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Objective One of the areas of social cognition is Theory of Mind (ToM) is defined as the capacity to interpret, infer and explain mental
states underlying the behavior of others. When social cognition studies on neurodevelopmental disorders are examined, it can be seen
that this skill has not been studied sufficiently in children with Specific Learning Disorder (SLD).

Methods In this study, social cognition skills in children diagnosed with attention deficit hyperactivity disorder (ADHD), SLD or Au-
tism Spectrum Disorder (ASD) evaluated before puberty and compared with controls. To evaluate the ToM skills, the first and second-
order false belief tasks, the Hinting Task, the Faux Pas Test and the Reading the Mind in the Eyes Task were used.

Results We found that children with neurodevelopmental disorders as ADHD, ASD, and SLD had ToM deficits independent of intelli-
gence and language development. There was a significant correlation between social cognition deficits and problems experienced in
many areas such as social communication and interaction, attention, behavior, and learning.

Conclusion Social cognition is an important area of impairment in SLD and there is a strong relationship between clinical symptoms

and impaired functionality.
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INTRODUCTION

Social cognition is the social psychology area which aims
to understand people’s mental states including beliefs, de-
sires, hopes, wishes, and emotions to be able to conform to
changing surroundings and understand their place in the so-
cial world."> One of the areas of social cognition is Theory of
Mind (ToM), which is defined as the capacity to interpret,
infer and explain mental states underlying the behavior of
others, including the understanding of false beliefs, hints,
purpose, humor, tricks, metaphor and irony”’
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ToM skills are necessary for a person to be able to under-
stand that their mental state is different from the mental state
of others and to be able to draw the correct conclusions from
the mental state of others. Taking into account the difficulty
of defending the ToM concept as a single ability, evaluations
have been made of different components. First-order false
belief (FOFB), Second-order false belief (SOFB), metaphor,
irony and Faux Pas concepts have been identified as compo-
nents related to the cognitive system.* In addition, the Read-
ing the Mind in the Eyes test is often used to test the ability
to perceive the mental state of others based on information
that can be directly observed and is related to the affective
system. Cognitive social cognition skills are required when
asked what someone’s belief and affective social cognition
skills are required when asked how someone feels.’

In the field of psychopathology, Baron-Cohen first showed
in 1985 that ToM skills in autism and other common devel-
opmental disorders were an important social skill in inter-
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personal communication. And these skills were poor in chil-
dren with autism.® Following ToM studies in autistic
children, further studies were conducted examining the ToM
skills in groups with different diagnoses. Many social cogni-
tion studies have been conducted on groups diagnosed with
attention deficit hyperactivity disorder (ADHD) in particu-
lar, of the neurodevelopmental disorders group. As these
children have a reduced capacity for social reciprocity and
understanding social clues, and that these features are similar
to the social interaction problems of the core symptoms of
Autism Spectrum Disorder (ASD). It has been emphasised
that for many children with ADHD, the deficiency of giving
appropriate social responses and the perception of the be-
havior of others is characterised by inappropriate social be-
havior. It has been hypothesized that the inappropriate social
behavior of children diagnosed with ADHD could be phe-
nomenologically and etiologically related to ASD.” Although
this group has been seen to have better ToM skills than ASD
groups, it is thought that the low level of ToM skills could
contribute to the interpersonal and behavioral problems in
ADHD.® Despite separate evaluations of ASD and ADHD
groups in respect of ToM skills, there has been an insufficient
examination of the neurodevelopmental disorder of Specific
Learning Disorder (SLD) in social cognition studies. As this
cluster of disorders is often seen in combination, this may
cause difficulties in the evaluation of social cognition studies.
The problems experienced in the social emotions area of

Table 1. Demographic and clinical characteristics of the total sample
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children diagnosed with SLD are known to have a negative
effect on self-esteem, establishing social relationships and
maintaining skills and these can accompany psychiatric co-
morbidities.” It is thought that the deficit in social cognition
skills could be important in this process.

In the light of this knowledge, the aim of this study was to
evaluate ToM skills in prepubertal children diagnosed with
ADHD, ASD, and SLD, to determine whether or not there
was a deficiency in ToM skills and to compare these skills
between the groups and with children showing typical devel-
opment. A secondary aim of the study was to investigate the
relationship between impairment of the ToM skills and clini-
cal symptoms.

METHODS

Participants

This study was designed as a single-center, cross-sectional
controlled study. The patient groups were recruited from
children presenting at the Child and Adolescent Mental
Health and Disorders Polyclinic of Ondokuz Mayis Universi-
ty Medical Faculty Training and Research Hospital. The con-
trol group was recruited from volunteer relatives of health
workers. All parents signed informed consent for participa-
tion in this study. The groups comprised 24 children aged
7-12 years diagnosed with ADHD, 24 children aged 7-12
years diagnosed with SLD, 26 children aged 7-12 years diag-

SLD (N=24) ADHD (N=24) ASD (N=24) Control (N=26) Test statistic p

Gender (%) y*=5.753* 0.124

Male 16 (66.7) 18 (75.0) 23 (88.5) 20 (83.3)

Female 8(33.3) 6 (25.0) 3(11.5) 4(16.7)
Age 9 (7-12) 9 (7-12) 95 (7-12) 10 (7-12) =4.036" 0.258
IQ

TIQ 80.5(70-112)°  96.5(82-128)  88.5 (70-103)* 108 (80-127)° $=36.2* <0.001

VIQ 79.5 (67-101)* 97.5 (84-134)" 83 (63-111)* 108 (81-125)° 1=39* <0.001

PIQ 86 (72-126)° 91 (84-122)" 88 (64-111)  108.5 (82-126)° P=24.2* <0.001
PPVT

Raw points 74 (49-92)* 80 (63-92) 75 (53-89)* 87.5 (68-94)° 1=29.5* <0.001
Language age (months) 108 (88-135)* 116 (10.3-130)® 111 (81-150)® 123 (102-130)° ¥=10.9* 0.012
Scales

ABC 31.5(3-123)* 38 (8-101) 39 (0-120)* 2 (0-98)® r=27.1* <0.001

SRS 66 (20-122)° 56 (27-105)" 73 (32-145)" 23 (4-86)° P=31* <0.001
T-DSM-IV-S 33 (5-82)° 38 (13-74)° 22 (1-84)° 6 (0-26)° =30.7* <0.001

*Kruskal Wallis test statistic, TPearson’s chi-squared test statistic. SLD: specific learning disorder, ADHD: attention deficit hyperactivity disor-
der, ASD: autism spectrum disorder, a-c: no difference between groups with the same letter, IQ: intelligence quotient, PPVT: peabody picture
vocabulary test, ABC: aberrant behavior checklist, SRS: social responsiveness scale, T-DSM-IV-S: Turgay DSM-IV disruptive behavior disor-

ders rating scale
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nosed with ASD and 24 healthy children as the control group
(Table 1). The diagnoses of the patient groups were made ac-
cording to the DSM-5 criteria and a score of >70 on the
WISC-R intelligence test was included in the study. The ex-
clusion criteria for all the patient groups had comorbid psy-
chotic disorder, bipolar disorder, eating disorder, substance
abuse, neurological disease, a history of trauma with >1 hour
of loss of consciousness, unstable or chronic medical disease,
a known sight or hearing deficit, or diagnosis of schizophre-
nia, intellectual disability, bipolar disorder or ASD in a par-
ent or sibling. In the ADHD group, additional exclusion cri-
teria were defined as taking psychiatric medication within
the previous year, or an additional diagnosis of ASD or SLD.
In the ASD group, an additional diagnosis of SLD, and in the
SLD group an additional diagnosis of ASD were defined as
exclusion criteria. The healthy control group was recruited
from participants with similar characteristics in terms of age
and gender averages, who attained >70 scores in the WISC-R
test, had no history of psychiatric or medical illness, no diag-
nosis of ADHD, SLD, ASD, schizophrenia, intellectual dis-
ability, bipolar disorder in a parent or sibling.

Procedures

After evaluation of the diagnoses of the study groups de-
fined for the study, the ADHD, ASD, SLD groups and the
control group and their parents were given detailed informa-
tion about the study. Written informed consent was obtained
from the parents or legal guardians of all the participants and
verbal consent was received from the children. Comorbidity
was evaluated using the Schedule for Affective Disorders and
Schizophrenia for School-Age Children Present Version
(KSADS-P)."*!" The WISC-R was applied to all cases in our
study and participated in evaluating verbal, performance and
total intelligence scores.

The Childhood Autism Rating Scale (CARS)'>" was used
to determine the level of autistic symptoms, the Aberrant Be-
havior Checklist (ABC)"" to evaluate irritability, agitation,
crying, lethargy, social withdrawal, stereotypical behavior,
hyperactivity, non-conformity and inappropriate speech, the
Turgay DSM-IV Disruptive Behavior Disorders Rating Scale-
Teacher form (T-DSM-IV-S)'¢ to assess attention, hyperac-
tivity, impulsivity, defiance and behavioral problems, and the
Social Responsiveness Scale (SRS)"” was completed by the
parents to evaluate poor social reciprocity, including observ-
able reciprocal social behavior, social use of language and pa-
thognomic autistic behaviors. The CARS was applied to the
ASD group only and all the other scales were applied to all
the participants.

With the consideration that there was a relationship be-
tween language development and ToM skills performance,
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the Peabody Picture Vocabulary Test (PPVT) was applied to
all the participants to evaluate receptive language develop-
ment.'*"

We aimed to evaluate both affective and cognitive social
cognition. In this direction, tests were used which were fre-
quently used in previous studies and were validated in Turk-
ish. To evaluate the ToM skills, the first-order false belief
tasks,” the second-order false belief tasks,” the Hinting
Task,” the Faux Pas Test” and the Reading the Mind in the
Eyes Task (RMET)* were used. ToM measures were all com-
pleted by participants and psychiatric scales of interference
and symptomatology were all filled out by the parents.

ToM tests

To evaluate the ToM skills in the study, 2 First-order and 2
Second-order ToM tasks, the Hinting Task formed of 4 stories
and the Faux Pas Test formed of a total of 10 stories, including
5 control stories, were used. These tasks consist of short sto-
ries and related questions. At the end of the stories, the chil-
dren were asked questions to evaluate the ToM skills. In the
REMT, photographs of the eye area of faces were shown and
expected to respond correctly in understanding another per-
son's emotions by children. The scores of correct responses to
all the questions indicate the ToM skill performance.

First-order false belief tasks evaluate the first-order false
belief skills and these skills that can be conceptualized at the
simplest level as what one person knows and another person
does not know. It is defined as the ability of one person to
understand others” misconceptions, thoughts and it is the
belief of a person related to their world.” In the first-order
false belief tasks, the Sally-Anne test and the Smarties test
were used.”” Smarties box was showed and asked what it con-
tained in “Smarties test” Subsequently, they were shown that
the box contained a pencil. The test question was to predict
what another child, who had never seen the box, would
think it contained. One point was obtained if the participant
answered smarties, candy or chocolate. The card is shown to
the participant, pointing to the card (Sally, Anne, a box, a
basket and a ball) in “Sally-Anne test” The story was told
with drawings on cards. The participants were asked where
Ann had put the ball and where it really was now. A score of
1 point was given if both questions were answered correctly.

The function of the second-order false belief is the ability
to predict the thoughts of a second person about the
thoughts of a third person.*® The participants were requested
to make a prediction taking into account the information the
person in the story had about a third person. In the second-
order false belief tests, the stories for the Chocolate Bar Task
and the Ice-Cream Truck Task were used.” The false belief
tasks have been translated into Turkish and reliability studies



have been conducted.” The participants listened the stories
about two children through the drawings on both tests. One
of the stories was about the ice cream truck, another choco-
late box. After listening the story, participants were asked to
predict one’s belief about other’s belief. Two test were scored
in a pass/fail manner. If the participant made no mental state
attributions, received a score of 0. If mental states were attrib-
uted for two characters, a score of 1 was given. Total False
Belief Level (TFBL), a composite ToM performance score,
was generated by summing both orders of false belief tasks
and it was compared between the groups.

The Hinting Task is one of the advanced level ToM func-
tions.” It tests the skill of being able to predict the real inten-
tion behind the words directly spoken. After listening the
story, the participants were asked what the person in the sto-
ry really had wanted to say. If the participant did not respond
correctly to the first hint question, the practitioner moved on
to a question including a clearer hint. If the correct answer
was given for the first hint, a score of 2 was given, if the an-
swer with a clearer hint was true, a score of 1 was given. If
both hint questions were not answered correctly, a score of 0
was given. In the current study, 4 stories were used in the
Hinting Task.”

The Faux Pas Test was used to evaluate high mental cross-
referencing.” Noticing a faux pas is accepted as the most
complex skill developmentally and it is accepted as a sensi-
tive measurement tool for ToM. A faux pas occurs when a
person says something that they should not have, without
knowing or realizing. To be able to understand when a faux
pas has been made, it is necessary to represent two mental
states. This skill requires both concept skill elements and
emotional empathy elements.”>*® After listening the story,
four questions were asked to assess the child’s understanding.
To detect a faux pas the child has to answer all the questions
correctly, answer a comprehension question, and recognize
that the faux pas was a consequence of a false belief. In con-
trol stories, child has to detect that no faux pas took place.
Failure of any of these questions leads to a score of zero for
that story. The children’s version of the Faux Pas Recognition
Test, which was developed by Baron-Cohen, was applied in
Turkish with 5 original faux pas stories and 5 control stories
(maximum score was 10 points).”

The Reading the Mind in the Eyes Task (RMET) was de-
veloped by Baron-Cohen et al.** as an advanced ToM test. In
2001, it was revised for use with children, using the photo-
graphs of the eyes of 28 females and males. With the inclu-
sion of functions such as facial perception and recognizing
emotions, it aims to test to what extent the participants can
put themselves in another’s place and to what extent they can
conceptualize their mental state.”* After each picture of the
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eye was shown, asked to choose the best one of 4 options. A
score of 1 was given for each correct answer (maximum
score was 28 points). The test was validated in Turkish.*

Statistical analysis

The data were analyzed using IBM SPSS Statistics version
23.0 software (IBM Corp., Armonk, NY, USA). The conformi-
ty to the normal distribution was tested with the Shapiro Wilk
test. Quantitative data with normal distribution were com-
pared between the groups using one-way variance analysis
(ANOVA) and the ANCOVA test. Data not showing normal
distribution were compared using the non-parametric Kruskal
Wallis test. To determine from which group any significant
difference originated, the Mann Whitney U-test with Bonfer-
roni correction was applied. The relationships between cate-
gorical variables were examined with the chi-square test. In
the examination of relationships between quantitative data,
Spearman correlation analysis was used. A value of p<0.05 was
accepted as statistically significant.

Ethics board approval

Approval for the study was granted by the Clinical Research
Ethics Committee of Ondokuz Mayis University (B.30.
ODM.0.20.08/632-745).

RESULTS

Demographic and clinical characteristics of the subjects

From the children initially invited into the study groups, 8
were excluded with a diagnosis of intellectual disability, 2
with a diagnosis of epilepsy, 2 with psychiatric disorders di-
agnosed in first-degree relatives and 2 as they did not wish to
continue with the tests. The patient and control groups were
formed taking into consideration the age, gender, and educa-
tion level of the children, with a total of 94 included for eval-
uation. Diagnoses were made according to the DSM-5 crite-
ria. The ADHD group comprised 24 children, the SLD group
comprised 24 children, the ASD group comprised 26 chil-
dren and the control group was formed of 24 children with
no psychiatric diagnosis. The children comprised 77 (78.6%)
males and 21 (21.4%) females and all were in the age range of
7-12 years. The distributions of mean age and gender were
found to be similar between the groups (Table 1).

The WISC-R verbal, performance and total scores of all the
participants were evaluated. The language development
PPVT raw scores and the socioculturally corrected Receptive
Language Age (months) were compared between the groups.
A difference was determined between the groups in respect of
the intelligence level and the receptive language level (Table 1).
There was no difference between the control and ADHD
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groups. In respect of the total intelligence level, the ASD and
SLD groups were determined to have statistically significantly
lower scores. The verbal IQ scores were higher than perfor-
mance IQ in the ADHD group and the performance IQ
scores were higher than verbal IQ in the ASD and SLD
groups. When the receptive language level evaluated with the
PPVT was examined, all 3 patient groups had significantly
low raw scores, and when the corrected language age was ex-
amined, only the SLD group was determined to have a signifi-
cantly lower language age than the control group.

Evaluation of the scale and test scores

The children in the study were evaluated with the K-
SADS-P-T to determine comorbidity. Comorbidity was
found as ADHD (62.5%) and Oppositional Defiant Disorder
(ODD) (58.3%) in the SLD group, as ODD (70.9%) and Spe-
cific Phobia (29.2%) in the ADHD group and as ADHD
(80.8%) and Specific Phobia (34.6%) in the ASD group. No
significant difference was determined between the groups in
respect to the rates of comorbidities.

The scores of the ABC, SRS and the T-DSM-IV-S/Family
Form applied to all the participants were compared between
the groups and the results are shown in Table 1. When the
groups were compared in respect of the total scores of all 3
scales, no significant difference was determined between the
patient groups, and statistically, significantly higher scores
were determined in the patient groups compared to the con-
trol group (p<0.001).

Evaluation of the ToM tasks

The ToM tasks results of all the groups are shown in Table 2.
A statistically significant difference was determined between
the groups. When the success rates of the Smarties Test and

Table 2. Evaluation of the ToM tasks

the Ice-Cream Truck Test were examined, a significantly low
rate was only seen in the ASD group compared to controls.
When all the false belief tests were evaluated, all 3 patient
groups were observed to have shown a low performance. In
the Hinting tasks, the Faux Pas Test and the REMT, low scores
were obtained at a similar level in all 3 patient groups, with no
significant difference between them, and these were all statis-
tically significantly lower than the scores of the control group
(p<0.001). As expected, the lowest ToM task scores were de-
termined in the ASD group (Table 2). The correlations be-
tween the ToM skills and intelligence, receiver language age,
scale scores were examined and shown in Table 3.

Advanced analysis of the ToM performances

It has been shown in previous studies that ToM develop-
ment and ToM skills are influenced by many factors. In neu-
rodevelopmental disorders, it is difficult to create pure
groups in the absence of comorbidities and in terms of cofac-
tors. Moreover, this selection may limit the clinical assess-
ment of the nature of the disease. For this reason, we want to
evaluate these cofactors by conducting advanced analysis in
our present study.

In the examination of the presentation of ADHD in the
ADHD group, 14 (58.3%) cases were seen to have attention
deficit and 10 (41.7%) had a combined presentation. No sig-
nificant difference was determined between these presenta-
tion groups in respect of ToM performance (p>0.05). In the
ADHD group, a high rate of comorbidity was found such as
ODD at 70.9%. It was thought that this high rate of comor-
bidity could have been a confounding factor affecting the
ToM performance in the ADHD group. Therefore, the
ADHD group were separated into those with and without an
additional diagnosis of ODD and the ToM performance val-

ToM tasks SLD (N=24) ADHD (N=24) ASD (N=24) Control (N=26) Test statistic p
Smarties success N (%) 22(91.7)° 22 (91.7) 15 (57.7)° 24 (100)? ¥=20.7*  <0.001
Sally-Anne success N (%) 14 (58.3) 11 (45.8)® 8 (30.8)" 24 (100)° ¥=26.7*  <0.001
Chocolate Bar success N (%) 11 (45.8) 8(33.3)° 8(30.8) 19 (79.2) ¥=14.5%  <0.001
Ice-Cream Truck  success N (%) 9 (37.5)® 7 (29.2)® 4(15.4)° 15 (62.5)° 1r=12.6* 0.005
FOFB Md (range) 2 (0-2) 1(0-2)® 1(0-2)° 2 (2-2) $=31  <0.001
SOFB Md (range) 1(0-2)® 0.5 (0-2)° 0 (0-2)° 2 (0-2) $=169t  0.001
TFBL Md (range) 2 (0-4) 2 (0-4) 1(0-4)° 4(2-4) $=30t  <0.001
Hinting task Md (range) 3(0-7)° 4(0-8)* 2(0-6)* 8 (1-8)® ¥’=44.8"  <0.001
Faux pas test Md (range) 3.5 (0-8)* 4.5 (1-7)* 1.5 (0-7)* 8 (4-10)° ¥’=50.21  <0.001
RMET M=SD 124154 14.9+5.3 12.1+5.6 19.5+3.6° F=11.0¢  <0.001

*Pearson’s chi-squared test statistic, TKruskal Wallis test statistic, *one-way ANOVA. SLD: specific learning disorder, ADHD: attention deficit
hyperactivity disorder, ASD: autism spectrum disorder, FOFB: first-order false belief, SOFB: second-order false belief, TFBL: total false belief
level, RMET: reading the mind in the eyes task, a-c: no difference between groups with the same letter
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ues were compared again with the control group and re-ana-
lyzed (Table 4).

In the SLD group, when the types of SLD were examined,
reading, writing, and arithmetic learning disorder types were
seen most frequently (n:14, 58.3%). No difference was deter-
mined between the types of SLD in respect of ToM performance
(p>0.05). The SLD group had a high rate of comorbid ADHD as
62.5%. It was thought that this high rate of comorbity could have
been a confounding factor affecting the ToM performance in

B Sahin et al.

the SLD group. Therefore, the ADHD group, the SLD group
without ADHD (n:9) and the control group were re-analyzed in
respect of ToM performance values (Table 5).

Advanced examinations were applied because of the differ-
ence between the participants in respect of intelligence and re-
ceptive language levels. A statistically significant positive correla-
tion was found between all the ToM skills and intelligence and
receptive language age (p<0.05, r:0.27-0.68). Therefore, these
two development levels, which could be potential confounding

Table 3. Correlations between the ToM skills and intelligence, receiver language age, scale scores

FOFB SOFB TFBL Hinting task Faux pas test RMET
RLA r 0.380 0.235 0.342 0.434 0.441 0.505
p <0.001 0.035 0.002 <0.001 <0.001 <0.001
TIQ r 0.272 0.313 0.335 0.487 0.465 0.356
P 0.013 0.004 0.002 <0.001 <0.001 0.001
SRS r -0.326 -0.305 -0.359 -0.351 -0.426 -0.294
p 0.003 0.006 0.001 0.001 <0.001 0.008
ABC r -0.284 -0.263 -0.303 -0.358 -0.363 -0.222
p 0.014 0.023 0.008 0.002 0.001 0.055
T-DSM-IV-S r -0.403 -0.325 -0.405 -0.250 -0.302 -0.231
p <0.001 0.003 <0.001 0.024 0.006 0.038

CARS* r -0.445 -0.358 -0.444 -0.118 0.177 0.16
p 0.033 0.093 0.034 0.592 0.418 0.466

*CARS applied only to ASD group. RLA: receiver language age, r: Spearman Correlation Coeflicient. FOFB: first-order false belief, SOFB:
second-order false belief, TFBL: total false belief level, RMET: reading the mind in the eyes task, TIQ: total intelligence quotient, SRS: social
responsiveness scale, ABC: aberrant behavior checklist, T-DSM-IV-S: Turgay DSM-IV disruptive behavior disorders rating scale, CARS:
childhood autism rating scale

Table 4. Evaluation the impact of ODD on ToM performance in ADHD group

FOFB SOFB TFBL Hinting task Faux pas test RMET
ADHD+0ODD 2 (0-2)* 0 (0-2)* 2 (0-4)* 14 (8-22)* 4(1-6) 14 (8-22)°
ADHD 1(1-2)° 1(0-2)° 2 (1-4) 17 (2-22) 5(2-7) 17 (2-22)®
Control 2(2-2) 2(0-2)° 4(2-4) 19.5 (10-25)° 8 (4-10) 19.5 (10-25)°
Test statistic 1¥=19.9 1=10.1 =156 =213 =289 1*=9.6
p <0.001 0.006 <0.001 <0.001 <0.001 0.008

a-b: no difference between groups with the same letter, y* Kruskal Wallis test statistic. FOFB: first-order false belief, SOFB: second-order false
belief, TFBL.: total false belief level, RMET: reading the mind in the eyes task, ADHD: attention deficit hyperactivity disorder, ODD: opposi-
tional defiant disorder

Table 5. Evaluation the impact of ADHD on ToM performance in SLD group

FOFB SOFB TFBL Hinting task Faux pas test RMET
SLD 2 (1-2)® 1(0-2)® 3 (1-4)® 3 (0-7)° 3 (0-8)° 11 (6-22)°
ADHD 1(0-2) 0.5 (0-2)* 2 (0-4)° 4(0-4) 45(1-7) 15.5 (2-22)°
Control 2(2-2)P 2 (0-2)° 4(2-4) 8 (1-8)° 8 (4-10)° 19.5 (10-25)°
Test statistic ¥=19.2 1=9.5 1=16.2 =243 ¥=32.2 ¥=17.2
P <0.001 0.009 <0.001 <0.001 <0.001 <0.001

a-b: no difference between groups with the same letter, y* Kruskal Wallis test statistic. FOFB: first-order false belief, SOFB: second-order false
belief, TFBL.: total false belief level, RMET: reading the mind in the eyes task, SLD: specific learning disabilities, ADHD: attention deficit hy-
peractivity disorder
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factors were checked separately to examine whether or not the
difference between the groups existed (Table 6 and 7).

DISCUSSION

To the best of our knowledge, this is the first study to have
compared social cognition skills in children diagnosed with
ADHD, SLD, and ASD. ToM studies in mid-childhood are
seen as a noticeable gap in the literature. Studies of school-
age children constitute only 4% of the total ToM studies.”
From both a neurological and a social perspective, direct
comparisons between the pre-school period and adolescence
are problematic. Therefore, by including children aged 7-12
years in this study, it was aimed to make a contribution to
filling this gap in the literature.

It was aimed to evaluate the social impairment in different
areas by applying scales, focused on aberrant and disruptive
behaviors, social reciprocity. When the scores of the T-DSM-
IV-S-Family, ABC, and SRS that were used in this study were
examined, it was seen that all 3 patient groups had signifi-
cantly higher scores than the control group, but no signifi-
cant difference was found between the patient groups. As the
SLD and ASD groups had comorbid ADHD at a high rate
and when the functional problems in neurodevelopmental
diseases were taken into consideration, the results of disrup-
tive and abnormal behavior were found to be high, as ex-

Table 6. Evaluation of ToM tasks after controlling intelligence

pected. The high scores in the SRS indicated a severe impair-
ment in social reciprocity. The scale results showed that there
was social impairment in all 3 patient groups of neurodevel-
opmental disorders, that was not specific to the ASD group
and as expected, that was most commonly seen in the ASD,
SLD, and ADHD groups respectively.

ToM tasks were applied to all the children in the study. The
first-order false belief performance scores of all 3 patient
groups were found to be lower than those of the control
group. In the second-order false belief performance, a signifi-
cantly lower score was found in the ADHD and ASD groups
compared to the control group. When the total scores of the
false belief tasks were examined, a significantly low perfor-
mance was found in all 3 patient groups compared to the
control group (ASD<ADHD<SLD). In the advanced ToM
tasks, the Hinting Task, the Faux Pas Recognition Test and
the RMET, significantly low performance was found in all 3
patient groups compared to the control group but no signifi-
cant difference was found between the patient groups
(ASD<SLD<ADHD).

Previous social cognition studies conducted on children
diagnosed with ADHD and ASD have yielded conflicting re-
sults.”** In a study by Dyck et al.” in which children with
ADHD, ASD, and other disorders were compared with
healthy children, it was reported that ToM deficit was not
specific to ASD and empathy was not independent of intelli-

SLD ADHD ASD Control F p
FOFB 1.591£0.59* 1.375+0.576" 0.944+0.802° 210° 8.003 <0.001
SOFB 0.818+0.907 0.667£0.761 0.389+0.608 1.389£0.778 3.229 0.050
TFBL 2.409+1.221% 2.042+1.16% 1.333£1.138° 3.3891+0.778° 7.605 <0.001
Hinting task 2.955%2.081° 42512212 2.333+£1.94* 7+1.749° 8.547 <0.001
Faux pas test 3.545+2.502* 4.542+1.668 2.556£2.281° 7.833+0.985" 13.14 <0.001
RMET 12.545+£5.414 14.917£5.283 13.833£4.997 19.444+3.434 2.628 0.056

a-c: no difference between groups with the same letter, F: One-way ANOVA. SLD: specific learning disorder, ADHD: attention deficit hyper-
activity disorder, ASD: autism spectrum disorder, FOFB: first-order false belief, SOFB: second-order false belief, TFBL.: total false belief level,

RMET: reading the mind in the eyes task

Table 7. Evaluation of ToM tasks after controlling receiver language

SLD ADHD ASD Control F P
FOFB 1.455+0.671° 1.364+0.581" 0.84+0.8° 240® 8413 <0.001
SOFB 0.818+0.853 0.5911+0.734 0.44+0.712 1.25+0.754 3.726 0.050
TFBL 2.2731+1.202* 1.955+1.133" 1.2841.308° 3.251+0.754¢ 8.156 <0.001
Hinting task 2.864+2.122* 3.9554+2.058" 2.28+2.151° 7.0831+0.996" 12.279 <0.001
Faux pas test 3.5+2.521° 4.455+1.654° 2.32+2.462° 7.75%1.545" 13.384 <0.001
RMET 11.773+5.108 14.6821+5.286 11.84+5.528 18+3.977 1.812 0.152

a-c: no difference between groups with the same letter, F: One-way ANOVA. SLD: specific learning disorder, ADHD: attention deficit hyper-
activity disorder, ASD: autism spectrum disorder, FOFB: first-order false belief, SOFB: second-order false belief, TFBL.: total false belief level,

RMET: reading the mind in the eyes task
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gence. Sinzig et al.*® examined the test results of facial emo-
tion recognition in ADHD, ASD, ADHD+ASD and control
groups, and reported that the ADHD group showed a signif-
icantly worse performance than the control group and the
presence of ADHD symptoms decreased ToM performance
in both the ADHD only group and in the autism group. Mi-
randa et al. examined ToM and executive functions in groups
formed of children with high-functioning autism (HFA),
ADHD and a control group. Both patient groups demon-
strated low performance and the HFA group was determined
to have significantly low ToM performance compared to the
control group.”” Similarly, the results of the current study
demonstrated that although there was lower ToM perfor-
mance in the ASD group, there was no statistically significant
difference between the ASD and ADHD groups.

There are very few ToM studies in the literature related to
the group of learning disorders. Researchers have defined
dyslexics as individuals those who tend to be disadvantaged
in misperceive the social context, misjudge, and misreading
social events. Patients with dyslexia have been seen to obtain
lower communication skills scores than a control group in
the areas of starting appropriate communication and under-
standing social clues.”’ It is thought that children with dys-
lexia have emotional and social problems and have skill defi-
cits in these areas.” Pragmatic language skills and ToM
performances were examined by Ramon et al. in a compari-
son of children diagnosed with dyslexia or non-verbal learn-
ing disorder and a control group. The dyslexic group was de-
termined to have a significantly lower performance of
pragmatic language and ToM skills than the control group
but not to a level of statistical significance.*” Unlike the re-
sults in the literature, the SLD group in the current study
demonstrated significantly lower ToM performance than the
control group, and no difference was determined between
the ADHD and ASD groups in respect of ToM performance.

When the relationships were examined between the ToM
performances and the scale scores of the children, there was
determined to be a significant negative correlation between
the scale scores and the ToM skills. The high SRS scores and
the low ToM performance of all 3 patient groups suggest that
ToM skills in all three neurodevelopmental disorders are ef-
fective and important skills in social communication and in-
teraction problems. In the CARS scale applied to the ASD
group to evaluate the severity of autism symptoms, a moder-
ate negative correlation was seen between the CARS scores
and the first-order false beliefs performance. Although the
severity of autism was an effective parameter on simple ToM
skills, no significant relationship was found on advanced
ToM skills. This result of the current study was similar to the
findings of a study by Buitelaar et al.,* in that the presence of

B Sahin et al.

a diagnosis of ASD had a negative effect on advanced ToM
skills independently of the severity of the disease.

It has been reported in the literature that the executive
function problems in the ADHD group with a comorbid
ODD, caused ToM deficits and there was a reciprocal rela-
tionship between the two skills.” In the current study, in the
comparison between the ADHD groups with and without
ODD comorbidity, no significant difference was found in re-
spect of all the ToM tasks. When the control group and the
ADHD groups were compared, it was found that the RMET
performances between the control group and the ADHD
group without ODD were not significant. Thus, the results of
the current study were similar to the findings of previous
studies that have shown that ADHD with ODD had no sig-
nificant effect on ToM.* When the effect on ToM skills of co-
morbid ADHD diagnosis was examined in the SLD group,
ADHD comorbidity in the SLD affected the simple ToM skills
but there was no effect on advanced ToM performances.

Advanced analyses of intelligence and receptive language
performance were made in our study. When the total intelli-
gence level of all the participants was examined, the difference
in respect of RMET performance was seen to disappear at the
limit. This result was found to be consistent with a previous
study that reported that RMET was predictive of the IQ
scores.” The intelligence performance affected the simple
ToM skills in the SLD group. When the receptive language
performance was controlled, it was found that the receptive
language performance had a significant effect on RMET in all
three groups of patients, while only affecting the simple ToM
skills in the SLD group. The results of our study revealed a
deficit in ToM skills in neurodevelopmental disorders, inde-
pendently of intelligence and language development.

Limitations

Matching genders and ages among the groups will make
the groups more homogenous. Examination of components
related to executive functions and language (syntax, mor-
phology, phonology, semantics, pragmatics) could have
shown the effects of these on social cognition more clearly.
As there could have been the poor homogeneity of the
groups with comorbid diagnoses, checking all the comorbid-
ity of the patient groups would provide clearer results of the
social cognition evaluation. While the ADHD group were
not using any medication, the medication status of the other
groups was not checked. The use of psychiatric medication
in the SLD and ASD groups could have had an effect as a
confounding factor on the social cognition and neurocogni-
tive tests. Ensuring medication control in all the groups
would increase the power of future studies to be conducted
in this area. As there were few patients in the current study
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who had special education intervention, the contribution of
special education was not included in the analyses. Further
research with a larger sample to show the effect of special ed-
ucation intervention on social cognition would be beneficial
in respect of guiding treatment goals.

Conclusion

The data obtained at the end of this study showed that
children with neurodevelopmental disorders had ToM skill
deficits independently of intelligence and language develop-
ment, and there was a significant correlation between these
deficits and problems experienced in many areas such as so-
cial communication and interaction, attention, behavior, and
learning. This suggests that social cognition is an important
area of impairment in SLD and there is a strong relationship
between clinical symptoms and impaired functionality. Fu-
ture studies will be able to more clearly reveal the mechanism
of this deficit by showing the possible common neuroana-
tomic structures in neurodevelopmental disorders. It can be
predicted that education in ToM impairments could comple-
ment treatment planned for neurodevelopmental disorders,
particularly in the treatment of difficulties experienced in so-
cial functionality. Understanding the contribution of this ed-
ucation to the effectiveness of treatment appears to be im-
portant. Studies based on early intervention for ToM skills,
which are longitudinal and cover the period of early child-
hood will shed light on the development of new treatment
strategies.
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