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Specific Learning Disorder (SLD) denotes a group of neurodevelopmental 
learning disorders affecting the domains of reading, writing and 
mathematical skills. The problems should be associated with learning and 
academic problems lasting for at least six months, despite appropriate 
interventions and they cannot be explained by mental and sensory 
disability, mental or neurological problems (1). Although rates may vary 
according to the definition of the disorder, diagnostic criteria used, and 
characteristics of the sample studied; it is generally thought to effect 
around 5.0 – 15.0% of school-age children and around 4.0% of adults (1). 
The etiology involves genetic, social and environmental factors. Genetic 
factors may account for 63.0% of the variance in disorder, while the rest 
maybe affected by environmental factors and educational methods; 
such as training in phonetic skills, reading fluency, phonemic awareness, 
reading-comprehension and auditory skills may be used in treatment (2).

Socio-metric studies suggested that people with SLD may have lower 
acceptance levels among peers and have fewer friends. They were also 
perceived as more aggressive by their peers and social problems among 
children with SLD may arise from problematic recognition of social cues, 
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Introduction: The aim of this study was to compare children with Specific 
Learning Disorders (SLD) and matched controls in terms of nonverbal 
communication skills, understanding of emotions, electrodermal activity 
(EDA) changes and response latencies measured with affective stimuli.

Method: The study was designed as a single-center, cross-sectional, 
controlled study. KA-SI Empathic Tendency Scale-Child Form, Test of 
Perception of Affect-Via Nonverbal Cues (TPANC) were used for both 
groups. The TPANC test was performed in 4 different sessions (for 
picture, video, audio and textual stimuli), and during each session, the 
EDA was measured from the non-dominant hand. Stimuli were given at 
15 second intervals in the tests and phasic changes within 3–8 seconds 
after the stimulus was accepted as skin conductance responses related 
to the stimulus in accordance with the literature. The responses and 
response latency during the TPANC test were recorded by the clinician.

Results: 31 children with SLD and 31 healthy controls were included in 

the study. The mean ages for SLD and controls were 10 years 6 months 
and 10 years 1 month; respectively. In the SLD group, the number of 
correct responses in all subtests of TPANC was statistically significantly 
lower than controls (p<0.05). When TPANC subtests response latencies 
were compared, there was a significant increase in the SLD group 
compared to controls (p<0.05). The groups did not display a significant 
difference in EDA changes while providing responses in TPANC.

Conclusion: Our results contribute to the literature on the affect 
recognition and its autonomic correlates among children with SLD. 
However, dependence on a single-modality for autonomic nervous 
system reactivity and limited sample size may affect our results and 
further studies with larger samples employing multiple domains of 
autonomic reactivity may be needed.

Keywords: Affect perception, electrodermal activity, specific learning 
disability
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misinterpretation of perceived cues, lack of knowledge of social skills 
and limited experience (3). Several studies have shown that children with 
SLD had problems distinguishing emotions (4). The results of research 
conducted on social interaction and non-verbal communication skills 
of children and adolescents diagnosed with SLD suggest that they have 
problems in perception and interpretation of nonverbal communicative 
stimuli presented in different modalities (5).

Highlights
• Specific Learning Disorder (SLD) may cause difficulty in 

recognizing and interpreting social and emotional cues.

• SLD can lead to impairments in the abilities of cognitive 
empathy which can lead to peer problems.

• It may not cause a change in electrodermal activity 
response given to affective stimuli in children with SLD.
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Electrodermal Activity (EDA) involves changes in the electrical 
properties of the skin due to autonomic nervous system (ANS) activity. 
Skin conductivity, which is the most studied variable in the studies, is 
determined by applying an electrical potential between two points in the 
skin and measuring the electrical current between these two points (6,7). 
In recent years, many studies have been published on EDA in children 
and adolescents with neurodevelopmental disorders such as attention 
deficit and hyperactivity disorder (ADHD), autism spectrum disorder 
(ASD), and SLD. One study examined whether decreased EDA in ADHD 
was significant for attention problems associated with this disorder. In 
an ongoing attention task, it was stated that the general error rates of 
ADHD subjects were higher, and error feedbacks were given less EDA. 
Researchers reported that this difference may indicate inefficiently use 
of cognitive resources (8). In a study conducted with children diagnosed 
with ASD, their mothers’ faces and EDA responses to a paper cup were 
similar; In the control group, it was observed that the EDA response to 
their mothers’ faces were higher. The sympathetic nervous system is over-
activated in a significant part of the cases diagnosed with ASD; in the rest, 
it has been reported that there is low activation in this system (9). EDA 
responses to emotional stimuli are thought to be related to empathy and 
nonverbal communication skills and many studies have been conducted 
to understand this relationship, but when the literature is examined, no 
study evaluating the relationship between EDA responses and empathy 
and nonverbal communication skills in the SLD were found.

Empathy refers to the reactions of one individual to the observed 
experiences of another and may require adequate social perception as 
well as the capacity to comprehend complex mental states (10). Empathy 
maybe subdivided as cognitive and affective. The former also referred to 
as “mentalizing”, is the ability to comprehend the mental state of another 
whereas affective empathy denotes an emotional experience arising in 
response to an emotion experienced by another. Those domains are 
related but different (11). Empathic difficulties in children with SLD may 
be related to underlying auditory and visual-perceptual problems that 
lead to erroneous social learning (12). Social problems among children 
with SLD may be prevalent, lead to peer and teacher exclusion and may 
be independent of academic success and teacher acceptance (3,13).

The aims of this study were; 

a) To compare the emotional and behavioral difficulties, non-verbal 
communication skills, EDA changes and response latencies with 
affective stimuli, and empathy levels of children with SLD with 
controls.

b) We also aimed to investigate the correlations of these variables with 
empathy levels.

METHODS

Study Design
This study is a cross-sectional, case-control study that recruited patients 
diagnosed with SLD and healthy controls from Bolu Abant İzzet Baysal 
University Departments of Child and Adolescent Psychiatry and 
Departments of Pediatrics. Institutional Review Board (IRB) approval was 
obtained for the study from Bolu Abant İzzet Baysal University Clinical 
Research Ethics Committee (Date: 13.06.2019,  No: 2018/236). Verbal and 
written consent of the mothers and their children who participated in the 
study was obtained prior to the study entry. All study procedures were 
conducted in accordance with the Declaration of Helsinki and local laws 
and regulations.

Participant Selection and Duration
The inclusion criteria for the SLD group were; age 8–12 years, SLD 

diagnosis according to the Schedule for Affective Disorders and 
Schizophrenia for School Age Children Present and Lifetime Version-
Turkish version (K-SADS-PL) and as per the Diagnostic and Statistical 
Manual of Mental Disorders 5 (DSM-5) criteria, lack of comorbidity 
except for attention deficit and hyperactivity disorder (ADHD), being 
medication naïve, lack of active suicidal ideation, lack of chronic medical/
neurologic conditions requiring treatment (i. e. epilepsy, diabetes, etc.), 
and providing informed consent for study participation. The exclusion 
criteria included the presence of anxiety disorders, drug/alcohol abuse, 
bipolar disorder, major depressive disorder, obsessive compulsive 
disorder, post-traumatic stress disorder, intellectual disability, psychotic 
symptoms, and major known medical disorders of the central nervous 
system (e.g. epilepsy).

The study was conducted between July and September 2019. Children 
and their parents were interviewed by the same child psychiatrist. 63 
children applying to our clinic with SLD symptoms during the study 
period was assessed. Children without SLD diagnosis (n=8) and those with 
parents withholding consent for participation (n=5) were excluded and 
50 children with SLD were assessed. In 14 of 50 children diagnosed with 
SLD, there was a comorbid psychiatric disorder (conduct disorder, n=6; 
major depressive disorder, n=3; bipolar spectrum disorder, n=1; obsessive 
compulsive disorder, n=3; post-traumatic stress disorder, n=1) leading to 
exclusion. Five children having missing data were also excluded from 
the study. Therefore, 31 treatment-naive children aged 8–12 years and 
diagnosed with SLD were enrolled in the patient group.

The healthy control group was formed after the participants in the SLD 
group had been chosen. It was composed of children aged between 8 
and 12 years who were chosen from the pediatric clinics of the study 
center. Pediatric clinics are free and routine services in our country and 
adolescents come to this clinic from the general population. Pediatricians 
identified children aged 8–12 years and asked the parents whether they 
would be interested in participating in the study. The inclusion criteria 
for participants in the healthy control group were that attendance to 
the Department of Pediatrics with acute problems (e.g. infections) or 
well-child visits. The exclusion criteria for the healthy control group 
were situations in which the subjects presented psychiatric disorders 
and were using psychotropic medications; having chronic medical and 
neurological disorders, or had a past history of psychiatric treatment. 
During the study period, 34 healthy children presented to the study 
centers, three of whom declined study participation, leaving 31 children 
in the control group.

Study Procedure
Schedule for Affective Disorders and Schizophrenia for School-Age 
Children Present and Lifetime Version (KIDDIE-SADS-PL) in addition to 
DSM-5 based clinical interview was applied by a child and adolescent 
psychiatrist to evaluate both SLD diagnosis and psychiatric comorbidities. 
The KA-SI Empathic Tendency Scale– Child Form was used for assessing 
self-reported empathy. The Strengths and Difficulties Questionnaire– 
Parent Form was used to assess children’s emotional and behavioral 
difficulties. Test of Perception of Affect Via Nonverbal Cues (TPANC) was 
used to assess nonverbal affect recognition skills of children. Autonomic 
reactivity during observation of TPANC stimuli and providing answers 
were evaluated by EDA. All respondents completed paper and pencil 
versions of the questionnaires in a fixed order (a socio-demographic 
checklist, The Strengths and Difficulties Questionnaire– Parent Form, KA-
SI Empathic Tendency Scale).

Measures
Sociodemographic Data Form: The form was prepared in order to 
collect information about sociodemographic characteristics of children 
and parents. The form consisted of questions examining child’s age, 
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gender, family structure, parent’s age, marital status, family history of 
medical and psychiatric illnesses and it was completed by the clinician.

Schedule for Affective Disorders and Schizophrenia for School 
Age Children Present and Lifetime Version (KIDDIE-SADS-PL): The 
children’s diagnoses (except SLD) were determined using the K-SADS-PL, 
which is a semi-structured diagnostic interview designed to assess current 
and past episodes of psychopathology in children and adolescents 
according to DSM-III-R and DSM-IV criteria. Child and parent ratings are 
combined in a compound summary. The form consists of three sections; 
the first section questions socio-demographic characteristics, the second 
questions current and past episodes of psychiatric symptoms, and the 
third section evaluates the general functions of the children during the 
evaluation. Mood disorders, psychotic disorders, anxiety disorders, 
elimination disorders, disruptive behavior disorders, alcohol and drug 
use disorders, eating disorders, and tic disorders can be evaluated in 
the interview. The Turkish translation and validity and reliability study of 
K-SADS-PL was performed by Gökler et al., (2004) (14). The presence of 
SLD was ascertained via psychiatric interviews evaluating DSM-5 criteria 
and completion of parent form of the Learning Disorder Symptom 
Screening List.

The Strengths and Difficulties Questionnaire (SDQ): SDQ is a 25-item 
behavioral screening questionnaire that measures parents’ perceptions 
of pro-social and problem behaviors in children aged 3–16 years (15). 
These questions are collected under 5 subscales; (1) behavioral problems, 
(2) attention deficit and hyperactivity, (3) emotional problems, (4) peer 
problems, and (5) social behaviors. Each subscale is evaluated within itself 
and the total of the first 4 subscales gives the “total difficulty score”. A 
high score in the subscales, with the exception of the social behaviors 
subscale, indicates a problem. Güvenir et al. (2008) translated the Turkish 
forms and established their validity and reliability (16). In this study, 
Cronbach’s alpha for SDQ was 0.67.

KA-SI Empathic Tendency Scale– Child Form (KA-SI-ETS-CF): KA-SI– 
ETS-CF was developed by Kaya (2010) to measure empathic tendencies 
of children according to self-report. A two-factor structure (i. e. cognitive 
empathy and emotional empathy) was found as a result of explanatory 
and confirmatory factor analysis and upper/lower quintile distinctiveness 
analyses. The Cronbach’s alpha reliability coefficients of the subscales and 
the overall scale, the correlation coefficients between the subscales, and 
the test-retest reliability coefficients obtained from its application with 
a one-week interval also indicated that the scale could be used reliably 
(17). For the current study, the Cronbach’s alpha internal consistency the 
coefficient was 0.81 for the emotional empathy subscale, 0.79 for the 
cognitive empathy subscale, and 0.88 for the total scale.

Test of Perception of Affect via Nonverbal Cues (TPANC): It is a 56-
item assessment tool developed to measure children’s ability to perceive 
non-verbal affective cues. The test is designed to evaluate the six basic 
emotions of “happiness”, “sadness”, “anger”, “surprise”, “fear” and “disgust” 
presented via auditory, visual (pictures and videos) and textual stimuli. 
TPANC includes 24 pictures of facial affect, 8 videos denoting affective 
motions/postures, 12 records of speech denoting prosody for affects 
and 12 stories involving social/affective situations presented in the text. 
The test time was approximately 35 minutes. Participants expressed their 
answers verbally and whether their answers were correct or incorrect 
was recorded by the researcher. Responses to affective cues are coded 
as true/false along with response latency. Latency was measured by the 
researcher pressing the button connected to the computer. The scale 
was developed to evaluate affect perception in Turkish children and 
was previously used to evaluate the development of affect perception 
in children with SLD (18). Permission to use the test was granted by the 
original researchers. Tonic and phasic EDA recordings were made during 
the application of TPANC in this study.

Measurement of Electrodermal Activity
In our study, tonic and phasic electrodermal activity were recorded by 
the Derman® system manufactured by Teknofil Teknoloji Tasarim Limited 
Company (www. teknofil. com. tr; Istanbul). The system consists of a 32-
bit ARM microprocessor and analog circuitry which performs dermal 
impedance analysis and its embedded data collection and analysis 
software. The data collection and analysis software were developed with 
LabViewTM and run under Windows. The system connects with the main 
computer via the USB port and is powered by USB. To achieve complete 
insulation for electrical safety and to isolate subjects the host computer 
runs on a battery. The subject is connected to the device inlet through 
the palm with disposable sterile electrodes to record the electrodermal 
response. The system has been used in previous scientific studies, and it 
has been shown that it can detect tonic and phasic responses in a safe 
and valid manner (19).

In our study, baseline EDA recording was performed in a quiet environment 
for 5 minutes prior to the application of the TPANC test (20). As soon 
as the autonomic nervous system was stimulated, skin conductivity 
increases very rapidly with increased sweating. Basal measurement 
was made for 5 minutes before the start of the test to ensure that the 
participants were minimally affected by external stimuli. The TPANC 
test was then performed in 4 different sessions (for picture, video, audio 
and textual stimuli). These stimuli were shown to the participants with 
the help of a monitor and listened to the participants with the help of a 
headset. During each session of TPANC, the EDA was measured from the 
non-dominant hand with the aid of two sterile electrodes attached to 
the palm of the participants’ non-dominant hands at a temperature of 
22–24°C. Basal measurement was repeated for 60 seconds before each 
application. Stimuli were given at 15 seconds intervals in the tests, when 
the participants responded, the researcher pressed the button connected 
to the computer and phasic changes within 3 and 8 seconds after the 
stimulus was accepted as skin conductance response related to the 
stimulus in accordance with the literature. The responses and response 
latency during the TPANC test were recorded by the clinician.

Statistical Analysis
SPSS 22.0 (Statistical Package for the Social Sciences, IBM Inc., Armonk, 
NY) program was used for statistical analysis. Sociodemographic and 
clinical categorical variables were reported as numbers and frequencies. 
Quantitative variables were summarized as arithmetic means and standard 
deviations. Assumptions of normality were evaluated via Kolmogorov– 
Smirnov test. Bivariate comparisons were conducted with chi-square test 
(with Yates’ and Fisher’s corrections as needed) and Student’s t-test for 
independent groups. The Generalized Linear Models method was used 
for repeated measurements in order to evaluate the effect of diagnostic 
groups on EDA changes were detected during TPANC subtests. Bivariate 
correlations were conducted with Pearson’s correlation analyses. The 
relationship between empathy scores and EDA variables was evaluated by 
canonical correlation analysis. P was set at 0.05 (two-tailed).

RESULTS
Within the study period, 31 children with SLD and 31 healthy control 
children could be enrolled. The average ages of the children in the SLD 
and control groups were 10 years 5 months and 10 years 1 month; 
respectively. No significant difference was determined between the 
average ages of the groups (p=0.117). Eight children in the SLD group 
and 14 in the healthy control group were female and the groups did 
not differ according to gender (p=0.184). There were also no differences 
between the SLD and control groups in terms of mother’s and father’s 
age, family structure and, familial histories of medical and psychiatric 
disorders (p=0.374, p=0.679, p=0.558, p=0.476, p=0.519 respectively). 
Sociodemographic features of groups were presented in Table 1.
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When the children with SLD were evaluated in terms of subtypes, ten 
(32.3%) were diagnosed with “Reading Disorder”;  four (12.9%) were 
diagnosed with “Disorder of Written Expression”; and one patient 
(3.2%) had “Mathematics Disorder”. Sixteen children (51.6%) displayed 
symptoms from various academic domains and were classified as 
“Mixed”. 54.8% (n: 17) had comorbid ADHD diagnosis. In the ADHD 
diagnostic subgroups, four children had predominantly attention-deficit, 
three children had predominantly hyperactivity and ten children had 
mixed types. The comparison of SLD and healthy control groups in terms 
of SDQ and KA-SI-ETS-CF scores was presented in Table 2.

When patients with comorbid ADHD, only SLD diagnosis and healthy 
controls were compared in terms of SDQ and KA-SI-ETS-CF scores, only 
SDQ peer relationship subscale was a statistically significant difference 
among the three groups (p=0.016).

In the SLD group, the number of correct responses in all subtests of TPANC 
was statistically significantly lower (p<0.05). Also, response latencies in all 
TPANC subtests were significantly increased in the SLD group compared 
to healthy controls (p<0.05). The comparison of groups in terms of TPANC 
responses and response latencies were presented in Table 3.

The Generalized Linear Models method was used for repeated 
measurements in order to evaluate the changes in the EDA changes 
detected in TPANC subtests. The equivalence of covariance matrices 
was evaluated by Box’s M test. Test results showed that covariance 
matrices were not equal (F=3.7, p<0.001). Therefore, Pillai’s trace 
method was used in the interpretation of the results. According to the 
test results, the SLD diagnosis did not have a significant effect on EDA 
changes accompanying TPANC responses [F (12, 45)=1.3, p=0.27, partial 
η2=0.25).

Table 1. Sociodemographic data of children with Specific Learning Disorder (SLD) and control children

SLD group
 (n: 31)

Healthy Control group 
(n: 31) P X2/t

Age* (years; mean ± SD) 10.50±1.07 10.06±1.06 0.117 1.591

Gender** n (%)

Male 23 (74.2) 17 (54.8)
0.184 2.536

Female 8 (25.8) 14 (45.2)

Mother’s mean age* (years; mean ± SD) 37.8±4.26 38.74±3.94 0.374 -0.897

Father’s mean age* (years; mean ± SD) 41.26±4.51 40.90±4.18 0.679 0.416

Family Structure

Nuclear family 21 (67.7) 24 (77.4)

0.558 2.069Extended family 7 (22.6) 5 (16.1)

One-parent family 3 (9.7) 2 (6.5)

Family medical illnesses** n (%)

Yes 3 (9.7) 5 (16.1)
0.476 0.508

 No 28 (90.3) 26 (83.9)

Family psychiatric illnesses** n (%)

Yes 10 (32.3) 8 (25.8)
0.519 0.416

No 21 (67.7) 23 (74.2)

SD: Standard deviation; SLD: Specific learning disorder. 
*Evaluated by parametric t-test. 
**Evaluated by chi-square test. 

Table 2. Comparison of parent-reported emotional and behavioral problems and self-reported empathic tendencies between children with SLD and healthy controls

(Mean ± SD)
SLD group

 (n: 31)
Healthy control group 

 (n: 31)
p t

SDQ emotional problems 3.70±2.45 3.27±2.25 0.499 0.680

SDQ behavior problems 2.87±2.10 2.19±1.88 0.213 1.260

SDQ ADHD 5.43±2.74 4.69±2.38 0.288 1.073

SDQ Peer problems 4.40±1.91 2.81±1.83 0.002 3.174

SDQ social behavior 7.53±1.89 8.31±1.52 0.100 -1.674

SDQ total Score 16.40±6.77 12.96±5.44 0.043 2.075

KA-SI-ETS-CF affective empathy score 19.97±4.94 21.27±5.31 0.346 -0.950

KA-SI-ETS-CF cognitive empathy score 16.57±4.75 18.88±3.86 0.05 -1.983

KA-SI-ETS-CF empathic tendency score 36.53±8.86 40.15±8.56 0.127 -1.549

ADHD: Attention deficit hyperactivity disorder; KA-SI-ETS-CF: KA-SI empathic tendency scale for children form; SDQ: Strengths and difficulties questionnaire; SLD: Specific 
learning disorder. 
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Table 3. Comparison of SLD and healthy control group in terms of TPANC total number of correct responses and latencies

(Mean ± SD)
SLD group 

 (n: 31)
Healthy control group 

 (n: 31) p t

TPANC correct answer 

TPANC-picture 16.86±4.17 19.58±2.06 0.003 -3.232

TPANC-video 5.29±1.57 6.42±1.26 0.003 -3.118

TPANC sound recording 5.42±2.33 8.10±1.49  <0.001 -5.381

TPANC story 7.55±2.58 9.74±1.39  <0.001 -4.168

TPANC response latency (seconds)

TPANC-picture 107.02±44.98 57.50±54.60  <0.001 3.898

TPANC-video 44.49±14.19 30.85±10.32  <0.001 4.250

TPANC sound recording 55.21±19.77 42.56±14.10 0.006 2.768

TPANC story 110.26±17.22 100.78±9.46 0.019 2.469

TPANC: Test of perception of affect via nonverbal cues. 

Table 4. Correlations between KA-SI-ETS-CF empathy scores and EDA variables

Stimulus type/Canonic correlation Correlations Eigenvalues P*

TPANC– Picture EDA change 0.985 33.544 0.202

TPANC– Video EDA change 0.614 0.604 0541

TPANC– Sound EDA change 0.815 1.971 0.219

TPANC– Story EDA change 0.858 2.786 0.187

* Evaluated by canonical correlation analysis. 
TPANC: Test of perception of affect via nonverbal cues. 

Table 5. Correlations between SDQ subscores and TPANC test response time in the SLD group

Pearson’s Rho, p
SDQ-Emotional 

problems
SDQ-Behavioral 

problems SDQ-ADHD SDQ-Peer problems

TPANC Test –Mean response time– Picture
r 0.173 -0.047 -0.042 -0.207

p 0.362 0.807 0.825 0.272

TPANC Test –Mean response time– Video
r -0.051 0.068 -0.253 0.036

p 0.801 0.735 0.204 0.859

TPANC Test –Mean response time– Sound
r -0.120 0.226 -0.157 0.192

p 0.559 0.266 0.444 0.349

TPANC Test –Mean response time– Story
r 0.567 0.418 0.076 0.276

p 0.004** 0.042* 0.724 0.192

*p<0.05
**p<0.01
Evaluated by Pearson Bivariate correlation. 
ADHD: Attention deficit hyperactivity disorder; SDQ: strengths and difficulties questionnaire; TPANC: Test of perception of affect via nonverbal cues.  

The relationship between KA-SI-ETS-CFscores and EDA variables was 
evaluated by canonical correlation analysis. In the canonical correlations, 
no significant relationship was found between the KA-SI-ETS-CF cognitive 
and affective empathy scores and the EDA responses to the TPANC-
picture, video, auditory and textual stimuli sets (Table 4).

When the correlations between SDQ subscales and TPANC mean response 
times were examined, a statistically significant positive correlation was 
found between the SDQ emotional and behavioral problems subscales 
and TPANC mean response latencies for textual affective stimuli. No 
significant relationships were found for the remaining SDQ subscores 
and TPANC response latencies in other domains (Table 5).
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DISCUSSION
This cross-sectional, case-control study was aimed to compare the 
emotional and behavioral difficulties, non-verbal communication skills, 
EDA changes and response latencies with affective stimuli, and empathy 
levels of children with SLD with controls and the correlations of these 
variables with self-reported empathy levels. As a result, we found 
that children with SLD had significantly lower correct responses in all 
subtests of TPANC and had significantly elevated response latencies to 
affective stimuli presented via various modalities. Parent-reported peer 
problem scores were higher in the SLD group. Children with SLD had 
significantly lower cognitive empathy scores as measured via KA-SI-ETS-
CF. Contrary to our hypotheses, we observed that the SLD group did not 
display a significant difference in autonomic changes arising in response 
to TPANC stimuli.

Children with SLD may have more difficulty in accurate recognition 
and interpretation of social and affective cues. Such social perception 
deficits may be responsible for most of the social problems that those 
children face in daily life. Several studies have shown that children 
with learning disorders experience emotion recognition, emotion 
identification and expression problems (21). Kilic Tulu and Ergul (2015) 
reported that children with SLD were significantly more impaired 
in affect recognition as measured via TPANC domains and that this 
difference was resolved by the time they were in fifth grade. They 
also reported that response latencies of children with SLD in auditory 
stimuli were similar to controls while the latencies were significantly 
elevated for affective, non-verbal stimuli in other domains (21). Gabay 
and colleagues (2017) reported that patients with dyslexia were also 
impaired in face processing (22). Cardillo and colleagues found that 
children with SLD and associated language impairments were impaired 
in pragmatics and theory of mind abilities, especially involving language 
(23). However, our results suggest that children with SLD, even when 
free of language impairments, may be impaired in decoding affective, 
non-verbal cues in domains other than pictures of faces and that this 
difference did not resolve with age. This finding may be explained by 
temporal processing problems including stimulus duration, rapidity of 
change of stimuli, and sequence order, of sensory stimuli in different 
modalities in children with SLD (24).

In our study, we found that response latencies to non-verbal affective 
stimuli were significantly elevated in all domains in children with SLD, 
although differences in visual (i. e. picture/video) stimuli were greater. 
This may suggest that visual perception in our sample may be more 
important. Koller (2012) has shown that children with SLD have difficulty 
processing the sound/symbol relationship normally due to problems in 
visual processing, which leads to difficulties in reading and writing (25). 
In a study assessing whether children with dyslexia who learn to read 
Greek experience auditory and visual processing deficits; only about 
half of the children with dyslexia showed visual processing deficits and 
no auditory processing defects were detected (26). Also, there was a 
relationship between phonological awareness problems and difficulties 
in visual processing processes in SLD (27). Kiliç Tülü and Ertugrul (2015) 
found that response latencies of children with SLD in auditory stimuli 
were similar to controls while the latencies were significantly elevated 
other domains (21). The finding in our study that children with SLD have 
more difficulty in visual perception is consistent with the literature and 
may be an explanation for the phonological awareness skill problems in 
children with SLD.

Children with SLD in our study also reported significantly lower cognitive 
empathic abilities. Gabay and colleagues (2016) found that empathy, 
especially cognitive domain was positively correlated with reading ability 
and that those with dyslexia were significantly impaired in empathy. They 

suggested that this may be due to the shared role of temporoparietal 
junction in both of those domains (28). Although older studies suggest 
that emotional aspects of empathy may also be affected in SLD (12), our 
studies as well as others suggest that cognitive aspects of empathy may 
be more impaired in children with SLD. Most of the studies used self-
report scales of empathy which requires verbal skills among participants 
with SLD and this may have biased the results. Further studies evaluating 
empathic skills via non-verbal tasks among children with SLD may clarify 
the relationships between reading ability and empathy as well as the 
effects of SLD diagnosis on empathy.

We also found that the SLD group had more problems with their peers 
than the controls. In the literature, it has been shown that most of the 
children with learning disabilities have social skills problems and these 
children are excluded because of these problems by their peers and 
teachers (3). In addition, it has been reported that children with SLD are 
less liked by their peers, have social and emotional problems, and this is 
not only due to low academic achievement and low teacher acceptance 
(13). Our finding is consistent with the literature. Parhiala and colleagues 
(2015) reported that social skills in children with SLD may be affected by 
the interaction of time and gender. According to their results; social skills 
of boys with SLD may improve after the entrance to primary school while 
those of girls did not (29). Due to the cross-sectional nature of our study, 
we could not evaluate the effects of time on social skills of children with 
SLD and whether it interacted with gender. Further prospective studies 
using methodologies similar to ours may clarify whether gender and 
maturation may affect social skills of children with SLD.

In our study, we found a statistically significant positive correlation 
between SDQ emotional and behavior problems subscales and mean 
response latency for TPANC– stories in the SLD group. Studies have 
shown that children with behavioral problems have difficulty in 
recognizing, understanding and naming emotions (30). It was reported 
that children and adolescents with behavioral disorders showed 
deficits in emotion recognition and were less focused on emotionally 
informative facial regions such as eyes (30). However, response latencies 
to static and dynamic visual and auditory affective stimuli did not display 
significant correlations in our sample. This may be due tothe less taxing 
effects of those stimuli on working memory. That is in textual stimuli 
(social stories), the children with SLD should read the stories and use 
verbal working memory, syntax and semantics as well as higher-order 
reading and reasoning skills to accurately recognize affective reactions of 
protagonists and antagonists. Such skills may better reflect parental views 
on emotional and behavioral functioning.

In contrast to our a priori hypotheses, no significant difference was 
observed between the SLD and control groups in the EDA recordings of 
participants during viewing and responding to TPANC stimuli. Although 
EDA may be used as a sensitive indicator of emotional states, implicit 
emotional responses, and attentional cognitive processing (6), EDA 
responses to affective stimuli in children and adolescents diagnosed 
with the neurodevelopmental disorder may be limited in the literature. 
In a previous study, it was reported that bilateral EDA responses 
differed significantly from healthy controls in children with ADHD/
SLD comorbidity (31). In another study conducted on healthy siblings 
of children with ADHD, SLD and ASD, change in EDA responses to 
TPANC stimuli did not differ across groups (19). In a study examining 
neurovegetative functions in patients with SLD, it was found that heart 
rate changes during reading task of SLD patients were different from 
healthy controls (32). Tobia and colleagues (2016) found that EDA was 
lower in children with SLD while reading aloud and that this correlated 
with parental reports of children’s emotional problems (33). In our study, 
we did not require the child to read the stories in TPANC aloud and stimuli 
in other domains did not tap verbal reasoning and higher-order reading 
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abilities. In order to achieve standardization, the researcher read the text 
of the TPANC test to the participants in the story field. A study designed 
to allow children to read the text silently, to read it aloud, and to make 
the researcher read the text to children are likely to make a difference in 
terms of EDA changes in the story area.

Also, we did not provide feedback on participant responses and recorded 
their EDA changes to feedback. Those limitations along with a small 
sample size may have affected our results.

Our results should be evaluated within their limitations. Firstly, the study 
was designed as a single-center, cross-sectional, case-control study at 
a tertiary treatment center and our results may not be generalizable 
to other centers. Secondly, our measures of empathy depended on 
self-reports of children and they may be affected by reporting and 
desirability bias. Thirdly, parents of children with SLD may also have 
learning and reading deficits themselves and this may have affected 
the reliability of parent reports. The inclusion of teacher reports could 
have provided more objective reports of peer, emotion, behavior and 
attention problems. Fourth, the inclusion of alternative measures of ANS 
reactivity (e.g. pupillometry, heart rate variability) may have provided a 
more accurate measure of reactivity to TPANC stimuli. Fifth, there was no 
scale to support the diagnosis of SLD and to determine its severity and 
to measure the severity of ADHD. Diagnoses were made only clinically 
and according to K-SADS-PL. Lastly, as social cognitive training was 
reported to improve empathic accuracy (34); further studies may employ 
a pre-post-test design on samples with SLD and test the effectiveness of 
training on empathy and its ANS correlates.

Regardless of its limitations, our study replicates and enriches results 
of previous ones reporting affect recognition problems in various 
modalities among children with SLD along with slower reaction times. 
We also replicated the finding that children with SLD maybe especially 
impaired in cognitive empathy and that they have more severe peer 
problems. Contrary to our hypotheses, we observed that the SLD group 
did not display a significant difference in autonomic changes arising in 
response to TPANC stimuli.
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