletion of the worst pairs (with the 

lowest expected value) of lotteries increased risk aversion. Additionally, the 

authors showed that enforcing only one switching point, strict monotonicity 

and transitivity, had no systematic effect. Lévy-Garboua et al. (2012) presented 

experimental evidence of how framing affected decisions in the context 

of the HL procedure. They found that presenting lotteries simultaneously 

induced significantly less inconsistency than showing lotteries in sequential 

appearance. Additionally, both repetition of identical choices and high payoffs 

reduced inconsistency too. Bosch-Domènech and Silvestre (2013) found what 

they called “an embedding bias”. This bias implies that when some specific 

pairs of alternative lotteries are removed, risk aversion becomes less frequent 

and the ranking of individuals by risk aversion is not preserved. However, 

the aforementioned bias was not found when they analysed the certainty 

equivalent (CE) elicitation method. Contrary to these results, Freeman et al. 

(2016) found that embedding a pairwise choice in a choice list increased the 

fraction of subjects choosing the riskier lottery when the safer alternative was 

certain, but it did not significantly affect choices when the safer alternative 

is risky. Erev et al. (2008) and Blavatskyy and Koehler (2009) analysed the 
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robustness of CE mechanism to elicit risk preferences obtaining that elicited 

payoffs were systematically affected by the range of certain payoffs to which 

the lottery was compared. Beauchamp et al. (2012) studied how risk aversion 

parameters were affected by the manipulation of the intermediate pairs of 

options without affecting the range of options. They found that when the 

endpoints of the multiple price list were fixed and intermediate outcomes 

were decreased, participants’ choices became significantly more risk averse. 

Finally, Loomes and Pobregna (2014) used three elicitation methods finding 

a considerable variability within -and even more, between- the results they 

produced. This finding suggested that not only different elicitation instruments 

but also framing-specific issues could interact with imprecise underlying 

preferences. 

However, framing effects in the literature rely on two crucial assumptions: 

(1) to suppose that subjects have a clear preference, choosing always the same 

answer to exactly the same question and (2) the fulfilment of the isolation 

hypothesis. 

Imprecision occurs when subjects do not have a clear choice between 

some options, generally implying contiguity of switching points. Lévy-Garboua 

et al. (2012) pointed out that “even in decision experiments where subjects 

make repeated independent and identically distributed decisions among 

pairs of lotteries without any alteration” (p. 129) an estimable quantity of 

subjects reported different options over repetition. Supporting this evidence, 
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experiments by Ballinger and Wilcox (1997) and Loomes and Sugden (1998) 

sustained that repetition drove subjects toward increasingly safer choices. 

Besides, Butler and Loomes (2011) suggested that the violations of the EUT 

could be explained by imprecision. Later, Loomes and Pogrebna (2014) found 

that most subjects showed variability when they answered to some questions 

with the aim of eliciting their risk attitude. In addition, they pointed out that 

the imprecision that subjects exhibited in their preferences could produce that 

preferences depended on the effects of the procedure. More recently, Cubitt et 

al. (2015) designed a new measure in which subjects had to compare a given 

lottery with a safe amount of money, identifying the options for which they 

preferred the lottery, the safe amount or for which they did not have a clear 

choice. In order to reward imprecise subjects, a specific switching point within 

their imprecision interval was asked to them. The authors obtained that there 

existed imprecision, which was persistent across various lotteries. Their main 

finding was that the measure they constructed in order to test imprecision 

varied across lotteries in an “intelligible and systematic way” (p. 5) but in 

contrast, it did not have a systematic change with repetition or experience. We 

allow subjects’ imprecision including the repetition of identical risk choice-

lists in order to analyse framing effects allowing preference imprecision.  

The second crucial assumption is related to the fact that the RLI 

mechanism provides incentives for truthful revelation of preferences. This 

standard payment protocol in individual risky choice experiments involves a 

subject making K > 1 binary choices over objective lotteries, and then selecting 
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one choice at random for payment. If this assumption is sustained, there 

should not be differences between risk preferences revealed under RLI and 

in the case where a subject makes only one choice, and then he is being paid 

with certainty for the single choice (1-in-1 payment procedure). Although the 

RLI payment system has been widely accepted by experimentalists, there are 

some studies pointing out that this mechanism could not work properly in 

some cases. Holt (1986) presented a theoretical objection arguing that, if the 

reduction of compound lotteries (ROCL) axiom holds, a failure of the expected 

utility compound independence axiom (CIA) would suffice to reject the RLI 

mechanism compatibility. 

Starmer and Sugden (1991) were the first ones who tested whether the 

subjects’ behaviour in random-lottery experiments was consistent with the 

ROCL assumption. Showing that the reduction principle did not hold, they 

discarded Holt’s conjecture. Comparing choices of subjects in 1-in-1 with RLI 

payment procedures in experiments, Beattie and Loomes (1997) and Cubitt et 

al. (1998) supported the conclusion that the RLI payoff mechanism elicited true 

preferences. Contrary to this result and directly testing the CIA, Harrison and 

Swarthout (2014) showed that risk preference estimates obtained under RLI 

mechanism differed from those obtained in a 1-in-1 design. Complementary to 

this paper, Cox et al. (2014) found that risk preferences could be manipulated 

by integrating a second, asymmetrically dominated choice problem in a RLI 

mechanism behaviour. In the same vein, Harrison et al. (2014) highlighted the 

apparent problem of inferring preferences using the RLI and treating these 



Chapter 2. Framing and repetition effects on risky choices: a behavioural approach

60

results “as if” they were the same as those from a 1-in-1 scenario. This concern 

was shared by Cox et al. (2015) showing large differences across mechanisms 

in subjects’ revealed risk preferences. Lastly, Brown and Healy (2016) found 

out that RLI was not incentive-compatible when all decisions were displayed 

in a standard list format but it was restored when the rows of the list were 

randomised and shown on separate screens.

Our study argues that it cannot be concluded that changes in decisions 

are necessarily due to changes in framing if subjects make different decisions 

in identical sequentially repeated risk tasks. In this sense, we depart from 

previous literature because we analyse framing effects taking into account 

contamination effects due to preference imprecision and the proper 

functioning of the RLI mechanism. 

Isolating these effects, our results point out that the LL elicitation method 

is robust to manipulations in the number and/or the range of options offered 

in the list. Nevertheless, the LC method is not that robust because changes in 

the task structure modify subjects’ preferences.   

2. Experimental Design

In order to study framing effects in the multiple choice list procedure 

we test for shifts in risk preferences due to: (1) a (a)symmetric increase of the 
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number of pairs offered keeping constant the range (CR) of options, and (2) 

a (a)symmetric decrease of the number of pairs varying the range (VR) of 

options offered. 

CR and VR changes are analysed using both elicitation methods. 

Treatment 1 (T1) and treatment 2 (T2) correspond to the LL elicitation method 

for CR and VR changes respectively. Treatments 3 (T3) and treatment 4 (T4) are 

related to the LC method for CR and VR modifications respectively. Following 

Gonzalez and Wu (1999), we ask subjects to choose which row they want to 

switch at to fill out the remaining choices for the subject. 

A total of 141 subjects (34 in T1, 36 in T2 and T3, and 35 in T4) were recruited 

among undergraduate students from different economics or business-

related courses from the University Jaume I (UJI), using standard recruitment 

procedures with an open call for subjects through the LEE (Laboratorio de 

Economía Experimental) website. Before the beginning of each session, 

subjects were given written instructions, which were also read aloud by the 

organisers. Any remaining questions were privately answered.

At the end of each session, subjects responded to a questionnaire, asking 

them to report the main reason why, if this was the case, they have varied 

choices across the different repetitions. After that, they were privately paid in 

cash.  All sessions were computerised and carried out in a specialised computer 

laboratory, using software based on the Z-Tree toolbox by Fischbacher (2007).
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In the case of lottery vs. lottery, we present LL17 in table 5. The name obeys 

to the fact that in this task subjects face a list of seventeen pairs of lotteries, 

which we numerate from one to seventeen, each pair involving a “safe” lottery 

(S) and a “risky” lottery (R). These labels are provided since if we compare 

lottery R with S, R offers the best payoff and the worst (null) payoff. The last 

three columns in Table 5 (not shown to the experimental subjects) indicate 

the expected euro values of the safe lottery in the pair (denoted EVs) and that 

of the risky lottery (denoted EVR), as well as the difference between the two. 

For the first fifteen rows, the risky option offers the higher expected value 

(EV) while for the last two rows, the safe option offers the higher EV, with the 

difference between EVs decreasing as we go down the list. Thus, a risk-neutral 

individual would select the R lottery in all pairs with the exception of the last 

two. Subjects’ payoffs are selected in order to offer: (1) a sufficient reward to 

subjects in an experiment with multiple risk task repetitions and random 

lottery incentive (RLI) as payment mechanism, and (2) a wide number of pairs 

of lotteries where EVR exceeds EVs.
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Table 5

Pairs of lotteries offered in LL17

Using LL17, we construct four additional risk tasks: LL13, LL9, LL7 and LL5. 

LL13 contains the odd pairs of LL17 plus all pairs from ten to seventeen; LL9 is 

composed of all odd numbers from one to seventeen, LL7 comprises odd pairs 

from five to seventeen and LL5 contains odd numbers from five to thirteen. 

Treatment 1 (2) is formed by tasks LL9, LL17 (LL5), LL13 (LL7). As can be seen by the 

design, the baseline task is LL9 given that it is used in both treatments. Thus, 
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task LL17 (LL13) symmetrically (asymmetrically) increases the number of pairs 

of lotteries keeping constant the range of options from 10-90%. In the same 

way, task LL7 (LL5) decreases symmetrically (asymmetrically) the number of 

options reducing the range of options to 30-90% and 30-70% respectively.

Subjects are asked to make repeated independent and identically 

distributed (i.i.d.) decisions among lists of pairs of options without any 

alteration. Specifically, in treatment 1 (2), each subject faces tasks LL9, LL17 (LL5) 

and LL13 (LL7) six times each one of them, in a totally random order. Repetition 

of identical choice lists allows us to test for possible preference imprecision 

without explicitly ask subjects if they are sure about their risk preferences. 

However, subjects only were classified as imprecise if they self-reported as a 

cause of their variability that they were not sure about their preferred switching 

point in i.i.d. risk tasks. Nevertheless, we do not consider as imprecise to those 

subjects self-reporting that previous chosen switching points affected their 

subsequent decision. The latter were treated as inconsistent with the isolation 

hypothesis that is, a failure in the functioning of the RLI mechanism. 

In both treatments, we inform subjects that three draws would be 

implemented to determine their payment. A first draw is carried out to choose 

which one of their 18 tasks will be selected; a second draw is used to randomly 

choose one from all pairs of lotteries contained in the selected task; a third 

draw given the odds of the lottery preferred by the subject in the pair, will be 

applied to determine individual payoffs. This design rules out possible wealth 
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effects due to subjects’ (expected) earnings from previous periods.

As regard the LC elicitation method, we use two lotteries: a safe lottery (S) 

and a risky one (R). In table 6 (table 7), we present LCS
21 (LCR

31). In these tasks, 

subjects must choose between the lottery (S or R) they have been endowed 

with and safe amounts of money that increase by 0.50€ in LCS
21 and 1.50€ in 

LCR
31 for each additional pair. The last columns of these tables (not shown to 

the experimental subjects) indicate the difference between the expected euro 

value of the lottery in the pair (denoted EVS) and the safe amount of money. 

A risk-neutral individual would select the safe lottery in all pairs of the table 6 

excepting the two last ones. However, a risk-neutral subject would choose the 

R lottery only in the three first pairs of table 7.

Table 6

Pairs of lotteries offered in CES
21.
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Table 7

Pairs of lotteries offered in CER31.

Using LCS21 to construct the safe lotteries vs. certainty, we create four 

additional risk tasks: LCS11, LCS16, LCS5 and LCS8. Task LCS11 contains all odd 

numbers from  LCS21;  LCS16 is comprised of all odd numbers of  LCS21 and all 

pairs from one to eleven;  LCS5 comprises all odd pairs from seven to fifteen; 

and  LCS8 contains all odd pairs from one to fifteen. Treatment 3 (4) for safe 

lotteries contains  LCS11,  LCS21 (LCS5),  LCS16 (LCS8). As can be detected, the 

baseline task for safe lotteries is LCS11. In this way, task  LCS
21 (LCS

16) symmetrically 

(asymmetrically) increases the number of certainty payoffs without varying 

their range with respect to LCS
11 (the range goes from 0.00-10.00€). Additionally, 

task LCS5 (LCS8) decreases symmetrically (asymmetrically) the number of 

options diminishing the range of options offered to subjects with respect to 

LCS
11. Indeed, the latter goes from 3.00-7.00€ in the case of  LCS5 and from 0.00-

7.00€ in the case of  LCS8. 

In like manner, we use LCR
31 to build four additional risk tasks: LCR

16, 

LCR
23, LCR

10 and LCR9. LCR16 comprises all odd pairs from LCR
31; LCR

23 contains 
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all odd pairs from LCR31 and all pairs from one to fifteen, LCR10 contains all 

odd pairs from seven to twenty-five, and lastly, LCR9 comprises all odd pairs 

from one to seventeen. Treatment 3 (4) for risky lotteries contains LCR16, LCR31 

(LCR10), LCR23 (LCR9). The task repeated in two treatments and the one that is 

considered our benchmark is LCR16. Therefore, task LCR31 (LCR23) symmetrically 

(asymmetrically) increases the number of safe amounts without varying their 

range with respect to LCR16, the latter goes from 0.00-45.00€. Additionally, task 

LCR10 (LCR9) decreases the range of options offered to subjects with respect to 

LCR16 by symmetrically (asymmetrically) diminishing the number of certainty 

payoffs featured.  

In treatment 3 (treatment 4), all subjects complete in random order tasks 

LCS11, LCS21 (LCS5), LCS16 (LCS8), LCR16, LCR31 (LCR10) and LCR23 (LCR9). All tasks are 

repeated six times in both treatments. In this case, subjects are informed that 

until three draws could be necessary to calculate their payment, avoiding 

aforementioned wealth effects.  A first draw is used to choose which one of 

their 36 tasks will be selected; a second draw is put through to choose one 

from all pairs of options contained in the selected task; in case that the chosen 

option is the lottery, a third draw will be implemented to obtain subjects 

payoffs.

To sum up the experimental design, a summary of the treatments is 

presented in table 8
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Table 8

Summary of treatments.

3. Data analysis

3.1. Statistical tests

In order to analyse framing effects, we use a Wilcoxon test. Specifically, 

it is used to compare the percentage of safe choices (in the LL method) or 

the certainty choices (in the LC method) taking place under two different 

frameworks for the same sample of subjects. Aiming to treat observations 

independently, we calculate the percentage of safe choices made by each 

subject for the six repetitions in a common pair. Then, those percentages are 

compared between different lotteries for each subject. We apply a Bonferroni 
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correction to take into account the problem of false positives in multiple pair 

comparisons.

By repetition of the same risk task six times, we are able to analyse in a 

within-subject framework the variability of subjects’ choices within each i.i.d. 

task. This allows us to classify subjects depending on their variability within i.i.d. 

tasks. We name “constant” (C) subjects to individuals who always choose the 

same switching point in i.i.d. tasks and “inconstant” (IC) subjects to participants 

who do not choose the same switching point in i.i.d. tasks. Based on answers 

to our questionnaire, we divide IC subjects in two types: “imprecise” (I) and 

“inconsistent with the isolation hypothesis” (INC) subjects. We name I subjects 

to those informing that they do not have a clear choice between some adjacent 

switching points. INC subjects are those participants who justify their non-

adjacent switching points choices reporting to perceive their situation as a 

grand meta-lottery where they think about all choices in the experiment as 

a whole. INC subjects violate the isolation hypothesis given that they do not 

take each list choice separately and for them, the RLI mechanism does not 

provide incentives for truthful revelation of their preferences. Consequently, 

we will consider his/her deletion from our sample in part of the analysis.

3.1.1. Lottery vs. Lottery method

Figures 5 and 6 present the average rate of safe choices per pair of options 

in each LL task included in T1 and T2. In both treatments, the benchmark lottery 
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is LL9. In T1 we symmetrically (asymmetrically) increase the number of pairs 

offered keeping constant the range of options by means of LL17 (LL13). In T2, 

we symmetrically (asymmetrically) decrease the number of pairs diminishing 

the range of options offered by means of LL5 (LL7).

In T1, where the range is constant, the differences among the average 

rate of safe choices in the risk tasks is, in general, unnoticeable. Specifically, 

when we expand symmetrically the number of pairs (from LL9 to LL17) we 

do not find significant differences between the percentages of safe lotteries 

chosen by subjects in the same pair39.  An identical result is obtained when the 

number of options increases asymmetrically (from LL9 to LL13 or from LL13 to 

LL17). Therefore, we can conclude that:

39. All Bonferroni-corrected Wilcoxon test p-values corresponding to each pair are above 0.05.

Fig 5. Average rate of safe choices per pair in the LL task in T1.
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Result 1: An increase (symmetric or asymmetric) in the number of pairs 

offered in the LL method, keeping constant the range of options, does not 

produce framing effects. 

In T2, we present a symmetric or an asymmetric decrease in the number 

of pairs offered decreasing the range of options. Specifically, in task LL7 (LL5) 

the range of options offered decreases with respect to the baseline task 

diminishing symmetrically (asymmetrically) the number of pairs. Comparing 

LL9 and LL7, no significant differences40 between the percentages of safe 

lotteries chosen by subjects in the common pairs are found. The same results 

are found when we compare LL9 with LL5. In consequence, we can state that: 

40. All Bonferroni-corrected Wilcoxon test p-values corresponding to each pair are above 0.05.

Fig 6. Average rate of safe choices per pair in the LL task in T2.
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Result 2: A decrease (symmetric or asymmetric) in the number of pairs 

offered in the lottery vs. lottery method, reducing the range of options, does 

not generate framing effects. 

The previous analysis is based on the entire sample, including constant 

and imprecise subjects (C&I hereafter) and those inconsistent. We repeat 

the above analysis considering C&I subjects and disregarding inconsistent 

individuals because they do not fulfil the isolation hypothesis.

Figures 7 and 8 reformulate the empirical evidence of figures 1 and 2 

presenting the average rate of safe choices per pair of options only for C&I 

subjects.

Fig 7. Average rate of safe choices per pair in the LL task for constant and imprecise subjects in T1.
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In all aforementioned comparisons, we obtain identical results to the full 

sample case ones, i.e. no framing effects are found.

Result 3: In both cases, considering and disregarding inconsistent 

subjects, no framing effects are found in the lottery vs. lottery method.41 

These results contrast with some authors who have analysed the same 

method searching for framing effects. Andersen et al. (2006) found that 

choices were affected by order and lottery range when they deleted the two 

worst pairs. More recently, Bosch-Domènech and Silvestre (2013) found out 

that when some pairs were removed the subjects’ choices change, what they 

called embedding bias. 

41. The same conclusion in reached when only the first decision in each pair is used instead of the mean of 
the six repetitions.

Fig 8. Average rate of safe choices per pair in the LL task for constant and imprecise subjects in T2.
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Lastly, we check whether our non-significant differences are due to a 

lack of statistical power running an ex-post power analysis using power set at 

90% and probability at 5%. For the case of lottery vs. lottery, sample sizes would 

have to increase up to at least N=318 in order to find framing effects.

3.1.2. Lottery vs. Certainty method

Framing effects in the LC method are analysed by means of T3 and T4. In 

T3, we symmetrically/asymmetrically increase the number of certainty payoffs 

keeping constant their range respect to the baseline tasks (LCS
11 or LCR

16). In T4, 

we decrease the range of options offered to subjects respect to the baseline 

tasks symmetrically/asymmetrically diminishing the number of certainty 

payoffs. 

Figure 9 and 10 display the average percentage of certain choices in both 

the safe and the risky lottery respectively per pair in the LC tasks presented in 

T3.
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In general, when we symmetrically (from LCS11 to LCS21 and from LCR16 to 

LCR31) or asymmetrically (from LCS11 to LCS16 or from LCS16 to LCS21 and from 

LCR16 to LCR23 or from LCR23 to LCR31) increase the number of certainty payoffs, 

without changing the range of options, we do not find significant differences 

Fig 9. Average percentage of certain choices per pair preferred to the safe lottery in T3. 

Fig 10. Average percentage of certain choices per pair preferred to the risky lottery in T3. 
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between the percentage of safe amounts chosen by subjects in the same pair. 

However, a framing effect is found when we compare LCR16 and LCR23 for a 

safe amount of 18€.42

Result 4: In some cases, an asymmetric expansion of the number of 

pairs offered keeping constant the range of options may lead to a framing 

effect in the lottery vs. certainty method.

Figures 11 and 12 present the average percentage of certain choices in 

both the safe and the risky lotteries respectively per pair in the LC task offered 

in T4, in which the range of options the subject copes to has been reduced.

  

42. There is a framing effect after computing the Bonferroni-corrected Wilcoxon at a 10% level of signifi-
cance.

Fig 11. Average percentage of certain choices per pair preferred to the safe lottery in T4.
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It is important to note that in the safe (risky) lottery, we symmetrically 

reduce the number of pairs between LCS11 and LCS5 (LCR16 and LCR10), whereas 

the number of certainty payoffs is asymmetrically decreased between LCS11 

and LCS8 (LCR16 and LCR9) and between LCS5 and LCS8 (LCR10 and LCR9).

We find significant differences between the percentage of certain 

choices selected only for the risky lottery in the following cases:  (a) comparing 

LCR16 and LCR10 for safe amounts 24€, 27€, 30€, 33€ and 36€43 ; (b) comparing 

LCR10 and LCR9 for safe amounts of 12€ and 18€44 ; and (c) in the comparison 

43. Bonferroni-corrected Wilcoxon test p-values are 0.07, 0.06, 0.07, 0.07 and 0.07 respectively after 
multiplying the original p-values by 10.
44. Bonferroni-corrected Wilcoxon test p-values are 0.012 and 0.090 after multiplying the original p-values 
by 6.

Fig 12. Average percentage of certain choices per pair preferred to the safe lottery in T4.
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between LCR16 and LCR9 for safe amounts of 9€, 12€, 15€ and 18€45. 

Result 5: A reduction (symmetric or asymmetric) in the number of safe 

amounts diminishing the range of options produces marginal framing effects 

for a large number of pairs in the lottery vs. certainty method.

Like in the lottery vs. lottery method, we remove from our sample 

the inconsistent subjects, thus only constant and imprecise subjects are 

considered.

Figures 13 and 14 present the average percentage of certain choices per 

pair preferred to the safe and the risky lottery respectively, for constant and 

imprecise subjects in T3.

45. Bonferroni-corrected Wilcoxon test p-values are 0.063, 0.012, 0.090 and 0.072 after multiplying the 
original p-values by 9.

Fig 13. Average percentage of certain choices per pair preferred to the safe lottery in T3. 
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A (a)symmetric increase in the number of certainty payoffs without 

changing the range of options and removing inconsistent subjects does not 

produce framing effects. 46

Result 6: An increase (symmetric or asymmetric) in the number of safe 

amounts keeping constant the range of options does not produce framing 

effects in the lottery vs. certainty method47 when inconsistent subjects are 

removed. 

In figures 15 and 16, we present the average percentage of certain choices 

per pair preferred to the safe and the risky lottery respectively, for constant 

and imprecise subjects in T4.

46. All Bonferroni-corrected Wilcoxon test p-values are above 0.05
47. Although in figure 10, there seems to be framing effects, these disappear once we apply the Bonferroni 
correction to avoid the existence of false positives.

Fig 14. Average percentage of certain choices per pair preferred to the risky lottery in T3. 
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Unlike the full sample case, when we exclude inconsistent subjects and 

reduce symmetrically the number of certainty payoffs decreasing the range 

of options offered, no significant differences48  are found in the average rate of 

48. All Bonferroni-corrected Wilcoxon test p-values are above 0.05.

Fig 15. Average percentage of certain choices per pair preferred to the safe lottery in T4. 

Fig 16. Average percentage of certain choices per pair preferred to the risky lottery in T4.
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adoption of the safe amount. However, the removal of these subjects cannot 

completely eliminate all framing effects generated by reducing asymmetrically 

the number of safe payoffs offered decreasing the range: we find that the 

previous differences obtained in the comparison of LCR16 and LCR9 disappear, 

but the ones between LCR10 and LCR9 still remain49.

Result 7: Removing inconsistent subjects, a symmetric decrease in the 

number of safe amounts reducing the range of options does not generate 

framing effects in the lottery vs. certainty method. Nevertheless, the 

elimination of these subjects reduces, but not completely deletes framing 

effects if the number of safe amounts is reduced asymmetrically, diminishing 

the range of options .50 

Like in the previous method, we check in the lottery vs. certainty method 

whether our previous non-significant differences are due to a lack of statistical 

power. In this regard, we run an ex-post power analysis using power set at 90% 

and probability at 5%. For the lottery vs. certainty method, sample sizes would 

have to increase up to at least N=353 in order to find framing effects in the 

ones in which there are not.

49. Bonferroni-corrected Wilcoxon test p-values corresponding to 9€, 12€, 15€ and 18€ are 0.066, 0.018, 
0.054 and 0.042 respectively after multiplying the original p-values by 6.
50. The same conclusion in reached when only the first decision in each pair is used instead of the mean 
of the six repetitions.
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Our results nuance those of Blavatskyy and Koehler (2009) inferring that 

the range of feasible minimum safe amounts systematically affects elicited 

prices, and those of Bosch-Domènech and Silvestre (2013) concluding that the 

CE method is robust. 

3.2. Regressions.

In this section, we estimate different logit models to shed light on the 

determinants of framing effects and to corroborate our previous results based 

on statistical tests.

3.2.1. Lottery vs Lottery method 

Table 9 includes as explanatory variables the tasks subjects face in 

random order in each treatment and period, meaning all the tasks that modify 

our baseline lottery (LL9) and the dependent variable is the number of safe 

choices. The modifications are based on changes in the number of options 

offered with and without decreasing the range. Additionally, we have two 

different models for each treatment: one includes the entire sample and the 

other includes only C&I subjects.
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Table 9

LL models for the entire sample and for constant and imprecise subjects

only. Standard errors in parentheses adjusted within-subjects; *** p<0.01, 

** p<0.05, * p<0.1

These models corroborate our Results 1, 2 and 3. Any modifications in the 

number of pairs offered with and without changing the range encompassing 

the options do not produce framing effects in binary lotteries. These results 

hold not only for C&I subjects, but also for the entire sample. Thus, this version 

of the multiple-choice list procedure is robust to framing effects. 

3.2.2. Lottery vs Certainty method

The aim of this subsection is the same that in the previous one, but now 

for the lottery vs. certainty version. 
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Table 10 includes as explanatory variables the different tasks faced 

by subjects in random order in each different treatment (for safe and risky 

lotteries) and the period and the dependent variable is the number of safe 

choices. In other words, all the modifications made to our baseline lotteries 

(LCS11 and LCR16) in the number of options offered with and without decreasing 

the range. Furthermore, we have two different models for each treatment: one 

includes the entire sample and the other includes only C&I subjects.

Table 10

LC models for the entire sample and for constant and imprecise subjects 

only. Standard errors in parentheses adjusted within-subjects; *** p<0.01, 

** p<0.05, * p<0.1
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From the previous models our Result 4, 5 and 7 are corroborated with 

this additional analysis. The only difference found is respect to our Result 6. 

The deletion of inconsistent subjects from the sample does not eliminate 

all the framing effects in the regression analysis. This fact is because in the 

statistical tests, the Bonferroni correction was applied and it is quite restrictive. 

Nevertheless, in general terms, the same conclusion is found: this version of the 

multiple-choice list procedure is not robust to framing effects. Modifications 

in the structure (number of options and range) of the LC used produce 

modifications in the risk attitude of subjects.  

4. Conclusions

In this study, the robustness of two different choice list methods has 

been analysed: the LL method, where subjects face pairwise choices between 

gambles within a choice list, and the LC method, where subjects were asked to 

state a minimum safe amount to give up the lottery they have been endowed 

with. In order to analyse framing effects, we have implemented a within 

subjects experiment, allowing for preference imprecision and controlling for 

the proper work of the Random Lottery Incentive Mechanism, by means of 

the repetition of i.i.d. risk elicitation tasks. The framing effects analysed include 

shifts in risk preferences due to a (a)symmetric increase in the number of pairs 

offered keeping constant the range of options, and a (a)symmetric decrease in 

the number of pairs varying the range of options offered. 



Chapter 2. Framing and repetition effects on risky choices: a behavioural approach

86

By means of a six times repetition of each identical risk task, we classify 

subjects depending on their variability within i.i.d. tasks in two categories: 

constant and inconstant subjects. The latter subjects were labelled as imprecise 

subjects or inconsistent subjects depending their variability self-reported 

cause. Inconsistent subjects violate the isolation hypothesis, driving a bad 

functioning of the RLI mechanism used to reward them in the experiment. 

For this reason, they are disregarded of the sample in part of the analysis. In 

that way, we can analyse if their presence in the sample is the fact that may 

drive framing effects.

In the LL elicitation method, we do not find framing effects when 

inconsistent subjects are removed from the sample. However, the LC method 

does not seem as robust as the LL method. Particularly, if only constant 

and imprecise subjects are considered, all framing effects found in the full 

sample analysis disappear with the exception of the ones when the range is 

diminished. 

Summing up, some changes in risk preferences attributed to framing 

effects in the literature can really correspond to a malfunctioning of the RLI 

mechanism used to reward subjects in most experiments.
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Appendix 

Lottery vs. Lottery (LL) method

Table 11

Pairs of lotteries offered in LL9
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Table 12

Pairs of lotteries offered in LL17
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Table 13

Pairs of lotteries offered in LL13
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Table 14

Pairs of lotteries offered in LL5

Table 15

Pairs of lotteries offered in LL7
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Lottery vs. Certainty (LC) method

Safe lotteries:

Table 16

Pairs of options offered in LCS11



Chapter 2. Framing and repetition effects on risky choices: a behavioural approach

97

Table 17

Pairs of options offered in LCS
21
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Table 18

Pairs of options offered in LCS16
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Table 19

Pairs of options offered in LCS5

Table 20

Pairs of options offered in LCS8
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Risky lotteries:

Table 21

Pairs of options offered in LCR16
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Table 22

Pairs of options offered in LCR31
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Table 23

Pairs of options offered in LCR23
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Table 24

Pairs of options offered in LCR10
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Table 25

Pairs of options offered in LCR9
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Chapter 3. Monetary incentives and overconfidence in 

academic performance: an experimental study

Abstract 

In this paper, we analyse students’ overconfidence bias on potential and 

actual academic performance under both hypothetical and real monetary 

incentives. Students enrolled in a Microeconomics course were offered the 

possibility to set their own goal before performing different types of exams and 

immediately after completing them, to postdict their own grade. Controlling 

for potential driving factors of students’ overconfidence such as their cognitive 

abilities, academic record, risk preferences and self-reported academic 

confidence, we find that real monetary incentives mitigate overestimation of 

potential achievements and eliminate overestimation of actual achievements. 

This finding is compelling given the common interpretation of overconfidence 

as a conscious bias: if monetary incentives can eliminate subjects’ 

overconfidence as our results point out, it might suggest that overconfidence 

is not a psychological bias at all.
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1. Introduction

Overconfidence is a cognitive bias in which a person’s subjective 

confidence in his/her performance is reliably greater than the objective 

result of this performance. Moore and Schatz (2017) distinguish three types of 

overconfidence: overprecision (tendency of individuals to be excessively certain 

about the accuracy of their beliefs), overestimation (tendency of subjects to 

exaggerate their absolute actual achievement or skill) and overplacement, 

which occurs when people perceive their performance in a group as better 

than it actually is. Previous research has shown that students consistently 

overestimate their performance on academic exams, especially when their 

grades are low. Specifically, Hacker et al. (2008) obtain that good students are 

usually more accurate with a tendency to underestimate and bad students 

usually overestimate their performance.

In this paper, we analyse two types of overestimation: students’ 

overestimation of their potential academic performance (asking them to 

predict their own performance on a future exam) and students’ overestimation 

of their actual academic performance (asking them to postdict their own 

performance on an exam immediately after they have completed it). In our 

paper, students’ predictions can be recognised as an endogenous selection of 

their goals because responses were elicited well in advance of the examination 

date, allowing students to reconsider their own guesses until the day before 

the exam. Following Fryer and Elliot (2008), we consider that self-chosen 
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goals are empowered and proactive, creating commitment and acceptance. 

Moreover, although Bettinger et al. (2018) find evidence that students’ beliefs 

in their ability to learn are malleable, van Lent and Souverijn (2016) show that 

students perform better when they set their own goal than in a case where 

mentors challenged them to set a higher goal. 

Generally, the literature suggests that students’ postdictions of 

performance are more accurately than predictions.  This is because, “whereas 

predictions are made prospectively and are based on what students think 

they know, postdictions are made retrospectively and reflect the student’s 

experience of the test” (Hacker et al., 2008). Both subjects’ predictions and 

postdictions, however are often elicited in the literature with non-incentive 

compatible methods. From Murstein (1965) on, multiple survey data confirming 

overconfidence has been generated by making no payments to motivate 

students in their task of forecasting. Exceptions using some kind of incentives 

are few in number. Feld et al. (2017) adopt a lottery draw in which students 

could win one of two gift vouchers worth €20 if their prediction four weeks 

before the exam was within 0.25 points of their grade. Their results provide 

evidence of overconfidence, especially for unskilled students. Blackwell et al. 

(2010) and Magnus and Peresetsky (2018) elicit different types of postdictions 

using extra grade points in order to encourage students to reveal their honest 

guesses. The former obtains that students, as a group, are quite adept at 

guessing their class average score on the assignment. On the contrary, the 

latter finds that students’ expectations on own grades are not rational and 
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that most students are overconfident, in agreement with general literature. 

Lastly, Caplan et al. (2018) analyse whether incentives can mitigate students’ 

overconfidence implementing an extra credit scheme to incentivise accurate 

grade forecasting. They find that the incentives tool generally fails to reduce 

students’ overconfidence measured through the mean signed forecast error, 

as commonly used in the literature. 

To the best of our knowledge, this paper is the first to study students’ 

overconfidence using a piece-rate mechanism with real monetary incentives 

in order to elicit accurate grade forecasts. We consider money as a superior 

incentive because, as Croson (2005) point out “everyone values it, in contrast 

with extra-credit points or other grade-related rewards which may be valued 

only by students who are grade-conscious and/or whose grade may be 

affected by the outcome” and it is a non-satiable good. Effectiveness of joint 

action of self-chosen goals and real monetary incentives in higher education 

is shown in Herranz-Zarzoso and Sabater-Grande (2018), as a departure point 

of the present study. 

In addition to the type of incentives used to elicit guesses (predictions 

or postdictions), we consider three potential factors driving students’ 

overconfidence: their skill (potential or actual), their risk aversion and their 

reported academic self-confidence. 
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First, we deal with subjects’ skill. We use both students’ potential and actual 

skill in order to test for the so‐called “Dunning‐Kruger effect”. This well-known 

cognitive bias in social psychology holds that when someone is objectively 

unskilled in a given area, he/she widely overestimates their knowledge of it 

upon being asked to evaluate themselves. As Dunning (2011) states, this effect 

has been observed in multiple domains, including academic knowledge. 

Empirical evidence on the relation between skill and overconfidence is 

mixed depending on the type of overconfidence analysed and the methods 

used to measure both variables. In particular, when the same task is used to 

measure overconfidence and skill the empirical evidence obtained can be 

distorted by ‘regression to the mean’ (RTM) effects, that is, it is more likely that 

individuals with higher skill show less overconfidence.  Avoiding this effect, we 

use different tasks to measure overconfidence (difference between students’ 

guesses and actual grades) and skill (evaluated through a cognitive ability test 

or by means of the students’ academic record depending on whether it is 

considered respectively as potential or actual).  

Defining overconfidence as the difference between the average 

probability guess and the proportion of correct answers, a positive correlation 

is found in Wolfe and Grosch (1990) and Bruine de Bruin et al. (2007). On the 

contrary, Stanovich and West (1998) report a negative correlation of different 

cognitive ability tests with subjects’ overconfidence. A more recent study by 

Hoppe and Kusterer (2011) finds that subjects with higher Cognitive Reflection 

Test (CRT) scores have a significantly more precise self-assessment of their 



Chapter 3. Monetary incentives and overconfidence in academic performance: an experimental study 

112

performance in a general knowledge questionnaire. However, there is no clear 

tendency that the more intuitive subjects are more overconfident than the 

analytical ones. This result may indicate that the effects of cognitive abilities 

reported in earlier studies may depend on the type of overconfidence analysed.

Duttle (2016) shows that, although overestimation (defined as the 

difference between a subject’s estimated number of correct test items in 

the Raven Progressive Matrices (RPM) test and his/her actual performance 

in the test) is not affected by cognitive abilities (as measured by a CRT), the 

CRT score was associated with a significant decrease in overplacement 

and overprecision. Nevertheless, Bialek and Domurat (2018) show that the 

relationship between cognitive abilities and overconfidence disappears after 

addressing two critiques: (1) the CRT does not measure cognitive abilities but 

analytic cognitive style (test one’s own intuitions), and (2) overconfidence and 

cognitive ability are artificially correlated since the RPM test, which served as 

a basis for estimating overconfidence, is also a measure of cognitive abilities.  

Second, we focus on the relationship between overconfidence and 

risk aversion. Although in financial markets it is generally accepted that 

overconfident investors tend to underestimate risks, in experimental 

economics results are scarce and mixed. Blavatskyy (2009) finds no significant 

relationship between risk attitudes, measured by means of the Holt and Laury 

(2002) method, (HL, hereafter), and overconfidence on own performance 

in a multiple-choice quiz. In the same vein, Michailova (2017) finds that risk 
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aversion, measured through the HL lottery-choice task, has no explanatory 

power over subjects’ overconfidence on their accuracy in answering quiz 

questions. However, Murad et al. (2016) analyse the effect of risk attitudes on 

overconfidence based on own absolute performance through two different 

elicitation procedures: self-reported (non-incentivised) confidence and an 

incentivised procedure. The results about the former suggest that subjects are 

overconfident answering difficult questions and under confident in the easy 

ones. These results have been found in a large number of studies using non-

incentivised self-reports. With the latter procedure, filtering out risk attitudes 

from inferred confidence reduces the degree of under-confidence. 

Regarding a possible correlation between our two explanatory variables, 

cognitive ability and risk aversion,  elicited by means of an incentivised method, 

some experiments suggest that they could be inversely related. However, these 

studies use either hypothetical choices or small-expected payoffs and Taylor 

(2013) shows that cognitive ability is unrelated to risk aversion when subjects 

are rewarded with real incentives. In the same vein, Andersson et al. (2016) 

report evidence that this relation may be spurious suggesting that cognitive 

ability is related to random decision making rather than to risk preferences.

Third, we examine the relationship between reported academic self-

confidence and overconfidence. Following Sander and Sanders (2009), we use 

the Academic Behavioural Confidence (ABC, hereafter) as a global measure 

of perceived academic confidence, referring to cognitive judgements 
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concerned specifically, with study-related behaviours, like independent 

study’s confidence, grades, discussions about course material and questions 

and academic engagement attending to classes. Using a group test of 

General Mental Ability by R.K. Tandon (1971) and a Self-Confidence Inventory 

by Agnihotri (1987), Dhall and Thukral (2009) investigate the relationship 

between intelligence, self-confidence and academic achievement in schools 

from Pakistan. They found that intelligence was positively correlated with both 

self-confidence and academic achievement. However, Saenz et al. (2017) find 

that there is not a strong or consistent relationship between students’ grade 

predictions and other factors like attendance, study habits, preparation, and/

or prior performance.

Attending the aforementioned potential driving factors, we are interested 

in studying whether students’ overestimation bias can be reduced using real 

monetary incentives in order to elicit better guesses on own grades. 

From now on, the paper is organised as follows: first, we introduce 

the experimental design and the measures used; after that, we analyse the 

empirical evidence collected and present our results; and lastly, we conclude.

2. Experimental design

A randomised field experiment was conducted to analyse students’ 

overconfidence eliciting guesses on their own academic performance 
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through different (real or hypothetical) monetary incentives in a course 

of Microeconomics. Students’ course evaluation included a non-binding 

midterm exam (NBME)51 , a binding midterm exam (BME) and a binding final 

exam (BFE). This structure permits us to implement three calls, one for each 

exam. It is important to indicate that whereas both midterm exams were based 

on multiple-choice questions, the final exam consisted of short-answer and 

computational questions. Moreover, in order to explore the role of incentives in 

overconfidence, we used hypothetical monetary incentives in both midterm 

exams and both real and hypothetical ones in the BFE. Furthermore, this 

design allows us to look for overconfidence differences depending on the 

type of exam (multiple-choice test vs. non-multiple-choice test and binding 

vs. non-binding) and type of monetary incentives offered (hypothetical/real).

In each call, 322 students enrolled in a 2018 course of Microeconomics at 

the University Jaume I were offered the possibility of setting their own grade 

in two time intervals: before (prediction) and immediately after completing 

the exam (postdiction). In the first call, corresponding to the NBME, subjects 

(non-) expressing their willingness to participate were included in (G1) G2. 

In our second call, corresponding to the BME, students (non-) expressing 

their willingness to participate were included in (G3) G4. In the third call, 

corresponding to the BFE, subjects were informed that students responding 

51. Students were allowed to waive the grade if it was not to their liking. In this case, the aforementioned 
grade would be replaced by the grade obtained in an additional question to be responded in the final 
exam.
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affirmatively to the call would be randomly assigned52  to one of two groups: 

a non-monetarily incentivised group (G6) or to a monetarily incentivised 

group (G7). In consequence, whereas G6 participants would be incentivised 

with hypothetical money, participants assigned to G7 would be paid with real 

money according to their absolute (piece-rate) academic performance. After 

the publication of the definitive grades (two weeks after the BFE), participants 

were immediately paid in cash.

In addition, participants were notified about their corresponding group 

before they were invited to choose a goal for their final exam grade. In this way, 

this design discards possible willingness effects given that, both G6 and G7 are 

integrated only by students declaring their willingness to participate in the 

experiment. Furthermore, students not responding affirmatively to our third 

call were included in G5 in order to compare non-participants’ final grades 

with the ones obtained by participants. Doing so, we can check for the actual 

existence of a (potential) willingness effect in our sample.  

In (G2/G4/G6) G7 only one of the two elicited guesses, participants’ 

prediction or postdiction, randomly chosen, was used to decide whether 

subjects would be paid or not with (hypothetical) real money. From here, we 

define students’ potential overconfidence (POC) as the elicited prediction 

minus the grade obtained and students’ actual overconfidence (AOC) as the 

difference between the postdiction and the grade obtained.

52. We randomise the treatments within each type (new and returning) of student.
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Table 26 lists the summary of the treatments discussed above. 

Table 26

Summary of treatments. 

In each call, students were informed about the payment mechanism used 

to reward them depending on their goals and grades obtained in the exam. 

Like in Herranz-Zarzoso and Sabater-Grande (2018), we allowed participants 

to set their personal goal (as opposed to goals established by a professor).53  

In this way, the goal was tailored to each student’s degree of self-control and 

ambition. This within-subject strategy aims to collect individual grades with 

hypothetical and real monetary incentives for the same subject in (non-) 

binding exams. 

53.  Unlike van Lent and Souverijn (2015), where a mentor-student meeting was used to induce students to 
set a course-specific grade goal, we choose to gather students’ guesses in order to avoid any kind of bias 
in their outcome expectations.
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In this experiment, the aim of participants was to maximise their 

monetary reward (R).  They were informed that their reward would depend 

on their guess (G) and the obtained grade (GR) in the corresponding exam, 

according to the following function:

Given that the monetary payoff was predetermined by the size of the 

self-chosen goal, one might argue that risk aversion in combination with 

uncertainty about the expected performance might influence students 

in order to set their goals. In consequence, as in Goerg and Kube (2012) we 

measure subjects’ risk aversion using HL lotteries.

Since we are interested in testing whether cognitive abilities promote 

better calibration of confidence, participants’ cognitive ability is measured by 

means of the Abstract Reasoning part of the Differential Aptitude Test (DAT-

AR for PCA, Bennett et al., 1974). 

Additionally, we elicit scores in the ABC scale54. Nicholson et al. (2011) 

research suggests that undergraduates’ confidence in their ability is related 

to academic performance. Specifically, this study shows that students who 

are confident at the beginning of the semester in their ability to attain high 

grades also perform better in their end-of-semester marks. Given the type of 

54. See Sander and Sanders (2009). 
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course considered in this study, we are especially interested in two factors of 

the ABC scale: grades and studying beliefs. 

Summing-up, controlling for potential driving factors such skill, risk 

aversion, and reported academic self-confidence, our experimental design 

aims to analyse whether two biases, the overconfidence phenomenon and 

the Dunning-Kruger cognitive bias, can be mitigated by using real monetary 

incentives to elicit students’ guesses. 

3. Measures of potential factors affecting students’

overconfidence

In this section, we offer detailed information on the measures used to 

elicit students’ risk aversion, cognitive abilities and self-reported academic 

confidence respectively.

1) Holt and Laury Lotteries (2002) is perhaps the most popular approach 

for measuring risk tolerance in the lab. Subjects face a table with 10 rows. 

In each row they are asked to make binary choices between a safe and a 

risky lottery in which the probability associated with the high payoff in both 

lotteries (safe or risky) increases and the probability associated with the low 

payoff decreases as subjects go down the table. It is expected that when the 

probability of the high payoff increases enough a subject switches from the 
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safe to the risky lottery in some point and never switches back. The switching 

point is the measure of risk aversion. Inconsistent preferences can be seen 

if a subject switches back or if he/she chooses the safe option in the tenth 

row given that it is stochastically dominated. In order to detect subjects with 

inconsistent preferences we allow subjects to switch back and forth.55  When 

participants face these lotteries, they are informed that after making all 

decisions they will be paid just for one of them that will be selected at random. 

After that, subjects will be paid according to that decision.

2) Abstract Reasoning (AR) part of the Differential Aptitude Test for 

Personnel and Career Assessment. In this experiment, we use the AR part 

which is included in the DAT-5 Spanish adaptation by the publisher TEA 

(Cordero and Corral, 2000). This test contains 40 multiple-choice questions 

and subjects have 20 minutes to answer. The aforementioned questions are 

used as a non-verbal measure of abstract reasoning ability given that subjects 

think logically to find the relationships between abstract figure sequences. 

Colom et al. (2007) consider this test as a marker of fluid intelligence whilst 

McGrew, 2009 considers it the component of intelligence more liked to general 

intelligence or g factor.

3) Academic Behavioural Confidence scale (Sander and Sanders, 2009). 

The ABC scale used in this research was the 24-statement scale. These 

55. We find a negligible (2%) percentage of inconsistent subjects in our sample. Moreover and contrary to 
Galarza and Bejarano (2016), we do not find a significant correlation between cognitive abilities and pro-
pensity to make inconsistent choices.
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statements elicit the beliefs about achieving good grades in assessments 

(grades subscale), engaging in independent study  (studying subscale), 

attending lectures, tutorials and other taught sessions (attendance subscale) 

and discussing material with lecturers and peers (verbalizing subscale). 

However, all analyses presented in this paper were computed only for two ABC 

subscales: grades and studying. In Sander et al. (2011), the ABC scale show 

cross-cultural validity when translated into Spanish and administered to over 

two thousand Spanish psychology students. 

4. Data analysis

4.1. Sample self-selection: a potential willingness effect

Given that our design requires students’ willingness to participate 

in the experiment in both the hypothetically incentivised group and the 

monetarily incentivised group, potential self-selection problems are ruled out. 

Notwithstanding, it is interesting to analyse the real existence of this potential 

effect comparing grades obtained in the midterm and final exams between 

students who are willing (participants) and who are not willing to participate 

in the experiment (non-participants).
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Table 27

Average grades obtained in the exams for participants and non-

participants NBME: Non-binding midterm exam; BME: Binding midterm 

exam; BFE: Binding final exam

For each exam, table 27 displays both participants and non-participants 

average grades. In addition, the Mann-Whitney test p-values included 

comparing medians between participants and non-participants show that 

these differences are not statistically significant in any case. In consequence, 

we do not find a significant willingness effect in our sample.

4.2. Descriptive statistics and tests

In this section, we present descriptive statistics of students’ predictions, 

postdictions, grades and overconfidence corresponding to each call of our 

experiment. Moreover, statistical tests comparing treatment variables are 

offered. 
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4.2.1. Hypothetical incentive calls 

Table 28 displays descriptive statistics of the aforementioned variables 

for both midterm exams, where the incentives provided are exclusively 

hypothetical. 

Table 28

Descriptive statistics of predictions, postdictions, grades and 

potential/actual overconfidence for the (non-) binding midterm exam.

Figure 17 displays previous means including Wilcoxon tests p-values 

showing within-subjects’ differences between comparable variables. In the 

first row of figure 1, we show means of predictions, postdictions and grades for 

the NBME and BME respectively. In the second row, average POC and AOC for 

both midterm exams are presented. 
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The first row panels look like stairs, where the prediction is significantly 

higher than the postdiction and the latter significantly higher than the 

corresponding grade obtained. This pattern shows that although students 

adjust their guesses after the exam, they do not do it sufficiently, showing a 

significant AOC. However, as can be observed from the second row of panels, 

in both midterm exams the AOC is significantly lower than the POC. 

Figure 18 displays the confidence measured using predictions and 

postdictions against the grade obtained in the midterm exams. The 45-degree 

line provides a benchmark given that points above the line would represent 

overconfidence whereas points below the line would represent under 

confidence. The dashed line is a grade reference point, meaning the minimum 

grade required to pass an exam.

Fig. 17. Means of predictions, postdictions, grades, POC and AOC for the non-binding midterm and the 
binding midterm exams. *** p<0.01, ** p<0.05, * p<0.1
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In these panels, we observe that most of the subjects show both POC 

and AOC. Unsurprisingly, under confidence is shown more often in students 

obtaining at least a pass in the exam, since it is more likely that individuals 

with higher grades show less overconfidence.

Furthermore, our experimental design allows us analyse how the exam 

binding consideration affects subjects’ overconfidence when guesses are 

elicited with hypothetical incentives. Comparing overconfidence between the 

NBME and the BME exam, we find that both POC and AOC are significantly56  

higher when the exam is non-binding. In consequence, allowing students to 

treat an exam as if they had never taken it increases their overconfidence

56. Wilcoxon test p-values are 0.0000 for POC and 0.0008 for AOC.

Fig. 18. Confidence using predictions and postdictions against grades in the midterm exams. 
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Result 1:  Students exhibit a significant potential and actual 

overconfidence (being the former significantly higher than the latter) in 

their academic performance when guesses are elicited using hypothetical 

monetary incentives. These grade overestimations are even higher when 

students face a non-binding exam. 

4.2.2. Real monetary incentive calls

We focus now in the third call of our experiment, corresponding to 

the BFE. Splitting the sample between a non-monetarily incentivised (NMI) 

group and a monetarily incentivised (MI) group, table 29 presents descriptive 

statistics of: (1) subjects’ predictions, (2) postdictions, (3) grades, (4) POC and 

AOC, (5) the number of safe choices per pair of options in the HL task, (6) score 

in the DAT-AR test, (7) scores in the grades and studying subscales of the ABC 

scale, and (8) academic record. Additionally, we present a t-test or a Mann-

Whitney (M-W) test p-value comparing57 the NMI group and MI group for all 

variables above-mentioned.

We observe that although predictions/postdictions in the BFE are similar 

in the NMI and the MI group, both types of overconfidence are significantly 

higher when subjects’ guesses are elicited with hypothetical (NMI group) 

instead of real monetary incentives (MI group). Specifically, a POC of almost 

57. We use t-tests for comparisons between normally distributed variables (BFE grade, POC and AOC, and 
DAT-AR score) and M-W test for comparisons between the remaining (non-normal) variables.
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two points is reduced to a quarter when subjects’ predictions are elicited 

using real money. In the same manner, an AOC of 1.3 points disappears when 

subjects’ postdictions are obtained under real monetary incentives. This 

reduction effect caused in both POC and AOC is free of potential influences of 

factors like risk aversion, cognitive ability or academic confidence/record since 

these variables do not present significant differences between the NMI and 

the MI group.

Table 29

Descriptive statistics and treatment comparisons of predictions, 

postdictions, grades, overconfidence, safe choices in the HL task, DAT-AR 

score, subscales studying and grades of the ABC scale, and academic 

record.  *** p<0.01, **p<0.05, * p<0.1
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In Figure 19, above means are displayed and medians compared through 

a Wilcoxon test. Specifically, in the first row we display means of predictions, 

postdictions and grades corresponding to the BFE, split between NMI subjects 

and MI subjects. 

For both groups, we obtain that the median of students’ predictions 

is significantly higher than the median of their postdictions. However, only 

NMI subjects obtain a median grade in the BFE significantly lower than their 

median postdiction, since MI subjects postdict their grade accurately. The 

Fig. 19. Predictions, Postdictions, Grades, POC and AOC means for the final exam. 
*** p<0.01, ** p<0.05, * p<0.1



Chapter 3. Monetary incentives and overconfidence in academic performance: an experimental study 

129

second row of figure 19 shows mean values of POC and AOC for both groups 

of subjects, showing that real monetary incentives significantly reduce both 

POC and AOC medians, being the latter near zero. 

As in figure 18, figure 20 displays the confidence measured using pre and 

postdictions against the grade obtained in the BFE for subjects included in 

both the NMI and the MI group.

In the right panel of figure 20, we can observe that most of NMI 

subjects show both POC and AOC in line with the behaviour observed in 

Fig. 20. Confidence using predictions and postdictions against grades in the final exam.
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the (hypothetically incentivised) midterm exams.58  Thus, this right panel 

reproduces the effect of overconfidence in general terms. Nevertheless, 

this pattern is not observed for MI subjects (left panel). In fact, they show 

overconfidence for low grades and under confidence for high grades, as can 

be expected when a regression to the mean effect is present.

Result 2:  The use of real monetary incentives to elicit students’ guesses 

mitigate potential overconfidence and even eliminate actual overconfidence 

on their academic performance. 

We analyse now how the type of exam affects subjects’ overconfidence 

when guesses are elicited with hypothetical incentives. If we compare 

overconfidence between the BME and the BFE for NMI subjects, we do not 

find statistically significant differences59  for both POC and AOC. 

Lastly, we examine the relationship between subjects’ confidence and 

elicited variables like cognitive ability and risk aversion. Figure 21 displays both 

potential and actual confidence for subjects included in both the NMI and the 

MI group against the aforementioned variables. For both groups, NMI and MI 

subjects, the left panel shows no tendency relating confidence and cognitive 

ability.60 Regarding risk taking from the right panel, we can observe that no 

58. If we compare subjects’ overconfidence between the BME and the BFE for NMI subjects, we do not 
find statistically significant differences for both POC and AOC (Wilcoxon test p-values are 0.9174 and 0.8256 
respectively).
59. Wilcoxon test p-values are 0.9174 for POC and 0.8256 for AOC
60. Spearman’s coefficients show a non-significant low correlation



Chapter 3. Monetary incentives and overconfidence in academic performance: an experimental study 

131

relationship is found between confidence and risk taking.61  

4.3. Regression analysis 

4.3.1. Predictions and postdictions

In this section, potential driving factors for both predictions and 

postdictions in our three calls are analysed. In first place, we study the 

determinants of predictions and postdictions elicited through hypothetical 

incentives. With this aim, OLS models for midterm exams are estimated. 

The potential driving factors used are: (1) cognitive ability, (2) risk aversion, (3) 

61. Spearman’s coefficients show a non-significant moderate correlation.

Fig. 21. Confidence using predictions and postdictions against grades in the final exam.
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academic record, (4) self-reported grades confidence and studying confidence 

and (5) gender (a dummy variable taking the value of 1 if the student is woman 

and 0 if men).  

Table 30

OLS regressions for predictions and postdictions elicited in the midterm 

exams. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

The above models point out that when subjects’ guesses are elicited 

under hypothetical incentives in a non-binding task, the potential driving 

factors do not have a statistically significant effect on the dependent variables. 

Regarding the BME, the variables affecting significantly students’ postdictions 

are their cognitive ability and academic record. The first one has a positive 

effect, pointing out that subjects scoring high in the DAT-AR test postdict a 
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higher grade. The same relationship is found for students’ academic record 

although the effect is weaker. 

In second place, we analyse guesses generated in the third call of our 

experiment. OLS models are estimated in table 31 in order to explain BFE 

predictions/postdictions elicited using both hypothetical and real monetary 

incentives.

The first important result is related to cognitive ability. High cognitive 

ability subjects are motivated only when monetary incentives are real, inducing 

them to choose higher self-chosen goals. Moreover, cognitive ability does not 

play any role explaining postdictions independently of the type of incentives 

offered. In addition, subjects with better academic record only report higher 

predictions and postdictions when they are hypothetically incentivised. 

Regarding the importance of the type of incentives used to elicit students’ 

guesses, we find that MI (a dummy variable indicating that subjects belong 

to the treatment group in which real monetary incentives are offered) is not 

significant: grades predicted and postdicted by MI subjects are, in average, 

similar to the corresponding ones by NMI subjects.
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Table 31

OLS regressions for predictions and postdictions elicited in the final exam 

splitting the sample between monetarily incentivised and non-monetarily 

incentivised subjects. Standard errors in parentheses *** p<0.01, ** p<0.05, 

* p<0.1
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4.3.2. Grades

In this section, determinants of students’ grades for the three types of 

exams are analysed. Below we present OLS models explaining students’ grades 

in midterm exams (where incentives offered are hypothetical) and in the BFE 

(where subjects randomly assigned to the MI group are incentivised with real 

money and those assigned to the NMI group are hypothetically incentivised). 

Table 32

OLS regressions for grades obtained in the midterm and the final exam. 

The latter regression is split in monetarily incentivised and non-monetarily 

incentivised subjects. Standard errors in parentheses *** p<0.01, ** p<0.05, 

* p<0.1
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The first three models point out that the students’ academic record 

plays a crucial role forecasting grades obtained in any type of exam. The last 

two models indicate that this predictive power is not affected by the type of 

incentives offered. In addition, we obtain that subjects’ confidence in their 

studying method affects positively to NBME and BFE grades, especially 

when subjects are NMI. Moreover, cognitive ability only affects positively the 

grade obtained in the BME. Furthermore, a gender effect is only found in 

the NBME pointing that women performed worse than men in this type of 

exam did. Regarding the model explaining BFE grades, MI is a crucial variable: 

MI subjects obtain, in average, 1.06 points more in the BFE grades than NMI 

subjects. Thus, real monetary incentives are effective improving significantly 

students’ academic performance. 

In order to reinforce our previous result highlighting the effectiveness 

of real monetary incentives increasing academic performance, we split the 

sample for each type of exam between NMI subjects and MI subjects attending 

our third call62. Figure 22 shows that ex-post MI students obtain lower grades 

than NMI students in both midterm exams, where monetary incentives are 

hypothetical. Nevertheless, when MI students (performing worst the midterm 

exams) are incentivised with real money they obtain significantly higher grades 

in the BFE than NMI students do. This fact evidences the importance of real 

monetary incentives in order to improve students’ academic performance. 

62. Although until our third call these groups were not created, we divide both midterm exam samples 
in ex-post treatment groups in order to test whether ex-post MI subjects obtained higher grades in the 
midterm exams than NMI subjects did.
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Finally, in order to determine the factors driving students’ successful 

predictions/postdictions, we present two probit models in which the dependent 

variable is a dummy that takes de value of 1 if the student has exceed his/

her prediction/postdiction and 0 otherwise. From both models, we find that 

students’ academic record affects positively to their success prospect: it is more 

likely that subjects with a better academic record exceed his/her prediction/

postdiction than poor academic record students. More interesting is the role 

of the MI variable in the presented models: the fact of being incentivised with 

real money increases in 29.7% the probability to exceed the postdiction. For 

the case of predictions, the effect is weaker.

Fig. 22. Grades obtained in each exam for treatment group. 
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Table 33

Probit regressions for prediction success and postdiction success. 

Coefficients are marginal effects. Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1

4.3.3. Overconfidence

In this section, four OLS models are estimated in order to shed light on 

the determinants of subjects’ overconfidence. The explained variables in these 

models are POC and AOC for both midterm exams.
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Table 34

OLS regressions for POC and AOC exhibited in the midterm exams.

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

For the NBME, the only statistically significant variable is the studying 

confidence subscale, affecting negatively to POC and AOC: subjects with 

higher confidence in their studying methods have less overconfidence. 

For the BME, the variable affecting overconfidence is the academic record. 

Specifically, subjects with high university record show less overconfidence. 

This effect goes in line with cognitive ability, but only in the case of the POC. 

Second, similarly to the case of midterm exams, we present OLS models 

based on subjects’ overconfidence for the BFE. Additional models are reported 

in italics splitting the sample according to the type of incentives offered. 
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Table 35

OLS regressions for POC and AOC exhibited in the final exam splitting 

the sample in monetarily incentivised and non-monetarily incentivised 

subjects. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

In line with results 1 and 2, above regressions point out that, in order to 

estimate both POC and AOC, the type of incentives used (hypothetical or real) 

to elicit subjects’ guesses, is very important. Specifically, MI subjects show a 

POC and AOC in average 1.13 points lower than overconfidence exhibited by 

students hypothetically incentivised. In conclusion, we can state that:   



Chapter 3. Monetary incentives and overconfidence in academic performance: an experimental study 

141

Result 3: Controlling for potential driving factors, if we use real monetary 

incentives to elicit students’ guesses, the overconfidence bias can be 

significantly reduced, even eliminated in the case that grades are calibrated 

after completing the exam.

In addition, from previous OLS models we obtain that students’ academic 

record affects negatively to both POC and AOC: subjects with better academic 

record show less overconfidence, especially when they are incentivised with 

real money. The same relationship is found regarding the studying subscale 

but only when incentives are hypothetical: subjects with more confidence in 

their studying methods show lower overconfidence. As opposite, cognitive 

ability, risk taking and gender do not play any role explaining POC and AOC.63   

Concerning empirical evidence on the existence of the Dunning‐Kruger 

bias, we can summarise the following findings. Our results confirm this 

phenomenon using cognitive ability as the measure of potential skill only when 

incentives offered are hypothetical (students with higher scores in the DAT-

AR test show potential overestimation in the BME and actual overestimation 

in the BFE). However, these effects disappear when incentives are real. 

Specifically, although students with higher cognitive abilities choose higher 

goals, we do not find any relationship between cognitive ability and potential 

overconfidence when predictions are elicited using real money. In addition, 

63. With an exception: subjects with higher cognitive abilities show less AOC when they are hypothetically 
incentivised.
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fluid intelligence of MI subjects is not related neither to their postdictions nor 

to their actual overconfidence. 

In consequence, we can state that:

Result 4: Using cognitive ability as subjects’ measure of potential skill, 

for both potential and actual overconfidence, we do not find evidence of 

the Dunning-Kruger effect when students’ guesses are elicited using real 

monetary incentives. 

Using students’ academic record as measure of actual skill, we obtain that 

real monetary incentives reinforces the presence of the Dunning‐Kruger bias, 

shown in a weaker way under hypothetical incentives in the BFE. Therefore, 

we conclude that:

Result 5: Subjects with a better academic record obtain higher grades in 

all type of exams and show lower both potential and actual overconfidence 

when students’ guesses are elicited using real monetary incentives. 

Combining the two previous results, we obtain the following corollary: 

 

Corollary: Using real monetary incentives to elicit students’ guesses, 

we find that subjects with higher actual (potential) skills are (not) less 

overconfident than less actual (potential) skilled individuals.  



Chapter 3. Monetary incentives and overconfidence in academic performance: an experimental study 

143

In the matter of the potential influence of subjects’ risk preferences on 

their guesses and overconfidence, our empirical evidence shows that: 

Result 6:  Subjects’ risk aversion does not play a significant role in 

explaining how students choose their own goals or postdict their academic 

performance. Moreover, there is no relationship between risk aversion and 

overconfidence independently of the type of incentives used to elicit students’ 

guesses. 

With regard to the influence of the self-reported academic confidence 

on behavioural data generated, we find that:

 Result 7: When guesses are elicited by means of hypothetical monetary 

incentives, although students reporting a higher confidence in their 

studying methods do not predict or postdict higher grades, they perform 

better in general, exhibiting a lower overconfidence. Moreover, their self-

reported grades’ confidence does not correlate with their guesses, grades or 

overconfidence in any case.
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5. Conclusions

Our paper is the first empirical research that introduces real monetary 

incentives and self-chosen academic goals in order to study students’ 

overconfidence, meaning their tendency to overestimate their achievements. 

We have analysed the presence of two types of overestimation bias: 

overestimation of own potential performance and overestimation of own actual 

performance, depending on the type of monetary incentives (hypothetical or 

real) used to elicit students’ guesses. In addition, students’ potential and actual 

skills, risk preferences and self-reported academic confidence were measured 

in order to control for potential driving factors of subjects’ overconfidence. 

Taking into account these individual characteristics, we obtain that students’ 

overestimation of their potential achievements is significantly reduced 

when real money is used to elicit students’ predictions. This effect is stronger 

in the case of subjects’ actual overestimation of their grades, causing the 

bias elimination. Our findings suggest that overconfidence may not be a 

psychological bias given that it is generally conceived as a stable tendency 

that persist even in the presence of a subject’s consciousness of it. From this 

point of view, incentives should not be able to affect subjects’ overconfidence 

as we observe in our results.

However, this incentive effect is not as clear-cut in the case of the 

Dunning-Kruger cognitive bias. In fact, real monetary incentives enhance 

the presence of the Dunning-Kruger phenomenon when we use students’ 
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academic record to rank them. Specifically, we find that, especially under 

real incentives, students with a better academic record overestimate less 

both their potential and actual academic performance in our Microeconomic 

course. On the contrary, using real money to elicit students’ guesses weaken 

this cognitive bias when we adopt subjects’ cognitive ability to measure them. 
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General discussion and conclusions

This thesis is based on the experimental economics methodology and 

specially, in some issues of major importance: incentives, risk and cognitive 

biases like framing and overconfidence. 

The first chapter is the first study which introduces self-chosen academic 

goals in a field experiment including two different payment mechanisms 

based on monetary incentives. Particularly, the effectiveness of these monetary 

incentives has been tested in absolute and relative academic performance 

through a piece-rate and a rank-order tournament system respectively. 

The novelty of this study is that subjects fixed their own self-chosen goals 

compatible with monetary incentives. The results of this experiment 

point out that monetary incentives in this setting of self-chosen goals are 

effective regardless of the payment mechanism used, piece rate or rank-

order tournament. Specifically, monetary incentives are effective improving 

academic performance of students. Given that this is an issue of mayor 

importance in everyday life, the results of this investigation can be used by 

policymakers in order to increase the level of the education system. Although 

policymakers may see the implementation of an incentive’s program difficult 

in terms of financial resources, the results obtained indicate that academic 

performance increases no matter if the payment mechanism used is a rank-

order tournament (low-cost program) or a piece-rate (high-cost program).  
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After that, the second chapter analyses how two risk tasks highly used in 

the literature can be affected by a cognitive bias called framing. In particular, 

the tasks analysed are a lottery vs. lottery and a lottery vs. certainty methods. 

There is not a clear consensus in the literature about framing effects and 

for this reason, this study analyses this bias in two risk tasks but taking into 

account other potential factors that may influence the conclusions obtained. 

These factors are imprecision and the proper work the Random Lottery 

Incentive Mechanism (RLI). Specifically, the framing effects analysed include 

changes in the structure of the task based on modifications in the number 

and/or the range of options controlling for imprecision and the functioning 

of RLI. Regarding the latter, this study has observed that there are subjects 

who violate the main principle of this mechanism because they do not take 

each decision separately as it is expected and for this reason, this mechanism 

does not provide truthful incentives to them. After taking into account all the 

underlying factors, the results indicate that the lottery vs. lottery method is 

robust to changes in the structure of the task whereas the lottery vs. certainty 

method is not. These results entail a warning for experimental economists 

given that some framing effects existent in the literature can be due to a 

malfunctioning in RLI that is the mechanism mostly used in experiments. 

The third chapter analyses another persistent bias documented in the 

literature, the overconfidence bias. This study is the first one which uses 

real monetary incentives and self-chosen goals in order to investigate the 

aforementioned bias. Specifically, subjects predict their grade before the exam 



(potential performance) and postdict their grade once the exam has finished 

(actual performance) several times. In this setting, this bias is analysed under 

two types of incentives: hypothetical and real monetary incentives.  The results 

obtained point that the use of real monetary incentives significantly reduces 

the overestimation bias of potential achievements and completely eliminates 

it in the case of actual overestimation. 

Altogether, this thesis sheds new light on issues of high importance 

not only in the experimental economics field but also in the academic field. 

The results stress the importance of real monetary incentives. First, they are 

effective increasing academic performance which can be seen as a path to 

follow in order to improve the level of the education system. Second, some 

misleading results can be obtained in experiments when subjects do not fulfil 

the hypotheses that some payment mechanisms consistent with monetary 

incentives have. Last but not least, monetary incentives also reduce and 

eliminate biases highly documented in the literature..








