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Affective decision-making is a type of Executive Function related to cost benefit analysis in situations where gains and losses
imply direct consequences for the subject. The purpose of this study was to explore the influence of the affective decision-
making on tactical behavior in soccer players under the age of 15 years old. The System of Tactical Assessment in Soccer
(FUT-SAT) was used to assess tactical behavior. To evaluate affective decision-making, we used the neuropsychological test
called The lowa Gambling Task (IGT). The values of the offensive, defensive and game tactical behavior of participants were
used to create performance groups. The low (=25%) and high (=75%) groups, according to offensive, defensive and game
tactical behavior, were compared and shown to be different. The values of the IGT net score of the participants with low and
high tactical behavior were compared using the non-parametric Mann-Whitney test. Statistically significant differences
between the groups were observed for Defensive Tactical Behavior (Z=—3.133; p=0.002; r=—0.355) and Game Tactical
Behavior (Z=—2.267; p=0.023; r= —0.260). According to these results, it is possible to state that affective decision-making
can influence the tactical behavior of under-15 soccer players.
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Introduction

For many years, physical features have received the most
attention as the main factors for players achieving high levels of
performance in soccer [1,2,3]. However, in recent years, some
concerns have been allocated to the development of tactical skills
as an important feature of successful performance in soccer players
and teams [4,5]. These concerns are justified by the dynamic and
complex features of the game, which is characterized by a
cooperation-opposition relationship between teammates and
opponents [6].

Playing well requires repeatedly performing tactical skills
efficiently throughout the match [7]. During a soccer game,
players are requested to coordinate their actions to recover, retain
and move the ball to attack as well as to create goal scoring
situations, which requires well-developed tactical skills to achieve
successful performance [5]. According to Gréhaigne and Godbout
[5], tactical skills refer to the ability of a player to make and
execute an appropriate decision in any given situation according to
game constraints.

To perform successtully, players should present well-developed
tactical knowledge, which has been categorized as declarative
(“what to do”) and procedural (“doing it”) [8]. Studies have shown
that players with a higher level of performance present better
tactical knowledge in comparison to those players with lower levels
of performance [9,10]. In general, players with a better
understanding of the game are more able to perform successful
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tactical behavior and to make correct tactical decisions in game
events that enable them to achieve a high level of performance
[11].

Due to the constant changes in game environment, players are
also forced to inhibit pre-planned responses, anticipate actions and
coordinate body segments based on the complex and dynamic
flow of sensory information [12]. Thus, to perform efficient tactical
behaviors and achieve high performance levels, the players need to
present well-developed cognitive abilities [13].

The neuropsychology field has used the term executive function
(EF) as an “umbrella” construct comprising a wide range of
cognitive processes and behavioral competencies to describe
actions that involve inhibiting responses, decision-making, effortful
and flexible organization of actions, anticipatory actions, and
strategic planning [14]. Although EF is often considered a domain-
general cognitive function, researchers have described a distinction
between metacognitive (associated with circuitry involving the
dorsolateral prefrontal cortex) and emotion/motivation related
(associated with the orbitofrontal cortex) EF [15].

Affective decision-making is a decision process with emotional
consequences marked by meaningful rewards and/or losses [16].
Even this process demands more purely cognitive skills, such as
attention and working memory, which are necessary to keep track
of the consequences of previous choices, though making affective
decisions relies mainly on EF, as it is more related to emotional
and motivational processes [17,18]. Across the lifespan, making
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decisions that will bring greater long-term gains instead of
immediate rewards is a crucial skill that is developed during
childhood and adolescence [19,20].

Vestberg and colleagues [21] explored the influence of EF in
predicting the success of soccer players. The authors verify that
“high division players” had better performance than “low division
players” on some EF measures. In addition, the authors argued
that in a selection process of future soccer players, decisions should
include not only judgments of physical capacity, ball control and
how well the player performs but also need to include measures of
executive functioning using validated neuropsychological tests.
Thus, the authors concluded the paper with “... the present study
may change the way ball-sports are viewed and analyzed and how
new talents are recruited.” (Vestberg et al., 2012, p.4). However,
the cognitive abilities tested by these authors in their study were
more cognitive-type EF.

As observed for this type of EF, those processes related to
emotional/motivational components of EF, such as affective
decision-making, seem to be important to performance in soccer.
Because a player’s decisions are related not only to contextual,
perceptual and cognitive aspects of the game but also involve
motivational and emotional factors, it is important to assess the
relationship between affective decision-making and performance
in soccer players [17]. Thus, the purpose of this study was to
explore the influence of affective decision-making on tactical
behavior in young soccer players.

Methods

Participants

This study comprised 9,713 tactical behaviors (4,698 offensives
and 5,015 defensives) performed by 153 under-15 (U-15) soccer
players (Mean age=14.35; SD=0.63). All participants were
engaged in regular training sessions in soccer at least three times
a week. Moreover, they were participating in a regional level
championship for their age category.

Before the data collection, the directors of teams signed a
document authorizing the research. Additionally, the participants
and their parents signed a legal consent allowing data collection
and the use of the data for research purposes. This study was
authorized by the Ethics Committee (Of. 132/2012/CEPH/01-
12-11) of the Universidade Federal de Vigosa.

Task

Tactical Behavior. To evaluate the tactical behavior of the
players, the System of Tactical Assessment in Soccer (FUT-SAT)
was used [11,22]. The conceptual structure of FUT-SAT is based
on the ten core tactical principles of soccer, being five for the
offensive phase: penetration, offensive coverage, depth mobility,
width and length and offensive unity; and five for the defensive
phase: delay, defensive coverage, balance, concentration and
defensive unity [22]. These principles were chosen since they
represent the core aspects of the process of teaching and training of
tactical skills. Besides that, this set of principles objectively
measures players’ motion according to the management of playing
space performed by them.

FUT-SAT comprises two macro-categories, seven categories
and 76 variables that are organized according to the type of
information dealt with by the system (for more details see [22]).
The Macro-Category Observation comprises three categories and
24 variables. This Macro-Category, named Tactical Principles,
comprises ten variables. The category Place of Action in the Game
Field features four variables and the category Action Outcomes
features ten variables.
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The Macro-Category Outcome features four categories and 52
variables. In this Macro-Category, all four categories Tactical
Performance Index (TPI), Tactical Actions, Error Percentage and
Place of Action Related to the Principles (PARP) comprise the
same thirteen variables. The Macro-Category Outcome is so
called becasue its variables are dependent on the information
provided by the variables that compose the Macro-Category
Observation.

The FUT-SATs field test (Goalkeeper +3 vs. Goalkeeper +3) is
performed during four minutes in an area of 36 meters long by 27
meters wide, according to the official laws of soccer, except by the
offside rule.

To assess tactical behavior we used players’ Offensive,
Defensive, and Game Tactical Performance Index values.

Affective Decision-making Task. The Iowa Gambling
Task (IGT) is an experimental neuropsychological task designed
to study the integration of emotion and cognition in decision-
making processes. It simulates real-life decision-making with
uncertainty concerning premises and outcome as well as reward
and punishment. Impaired performance has been found in
patients with bilateral damage to the ventromedial prefrontal
cortices [23].

A computerized Brazilian version of the IGT was used [24].
Starting with a $2,000 loan of fake money and with the
mnstructions to win as much money as possible, the subjects were
told to choose one card at a time from one of four decks (A, B, C,
D). Immediately after every choice, the subjects received a
financial reward, although in some cases they also received a
financial punishment. Two of the decks (A, B) were disadvanta-
geous and resulted in immediate large rewards, but also in higher
punishment at unpredictable points. The other two decks (C, D)
were advantageous and resulted in immediate modest rewards, but
lower rate of punishment as well. In the long run, choosing from
the advantageous decks would result in a net gain, while choosing
from the disadvantageous decks would result in a net loss. The
subjects were informed that some (but not which) decks were more
advantageous and were warned to keep away from the disadvan-
tageous decks. The score on the IGT was defined as the number of
choices from the advantageous decks minus the number of choices
from the disadvantageous decks over 100 attempts.

Procedures

The first test performed by participants was FUT-SAT. This
test was performed according to the published protocol [11,22]. In
the next phase, the participants came to a room individually to
perform the IGT neuropsychological test. For this test, they were
invited to sit in a comfortable chair in front of a computer. In
addition to being given instructions on the computer screen, the
participants were read to by the instructor, who also ensured the
computational skills of participants for performing the task. The
test started after the participants affirmed their understanding of
the task. The test ended after the participants chose the last (100™)
card.

Data from the field test of FUT-SAT were recorded with a
digital camera (SONY HDR-XR100). The digital videos were
transferred to a laptop (COMPAQ 510 processor Intel Core
2 Duo) via cable and converted into avi. files. The software Soccer
Analyzer was used for data processing. This software inserts spatial
references in field test video and permits the identification of the
positions and movements of players on the field. Data collection
for the IGT was carried out using two laptops (COMPAQ 510
processor Intel Core 2 Duo and HP Pavilion dv4 14300us). These
data were stored on a laptop and later analyzed.
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The values for offensive, defensive and game tactical behaviors
were recorded according to the accurate rate of tactical actions
performed by players in the field test, which was provided by the
output of the test. The participants were grouped according to low,
intermediate and high levels of offensive, defensive and game
tactical behavior, as defined by their accuracy rates. In the low
group were the players who achieved scores =25%; in the high
group were those with scores =75%. The intermediate group (>
25% and <75%) was not considered in the analysis. Descriptive
values for these groups are shown in Table 1. Data analysis of IGT
was accomplished using results provided by the program used in
data collection. The performance of participants was measured
using the IGT net score provided by the test output.

Data Analyses

Descriptive statistics were used to verify the means and standard
deviations of offensive, defensive and game tactical behaviors.
Values of quartiles were also obtained. The normality of the data
distributions was verified by the Kolmogorov-Smirnov test. The
low and high groups were compared and found to be different.
Comparisons of the performance in IGT net score between the
low and high groups for offensive, defensive and game tactical
behaviors were accomplished using the non-parametric Mann-
Whitney test. The effect size analysis for the Mann-Whitney was
calculated using the following equation: V=Z/\/ﬁ where, r is the
effect size, Z is the z-score, and N is the overall number of cases.

The test-retest method was used to verify the coefficient of
reliability of the tactical analysis [25]. A minimum of three weeks
elapsed between analyses. Ten trained observers evaluated a total
of 1,583 tactical actions (16.3%), a value higher than the minimum
recommended (10%) by the literature [26]. Values of intra-
observer reliability varied from 0.79 (SE=0.053) to 1.00, and
values of inter-observer reliability varied between 0.71
(SE=0.013) and 0.85 (SE=0.017). The statistic of Kappa was
used to verify the coefficient of reliability of the analysis.

Statistical analyses were conducted using the Statistical Package
for Social Sciences (SPSS) 18.0. The level of significance used was
p<<0.05.

Results

Figure 1 presents the performance of players on the IGT.
Comparisons of the IGT net scores achieved by players from low
(=25%) and high (=75%) Offensive, Defensive and Game
Tactical Behavior are shown.

Differences between the low and high groups on the IGT net
scores were observed with regard to Defensive Tactical Behavior
DTB) (low group M=-5.263; SD=12.998); high group
M=4.718; SD=14.513); (Z=-3.113; p=0.002; r=—0.353)
and Game Tactical Behavior (low group (M= —4.790;
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SD=14.752); high group (M=3.526; DP=14.926); (Z=~—
2.267; p=0.023; r= —0.260)).

Discussion

The present study aimed to explore the influence of affective
decision-making on tactical behavior in Under-15 soccer players.
Statistically significant differences were observed in IGT net scores
between players with low and high defensive tactical behavior
(DTB) and game tactical behavior (GTB). These results revealed
that affective decision-making ability was different between the
lower and higher groups and may have influenced the tactical
behavior of the players, specifically in the defensive phase and in
the game itself. Thus, affective decision-making was shown to be
an important measure in estimating the ability of young soccer
players to achieve high levels of defensive and game tactical
behavior.

No statistically significant differences in IGT net scores were
observed between players in the low and high groups with regard
to offensive tactical behavior (OTB). This result revealed that in
the offensive phase, affective decision-making seems not to
influence the tactical behavior of players. It is possible that in
this phase of the game, differences in tactical behavior of the
players is influenced by others factors, such as technical,
perceptual and cognitive skills, among others. Differences in the
characteristics of the two phases of soccer games are reported in
the literature. In the defensive phase of the game, low decision-
making is more related to low performance since that players
prioritize order, organization and security [27]. In contrast, in
offensive phase of the game, risk-taking behavior seems to be not
so deleterious. In the defensive phase, players are pressured all the
time to not make mistakes, whereas this pressure is less because an
error in attack is not so harmful in the offensive phase. Thus,
players can present lower levels of affective decision-making ability
and even achieve great OTB, whereas this deficiency would more
likely detract from DTB. In practice, in the offensive phase of play,
the tactical behavior of players should not be influenced by their
affective decision-making. Therefore, good or bad players with this
ability could achieve high levels of OTB. However, this ability
seems to be very important for players achieving high DTB. Thus,
it is recommended that players with good performance on affective
decision-making focus on defense because they are expected to
achieve higher DTB than those players with poor affective
decision-making performance.

Affective decision-making has been previously investigated in
neuropsychological clinical settings, and it has been shown to be
important for evaluating cognitive damage in patients [23,28,29].
A group of core neuropsychological abilities have been categorized
as Executive Functions (EF). Some of these abilities, termed “cool”
EF, are related to attention, working memory, planning and

Table 1. Descriptive values of the tactical behavior of participants.

Tactical Variables Low group High group P
Mean sD Mean sD

OTB1 73.92 7.89 96.97 2.25 p<<.001

DTB2 59.69 9.83 92.32 3.71 p<<.001

GTB3 69.70 6.66 92.83 1.99 p<<.001

p<<.05.

doi:10.1371/journal.pone.0101231.t001
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OTB: Offensive Tactical Behavior; DTB: Defensive Tactical Behavior; GTB: Game Tactical Behavior; SD: standard deviation.
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Figure 1. Comparison of the performance of players from low and high tactical behavior groups on IGT net score.

doi:10.1371/journal.pone.0101231.g001

inhibition and are mediated by lateral inferior and dorsolateral
frontostrial and frontoparietal networks [18]. Affective decision-
making has been classified as “hot” EF, which is associated with
events that have emotionally significant consequences and are
mediated by the lateral orbitofrontal and ventromedial frontal
regions of the prefrontal cortex [16].

A previous study by Vestberg et al. [21] revealed that some
cognitive abilities, such as creativity, response inhibition and
cognitive flexibility, can predict the level of performance of soccer
players. All of these abilities are categorized as “cool” EF. The
present study is the first to provide evidence on the influence of
affective decision-making on tactical behavior of players. The
results revealed that players with better affective decision-making
were also better in DTB and GTB.

To achieve successful tactical behavior in soccer, players must
perform suitable positioning and distribution on the game field,
anticipate actions and make appropriate decisions [30,31]. Such
decisions are influenced by some individual and contextual factors
that guide them to make the best tactical decisions according to
game constraints [32] and are also influenced by some motiva-
tional and emotional features [17]. According to the somatic
marker hypothesis, decisions made by individuals are influenced
by marker signals that arise through bioregulatory processes,
including those that are expressed through emotions and feelings,
which often occur in situations where individuals are faced with
situations resulting in gains and losses as well as risks and rewards,
all of which are very common in soccer games [33].

A wrong pass, an error in positioning or any wrong tactical
decision made by a player can result in a loss for the team. It is not
difficult to remember situations in official matches when a wrong
decision by a player, specifically in defense, had a negative
consequence for his team. In contrast, an unpredictable and
successful offensive decision can result in goals scored and
winning. In some situations, impulsive decision-making can result
in effective offensive tactical behaviors. It is possible that because
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of such situations, affective decision-making did not differ between
low versus high players with regard to OTB.

During a soccer game, players are faced with situations in which
they must choose, among several possibilities, the best and safest to
achieve their goals with less or no risk(s). Through qualified
training, players can explore the various possibilities of the game
and learn to recognize and organize appropriate configurations of
play [7]. To perform successfully, players must develop multiple
abilities, including affective abilities. Although neuropsychological
studies reveal that considerable biological maturation of the frontal
lobes occurs during childhood and early adolescence, there is
evidence that this process continues slowly throughout late
adolescence [34,35].

Adolescence is a phase of development through the lifespan in
which an increase in the expression of impulsive behavior is often
observed. According to Erst [36], the motivated behavior in
adolescence could be explained by imbalance between three
neurobiological systems. The first system is related to avoidance of
negative events processed under activation of brain structures such
as the amygdala, insula and hippocampus. The second system is
related to approach and exploratory behavior, including decisions
based on novelty, immediate gains and pleasure. This system is
related to the ventral striatum and orbitofrontal cortex. Finally, a
third system related to regulation and balance between the former
systems 1s related to the activation of the dorsolateral, ventrome-
dial and anterior cingulate prefrontal cortex. The immaturity of
structures related to the regulatory system during the adolescence
and the hyperactivation of the approach system in comparison to
the avoidance system is an explanation for the natural increase of
the impulsive/appetitive/immediatist behavior in adolescents
[37]. This behavioral trend decreases until the end of adolescence
and the early adulthood and is related to the maturation of the
prefrontal cortex.

Several studies support this proposal. For example, Smith, Xiao
and Bechara [29] showed that performance on IGT was impaired
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in early adolescence (12 years old) but improved during last
adolescence (up to age 17). These data suggest that the ability of
taking the future into account during affective decision-making
processes develops throughout adolescence. This difference
between decision-making processes between adolescents and
adults hinders the generalization of the presented results. Future
research should be addressed considering the relationship between
decision-making and tactical performance in soccer players during
adulthood. According to Steinberg [38], emotions have an
important impact on basic cognition. Therefore, this relationship
may explain why affective ability is important for players to
perform successful tactical behaviors. In this sense the present
study point to the importance of the development of affective
decision-making process development in adolescent players.

This study presents important findings on the role of affective
decision-making for tactical behaviors in soccer players. Such
findings could help to highlight functions performed by the
complex neurocognitive system and their role in supporting
players’ abilities to achieve successful performance. This informa-
tion could also be useful to technical committee professionals in
the process of identification and development of young soccer
players. Greater affective decision-making abilities were related to
better tactical behavior in young soccer players; thus, affective
decision-making must be developed in training.

It is important to affirm that the task used to assess affective
decision-making in the present study is neither specific nor
ecologically related to the game of soccer. However, the findings
presented here are important because they reveal that the
assessment of affective decision-making by a validated neuropsy-
chological test can estimate players’ potential to perform efficient
tactical behaviors. Additional research involving players from
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From the results observed in this study, it is possible to affirm
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under-15 soccer players. It was found that differences in
performance on the Iowa Gambling Task (IGT) neuropsycholog-
ical test were linked to the tactical behavior scores of players.
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presented better performance on IGT than those with low
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