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Abstract

This doctoral thesis is structured in three essays. In the first essay (Chapter 2) I
explore the behavioural effects of anxiety on agents’ performance. I hypothesize
that a certain level of tension and pressure can induce agents to exert more effort,
according to theories of anxiety in psychology. The negative valence associated to
this emotion might propose an impairment in performance. On the contrary, the
laboratory economic experiment I have run shows that when an anxious mood is
induced individuals are more likely to exert more effort. Anxiety leads to performance
improvements.

In the second essay (Chapter 3) I raise a methodological issue on the use of effort
tasks in economic experiments. Effort tasks are usually assumed to lead to similar
results. However, the choice of the effort task can significantly drive experimental
results. I have conducted an economic experiment where I compare four different
effort tasks which give a measure of participants’ performance or investment when
they compete for a prize. Results show that there is no equivalence between the
types of task applied.

The last essay (Chapter 4) is a substantial part of a joint project with Professor
Daniel J. Zizzo. We ran an experiment where participants are asked to enter a
2-player prize competition. Each pair consists of a High Type participant, who
performs a previous real effort task better, and a Low Type participant, who performs
a previous real effort task worse. Participants receive feedback on their performance
rank and their opponents’ performance rank. They are also informed about the
allocation of an extra monetary reward. Participants are then asked to choose their
level of investment. They can also sabotage their opponent. Results show that
perceived unfairness of the reward allocation rule, expectations of investment and

sabotage, and competitive feelings affect participants’ behaviour in the contest.
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Chapter 1

Introduction

This thesis has two objectives: it explores how anxiety affects agents’ performance
and it discusses a methodological issue on the use of effort tasks in economic labora-
tory experiments.

It first tries to investigate whether emotions, fairness and expectations affect
agents’ performance. It examines the effects of anxiety on workers’ performance. It
also studies how affective states and expectations drive the level of investment, and
therefore performance, when workers compete in a contest. Moreover, it analyses how
perceived unfairness and hostile emotions induce workers to engage in destructive

effort that reduces opponents’ performance.

Differently from the current research in economics which considers emotions
in different contexts with respect to risk attitude and in relation to social norms
and preferences in interpersonal interactions (Hopfensitz and van Winden, 2008;
Bosman and van Winden, 2010; Reuben and van Winden, 2005; Ben-Shakhar et al.,
2007), this study sheds light on the effect of anxiety on workers’ performance at
an individual task under a piece rate incentive scheme and on the effects of hostile

emotions on workers’ performance in tournaments.

The validity of this research topic is supported by a large psychological literature

11



on affective states which nowadays builds on established findings (Isen et al., 1978;
Nasby and Yando, 1982; Isen, 1987). Psychologists have shown that emotions have
strong and predictive power on decision-making processes and that they can affect
consistently individuals’ behaviour (Isen and Means, 1983; Isen et al., 1991; Murray
et al., 1990; Mackie and Worth, 1991; Schwarz et al., 1991; Ellis et al., 1984, 1985;
Parrott and Sabini, 1990). For example, Isen and Patrick (1983); Isen and Geva
(1987); Arkes et al. (1988) show that people in whom positive affect had been induced
were more risk averse than people in control conditions, when the risk situation was
a real one in which they could have a meaningful loss. Otherwise, they appeared

more risk-prone (Isen and Patrick, 1983).

Secondly, this thesis raises a methodological issue on the use of effort tasks in
economic experiments. Effort tasks are laboratory tools that allow experimentalists
to collect measurements on individuals’ level of investment or performance (Bull
et al., 1987; Harbring and Irlenbusch, 2005; Vesterlund and Nierderle, 2007; Abeler
et al., 2011; Gill and Prowse, 2011). Effort tasks are implicitly assumed to lead
to similar results as far as they can minimize personal skills involved in the task.
Effort tasks can be categorized in two groups: 1) induced value effort tasks, where
individuals select a value that would represent their chosen performance, and 2) real
effort tasks, tasks that imply a physical or mental effort to be performed. Real and

induced value effort tasks have been implicitly assumed to be equivalent.

However, the choice of the effort task may considerably affect experimental data.
This is due to the substantial difference between effort tasks. This thesis provides
evidence of the non-equivalence of the effort tasks. It aims to point out that the
choice of an effort task may affect the laboratory results and that any interpretation

of them should acknowledge the nature of the task used.

The following chapters of this dissertation apply the experimental methodology.

12



This methodology has been chosen because of the nature of the data I aim to analyse.
In fact, it seems difficult to gather data on emotions in the field. Even if some
field data are available, they suffer from noise, identification problems, and lack of
control. The laboratory allows the researcher the use of a controlled environment
in which variations in individual factors can be tested while keeping all others
constant. In laboratory experiments it is possible to create analogous environments
that mimic real-life scenarios. Although stylised, they have the important advantage
of providing a great deal of control over relevant margins.

Some experiments I carried out are enriched by the use of experimental psychol-
ogy techniques that facilitate the test of behavioural hypotheses. The combined use
of both economic experimental methodology and psychological techniques underlines

the interdisciplinary feature of my research.

This doctoral thesis is structured in three substantial chapters. In Chapter 2
I explore the behavioural effects of anxiety on workers’ performance. Specifically,
I investigate the motivational role of an anxious mood on individual performance.
According to a large psychological literature, anxiety consistently affects individuals’
performance and, therefore, it is considered a determinant drive. The negative
valence associated to this emotion might propose an impairment in performance. On
the contrary, I hypothesize that a certain level of tension and pressure can actually
induce workers to exert more effort.

I ran two economic experiments (Experiment 1 and Experiment 2) where partic-
ipants were asked to carry out a real effort task, the slider task by Gill and Prowse
(2010). In this task participants were asked to position as many sliders as they
could in two minutes at a certain value indicated in the instructions. Participants
performance was given by the number of sliders correctly positioned in the time
limit. Before carrying out the real effort task participants’ mood was manipulated.
An established mood inducement technique called Personal Recollection, widely

used in experimental psychology, was applied: students were asked to recall two
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personal events in which they felt very anxious. The mood manipulation lasted for
20 minutes. Before and after the mood induction stage participants elicited their

mood with the use of a Likert Scale.

Results shows that an increase in anxiety leads to performance improvements
and induces subjects to exert more effort. Data support the Processing Efficiency
Theory by Eysenck and Calvo (1992). According to their formulation the individual’s
initial effect to worries is negative because worries interfere with attention to the
task-relevant information, thus reducing the resources potentially available for the
task. Consequently, performance is impaired. However, “[...] an increase in anxiety
can therefore improve performance if the worker is motivated to increase effort to
such an extent that it counterbalances and exceeds the initial negative impact of
worry (p. 415)”. Therefore, this essay shows that anxiety has a motivational function

that induces the subject to increase effort and therefore to boost performance.

This essay adds an additional contribution to the economic literature: the causal
link between personality and behaviour. I measured the proneness to anxiety either
in a separated experimental session (Experiment 1) or in the same experimental
session (Experiment 2) using the State Trait Anxiety Inventory by Spielberger
(1972). I found that personality counts: participants with proneness to anxiety
(High Trait-Anxiety individuals) are more affected by threatening stimuli and, there-
fore, they achieve high level of performance. These findings support the claim that
a sufficiently high level of anxiety may act as incentive and that anxiety arousal
and anxiety trait increase workers’ performance. Hence, they should be taken into

account for contract and job design.
Chapter 3 discusses the methodological issue on the use of effort tasks in eco-

nomic experiments. To show that the choice of the task substantially affects the

quality of the experimental results I ran an economic experiment which consisted of
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four treatments identical except for the effort task applied. Three real effort tasks,
the Slider Task, the Maths Task, the Grid Task, and an induced value effort task

were implemented in the lab.

The “Slider Task” by Gill and Prowse (2011) required participants to use their
computer mouse to position up to forty-eight sliders, having a range of integer
values from 0 to 100 and appearing at position zero, in the central position (value
50). Students had two minutes to correctly position as many sliders as they could.
Subjects’ performance was given by the number of sliders correctly positioned in two
minutes. For the “Maths Task” (Vesterlund and Nierderle, 2007) participants were
asked to sum a series of four 2-digit numbers that appeared on their screen. They
were provided of a list of operations and they were asked to solve as many as they
could in the time constraint (two minutes). The number of correct answers gives
the participant’s performance. Participants dealing with the “Grid Task” (Abeler
et al., 2011) saw a 5 by 5 grid on the screen and were asked to count the number of
ones randomly assigned in the cells. They had two minutes to solve as many grid as
they could. Performance was given by the number of grid correctly solved. Finally,
in the treatment in which the “Induced-Value Effort Task” was used participants
were endowed with ten experimental points and they had to decide how much to
invest and how much to keep for themselves. The part of endowment not invested
(if any) was converted in pounds and paid to subjects at the end of the experiment.

Participants with the highest investment won a prize.

The effort tasks, thus, provided a measure of participants’ level of performance
(or investment). Participants were asked to compete in a two-player all-pay auction
in order to win a prize. Those with the highest performance could get the prize. In
this competitive setting I expect that an anxious emotional state will have a positive
effect on subjects’ level of performance (or investment). I expect that the more

risk averse contestant will exert less effort, and that there will gender difference in
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performance. These effects should not depend on the effort task used.

Results show that there is no equivalence between the types of task applied.
There is evidence that participants’ performance is differently affected by the same
group of explanatory variables across treatments: the more the anxiety level the
worse the level of effort when participants deal with the mathematical task and
the grid task. On the contrary, the effects of anxiety on individuals’ performance
take completely different directions when either the slider task or the induced value
effort task are used. There is also evidence that a high degree of risk aversion
positively affects subjects’ performance when the grid task is applied but it does not
have any significant impact on performance when the other effort tasks are used.
This suggests that the nature of the real effort task strongly affects experimental
results. Hence, researchers using the economic experimental methodology should be

aware of the limitation of the effort tasks tool and should acknowledge it in their work.

Chapter 4 is a substantial part of a joint work with my supervisor Daniel J.
Zizzo. We aim to analyse the effects of three types of allocation rules of mone-
tary rewards on individuals’ decisions of investment and sabotage in tournaments.
We conducted an experiment where participants were initially asked to perform
a real effort task for five minutes, the counting task (Abeler et al., 2011). At
the end of the real effort task their performance was ranked. Two groups were
created: the High Type participants group, who performed better in the task, and
the Low Type participant group, who performed worse in the task. Participants
received information on their own type, their opponent’s type, and the possibility
to be given a bonus of an extra £5. Moreover, they were informed about the
bonus allocation rule to be applied: randomly between contestants, according to a
meritocracy rule (High Type participants received the bonus), or according to an
anti-meritocracy rule (Low Type participants received the bonus). The allocation

rule differed across treatments: in one treatment High Type participants were
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rewarded (meritocracy rule), in a second treatment the Low Type subjects received
the reward (anti-meritocracy rule), and finally in a control treatment, the bonus was

randomly assigned to either a High Type or a Low Type subject (random allocation).

Successively, participants were asked to enter a 2-player prize competition. Each
pair consisted of a High Type participant and a Low Type participant. They were
asked to choose their level of investment. They could also sabotage their opponents’
level of investment and, therefore, reduce their opponents’ performance and proba-

bility to win the prize.

Results show that Low Type participants were more willing to invest when they
were not rewarded and to sabotage their opponents’ investment when they were
rewarded for their comparatively poor performance in a previous task. Their decision
of investment and sabotage depended on their expectations of their opponents’ level
of investment and sabotage. Low Type participants provided explanations about
their behaviour in the contest. They had a clear understanding of the fairness of the
allocation procedures and specifically, when unfairly rewarded, they felt competitive
feelings that affected their behaviour in the tournament. These results suggest
that the allocation procedures for monetary rewards prior the competition affect
contestants’ behaviour and therefore they should be taken into account in contest

design with respect to the contest’s objectives.

Overall, this thesis shows how some emotions affect agents’ performance. More-
over, it considers the role of perceived unfairness and expectations on agents’ decisions
of investment and sabotage in contests. Emotions, fairness and expectations have
a substantial impact on workers’ behaviour to be acknowledged in the discussion
of contract design and contests design. Finally, this thesis provides an important
insight on the limitation of the effort tasks tool and open a debate on the appropriate

use of them in the experimental methodology.
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Chapter 2

Motivation and Emotions: Effects
of Anxiety on Workers’

Performance

2.1 Introduction

Incentives are the essence of economics. The most basic concept of demand considers
how to induce a consumer to purchase. Similarly, supply relationships are descrip-
tions of how agents respond with more output or labour for additional compensation.
Incentive problems arise when a principal wants to delegate a task to an agent!.
The principal wants to induce the agent to behave in a way that is beneficial to
him but does not have perfect knowledge of the agent’s actions. The agent dislikes
labour and her/his interests may not be aligned with the principal’s interests. A

large literature has pointed to a multitude of different mechanisms that can be used

1Delegation can be motivated either by the possibility of benefiting from some increasing returns
associated with the division of tasks or by the principal’s lack of time or lack of any ability to
perform the task himself or by any other form of the principal’s bounded rationality to face complex
problems. However, by the mere fact of this delegation the agent may get access to information

that is not available to the principal (Laffont and Martimort, 2002).
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to induce agents to act in the interest of their principals?.

However, emotions have not been considered in standard agency theory as
incentives (Baker et al., 1987) and very few attempts have been made in order
to implement emotional factors in contract design and in personnel management

(Lazear and Oyer, 2000; Lazear, 1989).

This essay looks at the motivational role of one particular emotion, anxiety,
and specifically investigates the effects of anxiety on individuals’ performance.
According to a large psychological literature anxiety consistently affects individuals’
performance and therefore it is considered a determinant driver. The negative valence
associated with this emotion might cause impairment in performance. However, in
this work I hypothesize that a certain level of tension and pressure can actually
induce agents to exert more effort. I conducted two economic laboratory experiments
where I asked subjects to carry out a real effort task after having manipulated their
current mood by using an established mood inducement technique. I measured their
level of anxiety arousal and their propensity to anxiety, controlling for any confound
effects due to these measurements. Results show that an increase in anxiety leads
to performance improvements and subjects with a high propensity to anxiety (High

Trait Anxiety) exert more effort as soon as their emotional arousal increases.

2.2 Related Literature

The received view in the standard incentive theory is that workers respond to
incentives. Specifically, an increase in financial incentives provided for an activity is
expected to induce workers to supply more output, or similarly, to increase their

performance (Laffont and Martimort, 2002; Prendergast, 1999). The theory of

2For example options, discretionary bonuses, promotions, profit sharing, efficiency wages,
deferred compensation, and so on (Lazear, 1986; Fama, 1991; Baker, 1992; Lazear and Rosen, 1981;
Prendergast, 1999; Baker et al., 1987).
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compensation represents the core of personnel economics: performance is positively
related to effort, workers dislike labour, money is the main incentive and the re-
lationship between monetary compensation for an activity and the level of effort
exerted to carry out that activity is monotonic (Lazear, 2000a; Lazear and Oyer,
2007; Lazear, 2000b, 1999; Gibbons and Waldman, 1999; Paul R. and Roberts, 1992).
Many economic models have been offered to explain this relationship, for example,
in the specific form of piece rate (which is defined to be payment on the basis of
output)?® or, in general, in the form of different compensation schemes (Seiler, 1984;

Brown, 1992; Brown and Philips, 1986; Goldin, 1986; Drago and Hyewood, 1995)%.

The economic literature on the provision of incentives in firms® has so far ne-
glected important factors like emotional status and traits in the design of contracts
and personnel managerial practices. Few attempts have been made in this direction
in economics: Lazear (1989) discusses the conditions under which personality-
contingent wages are not equivalent to segregation practices and addresses the
problems connected to the observability of personalities and the pay inequality.
Generally, psychological factor concerns arise in the “mix and matching” processes
where “matching the right workers to the right firms as well as matching workers to
the most appropriate jobs within the firms creates economic value of a magnitude

that few other economic processes can” (Lazear and Oyer, 2000). To my knowledge,

3Lazear (1986) provides a detailed discussion of when to pay a piece rate. Fama (1991) discusses
other reasons for paying on the basis of some measured time interval. Baker (1992) points out the
difficulty created by pay-for-performance payment scheme when performance measurement is a

problem.
4A recent approach assumes that employees’ get intrinsic motivation from the creation of their

own output (Deci, 1972; Frey and Oberholzer-Gee, 1997; Hackman and Lawler, 1971; Hackman,
1980; Murdock, 2002) and hence, takes into account extrinsic and intrinsic motivation in the
formulation of organizational and personnel policies. A review of the literature of intrinsic and
extrinsic motivation is out of the purpose of this work because I will specifically focus on anxiety
as an emotion that can act as incentives distinguishing its effects from the effects of any intrinsic

motivation.
5See Prendergast (1999) for a survey.
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no work in economics specifically considers emotions for their potential role as
incentives. Can good mood, happiness, envy, frustration or disappointment, for
example, affect individuals’ performance and therefore boost individuals’ effort? In

which direction?

This essay aims to explore how emotions relate to agents’ performance and,
specifically, to address the motivational force of one emotion in particular: anxiety.
My findings will be a contribution to contract and job design, and worker interaction
policies in firms as well. The choice of anxiety (and anxiety trait) is guided by the
knowledge that it is a strong and consistent determinant of individuals’ performance
and hence it has a predictive power on agents’ behaviour. Indeed, the behavioural
effects on task performance and individual differences in trait anxiety have been the
core of quite substantial literature in psychology (Montague, 1953; Spence et al.,

1956, 1957; Spence and Spence, 1966).

I will explain here briefly the concept of anxiety and the main theories in psychol-
ogy on the relationship between anxiety and performance before addressing some

related findings in the economic literature.

Anxiety: Definition and Theories in Psychology

According to the glossary of the Diagnostic and Statistical Manual of Mental
Disorder (First et al., 1987) the term anxiety denotes “apprehension, tension, or
uneasiness that stems from the anticipation of danger” (page 392). It is agreed, in
fact, that there are two common principles of anxiety theory: the anticipatory and
aversive feature of this emotion®. Some theorists see anxiety as a “basic emotion”
that coordinates a quasi-autonomous process in the nervous system by communicat-

ing that a self-preservation goal is violated (Oatley and Johnson-Laird, 1987; Gray,

6See Lazarus (1966) for a survey on the experimental evidence of the anticipatory effects of

anxiety.
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1985b; Corr, 2008). In his work with humans and rats, LeDoux (1996) established
the role of the amygdala” in the preconscious evaluation of a stimulus as representing
a potential threat. In this sense, the aversive nature of anxiety is connected to the
appropriate “flight” or escape response®. Anxiety can be also evaluated as a com-
bination of different emotional states: for example, fear and expectancy (Plutchik,
1980) or fear and apprehension (Izard, 1977).

In this context, I will consider anxiety as a multidimensional construct (or
structure where the structure of an emotion is a vector of component values; this
vector is called profile) consisting of the following dimensions: negative valence, high
unexpectedness, low control, high relation with social context, and high relation with
self-esteem (Frijda, 1986). However, I shall also evaluate anxiety as “(1) an emotional
state, evoked in a particular context and having a limited duration, and (2) as person-

ality traits, characterizing individuals across time and situations” (Spielberger, 1972).

Anzxiety and Performance in Psychology

Considerable research interest has focused on the relationship between anxiety
and performance in psychology. It is apparent from these studies that the relation-
ship is not a unique one, especially because anxiety interacts with other variables
in the response-acquisition situation. A very important variable is, for example,
task difficulty. Montague (1953) found that high-anxious subjects performed better
than low-anxious subjects in the serial learning of a relatively easy list of nonsense
syllables, but performed more poorly than low-anxious subjects on lists of increasing

difficulty. Spence et al. (1956, 1957) have reported a series of experiments in which

"The amygdala is located within the medial temporal lobes of the brain and it has a primary

role in the processing of memory and emotional reactions.

8 Anxiety is an ambiguous construct usually identified with fear. However, fear is said to differ
from anxiety primarily in having an identifiable eliciting stimulus. In this sense anxiety is often
“prestimulus” that is anticipatory to more or less real threatening stimuli. In anxiety the nature
and the location of the threat might remain unknown and thus difficult to cope whereas in fear

the threat is clearly located in space and time.
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the relative superiority of high-anxious or low-anxious people in paired-associate
learning® was shown to be related to the task difficulty. Thus, the evidence in the
lab seemed to Spence and colleagues to point out to some sort of non-monotonic

10 especially for subjects in the middle

relation between anxiety and performance
range of anxiety!!: subjects in the middle range were found to be superior to those

in the extremes in carrying out the task.

The relationship between emotional intensity and performance has been formal-
ized in the so-called Yerkes-Dodson Law. According to this law the relation between
emotional intensity and performance can be represented by an inverted U-curve. An
increase in emotional intensity from some zero point upwards is supposed to increase
the quality of performance, up to an optimal point. Further increases in intensity
then lead to performance deterioration (Hebb, 1970). The optimal point is reached
sooner (at lower intensity) the less well learned or more complex is the performance.
An increase in emotional intensity affects finer skills, complex reasoning task, and
recently acquired skills more readily than routine activity. However, the predictions
of the Yerkes-Dodson Law do not always find support in the laboratory evidence:
Spence and Spence (1966) found that the experimental manipulations of anxiety do
not always induce poorer performance; highly anxious subjects indeed sometimes

perform better than do less anxious ones.

Overall, it is assumed that anxiety refers to higher vigilance and motivates
careful preparation, for example for examination and social interactions. Attention
and motivation are anxiety components fully addressed in the Processing Efficiency

Theory by Eysenck and Calvo (1992). According to their formulation the initial

91n the paired associates task subjects must learn a list consisting of words, like high-low and

light-dark; then subjects are given the first word and they must respond with the second.
10This sort of relation has also been found by Montague (1953).
HHere anxiety is given by the measurement of trait (Manifest) using the Taylor Scale of Manifest

Anxiety (Taylor, 1953).
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effect of worries is negative because worries interfere with attention to the task-
relevant information, thus reducing the resources potentially available for the task.
Consequently, performance is impaired. However, anxiety has a motivational function

that induces the subject to increase effort and therefore to boost performance:

Worry about task performance has a second effect [...]. It serves a mo-
tivational function...In order to escape from the state of apprehension
associated with worrisome thoughts and to avoid the likely aversive con-
sequences of poor performance, anzious subjects try to cope with threat
and worry allocating additional resources (i.e. effort) and/or initiating

processing activities (i.e. strategies) (Eysenck and Calvo, 1992, p. 415).

An increase in anxiety can therefore improve performance if the agent is motivated
to increase effort to such an extent that it counterbalances and exceeds the initial

negative impact of anxiety'2.

The understanding of the effects of anxiety on individuals’ behaviour and perfor-
mance cannot disregard the study of anxiety trait. Research on anxiety has seen
the development of theories of emotions that classified anxiety either as a primary
(Gray, 1985a; Oatley and Johnson-Laird, 1987; Corr et al., 1997) or secondary
emotion (Frijda, 1986; Izard, 1977; Ekman, 1992; Ortony and Turner, 1990) and
theories of personality that included anxiety trait (or neuroticism) as one of the
major dimensions of personality (See Digman, 1990, for a review). An attempt of
unifying the research areas of anxiety within a common theoretical framework was

made by Eysenck (1997) with his Unified Theory of Anziety'®. Eysenck pointed

2Worry or self-preoccupation is characterized by concerns over evaluation and failure, and
expectations of aversive consequences. It is activated in stressful situations and is more likely to
occur in individuals with high proneness to anxiety. Since in the Processing Efficiency Theory
worry is the component of state anxiety precisely responsible for effects of anxiety on performance

effectiveness and efficiency I will consider it in this work as an equivalent word to anxiety.
13Specifically, three research areas were unified in his theory: emotion, personality, and clinical

or abnormal psychology.
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out that there are fairly consistent individual differences in the cognitive biases

operating within the emotional system.

However, in 1966 Spielberger had already proposed a conceptual framework for
considering trait and state anxiety. In that framework, he argued that external
stimuli are initially subject to a process of cognitive appraisal, which determines
whether or not any particular stimulus is regarded as threatening. Only those stimuli
that are appraised as threatening increase the level of state anxiety. Trait anxiety

affects the process of cognitive appraisal.

[A]nziety as a personality trait would seem to imply a behavioural disposi-
tion that predisposes an individual to perceive a wide range of objectively

non-dangerous circumstances as threatening (Spielberger, 1966, p. 17).

Since the mid-sixties, the trait-state distinction has received wide recognition in
the psychological literature in explaining the tendency for individuals high in trait
anxiety to experience more state anxiety than those low in trait anxiety (Spielberger

et al., 1980; Dreger, 1985; Spielberger, 1985; Endler, 1997).

The measurement of anxiety trait is nowadays a well-established research proce-
dure in psychological studies that aim to explore the connection between anxiety
and behaviour. Results show that individuals’ arousal, behaviour, and performance
strictly depend on individual differences in anxiety trait (Eysenck, 1985; Sarason
and Palola, 1960; Cassady and Johnson, 2002; Sarason et al., 1990; Hembree, 1990;
Sarason, 1984, 1973).

The Neuropsychology of Anziety

The relationship between emotions and performance has attracted growing at-
tention among researchers due to the recent findings in neuroscience on the deviant

behaviour of neurological patients with specific brain lesions, such as the frontal
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lobe (ventromedial prefontal lobe) damage (Damasio, 2008; Camille et al., 2004).
With respect to the specific psychological state of anxiety, researchers have found
that two particular brain structures are involved: the hippocampus and the amyg-
dala (Gray, 1982; Gray and McNaughton, 2000). Felix-Ortiz et al. (2013) show
that the basolateral amygdala (BLA) and the ventral hippocampus (vHPC) have
both been implicated in mediating anxiety-related behaviour. In particular, their
findings demonstrate that activation of BLA-vHPC synapses acutely and robustly
increases anxiety-related behaviour while inhibition of BLA-vHPC synapses de-
creases anxiety-related behaviour. Tye et al. (2011) confirm that specific parts of

the basolateral amygdala (BLA) are critical circuit elements for acute anxiety control.

However, Bannerman et al. (2004) suggest that the hippocampus plays a key
role for the emotion of anxiety. In particular, the ventral hippocampus makes
its own distinctive contribution to the control of behaviour in certain situations
where anxiety occurs as distinct from fear, which more plausibly depends on the
amygdalar functions!®. The hippocampus and the amygdala are of course likely to
be highly interactive. The idea of anxiety and fear as different emotional entities
with separate underlying neural substrates is at the core of Gray’s behavioural
inhibition theory (Gray, 1982; Gray and McNaughton, 2000). This theory is based
on extensive similarities between the behavioural effects of anxiolytic drugs and
hippocampal lesions. According to the behavioural inhibition theory there is a sharp
(functional, behavioural and pharmacological) distinction between fear and anxiety.
Fear has the function of moving the subject away from danger and it is insensitive to
anxiolytic drugs. Anxiety has the function of moving the subject toward danger. It
involves inhibition of aggressive behaviour, increased risk assessment and defensive

quiescence. All this manifestations of anxiety are sensitive to anxiolytic drugs.

Damasio (2008) finds that patients who have damages in their frontal lobes become emotionally

flat and lose their ability to make decisions, while retaining their cognitive power.
5Both hippocampus and amygdala are involved in anxiety-related processes and behaviour, as

Felix-Ortiz et al. (2013) show.
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The functions of the hippocampal system are distributed across the nominal
psychological functions of anxiety and memory. It rests on the evidence that anx-
iolytic drugs affect “hippocampal” tests of memory (Paré, 2003; Huff and Rudy,
2004). The hippocampal memory system may provide the means for encoding both
the spatial and the temporal contexts (the “where” and the “when”) associated
with a particular event (Eichenbaum and Fortin, 2003; Morris et al., 2003). There
are several recent demonstrations of hippocampal involvement in the temporal
sequencing of events (Agster et al., 2002; Fortin et al., 2002; Kesner et al., 2002).
The challenge is to identify a common psychological operation that might underlie
both the episodic-like memory function and a role in anxiety. Gray and McNaughton
(2000) suggest that the operation performed by the hippocampus is to compare
different potential response alternatives and then to select the optimal response. In
the case of episodic-like memory tasks, this process will involve using conditional
information provided by either spatial or temporal cues, or both, to select the
appropriate learned response. In the case of tests of anxiety, the process may involve

selecting between conflicting approaches and avoid responses.

Roozendaal et al’s (2009) review shows that intensely emotional events or chronic
exposure to stressful experience can create traumatic memories and even result in
the development of mood and anxiety disorders. Acute and chronic stress induces
long-term functional and morphological alterations in the amygdala, together with
associated changes in the hippocampus and the prefrontal cortex, which might
underlie the cognitive changes, increases in anxiety-like behaviour and mood al-
terations. These changes and alterations could have long-term consequences for

cognitive performance and working memory.

Neurobehavioural and psychological evidence of the effects of emotions on

decision-making processes has recently attracted the interest of economists (Zizzo,
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2008, 2004b; Camerer et al., 2005). Ambler and Burne (1999) have studied the
impact of affect on memory of TV advertising, using behavioural measures to assess
performance in tasks of image recognition and recall. The results obtained suggest
that under normal conditions, recognition and recall of affective TV material (using
e.g. suspense, drama, humour) is superior to cognitive material (based on plain
facts). Administration of propanolol (a blocker drug used to treat anxiety) reduces
slightly recognition and recall of affective material, but increases substantially the

recall of cognitive material.

Anxiety in Economics

Anxiety research in economics was pioneered by Loewenstein (1987) and Caplin
and Leahy (2001). Loewenstein investigated some implications of anticipatory emo-
tions for consumption decisions and in particular looked at anxiety effects on saving
behaviour: anxiety (for the future) occurs when retirement is close or because of a
possible loss of wage income; “this anxiety raises the returns, in terms of anxiety
reduction, of saving, and counteracts the saving-discouraging effect of the loss of
income upon retirement” (Loewenstein, 1987, p. 677). The emotional effect on
behaviour can explain some anomalous saving phenomena like saving for short-term
concrete goals instead of for a future retirement. Caplin and Leahy (2001) consider
a general two-period decision problem under uncertainty. The novel element in their
Psychological Ezxpected Utility Theory is an exogenous map which assigns a psycho-
logical state due to anticipatory emotions like hopefulness, anxiety, and suspense, to
the first period outcome and a lottery over the second period outcome. The agent’s
overall utility function is therefore given by the sum of the utility of the first period
defined over psychological states and the utility of the second period which depends
on the expectation with respect to the lottery. Although Caplin and Leahy present
a powerful framework for modeling situations and emotions involving uncertainty,

anxiety effects remain not very well addressed in their model. Rauh and Seccia (2006)
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reconsider the psychological expected utility theory and develop a formalization of
anxiety consistent with expected utility maximization. In their two-period model
anxiety is defined as the difference between expected utility with zero uncertainty
and expected utility evaluated at optimal effort'®. In this model anxiety is reduced
when the information increases, and it is a function of an agent’s effort, her/his skill
and her/his emotional arousal. In particular, they show that anxiety can induce
greater effort and expected performance as the Processing Efficiency Theory claims.
A different interpretation and formalization of anxiety is given by Wu (1999) who
refers to anxiety as the psychological utility induced by an unresolved gamble. He
includes anxiety in his model of decision making with delayed resolution of uncer-
tainty. Anxiety is thus defined as unproductive worrying, a source of psychological
dissatisfaction. Instead of considering what alternatives can be undertaken to avoid
an uncertain future, anxiety affects the evaluation of specific outcomes of gambles

with delayed resolution (it measures how large the discount is for delayed resolution).

In the experimental literature few researchers investigate the choice problem
under uncertainty in the presence of an anxious mood and provide explanations
that take into account the anticipatory effects of anxiety. Bosman and van Winden
(2010) conducted an experiment on a choice problem between a safe option and a
risky option when there is a global risk, that is, when there is a probability of a
certain risk that is not possible to avoid. Their results show that anxiety influenced
decisions and created a tendency to take less risk. Hopfensitz and van Winden
(2008) and van Winden et al. (2010) considered a setting of dynamic choice and
the impact of the timing of the resolution of risk on people’s willingness to take
risks. They focused on anticipated and experienced emotions and found that anxiety

definitely reduced risk taking.

16T fact the agent is uncertain about her/his skill in doing the activity or task at the first
period, but she/he can make inference about it observing her/his own first period performance.
Consequently, the first period effort not only increases expected first period performance but also

the amount of information at the beginning of the second period about the skill.
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In all this research anxiety has been studied in relation to risk attitude. As far
as I know, there is only one study in the economic literature that explores anxiety
in relation to task performance: Apesteguia and Palacios-Huerta (2010). The au-
thors collected their evidence from a randomized natural experiment, that is, a real
life situation in which treatments and control groups are determined via explicit
randomization, on professional performance in a soccer competition. Using data
from penalty kicks, they claim that teams that take the first kick in the sequence
win the penalty shoot-out 60% of the time. Therefore, given the characteristics
of the setting they attribute this difference in performance to psychological effects

(pressure, anxiety) resulting from the consequences of the kicking order!”.

Apesteguia and Palacios-Huerta’s setting involves the interaction between players
and therefore it examines the behavioural anxiety effects when agents play against
each other. In my context I aim to define the behavioural effect of anxiety on
individual task performance. This eventually will allow me to consistently draw

inferences in other strategic situations.

Literature Overview

In this chapter I am going to explore the relationship between anxiety and
individual’s performance. I will refer to the Processing Efficiency Theory by Eysenck
and Calvo (1992), assuming therefore that anxiety has a motivational function that
induces the subject to increase effort to such an extent that it counterbalances and
exceeds the initial negative impact of anxiety on performance. From a psychological
perspective, I will consider anxiety as a multidimensional construct consisting of
various dimensions: negative valence, high unexpectedness, low control, high relation

with social context, and high relation with self-esteem (Frijda, 1986).

17See the survey by Woodman and Hardy (2001) and Zaichkowsky and Baltzell (2001) for similar
findings in the sports psychology literature.
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I will also take “Trait Anxiety” and the trait-state distinction into consideration,
building my behavioural hypotheses on the assumption that individuals high in trait
anxiety show the tendency to experience more state anxiety than those low in trait
anxiety (Spielberger et al., 1980).

Therefore, I am going to evaluate anxiety as “(1) an emotional state, evoked in
a particular context and having a limited duration, and (2) as personality traits,

characterizing individuals across time and situations” (Spielberger, 1972).

In order to study the causal relationship between anxiety and performance I will
induce an anxious state into participants of two laboratory experiments by using
a mood inducement technique. This technique consists of personal recollection of
past events in which subjects were exposed to stressful experience. According to
the neuropsychological literature (Roozendaal et al., 2009) this exposure can create
traumatic memories through morphological alterations in the amygdala and can

result in the development of an anxious mood.

From an economic perspective, I will not consider anxiety in relation to risk
attitude as most economists have done so far. I will rather try to explore the effects
of anxiety in relation to task performance. Apesteguia and Palacios-Huerta (2010)
studied the competitive setting of football players and examined the behavioural
anxiety effects when agents play against each other. In my study, I will instead

focus on the behavioural effect of anxiety on individual task performance.

2.3 The Experiments: Behavioural Hypotheses,
Design and Procedure

To find the relation and causal effect of anxiety on individual task performance I
ran two laboratory economic experiments that, as I will explain later, are enriched

by psychological techniques.
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Behavioural Hypotheses

I expect that an anxious state can improve the performance of anxious agents by
acting as incentives as predicted by the Processing Efficiency Theory (Eysenck and
Calvo, 1992). The linear principal-agent model in economic theory predicts that a

higher level of effort allows participants to achieve a higher levels of performance!®.

My first hypothesis can be formulated as follows:
HYPOTHESIS 1. Anaziety positively affects performance.

In order to study the effects of anxiety on performance I will induce an anxious

state by using a mood inducement technique®®.

I expect that participants more
prone to become anxious are more likely to become anxious if threatened by a
negative stimulus. I will refer to these group of participants as the High Trait
anxious subjects®. High Trait anxious individuals will experience a higher level of

anxiety and will perform better. Hence, my second behavioural hypothesis follows:

HYPOTHESIS 2. High Trait anzious subjects perform better when their

anzxiety arousal increases.

The Ezxperiments

18 Agents’ performance or output is given by q = i + € where p is the level of investment, a
measure of skill or average output, chosen by the agent prior to a realization of the random or luck

component e (Lazear and Rosen, 1981).
¥Mood inducement techniques are widely used techniques in psychological laboratory experi-

ments that aim to manipulate subjects’ mood (Martin, 1990).
20«The stronger the anxiety trait, the more probable that the individual will experience more

intense elevations in State Anxiety in a threatening situation.” (Spielberger et al., 1970, p. 1).

State Anxiety indicates the individual’s current level of anxiety.
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The experiments, Experiment 1 and Experiment 2, were conducted in February
and March 2011 at the University of East Anglia. Instructions, control questionnaire
and experimental tasks were computerized?!. The experiments were programmed
and conducted with the software z-Tree (Fischbacher, 2007). 151 subjects (74 men
and 77 women) aged between 18 and 41 took part in the 26 sessions. All of them
were university students, enrolled in different schools (only 10% were Economics
students); 45% were British while the rest were represented by a wide variety of
international students. Participants received a show-up fee of £3 and a payment
based on their performance??. Subjects were randomly assigned to the seats in the
lab where partitions between them assured the anonymity and the avoidance of any
communication. Instructions were read aloud and the experimenter checked the

participants’ answers to the control questionnaire individually.

Procedure

At the beginning of each session subjects were asked to fill in the State Trait
Anxiety Inventory (STAI) questionnaire by C. Spielberger (1976). This questionnaire
aims to assess the current anxious state (State Anziety) and the proneness to anxiety
(Trait Anziety) of subjects. It consists of 20 questions on State Anxiety and 20
questions on Trait Anxiety and it is framed in order to avoid any kind of demand
effect. The instructions have a neutral frame as well. Participants used a four-point
Likert scale for their answers. The STAI questionnaire, hence, assigns two scores,
one for State Anxiety and another for Trait Anxiety; for each subject there are

therefore two measurements from 0 to 8023.

21 Participants received paper instructions as well.
22The average payment per subject was 12 pounds.
23To the four-point Likert scale answers scheme another possible answer was added: “I did

not understand the question”. Subjects that were not sure about the meaning of the question
could select it. This type of answer was considered as not answering the question in the score
counting. Scores were adjusted according to the number of not answered questions. If there were 3
or more questions not answered for each set of questions (Trait or State) the score for that set was

considered missing (Spielberger, 1972). There were only 3 participants whose score, either State or
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After completing the STAI questionnaire, participants received instructions for
the second part of the experiment, which consisted of two sections. In the first section
a mood manipulation technique was applied and in second section participants were
asked to perform a real effort task. Instructions for the mood manipulation task were
very general and framed neutrally: participants were asked to recall two personal
situations over the last year in which they felt very anxious. Then they were given
the possibility to write about them briefly. Finally, they were induced to think about
some adjectives that could better describe their feelings in those situations. Overall,
the task lasted for eighteen minutes?!. This mood inducement technique is called
Personal Recollection and its validity and effectiveness in inducing an anxious mood

is established and proved by several psychological experiments (Martin, 1990)%.

In the last section of the experiment participants carried out a real effort task?S,
the slider task by Gill and Prowse (2009)%". Forty-eight sliders, with a range of
integer values from 0 to 100, appeared on the screen and subjects were asked to
drag each slider up to the value of 50 with the help of their mouse?®. They had two
minutes to correctly position as many sliders as they could. For each value correctly

positioned they gained one point. Subjects repeated the task for ten rounds; the

Trait, was considered missing. The STAI questionnaire is in Appendix A.1.
24Experimental instructions are in Appendix A.2.
25In addition to the personal recollection technique other mood types of mood manipulation

and procedures were examined in pilot experiments like music, cognitive tasks and real effort tasks

(Martin, 1990).
26Real effort tasks are widely used in many economic laboratory experiments. They are practical

tools that give a measure of the level of effort exerted by participants. Quite a few tasks have been
used in economic experiments. For example, mathematical questions (Vesterlund and Nierderle,
2007; Eriksson et al., 2008; Dohmen and Falk, 2011), folding letters (Konow, 2000; Falk and Ichino,
2006; Konow et al., 2009), counting numbers in a series of grids (Pokorny, 2008; Abeler et al., 2011;
Falk et al., 2006), solving some anagrams and various segretarial tasks (Gneezy, 2002; Gneezy
et al., 2003). A more extensive literature review on the literature of real effort tasks is presented

in Chapter 3 - “Does it matter which effort task you use?”.
27Guidance and practical advice of the use of this task have been followed.
28See Figure A.1 in Appendix A.3 for a screen shot of the task.
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score was reset at the end of each round?. At the end of the experiment one round

was randomly selected for the payment?.

Experimental Treatments

[ ran two experiments, Experiment 1 and Experiment 2. They were identical in
the tasks and material used but slightly different in their procedures: Experiment 1
consisted of two sessions separated over time while Experiment 2 consisted of only
one session. Participants in Experiment 1 were invited twice by email; the second
session took place one week later3!. Running two separate sessions in Experiment 1
allow me to have an additional control on any experimenter demand effect (Zizzo,
2010) or confound effect due to the implementation of the STAI questionnaire®?.
Each experiment consisted of two treatments: in the main treatments a mood
manipulation technique for anxiety was applied while in the control treatments a

non-anxious mood was induced?3. Table 2.1 contains details of the treatments and

the number of subjects in each experiment.

Emotion FElicitation

Before and after completing the real effort task, participants rated the extent

29In this work I chose to use the slider task because it allows to minimize the physical skills
required to carry out the task and to get an unambiguous measure of the subjects’ effort exerted in
the time constraint. This task provides in fact only the measure of the number of sliders correctly
positioned in the time constraint. I do not have any measure of how long subjects take (or how
hard was) to position each slider. Participants were incentivised to try to correctly position as

quickly as possible each slider.
30Each point was paid £0.30.
31The first session of Experiment 1 lasted around 15 minutes and the second session of Experiment

2 lasted around one hour. Sessions of Experiment 2 lasted around one hour and 15 minutes.
32In the first session of Experiment 1 subjects filled in the STAI questionnaire.
33In the control treatments I used the same mood inducement technique, personal recollection, as

in the main treatments. However, in these sessions participants were asked to remember pleasant

events.
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Table 2.1: Experimental Treatments and Number of Subjects

Number of Sessions Treatment Subject Mood

Experiment 1 2 sessions A 40 Anxious
2 sessions B 37 Non-Anxious
Experiment 2 1 session C 37 Anxious
1 session D 37 Non-Anxious
Total 151

to which they felt each of the eight emotions presented to them between 0 (not at
all) and 4 (very much) on a Likert scale . The type of emotions were drawn from
Slyker and McNally (1991) and were anxiety, tiredness, despondency, frustration,

apprehensiveness, tiredness, happiness, and anger*.

In my analysis I will consider the Trait Anxiety score and the arousal anxiety
values before the real effort task as my main variables of anxiety while the State
Anxiety score and the arousal anxiety values after the real effort task will be used

as control for subjects’ current emotional state.

2.4 Results

Performance and Anxiety

Figure 2.1 shows that performance increases over the ten periods indicating
learning effects®’.

On average performance is greater in the main treatments of Experiment 1 and

34Slyker and McNally (1991) tested the relative effectiveness of some mood inducement procedures

for anxious and depressed moods.
351 reproduced the performance trend of the real effort task by Gill and Prowse (2011).
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Figure 2.1: Performance Trend
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Experiment 2 where an anxious mood is induced (Treatment A and C) compared
to the control treatments where a non-anxious mood is induced (Treatment B and
D). The difference in treatments is confirmed by the t-test (p-value < 0.001) and
the non-parametric test Wilcoxon rank-sum (p-value = 0.005)3¢ performance is
significantly higher when participants’ mood is negatively manipulated (Figure
2.2)37,

While there is no significant difference in the level of performance between
treatment A (Experiment 1) and treatment C (Experiment 2) when an anxious
mood is induced, performance is significantly higher in treatment D compared to
treatment B, treatments in which a non-anxious mood is induced (t-test, p-value
= 0.020, Wilcoxon rank sum test, p-value = 0.025). The procedure of the two
separated sessions over time seems to not affect the level of exerted effort when
participants have an anxious mood. However, filling in the STAI questionnaire just

before the real effort task seems to induce subjects to work harder when their mood

36The t-tests and non-parametric tests used now and onwards are two-sided unless specified

otherwise.
37For the t-test and Wilcoxon rank-sum test I merged treatment A with C and treatment B

with D. This is because I aim to compare performance by mood.
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Figure 2.2: Performance by Mood
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is positively manipulated.

Looking at Table 2.2, anxiety is higher in the main treatments (treatments A
and C): average elicited anxiety is statistically significant (t-test, p-value = 0.006,
Wilcoxon rank sum test, p-value = 0.005) compared to the average elicited anxiety
in the treatments (Treatment B and D) where subjects were asked to recall pleasant
events (Wilcoxon rank-sum test, p-value = 0.033). In particular, in Treatment C
anxiety has the highest mean with the lowest standard deviation (Table 2.2).

Negative emotions like despondency, sadness, apprehension, tiredness, and frus-
tration are on average higher in Treatment C compared to the other treatments
(Table 2.2) while, at the aggregate level, tiredness, sadness, apprehension, anger and
frustration are on average higher in treatments where an anxious mood is induced
and despondency and happiness are on average higher in the treatments in which
subjects are meant to be relaxed. Tiredness differs significantly between the main

treatments and control treatments at a 10% level (Wilcoxon rank-sum test, p-value
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Table 2.2: Average values of Performance and Emotions

Experiment 1 Experiment 2
A B C D
Performance  19.04 (4.24) 17.80 (5.18) 19.46 (4.56) 18.75 (5.95)
Anxiety 1.67 (1.45) 1.05(1.31) 178 (1.25) 1.21 (1.25)
Happiness 2.02 (1.36) 246 (1.46)  2.13 (1.15)  2.62 (1.06)
Tiredness 175 (1.59)  1.35 (1.60) 248 (1.32)  2.01 (L.41)
Despondency 047 (0.78)  0.84 (1.21)  1.05 (0.84)  0.86 (0.97)
Sadness 0.40 (0.84)  0.62 (1.20)  0.83 (0.98) 0.27 (0.50)
Apprehension  1.05 (1.33)  1.22 (1.52) 1.73 (1.19)  1.13 (1.10)
Anger 0.45 (1.10)  1.62 (0.44)  0.35 (0.67)  0.32 (0.70)
Frustration  0.65 (1.09)  0.63 (1.09)  1.05 (1.15)  0.59 (0.89)

Note: Standard Deviation in parentheses

= (.081) while happiness happens to be significantly higher in the control treatments
(Wilcoxon rank-sum test, p-value = 0.027) (Table 2.3).

The results above support the effectiveness of the mood inducement technique
used both for the main treatments and for the control ones: subjects are on average
more anxious when an anxious mood is induced and happier when a non-anxious
mood is induced. Moreover, it has been shown that performance is higher in the
main treatments where an anxious mood is induced (Treatment A and C) compared

to the control treatments where a non-anxious mood is induced.

Regressions on Performance

There is strong evidence that anxiety positively affects agents’ performance as
shown by the regression analysis on the performance level. I employed an Ordinary

Least Square (OLS) estimation model with error clustering on all my aggregate
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Table 2.3: Aggregate average values of Performance and Emotions

Main Treatments Control Treatments
Performance 17.48 (4.41) 16.59 (5.09)
Anxiety 1.72 (1.35) 1.13 (1.27)
Happiness 2.07 (1.26) 2.54 (1.27)
Tiredness 2.10 (1.50) 1.67 (1.53)
Despondency 0.75 (0.86) 0.85 (1.09)
Sadness 0.61 (0.93) 0.44 (0.93)
Apprehension 1.37 (1.30) 1.17 (1.32)
Anger 0.40 (0.92) 0.24 (0.59)
Frustration 0.85 (1.13) 0.60 (0.99)

Note: Standard Deviation in parentheses

data3®. Table 2.4 presents the estimates of an OLS regression model with error
clustering.
Anxiety has a strong significant positive effect on performance (8 = 0.873): an

increase in anxiety level induces subjects to work harder.

RESULT 1. As predicted by hypothesis 1, there is strong evidence that anziety

positively affects performance.

Subjects that experience higher levels of anxiety arousal exert more effort; this

allows them to perform better the individual task. Result 1 is consistent with

38] also used random effects regression models and I found that random effects regression
estimates converge to OLS regression estimates. For my data the error clustering model is the most
appropriate considering the nature of my independent variables (time-invariant variables). The use
of clusters provides a robust standard error per group (that is, per subject). Sashegyi et al. (2000)
argues that where observations over time are taken for different group of subjects an econometric
model must control both for intra-cluster correlation and intra-individual correlation within the

same cluster. In either way, I control for the subject level non independence of observations.
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Table 2.4: OLS Estimates with Error Clustering on Performance

Period 0.322%%#% (7.94)
Main 0.849 (1.39)
Number of Sessions -0.852 (-1.25)
abs(Anx) 0.014 (0.01)
abs(Anx)Square -0.059 (-0.08)
Anxiety 0.873%#* (2.66)
Despondency 0.957* (1.76)
Sadness 0.027 (0.07)
Apprehension -0.871** (-2.58)
Tiredness -0.284 (-1.12)
Happiness -0.032 (-0.11)
Anger 0.175 (0.56)
Frustration -0.724%% (-2.19)
Age -2.34 1% (-4.74)
Gender 2.380%#* (3.73)
British Nationality 1,794 (2.81)
School of Economics 0.327 (0.27)
State Score -0.016 (-0.37)
Trait Score -0.005 (-0.12)
Constant 16.702%** (6.55)
Observations 1470

R-Square 0.264

F-test 6.300

t statistics in parentheses;

* p < 0.10, ¥* p < 0.05, *** p < 0.01;

Model 1: Error clustering with demographic variables.
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the Processing Efficiency Theory: anxious subjects wish to avoid the negative con-
sequences of a negative performance and hence they put more effort in the task.
Because of its motivational role and its effects on effort and performance, anxiety

might represent a type of incentive.

Results also show that overall performance increases over time (variable “Pe-
riod”®?) indicating the trend of learning effects (8 = 0.322). In addition to Anxiety
and Period, the regression model considers the following set of independent variables
as well: treatment dummies (Main = 1 if an anxious mood was induced; Number
of Sessions = 1 if a treatment consisted of two separated sessions over time), eight
emotion elicitation variables that indicate the emotional state on a 5-point Likert
scale before the real effort task, Trait Anziety and State Anziety scores, and two
variables that detect the shape of the relationship between anxiety and performance
(abs(Anz) is the absolute value of the difference between the anxiety values and the
anxiety average value, and abs(Anz)Square is the square of the difference between the
anxiety values and the anxiety average value). Model 1 includes some demographic
variables as well (Age, School of Economics = 1 if Economics, British Nationality =

1 if British, Gender = 1 if male).

Participants in treatments where an anxious mood was induced perform better
than participants in treatments where the mood manipulation aims at relaxing
(Main, 8 = 0.849). The coefficient is not significant and this indicates that in the
main treatments subjects have different sensitivities to the anxious stimulus. I find
hence in the main treatments on average a higher level of anxiety and yet some
groups of participants that perform better than other when an anxious mood is

induced.

The coefficient of Number of Sessions is not significant as well: running a unique

session for my experimental tasks does not provide any significant bias in my results.

39There were ten periods.
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It appears that as long as anxiety arousal increases towards the mean performance
increases (abs(Anx), 8 = 0.014) but only in a small size since the magnitude of the
coefficient is decreased but the coefficient of abs(Anx)Square variable. However,
none of the variables have any significant effects on performance and hence I can
claim that performance in these experiments does not have a bell-shaped relationship
with anxiety arousal. On the contrary, it seems that the more anxiety increases the

higher the performance.

Either an apprehensive or a frustrated status negatively affects subjects’ perfor-
mance (Apprehension, § = -0.871; Frustration, 8 = -0.724) while being despondent
might produce some positive effects (Despondency, 8 = 0.957). There is no other

robust result linked to the elicitation of emotion or anxiety characteristics.

Moreover, there is mostly no correlation between the emotions elicited before
completing the real effort task. Frustration seems to be correlated with despondency
(Pearson correlation coefficient = 0.554, p-value < 0.001, Spearman correlation
coefficient = 0.525, p-value < 0.001). Therefore, for the robustness check I dropped
either the despondency or frustration variable in additional regression analysis and

I found that anxiety is still significant. See Table A.3 in Appendix A.2%!.

Regressions by Trait Anxiety Groups

In order to more accurately identify the relation between Trait Anxiety and
subjects’ performance, and specifically to test hypothesis 2, the subject pool has
been divided in three groups (Low Trait Anxiety, Medium Trait Anxiety, and High

40Tn additional regression analysis I introduced some interaction terms between anxiety and
other variables like period, despondency, apprehension and gender. I found some significant effect

between anxiety and despondency. See Table A.2 in Appendix A.3.
417 also found evidence of some demographic effects. See Table 2.4.
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Trait Anxiety) according to subjects’ Trait Anxiety score. The thresholds used to
create the three trait anxiety groups are the trait score upper quartile and the trait
score bottom quartile values of the Trait Anxiety score distribution, specifically 35

and 47.368 (Figure 2.3)%2.

Figure 2.3: Trait Anxiety Thresholds
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The Trait Anxiety score distribution is slightly skewed to the right (mean = 41.50,
median = 39, St. Dev = 10.09, skewness = 0.73) and there is a consistent group of
participants whose score is within 30 and 40. However, I have overall a nearly normal
distribution of the Trait Anxiety score which allowed me to create the three different

groups of Trait-Anxiety subjects and finally to identify different behavioural effects*3.

Hence I ran three sub-sample OLS regressions with error clustering. Table 2.5
shows the estimation results.

Low Trait anxious (Low TA column) subjects were not affected by the mood
inducement technique and indeed their level of anxiety does not have a significant

impact on performance. Moreover, I noticed that Low Trait anxious participants

42Different groups have been considered in order to check the effect of a specific threshold
values. For example I simply divided my observations in three groups with the same number of

observations; the results obtained do no significantly differ from those reported here.
43See Figure A.2 for the Trait Anxiety scores distribution in Appendix A.2.
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Table 2.5: OLS Estimates with Error Clustering on Performance with Trait Anxiety

Groups
High TA Medium TA Low TA

Period 0.341%%F  (3.38) 0.282%%*  (6.18) 0.395%**  (4.01)
Main 1419 (0.86) 1.603%*  (2.23) -5.TOTFF*  (-3.68)
Number of Sessions  -1.549 (-1.52) -1.933**  (-2.37) -0.780 (-0.67)
abs(Anx) 1.044  (-0.20) -2.853 (-1.19) 2.187 (0.65)
abs(Anx)Square -0.269 (-0.16) 1.164 (1.31) -0.314 (-0.20)
Anxiety 1.637*%*  (2.38) -0.203 (-0.44) 0.494 (1.46)
Despondency 0.738 (0.87)  0.768 (1.41)  -4.428***  (-3.38)
Sadness 0.868  (-1.12) 0.833 (1.59) -1.080  (-1.32)
Apprehension -0.264 (-0.40) -0.908**  (-2.40) -0.385 (-0.56)
Tiredness 0.819%  (-1.83) -0.381 (-157) -0.211  (-0.59)
Happiness 0.121  (0.16) -0.519%  (-1.88) -0.422  (-0.69)
Anger 0.367  (-0.45) 0.737FF  (2.00)  -3.065%** (-2.95)
Frustration -0.178 (-0.36) -1.196**  (-2.59) 1.382 (1.68)
Age -3.808%*  (-2.20) -1.676*** (-3.40) -3.806*** (-4.96)
Gender 1612 (1.18) 1.462%  (1.84) 6.263%%* (8.48)
British Nationality ~— 2.490%  (1.92) 1455 (1.63) 1.262 (1.42)
School of Economics 4.308 (1.41)  -3.179**  (-2.34) 4.617***  (3.64)
State Score -0.072 (-0.76) -0.012 (-0.21) 0.247%**  (3.09)
Trait Score 0.280*** (3.31) -0.051 (-0.45) 0.568***  (3.90)
Constant 4.056 (0.67)  23.581*%** (4.94) -5.007 (-1.08)
Observations 380 770 320
R-Square 0.414 0.362 0.657
F-test 5.040 6.916 26.973

t statistics in parentheses;

* p < 0.10, ** p < 0.05, *** p < 0.01.
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give up when they are despondent (Despondency, § = -4.428). By contrast, for
High Trait anxious individuals (High TA column) anxiety is a determining factor for
performance (Anxiety, = 1.637): an increase in anxiety allows subjects to achieve
better results. The effect of anxiety on individuals’ performance is related to the
proneness to anxiety.

For the Medium Trait Anxiety (Medium TA column) group a significant impact
on performance is given basically by apprehension, anger and frustration: the
negative coeflicients of apprehension and frustration indicate that Medium Trait
anxious subjects work less hard as soon as they feel more apprehensive and frustrated
(Apprehension, 5 = -0.908; Frustration, 5 = -1.196) but a feeling of anger seems to

push Medium Trait anxious participants to perform better**.

RESULT 2. As predicted by hypothesis 2, High Trait anzious subjects perform

better when their anziety arousal increases.

To summarize, anxiety significantly increases High Trait anxious subjects’ per-
formance while it does not affect Low Trait and Medium Trait anxious subjects’
behaviour. High Trait anxious individuals are more likely to respond to threatening
stimuli and therefore to become anxious (See Table A.5 in Appendix A). This is
confirmed by the coefficient of the variable “Trait Score” for the High Trait anxious

subjects (5 = 0.280) which is strongly significant (p-value = 0.001).

Frustration and Apprehension decrease Medium Trait anxious subjects’ per-

formance while despondency has negative effects on Low Trait anxious subjects’

performance®.

“For robustness check I dropped either despondency or frustration variable in additional
regression analysis and I found that anxiety is significant and robust for High Trait Anxiety Group

and positively affects individuals’ performance.
|4 . . . . . . .
45Performance always increases over time and Medium Trait and Low Trait anxious subjects

exert more effort when an anxious mood is induced. The number of sessions have a negative effect
on performance for Medium Trait anxious subjects, thus filling in the STAI questionnaire in the

same lab session of the real effort task does change my results for the Medium Trait Anxiety group.
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2.5 Discussion

My results show that anxiety is positively related to performance: an increase in
anxiety induces an increase in performance. Hence I can assert that anxiety has a
motivational role and a positive effect on agents’ performance. Moreover, I found
that the effects of anxiety on performance are related to propensity to anxiety. High
Trait anxious subjects are more sensitive to the mood manipulation and therefore

their emotional state allows them to achieve better results.

My findings support the Processing Efficiency Theory that states the motivational
force of anxiety and the Yerkes-Dodson law that links performance to emotional
arousal and motivation: High Trait anxious individuals are threatened by some
stimuli and their emotional arousal increases. Therefore, in order to avoid negative
emotions associated with bad performance they exert more effort and hence they

are able to perform better.

In this experiment I measure subjects’ performance as the number of sliders
correctly positioned in the time constraint. This output is one of the proxies of the
effort variable (or input) which can be used. The latter, in fact, is not observable
and measurable. Individuals’ performance or output is given by q = p + € where
1 is the level of investment or effort, a measure of skill or average output, chosen
by the agent prior to a realization of the random or luck component e (Lazear and

Rosen, 1981). In this experiment, anxiety boosts (at least some type of) individuals

abs(Anx) and abs(Anx)Square variables do not identify any pattern in the relationship between the
level of anxiety and performance for any Trait Anxiety group. Finally, estimates on demographic
variables indicate that students enrolled in the School of Economics perform better if they are Low
Trait anxious subjects, worse if they are Medium Trait anxious subjects. Male students show a
better performance than female students if they are Low Trait anxious subjects. Young students
perform always better, especially if they are High Trait anxious subjects. Table A.4 in Appendix
A shows the estimates of OLS regressions with error clustering by Trait Anxiety groups without

demographic variables.
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to exert more effort acting as an incentive.

It is worth, at this stage, to reassert how I defined anxiety: a general state of
tension and apprehension triggered, in this case, by a mood inducement technique.
Roughly speaking, anxiety is a complex state characterized by a subjective feeling
of apprehension and heightened physiological reactivity. However, there is a clear
distinction between the construct of anxiety and apprehension or tension. Appre-
hension is a concept closely allied to stress; it refers to a state of the organism
created by stress. Broadly, apprehension (or tension) “is conceptualized as a state
of disequilibrium brought about by some psychological need, leading to behaviour
that tends to satisfy the need and thereby restore equilibrium” (Levitt, 1967, p. 13).
This implies consciousness of the occurring emotional state whereas anxiety is not
experienced consciously because of the temporary effects of defence mechanisms.

The subsequent feeling is popularly known as “apprehension” or “nervous tension”.

Let us consider the distinction between the emotional state of anxiety and an
anxious mood. Generally speaking, moods are usually distinguished from emotions
by one of three criteria: longer duration, lower intensity, and diffuseness or globality
(e.g. Isen, 1984; Morris and Schnurr, 1989). Of the three criteria, “diffuseness” is the
most interesting. It has been adopted, in fact, as the main criterion for mood by a
number of authors (e.g. Isen, 1984; Ruckmick, 1936)%°. “Diffuseness” indeed defines
a class of affective states that is a distinct set of emotions. Emotions have an object.
They are “about” something. One is happy about something, angry at someone,
afraid of something, etc. Emotions are therefore “intentional” phenomena; they
involve a subject-object relationship*”. Moods lack such an object. The diffuseness
of affective states, that allows classifying them as moods, can thus be characterized

by the absence of orientation upon an object*®. Moods are, therefore, affective states

46Ruckmick states: “[Mood] has no particular cognitive element. [..] There is also generally no

cognitive impulse about it. It does not lend itself to any definite action” (1936, p.72).
47Frijda points out that emotional behaviour is directed toward or away from, or at least oriented

upon, a particular thing (Frijda, 1993).
48There exists in fact “joyful” behaviour, not focused upon one particular object, and likewise
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without an object or without a specific object. The latter qualification is added
because some affective states have the environment as a whole as their object. In
certain anxiety states, for example, the environment is felt to be an unsafe place,

not offering any possibility for control.

The distinction between emotion and mood can of course be blurred. For exam-
ple, the object of an affective state is not the same thing as its cause. Moods, while
not having an object, may originate in a specific event involving a specific object.
A mood may also be the consequence of a particular emotion. An emotion turns
into a mood, or gives rise to a mood, when the focus upon the object is lost and the
feeling become diffuse, having no object. The individual may know what caused his

or her mood, in an unfocused state without an object.

I do not claim in this study any strict difference between the emotion of anxiety
and the anxious mood induced by means of the mood inducement technique. The
type of technique used, personal recollection, implies the recollection of particular
events, maybe involving a specific object, in which the emotion of anxiety was
experienced. This emotion may give rise to an anxious mood induced by the mood
manipulation. In this study I am interested in how anxiety affects the performance in
an individual task. I do not investigate specifically how object-specific anxiety affects
the individual performance. The self-report, submitted by participants at the end of
the mood manipulation, gives a measure of the emotional state post-manipulation®®.
The STAI questionnaire, completed at the beginning of the experiment, and hence
before the mood manipulation, specifically aims to assess both the current anxious

state (State Anxiety) and the proneness to anxiety (Trait Anxiety) of participants.

an “angry mood” applied to sequences of irritated or angry responses to a variety of events.
49More precisely, the post-manipulation self-report gives a measure of the subject’s emotional

state after the mood manipulation and prior the remaining laboratory tasks. Subjects may be
anxious because of the uncertainty about the tasks they will be asked to do. They in fact receive
specific instructions about the remaining laboratory tasks after the measurement of their emotional

state.
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In the mood manipulation phase subjects were asked to think about two personal
situations over the last year that provoked a feeling of anxiety®®. Thinking about
two (and not more’!) events induces the emotional state that occurred, and it is
more likely that High Trait anxious subjects were more sensitive to this type of
recollection. As Spielberger pointed out (1976; 1980) individuals high and low in trait
anxiety differ in their susceptibility to psychological stress. Consequently, when High
Trait anxious subjects were asked to perform a task, the negative valence of anxiety
along with the worried thoughts initially distracted their attention from the task.
Afterwards, they adopted an approaching behaviour towards the mildly threatening
stimulus applied: as soon as subjects started working on the real effort task their
attention was shifted from the threatening stimulus. This allowed subjects to cope
with worrying thoughts, to be aware that their state of tension might compromise
their performance and finally their payment, and therefore to work harder. This
coping strategy aims to avoid negative consequences and disappointment of possible
poor result at the task due to the emotional state. As Result 2 shows, High Trait
anxious agents’ performance increased monotonically when their anxiety arousal

increases.

I would expect, according to the Yerkes-Dodson law, that very high anxiety
arousal could have negative effects on performance. However, in my experiment
the level of arousal induced is not extremely high. The type of mood inducement
technique applied, Personal Recollection, is effective but does not produce an
extreme level of emotional arousal. In some psychological experiments deception
more effectively induces high arousals of anxiety (Hertwig and Andreas, 2008;
Kelman, 1966; Dabbs and Helmreich, 1972). But in an economic laboratory “personal
recollection” seemed to be a more appropriate manipulation and my pilot experiments
confirmed its effectiveness. Though, only a moderate level of anxiety was on average

elicited from participants. For this reason the shape of the relationship between

50T specifically used the adjective “anxious”. However, anxiety and apprehension were both in

the list of emotions at the phase of measurement of emotional arousal.
51The recollection of quite a few negative events is less likely to provoke a higher arousal.
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anxiety and performance found in this experiment is not bell-shaped as stated by
the Yerkes-Dodson law. Rather I found a positive relationship that indicates that
my results highlight the positively increasing left-hand side of the bell-shaped curve

of the relationship between performance and emotional arousal.

It might be claimed that an increase in anxiety arousal (provoked by the mood
manipulation) might reflect a decrease in self-confidence. That is to say that some-
how inducing under-confidence (by using the mood manipulation technique) can
produce the same effects on performance attributed by the literature to an increase in
anxiety arousal. The relationship between anxiety and self-confidence is formalized
in the multidimensional anxiety theory which assumes a series of two-dimensional
relationships between cognitive anxiety, self-confidence and performance (Martens
and Smith, 1990). Specifically, cognitive anxiety is defined as “negative expectations
and cognitive concerns about oneself, the situation at hand, and potential conse-
quences” (Morris and Hutchings, 1981, p. 541), and self-confidence is conceptualized
as one’s belief in meeting the challenge of the task to be performed. As Martens et
al. (1990) describe, cognitive anxiety and self-confidence are at opposite ends of a
continuum. In their meta-analysis on sport performance Woodman and Hardy (2003)
confirm the (positive) relationship between self-confidence and performance and
the (negative) relationship between cognitive anxiety and performance hypothesized
by the multidimensional anxiety theory. However, they do not find any consistent
evidence on the relationship between cognitive anxiety and self-confidence. Similar
patterns are identified by Koivula et al. (2002) and Parfitt and Pates (1999) in their
studies on sport performance.

Therefore, it is not straightforward to assess that an increase in anxiety arousal
may produce a decrease in self-confidence and hence the same effects on individuals’
performance. In my study I did not collect any data on self-confidence. It would have
been interesting to introduce in the experiments the commonly used Competitive
State Anxiety Inventory-2 (Martens et al., 1990) to get a measure of cognitive

anxiety and self-confidence. This is left for future research.

51



The effects of anxiety on subjects’ performance strictly depend on the proneness
to anxiety. Low and Medium Trait anxious participants have not been dramatically
affected by the mood inducement technique and therefore their level of anxiety does
not have a significant impact on the exerted effort. This explains why the coefficient
of the variable “Main”, which refers to treatment A and C together, treatments
where an anxious mood was induced, is not significant in the OLS regression shown
in Table 2.4. High, Low and Medium Trait Anxiety groups were present both in
treatment A and C (and in treatments were a non-anxious mood was induced, B
and D) but only High Trait anxious participants were affected by the threatening
stimulus of the mood manipulation. Hence, only a group of participants experienced
an increase of their anxiety level. It is in fact the variable “Anxiety” that affects
subjects’ performance, as it is shown by its coefficient in the same regression®. I
cannot exclude that some participants in treatments B and D, where a non-anxious
mood was induced, declared a high level of anxiety at the beginning of the real effort
task. Their emotional state might be due to the uncertainty about the task and their
ability to perform it well. Table 2.3 shows for example that the mean of anxiety
is high in treatment D (treatment consisting of only one session where I induced
a non-anxious mood) where the mean of effort is significantly higher compared to
treatment B (treatment consisting of two sessions where I induced a non-anxious

mood).

In this work I applied three measures of anxiety. Specifically, I obtained a State
and Trait measure using the STAI questionnaire (Spielberger, 1972) and a 5-point

Likert scale for the anxiety elicitation before and after the real-effort task®. These

52The coefficient of the variable “Apprehension” has a very similar magnitude of the anxiety
variable but with opposite sign in the aggregate regression in Table 2.4. The separate regressions
by Trait Anxiety groups show the different impact of these two variable on performance (Table

2.5).
53 At the end of the real effort task I asked subjects to elicit the intensity of their emotions on a

5-point Likert scale. These groups of emotions cannot be meant to have predictive power since they

refer to an emotional state elicited at the end of the experiment. Table A.1 in Appendix A.2 shows
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measurements are of a self-report type. Trait Anxiety and State Anxiety scores are
correlated (Spearman coefficient = 0.5439, Pearson coefficient = 0.611)°*. The State
Anxiety scores distribution is positively skewed (mean = 34.38, median = 32.31,
St. Dev. = 9.37, skewness = 1.11) and the 75% of subjects have a score below 40.
This means that overall participants arrived in the lab relatively relaxed and that
no confound effects due to subjects’ negative emotional state occurring before the
experimental sessions was detected (See Figure A.3 for the State Anxiety scores

distribution in Appendix A).

Although I used standard measurements of anxiety there are other techniques
used in the experimental psychological laboratory that could offer a more accurate
measure of anxiety arousal and trait. For example, a widely used measurement
is the dot-probe task that assesses the “selective attention” of an individual and
therefore her/his proneness to vigilance to threat through her/his reaction time:
a High Trait anxious subject responds more quickly to threatening stimuli. The

application of this task would definitely enforce and enrich my results®.

The motivational force of anxiety casts away the common view of anxiety as
a negative emotion and brings to the discussion of a potential involvement of this
emotion as an incentive. Specifically, a moderate®® level of anxiety can be ben-
eficial because it boosts performance. But the question can be: how to induce
anxiety in a workplace? How does the principal ensure a certain level of pressure

in the working environment? Can a psychological pressure be induced by monitoring?

some summary statistics. The mean for sadness, tiredness, anxiety, despondency, apprehension
and happiness is higher in the control treatments. Only anger seems to be significant at 10% level
(Wilcoxon rank sum test, p-value = 0.060). I checked for correlation with my dependent variable as
well and I found a positive correlation between anxiety, despondency, apprehension and frustration

(0.55, 0.49, and 0.41 respectively) but no variable is correlated with effort.
54“Persons high in Trait Anxiety tend to be higher in State Anxiety, even in relatively neutral

situations” (Spielberger et al., 1970, p. 15).
%The z-Tree software used for my experiments does not allow the time measure in fractions of

seconds. Hence, I did not implement the dot-probe task in my sessions.
561 do not provide any evidence on the effect of excessive level of anxiety.
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An assumption of standard economic theory®” is that incentives and monitoring
are substitutes: an increase in monitoring increases the probability of detecting
shrinking. Monitoring is in fact a way of preventing shirking since it is assumed to
be frequent and highly significant activity in all principal-agent relationship (Frey,
1993; Sappington, 1991; Frey and Oberholzer-Gee, 1997)°®. In the standard linear
principal-agent model (Milgrom and Roberts, 1992) monitoring has no direct effect
on effort; however, it reduces the agents’ risk premium, permitting stronger incentives
and therefore greater effort. In both models monitoring is associated with greater
effort and expected performance. However, monitoring can be counter-productive
because it may be a signal of distrust and thus reduces intrinsic motivation (Frey,
1993). Interesting future research can investigate this potential relation between

anxiety caused by monitoring and the level of effort achieved.

2.6 Conclusion

This essay explores the motivational role of anxiety and its effects on individual
levels of effort. Emotions have not been studied in the standard theory of incen-

tive and personality implications have not found a large space in economics literature.

I believe that an anxious state can induce agents to work harder and therefore it
can act as an incentive. To investigate my hypothesis I ran two economic experiments
enriched by a psychological technique: I manipulated the mood of the participants
and then I implemented a real effort task. When a certain level of arousal occurs,
anxious subjects achieved better results than non-anxious subjects. This result

is consistent with the Processing Efficiency Theory and with the Yerkes-Dodson

5TThe Efficiency Wage Theory (Akerlof and Yellen, 1986).
8Principal-agent theory assumes that individuals exert work effort to the point where net utility

is maximized. Moreover, individuals are labour-averse: whereas his earned income provides benefits,

the effort of earning procures disutility; therefore individuals will have an incentive to shirk.
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Law which state the relationship between a given level of anxiety and performance.
Moreover, I claim that “personality counts” (Lazear, 1989): High Trait Anxiety
individuals respond better to the stimuli of the mood manipulation which is the

cause of behavioural effects.

My results contribute to the literature of incentive and contract design, suggest-
ing that emotions can have a motivational function and are important elements that
drive behavioural choices on effort. Future research can explore the way in which
these types of incentives may be beneficial in a context of group work, monitoring,
and “mix and match” practices aimed at optimizing the team level of effort and

performance.

A final remark is at this point necessary. The results I have presented are given
by the analysis of data collected in the laboratory in which participants were required
to carry out some tasks. Specifically, they were asked to perform a real effort task,
the slider task. I did not run any control treatment to check the robustness of the
obtained results with respect to the effort task used. The conclusion drawn in this

chapter may depend on the effort task used.
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Chapter 3

Does It Matter Which Effort Task
You Use? A Comparison of Four
Effort Tasks When Agents

Compete for a Prize

3.1 Introduction

In laboratory economic experiments researchers ask participants to carry out tasks.
Some of these tasks are used to measure participants’ performance or to elicit their
decisions of effort or investment. These tasks are called effort tasks. Effort tasks
can be real effort tasks if subjects are required to put substantial (physical or men-
tal) effort to perform them, or induced value effort tasks when participants’ choice

of their level of effort depends on a given cost structure assigned by the experimenter.

Generally, experimentalists implicitly assume that effort tasks are equivalent and
that real effort tasks and induced value effort tasks lead to similar results.
However, there is no systematic study that either shows the methodological

equivalence between effort tasks or that claims that one (or some) of them is (are)
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more appropriate tools for measuring subjects’ performance or investment. There
is a surprising variety of effort tasks used in economic experiments that can be
operationalized in different ways. All of them have specific limitations and yet they

have been typically used as virtually interchangeable.

This chapter addresses a crucial methodological research question in experimental
economics: “does it matter which effort task you use in the laboratory economic
experiments?”. The importance of this research question arises from the necessity
of making use of tools in the laboratory that do not compromise the ability to
generalize the experimental results. The use of effort tasks which significantly affects
laboratory results has the potential to cause a dramatic loss of external validity of
the research.

Usually, only one effort task is implemented in the laboratory setting but no test
is carried out to check whether the experimenter can collect similar experimental
data by using another effort task. Researchers have not considered this important
limitation of their studies and may not realise that their results depend on the effort

task they have chosen.

This chapter tests the equivalence between effort tasks. Thus, to test the assump-
tion that the use of different effort tasks does not change the quality of my results, I
ran an economic experiment which consisted of four treatments identical except for
the effort task applied. Three real effort tasks and an induced value effort task were
implemented in the lab. The effort tasks provided a measure of subjects’ level of
performance (or investment). Participants were asked to compete in a two-player
all-pay auction in order to win a prize. Those with the highest performance could
get the prize. In this competitive setting I expect that an anxious emotional state
will have a positive effect on subjects’ level of performance (or investment). I expect
that the more risk averse contestant will exert less effort, and that there will be gen-

der difference in performance. These effects should not depend on the effort task used.
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On the contrary, results show that experimental data on performance (or in-
vestment) significantly depend on the effort task chosen. I can therefore claim that
the choice of the effort tasks to be implemented in the economic laboratory is an
important methodological issue. Real effort tasks may not be equivalent among each
other. Only some of them can minimize the individual’s abilities in order to give
a clean measure of exerted effort. Moreover, the operationalization of these tasks
in the laboratory can represent a limitation of experimental studies. Finally, this
work argues that real effort tasks and induced value effort tasks might not lead to
similar results. Hence, the interpretation of the laboratory data and the conclusions

of experimental research should acknowledge the effort task chosen.

It can be argued that the level of effort exerted, and hence the participants’ per-
formance, might depend on the relevance of the task to some groups of participants
(stereotypes). Steele and Aronson (1995) provided strong evidence of the so-called
stereotype threat: salience of some form of stereotype has a detrimental effect on
performance of some identified groups of participants!. In my experiment I can rule
out the possibility that performance was affected by any stereotype threat linked
to the type of the effort task. I did not state, in fact, in the instructions of the

experiment any scope related to gender, race, nationality, etc.

This chapter is structured as follows. In the next section the difference between
induced value effort tasks and real effort tasks will be briefly given before clarifying
advantages and limitation of each type of task. Some examples of their use in the
literature will be provided. Section 3.3 illustrates the behavioural hypotheses, the
experimental design, and procedure. Section 3.4 shows the experimental results.

Section 3.5 and 3.6 discuss and conclude respectively.

1A more detailed discussion of the stereotype threat is provided in the discussion section of this

chapter.
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3.2 Related Literature

The laboratory experimental method in economics provides ceteris paribus obser-
vations on how a group of factors can affect individuals’ behaviour and decisions.
Many economic experiments aim, for example, to study the effects of different
environmental and institutional variables on individual effort and task performance.
For this purpose, the investigator might ask participants to perform a task, that is
any piece of work assigned to or demanded of a person. Task characteristics can
vary between tasks. Some of them could require cognitive skills or physical effort

whereas others could require only “procedural knowledge”?.

It is conventional to refer to real effort tasks as those tasks that imply a physical
or mental effort and to induced value effort tasks as those tasks where individuals
use their procedural knowledge to select a value that would represent their chosen
effort.

Though laboratory effort tasks are less comparable to the ones that would
occur in a natural work setting, their use gives the possibility to understand how
individuals’ choices depend on different variables and incentives. They are practical
tools that allow to measure the level of effort exerted by subjects under different

conditions, measure which would be difficult to get in a non-experimental setting.

Real and induced value effort tasks have been implicitly assumed to lead to
similar results. However, the choice of the effort task may considerably affect
experimental data. This is due to the substantial difference between effort tasks. In
particular, real clerical tasks may differ in task learning, required skills and intrinsic
motivation. Moreover, the implementation and operationalization of a real effort
task might not always been carried out with a control for the heterogeneity in the

distribution of the abilities.

2“Procedural knowledge” is a repertoire of skills, rules and strategies for using knowledge.
Experimenters are usually interested in procedural knowledge and, therefore, they are concerned
in writing easy and accessible instructions that would allow all subjects to have the knowledge to

understand how their decisions affect their payoffs (Camerer and Hogarth, 1999).
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Measurements of effort in a controlled environment where individual values are
specified by a precise utility function is offered by the use of an induced value
effort task, even though the over-simplistic setting and the lack of context might

compromise the validity of the experiment.

In this work I aim to point out that the choice of an effort task may affect
the laboratory results and that any interpretation of them should acknowledge the
nature of the task used. Therefore, I will try to answer the question “does it matter
which effort task you use in the laboratory?”, and more specifically, “do real effort
tasks and induced value effort tasks lead to similar results?”.

In the rest of this section I will organize my discussion as follows: I am going to
illustrate first what induced value effort tasks are (section 3.2.1) and second what
real effort tasks are (section 3.2.2), clarifying in each section their advantages and
limitations, and providing some examples of their implementation in the related

literature.

3.2.1 Induced Value Effort Tasks

A clear test in economic experiments of the hypotheses requires controlling for
subjects’ preferences. But this is a major difficulty because individuals’ evaluations
and utilities are not observable by the experimenter. One way to deal with this is to
provide the subject an appropriate monetary incentive which depends on a specified
utility function. This so-called induced value method assumes that given a costless
choice between two alternatives, identical except that the first gives a higher payoff
than the second, the first will be always chosen over the second by an individual
whose utility is a monotone increasing function of the monetary reward” (Smith,

1976).

The induced value method has been widely applied in testing, for example,
contest theory. In contests agents exert costly effort to compete for a prize. In

equilibrium, effort is chosen in such a way that marginal effort costs equal marginal
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gains. A direct empirical test of this theory requires that researchers know different
parameters such as, for example, the number of agents, the effort cost functions,
the exact level of the prize, and the production function including the nature of
the error term (if any). The knowledge of these parameters allows the derivation of
a precise prediction of chosen effort. Researchers can therefore decide appropriate
parameters. The test of the theory will occur by observing subjects’ chosen level of

effort.

The above type of test would not be possible with the same level of confidence in
a non-laboratory environment. “The existence of these superior control is the most
important asset behind running experiments and such control can be achieved by

using a reward structure to induced predefined monetary values on actions” (Smith,

1976).

One of the first contest experiments was conducted by Bull et al. (1987). They
asked subjects in a two-player tournament to choose an integer number, called
“decision number”, between zero and 100. Corresponding to each decision number
there was a cost listed on a table given to subjects. Schotter and Weigelt (1992)
followed the same procedure of Bull et al. in an experiment on asymmetric tourna-
ments. Sheremeta and Wu (2012) asked subjects to pick up a number from 0 to 120,
representing their level of effort in a tournament experiment where the role of the
principal was endogenous. Harbring and colleagues (Harbring and Irlenbusch, 2003,
2005; Harbring and Liinser, 2008) used different parameters in their experiments in
order to measure agents’ effort /bidding in tournaments. Participants could choose

in fact an integer number from 0 to 100.

Induced value effort tasks are also implemented in other type of contests. Breit-
moser et al. (2010) used an induced value effort task in their R&D races experiment
where participants’ choice of effort (or investment) was binary: low or high effort.
In examining bidding decisions in a lottery contest Millner and Pratt (1989) gave

an initial endowment to subjects of £12 to buy lottery tickets of the value of £0.10.
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In this case the level of effort (investment) could vary from 0 to 12 taking a value

up to one decimal place.

Induced value effort tasks have not been only used in contest experiments. Re-
search on fairness and social preference aims to investigate the subjects’ level of
effort under certain condition using this straightforward tool. Géachter and Thoni
(2010), for example, were interested in the impact of wage comparisons on agents’
productivity. In their experiment participants could choose a level of effort between
1 and 20 and their related costs were linear in effort. Fehr and Schmidt (2004)
investigate experimentally the role of fairness in the multi-task principal-agent model
where principals could either offer a piece-rate contract or a voluntary bonus to
the agent. Agents could select their level of effort from a set of integer from 1 to
10, whose cost was given by an increasing and convex cost function. An increasing
positive cost function was used by Fehr et al. (1997) as well. In their experiment on
the impact of reciprocity on contract enforcement effort was restricted to the interval
[0,1]. Participants could choose their level of effort from a list of 14 options. Effort
was a decimal number up to 3 decimal places. Similarly, Fehr et al. (1993) provided
participants a table showing a list of ten options for the choice of effort. In their
experiment designed to test the impact of fairness on market prices, participants
were asked to choose a level of effort from 0.1 and 1 up to one decimal place. In the
table provided, associated costs calculated according to an increasing cost function
appeared as well. Generally, a chosen effort task is used in research on fairness
and reciprocity in labour markets. Experimentalists decide the parameters of their
experiments, such as the type of cost functions and initial endowment, and ask
participants to select their desirable level of effort from a given list. Levels of effort
are always within a specified range (Charness, 2004; Brandts and Charness, 2004;
Charness et al., 2004; Gachter and Falk, 2002; Fehr and Géchter, 2000).

The above mentioned papers in contest theory and fairness in the labour market
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are just a few examples of the use of induced value effort tasks in the laboratory.
This chapter is not intended to provide a full review of the use of chosen effort tasks
in economic experiments. It just aims in this section to illustrate some possible ways
of implementing this technique. To summarize, in experiments where an induced
value effort task is implemented subjects generally receive an endowment and they
are asked to choose a number subject to their endowment. The chosen number
would represent their level of effort (or investment). Each possible level of effort is
associated with a certain level of cost according to a specified cost function imposed

by the experimenter.

While the imposition of a monetary cost function in induced value effort tasks
assures experimenters full control over the cost of effort®, whether the conditions
implemented in the laboratory are also present in reality is an open debate. Is the
induced value effort task a good replication of the agents’ decision of real effort?
One way of adding realism to the laboratory experiments is to use so called real

effort tasks.

3.2.2 Real Effort Tasks

Real effort tasks require substantial effort, they imply that subjects have to actually
work on an experimental task. For example, some researchers ask participants to
solve some mathematical questions (Vesterlund and Nierderle, 2007; Eriksson et al.,
2008; Dohmen and Falk, 2011). In Konow (2000), Falk and Ichino (2006), and
Konow et al. (2009) subjects have to fold some letters, and in Fahr and Irlenbusch
(2010) participants are asked to crack walnuts.

Following a classification adopted by Bortolotti (2004), real effort tasks can
be categorized as either cognitive tasks, where task performance mainly depends

on cognitive abilities, or physical tasks which require some physical strength to

3In particular, the experimenter can control the extent of any convexity in the cost of the
activity and can also determine how the cost varies over individuals and over any repetition of the

game.
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be performed?. Tasks involving mathematical skills are an example of cognitive
tasks. For instance, Sutter and Weck-Hannemann (2003), Dohmen and Falk (2011),
Briiggen and Strobel (2007), and Kuhnen and Tymula (2008) all ask subjects to solve
mathematical equations and multiplications. Vesterlund and Nierderle (2007) use
additions of two-digit numbers. A two-variable optimization task is introduced by
van Dijk et al. (2001) where subjects have to search by trial and error the maximum
of a function®.

Lévy-Garboua et al. (2009) ask instead to decode a number from a grid of
letters. Linguistic skills are needed for the task operationalized by Charness and
Villeval (2009) where students are asked to solve some anagrams. Memory and logic
are necessary to solve mazes in Gneezy (2002) and in Gneezy et al. (2003), and
to succeed in memory games (Ivanova-Stenzel and Kiibler, 2005) or word games
(Burrows and Loomes, 1994). In experiments run by Hoffman et al. (1994) and by

Hoffman and Spitzer (1985) participants face some “current events” quiz.

Physical tasks may be, for example, secretary tasks such as typing abstracts
(Hennig-Schmidt et al., 2005), or entering information about library books into a
database (Gneezy and List, 2006; Kube et al., 2006), or copying some information
into a database (Ottone and Ponzano, 2008) or entering strings of characters on the
screen (Dickinson, 2001). Konow (2000), Konow et al. (2009), Falk and Ichino (2006),
and Carpenter et al. (forthcoming) ask students to fold some letters and to stuff
them into envelopes. Azar (2009) asks participants to find a letter in a non-justified

grid of letters®, and Heyman and Ariely (2004) design an experiment in which a

4Real effort task can be also divided between real effort task without real outcomes, such as
solving arbitrary mathematical problems, and real effort task with real outcomes, such as folding
letters or fund-raising. It might be claimed that real effort tasks with real outcomes may incentivize
subjects to put more effort than real effort tasks without real outcomes do. In my experiment, all

the three real effort tasks I use are real effort tasks without real outcomes.
5See also Bosman and Van Winden (2002), and Bosman et al. (2005) and for a modified version

of the game see Dickinson and Villeval (2004), Montmarquette et al. (2004), and Sloof and van

Praag (2008).
6The distinction between cognitive tasks and physical tasks is not sharp. In this case, for
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computerized ball had to be dragged from one place to another. Manual tasks
such as cracking walnuts (Fahr and Irlenbusch, 2010) or a door-to-door fund-raising
(Gneezy and List, 2006) have also been used. Finally, in Pokorny (2008), Abeler
et al. (2011), Falk et al. (2006), and Gill and Prowse (2011) subjects have to count
the number of zeros in a series of tables or to drag some sliders to a certain position

on the screen”.

Overall, real effort tasks share common characteristics: first, tasks should be
easy enough to be possibly performed by everyone without an extensive training,
and second they should be uninteresting so that they minimize subjects’ intrinsic
motivation. Real effort tasks try to achieve a greater external validity of the
experiment, because the experimental design replicates the real exertion of effort
outside of the laboratory. Compared to induced value effort tasks, however, they
imply a loss of control over the monetary cost function. In real effort experiments
disutility from work (or effort) cannot be modelled as a monetary cost as it is usually
done in experiments where the induced value method is applied. When moving
from an induced value effort task to a real effort task, how to measure disutility is a

crucial issue.

One possible way to address the above problem is to use some proxies for exerted
effort (and experienced disutility). I can identify at least four proxies for effort in
the experimental literature: quantity, quality, level of difficulty of the task, and time
spent completing the task.

For example, experimenters consider as performance the number of solved equa-

tions, the number of sliders correctly positioned, the number of entered records, etc.

example, cognitive skills may be useful for the search of letters. However, the cognitive skills

involved would be very minimal and hence the task might be better considered as a physical task.
"This work is not intended to be a complete review of the effort tasks. For example, I do

not consider studies that implemented a real effort task to legitimize subjects’ initial entitlement

(Hoffman and Spitzer, 1985).
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In other experiments, where the output could have different levels of quality and
thus the output quantity is not a good proxy of effort, experimenters consider the

number of wrong answers or mistakes.

However, the number of wrong answers or mistakes are not always indicators of
lack of effort. There is usually a skill component required in each task that can be
minimized but never ruled out completely. Therefore, some subjects are more likely to

make more mistakes than more skilful subjects no matter how much effort they exert.

For this reason the level of difficulty of a task should be taken into account when
choosing the task. Sometimes, the level of difficulty is used to measure effort: in
Gneezy et al. (2003) subjects can choose the desired difficulty level of the maze

themselves.

Time can also be used as a proxy for effort under the assumption that the longer
time is spent on a specific task the higher effort is exerted (and hence the disutility
experienced). However, the time spent on a task can be also a measure of ability. A

more skillful subject might spend less time in completing the task.

Some examples in the literature can be found about the combined use of these
four proxies. For instance, Hennig-Schmidt et al. (2005) and Kube et al. (2006)
consider the number of both entries and mistakes in their library task. Carpenter
et al. (forthcoming) adjust the output for quality. Azar (2009) takes into account
time spent working on the task in addition to quantity of the output and difficulty
of the task.

Yet, all the proxies discussed are all measures of performance rather than effort
and disutility of work. I shall focus on performance which is what we usually observe
in the lab. Performance is a function of effort (and ability). Effort and ability cannot
be directly measured in the lab. Moreover, no measure discussed so far can actually

disentangle completely effort and individual differences in innate abilities and skills.
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Thus, the presence of heterogeneity points out the difficulty of the identification of
subjective costs of decision discussed by Smith (1979).

It follows from the discussion above that the choice of an effort task represents
a crucial issue in designing an experiment. On the one hand, researchers face a
trade-off between control of the investigated variables and more realism in the
experimental environment, and on the other hand, if they opt for a real effort task
they need to take into account all the implications of the use of such a task in terms

of operationalization.

Surprisingly, in the experimental literature there is no clear account of the
limitations and the problematic use of effort tasks in the lab. Very often, laboratory
experiments in the same area of investigation apply either induced value effort tasks
or real effort tasks making implicitly the assumption that both techniques lead to

similar results.

In this work I aim to investigate whether the choice of an induced value effort
task or a real effort task actually leads to similar results and whether any difference
in my results is due to the type of effort task used. Hence, my experiment will
answer the following questions: “does it matter which effort task you use in the

lab?”.

3.3 The Experiment: Research Hypotheses, De-

sign and Procedure

3.3.1 Research Hypotheses

In order to test for any equivalence between four effort tasks chosen within the
most popular tasks in experimental settings I ran an economic experiment which

consists of four identical treatments except for the effort task used. I have chosen
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three real effort tasks and an induced value effort task for this experiment. The
real effort tasks are: the slider task (Gill and Prowse, 2011), the mathematical task
(Vesterlund and Nierderle, 2007), and (a variation of) the counting task (Abeler
et al., 2011).

In each treatment subjects are asked to expend costly effort to compete in a
contest for a prize. Subjects’ decision of the level of exerted effort may be driven
by some emotional factors. For example, it depends on the arousal of anxiety that
occurs in a competitive setting. My hypothesis is that anxiety improves subjects’
performance. This hypothesis is supported by the Processing Efficiency Theory
(Eysenck and Calvo, 1992) according to which the individual’s initial effect to anxiety
is negative because worries interfere with attention to the task-relevant information,
thus reducing the resources potentially available for the task. However, anxiety has

a motivational function that induces the subject to increase effort and therefore to

boost performance in order to:

[...] avoid the likely aversive consequences of poor performance. [A[nzious
subjects try to cope with threat and worry allocating additional resources
(i.e. effort) and/or initiating processing activities (i.e. strategies)

(Eysenck and Calvo, 1992, p. 415).

I expect therefore that an increase in anxiety can improve performance because the
individual is motivated to increase effort to such an extent that it counterbalances

and exceeds the initial negative impact of worry®.

The level of exerted effort (and the likelihood of winning of each participant)
in contests also depends on the individual’s risk attitude since the outcome of a
contest is typically uncertain. A number of authors have investigated the effects
of risk aversion in contests. Many of them compare equilibria under risk aversion
with the corresponding contest in which players are risk neutral and investigate

whether risk aversion reduces total effort on rent-seeking. Results have usually

8The first essay of this thesis discusses more in details how anxiety improves performance.
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shown that risk aversion decreases rent-seeking efforts. However, the results have
been obtained under restricted specifications. For instance, Hillman and Katz (1984)
assume that the rent is ‘small’. Skaperdas and Gan (1995) consider rent-seekers’
utility functions with constant absolute risk aversion and assume that the contest
su