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Abstract

Purpose — Various studies have examined the role of executive functions in autism, but there is a lack of
research in the current literature on cognitive flexibility in autism spectrum disorders (ASD). The purpose
of this study is to investigate whether cognitive flexibility deficits could be related to facial emotion
recognition deficits in ASD.

Design/methodology/approach — In total, 20 children with ASD and 20 typically developing children,
matched for intelligence quotient and gender, were examined both in facial emotion recognition tasks
and in cognitive flexibility tasks through the dimensional change card sorting task.

Findings — Despite cognitive flexibility not being a core deficit in ASD, impaired cognitive flexibility is
evident in the present research. Results show that cognitive flexibility is related to facial emotion
recognition and support the hypothesis of an executive specific deficit in children with autism.

Research limitations/implications — One of the limit is the use of just one cognitive test to measure
cognitive flexibility and facial recognition. This could be important to be taken into account in the new
research. By increasing the number of common variables assessing cognitive flexibility, this will allow for
a better comparison between studies to characterize impairment in cognitive flexibility in ASD.

Practical implications — /nvestigating impairment in cognitive flexibility may help to plan training
intervention based on the induction of flexibility.

Social implications — /f the authors implement cognitive flexibility people with ASD can have also an effect
on their social behavior and overcome the typical and repetitive behaviors that are the hallmark of ASD.
Originality/value — The originality is to relate cognitive flexibility deficits to facial emotion.
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Introduction

Many individuals with autism spectrum disorder (ASD) are characterized by impairments in
social interaction such as difficulty in forming friendships and a lack of understanding
emotions and feelings of others (Kaland et al., 2007). They also show impairments in facial
emotion recognition (APA, 2013). The ability to discern emotions from facial expressions is
essential to join in social interaction, and the reverse may be true as well: social interaction,
by increasing one’s experience with expressive faces, may be necessary for the typical
development of facial emotion recognition.

Research has demonstrated that children with ASD show an atypical processing of
emotions, in particular in recognition, interpretation and expression of emotions. The most
known explanation is a deficit in theory of mind, that is the ability to represent mental states
of oneself and others to understand behaviors (Castelli et al., 2013; Frye et al., 1995; Kaland
etal., 2007; Leo et al., 2019; Marchetti et al., 2020).
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Another explanation is the weak central coherence hypothesis. Individuals on the autism
spectrum tend to be more, sometimes overly, focused on details; this can often be at the
expense of understanding the actual meaning or appreciating the nature of a situation or
context (Happe and Frith, 2006).

With reference to the social impairment of subjects with ASD, looking at the face holds
particular significance and provides information, which is important for communication and
survival. As seen above, children with ASD process faces differently and show reduced
attention to faces and facial expressions (Dawson et al., 2004b; Klin et al., 2002). They show
deficits in face recognition (Weigelt et al., 2013). It is unclear if the reduced orienting to
faces is the result or the cause of the theory of mind deficit (Baron-Cohen et al., 2013;
Dawson et al, 2010). Children with ASD may also not find others’ facial expressions
intrinsically rewarding. This aspect characterizes the lack of interest in faces thus impairing
their facial processing skills so that children with ASD do not become “face experts” like
their typically developing peers (Dawson et al., 2005).

Children with ASD also show deficits in cognitive flexibility (Russell, 1997). Cognitive flexibility
refers to the ability to shift to different thoughts or actions depending on situational demands (Van
Eylen et al, 2011). It has been shown that flexibility deficits in ASD are related to repetitive
behaviors in ASD. Inflexible adherence to specific routines, resistance to change, difficulty in
transitions between different locations or events or circumscribed interests and inordinate
preoccupation with particular objects or activities have commonly been observed in individuals
with ASD (Baron-Cohen et al.,, 2013; Carrozza and Fabio, 2020; Fabio, 2012; Fabio et al., 2011).
However, there is a lack of research in current literature on cognitive flexibility in ASD and the
results of the few studies are conflicting. Some studies showed that children with ASD and healthy
controls had no differences in terms of cognitive flexibility (Happé et al., 2006). In contrast, other
studies found marked differences (Yerys et al., 2012). As argued by De Vries and Geurts (2012),
the inconsistency of the results presented in literature on cognitive flexibility in ASD might be
because of the heterogeneity of the cognitive profiles in ASD, high levels of comorbidity and
overlap of different executive functions (Kenworthy et al., 2008; De Vries and Geurts, 2012; Fabio
et al, 2016; 2018a; 2018b; 2018c; 2018d; Fabio and Capri, 2019a; Fabio et al., 2019b; 2019¢c).
Conill et al. (2014) demonstrated a link between cognitive flexibility and facial processing skills in
children with ASD, especially when different contextual cues are present to extract facial emotion.

From the weak central coherence hypothesis, individuals with autism tend to be overly focused
on details and this can lead to deficit in the attention process, and consequently, in an executive
process such as the cognitive flexibility; in the same way, this over-focus can also affect facial
emotion recognition that needs both analytic capacity and recognition of the global gestalt.

The main aim of this study was to explore whether cognitive flexibility deficits could be linked
with facial emotion recognition deficits in ASD. First, the performance of children with ASD and
typically developing subjects (TD), matched for intelligence quotient (IQ) and gender, was
examined in a task related to facial emotion recognition of different emotions. Second, cognitive
flexibility through dimensional change card sorting (DCCS) with two types of stimuli (faces and
trucks) was assessed. Finally, correlations between cognitive flexibility and facial recognition of
different emotions in both groups were investigated. In accordance with previous studies
(Russell, 1997; Conill et al., 2014), a cognitive flexibility deficit in children with ASD compared to
TD children and a correlation between cognitive flexibility and face recognition were expected.

Methods
Participants

The ASD group included 20 children (14 men and 6 women) between 38 to 45 months (M =
42.93, SD 2.53). All received a formal diagnosis of ASD made by a multidisciplinary team,
according to diagnostic and statistical manual of mental disorders, fifth edition criteria (APA,
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2013). The children were recruited through the University Hospital “G. Martino” Messina,
division of child neurology and psychiatry.

To select children with ASD, the parental interview ADI-R (autism diagnostic interview — revised)
and autism diagnostic observation schedule (ADOS; Lord et al., 2000) were used. Cognitive
and language development was assessed at each age using the Griffiths mental development
scales (Griffiths, 1984). None of the ASD children had a known neurological or genetic disorder.

The ASD group was individually matched for mental age and verbal IQ with a control group of
20 toddlers (M = 29.37, SD = 3.66) with typical development. These children were recruited
from a public school and none of them presented any neurological or psychiatric disorders or
had a first-degree family member with a developmental, learning or neurological disorder.
None of these children were on medication. This information was gathered during a telephonic
interview with the parents. The characteristics of the participants are summarized in Table I.

Performance measures

Dimensional change card sorting task. To examine cognitive flexibility, both a standard and
a modified version of dimensional change card sorting task (DCCST) were used (Zelazo
and Palfai, 1995). The DCCST is a task that measures cognitive flexible switching between
dimensions. In both versions, children are asked to sort cards varying in two dimensions
(usually shape and color) into two boxes marked by target cards, each of which matches
exactly one dimension.

In the first phase, pre-switch, children are asked to sort by one dimension (e.g. shape). In
the second phase, post-switch, children are asked to switch to sorting the same cards by a
different dimension (e.g. color). Children’s ability to sort correctly in the post-switch phase is
taken as a measure of children’s cognitive flexibility ability.

In the standard version, the stimuli cards were trucks and stars, whereas, in the modified
version they were the faces of men and women. The materials consisted of laminated cards
(9 x 11 cm) with a white background. The bottom wall of each sorting tray is 28 x 13cm and
the base is 13 x 11.cm. In both versions, the stimuli were 12 cards, each containing a figure
with a specific shape (truck or star; and male or female) and color (blue or red for truck and
star; and yellow or green t-shirt for male or female) on a white background. Each card was
mounted on a vertical wall of a sorting tray (Figures 1 and 2).

DCCT procedure. Children were randomly assigned to sort one of two sets of picture cards
into trays. In the pre-switch phase, children were asked to sort 12 cards by one dimension;
on the post-switch phase, children were asked to switch and sort the same 12 cards by the
other dimension (Figure 1). The first sorting rule (color or shape in the standard version; and
color or gender in the modified version) was randomized across children.

Table | Characteristics of the groups

ASD group (n = 20) Control group (n = 20)
Characteristics M (SD) M (SD)
No. of boys/girls 6/14 6/14
Age in months 42.93 (2.53) 29.37 (3.66)
1Q tot. Griffiths 79.08 (2.53) 83.75 (4.06)
Locomotor subscale 21.07 (3.03) 27.29 (4.79)
Personal social subscale 19.33(8.93) 25.91 (4.58)
Hand and eye coordination subscale 8.69 (1.36) 21.04 (3.40)
Hearing and speech subscale 19.10 (4.15) 26.37 (2.92)
Performance subscale 20.92 (4.18) 21.16 (4.14)
ADOS-T total 16.00 (5.00) 3.30(2.4)
Mental age on ADOS scores 28.7 29.2
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Figure 1  Sorting boxes with model cards affixed

Red Truck Blue Star

|| | ]

The Cards to be Sorted

* &3

Red Star Blue Truck

Figure 2 Sorting boxes with model cards affixed

Female, green t-shirt Female, yellow t-shirt

The Cards to be Sorted

;3 -

Male, yellow t-shirt Male, green t-shirt

The instructions on pre-switch trials followed this form: “in this game, we're going to sort these
cards by shape. So, in this game, all the trucks go in this box with this truck, and all the stars go
in this box with this star.” On post-switch, the need to switch was made explicit, following this
form: “now we’re going to change the game; we're not going to sort by shape anymore. Now
we're going to sort the cards by color. So, in this game, all the red ones (trucks and stars) go in
this box with this red card and all the blue ones go in this box with this blue card.” Every trial
throughout the task began with an explicit statement of the sorting rule (e.g. “all the red ones go
in here with this red card, and all the blue ones go in here with this blue card”), and when a
sorting card was presented to the child, both dimensions were labeled (e.g. “here’s a red truck.
Where does it go?”). The cards were placed face down in the tray as they were sorted. The order
of sorting cards was randomized with the constraint that the same card did not appear more than
twice in succession. Corrective feedback was only given during the pre-switch phase.

Facial emotion recognition. For facial emotion recognition, all faces were recruited from the
standardized battery. The task was divided into two phases. In the first phase (recognition
task), participants were told to observe six face items followed by six car items and to
remember them as best as they could. All items were presented sequentially at center of
screen for 3s each. The task started with a fixation cross on the screen. The face items
represented six emotions: happiness, sadness, surprise, fear, disgust and anger (Figure 3).

In the second phase (short-memory task), participants were told to remember the previous
items. Six face pairs followed by six car pairs were presented on the screen. The pair of items
were shown simultaneously side-by-side until the participant responded, which one was “old”
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(seen previously), guessing if necessary. Each pair consisted of one old and one new/
distractor item. The old item was on the right 50 per cent of the time. The order of all items was
the same in each phase of the task. The correct number of responses was the parameter.

Procedure

All participants with ASD were tested individually in a quiet room. They were tested in two
sessions. Before the test phase, facial and color processing skills were assessed through
some figures of female and male people with colored t-shirts. They completed the facial
discrimination task and DCCS. The control subjects were tested in the school where they
were recruited. The order of these tasks was counterbalanced to avoid order effects.

Statistical analyses

Data were analyzed using SPSS Version 14.0 for Windows. The descriptive statistics of the
dependent variables were tabulated and examined. Alpha level was set to 0.05 for all
statistical tests. In the case of significant effects, the effect size of the test was reported. The
Bonferroni correction was applied for multiple comparisons.

Results

The cognitive flexibility parameter was coded through the number of correct responses
(CR) according to the shift of the rule (shape, color and face) in four phases of the test. A
multivariate analysis of variance with repeated measures 2 (groups: ASD vs TD) x 2 (type of
stimuli: truck vs star) x 2 (phases: before shift vs after shift) was used. The type of stimulus

Figure 3 ltems of the facial emotion recognition task
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factor showed significant effect, F (1, 38) = 325.29, p < 0.0001 and d = 0.9. The group
factor also showed significant effect, F(1, 38) = 14.17, p < 0.05 and d = 0.78; this indicated
that the performance of ASD group was lower than the control group.

With reference to the phases factor, there was also a significant effect, F(1, 38) = 14.17, p <
0.0001 and d = 0 0.9. The interaction Groups X phases was also significant, F (1, 38) =
15.52, p < 0.001 and d = 0.9; after the shift, the performance was lower for ASD {19) = 2.23,
p < 0.05, while the control group showed a similar performance before and after the shift ¢
(19)=0.23and p=0.61.

Table Il shows the means and standard deviations related to CR in facial emotion
recognition in the ASD and the control groups.

Group factor showed significant effect with reference to facial emotion recognition, F (1,
38) = 568.27, p < 0.0001 and d = 0.9. This result indicated that subjects with typical
development showed performances that reached the ceiling effect while the ASD group
had lower performances.

With reference to the correlations between the facial emotion recognition task and cognitive
flexibility, results showed that the increase of the cognitive flexibility indices was correlated
to a better capacity to recognize an emotional face, r (39) = 0.41 and p < 0.083.

Discussion

The purpose of the current study was to investigate whether cognitive flexibility could be linked
with facial emotion recognition in children with ASD, compared with typically developing
children. The results showed that the ASD group consistently perceives emotional facial
expressions differently from typical children, confirming the emotional impairments in ASD. In
addition, with reference to DCCST, we found significant differences between the ASD group and
the control group. Precisely, both groups had lower performance in DCCST when the stimuli
were the faces, but the performance of the ASD group was even lower than the control group.

Our results are in line with previous studies (Russell, 1997) and confirm that children with
ASD have cognitive flexibility impairment. However, our findings are in disagreement with
the results of De Vries and Geurts (2012) as these authors found a cognitive flexibility deficit
only in a subgroup of children with ASD, measuring cognitive flexibility through a gender
emotion switch task. Probably, this difference could be related to the type of task used in
both experiments and the heterogeneity of the cognitive profiles in ASD.

An interesting finding of the current study was that cognitive flexibility was correlated to
facial recognition. As expected, this confirms the presence of a correlation between
cognitive flexibility and facial recognition. Although this correlation seems consistent, in the
current study, it has proven difficult to clearly articulate the links between the two factors.
We think that the weak central coherence hypothesis can better explain these results. The
reduced capability of subjects with ASD in attention because of over-selectivity leads to
both deficits in executive processes and facial emotion recognition. In other words, it is
possible that children with ASD have an impaired cognitive flexibility and this may bring
about difficulties in facial emotional recognizing.

Table Il Means and SD of CR in facial discrimination tasks

ASD group Control group
Tasks M (SD) M (SD)
Recognition task
Male faces 2.75(0.86) 6.00 (0)
Female faces 2.33(0.88) 5.83(0.38)
Short term memory task 1.33(1.15) 5.83(0.38)
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The face recognition is an important index in the formation of social cognition and
neurodevelopment in humans. Corrigan’'s model proposed four cognitive abilities as
prerequisites for adequate social behavior and cognition, such as emotion recognition,
understanding of social situations and other people’s intentions and cognitive flexibility. In
light of the results of the present study, applying this model to children with ASD suggests
that the facial recognition deficit could due to failures to adjust one’s behavior in
accordance with the demands of the situation, that is, in flexibility. Impairments in cognitive
flexibility could mean that children with ASD are unable to recognize facial expressions.

Beyond cognitive flexibility, a possible explanation for the facial recognition deficit may be that
children with ASD have problems in the neurocognitive mechanisms that represent facial
expression information and/or multi-modal expression information (Loth et al, 2018). Other
recent observations would seem to suggest that facial recognition deficits in ASD may be linked
to the high frequency of comorbidity with alexithymia (Bird and Cook, 2013; Cook et al., 2013).
However, the debate on factors related to facial recognition impairments in ASD s still open,
because the studies on facial expression recognition produced mixed results, consequently
there can be different possible explanations for this deficit and potential future directions.

Future studies should examine the link between cognitive flexibility and facial recognition
skills in other neurodevelopmental disorders. Instead of just including a typically developing
control group, comparison between individuals with ASD and other neurodevelopmental
disorders can elucidate the difficulties of individuals with ASD. Moreover, other cognitive
functions, for example, attention, can be potential underlying mechanisms to facial
recognition deficits in ASD. Thus, future research could investigate the relationship between
facial recognition and a broad range of cognitive functions within individuals with ASD.

A limit of the present study is that the sample size is small, so caution is needed to
generalize the findings of this study to the ASD population as a whole. Larger sample may
have resulted in more significant correlations, consequently future studies with a larger
samples are needed to obtain reliable results from groups.

Given that the mixed results can be because of the sensitivity of the test used in the
previous research, the use of other cognitive tests to measure cognitive flexibility and facial
recognition could be an additional point to be taken into account in new research. By
increasing the number of common variables assessing cognitive flexibility, this will allow for
a better comparison between studies to characterize impairment in cognitive flexibility in
ASD. Investigating impairment in cognitive flexibility related to other neuropsychological
parameters in children with ASD has important clinical implications in terms of
understanding the repetitive and restricted behavior that is the hallmark of ASD.

The present study has some clinical implications. Facial expression recognition is critical for
many aspects of social communication and daily life, consequently, it becomes important to
understand the nature of this deficit in the ASD population to develop specific rehabilitative
training. Unfortunately, the need for treatment and support does not end as children with
ASD become older, it is usually necessary throughout life. For all these reasons,
determining the integrity of facial recognition in ASD is essential to teaching social skills and
improve the quality of life for patients and caregivers.
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