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Decision-making on an explicit risk-taking task in
children and adolescents with high intellectual abilities:
a neuropsychological perspective

Josué Pérez-Tejer’ai; Mariana Cairés Gonzalez?;
Emilio Verche3'y Africa Borges?

Objective: Two processing pathways have been described in explicit risk deci-
sion-making tasks: an emotional and a cognitive feedback pathway. The objective of
the study was to examine decision-making on an explicit risk-taking task in children
and adolescents with high intellectual abilities compared with a control group typical
development and to determine whether their execution is similar or different.

Methods: This study explores differences in quality of decision making between gift-
ed (n = 28) and average intellectual ability (n = 37) students of two different age
groups (children vs. adolescents). Groups were compared using the scores obtained in
the Cambridge Gambling Task (CGT).

Results: Results show that gifted students displayed better decision making as evi-
denced by higher cognitive self-control to postpone immediate rewards and quality of
decision when compared to the control group. Deliberation time in gifted was faster
in the adolescent group and slower in the child group.

Conclusion: This finding suggests developmental influences that need to be consid-
ered to explain the effects of the G factor in decision making skills. Procedures help
to reflect upon the contribution of controlled cognitive tasks in elucidating abilities
related to general intelligence. Neuropsychological basis of decision-making is briefly
discussed.
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INTRODUCTION

Human cognition and the processes that underlie
it have been studied in psychology since the sec-
ond half of the twentieth century, in response to
behavioral perspectives and as an approach to the
so-called “black box” problem's. However, cogni-
tive neuroscience and the progress of neuroimaging
techniques have overcome these difficulties allowing
studying brain functioning from a broad perspective.

Multiple cognitive processes have been stud-
ied throughout history. Among them is executive
functioning, which involves the ability to plan, se-
lect and maintain behaviors, as well as to deal with
multiple sources of information simultaneously. It
also allows inhibiting inappropriate responses, re-
sisting distractions and interference#s. It is known
that intelligence and executive functions repre-
sent different functions. However, that, in some
tasks, behaviors or situations, they share cognitive
components, overlap, and contribute to react ap-
propriately to mainly novel situations, changing or
subject to adaptation®. Neuroanatomical and neu-
rofunctional studies have shown that the anatom-
ical structure that regulate these functions is the
frontal lobe, specifically the prefrontal cortex and
the connections that this area has with other cor-
tical areas and subcortical structures’ .

After analyzing previous theories on executive
functioning, Verdejo-Garcia and Bechara® classi-
fied the different proposals into four groups of
models: (a) hierarchical modulation models, which
postulates that the main function of the execu-
tive system is the resolution of novel situations
through the activation of routine or default pro-
grams while applying and adjusting new cogni-
tion-action schemes®; (b) temporal integration
models, which maintains that the work of the ex-
ecutive system is the manipulation of information
to project it towards directed action™; (c) models
that consider that the executive system is both a
manager and a repository of information in rela-
tion to structured events complexes™; and (d) last
groups of models that address more specific as-
pects of frontal-executive functioning, taking an
interest in more complex mechanisms, including
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the somatic marker theory®, which comprehen-
sively explains decision-making processes.

The decision-making process has aroused
great interest among researchers from different
fields, both in psychology and in other branch-
es of knowledge, especially economics®“. One
of the main aspects of life for individuals is the
decision-making process that involves various
cognitive processes, such as the processing of
task-specific stimuli, the recall of previous expe-
riences, and the estimation of the possible con-
sequences of different options. Likewise, the
metacognitive processes of monitoring and con-
trol involved in recall make it possible to evalu-
ate the accuracy of the information and decide
whether a response should be. All these processes
require the involvement of the working memory
and, mainly, of the executive functions®.

Decision-making is not a unidimensional con-
struct but varies according to the accuracy and
predictability of the possible consequences of the
decision. Therefore, a distinction is made between
ambiguous and explicit risky decision tasks®. In
explicit risky decision-making tasks, task resolu-
tion requires evaluating which option is more fa-
vorable compared to what is expected. Examples
of tasks of this type are included in the Cambridge
Gambling Task (CGT), Game of Dice Task (GDT),
or Cups Task (CT)7®. Bechara et al. consider de-
cision-making as a process guided not only by
cognitive information, but also by emotional cues
that contribute to anticipating the consequences
of the different possible scenarios derived from
the choice options.

On the other hand, ambiguous risk deci-
sion-making tasks refer to those situations in
which the probabilities and consequences of the
decision are implicit. That is, the participant does
not have explicit information about the possible
consequences of the decision, and to solve the
task, must discern among the alternatives that
are preferable, based on the feedback received in
previous decisions. This type of decision-making
task is assessed with tests such as the lowa Gam-
bling Task (IGT)*, in which the participant must
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learn which decks generate profits and which in-
cur losses. The neural processes underlying these
two types of decision-making tasks are different.
Decisions in contexts of ambiguity appear to rely
less on cognitive control mechanisms and more
on learning and working memory skills, whereas
explicit risk decisions rely more on neural systems
related to general executive functioning?.

Several models have been proposed to explain this
type of decision-making. From a neuropsychological
perspective, the most widespread model postulates
that there is a dual processing system in the explicit
risk decision-making task. It combines the process-
ing theory of Bechara and Damasio*, based on the
somatic marker hypothesis, and the principles of the
model proposed by Brand et al.*. It supports the in-
volvement of two differentiated control systems:
one of automatic, emotional, spontaneous, and rap-
id control; and another of reflexive, contained, de-
liberate and slow control®. At the same time, studies
have shown that executive functions hold an import-
ant role in risk-taking behavior*.

Research examining response styles shows that
participants with poor executive functioning need
to make greater use of feedback, whereas those

.W|th good executive functioning apply more in-
g dependent feedback strategies®. This finding is
< related to the double process theories of deci-
ac‘ﬁsion making because people with abnormalities
8 in the so-called cold executive functions (cogni-
g‘tlve flexibility, inhibition, etc.) are predisposed to
3 the use of exploratory strategies to follow their
@ intuition and adapt their behavior according to
& the feedback, rather than relying on their execu-
g g tive abilities to find a rational solution to the prob-

£ lem*. Bad decision- making has been correlated
= with worse executive functioning, specifically in
'e categorization, cognitive flexibility, and concept
E formation®. In addition, people with a higher 1Q
“ are faster decision makers and adjust better to the
8 risk assumed by adapting their response to prob—
g abilistic changes to win*, so people who can in-
I tegrate both the rational aspects of the options
8 and the feedback of their previous decisions per-
'° form superior to those who only use one of the
o two modes of interaction®.

An increasing number of neuropsychological
studies are providing results on the configuration
and functioning of people with high abilities®,
characterizing high abilities students with a high-
er operating neural efficiency. Some of these
cognitive areas were correlated with better per-
formance in executive function tasks in gifted chil-
dren®. For example, greater set-shifting skills were
related to mathematical talent?’, memory process-
ing® and problem solving®, as well as to tasks of
varying degrees of difficulty?* and mental image
manipulation tasks®*. The brains of people with
high ability show specialized activation patterns
and a robust interconnection between brain areas,
accompanied by greater effectiveness, providing
a basis for cognitive and executive functioning
at a high level. These processes, especially those
related to complex problems solving and execu-
tive tasks performance, involve a decision-mak-
ing process. However, despite the accumulation of
knowledge on high intellectual abilities, compara-
tive studies on possible differential role in gifted-
ness or talent profiles, which would allow a better
understanding, are especially scarce®.

The relationship between intelligence and ex-
ecutive function has raised controversies, that is
not yet been resolved. Intelligence and executive
function overlap in some respects, but not in oth-
ers, and the establishment of relationships is lim-
ited by the different instruments used to measure
both constructs®. However, there are studies that
clearly establish: the relationship between intelli-
gence and executive function, both in the set of
variables that compose it**3 and in specific fac-
tors, such as working memory#+.

The literature on decision-making in the
high-ability population is not very abundant and
tend to focus on specific use of decision-mak-
ing, i.e., vocational choice**, but whereas stud-
ies focusing on the decision-making process are
less common, although some interesting results
have been reported. Differences found with adults
of different intellectual abilities show that peo-
ple with higher intellectual ability were faster in
making decisions and better at risk adjustment®®.
They revealed greater strategic ability* and lower



Revista Iberoamericana de

aversion to risk#, although some researchers dis-
agree*. In the cold (cognitive) or hot (emotional)
processing debate, using the IGT", better scores
were shown for those who presented higher cog-
nitive, but not emotional intelligence.

Yun et al.# found that the adolescent group of
high abilities, compared to the normative sample,
won more games, were more cooperative, and as-
sumed more risks. Using the IGT test”, with a sam-
ple of children, it was found that those with higher
intelligence were superior strategy and speed of
decision-making; their performance was also bet-
ter considering future consequences°.

The study of cognitive processes related to ex-
ecutive functioning such as reasoning, problem
solving, and, more specifically, decision-making,
among others, is key within the field of high in-
tellectual abilities to capture and understand the
differences between the general population and
people with high abilities when solving different
types of cognitive tasks.

For this reason and given the lack of evi-
dence related decision-making in gifted children
and age-related differences, the objective of the
present research is to study the decision-making
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process with an explicit risk-taking task in chil-
dren and adolescents with high abilities, compar-
ing their performance with a normative group of
participants.

METHODS
Participants

Sixty-six people participated in this investigation. The
participants were 29 gifted and 37 non-gifted children
and adolescents (table 1). The sample was recruited
through intentional sampling. For the determination
of high ability, the assessment carried out by the Re-
gional Education Administration of the Canary Islands
(Spain) was considered. This diagnosis consisted of
having an 1Q equal to or greater than 130.

The group of those with high abilities, who
were diagnosed as such by the Education Admin-
istration, was composed of students participating
in the Comprehensive Program for High Ablities
(PIPAC)S.

The community sample consisted of two age
groups, one of adolescentss* and the other of chil-
drens3, who had been previously assessed in de-
cision-making and intelligence and whose scores
were between an 1Q of 85 and 120.

Table 1. Participants: distribution by gender and average age of each group.

Children Sample

Adolescents

Gender Male Female Male Female
High abilities 14 3 7 5
Age mean 9.35 10.33 16.71 13.8
Community sample 12 9 6 10
Age mean 10.64 10.74 14.36 14.55
Instruments In each trial, the participant is shown at the top

The Cambridge Gambling Tests* (CGT) was used
to assess decision-making. This computerized
test assesses decision-making under an explicit
risk condition, in which the consequences of the
decision are explicit or calculable, and there is no
need for learning by completing a full task. It lasts
approximately 30 minutes.

of the screen a row of ten boxes colored in red or
blue. The proportion of the boxes of each color
varies according to different ratios: 9:1, 8:2, 7:3, or
6:4, where the first number refers to the color op-
tion chosen. At the beginning of the task the par-
ticipants must decide where a small yellow piece
may be hidden, then they have to bet the points
according to the decision made. The objective
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of the game is to accumulate as many points as
possible. There are two types of bets, ascending
and descending modes. In each of these modes,
40 bets are divided into four blocks of 10 each.
The choice of the number of points is made once
the color has been chosen, by stopping an auto-
matic counter that appears on the top right of the
screen. The counter’s values were always related
to a percentage of the score (5%, 25%, 50%, 75%,
and 95%). The points are displayed in ascending
or descending order according to the participant’s
evaluation stage (half of the participants started
in ascending mode and half in descending mode).
Once the bet is decided and chosen, the comput-
er reveals the location of the small yellow piece

and gives visual (“You win” or “You lose”) and au-
ditory (nice vs. unpleasant sound) feedback. If the
participant succeeds the amount won is added
to his total score, in case of failure he loses the
points bet. Immediately after finishing the trial the
next bet is presented.

Five parameters are reported: decision quality,
deliberation time, risk taking, risk adjustment, and
delay aversion. The program returns the answers
in proportions, except for the deliberation time,
which is measured in milliseconds, and risk adjust-
ment, which is calculated by this formula: [2 (%
bets 9: 1) + (% bets 8: 2) - (% bets 7: 3) -2 (% bets
6: 4)] /% average bets.

EEEEEENNENN

Puntos: 100

i

Figure 1. Cambridge Gambling Task test (CGT).

The intelligence in the control group was mea-
& sured with the “g” factor tests which has three
3 8 scales: scale 1, for people aged four to eight years;
8 scale 2, for people aged eight to fourteen years
LL & and adults with a medium cultural level, and scale
= 3 for people aged fifteen years or more and adults
~a with a high cultural level. All three scales were used
& in this study in the community sample.

sin autorizacion es un delito.

Procedure

El Manual

5 This was a prospective ex post facto factorial de-
8 sign. The study groups were established as fol-
'° lows: the high abilities group included participants
@ with an 1Q above 130, while participants with an IQ

oria

between 85 and 120 formed the sample communi-
ty. The dependent variables were the responses to
the Cambridge Gambling Task.

First, informed parental consent was request-
ed from all groups. In all cases, the test was admin-
istered to the participants individually in a quiet
place, without interruptions or disturbing variables.
The assessments were performed by three trained
neuropsychologists. After fulfilling the informed
consent, the intelligence test was administered in
the community sample group and then the CGT. In
the gifted group, since the intelligence test was al-
ready performed for the diagnosis, the CGT was ad-
ministered after informed consent was fulfilled.
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The research was approved by the Ethics Com-
mittee of the University of La Laguna (code
CEIBA2017-0229).

Data analysis

To ensure the generalizability of the sample under
study, the optimization procedure of the Theory
of Generalizability® was calculated through the
EduG 6.0 program.

To test the differences between the groups
(gifted vs. community sample) and age (children
vs. adolescents), an ANOVA 2x2 was performed
with the CGT outcome variables as dependent
variables. The size effect was calculated with eta?
partial. The ANOVA was calculated using the SPSS
program, version 21.

RESULTS

The optimization of the number of participants,
through the Generalizability Theory (GT), is shown
in Table 2. For the study of optimization through the
GT, two of the tasks —quality in decision-making
and risk in decision-making— have been selected
as they allow for a simple categorization of the an-
swers because, being expressed in proportions, the
results of the participants can be categorized guid-
ed by the system of interpretation of the correla-
tion coefficients: 0-0.33 (low level of execution=1),
0.34-0.66 (average level of execution=2), and 0.67-1
(high level of execution=3). Moreover, because all
the tasks have the same number of participants in
all the groups, it was not necessary to carry out an
optimization study for each test.

The observation plan carried out for the qual-
ity of the decision in the participants consist of
three facets: group (G), with two levels (commu-
nity sample and high abilities); level in the decision
quality task (D), with three levels (low, medium,
and high); and participants (P, with 38 levels). The
estimation plan chosen was the one of random ef-
fects, cross-crossed design, GxDxP, where the fac-
et of differentiation is the group and the level in
the task and the facet to generalize the partici-
pants, following the GD/P measurement plan.
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The observation plan for risk taking in children has
three facets: group (G), with two levels (control and
high abilities); level in the risk-taking task in the de-
cision (R), with three levels (low, medium, and high);
and participants (with 38 levels). The estimation plan
was of random effects, cross-crossed design, GxRxP,
where the differentiation facet is the group and the
level in the task and the facet to be generalized is the
participants, following the measurement plan GR/P.

The observation plan for risk-taking in adoles-
cents has three facets: group (G), with two levels
(control and high abilities); level in the decision of
risk-taking task (R), with three levels (low, medi-
um, and high); and participants (with 28 levels).
The estimation plan chosen was random effects,
cross-crossed design, GXRxP, where the facet of
differentiation is the group and the level in the
task and the facet to generalize the participants,
following measurement plan GR/P.

The standard criterion for considering a coeffi-
cient of generalizability as adequate is a value of
0.80, the standard commonly accepted in descrip-
tive studiess. As the G coefficients obtained accord-
ing to the standards exceed the value of 0.80, and
given that the increase of five participants does not
imply a substantial gain in terms of generalizability,
the sample size can be considered adequate.

Once the suitability of the sample size was es-
tablished, the effects due to the group (high-abili-
ty group vs. community sample) and age (children
vs. adolescent) were also determined. The average
scores obtained and their standard deviations, in pa-
rentheses, for each subgroup are shown in Table 3.

Table 4 shows the results of the one-way ANO-
VA (group x age). There was a significant interaction
effect in deliberation time. In addition, there was a
main effect of group (gifted vs. non-gifted) in quality
of decision and aversion to delay and main effect of
age in deliberation time, which is greater in children.

DISCUSSION

This research contrasted the difference in deci-
sion-making between a group of students with
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Table 2. Optimization plan for the number of participants

Generalizability

Optimization study with 5
additional participants

Relative G Absolute G Relative G Absolute G

Task Coefficient Coefficient Coefficient Coefficient
Children
Quality in decision making 0.95 0.95 0.95 0.95
Risk in decision making 0.86 0.86 0.87 0.87
Adolescents
Quality in decision making 0.93 0.93 0.94 0.94
Risk in decision making 0.86 0.86 0.87 0.87

Table 3. Mean and standard deviation of each sample

High ability Community sample
Outcome Children Adolescents Children Adolescents
Quality in decision making (proportion) 0.93 (0.06) 0.95 (0.05) 0.91 (0.09) 0.87 (0.11)
Deliberation time (ms) 3893.07 (964.16) 2212.37 (718.36) 2887.53 (791.97) 2475.56 (779.37)
Risk in decision making (proportion) 0.55(0.17) 0.48 (0.15) 0.54 (0.13) 0.49 (0.13)
Risk adjustment 0.86 (0.67) 1.48 (1.26) 0.92 (1.26) 1.35 (0.96)
Aversion to delay (proportion) 0.26 (0.19) 0.24 (0.14) 0.51 (0.14) 0.41 (0.19)

Table 4. ANOVA results Group (gifted vs. community sample) x Age (children vs. adolescents) and effect size.

Variables F p Eta? partial
Quality in decision making Group 4.37 0.041 0.066
fe) Age 0.33 0.564 0.005
3 Interaction 2.31 0.134 0.036
> Deliberation time Group 3.21 0.078 0.049
€ Age 25.50 0.001 0.291
g Interaction 9.37 0.003 0.131
g Risk in decision making Group 0.02 0.965 0.000
g Age 2.73 0.103 0.042
g Interaction 0.14 0.771 0.002
8 Risk adjustment Group 0.13 0.910 0.000
3 Age 3.80 0.056 0.058
8 Interaction 0.124 0.726 0.002
E Aversion to delay Group 22.92 0.001 0.270
§ Age 2.30 0.134 0.036
§ Interaction 1.10 0.298 0.017
£
£

g high intellectual abilities and a community sample,
§ studying the age effect with children and adoles-
8 cents. In general, it is found that participants with
& higher 1Q have less aversion to delay, take better
© decisions and are faster taking decisions.

First, the results indicate that children and ad-
olescents with high intellectual abilities show a
greater capacity to postpone immediate rewards,
so they can wait to bet/earn more points. The re-
sults seem to indicate a greater efficacy in the
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decision-making ability in children and adoles-
cents with high intellectual abilities compared to
the control group because they are less reluctant
to wait in the short term in favor of a reward that
they will obtain in the long term. This result indi-
cates the use of the reflective system as a way of
answering decisions based on cognitive self-con-
trol. These findings are consistent with those of
studies that relate intelligence and self-control,
on the one hand, and delay of reward on the oth-
er. Thus, there is clear evidence of the relation-
ship between intelligence and self-control®. In
addition, reward delay has been related to higher
intelligenceso¢'.

Based on previous studies®, it was expected
that the group of individuals with high abilities
would present higher quality in the decision made.
This was confirmed in our results with a medium
size effect (table 4). Gifted participants decid-
ed to bet on the most likely outcome in a higher
proportion of trials than the community sample
group. This quality in decision-making is directly
related with executive functions®” and those with
good executive functions apply decision-making
strategies that are more independent of the given
feedback compared with people with worse exec-
utive functioning?.

Regarding deliberation time, the interaction
effect found means that gifted adolescents took
less time to decide than any other participants
whereas gifted children needed more time than
the others, with a medium effect size. This re-
sult is consistent with that obtained by Duan and
Shi34, who observed that boys and girls with high
abilities had significantly longer response laten-
cies on more difficult tasks compared to a con-
trol group. This finding seems to conflict with the
idea that children with high abilities respond faster
than the normative population in all tasks during
childhood. Some studies have shown that execu-
tive functions predict the ability to develop learn-
ing and school performance®. According to Bryce
et al.® metacognitive skills and executive func-
tions are related to academic performance and
are a better predictor of academic success than
the level of general intelligence alone®. Therefore,
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considering the studies, the remarkable impor-
tance of executive functions in the school envi-
ronment could be highlighted.

One limitation of this study lies in the size of
the groups. Although the found with the TG indi-
cates that the results are generalizable, the lack
of significant results in the deliberation time be-
tween high-ability students and the control group
could be an effect of the power of the test, which
requires a greater size to reveal significant effects.
On the other hand, considering the findings of
Duan and Shi34, it would be convenient to gradu-
ate the difficulty of the choices to be made to test
whether there is a longer deliberation time in the
group with the greatest intellectual ability when
decisions are made more complicated. Another
limitation in this study is the test used to measure
intelligence in the control group, since the sample
with high abilities is defined by the official diagno-
sis given by the educational authorities of the Ca-
nary Islands Regional Government. The test used
reflect the fluid intelligence of the individual and
was selected by Culture Fair Test, although it has
the disadvantage of not being one of the most
used for diagnosis in high abilities. Therefore, it
would be convenient to replicate the study in a
larger sample, measuring all the participants with
the same test.

Executive functions play a very relevant role in
educational processes®, as well as decision-mak-
ing. Therefore, it is essential to carry out more
research to analyse the decision processes of
high-ability students. In this sense, it would be
advisable to establish educational programs that
would allow more adequate decision-making. Life
is full of decisions, and, as it is clear from the lit-
erature, the first thing that students must make
is vocational choice. However, there are more ba-
sic cognitive processes underlying that vocational
choice that should be addressed and this research
helps to understand them. Well-founded decisions
help to choose the most suitable approaches.

The findings here are relevant because the
study of decision-making in gifted population
has focused on vocational choice and not in the
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cognitive strategies used in that choice. These
strategies seem to be more related with intelli-
gence in gifted population than to emotional pro-
cesses® so more research is required to determine
the differences due to intelligence in different vari-
ables related with decision-making and executive
functions®. As it was described by Deakin et al.®,
people with a higher IQ make better and faster
decisions and have a better risk adjustment, but
an effect of age on deliberation time was found.
So far, this study is the first in considering the age
effect in decision-making and showing how gifted
adolescents are significantly faster than non-gift-
ed participants and gifted children are the slowest.
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