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Abstract 
The aim of this study was to describe the performance on a decision-making task of children and 
adolescents (aged 7 - 17 years) from a school in the city of Sogamoso. This non-experimental de-
scriptive, cross-sectional study was conducted by means of a non probability sampling of type 
cases. The sample consisted of 325 subjects, to whom the Hungry Donkey Task in its version 
adapted for Colombia was applied. Through descriptive statistics, the test performance trend was 
established, finding that participants aged 7 to 11 years had better performance than adolescents 
12 to 14 years old, which partially supports the hypothesis of decision-making development in J 
shape. Subjects aged 15 to 17 years had the most disadvantageous performance, which may indi-
cate immaturity and slow development of prefrontal areas and the influence of the trend towards 
risk-taking, characteristic of this age range. 
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1. Introduction 
Decision-making is defined as the ability to select the course of action from a set of behavioral alternatives 
oriented to favorable or unfavorable options involving cognitive aspects, reward and punishment contingencies 
and emotional signals associated with each of the possible responses [1]. 

Decision-making requires the processing of emotions, according to the somatic marker model (MS) proposed 
by Damasio [2], where emotions and cognition are integrated to make decisions based on the future potential 
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consequences of behavior, rather than on the immediate ones [3]-[9]. 
The MS model involves a processing system for primary emotions that depend on the limbic system (innate 

and prearranged reactions to an environmental stimulus) and another one for secondary emotions that require 
prefrontal and somato-sensory cortices [10]-[12]. Primary emotions are innate, while secondary ones are devel-
oped throughout life, although these have a major development peak during adolescence [3]. 

 During adolescence, new synapses are established in the prefrontal area [13] and myelination progresses in 
the frontal cortex and in the paths that link it to other brain areas such as some limbic structures (amygdala, 
hippocampus and caudate nucleus), with an impact on the development of decision-making capacity, by im-
proving the inhibitory control, organizing emotional inputs and determining the behavioral response [13]-[16] 
However, this is a process which is accompanied by periods of limbic over-activation generating imbalance be-
tween the adolescent’s emotional experience and their ability to regulate their motivation and arousal [17]. 
Should it persist, will be related to increased risk behaviors [18], but should it mature, will lead to a reduction in 
the mesolimbic excitability and strengthening of cortical control with adoption of more adaptive behaviors [12]. 

The first studies carried out to assess decision-making in children and adolescents used two adapted versions 
of the Iowa Gambling Task (IGT): The Children’s Gambling Task, adapted by Kerr and Zelazo in 2004 [19], 
and later The Hungry Donkey Task (HDT) adapted by Crone and Van der Molen in 2004 [20]. Regarding the 
HDT, it has been found that children between 7 - 12 years old, as well as patients with damage to the ventro-
medial prefrontal cortex (VMPFC), choose options that result in higher immediate profits despite large future 
losses, because they base their performance on the number of items they win, no matter how many items they 
lose [21] [22]. Additionally, it has been found that with age, the strategy changes towards finding a more pro-
portional gain [23], and children from 7 to12 years old, who seem to have a myopia about the future, increase 
their sensitivity to future consequences when the potential punishment is high [20]. 

It has further been found that the development of decision-making in subjects from 7 to 17 years old shows a 
trajectory in the form of a J, where the youngest showed a less unfavorable performance than early adolescents, 
who from the age of 14 begin to present a more advantageous performance, as prefrontal cortex development 
progresses, being better able to inhibit their initial impulsive responses [24]. According to these authors, the 
poor performance of early adolescents is not indicative of pathology, but of immaturity of the frontal areas, 
which will continue to mature throughout adolescence until achieving better control of their executive functions. 

The aim of the study is to describe the performance of Colombian children and adolescents on the Hungry 
Donkey Task, according to three age ranges (7 - 11, 12 - 14 and 15 - 17 years), at a school in the city Sogamoso. 
This in order to understand the mechanisms that guide adequate or inadequate decision-making in different age 
groups, with particular emphasis on brain maturation as a fundamental aspect in the final configuration of an in-
dividual that fits the demands of the environment, making decisions based on future consequences. 

2. Method 
This is a non-experimental descriptive cross-sectional study, which it was made during 2014. A non-probability 
sampling was done for convenience, and included all children and adolescents of both genders aged 7 - 17 years, 
from a school of the medium stratum of city of Sogamoso, Colombia with semi-customized education, without 
learning or behavioral disorders and without neurological or psychiatric impairments. Through a non-probability 
sampling of type cases, participants were chosen with a similar profile, upon reviewing their medical history 
(reported by parents). 

Exclusion criteria: Presence of history of behavioral or learning disorders, brain damage or neurological or 
psychiatric impairments whose implications persist today. 

The informed consent was completed by 358 children (129 males and 196 females), with a homogeneous lev-
el of participation from grades 3˚ to 11˚, except for grade 5˚ which had a better participation (4.3%), since not all 
students were at school that day. 25 data were eliminated for not having finished the task and 7 exclusions were 
made in accordance with established criteria. Finally, the sample consisted of 325 children and adolescents (see 
Table 1). 

2.1. Instruments 
“The Hungry Donkey Task” by Crone and Van der Molen [23] is a Colombian adaptation of the test. The task is 
presented through a software that displays 4 doors and the goal is to collect as many apples as possible. The four 
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options (P1, P2, P3 and P4) systematically differ in the amount of gains, losses and frequency thereof. Partici-
pants must choose one of the four gates throughout 100 trials. The sum of gains doors 1 and 2 corresponds to 
400 and the total losses of 500 blocks; while the doors 3 and 4, the gain is 200 apples and 100 apples losses. In 
the Table 2 the description of income probabilities of each door is exposed. 

Additional, we used a Personal Data Questionnaire and Medical History, which included personal information, 
prenatal, perinatal and postnatal history, developmental background, treatments undertaken, diagnoses received 
and family history.  

2.2. Procedure 
Parents were asked to give their informed consent and complete the Personal Data Questionnaire and Medical 
History. The Hungry Donkey Task was applied to children whose parents authorized their participation and did 
not meet any exclusion criteria. 

All the principles governing scientific research in the field of psychology regarding informed consent, use of 
data and instruments with theoretical, practical and research support, were fulfilled (Chapter VII Articles 50, 52 
and 55; Chapter VI Article 48 - Law 1090 of 2006: Deontological and Bioethical Code of the Psychologist in 
Colombia). Also, children and adolescents were asked to give their assent to participate (Article 37 of Act 1098 
of 2006 - Code for Children and Adolescents of the Republic of Colombia). 

3. Results 
Statistical analysis was performed from SPSS-21 and measures of central tendency and dispersion measures of 

 
Table 1. Frequencies of the sample by age and grade of education. 

Age Frequency % Grade Frequency % 
7 2 0.6 3 38 11.7 
8 39 12.0 4 32 9.8 
9 28 8.6 5 14 4.3 

10 15 4.6 6 53 16.3 
11 56 17.2 7 44 13.5 
12 40 12.3 8 41 12.6 
13 38 11.7 9 37 11.4 
14 38 11.7 10 35 10.8 
15 39 12.0 11 31 9.5 
16 29 8.9    
17 1 0.3    

 
Table 2. Characteristics of the gates. 

Gate Programming Gain Lost Interpretation 

P1 

50 times 4 0 

High magnitude of gain, high frequency and magnitude of loss 
10 times 4 8 
30 times 4 10 
10 times 4 12 

P2 
90 times 4 0 

Low loss frequency, high magnitude of loss and gain 
10 times 4 50 

P3 

50 times 2 0 

Loss high frequency and low magnitude of loss and gain 
10 times 2 1 
30 times 2 2 
10 times 2 3 

P4 
90 times 2 0 

Lower loss frequency and low magnitude of loss and gain 
10 times 2 10 
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all test scores sheds were established. Data were grouped according to three age ranges (7 - 11, 12 - 14 and 15 - 
17 years old). 

The following are the results of the study describing the overall performance, the characteristics of the learn-
ing process throughout the test, the preference for reward or punishment options, and the reaction time for 
choosing advantageous and disadvantageous alternatives.  

3.1. Overall Performance 
To calculate the overall performance, the formula (P3 + P4) − (P1 + P2) was used, corresponding to the sum of 
the number of times advantageous gates are chosen (P3 and P4) minus the sum of the number of times disad-
vantageous gates are selected (P1 and P2) in a total of 100 trials. The calculation produces a positive or negative 
number (above or below zero). For this test it is assumed that a positive result indicates the choice of more ad-
vantageous options (P3 and P4), compared to the disadvantageous ones (P1 and P2). 

Table 3 shows that the three groups had an average performance below zero, and that the youngest age group 
obtained the least disadvantageous performance. Although all three groups had an average yield below zero, it is 
noteworthy that it was the younger age group who had the least disadvantageous performance; however, it 
should be noted that the variability of the results in all age groups, proved to be extended as shown by the 
dispersion indices. 

Regarding the overall performance trend, Figure 1 shows that in the group of 7 to 11 years old, the frequency 
of data in relation to the mean was relatively homogeneous, whereas for subjects aged 12 to 14 years, it shows a 
higher distribution of the data to the right of the mean, that is, towards a more positive performance. Regarding 
the latter group (aged 15 to 17 years), a greater data distribution was found towards a negative result, that is, to 
the left of the mean. 

3.2. Learning Process 
To analyze the learning process achieved by the subjects during the course of the task, the average of the partial 
performance on the test was calculated using the same formula mentioned for overall performance, but this time  

 
Table 3. Overall performance by age group. 

Age Group N Mean SD Mínimum Maximum 

7 - 11 140 −2.9 21.1 −66 62 

12 - 14 116 −6.2 23.5 −72 48 

15 - 17 69 −8.3 21.2 −74 40 

SD: Standard Deviation. 
 

 
Figure 1. Overall performance trend by age group. 
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every 20 trials. Figure 2 shows the average score obtained by each group on partial performances (R1 to R5). 
According to the observed, it can be deduced that there were not random performances, but that the three groups 
generated a learning process through the trials, resulting in an upward curve. It should be noted that the first 
group was the one that presented the most positive performance at the end of the test (mean = 1.16), followed by 
the group aged 12 to 14 years (mean = 1.1). In the case of older individuals (15 - 17 years), the averages of par-
tial performances, although showing an upward trend, they presented a decline around the middle of the test and 
later regained control toward less disadvantageous choices. 

3.3. Preference for Reward or Punishment Options  
In general terms, children showed a greater preference for P2, which between the two unfavorable options, is the 
one that provides less frequent punishment. Among the advantageous options (P3 and P4), a slightly higher pre-
ference for the last gate was evidenced, which of the four options, is the one presenting the lowest frequency and 
magnitude of loss (see Figure 3).  

3.4. Response Time 
Children generally had very fast execution times, although there was a more impulsive trend in those who had a 
negative performance (see Table 4). 

 

 
Figure 2. Learning curves by age group. 

 

 
Figure 3. Response options to gate in each age group. 

 
Table 4. Response time as performance in seconds. 

Performance N Mean SD Mínimum Maximum 
Positive 139 1.3 0.72 −0.07 5.09 
Negative 186 1.2 0.74 −0.58 4.37 

SD: Standard Deviation. 
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As for the total execution time on the test, there was no evidence of relevant differences between the time 
spent by subjects with a positive performance and that of participants who had a negative one (2.27 and 2.23 
minutes respectively). 

4. Discussion 
The interpretation of results was carried out on the basis of the somatic marker theory, which argues that the 
consequences of recent choices influence future decisions. As for overall performance, the theory has reported a 
linear increase from childhood to adolescence, in the performance of tasks with the IGT paradigm [22] [23] [25] 
[26]. On the contrary, the results of this study showed that younger individuals (7 - 11 years old) presented the 
most advantageous performance of the three groups, followed by the 12 - 14 years old group; and finally, with 
the lowest performance exhibited, by older teens (15 - 17 years). 

These findings are consistent with the studies by Smith et al. [24], regarding the development trajectory of the 
decision-making process in the form of a J, which means that younger participants (8 - 11 years old) have a bet-
ter performance than early adolescents (12 - 14 years old). However, a gradual improvement in performance was 
not found from this age (contrary to the assertions made by these authors), possibly due to a greater tendency in 
older adolescents (15 to 17 years old), to take risks and get away from the norm. It is noteworthy though, that 
the latter age group did not have a representative sample size to support these claims. 

The performance showed by the group of 12 - 14 years old could be explained by the over-activation of lim-
bic and subcortical structures such as the amygdala, hippocampus, caudate nucleus [15] and the nucleus accum-
bens [18] that occurs at the beginning of adolescence, and by hormonal factors of puberty in early adolescents 
[17], which would be more clearly demonstrated in tasks involving reinforcement such as the IGT. At the same 
time, it could be due to the relative immaturity of the prefrontal cortex, especially the ventromedial prefrontal 
cortex, whose development has proven to be much slower than some subcortical structures related to the reward 
system [14]. According to Oliva [12], these results may be due to the fact that at this age there is a greater im-
balance between the cognitive and motivational circuits, which can lead to difficulties in imposing inhibitory 
control on impulsive behavior. 

Younger children, meanwhile, who tended to give less disadvantageous responses than early adolescents, 
would present a generalized immaturity in all areas of the brain, making them less sensitive to reinforcement and 
therefore less likely to respond impulsively guided by the desire to obtain reward [24]. 

In the third group (15 - 17 years old), an upgrade in decision-making skills measured by the Hungry Donkey 
Task was not found, possibly because young people in middle and late adolescence, despite their advances in 
cognitive and executive functioning [27], tend to keep a preference for the search for new sensations and con-
tinue engaging in many risk behaviors, obviously affecting their decision-making process [28].  

As for the learning process in the sample under study, an upward curve was found in the three groups. It is 
observed that subjects aged 7 - 11 years show a rising performance pattern relatively steady throughout the test, 
a result that coincides with that described by Crone and Van der Molen [23]. In the learning curve of the second 
group (12 - 14 years old), a marked increase was seen in the choice of advantageous options from the first to the 
second interval (trials 21 - 40); this same tendency is described by Crone et al. [20], who argue that children 
around the age of 14 are capable of producing rapid changes in their decision-making strategies. 

Toward the last block of the test, in the same way as Crone and Van der Molen [23] have reported, the pattern 
of favorable and unfavorable responses tended to show a modest improvement, with a greater tendency toward 
choosing positive options. However, an increase was seen in the dispersion of data toward the final trials (higher 
standard deviation in R5) which could prove the existence of individual differences in the consolidation of 
learning, in the degree of effectiveness of decision-making processes, as well as in particular characteristics such 
as persistence and emotional and behavioral self-control.  

In particular, the performance of the group aged 15 to 17 years presents a break halfway through the test, 
which may respond to a risk-taking behavior. Regarding this tendency, Hooper et al. [22] indicate that in this 
age group decision-making is not completely effective and even subjects aged just over 17 years fail to match 
the performance of adults, suggesting that the VMPFC and its connections continue maturing after this age. 

The above has implications regarding the vulnerability of adolescents (15 - 17 years old) in risk-taking, since 
they require external control for their sensation-seeking tendencies [29]. Thus, real life for teens is strongly in-
fluenced by social determinants and feelings [17].  
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With regard to the preference of reward or punishment options, the greatest frequency of choice was found on 
P2. However, considering the upward learning curves for the three groups, it can be inferred that the choice of 
P2 was mostly present in the first test intervals, and that in the last trials the trend shifted towards a greater 
choice of P4. 

It is observed that all groups showed high avoidance to P1, followed by P3, options having high frequency of 
punishment. It might be that, as predicted by prospect theory (Kahneman & Tversky, 1979 cited by Bechara, 
2007 [30]), at the beginning, children and adolescents are oriented towards finding reinforcement (P1), but 
quickly realize the high frequency and magnitude of loss brought about by this first option and therefore opt for 
P2, which provides the same amount of reinforcement than P1, but with a lower frequency of punishment. As 
explained by this theory, when it comes to a choice between a sure loss (P1) and a possible loss (P2), although 
the possible loss may be of great magnitude, neurologically intact subjects prefer the less probable loss (P2). 

In connection therewith, Crone et al., and Kerr and Zelazo [19] state that children will tend to prefer options 
with infrequent punishment, compared to options with frequent punishment, suggesting that the choice will in-
itially be determined by a low probability of punishment even if this is high in magnitude. The shift toward an 
option as P4, also with low frequency of punishment but with a lower amount of gain and loss than P2, can be 
explained not only by a learning process within the test, but by the development of the ability to change an asso-
ciation previously learned and to anticipate future consequences, particularly in children aged 12 years and older 
[26]. This corroborates what Matthias-Brand, Recknor, Grabenhorst and Bechara [31] have stated, in terms that 
on the IGT, the first trials are conducted under ambiguity, and the latter trials under risk. 

In the case of the youngest (aged 7 - 11 years), performance is driven by a low frequency of punishment ra-
ther than their ability to anticipate future consequences or damages (“future myopia”). This ability, according to 
Crone et al. [20], develops with age, especially in conditions of occasional punishment where it is necessary to 
implement it in order to anticipate, whereas when punishment is frequent the likelihood of future losses seems 
obvious. 

Therefore, changes in the development of decision-making are not associated with hypersensitivity to rein-
forcement or insensitivity to punishment, but rather with the fact that as children grow older, they seem to learn 
to anticipate future consequences based on their lived experiences. That is how, throughout childhood, the de-
velopment of somatic markers is sensitive to the frequency with which punishments are experienced [20]. 

 It should be noted that the fact that the younger children had achieved a better performance than the older 
ones, does not mean that the latter do not have the capacity to make decisions advantageously. It rather means 
that there are additional variables characteristic of the psychological and neuropsychological development of 
teenagers, such as the search for identity and independence by distancing themselves from the norm and seeking 
risks [32], as well as a slow development of the prefrontal cortex and the immaturity of frontostriatal circuits, 
which would determine a greater inhibition of such behaviors [16]. This could suggest that teenagers under 15 
would benefit considerably from training in self-control and decision-making, which may mitigate the tendency 
to taking risks shown by adolescents aged 15 to 18 years. 

 Regarding response time, it was found that subjects who had a positive performance had invested a little 
more time in the development of the task than those who had a negative performance. It has been found that 
subjects who have a more disadvantageous performance on the test show faster responses to unfavorable options, 
compared with those who show a better performance. This may reflect a degree of impulsiveness in disadvanta-
geous performers [24]. 

 However, although it is expected that with age the response time will decrease according to a linear im-
provement in other cognitive processes such as processing speed and working memory [24], a relationship be-
tween performance in IGT (nonlinear development) and response time has not been found, nor was it observed 
in this study. 

To conclude, it can be said that age differences observed in the performance on the Donkey Hungry Task and 
described by different authors about IGT, are consistent with the differences observed in real life in terms of de-
cision-making, often preceded by affective and emotional factors (over cognitive ones). From the above, it fol-
lows that an improvement in the decision-making process would be supported by the maturity of affective as-
pects, rather than cognitive aspects [25]. Likewise, the role of a slow and progressive course in the development 
of cortical and subcortical structures and their connections during childhood and adolescence [33] is highlighted. 

As a proposal for future research in this area, it could be suggested carrying out a study with subjects aged 17 
- 19 years, since according to the theory is from 17 years of age onward when the most significant improve-
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ments in the process of decision-making can begin to be appreciated. Therefore, it is likely that a research con-
ducted with a large and representative sample of subjects within this age range, does show an improved perfor-
mance in late adolescence that the present study could not determine, bearing in mind that the sample of subjects 
aged 17 years was minimal (one participant). A longitudinal study that considers gender, cultural and demo-
graphic variables, as well as correlations with cold executive functions, would be perhaps the closest alternative 
to reach an understanding of an increasingly complex and particularly changing process such as deci-
sion-making. 

Another proposal would be to assess clinical backgrounds in a more precise way, such as neurological and 
neuropsychological implications of perinatal hypoxia in decision-making since this condition is related to possi-
ble impairment in subcortical structures. 

As for the test, it would be interesting to inquire whether changes occur in trends and scores observed in this 
study, by introducing a larger number of trials (200 for example). As it could be seen, towards the end of the 100 
trials, an improvement in performance of almost all subjects was evident leading to hypothesize that by includ-
ing more trials the average scores would be more positive and beneficial. 

Finally, it can be said that this study did constitute a contribution to the challenge of Neuropsychology in Co-
lombia, by collaborating in the generation of information to enable obtaining the validity and reliability of neu-
ropsychological instruments for this population. As limitations only one subject was assessed 17 years, so it can 
not be concluded towards the older age range, also it could have been considered a sample of subjects from 17 to 
19 years to see the performance at the end of the test adolescence. 
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