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SOMATIC MARKERS IN DECISION-MAKING
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6- TO 14-YEAR-OLD CHILDREN
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Abstract: The aim of the research was to study somatic markers during decision-making in
children aged 6-14 years. On the basis of the success in Piaget’s experiments, 27 children were
divided into three groups — preoperational stage, concrete operational stage and formal opera-
tional stage. Children played a modified lowa Gambling Task while skin conductance and heart
rate were measured. The somatic markers appeared during decision-making in children from the
age of approximately 10 years, the period of concrete operational stage.
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Introduction

Emotional states are accompanied by
physiological changes in the body medi-
ated by peripheral, autonomic, endocrine,
and skeletomotor responses (Iversen,
Kupfermann, & Kandel, 2000). These physi-
ological changes are based on past experi-
ences, when the body “learned” that a cer-
tain event leads to a pleasant or unpleasant
feeling. Damasio (1996) called them somatic
markers. Although somatic markers are of-
ten unconscious (e.g., pupil dilation), the
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brain evaluates them as relevant information,
which we perceive as an intuitive feeling.
Bechara et al. (1997) found that emotion ex-
perienced in decision-making (e.g., during
risky choices) is accompanied by somatic
physiological changes.

The aim of our research was to determine
whether somatic markers, which reflect in-
tuitive feelings and which dissuade adults
from risky choice, occur also during deci-
sion-making in children. Skin conductance
is considered a primary indicator of somatic
markers, in particular of sympathetic phy-
siological arousal (Bechara et al., 1997).
Healthy people generate skin conductance
responses (SCR) whenever they consider
risky behavior and the SCR occurs even be-
fore they explicitly know about the riskiness
of a choice. Furthermore, SCRs are larger
during anticipation of losses than during
anticipation of gains (Bechara et al., 1996).
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Heart rate (HR) is another indicator ofan-
ticipatory physiological arousal. HR slows
down when a person prepares for a response,
and when the consequence is likely to be
disadvantageous and risky, HR slows down
even more (Crone et al., 2004).

The Iowa Gambling Task (IGT, Bechara,
2007) is often employed to investigate deci-
sion-making and somatic markers. A partici-
pant’s task in the IGT is to select cards from
four decks to collect as much money as pos-
sible. Some cards are risky, because they lead
to losses in the long run (despite large short-
term gains), and others are less risky, because
they lead to gains. Successful solving of IGT
requires sensitivity to one’s own emotions
or intuition (Pilarik & Sarmany-Schuller,
2009).

Men perform better in the IGT and the
differences between men and women in IGT
task progression and performance are small
but consistent, often only shown in large
samples of participants (van den Bos,
Homberg, & de Visser, 2012). This differ-
ence has been demonstrated in children and
adolescents as well (Overman et al., 2004;
Crone et al., 2005).

After Bechara et al. (1996), Damasio (1996)
and Crone et al. (2005) reported the failure of
children in the IGT, they concluded that chil-
dren are not “sensitive” to consequences
due to the “absence of emotional somatic
markers” related to choosing the advanta-
geous option and avoiding the risky one.
Crone et al. (2005) believe that the inability
of children (aged 7-12 years) to choose the
objectively advantageous option is due to
the later maturation of the prefrontal cortex.
They compared the decision-making of chil-
dren in IGT to Bechara’s sample of patients
with lesions in the ventromedial prefrontal
cortex, who also tend to fail in the IGT

(Bechara et al., 1994). However, Crone et al.
(2005) did not directly measure somatic mark-
ers.

On the other hand, Crone, Vendel, and Van
der Molen (2003) claim that healthy people
aged 12-25 years are already able to success-
fully deal with IGT and their success is de-
pendent on the age increase. Research of
Hooper and her colleagues (Hooper et al.,
2008), focused on adolescents, shows that
children aged 9-17 years are able to success-
fully deal with IGT and also that the success
was positively correlated with age of partici-
pants.

Four decks in the IGT are characterized by
three dimensions — frequency of loss, mag-
nitude of loss, and certain gain. Each of the
decks represents a different ratio of param-
eters of each dimension. For the success in
the IGT it is necessary to understand the
relations between all dimensions, and also
parameters of one deck related to another
one, to find out which deck is more or less
risky.

Child’s thinking in the preoperational stage
(PS) (age 2-7 years) is inter alia characterized
by focusing only on one aspect of a situa-
tion and ignoring other, possibly much more
significant ones. Piaget (1976) called this
phenomenon “centration”. It is therefore
likely that children in this stage will not be
able to simultaneously take into account all
the dimensions of each card deck of the IGT.
We assume that children in the PS will focus
only on one dimension in the IGT and this
will be the ratio of rewards and punishments.
Therefore, they should prefer a risky option
with a low frequency of large losses.

Successful solution of the IGT requires
understanding the relationships that are rela-
tively abstract. Children in the concrete op-
erational stage (COS) (7-11 years) can oper-
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ate only with symbols of (concrete) physical
objects and activities in their mind (Piaget,
1976). We therefore assume that children in
the COS will focus mainly on the frequency
of wins and losses, which does not require
an abstract understanding of the relation-
ship between all three dimensions. There-
fore, we predict that they will prefer the deck
containing more frequent rewards and less
frequent losses irrespective of the magnitude
of the losses.

In the formal operational stage (FOS) (age
11-15 years) the reasoning of children
changes from concrete to abstract and they
are able to combine and match various ele-
ments of a problem (Piaget, 1976). Therefore,
we assume that those children will be able to
grasp all parameters of the decks and the
relationships between them and this is the
reason why they will be more successful in
the IGT, compared to children of previous
stages.

It is known that somatic changes appear
depending on the expected consequences
of the particular decision. We expected
greater somatic responses after the choices
(before feedback) that were considered as
more risky by children of different cogni-
tive stages. Because an objectively advan-
tageous choice, which is much too com-
plex, is likely to be seen as risky by young
children, we expected greater somatic re-
sponses after both risky and complex ad-
vantageous choices by children in the PS
and COS.

Methods and Sample
Sample

We studied decision-making and psycho-
physiological changes in 27 children aged

6-14 years. The lower age limit was set to
include first grade students, who already
know the basics of mathematics. All children
were from the majority population and from
middle class families from a town with ap-
proximately 13 000 citizens.

Children were divided into three groups
according to their stage of cognitive devel-
opment. The criterion for inclusion into one
of the three groups was the successful or
unsuccessful solving of Piaget’s tasks. We
verified the ability of conservation of vol-
ume (children’s task was to determine
whether the volume of water stays the same
regardless of the shape of the vessels) and
conducted the experiment with the pendu-
lum (three different weights and three differ-
ent length of strings were available for use
to construct the fastest and slowest pendu-
lum — the task can test abstract thinking and
the ability to perceive a number of factors,
the relationship between them and the abil-
ity to select one relevant factor across the
problematic situation). 7 children (6 girls,
1 boy, M age = 7.5 years, SD = 1.08) were in
the PS, 10 children (7 girls, 3 boys, M age =
10.45 years, SD = 2.49) were in the COS, and
10 children (5 girls, 5 boys, M age = 12.25
years, SD =2.04) were in the FOS.

Modified IGT

Children played an experimental gambling
task, which was modified relative to the
original IGT (Bechara, 2007). The subject’s
task was to select cards trying to win as
much fictitious Iowa dollars as possible.
The modification was prepared according
to the model of the modified version of IGT
from the Institute of Cognitive Neurology
in Buenos Aires (INECO). The modified
version of IGT is called Ineco Children Gam-
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bling Task (ICGT) (Ttnyiova et al., 2012).
The ICGT was in the form of a computer
game programed in Presentation (Neuro-
behavioral Systems) and modified from the
IGT as follows:

1) The original IGT was divided into two
parts as follows:

- In the first part of ICGT (ICGT1) children
had to choose cards from only two decks,
which differed only in two parameters — the
magnitude of gains (which differs between
decks and is constant) and the frequency of
losses. The magnitude of eventual losses in
both decks was approximately the same.

- Bechara et al. (1997) observed a change
in the SCR in healthy people starting in the
range of 11th to 20th card selection. There-
fore, we considered allowing only 40 card
selections. Another reason for reducing card
selections from 100 to 40 is our assumption
that in the ICGT it is easyto find the advan-
tageous deck.

- In the second part of ICGT (ICGT?2) it was
necessary to take into account the propor-
tion of three variables — the magnitude of
gains, the frequency of losses, and the mag-
nitude of losses (in this case the magnitude
of losses varies between two decks).

-The ICGT2 was more challenging. There-
fore, we decided to allow 60 card selec-
tions.

2) The currency was changed to Euros and
the amount of money was decreased so that
wins at cards were 2 or 4 €, and possible
losses were from 1 to 60 €, the initial amount
of money was 150 €.

If a child chose cards from only the risky
deck, he or shelost 10 € in total after 10 card
selections. On the other side, 10 card selec-
tions from the advantageous deck lead to a
win of 10 € in total (Table 1).

The ICGT1 contains only two parameters,
therefore it is quite likely for young children
to be successful in the game. In the ICGT2
the advantageous deck entails a high per-
centage of losses of small magnitude. The
risky deck is attractive, because the number
of losing cards is small; they are, however,
associated with large losses (often more than
half of the current total of gains). Deviating
from the original IGT allowed us to gradually
increase the difficulty of the task. In this way
we could determine the degree of complex-
ity, which children of different ages were able
to assess in order to make profitable deci-
sions.

Table 1 Characteristics of the risky and advantageous decks in the ICGTI and ICGT2

ICGTI ICGT2
Risky deck Advegsl%eous Risky deck Advegjl%eous
Gain per card 4€ 2€ 4€ 2€
Average loss per 10 cards 50€ 10 € 50€ 10€
Score per 10 cards -10€ 10 € -10€ 10€
Number of losing cards per 5 1 1 5

10 cards
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Children played ICGT on a computer and
were asked to select cards and to try to win
as much money as possible; and if they failed
to win, they should try to avoid losses as
much as possible. Children knew that one
deck was advantageous and the other was a
risky one. They had to find out which deck
was more advantageous and then continue
to take cards from that deck.

SCR and HR Measurement

SCR and HR wererecorded using the Biopac
Student Lab System. Weused the MP36 data
acquisition unit. In the case of HR measure-
ment, we used disposable self-adhesive Ag/
AgCl snap electrodes and general-purpose
electrode lead SS2LB. Two electrodes were
positioned at the medial part of theankle and
the ventral part of the wrist of the left hand.
SCR was measured with reusable Ag/AgCl
electrodes filled with a0.05 molar sodium chlo-
ride Unibase emulsion. Two electrodes were
attached at the distal phalanx of index and
middle finger of the left hand.

The HR and electrodermal activity (EDA)
signals were sampled at 1000 Hz. The EDA
signals were low-pass filtered at 66.5 Hz and
the HR signals were band-pass filtered at 0.5
to 35 Hz toremove unwanted frequency com-
ponents. Furthermore, after visual inspection
we removed all segments with motion arti-
facts from the analysis.

A typical criterion is that the onset of an
SCR has to be between 1 and 3 s after stimu-
lus onset (Figner & Murphy, 2011). In earlier
studies of somatic markers the SCR is re-
searched before a card selection or also after
the feedback (Bechara et al., 1996). Bechara
etal. (2005) observed SCR already 5 seconds
before a card selection was manually made.
SCR is reactional increase of arousal, which

starts to occur approximately 1 second after
the stimulus and reaches its peak approxi-
mately in the 3rd second (Figner & Murphy,
2011). If the peak is observed 5 seconds be-
fore the card selection, it means that the event
to which the peak binds happened about 8
seconds before the card selection. But it is
questionable whether the final decision of
the respondent happened already in the 8th
second before pressing the keyboard and
the respondent did not consider any other
choice. In earlier studies the SCR index emo-
tional arousal during the period in which the
participant deliberates the choices. Hinson
etal. (2006) say that it is not possible to know
how many different choices were actually
being deliberated in this period, only that a
particular choice was ultimately made. There
are some newer studies which have exam-
ined the interval after the card selection and
before feedback (Tchanturia et al., 2007). We
decided to examine somatic markers in that
interval too, because in our opinion it better
reflects increasing arousal related to the an-
ticipation of the outcome of the concrete
decision made.

We were interested in SCR and HR related
to the card selection from the risky deck and
from the advantageous deck separately. Be-
cause SCR related to the card selection
should appear 1-2 seconds after the selec-
tion, we set a 4-second interstimulus inter-
val after a card selection and before a feed-
back. The feedback meant turning of the se-
lected card, when the child could see the
amount of money — won or lost. After the
feedback a 6-second interstimulus interval
ensued during which the SCR was expected
as a physiological response to feedback. We
did not measure the SCR after feedback, this
served as the minimum time interval for SCR
to return approximately to the baseline.
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- The SCR was measured in units of micro-
siemens and reflects the peak-to-peak ampli-
tude (highest minus lowest value) of the EDA
in the observed period. Then we averaged
artifact-free EDA segments after the card
selection from the risky and advantageous
deck respectively to obtain mean SCR of risky
and advantageous deck.

- The HR was measured in units of “beats
per minute” and reflects the average HR dur-
ing the observed period after the card selec-
tion from the risky and advantageous deck,
respectively.

We measured both HR and SCR in chil-
dren in the PS, however due to the numer-
ous motion artifacts in skin conductance re-
cordings we decided not to analyze the SCR
data in children in the PS.

The performance in the ICGT1 and ICGT2
was evaluated according to the formula:
score = (sum of cards drawn from the “ad-
vantageous deck”) minus (sum of cards
drawn from the “risky deck™). We divided
total card selections into blocks and one
block represented twenty card selections.

Results

In all the following statistical analyses we
set the level of statistical significance to p =
0.05.

At first we conducted intersexual compari-
son of the score of ICGT1 (Mann-Whitney
U test); changes in SCR between 2 blocks
(2x2 repeated measures ANOVA (SCR val-
ues for each of 2 decks x 2 blocks), sex as the
between-subject factor), HR (2x2 repeated
measures ANOVA (HR values for each of
2 decks x 2 blocks), sex as the between-sub-
ject factor) in each of Piaget’s stage sepa-
rately. We conducted the same procedure
with ICGT?2 data too.

We did not find differences between boys
and girls in the score in either of the ICGT
games and not in the changes of SCR and
HR either. Therefore, the following statisti-
cal analysis is conducted regardless of sex
differences of participants.

Description

Since the logs of children in the PS con-
tained morethan 50% of motion artefacts, we
decided not to analyze data from SCR in this
group. In the group of children in the COS,
we observed approximately 10% artefacts
and in the group of children in the FOS ap-
proximately 3%, but the artefacts were ran-
domlylocated throughout therecord. There-
fore, we decided toanalyze SCR logs in those
groups. In Table 2 are description statistics
ofscores, HR and SCR ofeach group, of each
block. The HR and SCR were measured for
advantageous and risky deck separately.

According to mean scores in the descrip-
tion (Table 2), in the ICGT1 children in the
COS and the FOS soon found out which deck
was advantageous and they achieved a posi-
tive score already in the first block (M= 5.6
in COS; M=4.5 in FOS). Children in the PS
achieved a positive score, however, the score
was low (M'=0.57 in the first block and M=
2.29 in the second).

In the ICGT?2 children in the PS preferred
the risky deck and therefore achieved a nega-
tive score (M =-9.71 in the third block). Their
preference for risky choice was relatively
stable. Children in the COS preferred risky
choice at first (M= -3.4 in the first block), but
in the third block achieved a higher (although
still negative) score (M =-1). Children in the
FOS seemed to be confused at first (M= 0.8),
but in the third block they started to prefer
the advantageous deck (M= 6.2).
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Table 2 Descriptive statistics of scores, HR and SCR of each deck, each block and each
group

Preoperational stage  Concrete operational ~ Formal operational

(PS) stage (COS) stage (FOS)
Block 1 2 3 1 2 3 1 2 3
Score = Yadvant. M 057 229 - 560 920 - 450 520 -
decks - Yrisk.decks Sp 251 390 - 652 510 - 445 559 -
HR risky deck M 88.88 9032 - 8943 8814 - 9154 9586 -
(beats per min.) SD 862 778 - 758 776 - 891 1026 -
- ?R]:‘dvamageous M 8868 9027 - 9007 9090 - 9170 97.30 -
eC
5 (beats per min.) SD 7.036 848 - 707 717 - 952 1063 -
SCR risky deck M - - - 173 212 - 160 171 -
(microsiemens) SD - - - 111 097 - 049 056 -
ici advantageous ;- ; - 198 190 - 159 153 -
eC
(microsiemens) SD - - - 108 108 - 056 097 -
Score = Yadvant. M -657 943 971 -340 -520 -1.00 0.80 120 620
decks - Yrisk. decks  Sp 299 6.19 828 499 675 1252 424 1038 11.13
HR risky deck M 8822 92.05 91.77 89.35 91.97 90.72 97.80 98.07 97.26
(beats per min.) SD 743 588 6.06 660 808 1010 11.06 9.58 10.18
) ?R]:‘dvamageous M 87.12 9296 9040 89.36 87.84 9035 96.73 99.92 98.93
(@) eC
S (beats per min.) SD 804 829 7.69 616 724 656 930 11.15 10.13
SCR risky deck M - - - 1.87 209 227 155 163 1.64
(microsiemens) SD - - - 1.12 135 131 079 095 084
ici advantageous ;- - - 208 247 225 206 156 147
eC
(microsiemens) SD - - - 113 122 106 110 071 114
in each block among the three groups we
Statistical Analysis opted for the one-way ANOVA with the
Piaget’s stage as the Group factor (Table 3).
Performance in ICGTI and ICGT2 The groups differed among themselves in

the achieved scores in almost every block.

According to descriptive statistics, groups ~ The most successful in the second block in
of children played the games differently. For  the ICGT1 (#(2,24) =4.060, p < 0.05) were
analysis of differences in the achieved score  children in COS (M =9.2). In the ICGT2 in all
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Table 3 Comparison of difference in achieved score in each block between the three

groups
F Sig.

o _. Scoreinblock 1 (2, 24) 2.206 0.132

Sh Score in block 2 (2, 24) 4.060 0.030

~ Score in block 1 (2,24)6.339 0.006

§ Score in block 2 (2, 24) 3.662 0.041

A Score in block 3 (2,24)4.272 0.026

Table 4 Comparison of achieved score between blocks within each group separately.
Comparison of increasing/decreasing score within blocks between groups

F Sig.
PS - score between blocks 1-2 (1, 6)0.720 0.429
&  COS - score between blocks 1-2 (1,9)2.761 0.131
5 FOS - score between blocks 1-2 (1,9)0.393 0.546
score between blocks x P. stage (2,24)0.732 0.492
PS - score between blocks 1-2-3 (2,12) 0.950 0.414
& COS - score between blocks 1-2-3 (2, 18) 1.240 0.313
5 FOS - score between blocks 1-2-3 (2,18) 1.229 0.316
score between blocks x P. stage (4,48) 0.854 0.498

Note. PS — Preoperational stage, COS — Concrete operational stage, FOS — Formal

operational stage

blocks the most successful were children in
FOS. In the first block (F(2,24)=6.339, p<
0.05) they achieved a score of M = 0.80; in
the second block (£(2,24)=3.661, p <0.05)
M=1.20, in the third block (F(2,24)=4.272,
p<0.05), M=6.2.

The mean values in Table 2 show that the
score changed between the blocks. For proof-
ing the significance of this change within
each group separately and between groups

we conducted repeated measures ANOVA
with within-subject factor score in block 1,
block 2, and eventually block 3 in the ICGT?2.
Piaget’s stage represented the between-sub-
jects factor (Table 4).

According to results from Table 4 it seems
that in the groups the score did not increase
or decrease significantly during the game.
There was no significant difference in
changes in the score between groups either.
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If we focus on the comparison of scores
among groups at one time, groups differed
how they performed in individual blocks
(Table 3). However, the performance of each
group did not change significantly between
blocks in ICGT1 or ICGT2 (Table4). It is prob-
ably because children figured out relatively
quickly the strategy of the game and did not
change it significantly while playing.

Somatic Markers

HR slows down more when a person ex-
pects disadvantageous consequences and

the SCR increases more when making a risky
decision rather than an advantageous one.
Focusing on changes between blocks in an-
ticipatory HR and SCR associated with a risky
or an advantageous deck, we conducted the
repeated measures ANOVA (within-subject
factor is mean HR or SCR values of each deck
and of each block separately). We were also
interested whether there is a significant dif-
ference in those changes of anticipatory HR
or SCR among groups (within-subject factor
is the mean HR or SCR values of each block,
between-subject factor is the Piaget’s stage)
(Table 5).

Table 5 Comparison of HR and SCR between blocks within each deck separately and

comparison with Piaget's stage

F Sig.
HR of'risky deck between blocks 1-2 (1,23) 10.553 0. 004
HR of risky deck between blocks 1-2 x P. stage (2,23)13.986 0.000
HR of advantageous deck between blocks 1-2 (1,24)10.250 0.004
. HR of advantageous deck between blocks 1-2 x P. stage (2,24)4.151 0.028
5 SCR of risky deck between blocks 1-2 (1, 18) 1.575 0.226
SCR of risky deck between blocks 1-2 x P. stage (1,18) 1.813 0.195
SCR of advantageous deck between blocks 1-2 (1, 18) 1.096 0.309
SCR of advantageous deck between blocks 1-2 x P. stage (1,18).172 0.683
HR of'risky deck between blocks 1-2-3 (1.752, 36.782) 4.536 0.021
HR of'risky deck between blocks 1-2-3 x P. stage (3.503, 36.782) 0.956 0.435
HR of advantageous deck between blocks 1-2-3 (1.931, 46.334) 6.505 0.004
& HR of advantageous deck between blocks 1-2-3 x P. stage (3.861,46.334) 4.576 0.004
5 SCR of risky deck between blocks 1-2-3 (2,32)4.926 0.014
SCR of risky deck between blocks 1-2-3 x P. stage (2,32)2.077 0.142
SCR of advantageous deck between blocks 1-2-3 (1.865, 33.577) 0.522 0.586
SCR of advantageous deck between blocks 1-2-3 x P. stage (1.865, 33.577) 5.033 0.014
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HRinthe ICGTI1

The mean HR in case of the risky deck in
the ICGT1 increased significantly in the sec-
ond block compared to the first (£(1,23) =
10.553, p<0.05). Taking into consideration
Piaget’s stages, there were significant differ-
ences between the stages too (£(2,23) =
13.986, p < 0.05). The most obvious mean
enhancement of the HR in case of the risky
deck was by children in the FOS (from 91.54
10 95.86 beats per minute).

The HR for the advantageous deck
across all stages increased significantly
from the first to the second block of
ICGT1 (F(1,24) =10.250, p < 0.05). When
Piaget’s stage is taken into account, the
difference in mean HR of the advanta-
geous deck between two blocks was sig-
nificant too (F(2,24) = 4.151, p<0.05). The
biggest mean enhancement of the HR in
case of the advantageous deck was in the
FOS group (from 91.70 to 97.30 beats per
minute).

SCR in the ICGTI

We have not observed significant differ-
ences in mean SCR between two blocks of
ICGT1 after a card selection from the risky
deck (F(1,18)=1.575, p>0.05) and also not
after a card selection from the advantageous
deck (F(1,18)=1.096, p > 0.05). However, the
mean SCR in the second block in both groups
of children is slightly higher after a card se-
lection from the risky deck (2.12 microsi-
emens in COS, 1.71 microsiemens in FOS)
compared to the advantageous deck (1.90
microsiemens in COS, 1.53 microsiemens in
FOS).

HRin the ICGT2

The HR of risky deck significantly
changed during the playing of the ICGT2
(F(1.752,36.782) = 4.536, p <0.05), but the
changes between the groups were not sig-
nificant (F(3.503,36.782)= 0.956, p > 0.05).
This indicates that all children in all stages
considered risky deck as risky and as the
game progressed they expected unfavorable
consequences after a card selection from this
deck.

Particularly notable are differences in mean
HR after a card selection from the advanta-
geous deck in the ICGT2 (F(1.931,46.334) =
6.505, p<0.05). When Piaget’s stage is taken
into account, the differences in mean HR af-
ter a card selection from the advantageous
deck are significant too (F#(3.861,46.334) =
4.576, p <0.05). We expected that this deck
would be perceived as risky by younger chil-
dren and as risky at first and then later as
advantageous by older children. Therefore,
we also expected differences between the
groups in changes in the mean HR after a
card selection from the advantageous deck.
In children in the PS we observed that the
mean HR of the advantageous deck in the
third block (90.40 beats per minute) decreased
in comparison to the second block (92.96
beats per minute), which may reflect the
children’s adverse expectations about the
consequences after selecting a card from this
advantageous deck. An additional reason for
the differences between Piaget’s stages in
HR during the game is the way the children
in the COS played ICGT2. Their strategy
seems uncertain because in the third block
the number of the card selections from the
advantageous and the risky deck was about
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the same and their score was close to zero
(-1). In children in the COS we also found the
greatest interindividual differences (SD =
12.52).

SCR in the ICGT2

The mean SCR after a card selection from
the risky deck changed significantly
throughout playing the ICGT2 (F(2,32) =
4.926, p<0.05). But comparing the COS and
FOS, the changes in the mean SCR after a
card selection from the risky deck were not

significant (F(2,32)=2.077, p >0.05). This
means that children of both stages consid-
ered approximately equally the riskiness of
the deck and were concerned about the con-
sequences after a selection from this deck.
Comparing children from the COS and
FOS, the SCR after a card selection from the
advantageous deck in the ICGT2 changed
significantly (F(1.865,33.577)=5.033,p <
0.05). The possible uncertainty in playing the
ICGT?2 in children in the COS indicates that
the children considered both decks to be
about equally risky (score in the third block

Table 6 Comparison of the differences in HR and SCR between risky and advantageous
deck during the game in each stage separately and comparison between stages

F Sig.
PS - HR of advant. vs. risky deck x 1-2 blocks (1, 6) 0.023 0.884
COS - HR of advant. vs. risky deck x 1-2 blocks (1, 8) 4.644 0.063
FOS - HR of advant. vs. risky deck x 1-2 blocks (1,9) 0.927 0.361
= HR of advant. vs. risky deck x 1-2 blocks x P. stage (2,23)0.434 0.653
5 PS - SCR of advant. vs. risky deck x 1-2 blocks - -
COS - SCR of advant. vs. risky deck x 1-2 blocks (1,9) 10.857 0.009
FOS - SCR of advant. vs. risky deck x 1-2 blocks (1,9) 2.004 0.190
SCR of advant. vs. risky deck x 1-2 blocks x P. stage (1,18)2.128 0.162
PS - HR of advant. vs. risky deck x 1-2-3 blocks (2,10)0.298 0.748
COS - HR of advant. vs. risky deck x 1-2-3 blocks (2,18) 6.794 0.006
FOS - HR of advant. vs. risky deck x 1-2-3 blocks (2, 14) 1.346 0.292
o HR of advant. vs. risky deck x 1-2-3 blocks x P. stage (3.711, 38.962) 2.311 0.079
5 PS - SCR of advant. vs. risky deck x 1-2-3 blocks - -
COS - SCR of advant. vs. risky deck x 1-2-3 blocks (2, 18)2.200 0.140
FOS - SCR of advant. vs. risky deck x 1-2-3 blocks (2,14)3.552 0.057
SCR of advant. vs. risky deck x 1-2-3 blocks x P. stage (2,32)2.634 0.087

Note. PS — Preoperational stage, COS — Concrete operational stage, FOS — Formal operational stage
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is -1), whereas at the end of the game chil-
dren in the FOS already distinguished the
advantageous and the risky deck correctly
(score in the third block is 6.2). This results
in differences in the successive changes in
the SCR between children of stages.

In order to analyze the increasing differ-
ence in HR between the risky and advanta-
geous deck during the game in each stage
separately, we conducted 2x2 (resp. 2x3) re-
peated measures ANOVA (HR values for
each of 2 decks x 2 blocks, resp. 3 blocks).
We used the same analysis also with the SCR
data. For observing whether differences
among groups are significant, we included
the between-subject factor of “Piaget’s
stage” into the analysis (Table 6).

Inthe ICGT1 we found differences in SCR
between the advantageous and risky deck,
which changed significantly over time (be-
tween first and second block) in the COS
(F(1,9)=10.857,p<0.05). Inthe ICGT2 inthe
COS we found differences in HR between the
advantageous and risky deck, which changed
significantly over time (between first, second
and thirdblock) (F(2,18)=6.794, p<0.05).

Discussion

In our research we were interested whether
it was possible to observe somatic markers
in children. We used the modified lowa Gam-
bling Task, where we expected that in the
more complex part of the game younger chil-
dren will opt for risky options, because they
will find them more advantageous.

Performance in the ICGT1 and ICGT2
In the ICGT1 (the less complex part of the

game) all children relatively quickly figured
out the game and parameters of the decks.

Already in the first block they achieved a
positive score and their preference for the
advantageous deck persisted along the
whole game. However, children in the PS
achieved a relatively low score of about zero.
This means that they did not prefer one of
the decks significantly more than the other
and they selected approximately the same
number of cards from the advantageous and
risky deck.

Children in the PS preferred the risky deck
in the ICGT2. The way the children in the
COS played the ICGT2 seemed to be waver-
ing. Children in the FOS moderately preferred
the risky deck at first, but in the third block
they already achieved a positive score. Af-
ter a few experiences with a loss, only chil-
dren in the FOS distinguished correctly
which deck is more risky. This means that
predominantly children in the FOS were able
to understand all three parameters of the
decks and relations between them.

Statistical analysis shows that groups dif-
fered in scores achieved in individual blocks.
Because in none of the groups there was
significant difference within blocks in ICGT1
nor within blocks in [CGT?2, the children likely
created a strategy that has not changed
much during the game.

Somatic markers in the PS

Logs from card selections from the ICGT1
show that some children chose cards alter-
nately and did not prefer any of the decks.
Also, the psychophysiological changes in
the HR were approximately the same after a
card selection from both decks in the ICGT1.
One explanation is that children in the PS
were too little motivated for playing the game.
But if we disregard small motivation, we still
cannot deny that the somato-sensoric pat-
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tern did not activate, thus, the somatic
markers were absent (Bechara et al., 1996;
Damasio, 1996; Crone et al., 2005).

The ICGT?2 children in the PS did not se-
lect a card alternately and we also observed
subtle differences in the anticipatory HR. In
the second block, HR slowed down after a
card selection from the risky deck more than
after the selection from the advantageous
deck. In the third block it was reversed. How-
ever, as the differences were not significant,
it is possible that this is a result of a chance.
Therefore, we cannot unerringly negate the
argument of Bechara et al. (1996), Damasio
(1996), Crone et al. (2005) that in children (in
this case up to seven years of age) somatic
markers are absent in the process of deci-
sion-making.

Somatic markers in the COS

Children in the COS in the ICGT]1 already
in the first block chose cards mainly from the
advantageous deck. In the ICGT1 anticipa-
tory HR was lower (which means stronger
fear reaction) after card selection from the
risky deck than after a selection from the
advantageous deck but the difference was
not significant.

We observed in the ICGT1 greater SCR
increase after a card selection from the risky
deck than the advantageous deck, and this
difference is notable. Children in the COS
achieved a greater score increase from first
to second block when compared to FOS
group. Observed somatic markers changes
in children in the COS reflect their improving
performance while playing ICGT 1.

Differences in anticipatory HR and SCR in
the ICGT?2 also practically copied the behav-
ior data. Although differences in SCR do not
seem as considerable, the trend corresponds

to our expectations that in children in the
COS skin conductance increases more after
a choice (according to their understanding
of the situation) they hold to be risky. Ap-
proximately from the second block occur
observable differences in somatic markers.
Negative score in the second block means
that children avoided choices from the ad-
vantageous deck (because they expected
adverse consequences). In the third block
of the ICGT2 the ratio of choices from the
risky and advantageous deck was almost
balanced and the difference in anticipatory
SCR after a card selection decreased as well.

Mean age of children examined in the COS
was 10.45. Since differences in anticipatory
HR during the game were significant and we
observed different values for risky and ad-
vantageous decks and since differences cor-
responds to the deck preference, this phe-
nomenon can be attributed to the activation
of the somatic sensory pattern. In this case,
we believe that from approximately 10 years
on, respectively from the COS in healthy
children, somatic markers are manifested
more notably and perform their function. Our
findings correspond to Crone et al. (2003)
and Hooper et al. (2008), who say, that chil-
dren up to 12, respectively up to 9 years of
age are able to solve the IGT.

When a child in the COS, based on his or
her intuitive feelings, chooses a behavior
that is objectively risky, it is not because of
absence of somatic markers, but because this
child cannot take into account all factors of
the situation yet (and therefore may intu-
itively prefer also a risky option).

Somatic markers in the FOS

In the ICGT1 in children in the FOS the
anticipatory HR was lower after a card selec-
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tion from the risky deck than after a selec-
tion from the advantageous deck. However,
this difference was not significant.

Atthe beginning of the ICGT?2 the differ-
ence in anticipatory HR between decks was
relatively small (also the difference between
the amount of cards selected from the risky
and advantageous deck was minimal). In the
second and third block the gap widened on
behalf of the fear reaction after selecting from
the risky deck. However, this difference was
still small.

In the ICGT2 theriskydeckis “misleading”
because it contains only one losing card out
of 10 cards. Given that children initially had
very little experience with the loss, it is not
surprising that they preferred a risky option
at first. However, after several losses from the
riskydeck, theyrealized all three parameters
of the decks and somewhat began to prefer
the advantageous deck in the third block.
Since preference or avoidance of decks was
relatively balanced, it is likely that the chil-
dren were aware of all three characteristics
of the decks, however, they considered both
options as similarly risky at first. Therefore,
the somatic markers did not manifest them-
selves after a card selection from one of the
decks morethan from another. Perhaps, ifthe
children had the opportunity to play ICGT2
alonger time and had more experience with
losses, they would have probably preferred
the advantageous deck more often, which
would have been reflected in the greater
manifestations of somatic markers.
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