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correlated with a wide variety of disorders. Impulsivity has also been shown to affect cognition, 

making it potentially having broad-ranged influences on the behavior of individuals. In this study, 

impulsivity was studied on white leghorn chicks (Gallus gallus domesticus) in two tests: a motor 

self-regulation test and a self-control test. Motor self-regulation, or the ability to inhibit motor 

impulses caused by external stimuli, was tested and compared between males and females. In this 

test there were differences between the impulsive behavior of the sexes. Self-control, or the ability 

to wait for a bigger, but delayed reward over a small and instant reward, was also studied. There 

were no sex-differences in self-control. Further, no correlation was observed between self-control 

and motor self-regulation. This suggest that the tests investigate different aspects of impulsivity, 

highlighting the complexity of impulsive behavior. Because this work was also carried out to 
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1 Abstract 

Personality is a topic that has been researched for a long time, however 

studies on non-human animals has only recently gained increased 

attention. In humans, impulsivity is a personality trait correlated with a 

wide variety of disorders. Impulsivity has also been shown to affect 

cognition, making it potentially having broad-ranged influences on the 

behavior of individuals. In this study, impulsivity was studied on white 

leghorn chicks (Gallus gallus domesticus) in two tests: a motor self-

regulation test and a self-control test. Motor self-regulation, or the ability 

to inhibit motor impulses caused by external stimuli, was tested and 

compared between males and females. In this test there were differences 

between the impulsive behavior of the sexes. Self-control, or the ability to 

wait for a bigger, but delayed reward over a small and instant reward, was 

also studied. There were no sex-differences in self-control. Further, no 

correlation was observed between self-control and motor self-regulation. 

This suggest that the tests investigate different aspects of impulsivity, 

highlighting the complexity of impulsive behavior. Because this work 

was also carried out to evaluate and develop the two tests for a chicken 

model, I also discuss how these tests could be improved in the future.  

2 Introduction 

Historically, personality is a psychological term referring to behavioral 

patterns that differ between individuals, but stay consistent within 

individuals over time (Stamp and Groothuis, 2010). A common way to 

approach personality in humans is the so called Five-Factor Model, 

presenting five dimensions to the concept of personality, describing 

variation in neuroticism, extraversion, openness, agreeableness and 

conscientiousness. Impulsivity is a personality trait falling within the 

factor of conscientiousness (Digman, 1990, Costa et. al., 1992). 

Impulsivity has been linked to a variety of disorders, such as obsessive-

compulsive disorder (OCD), substance abuse and eating disorders 

(Robbins et. al. 2012, Dawe and Loxton 2004). Significant links between 

bipolar disorder, conduct disorder and impulsivity has also been studied 

(Moeller et. al. 2001). Impulsivity is therefore a dimension of personality 

potentially related to a broad range of important aspects for an 

individuals’ behavioral responses and well-being.  

Personality in non-human animals can be described as a behavioral 

difference within a species that differs among individuals, while 

consistent within individuals over a longer period of time (Dall et. al., 

2004). Animal personality has been suggested to be divided into five 

general categories, describing variation along shyness-boldness, 
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exploration-avoidance, activity, sociability and aggression (Réale et. al., 

2007). There has been research suggesting that variation in personality, 

particularly in exploration, is related to a speed-accuracy trade-off, 

implying that variation in impulsivity also correlates with cognition. 

These results show that personality can affect cognition. (Chittka et al., 

2009). Although impulsivity and cognition has been previously linked, 

this area has not yet been explored much in animal models.  

Impulsivity is sometimes divided into two sets of inhibitory skills, self-

control, and motor self-regulation. Self-control has been described as the 

choice of a larger or better delayed reward over a more immediate reward 

that is smaller and not preferred (Beran, 2015, Rachlin and Green, 1972). 

Motor self-regulation has been described as when the subject can inhibit 

and override motor impulses caused by present stimuli in the surrounding 

(Kabadayi et. al., 2016). Male and female impulsivity has been actively 

studied in humans (Cathrine et. al., 2011, Haghighi et. al., 2015), but the 

link between sex and impulsivity in animals has attracted less research 

attention. However, it has been shown that impulsivity varies between 

males and females in laboratory rats and mice (Weafer and de Wit, 2013). 

Since the animals tested in the current study, white leghorn chickens 

(Gallus gallus domesticus), is sexually dimorphic (Tagirov and Golovan, 

2015), possible differences in impulsivity could be expected between 

males and females. 

The aim of this study was to test and evaluate two different experimental 

methods and to explore both the motor self-regulatory and self-control 

aspect of impulsivity. A comparison of the performance of males and 

females in these test were also done to evaluate possible sex-differences.  

3 Material & methods 

3.1 Study species 

White leghorn chicks (Gallus gallus domesticus) were used in this 

experiment. Since domestic chickens are very abundant, precocial and 

domesticated, they are suitable for behavioral studies. Furthermore, 

dimorphism in the fowl occur already in embryogenesis which enables 

behavioral comparisons of males and females from an early age (Tagirov 

and Golovan, 2015). 
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3.2 Study subjects 

Twenty-two white leghorn chicks were tested during the experiments 

(nmales= 9, nfemales=13). The chicks were approximately 4 weeks old and 

were kept in a pen (1.5 x 1.5 m) enriched with wood chips, and with 

water and food provided ad libitum. The experiments were carried out 

from 25 April 2016 to 6 May 2016.  

3.3 The test arena 

The test arena used in both experiments (see below) was a cardboard box 

(49.5 x 31 x 31 cm). To avoid negative influences of neophobia, chicks 

were acclimatized to the arena in small groups of 5-7 individuals prior to 

training and testing. Food was placed in the arena to make the chicks 

relaxed and positive towards being in the arena. 

3.4 Motor self-regulation experiment 

The first experiment, a motor self-regulation experiment, was conducted 

on all 22 chicks. Four stages of training were done prior to the 

experiment: group training was performed 3 times and the individual 

training stage was performed once (see below). During these stages, 

chicks were trained to retrieve a treat (a mealworm) from a transparent 

tube called a detour-reaching apparatus (see below, inspired by Guillette 

et al., 2015).  

3.4.1 Detour-reaching apparatus 

The detour-reaching apparatus (Fig.1) was a transparent plastic tube of 

7.2 cm diameter anchored to a wooden base (16 x 15 cm). A treat in the 

form of a mealworm was placed in the middle of the tube. The tube 

served the purpose of a barrier, forcing the chicks to take a detour to 

retrieve the mealworm either from the left- or right side opening of the 

tube.   
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Figure 1: The set-up of training and testing stages during the motor self-

regulation test, carried out by domestic chicks. The left picture is the 

training arena and the right picture represents the testing arena. The 

cylinder represents the tube from which mealworms were retrieved. The 

square around it represents a wooden base to which the tube was 

anchored. The red X represents the mealworm placement inside the tube. 

The arrow in the picture illustrates the direction and starting position of 

the chick. In the test stage a transparent block of plexiglass was placed in 

front of the opening closest to the chick, forcing the chick to take a detour 

to the other side of the tube to retrieve the mealworm. This block is 

illustrated as a rectangle at the end of the cylinder. During group 

training the positioning of the chicks were random in relation to the 

apparatus. 

3.4.2 Group training 

To prepare the chicks for single training and allow the chicks to 

acclimatize to the arena in smaller groups, chicks were placed in the 

arena in groups of 2-3 individuals per trial during group training. This 

step aided in neophobia prevention. To teach the chicks to retrieve the 

mealworm from the detour-reaching apparatus, the apparatus was placed 

in the middle of the arena, containing several mealworms in the middle 

(Fig. 1, left side). Several group training sessions were done to ensure 

that all of the subjects had located the mealworms inside the tube before 

progression to single individual training (see below). 

3.4.3 Single training 

To further train each individual chick in locating the mealworm in the 

apparatus, each chick was placed in the arena facing the horizontal side of 

the tube (Fig. 1, left side). From this position, the chick had to fetch the 

mealworm by detouring to either the right- or left side opening of the 

apparatus. To train the chicks in locating the mealworm, each single 

training session consisted of 5 trials in total. All chicks found the 

mealworm in the first 5 trials with minimal picking on the transparent 
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tube. Single individual training was performed on all 22 chicks before the 

experiment  

3.4.4 Motor self-regulation testing 

To provoke each chick to act impulsively they were placed individually 

inside the testing arena with the apparatus containing a mealworm placed 

in front of them. As a further measure to make the chicks detour a longer 

distance the apparatus had one opening blocked with a sheet of 

plexiglass, blocking worm access from the opening facing the chicks 

(Fig. 1, right side). This forced the chicks to inhibit the motor impulse of 

pecking at the plexiglass barrier and detour to the opposite opening. To 

provoke the chicks effectively, the mealworm was placed in close 

proximity (within pecking distance) of the blocked opening (Fig. 1, right 

side). Once the chick had found the other opening and retrieved the 

mealworm the test ended. If the chick did not manage to retrieve the 

mealworm within 5-minutes, the trial was aborted. Video recordings of 

the experiments where later observed to acquire data used for statistical 

analyzes.  

Several behavioral variables were recorded from the video recordings: 

To investigate impulsivity, I recorded various types of pecks performed 

by the chicks towards the plexiglass-barrier. This was carried out because 

when looking at the videos, it became apparent that the chicks pecked at 

the apparatus in somewhat different ways. I considered a peck to be a‘big 

peck’ if a peck including a clear neck-movement and considerable force 

against the plexiglass, a ‘small peck’ if it was much smaller than the ‘big 

peck’, but still with clear intent to retrieve the mealworm. A ‘swiping 

peck’ was considered if the chick was a dragging the beak against the 

plexiglass in an attempt to reach the mealworm.  

To obtain further data regarding impulsive behavior, the number of 

pecking bouts was recorded. A ‘bout’ was considered an instance of 

impulsive pecking or scraping against the plexiglass for more than 2 

seconds. When the chick’s head had left the area of the wooden base for 

more than 2 seconds, the bout was considered to be over. The number of 

bouts used in the data set refers to the number of bouts the chick 

performed during the experiment before it passed the plexiglass barrier 

(Fig. 1, right side) to explore the other side of the tube. From this point 

after, bouts observed were considered to be a part of problem solving (see 

below). 
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To obtain data on problem solving, the total time it took from the first 

moment the chick moved towards the apparatus to the point where the 

mealworm was retrieved from the tube on the un-blocked other end of the 

apparatus was recorded. To also record the time spent trying to solve the 

problem of reaching the blocked mealworm after the first instantaneous 

response had been given, the time it took for the chick to retrieve the 

mealworm from the moment the chick passed the plexiglass barrier in 

search for another opening, was recorded (called ‘latency pass-stop’).  

To obtain data on impulsive persistency, instances where the chick passed 

the plexiglass barrier to look for another way to the mealworm, yet later 

returned to the plexiglass barrier that was covering the opening to pick at 

it again, were recorded (called ‘number of returns’).  

To obtain data on exploration, activity was recorded. An imaginary grid 

was added on top of the video footage, dividing the surface area of the 

testing arena into 4 equal squares. The squares were then named 1-4. The 

movements made by the chicks between the squares from the start of the 

trial until the mealworm was retrieved were counted. A movement was 

considered complete when the head and neck of the chick passed from 

one square to another.  

3.5 Self-control experiment 

In the second experiment, the self-control experiment, I used 12 of the 22 

white leghorn chicks (nmales= 6, nfemales=6). The experiment was designed 

to see whether the chicks prefer a small and instant food reward over a 

bigger food reward with a 5-second delay. This is considered a test of 

self-control (Beran, 2015, Rachlin and Green, 1972). The chicks were 

housed as previously described (see above) and again reacclimatized to 

the arena in smaller groups before training and testing. 

3.5.1 Apparatus 

To accomplish this experiment, 3 types of boxes (5 x 3 cm) with 

removable lids, were used. The boxes’ colors served as an indicator of 

reward size for the chicks. White boxes had small rewards, containing a 

single mealworm. Black boxes had a big reward and contained several 

mealworms. Grey boxes were used as a neutral color when box color was 

an irrelevant cue (see below), and these boxes contained one mealworm. 

These colors were used to make the chicks choose between either a big or 

a small reward. To also train the chick in the choice of a delay preference, 

the boxes had lids marked with a symbol on top; either a green square or 

a blue circle. Pecking the lid or box was considered a choice, granting 

access to the inside of the box by removal of the lid. The green square 
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represented a 5-second delay, granting access to the reward inside the box 

5 seconds after either the box or lid was pecked. The blue circle 

represented no delay, and the lid was removed immediately after the box 

was pecked (Table 1). Openings were made into one of the testing arena 

walls through which the boxes could be slid inside, an experimental 

design inspired by a standard Skinner-box.  

To ensure that only one choice was made during each trial the box the 

chick did not chose was immediately removed. 

Table 1: Color associations taught to white leghorn chicks during a self-

control experiment. Box colors were used to signal the size of the reward 

inside the box. The lid of the boxes had a symbol on it, representing how 

long it took for the box to open after the lid had been pecked by the chick.  

 

3.5.2 Group training 

Before the chicks were trained individually they were trained in pairs. 

This was to avoid neophobia and to speed up the learning process. Both 

chicks were placed inside the arena with a grey box slid into the box 

through the opening located at one of the arena walls. This box contained 

a mealworm. The chicks were trained to locate the mealworms inside 

grey boxes with no lids on top during this process. This was to make sure 

that all the chicks knew the location of the mealworms, using the grey 

box color to avoid any color associations that would interfere with 

following training and experiment. If the chicks did not find the 

mealworms at first, aid was provided so that all the chicks found the 

mealworms before the pair training was over. This was either by pointing 

at the box, placing mealworms inside it while the chicks were watching 

or slightly moving the boxes to get the chicks’ full attention towards 

them.    

When all of the chicks had located the mealworms, a grey lid was 

applied, covering the opening of the box. Instinctively, most of the chicks 

pecked at the lid or box in an attempt to get to the mealworm. As a 

response to this the lid was instantly removed, granting access to the 

mealworm. This step was repeated to make sure that all individuals 
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understood that pecking on the lid was a necessary step to retrieve the 

mealworm.  

3.5.3 Single training 

The single individual training was done in two steps. The first step was a 

choice between a delayed reward over an instant reward, to see which one 

the chicks preferred. This step also served as a control, showing that the 

chicks preferred the non-delayed choice. Two grey boxes were slid into 

the arena through the openings. One of these had a lid with a green square 

on it and the second one had a blue circle on the lid. A chick was then 

placed at the opposite end of the arena, facing the opposite direction of 

the boxes direction. This placement was necessary to avoid that the 

movement of the boxes would not trigger a choice based solely on which 

box was seen moving first. When the chick had turned around, identified 

the boxes and pecked at one of them the other box was instantly removed. 

This was done to make sure that the chicks chose only one of the boxes. 

If the lid with the green square was pecked it was removed after 5 

seconds, granting the chick access to the treats inside the box. If the lid 

with the blue circle was pecked the lid was removed immediately (Table 

1). After the mealworm was consumed the chick was briefly picked up 

while new mealworms were inserted into the boxes. The boxes were then 

slid into the arena again before the next trial. Six trials were done per 

session. To hold the assumption that the chicks preferred the instant 

reward over the delayed reward, a criteria was set: 17 out of 18 instant 

reward choices were required for test progression (three session with only 

one delayed choice). These sessions served as our delayed/instant choice 

control. The training stage took 3-17 sessions, depending on the 

individual. All chicks passed the set criteria before the training 

progressed.  

The second step was a choice between a big reward versus a small 

reward, evaluating which one the chicks preferred. In this stage two 

boxes were slid into the arena through the openings, one white and one 

black box. The lids on the boxes had no symbols, since this was a training 

aimed only for the big versus small reward. This training stage was set up 

like the previous stage: 6 trials per session through 3 sessions, resulting in 

17 out of 18 big reward choices, as the criteria to pass this stage of the 

training. This took between 3-7 sessions dependent on the individuals, 

and all except for one chick met the set criteria.  

To train the chicks to associate the combination of both the reward size 

and delay time simultaneously, the chicks were presented with a box that 

was black (symbolizing a big reward) with a square on the lid 
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(symbolizing a delayed reward). The box was slid into the arena and the 

chick positioning was the same as during the individual training. The box 

contained several mealworms and opened 5 seconds after it was pecked 

at. Another box was also slid into the arena, a white box with a blue circle 

on the lid. This was done to train the chicks to associate the small reward 

size (one mealworm) and immediate reward at the same time (Table 1). 

There boxes were used several times each in a randomized side-order 

until the chicks pecked at the boxes without hesitation. However, since 

the test was based on their initial reactions to both of these choices at the 

same time, these boxes were only presented individually during training. 

3.5.4 Testing self-control  

Two measure impulsivity during testing, two boxes were slid into the 

arena through the openings: A black box with a green square on the lid 

and a white box with a blue circle on the lid. The white box with a blue 

circle on the lid was considered the impulsive choice, as it presented a 

small but instant reward. The position of the chick was the same as it was 

during the training. After the mealworm were consumed, the chick was 

briefly picked up while new mealworms were inserted into the boxes. 

Ten trials were done per chick during this experiment.  

3.6 Statistical analysis 

The data was assumed to be non-parametrical. All data gathered from 

both experiments were compared between and within tests with 

Spearman rank order correlations. To investigate male and female 

differences, Mann-Whitney U tests were carried out, comparing males vs. 

females. Analyses were carried out in Statistica 64. 

4 Results 

Motor self-regulation experiment 

Females performed a higher number of pecking bouts compared to males 

in the motor self-regulation test (Z = -2.40, p = 0.015, Fig. 4). During this 

test, only males did swiping pecks (Z = 2.68, p = 0.007, Fig. 5), while 

females instead did more big pecks, compared to males (Z = -2.01, p = 

0.031, Fig. 6).  
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Figure 4: Females (white columns) had a higher number of pecking bouts 

compared to males (grey columns) during a motor self-regulation test.  A 

bout was considered a 2-second interval of uninterrupted impulsive 

activity within the area of the wooden base. This activity included pecking, 

sweeping or close observing while crouching within close proximity of the 

worm.  

 

Figure 5: Males (grey columns) performed swiping pecks in the first 

pecking bout while females (white columns) did not, when white leghorn 

chicks were exposed to a motor self-regulation test. A swiping peck was 

considered a swiping motion of the beak against the front of the detour-

reaching apparatus with clear focus on mealworm retrieval.  
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Figure 6: Females (white column) had a higher number of big pecks than 

males (grey column) white leghorn chicks during the first bout in a motor 

self-regulation experiment. A big peck was considered a peck including a 

clear neck motion and force.  

The total pecking time of the chicks also showed a positive correlation with 

the duration of the first bout in the motor self-regulation experiment (Rs = 

0.73, p = 0.016). Total pecking time had a significant positive correlation 

with the number of big pecks performed in the first bout (Rs = 0.95, p = 

0.001). When combining the various types of pecking types, no sex 

difference was observed (Rs < 0.05, p ˃ 0.05). Two individuals that failed 

to complete the motor self-regulation experiment were removed from the 

comparison. 

Self-control experiment 

The self-control experiment showed large individual variation between the 

individual choices the chicks made (mean: 50 %, min: 0 %, max: 90 %). 

There were no sex-differences in self-control (Z=1.5, p=0.25).  

Between-tests comparison 

No aspect of impulsivity correlate between the two experiments, motor 

self-regulation and self-control experiment (Rs < 0.05, p ˃ 0.05). 
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5 Discussion 

I have here shown that male and female white leghorn chicks differed in 

motor self-regulatory behavior. Further, white leghorn chicks made fewer 

number of pecking bouts in total in the motor self-regulation test. Males 

also had fewer big pecks than females. Interestingly however, while males 

seemed to perform a high number of swiping pecks, none of the females 

showed this behavior during the test. Several behaviors recorded within a 

test correlated, and thus captured similar aspects of impulsivity in the test. 

The total pecking time of the motor self-regulation test correlated with the 

duration of the first bout. The self-control experiment showed a large 

individual variation between the chicks and ranged from 0 impulsive 

choices to 90% impulsive choices, but there was no sex-differences 

observed. The behavior scored in the two tests did not correlate, implying 

that they captured various aspects of impulsivity. 

This study aimed to compare differences between males and females. The 

observed sex-differences in pecking behavior in the motor self-regulation 

experiment strengthens previous research, as it is shown that impulsivity 

differs between males and females in laboratory animals (Weafer and de 

Wit, 2013). Furthermore, chickens are a dimorphic species, with sex 

differences observer even during embryogenesis (Tagirov and Golovan, 

2015). The sexual dimorphism could thus explain observed differences in 

male and female behavior. However, it is unclear why these differences are 

observed, and which of these behaviors that are to be considered impulsive. 

When swiping, small pecks and big pecks were added into the same 

category there was no significant difference between male- and female 

pecking behavior during the motor self-regulation test. This implies that, 

even though the picking activity is similar, impulsivity is expressed 

differently in males and females. The higher number of pecking bouts 

performed by females may also indicate that female impulsivity reoccurs 

more often after inhibited, interfering with cognition and problem-solving. 

The aspect of differences in behavior among male and female chickens that 

may best explain this observed difference warrant further investigation. 

Although the second experiment also involved pecking, no differences was 

observed between males and females in this self-control test. Whether this 

is because types of pecks are were not distinguishable in the same way as 

in the motor self-regulation test, or if there is no sex-difference in this type 

of impulsivity is not yet clear.  

Another aim of this study was to test and improve the experiments used to 

capture for future use. In the motor self-regulating experiment there was a 

considerable difference between how the chicks performed during the 

training and the experiment. During the training, when no ends of the 
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detour-reaching apparatus was blocked, the mealworm was fetched with 

minimal pecks to the tube. However, when the closest end to the chick was 

blocked during the testing, and a mealworm was placed in close proximity 

to the opening, retrieving the mealworm seemed to be a challenge for the 

chicks. An earlier study show that detour tasks took longer to complete for 

2 day-old red junglefowl (Gallus gallus) when the motivator/reward was 

clearly visible and in close proximity to the chick (Regolin et. al., 1994). 

This might explain the differences in behavior seen between the training 

and the testing, as the proximity of the worm might have interfered with 

the problem solving needed to retrieve the worm in the test. To briefly test 

whether the proximity of the mealworm interfered with problem-solving 

and cognition during the test another set-up was tested with 2 individuals. 

The tube was replaced with a bigger U-shaped plexiglass barrier around 

the mealworm which prevented the chicks from getting in pecking distance 

of the mealworm. However, the mealworm was still visible on the other 

side of the plexiglass. To retrieve the mealworm, the chicks had to walk 

around the bigger U-shaped barrier and fetch the treat from the inside of 

the structure. This improved the overall time it took for the chicks to detour 

and reduced the impulsive behavior in both individuals. This supports the 

fact that the proximity of the mealworm is to be taken into consideration 

when improving this pilot study.  

The self-control test required more training than the motor self-regulation 

test, suggesting that self-control tasks require a higher level of cognition to 

complete. The self-control experiment, however, provided very interesting 

data that showed large individual variation between the individual choices. 

As previously mentioned, personality in non-human animals can be 

described as a behavioral difference within a species that is consistent in 

individuals (Dall et. al., 2004). The range of impulsivity seen in the self-

control experiment therefore implies that personality is seen in this 

experiment, which makes this method a reliable and efficient way to test 

for impulsivity in the future. 

5.1 Conclusions 

In conclusion, the males and females showed differences in impulsive 

behavior in the motor self-regulation experiment, where females had a 

higher number of pecking bouts and showed a higher number of big pecks, 

while only the males showed swiping behavior. This may indicate that 

there is a difference in the expression of male and female motor self-

regulation. Reward proximity needs to be taken into consideration to 

improve studies of motor self-regulation in the future, as it may interfere 

with the problem-solving necessary to complete the test. It is likely that 

small differences in design can result in very big differences in behavior. 
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The variation between the individuals in the self-control test is promising 

and implies that this is also a promising method for further testing of 

personality in the white leghorn in the future.  

5.2 Societal and ethical considerations 

While performing this study we worked by the 3-R concept: replace, 

reduce and refine the usage of test animals as far as possible. Due to the 

necessity of using test animals in ethological studies replacement was 

unfortunately not possible in this experiment. By handling the animals 

and designing tests methods thoroughly, we aimed to minimize stress and 

optimize testing time, efficiency and conditions as much as possible.  
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