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The article presents a study of the mental model deficit in preschoolers with mental retardation. The
aim of this study using eye tracking is to identify markers that can predict the difficulties of social cog-
nition associated with a deficit in the mental model in children with mental retardation. A comparative
study of 64 typically developing preschoolers and preschoolers with mental retardation was carried out.
To study the formation of a mental model, the paradigm of understanding false beliefs and experimental
situations were used, which actualize in children the idea of the possible success of using and recogniz-
ing deception. Additionally, in the experimental situation, the method of registration of eye movement
was applied to identify the level of the mental model. It is shown that with a deficiency of the mental
model (from the point of view of understanding and applying false beliefs), there is a concreteness of
perception, difficulties in using sign-symbolic means of social interaction, inability to suppress impulsive
action and act from the position of a social partner. Children with mental retardation often turn not to
sign-symbolic means, but to specific external signs of the situation: behavioral manifestations, actions,
experience difficulties in distancing themselves from their own beliefs in order to rely in behavior on
ideas about the knowledge of an adult. According to the results of an eye tracking study on heat maps of
preschoolers with mental retardation, there is a deficiency of a gaze direction detector, which is necessary
for understanding the intentions and predicting the actions of an adult. Eye movement analysis confirms
that children with mental retardation often do not track the behavior of an adult and his reactions in
situations of recognition and application of false actions.
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B crartpe mpencraieno nccrenoBanme aeUIITa MOAEIN ICUXUIECKOTO Y AOMKOIBHITKOB C 33/I€P5KKOI
MICUXNYeCKOTO pa3BuTud. Llesp ncemeoBaHmsl METOZOM CJIEKEHUS 32 IBUIKEHNEM IJ1a3 BBISIBUTH MapKephl,
KOTOPbBIE MOTYT IIPE/ICKA3aTh TPY/IHOCTH COIIMATBHOTO TI03HAHNS, CBI3aHHBIE C IeUITTOM MOIEIIN TICHXITYe-
CKOTO Y JIeTeil ¢ 3a/IepsKKOI Iicuxudeckoro pazsutust. IIposezeno cpaBHUTEIbHOE HCCaenoBanne 64 TUITMYHO
Pa3sBUBAIONINXCS JOIIKOJBHIKOB 1 JIONTKOJbHUKOB € 3a/ICPXKKOI TICHXNYecKoro passutud. s nceienosa-
HUSI CTAHOBJICHUSI MOJICJIV TICUXUYECKOTO ObLIIN HCITOJIb30BAHbI MAPAMTMA TOHUMAHUS JIOKHBIX YOCKICHUIT
1 9KCTIePIMEHTAIbHbIE CUTYAllNH, aKTyaIn3uPYIONTe y AeTeil MPeACTaBIeHNsS O BOSMOKHOW YCHENTHOCTH
NPUMEHEHMsT ¥ PACIiO3HaBaHusl oOMaHa. J[OMONHUTEIbHO B 9KCIIEPUMEHTAIBHON CUTYAI[MU HA BBISBJICHIE
YPOBHSI MOJIEJIN [ICUXMYECKOTO OBl IIPUMEHEH METOJ PErUCTPALlK JBIIKEeHUsT a3, [lokasaHo, 4To npu jie-
buruTe MOZIEN ICUXUYECKOTO (€ TOYKU 3PEHUST IIOHUMAHYSI M IPUMEHEH ST JIOKHbIX yOeskieHuil) Habmona-
I0TCS KOHKPETHOCTD BOCHPUSTHUS, TPYAHOCTH IIPUMEHEHUS 3HAKOBO-CUMBOJIMYECKUX CPE/ICTB COIMAIBHOTO
B3aUMOJICHCTBHS, HECTIOCOOHOCTD TOJABUTH UMITYIbCUBHOE JICHCTBHE 1 JICHCTBOBATD U3 TIO3UIIUH COIUAIb-
HOro maprHepa. JleTn ¢ 3a/IepKKOi MCHXITYECKOT0 Pa3BUTHs Yarlie 0OpaIaioTes He K 3HAKOBO-CHMBOJIHYE-
CKHM CPEJICTBAM, a K KOHKPETHBIM BHEIITHIM ITPU3HAKAM CUTYAITIH: IOBEAEHYCCKNIM ITPOSIBJICHUSIM JIeHCTBUS,
UCIBITBIBAIOT TPYAHOCTHU JAUCTAHIIMPOBAHMS OT COOCTBEHHBIX YOEK/I€HUIT, YTOObI OIMPATHCS B IIOBEIEHUN HA
IIPE/ICTABJIEHUS O 3HAHUAX B3pocaoro. [1o pesysbratam aifTpeKMHT-UCC/Ie/J0BAaHUS Ha TEIJIOBBIX KapTaX /10-
HIKOJIbHUKOB € 3a/IEPIKKOI IICHXUYECKOTO PasBUTHS HAOMIOAETCsT TeDHIUT IETEKTOPA HAIIPABJIEHUST B3TJIsI-
J1a, HeOOXOMMOTO JIUIs TOHUMAHKsT HaMePEeHUil U IPOrHO3UPOBAHMST JICHCTBUIT B3POCJIOr0. AHAINS J[BUKE-
HUS TJ1a3 TIOATBEPIK/IAeT, UTO I€TH € 33/IeP5KKOM TICUXITYECKOTO Pa3BUTHS 9aCTO He OTCIEKUBAIOT TIOBEIEHNE
B3POCJIOTO U €TO PEAKITH U B CUTYaIlNH PACO3HABAHNS 1 TPUMEHEHUS JIOKHBIX eHCTBUI.

Knouesvte cnosa: MO/ieJIb IICMXUYE€CKOro, couraJabHOE II03HaHMe, COBMECTHOE BHUMaHME, JIOIIKOJIb-
HBII BO3pacCT, 3a/IepsKKa IICUXNYECKOTO PAa3BUTUA, aﬁTpeKep.

Dunancuposanue. VccieoBaHe BbINOJHEHO npu huHAHCOBOI nojtepskke rpanTa Ipesugernta MK-307.2020.6 «Aii-
TPEKUHT MCCJIe[I0BAHNE HAPYIIEHNIT KOOP/IMHAIINH COIMATBHOTO BHUMAHMUS B JIOIIKOJIBHOM BO3PACTe».

I wurarer: Cuupnosa A.K., Maxawosa A.B. 1lposiienust geduniura conuaabHOro MO3HAHUS Y JIeTell ¢ 3aeP/KKOI
neuxudeckoro passutus // Kynprypro-ucropudeckast ncuxosorust. 2022, Tom 18. Ne 2. C. 45—53. DOT: https://doi.

org/10.17759 /chp.2022180205

Introduction

Today, in science, special attention in the study of child
development is paid to the ability with which the child is
able to interpret and predict the behavior of other people,
based on their own beliefs and intentions [5; 12; 25].

In this regard, the approach of the “mental model”
(the theory of mind, ToM) is actively developing in the
study of the processes of social cognition [2; 7; eleven;
24]. The mental model is understood as a system of con-
ceptualization of knowledge from one’s own mentality
and the mentality of other people, which allows one to
explain and predict their behavior, a certain phenom-
enon of “reading” the mental state (mindreading) of
other people [1; 2]. With the help of the mental model,
we are able to infer mental states (opinions, desires, in-
tentions, ideas, emotions, etc.) that cause the actions
of other people. The mental model allows revealing the
cognitive mechanisms of understanding in interpersonal
interaction, since the communication process is based on
constant monitoring and comparison of understanding
of mental states and events [3, p. 120].

Such coordination is possible only at the level of sym-
bolic communication; therefore, the deficiency of the men-
tal model can be associated with impaired thinking and
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perception, the complexity of contextual representations,
and the distortion of cognitive schemes. Without a certain
critical level of symbolic thinking (with a symbolic deficit),
the ability to decode social signals is reduced, therefore,
to understand and adequately respond to them. Cognitive
mechanisms are not being formed that make it possible to
define hidden variables in a fundamentally different way
(for example, intentions, mental states), which makes it dif-
ficult to fill gaps in direct perception [8; 9; 13; 23].

Important in the development of the child is the abil-
ity to use “signs” as pointers and social signals in relation
to other people, the formation of a system of collective
signs that generate a symbolic function as a means of ex-
pressing thinking [1].

The question of the origin of disorders of the mental
model remains relevant, whether they arise as a result
of a cognitive deficit or are an independent disorder. In
the study of the mental model, no matter how scientists
try to control their influence on verbal learning, memory
[13] and thinking [11; 12; 19; 21] and language [13] con-
tribute to group differences in the performance of tasks
on the mental model.

At the same time, the limitations of previous results
are related to the fact that most studies involved chil-
dren with autism who were mentally retarded, and some
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of their symptoms are due to this lag [22]. Therefore, it
is impossible to fully explain the difficulties that were
recorded in social interaction due to the combined di-
agnosis [3].

We can talk about the threshold value of the level
of intelligence necessary for the formation of a mental
model, however, the question remains whether it can be
considered that the level of development of psychomet-
ric intelligence, assessed on the basis of tests, indicates
the necessary role of cognitive development for the for-
mation of a mental model [5, p. 7; 14]. To resolve this
issue, it is necessary to test the specificity of the mani-
festation of joint attention deficit in a sample of children
with cognitive impairments.

From the point of view of experimental design, the
main methodological procedure in the “model of the
mental” direction is tasks for incorrect opinions or un-
derstanding of false beliefs [5; 6; 12].

The ability to understand deception testifies to the
cognitive development of the child and reflects the forma-
tion of a “mental model” as a system of representations of
one s own mental phenomena and the mentality of other
people, since it involves ideas about the knowledge of
another person and ways to change it [3; 10]. To recog-
nize deception, children need to understand not only the
manifested mental phenomena, but also carefully hidden
ones, i.e. perform double decoding (recognize deception),
based on additional knowledge and ideas. When an indi-
vidual knows what the other wants (desires) and what he
thinks (beliefs) about how to achieve this, the individual
can predict his behavior (intention) [11]. Differences in
the ability to apply and recognize deceptive actions will
fix the level of development of the mental model.

However, some studies have shown that autistic peo-
ple do well on tests of false expectations, when in fact they
do not have the ability to represent internal representa-
tions. For example, D.M. Bowler, C.D. Frith, F. Happ
believe that, most likely, these subjects find some kind
of solution strategy that is justified specifically for these
tasks, which gives them the opportunity to “hack” these
imperfect tests, but cannot be used in real life (unlike true
representation of internal representations) [17]. In this
regard, the topical issue is the application of the situa-
tion of real interaction between a child and an adult [18].
Therefore, in our opinion, it is necessary to use the natu-
ral conditions of interaction between an adult and a child,
where one can trace the response to a naturalistic flow of
events that a child can easily encounter in real life, and we
strive to characterize the natural variability of gaze move-
ment patterns in episodes of joint attention [18; 20; 27].

From the point of view of research opportunities, the
use of eye tracking in children as a potential diagnostic
tool in the study of the mental model is currently gaining
popularity [7; 12; 15; 16; 23; 24; 26; 27].
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The task is a comparative analysis of the model of the
mental as a cognitive ability to understand mental states
and ways of their changes in the form of a deceptive ac-
tion in typically developing preschoolers and preschool-
ers with mental retardation.

The main goal is to use eye tracking to identify patterns
that can reflect learning difficulties associated with a deficit
in the mental model in children with mental retardation.

Method

Empirical study sample

The empirical sample of the study was formed in a
randomized way on the basis of preschool institutions in
Barnaul (Russia): 64 preschool children aged 5 to 6 years
(mean age 6 years 4 months). Of them:

e 32 preschool children with mental retardation
(class F80—F89 according to ICD-10).

 The contrast sample consisted of 32 typically de-
veloping preschoolers.

When the diagnosis was made the level of intelligence
development was assessed by the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI). Children with
mental retardation are below average (<85 points). Accord-
ing to the results of diagnostics by a kindergarten psycholo-
gist, children with normative age development had an aver-
age level of intelligence development (>100 points).

Research methods

To study used experimental situations that make it
possible to trace not only the detection of deceit, but also
the ability and strategies to change the mental state of
the communicative partner.

Methodology for direct opposition

and deception (Sadian and Frith 1992)

This task consisted of two series. In the first series,
the child was given instructions to directly counter the
deception: “There is a thief coming, what are you going
to do?” — the child needed to close the box, thereby hid-
ing the toy from an imaginary thief, and in the second, “a
friend is approaching, what will be your actions?” — on
the contrary, the child needed to open the box, which in-
dicated that the preschooler was ready to share the item.
The task of the preschooler was to apply false beliefs to the
adult experimenter, recognizing his intentions depending
on the signal of the thief or friend now in front of him.

The task of applying false beliefs in the situation

of the game “Find the toy in the box”

The child was asked to hide the toy in one of three
small boxes so that the experimenter did not know ex-
actly where it was. It was allowed to hide the item in any
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box and rearrange them in the chosen order. The experi-
menter was asked what kind of box the toy was in. The
children had to “deceive” the experimenter by pointing
to an empty box, while using false beliefs.

Game on the use of false beliefs

“Guess which hand the coin is in”

The child was asked to hide the toy in one of three
small boxes so that the experimenter did not know ex-
actly where it was. It was allowed to hide an item in any
box and rearrange them randomly. The children had to
“deceive” the experimenter by pointing to an empty box,
while using false beliefs.

Game on the use of false beliefs “Guess which hand
the coin isin”.

The child had to hide the object in the fist of the left or
right hand, while not showing the experimenter in which
hand he was hiding the coin. When the experimenter
asked the question: “In which fist is your coin?”, the chil-
dren had to falsely point to the hand where nothing was.

All series of experiments were repeated 5 times. Suc-
cessfully completed attempts were recorded from 0 to 5.

Eye Movement Recording Method

In the experimental situation of the game on the ap-
plication of false beliefs “Guess which hand the coin is
in”, the method of registering eye movement was used.

The main method is the method of eye movement
registration using a portable tracker Pupil Headset-
PLabs — an eye tracker in the form factor of glasses, bin-
ocular version. Camera delay 4.5 ms. Processing latency
depending on the CPU > 3 ms.

Heatmaps were built — a graphical display of areas of
interest in which the respondent most often looked, where
the focus of attention was and what elements were ignored
in visual attention. To analyze the data, the results in the
form of color spots are superimposed on the eye movement
graph. The color corresponds to the duration of viewing
different zones: blue — no fixation of the gaze, red — pre-
dominant fixations. The following areas of interest were

marked with special markers for fixing data: the face of an
adult experimenter, the target object (toys), and the non-
target object. Data processing was carried out using the
SPSS V.23.0 statistical information processing program.

Results

To find the differences between the contrast groups in
the mental model in all series of the experiment, analysis
of variance was applied (Livin’s criterion >0.05) (table 1).

Comparisons were made between two game series of
the experiment, where the child needed to recognize and
counter deceit in the first case, and in the second, on the
contrary, apply false beliefs. In both situations, the child
had to refrain from cheating or hindering the friend’s ac-
tions. It was revealed that children with mental retarda-
tion either cannot understand and accept deceit, or do it
much less often in a game in a series of tasks for direct op-
position to deception and the use of false beliefs (Fig. 1).

The difference between the compared situations was
that deceit (lying or incorrectly pointing to an empty
box) affects the expectations of the "competitor", while
direct opposition (locking the box in which the candy
was located) only affected his behavior.

Preschoolers with mental retardation could not cope
with direct opposition and could hardly deceive at all.

The conditions and rules of the game were presented
in the form of symbolic symbols ("a thief is coming" and
"a friend is approaching" as symbolic signs — signals for
a certain symbolic action). It is significant for us that in
a game with a deceptive action, the child was required to
use signs to anticipate events that made it known about
the nascent action of an adult, or the child himself had to
use signs to change the behavior of an adult. The difficul-
ties of children with mental retardation can be viewed as
a low level of formation of symbolic-modeling means of
social interaction in general, based on the mental model.

Next, a series of experiments was compared, where
the preschooler had to hide the toy in one of three small

Table 1
Descriptive statistics in tasks on direct opposition to deception and the use of false beliefs
[Please, align the figures accordingly: put a dot, not a comma — 11.34, not 11,34]
M Standard error F Significance

Task for direct typically developing preschoolers 5 0 1705 0,0001
counteraction to preschoolers with mental retardation 0,416 0,148

deception

False Belief typically developing preschoolers 5 0 62427 0,0001
Challenge preschoolers with mental retardation 0,083 0,0833

Hidden Toy in a Box | typically developing preschoolers 4,6 0,40 131,89 0,000
Challenge preschoolers with mental retardation 0,523 0,145

Hidden Toy in a Box | typically developing preschoolers 1 0 11,34 0,001
Challenge
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Fig. 1. The difference between contrasting groups in the task of directly counteracting deception and the use of false beliefs

boxes so that the experimenter did not know where ex-
actly it was and confuse the experimenter by pointing
to an empty box, while using false beliefs. Children with
mental retardation, as well as in the previous series of the
experiment, were less likely to use the game condition
for the use of false beliefs (Fig. 2).

Next, a series of experiments was compared, where
the preschooler had to hide the toy in one of three small
boxes and confuse the experimenter by pointing to an
empty box, while using false beliefs (Table 1). Children
with mental retardation, as well as in the previous series
of the experiment, were less likely to use the game condi-
tion for the use of false beliefs (Fig. 2).

Children with mental retardation had difficulty un-
derstanding the principle "to know is to see": instead of
moving the toy into another box, they rearranged the
boxes or hid the box with the toy under other boxes or
under the table. The principle of actions of children with
mental retardation can be described as: “if the box where
the toy is hidden is not visible, then the experimenter
will not know that the toy is in it.” This also confirms the

5 4
4
3 A
2
1
0
typically developing preschoolers with mental
preschoolers retardation

Fig. 2. Differences in contrasting groups in the task
with a hidden toy in a box

specificity of perception and the difficulties of the sign-
modeling use of social signals.

A comparison was made of contrasting groups for
the use of false beliefs "Guess which hand the coin is in",
where the child had to hide the coin in his fist and falsely
point to the hand where nothing was (Fig. 3).

A child with a mental retardation could not commit a
“fraudulent act”, they did not accept the rules of the game
and each time they pointed to the hand where the hidden
object lay. Compliance with the game rules is considered
as one of the criteria for the development of arbitrary con-
trol of the child. Therefore, the difficulties are associated
not with the inability to represent internal ideas, but with
the child’s inability to suppress his own action directed at
the object, based on the position of the social partner.

In the experimental situation of the game "Guess which
hand the coin is in", the eye movement registration meth-
od was used and the results of the eye tracker study were
analyzed. For visualization, heat maps were built (Fig. 4).

Children with mental retardation are characterized by:
incorrect correction of the gaze movement route with ini-

1,0 4

T
preschoolers with mental

T
typically developing
retardation

preschoolers

Fig. 3. Differences of contrasting groups in the task
with a hidden coin in hand
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tially correct tracking of the adult's gaze movement trajec-
tory as a target prompt, difficulties in cross-eyed, synchro-
nous gaze, dispersal of the child's areas of interest, preference
for non-social signals, neutral or non-target objects.

These symptoms indicate a violation of the mecha-
nism of joint attention necessary to establish a triadic re-
lationship between an adult-child-object, understanding
the intentions and predicting the actions of an adult, a
high mental load, and the cognitive complexity of rec-
ognizing social signals. An analysis of eye movement
confirms that children with mental retardation have a
reduced motivation for social participation: they do not
track whether an adult sees a hidden coin, which hand he
looks at, how he chooses, which hand the adult showed.

Eye tracker study data were subjected to quantita-
tive analysis by Student’s T-test for independent groups.

Comparison data of contrast groups confirm the
features of establishing joint attention in children with
mental retardation:

* The time of fixations to social cues decreases (for
example, in the eyes and face of an adult) and the time of
fixations to non-target or neutral stimuli increases. It is
these features that can lead to the difficulty of identify-
ing relevant features for the formation of a target repre-
sentation of social signals.

» The time of the total duration of fixations increases,
which is necessary for the stabilization of visual atten-
tion and the selection of information features.

* The total number of fixations is increasing. It is diffi-
cult for children with mental retardation to predict where
the adult's gaze will be in the next moment; in order to
have time to synchronize, the child needs to follow the ac-
tions of the adult more often, so more fixations are needed.

It can be assumed that it is the change in the duration of
fixations that is decisive for the emergence of a synchronous
gaze, which is necessary for monitoring the focus of attention
and combining the focus of attention of a child with an adult.

Discussion

These studies reflect the relationship between the
cognitive level of development and the level of the men-
tal model in the process of forming the basis of social
cognition. It can be assumed that the formation and de-
velopment of the mental model proceeds in parallel with
the development of the child’s symbolic thinking.

In all our the series of experiments, the tasks were in-
volved in the application and recognition of false beliefs.
Recognition and false beliefs are closely related to the
general “mentalization”, understanding the mental state
(mind reading), the ability to participate in the percep-
tion of other people’s intentions. Both skills involve so-
cial cues that indicate interest in objects or events, but
the first emphasizes processing information about other
people’s behavioral cues, while the second emphasizes

b)

Fig. 4. Heat map of a preschooler, typically developing preschoolers (a) and mental retardation (b),
in an experimental situation of recognizing and applying false beliefs

Table 2

Group statistics based on the results of eye movement fixation
[Please, align the figures accordingly: put a dot, not a comma — 11.34, not 11,34]

M+ Levine’s test for
P Significance | equality of variances
standard erro —
F Significance

Duration of fixations | typically developing preschoolers 0,59 £0,04 0,003 3,86 0,150
to non-target stimuli preschool children with mental retardation 0,69+0,06

Total duration of typically developing preschoolers 36,35+1,58 0,0001 3,90 0,632
fixations preschoolers with mental retardation 47,99+2 94

Ttotal number of typically developing preschoolers 51,11+1,86 0,0001 9,82 0,203
commits preschoolers with mental retardation 75,52+4,19
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own modeling these cues for other people to change their
state of awareness. The results of our study reflect the dif-
ficulties of children with mental retardation in both skills.

The deficit of the mental model is associated with
“realism”, the concreteness of perception and thinking
in a game with a deceptive action. This concreteness of
thinking will be observed in the recognition of social sig-
nals, which is manifested in the fact that the child con-
fuses the symbolic rules of the game with real physical
rules. Tt can be assumed that this is due to the low level
of the mental model in children with mental retardation
and a deficit of symbolic thinking.

Based on the results of the eye tracking study, it can be
assumed that children with mental retardation are insensi-
tive to social signals, do not perceive the direction of the
gaze of the interlocutor as informative, significant clues for
combining joint attention. A huge role is played by the lack
of joint attention necessary for the formation of cognitive
components responsible for understanding social signals.
These results complement the data of S. Baron-Cohen that
the violation of the representation of internal representa-
tions can be a secondary manifestation of an earlier viola-
tion of the construction of the “triadic representation”.

With a delay in mental development, disorders are
primarily expressed in the difficulties of comprehending
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and restructuring one’s own mental interpretations that
are inadequate to the communicative context, and the
weakness of the reflective component.

Conclusion

A comparative analysis of contrasting samples allows us
to conclude that the state of delayed or incomplete mental
development, which is characterized primarily by a decrease
in skills that determine the general level of intelligence, is
directly related to the functioning of the mental model.

As a result of the study on contrasting samples, the
specificity of the lack of means of social interaction based
on the model of mental development is shown: a group
of preschoolers with mental retardation has difficulty in
using the direction of an adult’s gaze as a social signal for
detecting intentions, that is, they recognize it as an infor-
mation sign, but not always can use. It is analyzed that in
a game with a deceptive action, the child is required to use
signs to anticipate events that let you know about the na-
scent action of another person. At the same time, children
with mental retardation in the game with deceptive action
showed a situational mode of action without taking into
account the model of the mental partner in interaction.
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