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Abstract

processing.
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Objectives: Considering attention capacity along with cognitive and emotional problems of autistic children has been of utmost
interest among researchers in recent years. Hence, the aim of the study was to investigate the relationship between executive func-
tions, emotional recognition and sensory processing in autistic children.

Methods: The study was correlational. 82 children with autism spectrum disorder with ages ranging from 6 - 11 years were chosen
based on convenience sampling in Tehran. The modified Benton face recognition test, short sensory profile and executive func-
tions questionnaires (Brief) of parent form were administered in order to measure the variables. Pearson correlation and multiple
regressions were used to analyze the data at a significance level of P < 0.05.

Results: The results suggested that there was a positive relationship between the executive functions and emotional recognition,
while a negative relationship was found between the sensory processing and emotional recognition in autistic children. Regression
analyses revealed that emotional recognition could be predicted through the components of executive functioning and sensory

Conclusions: It was concluded that, emotional functions and sensory processing modification can help reducing emotional prob-
lems and emotional recognition of children with autism spectrum.

1. Background

Autism spectrum disorders (ASD) are referred to neu-
rodevelopmental disorder that result in severe deficien-
cies in social communication and the occurrence of re-
stricted repetitive behaviors and interests (stereotypical
behaviors) in the affected population. A median preva-
lence of 17 per 10000 has been reported for autism spec-
trum worldwide (1). Patients with autism spectrum dis-
order exhibit undesirable behaviors such as stereotyped
movements, aggression, and self-harming behaviors. They
also have difficulty in understanding and using social rules
and behaviors, interactive gestures, nonverbal behaviors,
and motor coordination (2, 3). Low or high sensitivity to
auditory, olfactory, tactile and visual stimuli is often re-
ported in children with autism. This disorder is pervasive
and affects all the aspects of a child’s development; there-
fore, the assessment should include all the aspects of per-
formance in autistic children including social skills, move-
ment, language, daily life skills, playing, executive func-

tions, social recognition, and academic skills. The results
of studies show that one of the areas affected by autism
spectrum disorder is executive function. Executive func-
tions include the child’s ability to respond, plan, and orga-
nize, use working memory, problem solving, goal setting,
and todo curriculum activities (4). The deficiencies of exec-
utive functions in children with autism may be accompa-
nied by deficits such as cognitive impairment and inappro-
priate responses to social situations. Children with autism
spectrum disorders also have difficulty in sensory process-
ing, and therefore show abnormal responses to sensory
stimuli (5).

Sensory processing is the way that nervous system re-
ceives, organizes and interprets the sensory information.
It is also considered as an intrinsic process of the nervous
system, which informs the individual how to respond to
the situation based on the sensory information obtained
from the surroundings (6).

When processing problems occur in one or more sen-
sory systems, problems such as apraxia, verbal problems,
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delay in eye and hand coordination, excessive eating,
sounds and touch intolerance, and collaborative problems
occur. Sensory processing disorders can lead to problems
in many areas of life, such as doing daily life activities, self-
esteem and coping, social and play skills (7). The unique
sensory processing pattern in children with autism is as-
sociated with attention deficit disorder, arousal level, and
interaction with others (5). The ability to recognize emo-
tions is an important part of the non-verbal communica-
tion system and an essential skill for successful adjustment
and manipulation of the environment, and an essential
and fundamental skill in establishing successful relation-
ships. An unusual recognition of emotional states on the
face is a critical factor in a weak relationship and nega-
tive changes in competing behavior. Based on the above-
mentioned reasons, the perception and recognition of oth-
ers’ emotions are considered as an important factor in so-
cialinteractions. Therefore, any defect in this ability affects
the quality of communication, which is observed in autis-
tic children and complicates their communication prob-
lems (8, 9).

According to one study, weakness in sensory process-
ing limited the participation of children with autism in ac-
tivities (10). Furthermore, Hoyland et al. showed that autis-
tic children not only perform weaker in the recognition
of neutral face expression and female gender identity, but
also their reaction time to male images was stronger (11). It
wasalso shown ina study thatautistic children had a differ-
ent pattern in all their senses except olfactory as compared
to healthy children (12).

Hilton et al. (2010) asserted that different patterns of
sensory processing in children with autism are a major
contributor to the social participation of these children
(13). Based on the existing evidence and deficiencies in
three areas of executive function, sensory processing, and
emotional recognition in children with autism spectrum
disorder, this research attempts to answer the question
whether or not there is a relationship between executive
functions, sensory processing and emotional recognition
in autistic children.

2. Methods

The study was correlational. 82 children with autism
spectrum disorder with ages ranging from 6 - 11 years were
chosen from the autism children charity foundation, autis-
tic children’s Mita center and Ayin Mehrvarzi school based
on convenience sampling in the year of 2017 in Tehran. The
modified Benton face recognition Test, short sensory pro-
file and executive functions questionnaires (Brief) of par-
ent form were administered in order to measure the vari-
ables. The inclusion criteria were age, suffering from an

autism disorder with level 1 based on the opinion of the
center’s authorities and medical records.

Behavior rating inventory executive function (BRIEF)
parent form was used to evaluate the executive functions’
level in children. The questionnaire consisted of 86 items.
Among the skills related to executive performance, work-
ing memory (active memory), change (cognitive flexibil-
ity), emotion control, inhibition, initiating, planning | or-
ganizing, organizing materials and supervision were con-
sidered. Parents were asked to respond the phrases with
regard to the problematic nature of the child’s behavior
during the last 6 months in each of the behaviors. For this
questionnaire, the internal consistency coefficients using
the Cronbach’s alpha coefficient were estimated between
0.70 - 0.80 and for the re-test reliability, the correlation co-
efficients has been reported ranging from 0.78 - 0.90 after
four and a half week interval (14).

Short sensory profile (SSP) was also used to measure
the child’s sensory processing models, answered by the
child care givers which is applicable to children with the
age of 3 to 10 years. The test has a high degree of clar-
ity to detect abnormal sensory processing. Seven parts of
the test that have been identified in normal samples in-
clude touch sensitivity (7 items), taste | olfactory sensitiv-
ity (4 items), motor sensitivity (3 items), emotion seeking
(7items), audio information filtering (6 items), weakness |
low energy (6 items) and auditory and visual sensitivity (5
items). Items on this testare scored on a 5-point Likert scale
and the score range is between 38 and 190. This test signif-
icantly differentiates between the sensory processing abil-
ities of ordinary children and children with developmen-
tal disabilities and different etiologies. The internal consis-
tency of the different parts of this test has been reported in
therange of 0.70 0.90. Cronbach’s alpha coefficients of the
test were also found in the range of 0.67 to 0.93 (15).

Benton face recognition test (revised version) was used
to evaluate seven different images from different people in
every state of joy, sadness, anger and fear. The child had to
choose from the four choices of happiness, grief, anger and
fear. The test consisted of 28 different face’s expressions
from different people. All the faces are presented in full
and front view and the children were asked to choose the
emotional states appropriate to the target’s face. The reli-
ability of the test was also calculated by Cronbach’s alpha
and split-half. The results of the analysis showed that the
reliability coefficient of the test based on the Cronbach’s
alpha was 0.98 and the correlation between the two halves
of the sub-scales of happiness, sadness, fear and anger were
respectively, 0.91, 0.77, 0.90 and 0.52. Pearson correlation
and multiple regressions were used to analyze the data at
a significance level of P < 0.05.
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3. Results

The descriptive data are shown in Tables 1and 2.

Table 1. Frequency Distribution by Age and Gender

Variable Frequency Frequency Percentage
Age

6-7 14 171

8-9 35 42.7

10-1 33 40.2
Gender

Female 22 26.8

Male 60 73.2

Total 82 100

Table 2. Descriptive Indices of Executive Functions, Sensory Processing and Emo-
tional Recognition

Construct Mean + SD Skewness Kurtosis
Executive
Working memory 21.85+5.14 0.06 -0.57
Shifting 18.18 £ 4.50 0.63 0.02
Emotion control 20.78 1 3.81 0.31 -0.49
Inhibition 19.57 £ 434 0.15 -0.34
Initiating 19.59 + 4.13 0.61 -0.23
Planning 17.42 +3.65 0.65 -0.37
Organizations of 17.79 £3.77 0.15 -0.65
materials
Monitoring 17.78 £3.78 0.26 -0.63
Sensory processing
Touch sensitivity 24.92 + 6.97 -0.50 -0.43
Auditory/visual 14.15 +3.71 0.14 121
sensitivity
Emotion seeking 2119 + 5.87 -0.36 -0.69
Auditory information 2030 1 6.89 -0.16 135
filter
Auditory/visual 17.40 £ 4.65 -0.08 01.86
sensitivity
Weakness 2171£533 -033 -034
Motor sensitivity 11.50 £ 2.22 -0.11 -0.81
Emotional recognition 19.90 1 7.84 -0.84 -0.50

Pearson correlation test (seen as the correlation matrix
in Table 3) suggested that there was a pairwise relation-
ship between the components of executive functions and
emotional recognition; for example, the relationship be-
tween Emotional recognition with working memory was
0.24. The rest is as follows: emotion control (P = 0.33), ini-
tiation (P = 0.39), planning (P = 0.26), organizing (P = 0.23)
and monitoring (P = 0.42) which were all significant at sig-
nificance level of P < 0.01. However, It was shown that the
relationship between the emotional recognition, shifting
(P=0.17) and inhibition (P = 0.15) were not significant.

In order to evaluate the predictive value of each of the
components of executive functions in the prediction of
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emotional recognition, multiple regression test was used
(See Table 4).

The results indicated that the components of executive
functions predicted 23% of the variance of emotion recog-
nition. The value of F =2.72 also indicated that this value
was significant at P < 0.001.

As shown in Table 5, the beta value of each of the com-
ponents of executive functions in the prediction of emo-
tional recognition is reported.

Based on the findings of coefficients and the T-statistic
of the predictive variables, the emotional recognition can
be predicted with a beta coefficient of 0.17 for shifting, 0.1
for emotional control, 0.26 for initiating and 0.29 for mon-
itoring.

The correlation matrix of Table 6, suggested that there
was a pairwise relationship between sensory processing
and emotional recognition components; as shown, the re-
lationship between face recognition and touch sensitivity
equals -0.27. The results for other variables are as follows:
olfactory/taste sensitivity (-0.38), emotion seeking (-28.2),
auditory information filter (-29.2), and auditory/visual sen-
sitivity (-0.34) which were significant at 0.01. It can be
stated that the scores of facial recognition decrease and
vice versa by increasing the scores of emotional process-
ing. Also, according to the Table, the relationship between
the emotional recognition, weakness (-0.13) and motor sen-
sitivity (-0.19) was not significant.

Multiple regression test was used to evaluate the pre-
dictive value of each of the sensory processing’s compo-
nents in the prediction of emotional recognition as re-
ported in Table 7.

The results of the Table above show that the sensory
processing can predict the variance of recognition by 29%
and the value of F=-2.41also indicated that this value was
significant at the level of 0.001.

Based on the coefficients and the T-statistic of the pre-
dictivevariables, seen in Table 8, the emotional recognition
can be predicted with a beta coefficient of -0.14 for touch
sensitivity,-0.29 for taste/olfactory sensitivity,-0.12 for emo-
tion seeking, -0.10 for auditory information filter and -0.18
for olfactory/visual sensitivity. It can be concluded that
they have positive predictive power for emotional recogni-
tion at the level of 0.001.

4. Discussion

Given the importnace of emotional functions and sen-
sory processing in children with autism spectrum disor-
der, the relationship of executive functions, emotional
recognition and sensory processing was studied in autis-
tic children. The results sugested that there was a pairwise
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Table 3. Relationship Between Executive Functions and Emotional Recognition®

Number Variable 1 2 3 4 5 6 7 8 9
1 Working memory 1

2 Shifting 0.52° 1

3 Emotion control 0.50° 0.55" 1

4 Inhibition 0.49° 0.64° 032 1

5 Initiating 037" 0.45° 0.47° 038" 1

6 Planning 0.52° 0.57° 0.58" 0.51° 0.51° 1

7 Organizing 0.46" 0.27° 0.42° 032 033" 0.44" 1

8 Monitoring 0.53" 0.34° 0.58° 0.28° 0.46° 0.55° 0.53" 1

9 Emotional recognition 0.24° 0.17 0.33° 0.15 0.39° 0.26° 0.23° 0.42° 1
*P< 0.05.

bp< 0.0

Table 4. Summary of Regression Model, Variance Analysis and Statistical Regression Indices of Emotional Recognition

Model SS DF MS F P R R? S.E
Regression 1143.62 8 142.95 2.72 0.001 0.48 0.23 7.25
Residual 3837.60 73 52,57

Table 5. Regression Coefficients of Emotional Recognition of the Components of Executive Functions

Variables B Standard Error b B T
Working memory 0.06 0.21 0.04 6.11
Shifting 0.13 0.27 017* 9.05
Emotion control 0.21 031 oa? 3.46
Inhibition 0.03 0.26 0.07 2.54
Initiating 0.49 0.24 0.26" 1.67
Planning 0.1 032 0.05 0.90
Organizing 0.03 0.27 0.06 0.55
Monitoring 0.60 031 0.29° 0.70
‘P< 0.001.

Table 6. The Relationship Between Sensory Processing and Emotional Recognition®

Number Variable 1 2 3 4 5 6 7 8

1 Touch sensitivity 1

2 Olfactory/taste sensitivity 0.46° 1

3 Emotion seeking 0.63° 0.52° 1

4 Auditory information filter 0.55° 0.63° 0.79° 1

5 Auditoryfvisual sensitivity 0.59° 0.54" 0.57° 0.61° 1

6 Weakness 0.65° 0.40° 0.54° 0.42° 0.44° 1

7 Motor sensitivity 034" 0.44" 0.53" 0.44" 0.49" 0.48" 1

8 Face recognition -0.27° -0.38° -0.28° -0.29° -0.34° -0.13 -0.19 1

*P< 0.05.

bp< 0.01
relationship between the components of executive func- nizing, and monitoring the amount of emotional recogni-
tions and emotional recognition. In other words, by im-  tion,working memory is enhanced. As indicated, the com-
proving the emotion control, initiating, planning, orga- ponents of executive functions can predict 23% of the vari-
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Table 7. Summary of Regression Model, Analysis of Variance and Regression Statistical Indices of Empirical Recognition

Model SS DF MS F P R R’ S.E
Regression 926.6052 7 132.29 241 0.0010 0.430 0.290 7.40
Residual 4055.17 74 54.80

Table 8. Regression Coefficients of Emotional Recognition by Sensory Processing Components

Variables B Standard Error b B T
Touch sensitivity -0.12 0.56 -0.147 -0.68
Taste/olfactory sensitivity -0.61 034 -0.29° -1.02
Emotion seeking -0.16 0.67 -0.12° -0.61
Auditory information filter -0.13 0.66 -0.10% -0.52
Auditory/visual sensitivity -0.12 0.80 -0.18* 1.20
Weakness -0.31 0.41 0.05 -0.08
Motor sensitivity 0.22 0.23 0.04 -0.09
P < 0.001

ance of emotion recognition. This finding is in line with
the results of the research by Zingerevich, showing that
children with autism disorder perform poorly in executive
functions (4). Most neuropsychological studies of autism
executive functions show that these individuals have dif-
ficulty in controlling the response inhibition and infor-
mation processing. The deficiency in executive functions
disturbs the sensory processing, leading to the emotion
recognition disruption. However, the emotional recogni-
tion is not weak at all in its aspects. Autistic children are
better at recognizing the emotion of happiness as com-
pared to other emotions. Farran et al., demonstrated that
those with autism show the fastest and most correct re-
sponses in the recognition of happiness (8). In explana-
tion of this finding, it should be pointed out that teeth can
be seen in the state of happiness and such a stimulus is
very helpful in processing the above emotion in the autis-
tic child and requires less attention and cognitive function
and doesn’t need subjective representation. Therefore, the
recognition of happiness state is easier for them, because
it does not require complicated cognitive function. How-
ever, emotions such as fear is an ambiguous emotion with
no obvious sign on the individual’s face, and the subjective
representation is required and autistic children find it dif-
ficult to identify. Another explanation for this hypothesis
is the fact that the autistic children’s weakness in executive
functions brings about other problems in initiating, creat-
ing and maintaining social relationships. When social in-
teractions are reduced, these children are less likely to ex-
perience emotional state which itself decreases emotional
states’ recognition.

In the second part of results, it was found that Sen-
sory processing can predict the emotional recognition of
children in the autism spectrum. It was concluded that
the scores of facial recognition decrease by increasing the
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scores of emotional processing. The results also show that
the sensory processing can predict the variance of recogni-
tion by 29%. This finding is in line with some studies (8, 10,
13). In the explanation of this finding, it can be stated that
sensory processing is a way through which the nervous sys-
tem receives, organizes and interprets the sensory infor-
mation. Optimum sensory processing enables the individ-
ual to respond in a manner consistent with environmental
demands and participate meaningfully in everyday tasks.
In this regard, a study showed that autistic children were
capable of repairing their ability to recognize emotional
states after short and intensive training methods (10).

When these children’s social interactions decrease,
they get less familiar with different emotional states and
less cognitive and sensory consciousness toward emotions
such as happiness, anger, fear, and sadness, and therefore
the recognition of emotional states decreases. Another ex-
planation to confirm this hypothesis is among the options
related to sensory processing. There are five weak factors
in children with autism including visual processing, touch
processing, sensory processing associated with physical
movement, sensory processing associated with tolerance
and low muscular strength, and sensory sensitivity. When
the visual processing is poor in these children, it can be dif-
ficult for them to recognize the recognition of emotional
states. In fact, children with autism are incapable of ex-
tracting abstract and holistic concepts and detailing vi-
sual stimuli in their environment due to the weakness of
central integration and this can justify the incorrect emo-
tional recognition of the faces (16, 17). Due to consider-
able effects of life style (nutrition, exercise) on mental and
psychological status of human (18-21), considering this fac-
tor for autistic children are highly recommended in future
studies.

One of the study limitations was due to convenience
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sampling method. Therefore, the generalization of the
results to larger populations should be done with cau-
tion. Another limitation refers to the research tools, since
a questionnaire was used to collect the data, it might have
caused a bias in the individuals’ self-reports. In subse-
quent studies, tools with more precision, such as clinical
interview, storytelling can be administered instead of self-
reporting tools.
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