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A multitude of research on facial emotion recognition (FER) in Autism Spectrum Disorders (ASD) have been published since several years. However, these studies have mainly used static high intensity stimuli, including adult and/or children facial emotions. This current study investigated FER in children with ASD using an innovative task, composed of a combination of static (114 pictures) and dynamic (36 videos) subtests, including children, adolescent, and adult male and female faces, with high, medium, and low intensity of basic facial emotions, and neutral expression. The ASD group consisted of 45 Tunisian verbal children, and the control group consisted of 117 tunisian typically developing children. Both groups were aged 7–12 years. After adjusting for sex, age, mental age, and school grade, the ASD group scored lower than controls on all tests except for the recognition of happiness and fear in the static subtest, and the recognition of happiness, fear, and sadness in the dynamic subtest (p ≥ 0.05). In the ASD group, the total score of both the static and the dynamic subtest were positively correlated with the school grade (p < 0.001), but not with age, or mental age. Children with ASD performed better in recognizing facial emotions in children than in adults and adolescents on videos and photos (p < 0.001). Impairments in FER would have negative impact on the child's social development. Thus, the creation of new intervention instruments aiming to improve emotion recognition strategies at an early stage to individuals with ASD seems fundamental.
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INTRODUCTION

Facial expressions of emotion convey non-verbal cues for interferences with others. They allow us to understand motivations and intentions of others. Consequently, they are considered as one of the foundations of social interaction (1).

Over the decades since the 1970s, psychological studies have established that there were six universal basic emotions: sadness, disgust, anger, surprise, happiness, and fear (2–4). Izard (5) suggested that, at the age of six, typically developing individuals are able to recognize several facial emotional expressions, while other studies mentioned that this ability is only totally developed before adolescence (6–8). However, the aptitude to accurately identify emotions is not distributed uniformly across children and may negatively impact social interactions.

Autism spectrum disorders (ASD) are “neurodevelopmental disorders characterized by early-onset qualitative impairments in social interaction, verbal and non-verbal communication, associated with restricted and repetitive interests and behaviors” (9). As social cognition is particularly implicated in ASD, a large number of research have examined facial emotion recognition (FER) in this population over the last decades (10, 11). Recent research in ASD have shown that the ability to recognize facial emotion in children with ASD is not always associated with their intelligence (12, 13), contrarily to NT individuals in whom performance IQ could predict emotion recognition performance in children (14).

Several studies have focused on the assessment of basic emotions as they are primitive and universal reactions to outside stimuli and do not depend on cognitive processing or cultural environment. Even though there is some debate concerning the capacity of subjects with ASD to identify the basic facial emotions, there is more evidence to suggest that impairments of FER are constantly present in ASD (15–22). Recent literature reviews have shown important FER impairments in individuals with ASD (13, 23). Yet, several other studies did not replicate the same findings. This discrepancy was explained by different hypotheses. Indeed, some researchers suggested that FER in individuals with ASD is emotion-type-specific only manifesting for negative emotions such as fear (24, 25) and sadness (26). Other studies showed that these discrepant results may be explained by the use of tasks that lacked sensitivity to detect group differences. Lerner et al. (27) suggested that greater impairments in facial emotion recognition are present when adult facial expressions are presented to children with ASD, as opposed to child facial expressions. This hypothesis was supported by the study of Hauschild, indicating that adolescents, independently of ASD diagnostic status or severity of troubles had greater FER performance for child compared to adult faces. His findings suggested that “face processing abilities of adolescents with ASD may be influenced by experience with specific categories of stimuli, similar to their typically developing peers” (28). Therefore, we hypothesized that children with ASD would show greater performance in recognizing facial emotions of individuals having the same age range and that the assessment of facial emotion recognition could vary according to the age range of the model presented to the child.

The very mixed results on emotion recognition difficulties in ASD were also explained by “the use of very simplistic stimuli, i.e., “100% expression” or “full blown,” which may produce ceiling effects” (29–31). In fact, it was recently suggested that “individuals with ASD perceive exaggerated emotional facial expressions as being more representative of real-life emotions and more realistic” (32). Therefore, they may show more emotion recognition difficulties for low intensity facial expressions as subtle facial expressions afford less emotional cues to the observer (33). In the study of Wong et al. (34), “low intensity emotions” had also been associated with more important impairments in FER, particularly with negative emotions. Subtle or “low intensity” facial expressions are frequently observed in daily life. Even if children with ASD often show good performance in FER in laboratory setting, they are likely to have difficulties in the recognition of subtle facial expressions in real life. Indeed, it is possible that the lack of impairment of FER in individuals with ASD in some studies is explained by the abnormal processing of facial emotions, using high intensity of stimuli. In accordance with some authors, we suggested that difficult tasks with different intensity of facial emotions are needed to highlight emotion recognition difficulties in ASD (24, 35, 36).

We also suggested that the assessment of FER in individuals with ASD using videos or dynamic stimuli would show better performance. Our hypothesis was based on several research. In the study of Harwood et al. (37), authors have found that the use of “moving faces” to assess FER among individuals with intellectual disability may facilitate facial affect recognition, in comparison to static stimuli. Concerning typically developing individuals, “dynamic displays” were better recognized than “static displays” and judged as being more realistic and intense” (38). In the study of Ambadar et al. (39), dynamic stimuli had facilitated the recognition of subtle facial expressions. In the neuroimaging research, differential patterns of brain activation in response to dynamic in comparison with static facial emotions have been identified (40). As naturally facial emotions are intrinsically dynamic, authors suggested that dynamic stimuli may have a better ecological validity than static stimuli, as they may activate richer neuronal, automatic, and behavioral consequences than static stimuli (40, 41).

It is also important to note that, to date, only a few studies investigating emotion recognition in people with ASD have included an assessment of neutral facial expressions (25, 36, 42). Neutral facial expressions are frequent and important in everyday life and could represent a source of confusion for individuals with ASD.

Additionally, only a few studies on misinterpretation of emotions have used a combination of static and dynamic test, including images and videos, and, to the best of our knowledge, none has used tests including a combination of children, adolescent and adult facial expressions with different levels of intensity of facial emotions.

Therefore, and in order to better understand FER impairments in ASD that could conduct us to the creation of intervention tools, we chose to use an innovating task that takes into account all of the aforementioned limitations of previous studies. The current study is unique in that we used a recently developed and validated test, composed of a combination of static (pictures) and dynamic (videos) subtests, including children, adolescent, and adult faces, with high, medium, and low intensity of basic facial emotions, and neutral facial expression.

We hypothesized that:

(1) ASD group would show deficits in FER compared to control, expected mainly for negative emotions

(2) Performance in FER would vary according to the intensity of facial expression, with greatest deficits at lower intensities

(3) Deficits in the FER would be predominant in one type of support (video or pictures) with some suggestion that ASD group might show greatest performances with dynamic support, rather than with static images, with better performance in the identification of children's facial emotions.



MATERIALS AND METHODS


Participants

Data in our study were collected from children with ASD and neurotypical children (NT) and all included children were attending ordinary schools. Participants in the clinic sample were recruited from the Department of Child and Adolescent Psychiatry in Razi Hospital, Tunis, Tunisia. The sample consisted of 45 Tunisian verbal children, aged 7–12 years (mean age = 9.26, sex ratio = 6.5), diagnosed with autism spectrum disorder, according to the Diagnostic and Statistical Manuel of mental disorders- fifth edition (DSM-5) criteria, after a full assessment by a child psychiatrist. This diagnosis was confirmed by a trained rater who administered the Autism Diagnostic Interview- Revised (ADI-R) (43) (Mean scores were: social interaction = 13,60 ± 1.64; verbal communication = 15,09 ± 3,44; restricted and stereotyped behavior = 5.7 ± 1.25).

The control group (neurotypical or NT children) was recruited from several primary schools and consisted of 117 Tunisian typically developing children, aged 7–12 years (mean age 9.22, sex ratio = 0.88). They had no history of psychiatric disease, neurodevelopmental disorder, and no family history of autism spectrum disorder. Children were assessed with the Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-KID) (44) and those who had a present or a past psychiatric disorder were not included in the study.

All cases in both groups had a performance IQ >80. The fixed IQ cutoff was chosen so that to avoid the effects of deficits in receptive language and to select verbal children with ASD, who could be able to respond reliably to the test. Mental age was measured by The Tunisian version of the Differential scales of intellectual efficiency (EDEI)-A in its reduced form: the scale I “Vocabulary B” for verbal intelligence and the scale IV “categorical analysis” for non-verbal intelligence (45).

Exclusion criteria for both groups included: intellectual disability, a history of a traumatic brain injury, or seizure disorders, neurological or sensory deficits, substance use disorders that could affect children's cognitive functioning and children's performance during the test.

All the parents of selected children were invited to take part in the study, and provided written informed consent. The present study adhered to the tenets of the Declaration of Helsinki (2000).



Measures

The REF task is a Tunisian validated and computerized test. It consists on a downloadable application on Android, developed by child psychiatrists and psychologists working in the Department of Child and Adolescent Psychiatry in Razi Hospital (Tunis, Tunisia). It is a part of a Tunisian battery for the assessment of social cognition (non-verbal and verbal theory of mind, empathy, and FER).

The REF task is an innovating test, having good psychometric properties (in review in the journal Frontiers in Psychology, 15 jan 2021, Taamallah, A., Halayem, S., Rajhi, O., Ghazzai, M., Moussa, A., Touati, M., et al. Validation of the Tunisian test for facial emotion recognition: study in children from 7 to 12 years).

The test consists of a combination of a static and a dynamic subtest. The static subtest includes 114 photographs of actors mimicking six basic emotions (happiness, disgust, fear, surprise, sadness, and anger) and neutral expression with three levels of intensity of facial emotions for the six basic emotions: low, medium, and high.

The dynamic subtest includes 36 videos with actors mimicking six basic emotions.

There were three male and three female actors having three age ranges: children, adolescents, and adults. Each actor displayed the six basic emotions, as well as a neutral face. The task includes photos and videos with an equal number of faces for each gender, age range, emotions type, as well as an equal number of intensities for each facial emotion in the static subtest. The duration of each video varied between 3 and 5 s with facial expression moving from neutral facial expression to the basic emotion proposed.

The test items were coded according to Ekman's “Facial Action Coding System” (FACS) method, comparing each photograph to that of neutrality. Depending on the FACS system, facial muscle contractions are coded in units of action (AUs). The nomenclature includes 46 AUs identified by a number. For example, AU1 corresponds to the “inner brow raiser.” For happiness, the units of action involved are AU6 (cheek raiser), AU12 (lip corner puller), and AU 25 (lips part). The intensity of the emotion depends on the number of AUs and the intensity of the contraction (46, 47). A professional photograph made the photos and the videos, and the recording sessions took place in a theater club.

The interface was made up of two parts: the upper part displayed the photo or video, and the lower part displayed seven choices corresponding to the seven emotions (six basic emotions and neutrality) written in Tunisian Arabic dialect (Figure 1).


[image: Figure 1]
FIGURE 1. Interface of the REF task.


Stimuli are presented in a random and pre-established order and the whole face was displayed each time. For videos, and after the clip is played, the static image of the final intensity remains on the screen until the forced choice is made.

The distance between the child and the screen was set as 40 cm. Children were provided with standardized instructions and supervised by a trained- researcher. Before initiating the assessment, all participants (NT children and children with ASD) were invited to read the seven choices of facial expressions (happiness, disgust, fear, surprise, sadness, and anger) to confirm that they could correctly recognize them. Then, children were asked to view each face and to identify and select the facial emotion that corresponds to each photo or video.

For all participants, we started by presenting the static part of the test, then the dynamic one.

During the task, each proposed facial expression with the proposals remains on the screen 15 s. After this time and when the children were not able to select his choice, the next stimuli were presented. Once a response is chosen for a given face, participants are not able to revise it, and the next proposal of facial emotion is presented.

The duration of the test varied between 20 and 40 min depending on the child's performance and his response time.



Data Analysis

Statistical analysis was performed using the Statistical Package for the Social Science (SPSS) version 26 for Windows. For descriptive statistics, we calculated the mean and the standard deviation for each of our continuous variables. For each of the continuous variables, normality was checked using Shapiro-Wilk's test. Indeed, according to the central limit theorem, a sampling distribution in samples larger than 30 tends to be normal, regardless of the shape of the data (48).

With large enough sample sizes (>30 or 40), the violation of the normality assumption should not cause major problems (4); this implies that we can use parametric procedures even when the data are not normally distributed.

To compare the sex distribution between groups, we used Pearson's Chi-square. To compare age, mental age, and school grade between the ASD group and the control group, we used Student's t-test for independent samples. To compare subscores within the same groups, we used the paired-samples t-test.

To examine the associations between the total scores for each of the static and dynamic subtests and age, mental age, and school grade, we used non-parametric Spearman's correlations.

To compare FER between ASD children and NT children, controlling for the effects of covariates (age, gender, mental age, and school grade) on emotion recognition scores, we chose to compare each of the subscale scores between groups using a separate univariate analysis of covariance (ANCOVA), and we adjusted the p-values to account for multiple comparisons. Since the number of subscores would make for too many dependent variables, it was more logical to run multiple separate univariate ANCOVA analyses than one single multivariate analysis of covariance (MANCOVA) analysis. Effect size was estimated using partial eta squares (η2). We checked for variance homogeneity using the Levene's test and for linearity and homogeneity of regression slopes using scatterplots (plotting each of the FER subscores as separate dependent variables against the each of covariates, for each subgroup).

Holm-Bonferroni's correction was applied in case of multiple comparisons.

A significance level of p = 0.05 was applied for all statistical tests.




RESULTS

Table 1 summarizes the general characteristics of the ASD group (n = 45) in comparison with the NT group (n = 117). While the mean age was comparable between groups, the ASD groups had a higher proportion of males, a lower mental age, and tended to have fewer years of study.


Table 1. General characteristics of the autism spectrum disorder group vs. the neurotypical group.
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In the ASD group, we found that the total score of the static subtest was positively correlated with school grade (rho = 0.404, p = 0.009), but not with age, or mental age. Similarly, the total score of the dynamic subtest was positively correlated with school grade (rho = 0.394, p = 0.012), but not with age or mental age. Both total scores for the static and dynamic subtests did not differ significantly between genders.

In the NT group, we found that the total score of the static subtest was positively correlated with age, mental age, and school grade (rho = 0.374, rho = 0.376, and rho = 0.394.; p < 0.001 for each correlation). Similarly, the total score of the dynamic subtest was positively correlated with age, mental age, and school grade (rho = 0.414, rho = 0.318, and rho = 0.434.; p < 0.001 for each correlation). Both total scores for the static and dynamic subtests did not differ significantly between genders.

After adjusting for sex, age, mental age, and years of study, the ASD group scored lower than controls on all tests except for the identification of fear and happiness in the static subtest, and the identification of happiness, fear, and sadness in the dynamic subtest (Table 2).


Table 2. One-way analysis of covariance comparing performances in facial emotion recognition in children with autism spectrum disorder vs. neurotypical children, controlling for sex, age, mental age, and years of study.
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Out of the different six basic emotions, both groups (ASD and NT) scored best in identifying happiness on photos as well as in videos (p < 0.001 when compared with any of the other emotions).

In the ASD group, there was no significant differences in FER scores based on the actor's gender for photos, but scores were higher in the video tests when the actor was female (10.33 ± 3.89 vs. 8.65 ± 3.57, p < 0.001).

It was also easier for individuals with ASD to accurately identify facial emotions in children than in adolescents on photos and videos (17.17 ± 7.07 vs. 15.48 ± 6.79, p = 0.004; and 7.16 ± 2.69 vs. 5.70 ± 2.46, p < 0.001, respectively). However, identifying facial emotions were easier in children than in adults in videos (7.16 ± 2.69 vs. 6.12 ± 2.44, p < 0.001), but not on photos.

ASD children had more difficulties recognizing low-intensity than medium-intensity emotions (14.19 ± 6.80 vs. 15.60 ± 6.51, p < 0.001) and exhibited more problems identifying medium-intensity than high-intensity emotions (15.60 ± 6.51 vs. 17.50 ± 7.08, p = < 0.001).



DISCUSSION

Difficulty in FER is one of the most frequently identified social-cognitive impairments in individuals with autism spectrum disorder (23). However, it is still unclear if all facial emotions are equally impaired or whether recognition of some emotions could be impaired to a lesser extent or spared (13). In the present study, significant impairments in the FER performances were observed. After adjusting for sex, age, mental age, and years of study, children with ASD have shown impairment in the identification of anger, disgust, surprise, sadness, and neutral expressions. However, the recognition of fear and happiness didn't vary between the two groups. In addition, happiness was the easiest facial emotion to recognize for ASD and NT children.

In neurological terms, several studies have suggested that the processing of fear and negative emotions was linked to the amygdala functioning (49–54). Therefore, atypical function of the amygdala in autism spectrum conditions could lead to poor identification of negative emotions (55–57), which is partly compatible with our findings. Additionally, “dysfunction of the amygdala in autism could be the cause of a lack of orienting to the eyes in a face” (58, 59). This hypothesis has been mentioned in several studies that have found that individuals with ASD focus more on the lower part (i.e., the mouth), than the upper part (e.g., the eyes) of the face in identifying facial emotions (26, 60–64). In fact, individuals with ASD may find it less complicated to identify happiness, as focusing of the lower part of the face could be sufficient to recognize this emotion (65, 66).

Concerning the recognition of surprise, Baron-Cohen et al. (67) have suggested that specific impairment in recognition of surprise could be explained by impairment in the theory of mind in individuals with autism. In fact, the only basic emotion that needs judgment of another person's mental state is surprise. Consequently, if there is impairment in mental state judgments in autism, recognition of surprise would be altered (67). Thereby, further research studying the link between FER (specially surprise) and theory of mind is needed.

Recent studies have shown that other social and emotional dysfunctions in ASD, such as such as alexithymia (68), poorer social skills (69), living skills (70), social motivation for peer interaction (71–73), communication (74), and social functioning (75) may negatively impact FER. In our study, we didn't study these impairments due to the lack of contextualized and adapted tools.

From another point of view, impairment in FER for children with ASD could also be explained by the limited time for answer since they were not given ample time to respond. Several research reported that people with autism might be slower in recognizing facial emotion and can accurately recognize basic emotions, with no difference in performance between autistic and neurotypical people when they are given enough time to select their choice [e.g., (29, 76–78)].

Furthermore, these impairments may be due to the fact that individuals with ASD need more environmental or verbal contents, to identify accurately the facial emotion. Understanding emotions usually requires multi-sensory processing based on speech prosody and body and facial gestures (79–81).

Our study did not show a significant effect of age on FER performances in children with ASD and the accuracy of the FER was not positively associated with mental age. A recent meta-analysis, comparing FER in three age ranges (children, adolescents, and adults) has shown that “ASD was associated with deficits in FER across multiple expressions, and that these deficits were more pronounced in adults than in adolescents than in children and cannot be accounted for by intelligence” (12). The age range of our clinical sample (7–12 years) and the fact that we did not include adolescents and adults could explain our findings since younger subjects (children) with ASD seem to have better performances in FER than older subjects with ASD (adolescents and adults).

We also found that performances in FER (the total score of both static and dynamic subtest) were positively correlated with school grade in both groups. Our findings are in part consistent with those of Feinman and Entwisle. In their study, FER were assessed for children attending school and the study showed that FER increased significantly with each grade but leveled off between 8 and 11 years (82). These findings could be explained by the positive impact of the duration of social contact with peers that may improve emotion recognition and social skills for NT children and children with ASD.

In the present research, we used a combination of a static and a dynamic support. As the dynamic support could add ecological validity to the test compared with static support (40, 41), we hypothesized that children with ASD might show greater performance in dynamic subtest rather than static subtest. The ASD group performed worse than the NT sample in the static and dynamic subtest, with sadness being the only emotion that was better identified using the dynamic subtest, in comparison with the static subset. The dynamic subtest did not appear to improve FER considerably for children with ASD, in comparison with static stimuli. Thereby, our research did not support our hypothesis suggesting broad advantages associated with the use of dynamic stimuli. Our findings are consistent with those of Enticott et al. (83). Gepner et al. (84) suggested that children with ASD might show less impairments with slow dynamic displays of facial expressions. Studing FER in dynamic and realistic situations will be interesting for future research.

In both groups, we noticed a better FER of children's faces compared to those of adolescents and adults. Our findings are consistent of those of Lerner et al. (27), suggesting that more impairments in facial emotion recognition are found when adult facial expressions are presented to children with ASD, compared to child facial expressions. Thereby, the recognition of the same facial emotions, seen on age-peer faces could be better for both NT and ASD groups. Scherf et al. (85) suggested that “the own-age bias in face recognition, representing superior recognition abilities for faces of a similar age to the viewer, may emerge as a result of social reorientation toward peers during late-childhood and early-adolescence”. One recent study reported that healthy adolescents were more accurate in the recognition of the identity of individual faces having their age than the identity of adult faces. These findings suggested that FER performance could be moderated by the age range of facial stimuli (86). In contrast, Vetter et al. (87), suggested a lack of this moderating effect (for adolescents) in FER and reported similar accuracy in FER of adult and adolescent facial expressions in healthy adolescents. Thus, it seems possible that specifically children with ASD could exhibit greater difficulties identifying the facial emotions of people having different age ranges than their own, compared to adolescents and adults with ASD, and that the age of facial stimuli may moderate facial emotion perception for children with ASD. Thereby, further studies including and comparing facial stimuli of different age groups are needed in order to better specify the impact of the age range of facial stimuli on FER accuracy in individuals with ASD.

Performances on FER in the ASD group did not vary according to the gender of the actors in the static subtest, with a better performance in identifying facial emotions of female actors in the dynamic subtest. Our results may suggest that gender could affect the accuracy of FER in individuals with ASD with better performance in identifying facial emotions of female faces.

To date, none of all published studies has used pictures and videos of individuals of three age groups and different genders and none of them has compared performances on FER according to age and gender faces.

In our study, we assessed REF using three levels of facial emotion's intensity in the static subtest. For all intensities of emotions, the ASD group has shown worse performances compared to the NT sample. We also noticed that both groups were more accurate in identifying “high intensity” or “fully expressed” facial emotions with increasing difficulties at lower intensities. Our findings are in part consistent with previous recent findings: Wingenbach et al. (33), used a dynamic test with three levels of intensity of facial emotion and found that the ASD group had impairments in FER at low intensity, with greatest performance in identifying facial emotions at higher intensity.

Song and Hakoda (25) used morphing sequences of facial expressions with different intensities varying from 10 to 90% to study diminished sensitivity for FER recognition in children with autism spectrum disorder (14 ASD and 17 NT). They reported that the ASD group had higher thresholds than NT individuals for the recognition of facial emotions. In fact, at high intensities of facial emotions (e.g., 100%), all of the children with autism spectrum disorder were able to recognize facial expressions with the same accuracy of controls. However, as the facial emotions decreased in intensity, the FER accuracy in the ASD group was altered at a higher rate than that of the NT group. Authors suggested that people with autism spectrum disorder do not have a general, but a selective impairment in the recognition of basic emotions, limited to subtle and low intensity facial emotions and that they might use a compensatory mechanism that could help them to decode only high intensity facial emotion information (25). The differences between our results and those of the previously cited studies may be explained by the difference in power. Our study included a larger population, and thus had a better power to detect differences.


Limitations

Despite the several strengths of the present study, several limitations need to be acknowledged. The limited number of female participants in the clinical sample did not allow us to perform significant statistical analyses of sex differences. In fact, a gender effect in the recognition of some facial emotion has been reported in neutrotypical individuals in a recent study (14). Furthermore, our ASD sample only consisted of children and our results might not be generalizable to adolescents and adults with ASD.

In addition, the large difference in sample size between the ASD group and the NT group is another limitation which may induce difficulties in constructing and interpreting the ANCOVA models. This difference in sample sizes can explained by the fact that the population of neurotypical children was used for the validation of the tool and that the recruitment of verbal children with ASD, verbal, attending school and having normal intelligence was more difficult than that of the control group. To ensure the assumptions of the ANCOVA tests are met despite the different sample sizes, we checked for variance homogeneity using the Levene's test and for linearity and homogeneity of regression slopes using scatterplots (plotting each of the FER subscores as separate dependent variables against the each of covariates, for each subgroup).

Finally, we did not match the two groups by gender or IQ. We included age, gender and mental age as covariates in the ANCOVA analyses to control for their potential effects on FER scores. The choice of not matching groups by IQ was also based on the results of two recent meta-analyses that have shown that IQ had no impact on FER performances in children with ASD (12, 13). We did not match the controls to the ASD cases by gender, since previous studies did not show that gender was independently associated with performance in FER tasks (83).




CONCLUSION

Our study supports the findings that children with ASD have difficulties in FER. The ASD group has shown impairment in the recognition of all facial emotions except happiness and fear, with less pronounced difficulties for higher intensities of facial emotions and in the recognition of children facial emotions, compared to adolescents and adults' facial emotions. To the best of our knowledge, our study is the first one that used a test composed of a combination of static and dynamic subtests, including children, adolescent, and adult faces of males and females with high, low, and medium intensities of basic facial emotions, and neutral facial expression. Impairment in FER associated to ASD would have important negative impact in children's development, education, and social integration. Thus, it seems necessary to create new intervention instruments aiming to improve emotion recognition strategies in children with ASD at an early stage of development.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Porfesseur Rym Ghachem, Razi Hospital, Manouba, Tunisia. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

SJ: elaboration of the research protocol, assessment of the ASD group, statistical analysis, and redaction of the article. SH: elaboration of the research protocol and correction of the article. AT: elaboration of the facial emotion recognition test and its administration for the control group. SE: assessment of the ASD group. OR, MG, and MM: administration of the test for the control group. AN, ZA, and MH: elaboration of the test. SO: statistical analysis and correction of the article. RF: statistical analysis. AB: elaboration of the test and of the research protocol and correction of the article. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We would like to thank all of the children and families who took part in this study.



REFERENCES

 1. Darwin C. The Expression of the Emotions in Man and Animals. London: Murray (1872). doi: 10.1037/10001-000

 2. Ekman P, Friesen WV. Constants across cultures in the face and emotion. J Pers Soc Psychol. (1971) 17:124–9. doi: 10.1037/h0030377

 3. Panksepp J. Affective Neuroscience: The Foundations of Human and Animal Emotions. New York, NY: Oxford University Press (1998). 

 4. Ekman P. Universals cultural differences in facial expressions of emotion. In: Cole J, editor. Nebraska Symposium on Motivation. New York: Academic Press (1972). 

 5. Izard CE. The Face of Emotion. New York, NY: Appleton Century Crofts (1971). 

 6. Tremblay C, Kirouac G, Dore F. The recognition of adults' and children's facial expressions of emotions. J. Psychol. (2001) 121:341–50. doi: 10.1080/00223980.1987.9712674 

 7. Rodger H, Vizioli L, Ouyang X, Caldara R. Mapping the development of facial expression recognition. Dev. Sci. (2015) 18:926–39. doi: 10.1111/desc.12281

 8. Mancini G, Agnoli S, Baldaro B, Bitti PE, Surcinelli P. Facial expressions of emotions: recognition accuracy and affective reactions during late childhood. J Psychol. (2013) 147:599–617. doi: 10.1080/00223980.2012.727891

 9. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5. Washington, DC: American Psychiatric Association (2013). doi: 10.1176/appi.journals.9780890425596 

 10. Tracy J, Robins R, Schriber R, Solomon M. Is emotion recognition impaired in individuals with autism spectrum disorders? J Autism Dev Disord. (2011) 41:102–9 doi: 10.1007/s10803-010-1030-y

 11. Philip RCM, Whalley HC, Stanfield AC, Sprengelmeyer R, Santos IM, Young AW, et al. Deficits in facial, body movement and vocal emotional processing in autism spectrum disorders. Psychol Med. (2010) 40:1919–29. doi: 10.1017/S0033291709992364

 12. Lozier LM, Vanmeter JW, Marsh AA. Impairments in facial affect recognition associated with autism spectrum disorders: a meta-analysis. Dev Psychopathol. (2014) 26:933–45. doi: 10.1017/S0954579414000479

 13. Uljarevic M, Hamilton A. Recognition of emotions in autism: a formal meta-analysis. J Autism Dev Disord. (2013) 43:1517–26. doi: 10.1007/s10803-012-1695-5

 14. Lawrence K, Campbell R, Skuse D. Age, gender, and puberty influence the development of facial emotion recognition. Front Psychol. (2015) 6:761. doi: 10.3389/fpsyg.2015.00761

 15. Hobson RP. The autistic child's appraisal of expressions of emotion. J Child Psychol Psychiatr. (1986) 27:321–42. doi: 10.1111/j.1469-7610.1986.tb01836.x

 16. Tantum D, Monaghan L, Nicholson H, Stirling J. Autistic children's ability to interpret faces: a research note. J Child Psychol Psychiatr. (1989) 30:623–30. doi: 10.1111/j.1469-7610.1989.tb00274.x

 17. Davies S, Bishop D, Manstead ASR, Tantam D. Face perception in children with autism and Asperger's syndrome. J Child Psychol Psychiatr. (1994) 35:1033–57. doi: 10.1111/j.1469-7610.1994.tb01808.x

 18. Celani G, Battacchi MW, Arcidiacono L. The understanding of the emotional meaning of facial expressions in people with autism. J Autism Dev Disord. (1999) 29:57–66. doi: 10.1023/A:1025970600181

 19. Bolte S, Poustka F. The recognition of facial affect in autistic and schizophrenic subjects and their first degree relatives. Psychol Med. (2003) 33:907–15. doi: 10.1017/S0033291703007438

 20. Berggren S, Engström AC, Bölte S. Facial affect recognition in autism, ADHD and typical development. Cogn Neuropsychiatry. (2016) 21:213–27. doi: 10.1080/13546805.2016.1171205

 21. Griffiths S Jarrold C Pentonvoak IS Woods AT Skinner AL Munafò MR. Impaired recognition of basic emotions from facial expressions in young people with autism spectrum disorder: assessing the importance of expression intensity. J Autism Dev disord. (2019) 49:2768–78. doi: 10.1007/s10803-017-3091-7

 22. Pan N, Wu GH, Zhang L, Zhao YF, Guan H, Xu CJ, et al. Association between intelligence development and facial expression recognition ability in children with autism spectrum disorder. Chin J Contemp Pediatr. (2017) 19:275–9. doi: 10.7499/j.issn.1008-8830.2017.03.005

 23. Harms MB, Martin A, Wallace GL. Facial emotion recognition in autism spectrum disorders: a review of behavioral and neuroimaging studies. Neuropsycho Rev. (2010) 20:290–322. doi: 10.1007/s11065-010-9138-6

 24. Humphreys K, Minshew N, Leonard GL, Behrmann M. A fine-grained analysis of facial expression processing in high- functioning adults with autism. Neuropsychologia. (2007) 45:685–95. doi: 10.1016/j.neuropsychologia.2006.08.003

 25. Song Y, Hakoda Y. Selective impairment of basic emotion recognition in people with autism: discrimination thresholds for recognition of facial expressions of varying intensities. J Autism Dev Disord. (2018) 48:1886–94. doi: 10.1007/s10803-017-3428-2

 26. Boraston Z, Blakemore SJ, Chilvers R, Skuse D. Impaired sadness recognition is linked to social interaction deficit in autism. Neuropsychologia. (2007) 45:1501–10. doi: 10.1016/j.neuropsychologia.2006.11.010

 27. Lerner MD, McPartland JC, Morris JP. Multimodal emotion processing in autism spectrum disorders: an event-related potential study. Dev Cogn Neurosci. (2013) 3:11–21. doi: 10.1016/j.dcn.2012.08.005

 28. Hauschild KM, Felsman P, Keifer CM, Lerner MD. Evidence of an own-age bias in facial emotion recognition for adolescents with and without autism spectrum disorder. Front Psychiatry. (2020) 11:428. doi: 10.3389/fpsyt.2020.00428

 29. Ozonoff S, Pennington BF, Rogers SJ. Are there emotion perception deficits in young autistic children? J Child Psychol Psychiatr. (1990) 31:343–61. doi: 10.1111/j.1469-7610.1990.tb01574.x

 30. Baron-Cohen S, Jolliffe T, Mortimore C, Robertson M. Another advanced test of theory of mind: evidence from very high functioning adults with autism or Asperger syndrome. J Child Psychol Psychiat. (1997) 38:813–22. doi: 10.1111/j.1469-7610.1997.tb01599.x

 31. Ogai M, Matsumoto H, Suzuki K, Ozawa F, Fukuda R, Uchiyama I, et al. fMRI study of recognition of facial expressions in high-functioning autistic patients. Neuroreport. (2003) 14:559–63. doi: 10.1097/00001756-200303240-00006

 32. Walsh JA, Vida MD, Rutherford MD. Strategies for perceiving facial expressions in adults with autism spectrum disorder. J Autism Dev Disord. (2013) 44:1018–26. doi: 10.1007/s10803-013-1953-1

 33. Wingenbach TSH, Ashwin C, Brosnan M. Diminished sensitivity and specificity at recognising facial emotional expressions of varying intensity underlie emotion-specific recognition deficits in autism spectrum disorders. Res Autism Spectr Disord. (2017) 34:52–61. doi: 10.1016/j.rasd.2016.11.003 

 34. Wong N, Beidel DC, Sarver DE, Sims V. Facial emotion recognition in children with high functioning autism and children with social phobia. Child Psychiatry Hum Dev. (2012) 43:775–94. doi: 10.1007/s10578-012-0296-z

 35. Clark TF, Winkielman P, McIntosh DN. Autism and the extraction of emotion from briefly presented facial expressions: stumbling at the first step of empathy. Emotion. (2008) 8:803–9. doi: 10.1037/a0014124

 36. Law Smith MJ, Montagne B, Perrett DI, Gill M, Gallagher L. A detecting subtle facial emotion recognition deficits in high-functioning Autism using dynamic stimuli of varying intensities. Neuropsychol. (2010) 48:2777–81. doi: 10.1016/j.neuropsychologia.2010.03.008

 37. Harwood NK, Hall LJ, Shinkfield AJ. Recognition of facial emotional expressions from moving and static displays by individuals with mental retardation. Am J Ment Retard. (1999) 104:270–8. doi: 10.1352/0895-8017

 38. Weyers P, Muhlberger A, Hefele C, Pauli P. Electromyographic responses to static and dynamic avatar emotional facial expressions. Psychophysiology. (2006) 43:450–3. doi: 10.1111/j.1469-8986.2006.00451.x

 39. Ambadar Z, Schooler JW, Cohn JF. Deciphering the enigmatic face: the importance of facial dynamics in interpreting subtle facial expressions. Psychol Sci. (2005) 16:403–10. doi: 10.1111/j.0956-7976.2005.01548.x

 40. Kilts CD, Egan G, Gideon DA, Ely TD, Hoffman JM. Dissociable neural pathways are involved in the recognition of emotion in static and dynamic facial expressions. Neuroimage. (2003) 18:156–68. doi: 10.1006/nimg.2002.1323

 41. Johnston PJ, Enticott PG, Mayes AK, Hoy KE, Herring SE, Fitzgerald PB. Symptom correlates of static and dynamic facial affect processing in schizophrenia: evidence of a double dissociation? Schizophr Bull. (2010) 36:680–7. doi: 10.1093/schbul/sbn136

 42. Eack SM, Mazefsky CA, Minshew NJ. Misinterpretation of facial expressions of emotion in verbal adults with autism spectrum disorder. Autism. (2015) 19:308–15. doi: 10.1177/1362361314520755

 43. Rutter M, Le Couteur A, Lord C. Autism Diagnostic Interview-Revised (ADIR). Los Angeles: Western Psychological Services (2003). 

 44. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavas J, Weiller E, et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. (1998) 59:22–33. doi: 10.1037/t18597-000 

 45. Ben Rjeb R. Les Echelles Différentielles d'Efficiences Intellectuelles, forme arabe (EDEI-A). Tunis:Cogerh Sélection (2003). 

 46. Bartlett MS, Viola PA, Sejnowski TJ, Golomb BA, Larsen J, Hager JC, et al. Classifying facial action IEEE. Trans Pattern Anal Mach Intell. (1999) 21:974–89. doi: 10.1109/34.799905

 47. Ekman P, Friesan W, Ellsworth P. Emotion in the Human Face: Guidelines for Research and an Integration of Findings. New York, NY: Pergamon Press (1972). 

 48. Ghasemi A, Zahediasl S. Normality tests for statistical analysis: a guide for non-statisticians. Int J Endocrinol Metab. (2012) 10:486–9. doi: 10.5812/ijem.3505

 49. Adolphs R, Tranel D, Hamann S, Young AW, Calder AJ, Phelps EA, et al. Recognition of facial emotion in nine individuals with bilateral amygdala damage. Neuropsychologia. (1999) 37:1111–7. doi: 10.1016/S0028-3932(99)00039-1

 50. Adolphs R. Fear, faces, and the human amygdala. Curr Opin Neurobiol. (2008) 18:166–72. doi: 10.1016/j.conb.2008.06.006

 51. Anderson AK, Spencer DD, Fulbright RK, Phelps EA. Contribution of the anteromedial temporal lobes to the evaluation of facial emotion. J Neuropsychol. (2000) 14:526–36. doi: 10.1037/0894-4105.14.4.526

 52. Schultz RT. Developmental deficits in social perception in autism: the role of the amygdala and fusiform face area. Int J Dev Neurosci. (2005) 23:125–41. doi: 10.1016/j.ijdevneu.2004.12.012

 53. Ashwin C, Baron-Cohen S, Wheelwright S, O'Riordan M, Bullmore ET. Differential activation of the amygdale and the ‘social brain' during fearful face-processing in Asperger syndrome. Neuropsychologia. (2007) 45:2–14. doi: 10.1016/j.neuropsychologia.2006.04.014

 54. Killgore W, Oki M, Yurgelun-Todd D. Sex-specific developmental changes in amygdala responses to affective faces. Neuroreport. (2001) 12:427–33. doi: 10.1097/00001756-200102120-00047

 55. Ashwin C, Chapman E, Colle L, Baron-Cohen S. Impaired recognition of negative basic emotions in autism: a test of the amygdala theory. Soc Neurosci. (2006) 1:349–63. doi: 10.1080/17470910601040772

 56. Baron-Cohen S, Ring HA, Bullmore ET, Wheelwright S, Ashwin C, Williams SCR. The amygdala theory of autism. Neurosci Biobehav Rev. (2000) 24:355–64. doi: 10.1016/S0149-7634(00)00011-7

 57. Howard MA, Cowell PE, Boucher J, Broks P, Mayes A, Farrant A, et al. Convergent neuroanatomical and behavioural evidence of an amygdala hypothesis of autism. Neuroreport. (2000) 11:2931–5. doi: 10.1097/00001756-200009110-00020

 58. Neumann D, Spezio ML, Piven J, Adolphs R. Looking you in the mouth: abnormal gaze in autism resulting from impaired top-down modulation of visual attention. Soc Cogn Affect Neurosci. (2006) 1:194–202. doi: 10.1093/scan/nsl030

 59. Spezio M, Adolphs R, Hurley R, Piven J. Abnormal use of facial information in high-functioning autism. J Autism Dev Disord. (2007) 37:929–39. doi: 10.1007/s10803-006-0232-9

 60. Gross TF. The perception of four basic emotions in human and nonhuman faces by children with autism and other developmental disabilities. J Abnorm Child Psychol. (2004) 32:469–80. doi: 10.1023/B:JACP.0000037777.17698.01

 61. Klin A, Jones W, Schultz R, Volkmar F, Cohen D. Visual fixation patterns during viewing of naturalistic social situations as predictors social competence in individuals with autism. Arch Gen Psychiatry. (2002) 59:809–16. doi: 10.1001/archpsyc.59.9.809

 62. Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher MA, Goldsmith HH, et al. Gaze fixation and the neural circuitry of face processing in autism. Nature. (2005) 8:519–26. doi: 10.1038/nn1421

 63. Pelphrey KA, Sasson NJ, Reznick JS, Paul G, Goldman BD, Piven J. Visual scanning of faces in autism. J Autism Dev Disord. (2002) 32:249–61. doi: 10.1023/A:1016374617369

 64. Joseph RM, Tanaka J. Holistic and part-based face recognition in children with autism. J Child Psychol Psychiatr. (2003) 44:529–42. doi: 10.1111/1469-7610.00142

 65. Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P, Damasio AR. A mechanism for impaired fear recognition after amygdala damage. Nature. (2005) 433:68–72. doi: 10.1038/nature03086

 66. Grelotti DJ, Gauthier I, Schultz RT. Social interest and the development of cortical face specialization: what autism teaches us about face processing. Dev Psychobiol. (2002) 40:213–25. doi: 10.1002/dev.10028

 67. Baron-Cohen S, Spitz A, Cross P. Do children with autism recognise surprise? A research note. Cogn Emot. (1993) 7:507–16. doi: 10.1080/02699939308409202 

 68. Cook R, Brewer R, Shah P, Bird G. Alexithymia, not autism, predicts poor recognition of emotional facial expressions. Psychol Sci. (2013) 24:723–32. doi: 10.1177/0956797612463582

 69. Williams BT, Gray K. The relationship between emotion recognition ability and social skills in young children with autism. Autism. (2013) 17:762–8. doi: 10.1177/1362361312465355

 70. García-Villamisar D, Rojahn J, Zaja RH, Jorda M. Facial emotion processing and social adaptation in adults with and without autism spectrum disorder. Res Autism Spectr Disord. (2010) 4:755–62. doi: 10.1016/j.rasd.2010.01.016

 71. Dawson G, Webb SJ, McPartland J. Understanding the nature of face processing impairment in autism: insights from behavioral and electrophysiological studies. Dev Neuropsychol. (2005) 27:403–24. doi: 10.1207/s15326942dn2703_6

 72. Kohls G, Chevallier C, Troiani V, Schultz RT. Social ‘wanting' dysfunction in autism: neurobiological underpinnings and treatment implications. J Neurodev Disord. (2012) 4:10. doi: 10.1186/1866-1955-4-10

 73. Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT. The social motivation theory of autism. Trends Cogn Sci. (2012) 16:231–9. doi: 10.1016/j.tics.2012.02.007

 74. Wallace GL, Case LK, Harms MB, Silvers JA, Kenworthy L, Martin A. Diminished sensitivity to sad facial expressions in high functioning autism spectrum disorders is associated with symptomatology and adaptive functioning. J Autism Dev Disord. (2011) 41:1475–86. doi: 10.1007/s10803-010-1170-0

 75. Garman HD, Spaulding CJ, Webb SJ, Mikami AY, Morris JP, Lerner MD. Wanting it too much: an inverse relation between social motivation and facial emotion recognition in autism spectrum disorder. Child Psychiatry Hum Dev. (2016) 47:890–902. doi: 10.1007/s10578-015-0620-5

 76. Piggot J, Kwon H, Mobbs D, Blasey C, Lotspeich L, Menon V, et al. Emotion attribution in high-functionning individuals with autistic spectrum disorder: a functional imaging study. J Am Acad Child Adolesc Psychiatry. (2004) 34:473–80. doi: 10.1097/00004583-200404000-00014

 77. Ponnet KS, Roeyers H, Buysse A, de Clercq A, van der Heyden E. Advanced mind-reading in adults with Asperger syndrome. Autism. (2004) 8:249–66. doi: 10.1177/1362361304045214

 78. Rump KM, Giovannelli JL, Minshew NJ, Strauss MS. The development of emotion recognition in individuals with autism. Child Dev. (2009) 80:1434–47. doi: 10.1111/j.1467-8624.2009.01343.x

 79. Grossman JB, Klin A, Carter AS, Volkmar FR. Verbal bias in recognition of facial emotions in children with Asperger syndrome. J Child Psychol Psychiatr. (2002) 41:369–79. doi: 10.1111/1469-7610.00621

 80. Klucharev V, Sams M. Interaction of gaze direction and facial expressions processing: ERP study. Neuroreport. (2004) 15:621–6. doi: 10.1097/00001756-200403220-00010

 81. Lindner J, Rosén L. Decoding of emotion through facial expression, prosody and verbal content in children and adolesscents with Asperger's syndrome. J Autism Dev Disord. (2006) 36:769–77. doi: 10.1007/s10803-006-0105-2

 82. Feinman S, Entwisle DR. Children's ability to recognize other children's faces. Child Dev. (1976) 47:506. doi: 10.2307/1128809

 83. Enticott PG, Kennedy HA, Johnston PJ, Rinehart NJ, Tonge BJ, Taffe JR, et al. Emotion recognition of static and dynamic faces in autism spectrum disorder. Cogn Emot. (2014) 28:1110–8. doi: 10.1080/02699931.2013.867832

 84. Gepner B, Deruelle C, Grynfeltt S. Motion and emotion: a novel approach to the study of face processing by young autistic children. J Autism Dev Disord. (2001) 31:37–45. doi: 10.1023/A:1005609629218

 85. Scherf KS, Behrmann M, Dahl RE. Facing changes and changing faces in adolescence: a new model for investigating adolescent-specific interactions between pubertal, brain and behavioral development. Dev Cogn Neurosci. (2012) 2:199–219. doi: 10.1016/j.dcn.2011.07.016

 86. Picci G, Scherf KS. From caregivers to peers: puberty shapes human face perception. Psychol Sci. (2016) 27:1461–73. doi: 10.1177/0956797616663142

 87. Vetter NC, Drauschke M, Thieme J, Altgassen M. Adolescent basic facial emotion recognition is not influenced by puberty or own-age bias. Front Psychol. (2018) 9:956. doi: 10.3389/fpsyg.2018.00956

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Jelili, Halayem, Taamallah, Ennaifer, Rajhi, Moussa, Ghazzei, Nabli, Ouanes, Abbes, Hajri, Fakhfakh and Bouden. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-12-693310-t002.jpg
Total score

Score per emotion type Anger
Disgust
Happiness
Fear
Surprise
Sadness
Neutral

Score per gender of the actors Male
Female

Pictures per age range of the actors Children
Adolescents
Adults

Pictures per emotion’s intensity Low
Medium
High

@Adjusted for sex, age, mental age, and years of study.

F

57.207
20.805
23.083
1212
3.626
47614
17.108
10.341
41.858
61.113
34.978
62.240
40.810
53.118
46.313
45.153

p-values were adjusted for multiple comparison using Holm-Bonferroni's method.

Static subtest
p*

0.000
0.000
0.000
0.448
0.189
0.000
0.000
0012
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.300
0099
0.174
0.021
0.018
0.286
0.125
0.086
0.246
0.300
0.307
0213
0.239
0.280
0.257
0.255

29.984
22711
28.198

1.495
4140
10.859
5.666
51.204
38.132
12.084
11.109
18.637
38.959

Dynamic subtest
Pt

0.000
0.000
0.000
0.448
0.176
0.009
0.095
0.000
0.000
0.008
0.000
0.008
0.000

0.195
0.156
0.162
0.006
0.033
0.053
0.050
0271
0217
0.081
0.132
0.069
0.207





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impaired Recognition of Static and Dynamic Facial Emotions in Children With Autism Spectrum Disorder Using Stimuli of Varying Intensities, Different Genders, and Age Ranges Faces



		Introduction



		Materials and Methods



		Participants



		Measures



		Data Analysis







		Results



		Discussion



		Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Impaired Recognition of Static and
Dynamic Facial Emotions in Children
With Autism Spectrum Disorder
Using Stimuli of Varying Intensities,
Different Genders, and Age Ranges
Faces





OPS/images/fpsyt-12-693310-g001.gif





OPS/images/fpsyt-12-693310-t001.jpg
ASD group NT Group p
n=45 n=117

Sex, n (%) Male 39(86.7%) 55 (47.0%) <0001
Female 6(13.3%) 62 (53.0%)

Age, m £ SD 96%15 92£15 0218

EDEI- Verbal mental age, m & SD 87+12 99+09 <0001

EDEI- Non verbal mental age, m + SD 9942 109+25

EDEI- Mental age, m & SD 93+16 104 £1.7

School grade, m = SD 29+14 35+1.4 0.024

ASD, Autism spectrum disorder; NT, Neurotypical.
m, mean; SD, standard deviation; EDEI, The Differential Scales of Intellectual Efficiency.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





