
ASSESSING CHILDREN’S PERFORMANCE ON THE FACIAL EMOTION 

RECOGNITION TASK WITH FAMILIAR AND UNFAMILIAR FACES: AN AUTISM 

STUDY 

by 

Nathaniel Shanok 

A Thesis Submitted to the Faculty of 

Charles E. Schmidt College of Science 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Arts 

Florida Atlantic University 

Boca Raton, FL 

August 2017 



ii 

Copyright by Nathaniel Shanok 2017





iv 

ACKNOWLEDGEMENTS 

The author wishes to express sincere gratitude to his committee members Dr. 

Nancy Aaron Jones, Dr. Michael Maniaci, and Dr. David Bjorklund. Thank you to Dr. 

Maniaci for all your guidance in statistics and data analysis, and to Dr. Bjorklund for 

inspiring me to pursue developmental research. The author wishes to give special thanks 

to his advisor (Dr. Nancy Aaron Jones) for her persistence, patience, and encouragement 

throughout the entire research process and the production of this manuscript. The author 

would also like to give thanks to Dr. Tricia Meredith of the A.D. Henderson School, as 

well as Dr. Jack Scott, Maryellen Quinn-Lunney, and Noelle Balsamo of the FAU 

C.A.R.D center for going above and beyond in helping me to recruit participants for this

study. Finally, the author wishes to thank Mary Jo Walsh-Watson and the entire staff of 

the Mountaineer School of Autism for their assistance in finding participants and 

allowing me to conduct research on their campus. The author is grateful to the R.H 

Institute for providing the research contract to conduct the study.  Last but not least, the 

author wishes to thank his lab mates for all of their assistance and encouragement in the 

process of completing this project. 



v 

ABSTRACT 

Author: Nathaniel Shanok 

Title: Assessing Children’s Performance on the Facial Emotion   
Recognition Task with Familiar and Unfamiliar Faces: An 
Autism Study 

Institution: Florida Atlantic University 

Thesis Advisor: Dr. Nancy Aaron Jones 

Degree: Master of Arts  

Year:   2017 

Studies exploring facial emotion recognition (FER) abilities in autism spectrum 

disorder (ASD) samples have yielded inconsistent results despite the widely-accepted 

finding that an impairment in emotion recognition is a core component of ASD.  The 

current study aimed to determine if an FER task featuring both unfamiliar and familiar 

faces would highlight additional group differences between ASD children and typically 

developing (TD) children. We tested the two groups of 4- to 8-year-olds on this revised 

task, and also compared their resting-state brain activity using electroencephalogram 

(EEG) measurements. As hypothesized, the TD group had significantly higher overall 

emotion recognition percent scores. In addition, there was a significant interaction effect 

of group by familiarity, with the ASD group recognizing emotional expressions 

significantly better in familiar faces than in unfamiliar ones. This finding may be related 

to the preference of children with autism for people and situations which they are 
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accustomed to. TD children did not demonstrate this pattern, as their recognition scores 

were approximately the same for familiar faces and unfamiliar ones. No significant group 

differences existed for EEG alpha power or EEG alpha asymmetry in frontal, central, 

temporal, parietal, or occipital brain regions. Also, neither of these EEG measurements 

were strongly correlated with the group FER performances. Further evidence is needed to 

assess the association between neurophysiological measurements and behavioral 

symptoms of ASD. The behavioral results of this study provide preliminary evidence that 

an FER task featuring both familiar and unfamiliar expressions produces a more optimal 

assessment of emotion recognition ability.
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INTRODUCTION 

Autism spectrum disorder (ASD) and autism are both general terms for a group of 

complex disorders of neurodevelopment.  These disorders are largely characterized by 

impaired social interaction, difficulties with verbal and non-verbal communication, and 

the presence of restricted and repetitive behaviors. Children with ASD display numerous, 

specific social deficits including a lack of interest in initiating conversation, abnormal 

eye-contact, and difficulties in recognizing the emotions of others (Dawson, Meltzoff, 

Osterling, Rinaldi, & Brown, 1998; Aldred, Green, & Adams, 2004). 

The ability to infer emotions from facial expressions is critical for interpreting 

important social cues during conversation (Baron-Cohen et al., 1999). Therefore, facial 

emotion recognition (FER) tasks have been devised to assess recognition ability and 

overall emotional intelligence. Performances on FER tasks are predictive of individual 

differences in quality of social interactions (Leppanen & Nelson, 2006). It is unsurprising 

that individuals with ASD, a grouping of disorders characterized by profound difficulties 

with social interaction, have demonstrated impairments in facial emotion recognition 

(FER) (Harms, Martin, & Wallace, 2010).  

The goal of most FER tasks is for participants to match various emotional words 

to the corresponding facial expressions. Individuals who perform poorly on the FER are 

more likely to have amygdala complications. The amygdala is a critical structure not only 

for emotion recognition but also conditioned emotional response (Hall, Szechtman, & 

Nahmias, 2003). Struggles on FER tasks are also related to impairments in vital



2 

evolutionary social abilities, such as empathizing with others, understanding when others 

are hurt, and understanding when others are being deceitful (Bai et al., 2010; Aldred, 

Green, & Adams, 2004). Historically, individuals with Huntington’s disease, Parkinson’s 

disease, Rhett’s syndrome, and autism have displayed impairments on FER tasks (Harms, 

Martin, & Wallace, 2010).  

Overview of FER Tasks and Autism Populations 

Social and emotional impairments have been frequently observed in case studies 

on children and adults with ASD (Lombardo, Chakrabarti, Bullmore, & Baron-Cohen, 

2011). However, the literature on FER performance in ASD samples has yielded 

surprisingly inconsistent results given these well-documented symptoms of autism. 

Certain studies have highlighted significant impairments in emotion recognition accuracy 

among individuals with ASD (Lindner & Rosen, 2006; Tantam et al., 1989; Yeung et al., 

2014). Other research projects have reported either marginal differences or no differences 

in performance between ASD groups and typically developing (TD) groups (Capps et al., 

1992; Prior et al., 1990; Robel et al., 2004).  A wide array of experimental, cognitive, and 

neurological factors could be responsible for the mixed results in prior studies on this 

topic. 

Previous FER studies have explored the impact of additional factors such as 

gender, type of emotional expression, and amount of allotted time on emotional 

processing (Fink, Rosnay, Wierda, Koot, & Begeer, 2014). However, past research 

projects have rarely assessed the impact of familiarity on emotion recognition ability 

(Harms, Martin, & Wallace, 2010). Most studies have exclusively presented participants 

with facial expressions of strangers or unfamiliar individuals (Enticott et al., 2014). The 
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aim of the current study was to determine if an FER task featuring the expressions of both 

unfamiliar faces and familiar faces (participant’s mother) would highlight additional 

behavioral differences between children on the ASD spectrum and TD children. Our 

interest in the variable of “stimuli familiarity” was based on empirical evidence that 

infants and young children with ASD frequently demonstrate a lack of interest and 

abnormal eye-contact patterns towards their caregiver (Montague & Walker-Andrews, 

2002; Carter, Davis, Klin, & Volkmar, 2005; Klin et al., 2002). These findings have 

occurred during various types of mother-child playful interactions.  

An FER task featuring familiar and unfamiliar stimuli may serve as a better tool 

for assessing emotion recognition than conventional FER tasks which solely focus on 

expressions of strangers. Familiar stimuli are representative of a large portion of an 

individual’s daily social interactions which occur with family, friends, and classmates 

(Enticott et al., 2014). 

Previous Findings on ASD Recognition Performance 

It is important to distinguish between the two types of autism, high-functioning 

(HFA) and low-functioning (LFA). There is not currently an established criteria for 

diagnosis of one or the other, but often times clinicians will make the distinction based on 

how much functional language a child possesses (Dawson et al., 1998). Still, a more 

recent suggestion from (Autism Speaks) is to make the distinction based on how 

independent a child is in day-to-day tasks. In the current study, the ASD group consisted 

of individuals with HFA. This is consistent with many of the autism studies reviewed in 

this paper, but some studies include participants on both high and low ends of the ASD 

spectrum.  
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As previously mentioned, the results of experimental investigations of face-

emotion recognition among individuals with ASD have yielded surprising variability. 

Numerous studies have identified generalized face-emotion recognition deficits for a 

wide-array of different emotions including happiness, sadness, fear, anger, and surprise 

(Balconi, Amenta, & Ferrari, 2012; Celani, Battacchi, & Arcidiacono, 1999; Yeung et al., 

2014; Lindner & Rosen, 2006; Tantam et al., 1989). Others have only highlighted autism-

related deficits for recognizing specific emotions, such as anger or fear (Bal et al., 2010; 

Wright et al., 2008).  

Additional studies have found limited to no evidence for an association between 

autism and impairments on the facial emotion recognition task. Cook, Brewer, and Shah 

(2013) found that alexithymia was predictive of poor recognition of emotional facial 

expressions, but autism was not. Also, both Grossman, Klin, Carter, and Volkmar (2000) 

and Rosset et al. (2008) found that individuals with ASD were proficient in recognizing 

happy, sad, angry, fearful, and surprised expressions when compared to typically 

developing individuals. 

Possible Explanations for Inconsistencies in The ASD Literature 

There could be numerous reasons for the discrepancies in the research on the 

topic of group differences in performance. Primarily, these inconsistencies could be 

attributed to experimental issues such as stimuli quality and FER task demands (Baron-

Cohen et al., 1997; Grossman et al., 2003; Ogai et al., 2003). There is recent evidence to 

suggest that when facial expressions are exaggerated or unrealistic, children with autism 

perceive them as more representative of real-life emotions and can recognize them with 

greater accuracy (Harms, Martin, & Wallace, 2010).  
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Many studies have failed to use stimuli that represent real-life expressions and 

thus fail to find any differences between groups, due to the simplicity of the tasks 

(Harms, Martin, & Wallace, 2010). On the other hand, some studies have overloaded 

participants with stimuli creating a potential confound effect of fatigue (Robel et al., 

2004). As a result, low recognition scores in both TD and ASD groups may be more 

related to fatigue or boredom than actual struggles with socio-emotional abilities.  

Finally, it is possible that certain individuals with ASD do not possess any 

emotion recognition deficits at the time of assessment. However, there is evidence that 

individuals with ASD activate alternative neurological pathways or use unconventional 

cognitive strategies during this task (Hadjikhani et al., 2007). Based on this finding, it is 

conceivable that certain neurological complications may lead to emotional processing 

impairments over time. Therefore, it is critical for researchers to obtain more knowledge 

regarding how FER ability develops in both ASD and TD individuals. 

A Developmental Perspective on FER Performances  

The current study aimed to determine how FER ability develops across the 4- to 

8-year-old range, which is a critical time span for the development of various social

behaviors and tendencies (Widen & Russell, 2010). Abilities such as empathy, emotional 

regulation, and emotional adaptation are strengthened throughout these years (Rydell, 

Berlin, & Bohlin, 2003).  

From a developmental standpoint, typically developing children are capable of 

generating emotional expressions very early in the post-natal period (Haviland & 

Lelwica, 1987). However, the ability to process and recognize specific emotions does not 

occur as naturally to children, but increases gradually as they age (Widen & Russell, 
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2010).  There is evidence that the ability to recognize certain emotions may be acquired 

earlier than for others. A finding from Gagnon, Gosselin, and Maasarani (2014) 

demonstrated that facial expressions such as happiness, surprise, and sadness are 

generally recognized around the preschool years (3-6), whereas emotions such as fear, 

anger, and disgust are recognized in later years of early childhood (7-11).  

 Another common finding is that children obtain the ability to recognize positive 

emotions prior to negative ones. TD children show proficiency in recognizing positive 

emotions at around three or four years, but do not master negative emotions until they are 

six or seven (Widen & Russell, 2010). In experimental literature, positive emotions 

typically consist of happiness, joy, gratitude, and love, while negative emotions include 

sadness, fear, disgust, and anger (Fox, 2002).   

A study by Gao and Maurer (2010) found that 5-year-olds could recognize happy 

expressions just as well as adults but showed deficits on sad, angry, and fearful 

expressions. The same study found that 10-year-old TD children performed nearly as 

well as adults on all the different types of expressions. A possible explanation for this 

finding is that 5-year-olds are just beginning school and may have minimal experience 

viewing negative emotions in others. Many parents likely demonstrate fewer sad or angry 

expressions towards their toddlers compared to expressions of happiness or love. Once 

school begins, young children likely receive more exposure to negative emotions through 

their peer interactions which may include crying, fighting, and even bullying. 

Another study on 7-year-olds reported that happy and surprised expressions were 

the easiest to identify followed by disgusted and angry expressions (Mancini et al., 2013). 

In the same study, the most challenging emotions to recognize were fearful and sad 
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expressions (Mancini et al., 2013). Additional studies have also highlighted sad and 

fearful expressions as the most difficult to recognize for developing children (Widen & 

Russell, 2003; Herba & Phillips, 2004).  

The Development of FER Performance in ASD Participants 

           Unfortunately, in ASD samples less is known regarding the fluctuation of emotion 

recognition ability throughout development. To our knowledge, there have been two 

studies thus far which have compared ASD and TD group changes in performance 

throughout childhood and adolescence.  

 A study from Lacroix et al. (2009) assessed the behavioral performances of 4- to 

8-year-old TD children and children with autism on an FER task. This specific task 

featured only happy and fearful expressions. The researchers found that typically 

developing 4 and 5-year-olds performed significantly better in recognizing the two 

emotional expressions, but no significant group differences were present in 6,7, and 8-

year-olds (Lacroix et al., 2009) The results of this study would lead one to believe that 4-

year-olds with ASD demonstrate impairments on this task, but their scores may converge 

towards normative levels by the time they are eight. However, this was a cross-sequential 

study so the results must be interpreted with caution.  

   Rump, Minshew, Strauss, and Giovanneli (2009) recently compared group FER 

performances in various ages ranges spanning from childhood to adulthood. They 

assessed 5- to 7-year-olds as well as groups of individuals who were 8-12, 13-17, and 18 

and up. Across all ages, participants on the ASD spectrum had significant deficits in 

recognizing various expressions including fear, anger, disgust, and sadness. Through 

post-hoc assessments, the researchers found that these effects were driven by significant 
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group differences in the adult age group (18 and up). In the childhood age ranges, none of 

the group differences in FER performance were significant. These results would suggest 

that the FER impairments associated with autism may not fully appear until adulthood.  

This finding is consistent with the DSM’s assertion that certain symptoms of 

autism may not fully manifest until development is complete. However, more research 

must be conducted through a developmental focus to determine how the various social 

behaviors of individuals with ASD improve or worsen over time. The finding from 

Rump, Minshew, Strauss, and Giovanneli (2009) alludes to the importance of assessing 

children on additional neurological or cognitive measurements, which may be early 

indicators of future behavioral concerns. 

Neurological Characteristics of ASD 

 Studies using brain imaging and electrophysiological measures have found that 

the autism brain differs in many ways from the brain of a typically developing individual. 

There is MRI evidence that abnormal brain growth occurs between the ages of 1 and 4, 

and many children with autism meet the criteria for developmental macrocephaly 

(Corchesne et al., 2001). Interestingly, this pattern is followed by significant deficits in 

brain growth spanning from ages 5 to 16 and continuing through adulthood (Courchesne, 

Müller, & Saitoh, 1999). The early growth increase in the autism brain is accompanied by 

larger than normal levels of cerebral white and gray matter from ages 2 to 4. However, 

these levels only increase 10 percent from ages 4 to 16, while in TD individuals there is a 

59 percent increase during this time-frame (Corchesne et al., 2001; Joseph et al., 2014). 

Increases in neural white matter are related to increases in the myelination of neurons. 

This process typically speeds up neuronal connectivity and the communication of 
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neurons from one region to another. Decreases in white matter are associated with 

delayed neural connectivity (Guttmann et al., 1998).  

Brain Regions Involved in Emotion Recognition Tasks 

 Another common finding is that the “social brain” is altered by ASD (Baron-

Cohen et al., 1999). The social brain is comprised of the orbital frontal cortex (OFC), 

inferior occipital gyri (IOG), lateral fusiform gyrus (LFG), superior temporal gyrus 

(STG), posterior superior temporal sulcus (PSTS), and the amygdala (Brothers et al., 

1990; Haxby, Hoffman, & Gobbini 2000). These regions are involved in various social 

processes including emotion recognition. In fMRI studies, there is a frequent finding of 

decreased neural activity in these “social brain” regions among individuals with ASD of 

all ages (Hubl et al., 2003; Pierce et al., 2001; Schultz et al., 2000).  

Researchers have also used ERPs (event-related potentials) to determine which 

areas of the cortex are activated during FER tasks and other social processing tasks. ERPs 

involve averaging brain activity responses that are time-locked to the presentation of a 

stimulus. In typically developing individuals of all ages, greater left than right 

hemispheric ERP responses to emotional expressions have been observed in the NI70, 

P1, P2, and N400 amplitudes (Dawson, Webb, Carver, Panagiotides, & McPartland, 

2004). These amplitudes represent brain activations in temporal, parietal, and occipital 

cortical regions, which are believed to be critically involved in various social processes. 

A pattern of decreased left hemispheric activations in the N170, P1, P2, and N400 

amplitudes has been observed in all ages of ASD (Wong, Fung, Chua, & McAlonan, 

2008; Dawson, Webb, Carver, Panagiotides, & McPartland, 2004; Magnee, Gelder, 

Engeland, & Kemner, 2008; Lartseva, Dijkstra, Kan, & Buitelaar, 2014). Interestingly, 
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these same studies have noted that individuals with ASD commonly display greater right 

hemispheric activations to FER stimuli in these regions. These findings tie into the 

compensatory mechanisms theory of autism. This theory suggests that for individuals 

with ASD abnormal brain regions or hemispheres may be overactivated during social 

stimuli processing. Also, the conventional cortical areas involved in social tasks may 

demonstrate under-activity or poor communication to other regions (Dawson et al., 2004; 

Harms, Martin, & Wallace, 2010; Lepannen & Nelson, 2006).  

EEG Measurements and Their Benefits 

 Neurological activity measurement techniques such as electroencephalogram 

(EEG) have identified specific resting-state brain activity abnormalities relating to ASD 

(Hall, Szechtman, & Nahmias, 2003). In clinical contexts, EEG refers to the recording of 

the brain's spontaneous electrical activity using multiple electrodes placed over the scalp 

(Jones & Fox, 1992). Using EEG, researchers can identify regions in the cerebral cortex 

where activity is over-active or under-active. The EEG measurements focused on in this 

study were power (the strength of activity in a specific cortical region), and asymmetry 

(the differences in activity between the left and right hemispheres of a specific cortical 

region). 

In this study, we elected to use EEG as the neurological measurement for 

numerous reasons. The EEG recording is non-invasive and does not expose children to 

any sort of harmful radiation (Jones & Fox, 1992). In addition, EEG is silent and does not 

aggravate claustrophobia. This is especially important for children on the ASD spectrum 

who may have sensory/noise sensitivity. Also, an EEG machine can detect brain activity 

alterations within a millisecond timeframe, which is excellent considering an action 
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potential takes around 0.5-130 milliseconds to propagate across a single neuron (Yeung, 

Hung, Sze, and Chan, 2014). EEG also provides a direct measurement of brain electricity 

while other methods record changes in blood flow (fMRI) or metabolic activity (PET), 

which are indirect assessments of overall brain activity (Logothetis, Pauls, Augath, 

Trinath, & Oeltermann, 2007).  

Finally, several studies have examined the association between ERP measures and 

FER abilities, but the relationship between resting-state EEG measures (power, 

asymmetry) and FER ability has been unexplored thus far. Resting-state EEG 

measurements allow researchers and clinicians to understand an individual’s overall brain 

functionality and how well individual regions are communicating with one another 

(Dawson et al., 2004). Based on this knowledge, researchers can identify some of the 

underlying neurological characteristics that are associated with or even predictive of 

specific behavioral symptoms of autism (Dawson et al., 2004).  

A secondary goal of the current study was to explore group differences (ASD, 

TD) in resting-state EEG power/EEG asymmetry in 4- to 8-year-olds. The next step was 

determining if any of these measurements were correlated to overall FER percent scores 

in both groups. Studies which solely focus on the behavioral performances of children 

with autism do not adequately summarize this complex neurological disorder. Autism is 

the result of constant interactions between both behavioral and neurological processes 

(Balconi, Amenta, & Ferrari, 2012).  

Resting-State EEG in ASD 

 It is important to note that resting-state power and asymmetry can be observed in 

different frequency bandwidths. In adults, lower-range frequencies are typically labeled 
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delta (1-4 Hz) and theta (4-7 Hz), which are often evident during deep-sleep or a state of 

drowsiness (Bell, 2002). The middle-range frequency is alpha (8 to 12 Hz), which is 

commonly associated with a relaxed-state or baseline measurement. Higher-range 

frequencies such as beta (13-35 Hz) and gamma (>35 Hz) typically represent high levels 

of brain activity or body movements (Bell, 2002).  

The bandwidth numeric specifications are slightly different in developing children 

then they are for adults (Marshall, Bar-Haim, & Fox, 2002). Unfortunately, studies 

relating to autism often use adult frequency bands to observe EEG measures in all ages, 

including children (Marshall, Bar-Haim, & Fox, 2002). As a result, certain resting-state 

findings related to ASD may be misleading. In addition, ASD studies often include large 

age-ranges, making it difficult to determine if effects are driven by child or adult 

participants (Lartseva, Dijkstra, Kan, & Buitelaar, 2014). Further research is needed to 

confirm whether or not many of these findings are also applicable to children. 

Power: In ASD samples, greater levels of delta power have been found in both relative 

and absolute powers, and in multiple regions of the brain including the frontal, temporal, 

parietal, and occipital cortical areas (Murias, Webb, Greenson, & Dawson, 2007). 

Enhanced low frequency theta (4 to 7 Hz) activity is also commonly seen in individuals 

of all ages with ASD (Von Dem Hagen et al., 2012). In addition, enhanced power has 

been reported in high-frequency beta (13 to 35 Hz) and gamma (>35 Hz) bands in both 

children and adults (Murias, Webb, Greenson & Dawson, 2007). This enhanced gamma 

power has been found over midline, occipital, and parietal regions. In middle-range 

frequencies there is a consistent finding of reduced power in alpha (8 to 12 Hz) across the 

frontal, temporal, parietal, and occipital cortices (Wang et al., 2013).  The presence of 
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increased low-range and high-range frequency power, as well as decreased mid-range 

frequency power is often characterized as the U-shape power distribution of autism 

(Wang et al., 2013). 

Hemispheric asymmetry: Across the existing literature on resting-state EEG patterns in 

ASD, one of the predominant findings has been enhanced power in left hemispheric 

regions compared to right ones. Cantor, Thatcher, Hrybyk, & Kaye (1986) found that 

individuals with ASD had greater levels of delta bandwidth power in the left hemispheres 

of central, temporal, parietal, and occipital regions. Mirroring the results of Cantor, 

Stroganova et al. (2007) detected enhanced delta and theta power in the left hemispheres 

of frontal, temporal, and parietal regions. Also, greater alpha and beta power values have 

been found in the left hemispheres of central, temporal, parietal, and occipital regions 

compared to the right hemispheres of these regions (Wang et. al, 2013). The one 

exception is the frontal lobe, where a pattern of right frontal asymmetry (greater right 

hemispheric power) has been associated with autism in certain cases (Lucas, 2013). This 

measurement is related to the display of anxious and withdrawal behaviors in children 

(Sutton & Davidson, 1997; Davidson & Fox, 1989).    

Resting-State EEG and Specific Emotions 

  Less is known regarding the resting-state EEG patterns associated with both 

experiencing and recognizing various emotions. Attempting to discover the underlying 

brain dynamics that generate emotional states and those which are involved in their 

recognition remains a difficult area of neuroscience (Dennis & Solomon, 2010).  

  According to Davidson (1992), alpha is commonly evaluated for changes related 

to the induction of different emotions. Specifically, greater right frontal alpha power is 
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associated with displays of negative feelings and emotions. Dennis and Solomon (2010) 

found that greater left frontal EEG alpha activity was related to an increased ability in 

emotion regulation for both positive and negative emotions. Andersen et al. (1985) also 

found that displays of greater left frontal theta power were associated with higher levels 

of emotional intelligence in TD adults. Research studies have only been able to specify 

differences in EEG response for positive versus negative emotions, but not for more 

specific emotions within these categories. The current study attempted to expand on this 

literature by linking resting-state EEG patterns to emotion recognition abilities. 

Current Study 

  The primary goal of this study was to assess the performances of two groups of 

4- to 8-year-olds (ASD, TD) on a revised FER task featuring both familiar and unfamiliar 

emotional expressions. We aimed to determine if group performances would differ 

depending on stimuli familiarity or the specific emotion being processed. Another goal 

was to determine how the two groups differed in the amount of time they took to process 

the 24 total stimuli. The secondary goal of this study was to assess group differences in 

EEG power values, as well as EEG asymmetry values across various cortical regions 

(frontal, central, temporal, parietal, occipital). We also aimed to explore the associations 

between these EEG measures and overall percent scores on the revised FER task. 

Hypotheses 

Hypothesis 1: Overall, it was expected that the performances on the adjusted FER task 

would be significantly different between the high-functioning autism (HFA) group and 

the TD group. We expected that typically developing individuals would perform better on 

this task than individuals with ASD given the well-documented socio-emotional 
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impairments related to ASD, and the fact that this study used “real-life expressions”.  A 

significant interaction effect of group by familiarity was also predicted. We anticipated 

that the TD children would be significantly better at identifying emotions for familiar 

faces than unfamiliar faces, but children with ASD would not demonstrate this pattern. 

The basis of this prediction is that in some cases children with ASD fail to make the 

close-bonding relationship with their mother that is observed in TD children (Montague 

& Walker-Andrews, 2002).  

Hypothesis 2:  On the FER task, we expected to find a significant interaction between 

group and type of emotion. We predicted that the TD group would perform significantly 

better than the ASD group on the negative emotions, which included fear, sadness, and 

anger. According to Dawson et al. (2004), 5- to 7-year-olds with ASD can recognize 

happiness and surprise, but they have a more difficult time with subtle expressions of 

fear, sadness, and anger. We expected there to be no significant differences between 

groups on the positive emotion, which was happiness. According to Mancini et al. (2013) 

happiness is the most easily recognized facial emotion expression. 

Hypothesis 3: We hypothesized that there would be a significant effect of group (ASD, 

TD) on the total processing time of emotion recognition. Specifically, the TD group 

would take less time to process and respond to the 24 FER trials. The rationale for this 

prediction was that overall struggles in performance would be related to slower 

recognition of emotions and more seconds taken in the ASD group. It was also predicted 

that the interaction effect of group by familiarity would significantly impact total times, 

with group differences being more pronounced on the processing time of familiar faces. 
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Hypothesis 4: Based on past literature highlighting resting-state brain abnormalities 

relating to ASD, we expected the ASD group to demonstrate significantly less power for 

alpha (6 to 9 Hz) and alpha 2 (8 to 12 Hz) in the frontal, central, temporal, parietal, and 

occipital regions. We also expected the ASD group to show enhanced delta (0 to 3 Hz) 

and theta (3 to 6 Hz) power levels in these regions. This is consistent with the U-shape 

power distribution associated with autism. In the ASD group we expected to find greater 

left asymmetry values in all regions (frontal, central, temporal, occipital, parietal) and for 

all frequency bands. A pattern of left asymmetry is a common neurological trait 

associated with ASD (Dawson et al., 2004). 

 Finally, we expected that certain EEG measurements would be significantly 

correlated to overall FER performance in the ASD group. There is evidence that 

behavioral impairments associated with ASD are the result of abnormal or atypical 

neurological functioning (Wong, Fung, Chua and McAlonan, 2008).
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METHOD 

Participants 

 The 28 participants included two groups of 4- to 8-year-old children, one with 

high-functioning autism (12) and one typically developing group (16). Of the 28 

participants, there were 19 males and 9 females in total with an average age of 5.61 years, 

SD = 1.23. All members of the group with ASD had been previously diagnosed with 

high-functioning autism by a clinician. Members of this group included 9 males and 3 

females with an average age of 5.75 years, SD = .97. The TD group included 10 males 

and 6 females with the average age being 5.50 years, SD= 1.41.  

Typically developing children were recruited from the Slattery Preschool and the 

A.D. Henderson Elementary school on the campus of Florida Atlantic University-Boca 

Raton, FL. The participants in the ASD group were sampled from the FAU CARD 

services in Boca Raton/Jupiter, FL, as well as the Mountaineer School of Autism and The 

Connections Education Center, both located in West Palm Beach, FL. 

None of the 28 participants were excluded from the behavioral data analysis in 

this study. However, 10 participants were excluded from the EEG analyses for one of two 

reasons. Either they declined to participate due to fear of the EEG cap/sensory issues, or 

their EEG data had too much interference due to excessive head or body movements 

during data collection. As a result, the sample for EEG analyses included 18 participants 

(11 TD, 7 ASD) with an average age of 5.78 years, SD = .92. The TD participants used in 

this analysis included 8 males and 3 females with an average age of 5.73 years, SD = .96. 
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The ASD EEG sample consisted of 6 males and 1 female with a mean age of 5.86 years, 

SD = .83. A breakdown of the group (ASD, TD) sample sizes and means for gender, age, 

race/ethnicity, family income, and mother’s education level can be found in table 1. 

  For all children, the Gilliam Autism Rating Scale: Second Edition (GARS-2) was 

administered to the mothers of participants (Gilliam, 2006). The GARS-2 is a norm-

referenced, 42-item instrument used to estimate the severity of autism in children. It is 

based on the diagnostic guidelines of the DSM, and the Autism Society of America 

indicates it can be used to assess individuals from ages 3 to 22.  The Autism Index of the 

GARS-2 has a mean of 100 with a standard deviation of 15.  Thus, those who score 

above the mean demonstrate a substantial number of indicators for autism.  An Autism 

Index of 100 corresponds to the 50th percentile, the mean score for individuals with 

autism.  Children who score below the 50th percentile, but above the 16th percentile, are 

classified as having high-functioning ASD, whereas those who score above the 50th 

percentile are classified as having low-functioning ASD. In the current study, the mean 

GARS-2 score in the ASD group was 55.50 (SD=26.09), and 8.50 (SD=9.99) in the TD 

group. A more detailed comparison of the group GARS-2 scores can be found in Table 1.    

  Group differences in age distribution appeared to be relatively similar (ASD: 

5.75, TD: 5.50). To ensure that age was not a significant factor in explaining the results, 

age was used as a covariate in the behavioral and EEG analyses. When age was entered 

as a covariate, the results were not altered for any of the behavioral or neurological 

measurements.  
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The Research was approved by the Florida Atlantic University Institutional 

Review Board and all participants were treated in accordance with the “Ethical Principles 

of Psychologists and Code of Conduct” (American Psychological Association, 1992). 

Materials 

NimStim Facial Emotion Recognition Stimuli 

The unfamiliar FER stimuli used in this study were sampled from the NimStim 

set (Tottenham et al., 2009). The entire NimStim set consists of 646 experimentally-

tested facial emotion images. The emotions demonstrated by the images are happiness, 

sadness, anger, fear, disgust, surprise, neutral, and calm. For the current study, we 

condensed the number of expressions down to five: happiness, sadness, anger, fear, and 

neutral, with neutral serving as the control stimulus. We wished to include both positive 

(happy) and negative emotions (anger, fear, sadness) because negative emotions are 

thought to be more difficult to master in developing children (Mancini et al., 2013). 

The NimStim FER set presents numerous advantages to other models. Primarily, 

its facial expressions are real-life generated and do not contain exaggerated emotions. As 

previously mentioned, exaggerated or cartoon-like emotions could be an explanation for 

some of the inconsistencies in FER research up to this point. In addition, the NimStim 

provides a large number of stimuli, an adequate control (the neutral expression), and it 

includes faces from individuals of a diverse racial background (Tottenham et al., 2009). 

FER PowerPoint 

The adjusted FER task was presented to participants via the PowerPoint 

application on a MacBook Pro 13-inch computer screen. The trials included a target 

emotion word and three images which a participant was instructed to choose from. The 
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three images included the correct matching image, an incorrect one, and a neutral facial 

expression to serve as a control. We presented each participant with six images for each 

type of facial-expression (happy, sad, anger, fear), creating 24 trials in total. In total, we 

presented each participant with 12 familiar and 12 unfamiliar faces. We felt that this 

would accomplish our goal of including an adequate number of stimuli for experimental 

validity without overloading participants or inducing a fatigue/boredom effect.  

From the NimStim set (unfamiliar), we sampled three images for each emotion, 

15 in total. All 15 expressions were replicated by the participant’s mother to serve as the 

familiar stimuli. These images varied for each participant because they needed to be 

personally familiar to each of them. All images presented were of females to control for 

any gender-induced effects.  Each set of emotional images was paired with the other three 

emotion types an equal amount of times, and each possible order was presented to control 

for any priming or ordering effects. Also, each participant was presented with the 24 

trials in a random order.  

The two dependent variables in this study were emotion recognition percent score 

and emotion recognition time of processing. Percent scores were calculated by dividing 

the amount of trials that a participant got correct by the total number of trials (24). Time 

of processing values were calculated by adding up the amount of time it took participants 

to process and answer all 24 trials. To assess reliability, two experimenters recorded 

responses as well as time of processing for all 28 participants. The two researchers agreed 

on participant FER responses for all 24 trials, and in all 28 participants. Therefore, no 

reliability statistical test was necessary for the dependent variable of “recognition percent 

score”. To ensure that the dependent variable “time of processing” was assessed reliably, 
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an intraclass correlation coefficient (ICC) was examined. A high degree of reliability was 

found between the recorded times of both experimenters. The average measure ICC was 

.996 with a 95% confidence interval from .991 to .998. 

Emotion Tutorial (Happy, Sad, Angry, Scared) 

 Prior to the administering of the experimental task, we provided a brief tutorial on 

each of the four emotion words used in the study (happy, sad, angry, mad) to ensure that 

participants had a solid conceptual understanding of these terms. The tutorial consisted of 

descriptions/examples of these emotions, and included a task requiring participants to 

match sample phrases to the target words. No images were used in the training, just 

sentences and phrases to help participants gain conceptual knowledge on these various 

terms. Overall, this tutorial took around 10 minutes to complete, with some variation 

occurring due to participant differences in prior knowledge. All 28 participants showed a 

proficient understanding of the basic meanings of happiness, sadness, fear, and anger. 

Therefore, we could conclude that a lack of prior knowledge on emotions would not 

confound the results of this study. 

Collection of Data Using EEG 

 Prior to collecting EEG data, participants were provided with training and 

desensitization if it was necessary. The purpose of the training was to familiarize 

participants with wearing the electrode-cap and to confirm that they understood what was 

expected of them during the data collection. For the actual recording of data, a stretch-

lycra cap was placed on the head of participants with electrodes positioned according to 

the international 10-20 system (Jasper, 1958). When necessary, a cotton swab was used to 

move excessive hair from the electrode site, and Omni prep gel was inserted into each 
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electrode to improve signal quality. Following the prep work, connectivity gel was placed 

into the electrodes of the cap. Impedance levels were checked and needed to be less than 

30K ohms to continue the procedure, otherwise the site was prepped again. At-rest EEG 

measurements were recorded for 6 to 9 minutes, with at least three minutes of EEG 

requiring participants to close their eyes and three minutes requiring them to hold a 

sensory toy while remaining as still as possible, with their eyes open.  

The specific measurements observed were power (level of resting-state activity in 

a certain region) and asymmetry (differences in power for the left and right hemispheres 

of a certain region). Power was analyzed in frontal electrodes (F3, F4), central electrodes 

(C3, C4), temporal electrodes (T7, T8), parietal electrodes (P3, P4,), and occipital 

electrodes (O1, O2).  Power values were measured in picowatt ohms in the delta 

bandwidth (0-3), theta bandwidth (3-6), alpha bandwidth (6-9), and the alpha 2 

bandwidth (8-12) for the various regions. The alpha bandwidth was selected as our 

primary focus based on its known associations with emotional processing, and its 

frequent appearances during awake, resting-state EEG measurements (Jones et al., 1997; 

Vuga et al., 2006; Vuga et al., 2016).  

The bandwidth numeric specifications are slightly different in developing children 

then they are for adults. Although no consensus has been reached as to what the adjusted 

parameters should be, a frequency band at around 6 - 9 Hz for alpha and 8-12 Hz for 

alpha 2 appears to be the most utilized choice (Marshall, Bar-Haim, & Fox., 2002; Lucas, 

2013).  Natural log (ln) transformations were used for all statistical analyses of power, 

due to findings which specify that power values are positively skewed as opposed to 

aligning in a normal distribution, (Jones, Field, & Davalos, 2000).  
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Also, measurements of asymmetry were assessed to determine the differences in 

connectivity between the left and right portions of the frontal (F3, F4), central (C3, C4), 

temporal (T7, T8), parietal (P3, P4), and occipital (O1, O2) lobes. The same bandwidths 

were explored for these measures; delta bandwidth (1-3), theta bandwidth (3-6), alpha 

bandwidth (6-9), and the alpha 2 bandwidth (8-12). EEG asymmetry values were also 

computed using the natural log power scores. The procedure followed for each specific 

region was ln(right hemisphere) - ln(left hemisphere), which has been done in previous 

developmental research studies assessing EEG measurements. (Jones, Field, & Davalos, 

2000).  

For data analysis of the EEG measurements, Discrete Fourier Transform was 

performed on at least 3 minutes of artifact-free EEG data using a 1-second Hanning 

window with 50% overlap. Data was edited manually to cut out portions which included 

artifacts, such as eye blinks, head movements, or body movements. If a participant did 

not have at least 3-minutes of artifact-free EEG data then they were excluded from 

analyses. This was the case in four of the 28 participants. This procedure generates power 

values, in picowatt ohms (1 microvolt squared), for each frequency bandwidth at each 

channel.  These analyses were executed using EEGEDIT software (James Long 

Company, Caroga Lake, New York). 

Gilliam Autism Rating Scale (2nd edition) 

As mentioned above, the mothers of each participant completed the GARS-2 

questionnaire relating to symptoms of autism. Each question was to be answered on a 

scale of 0 to 3, with zero being behaviors that are never observed in a six-hour period and 

three being behaviors demonstrated 5-6 times over a 6-hour period. The three sections of 
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the GARS-2 are stereotyped behaviors, communication, and social interactions. Scores 

on the three sections were added up to give a composite score on each participant’s 

symptoms relating to ASD. This score was used to confirm a participant’s diagnosis of 

ASD, or to confirm that a TD participant was in fact not on the autism spectrum. In 

addition, we asked for the mother’s response on basic demographic questions relating to 

ethnicity, socio-economic status, mother’s education level, and family history of autism. 

Procedure 

Testing took place in one of our two research labs either on the FAU campus of 

Boca Raton or Jupiter, FL. The study was divided into two sections that were completed 

in one sitting in all 28 study sessions, lasting about 1.5 hours in total. Upon arrival, 

mothers were read the informed consent and children were read a child assent form 

relating to the EEG and FER procedures. After consent was obtained from both the 

mother and child, we proceeded to the first part of the study that included capturing 

familiar expressions from the mothers and recording EEG measurements in children. 

There were 15 images in total for mothers to replicate and all were based on 

images taken from the NimStim set. The only expressions needed were happy, sad, 

angry, scared, and neutral (3 of each), and the mothers were prompted to replicate the 

expressions to the best of their ability. A replicated image was only deemed usable when 

both experimenters agreed that it closely resembled the desired image. All images were 

captured on the Photo Booth application on a MacBook Pro laptop computer and then 

cropped to fit into the facial emotion recognition PowerPoint presentation. 

While the pictures were being taken, participants were playing with a sensory toy 

or building blocks. Following step 1, participants were prepped for the EEG data 
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collection. We explained the instructions and then allowed participants to hold the EEG 

cap to become familiarized with it prior to data recording. Once consent was obtained, 

the experimenter fitted the electrode-cap over the participant’s head and placed 

connectivity gel in each electrode. Using a cotton swab, the gel was spread around in 

each electrode and hair was moved out of the way to eliminate signal interference. Prior 

to starting the EEG recordings, the experimenter checked the impedance levels of each 

channel to ensure the quality of signal. The experimenter only proceeded when 

impedance levels were below 30K ohms. 

 During the first minute and a half of EEG data collection, participants were 

instructed to sit still and look at a sensory toy available in our lab. During the next 1.5 

minutes, they were instructed to close their eyes so that we could observe the changes in 

their brain waves. This procedure was repeated again for at least another 3 minutes. 

Following data collection, the cap was removed and the participant’s hair was cleaned off 

appropriately.  

 In the second part of the study, participants were presented with the training 

PowerPoint and subsequently given the facial emotion recognition task. While this was 

going on, mothers were instructed to complete the GARS-2 questionnaire. The training 

PowerPoint presented participants with several relatable examples for times when 

children feel happy, mad, sad, and scared. Then, children were instructed to come up with 

some examples of their own, and finally they completed a task where the goal was to fill 

in the blank with the correct emotion word. Once it was deemed that participants had a 

basic understanding of these emotional concepts, the experimenters moved onto the next 

step. 



 

26 

 On the emotion recognition task, children were instructed to touch the facial 

emotion expression on the computer screen that they felt best matched the corresponding 

emotion word. Each of the 24 trials were presented one at a time, and for each one, the 

participants were asked the question, “which face is happy, mad, sad, or scared”? If 

participants changed their answer, then the last answer was recorded and used for 

analysis. Times and responses were recorded by both experimenters to ensure for 

reliability. Following completion of this task, both participants (mothers, children) were 

thanked for their time, and children were allowed to select toys from our laboratory. After 

scores on the behavioral task were compiled, they were available to parents upon request.
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RESULTS 

Overall Group Differences on FER  

To analyze overall group differences in FER performance and the interaction effects 

of group by familiarity/group by emotion type, a 2x2x4 mixed model analysis of variance 

(ANOVA) was conducted. In this analysis, group (ASD, TD) was the between-subjects 

variable, while familiarity (familiar, unfamiliar) and emotion type (happy, sad, angry, 

fear) were within-subjects variables. The dependent variable in this model was emotion 

recognition percent score, which was the percentage of correct responses out of 24. 

Overall, there was a significant three-way interaction effect of group by familiarity by 

emotion type on emotion recognition percent scores, F(3,78) = 2.98, p < .05, η2 = .10, as 

well as a significant main effect of group, F(1,26) = 15.04, p < .001, η2 = .36. In addition, 

there were significant main effects of familiarity on emotion recognition percent scores, 

F(1,26) = 6.58, p < .05, η2 = .20, and emotion type on emotion recognition percent 

scores, F(3,78) = 7.13, p < .001, η2 = .22 . However, the aim of this study was to explore 

how the two groups (ASD, TD) differed on these various measures. Therefore, follow-up 

analyses were done for the main effect of group, as well as the two-way interaction 

effects of group by familiarity and group by emotion type. 

Again, the main effect of group (ASD, TD) on overall performance was significant, 

F(1,26) = 15.04, p < .001, η2 = .36, meaning that the two groups differed significantly in 

their FER performances across the 24 trials. To determine which group had a higher 

percent score, an independent samples t-test was run and found that the TD group scored
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significantly better on the overall task compared to the ASD group, t(26) =  4.29, p =.001. 

A comparison of the group means for emotion recognition scores are presented in table 2. 

Two-way Interaction: Group X Familiarity 

 The ANOVA revealed a significant 2x2 interaction effect of group (ASD, TD) 

and familiarity (familiar, unfamiliar) on emotion recognition percent scores, F(1,26) = 

10.11, p = .004, η2 = .28. Two independent samples t-tests were run to determine which 

of the groups performed better on the familiar and unfamiliar stimuli. The t-tests revealed 

that the TD group scored significantly better on unfamiliar expressions compared to the 

ASD group, t(26) = 4.82, p < .001.  The differences between groups were non-significant 

for familiar stimuli, despite the TD group having a higher mean percent score, t(26) =  

1.45, p = .16. To control for the familywise error-rate in the two t-test comparisons, a 

Bonferonni correction was used, and the resulting alpha values were .025 (.05/2). 

Therefore, p-values were only considered statistically significant if they were less than 

.025. Significant group differences remained for unfamiliar expressions using 

Bonferonni’s criteria. 

  A paired samples t-test revealed that the ASD group scored significantly better 

on familiar stimuli than they did on unfamiliar facial expressions, t(11) =  -2.53, p < .05. 

Significant differences on these two measures did not exist for the TD group. A 

breakdown of the means and standard deviations for the group performances can be 

found in table 2.  

Two-way Interaction: Group X Emotion Type 

 We anticipated that the two groups (ASD, TD) would display significant 

differences in performance based on which specific emotions they were responding to. 
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The results displayed a marginally significant 2x4 interaction effect of participant type 

(ASD, TD) and emotion type (happy, sad, mad, and scared) on emotion recognition 

scores, F(3,78) = 2.47, p = .07, η2 = .09.  Follow-up independent samples t-tests were run 

to determine if recognition of any specific emotions differed between the two groups. It 

was found that significant differences in emotion recognition percent scores existed for 

sad expressions, t(26) =  4.521, p < .001 and fearful expressions, t(26) =  2.11, p = .04. 

Differences were not statistically significant for happy stimuli, t(26) =  1.72, p = .10, or 

angry stimuli, t(26) =  1.47, p = .16, despite the TD group having higher mean scores on 

these two measures. A Bonferonni correction was used again to control for the 

familywise error-rate of the four t-tests, and the resulting alpha values were .0125 (.05/4). 

Using this criteria, significant group differences remained for sad expressions but not for 

fearful expressions. The group mean percent scores for each emotion type can be found 

in table 2. 

Three-way Interaction: Group X Emotion Type X Familiarity 

In order to understand the significant three-way interaction effect, eight independent 

samples t-tests were run. These tests explored group differences on the eight different 

types of percent scores (unfamiliar happy, familiar happy, unfamiliar sad, familiar sad, 

unfamiliar fear, familiar fear, unfamiliar angry, familiar angry). The tests revealed 

significant differences between groups on unfamiliar sad expressions, t(26) = 4.10, p < 

.001, unfamiliar angry expressions, t(26) =  2.83, p = .009, and unfamiliar happy 

expressions, t(26) =  1.924, p < .05. This demonstrated that familiarity was a major factor 

in the group differences for recognizing specific emotions. Once again, a Bonferonni 

correction was used on the eight t-tests and the resulting alpha values were .00625 
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(.05/8). Using this correction, group differences remained significant for unfamiliar sad 

expressions, but were non-significant for both unfamiliar happy and unfamiliar angry 

expressions. The group means for these eight types of percent scores can be found in 

table 2. 

Group Differences in Time of Processing 

 It was predicted that the ASD group would take a significantly longer amount of 

time to process the faces across the 24 emotion recognition trials. To test this hypothesis, 

a separate 2x2x4 mixed model ANOVA was conducted. In this analysis, group (ASD, 

TD) was the between-subjects variable, while familiarity (unfamiliar, familiar) and 

emotion type (happy, sad, fearful, anger) were the within-subjects measures. The 

dependent variable was total time of processing, which was calculated by adding up the 

amount of time it took participants to process all 24 trials. 

The three-way interaction effect of group by familiarity by emotion type did not 

significantly impact total time of processing, F(3,78) = 1.97, p = .13, η2 = .07.  There 

were main effects of emotion type, F(3,78) = 7.63, p < .05, η2 = .23, and familiarity, 

F(1,26) = 4.67, p < .05, η2 = .16.  However, the main hypothesis was that groups would 

significantly differ in their time of processing and that these differences would be 

magnified on familiar expressions. The ANOVA showed that there was neither a main 

effect of group, F(1,26) = 2.66, p = .11, η2 = .10, or interaction effects of group by 

familiarity, F(1,26) = .63, p = .44, η2 = .02 / group by emotion type, F(3,78) = .96, p = 

.41, η2 = .04 on total time of processing.  Because none of the group differences were 

significant on this dependent variable, follow-up tests were not conducted. The group 

means for time of processing of all stimuli types can be found in table 3.  
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Group Differences in EEG Power Values 

Four 2x2x5 mixed model ANOVAs were conducted to explore group differences 

in EEG power across the various cortical regions. One mixed model ANOVA was run for 

each of the four bandwidths (delta, theta, alpha, and alpha 2).  For all four models, the 

between-subjects variable was group (ASD, TD), while the within-subjects variables 

were hemisphere (left, right) and region (frontal, central, parietal, occipital, temporal). 

EEG power values were the dependent variable in these models. Overall, the three way-

interaction effect of group (ASD, TD), hemisphere (left, right), and region (frontal, 

central, parietal, temporal, occipital) was not significant for the delta bandwidth, F(4,64) 

= .63, p = .65, η2 = .04, the theta bandwidth, F(4,64) = .46, p = .78, η2 = .04, the alpha 

bandwidth, F(4,64) = .92, p = .46, η2 = .18 or the alpha 2 bandwidth, F(4,64) = 1.25, p = 

.30, η2 = .07 .  

The ANOVAs revealed a significant main effect of region (regardless of group) 

for delta: F(4,64) = 2.53, p = .04, η2 = .14, theta: F(4,64) = 3.79, p = .008, η2 = .19, 

alpha: F(4,64) = 3.57, p = .011, η2 = .18, and alpha 2: F(4,64) = 3.77, p = .008, η2 = .19. 

 However, there were no main effects of group in delta: F(1,16) = 1.71,  p = .21, 

η2 = .09, theta: F(1,16) = 2.12,  p = .16, η2 = .09, alpha : F(1,16) = 2.97,  p = .10, η2 = 

.16, or alpha 2: F(1,16) = 2.79,  p = .11, η2 = .15.  The main effect of hemisphere was 

also non-significant, with all F’s(1,16) < 1.00, p’s > .05. 

 In addition, the two-way interaction effects of group by region and group by 

hemisphere were not significant for any of the bandwidths. For group by region, all 

F’s(4,64) < 2.00, p’s > .05, and for group by hemisphere, all F’s(1,16) < 2.00, p’s > .05. 
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Because no significant group differences existed in the mixed model ANOVAs, 

no follow-up tests were conducted. Interestingly, in all four bandwidths (delta, theta, 

alpha, and alpha 2) the ASD group had lower power values for each of the five regions 

(frontal, central, parietal, temporal, occipital). This trend is indicative of greater brain 

activity, or overactivity in some cases (Dawson et al., 2004). The group means for these 

power values can be found in tables 4, 5, 6, and 7.  

Group Differences in EEG Asymmetry 

To analyze EEG asymmetry differences between groups, a similar procedure was 

followed as in analyzing power differences. Four separate 2x5 mixed model ANOVAs 

were conducted with group as the between-subjects variable and region (frontal, central, 

parietal, temporal, occipital) as the within-subjects variable. The dependent variable in 

these analyses were EEG asymmetry values, calculated by subtracting left hemisphere 

power values from right hemisphere power values for a given region. Because asymmetry 

compares the differences in power between left and right hemispheric regions, 

hemisphere was not added into the model as a variable. One mixed model ANOVA was 

run for each of the four bandwidths, delta (0 to 3 Hz), theta (3 to 6 Hz), alpha (6 to 9 Hz), 

and alpha 2 (8 to 12 Hz). Overall, the two-way interaction effect of region and group was 

non-significant for all four bandwidths, all F’s(1,16) < 2.00, all p’s > .05. This shows that 

there were not significant group differences in asymmetry values across the various 

regions.  

The ANOVAs revealed a significant main effect of region in the theta bandwidth, 

F(4,64) = 3.25, p = .02, η2 = .17, the alpha bandwidth, F(4,64) = 3.25, p = .017, η2 = .17, 
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and the alpha 2 bandwidth, F(4,64) = 2.88, p = .03, η2 = .15. However, this main effect 

was not significant for the delta bandwidth, F(4,64) = 1.84, p = .14, η2 = .10. 

In addition, the main effect of group did not significantly impact overall 

asymmetry values for delta: F(1,16) = .08, p = .93, η2 = .001, theta: F(1,16) = .15, p = 

.70, η2 = .009, alpha: F(1,16) = .25, p = .62, η2 = .02, or alpha 2: F(1,16) = 2.20, p = .16, 

η2 = .12. Because there were no group differences in asymmetry for any of the four, 

mixed model ANOVAs, follow-up tests were unnecessary. A breakdown of the group 

means for asymmetry values can be found in table 8.  

Correlations Between EEG Measurements and FER Scores 

Several Pearson product-moment correlation coefficients were computed to 

determine if significant associations existed between EEG measurements and overall 

emotion recognition percent scores. Two sets of correlations were computed, one 

focusing on the relationship between EEG power values and emotion recognition percent 

scores, and the other focusing on the relationship between EEG asymmetry values and 

emotion recognition percent scores. The correlation coefficients were computed on the 

same sample of 18 children (11 TD, 7 ASD) that were used in the EEG analyses. 

The first set of correlations focused on EEG power values in frontal (F3, F4), 

central (C3, C4), temporal (T7, T8) parietal (P3, P4) and occipital (O1, O2) regions. The 

data file was split by group, to allow us to look at separate correlations for the ASD group 

and TD group. In the ASD group, there was a significant association between O2 power 

(right occipital) and emotion recognition percent scores at the one tail level, r = .72, p = 

.03. However, there were no additional significant correlations between emotion 

recognition percent scores and EEG power values for the given electrodes, (F3): r = .12, 
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p = .41, (F4): r = .12, p = .40, (C3): r = .13, p = .39, (C4): r = .13, p = .39, (T7): r = .06, 

p = .47, (T8): r = -.03, p = .48, (P3): r = .19, p = .34, (P4): r = .17, p = .36, and (O1): r = 

-.10, p = .42. 

In the TD group, there was a significant relationship between P4 power (right 

parietal) and emotion recognition scores at the one-tail level, r = .54, p = .04. However, 

all other analyzed correlations were non-significant between emotion recognition percent 

scores and power values in the following electrodes, (F3): r = -.42, p = .10, (F4): r = .05, 

p = .44, (C3): r = .12, p = .38, (C4): r = -.25, p = .23, (T7): r = -.39, p = .12, (T8): r = -

.44, p = .08, (P3): r = -.38, p = .13, (O1): r = -.28, p = .22, and (O2): r = -.27, p = .22.  

The second set of correlations were computed to analyze the associations between 

emotion recognition percent scores and asymmetry values for the frontal, central, 

temporal, parietal, and occipital regions. Once again, the data file was split by group to 

analyze correlations for both ASD and TD groups. In the ASD group, there were no 

significant correlations between emotion recognition percent scores and asymmetry 

values for the frontal region, r = -.36, p = .21, central region, r = .15, p = .38, temporal 

region, r = -.20, p = .36, parietal region, r = .08, p = .43, or the occipital region, r = .54, p 

= .10. 

In the TD group, frontal asymmetry was positively correlated with emotion 

recognition percent scores, r = .65, p = .02. The TD group showed a pattern of left frontal 

asymmetry. However, no additional significant correlations existed between emotion 

recognition percent scores and asymmetry values for the central, r = .49, p = .06, 

temporal, r = -.31, p = .18, parietal, r = -.11, p = .37, or occipital regions, r = .11, p = 

.38. .
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DISCUSSION 

 The main goal of the current study was to advance the research regarding the 

facial emotion recognition abilities of individuals with ASD, and to better understand 

their neurophysiological correlates. To further investigate this topic, we compared the 

emotion recognition percent scores of 4- to 8-year-old children on the ASD spectrum 

with the scores of TD children in this age range. This study featured a revised FER task 

with both unfamiliar expressions and familiar ones taken by the participant’s mother. A 

majority of the research on this topic has solely analyzed participant responses to 

unfamiliar expressions. Past studies which only present images of unfamiliar actors and 

actresses fail to represent a major portion of a child’s social interactions, which 

commonly occur with family, friends, and teachers (Enticott et al., 2014). 

 As hypothesized, the TD group had higher recognition percent scores on the 

overall task. We also anticipated a significant interaction effect of group (ASD, TD) and 

stimuli type (familiar, unfamiliar) on FER performance. Specifically, we expected group 

differences to be larger on familiar expressions, where TD children would have enhanced 

performances. However, we found the opposite to be true in our study. Children in the 

TD group performed significantly better on unfamiliar expressions than children with 

ASD, but group differences were non-significant for familiar expressions. Interestingly, 

children with ASD had significantly higher emotion recognition percent scores for their 

mother’s expressions compared to expressions of unfamiliar individuals.
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The results showed that typically developing children performed significantly 

better on two negative emotions (fear, sadness), but group differences were non-

significant for happy and angry expressions. We had expected to find significant 

differences for all three of the negative emotions in this study (fear, anger, sadness) but 

not for the positive emotion (happy). On average, the ASD group took longer to process 

and respond to the 24 FER trials, but the differences between groups were not statistically 

significant. It was expected that TD children would take significantly less time to respond 

to the 24 trials. 

Finally, we hypothesized that groups would display significant differences in 

EEG power and asymmetry patterns for various cortical areas. However, no such 

differences existed between groups on EEG power in the frontal, central, temporal, 

parietal, or occipital electrode regions. Asymmetry values for these specific regions were 

also not significantly different between groups. In general, EEG measurements were not 

significantly associated to emotion recognition percent scores in either group. However, 

in the ASD group O2 (right occipital) EEG power was correlated with FER percent 

scores, and in the TD group P4 (right parietal) power and frontal asymmetry were 

correlated with FER percent scores. 

 The finding of overall decreased emotion recognition ability in children with ASD 

is in line with numerous forms of empirical evidence (Lindner and Rosen 2006; Tantam 

et al. 1989; Capps et al. 1992; Prior et al. 1990; Robel et al. 2004; Balconi, Amenta, & 

Ferrari, 2012; Celani, Battacchi, & Arcidiacono, 1999). We believe that we found 

significant group differences because we presented participants with realistic stimuli and 

an adequate amount of trials, which is consistent with the methods of other studies 
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highlighting significant group differences. In contrast, both Magnee, Gelder, Engeland, 

and Kemner (2008) and Rosset et al. (2008) found that children with ASD performed on 

par with TD children on FER tasks. However, the study by Magnee and colleagues 

focused solely on happy and fearful expressions, and the study from Rosset et al. used 

cartoon-like expressions as FER stimuli.  

A common critique of studies failing to find significant differences between the 

two groups is that they present stimuli which are exaggerated or cartoon-like (Harms, 

Martin, and Wallace, 2010). Children with ASD rarely demonstrate impairments in 

recognizing emojis or cartoon-like facial emotion expressions (Rosset et al., 2008, Wong, 

Fung, Chua, & McAlonan, 2008). Researchers are still examining the neurological and 

cognitive mechanisms that are related to the cartoon-expression preference seen in ASD. 

Eye-tracking studies have found that children with ASD show eye contact aversions 

while processing real-life expressions, but show typical eye contact when processing 

cartoon face expressions (Adams & Robinson, 2011). Using fMRI technology, Grelotti et 

al. (2005) found that individuals with ASD show amygdala and fusiform gyrus 

activations for recognition tasks involving Digimon (cartoon) characters but not for tasks 

involving human faces. In the same study, the TD children displayed similar neurological 

activations when processing both types of stimuli (Grelotti et al., 2005). Further research 

is needed to confirm these findings and to explain why children with ASD show greater 

neural activations to cartoon expressions compared to expressions from real humans. 

 To account for the methodological concerns seen in previous studies, we used the 

NimStim FER set (Tottenham et al., 2009) which is proven to be both realistic and 

experimentally valid. To make the FER task even more realistic, we included images of 
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both strangers and familiar individuals (mothers). A large portion of daily social 

interactions occur with family, teachers, and co-workers (Herba et al., 2008), yet past 

FER studies have predominately used only unfamiliar expressions. When assessing the 

FER performances between ASD and TD groups, future research should attempt to use 

facial stimuli that are realistic, ethnically diverse, and non-exaggerated. In the current 

study, we found further evidence to support the conclusion that children with ASD 

struggle with recognizing facial emotion expressions that are closely related to real-life 

expressions.  

 A critical goal of this study was to explore FER performances with the additional 

factor of face familiarity. We did find a significant interaction effect, but not in the 

predicted direction. Our prediction was based on studies which have noted that children 

with ASD demonstrate atypical behavior and eye-contact during mother-child 

interactions (Carter, Davis, Klin, & Volkmar, 2005; Klin, Jones, Schultz, Volkmar, & 

Cohen, 2002).  We did find that compared to TD children, children with ASD had lower 

percent scores on both familiar and unfamiliar stimuli. However, the ASD participants 

performed significantly better on expressions generated by their mother than on 

expressions of strangers. This result suggests that similarly to TD children, children with 

ASD are more in-tune with their mother’s feelings and emotions compared to other adults 

(Tantam, Monaghan, Nicholson, & Stirling, 1989). 

 This result on familiarity is line with the findings of Nuske, Vivanti. and 

Dissanayake (2014), which found that children with autism showed normative pupillary 

reactions to fear expressions of familiar people, but a reduced eye-tracking response to 

fear in videos of unfamiliar people. Together, these findings suggest that certain emotion-
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related neurological pathways may activate better in response to familiar people when it 

comes to children with ASD.  

Additional research must be conducted to better understand how children with 

ASD form bonds with their family members. The mother-child relationships appear to be 

slightly unconventional, but it is likely that quality in these relationships is vital for the 

well-being of children on the ASD spectrum.  It would be interesting to determine if this 

preference for familiarity persists into adolescence and adulthood. Future studies could 

also determine if children with ASD have enhanced emotion recognition when processing 

expressions generated by their siblings, classmates, peers, and teachers. However, it is 

possible that this preference for familiar expressions explicitly occurs for maternal faces. 

 This finding on familiarity is not surprising when one considers a common 

approach of behavioral therapists who specialize in autism. A consistent goal of the 

therapist is to familiarize themselves with autistic children/students to increase both trust 

and comfort levels with their client. Success is far more likely when a friendly and 

trusting relationship is achieved between a teacher and a child with autism (Klin, Jones, 

Schultz, Volkmar, & Cohen 2002). 

 In addition, obsessions and compulsions are common in ASDs, which may cause 

children to seek out repetitive daily routines to maintain an optimal comfort level with 

their environment (Wright et al., 2011). Based on this possibility, a majority of children 

with ASD may focus less attention to strangers or even find them slightly aversive. This 

would account for an impairment in recognizing the emotional expressions of unfamiliar 

individuals. The fact that children with ASD are better able to process familiar 

expressions than unfamiliar ones alludes to the importance of including familiarity and 
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comfort in the lives of children with ASD. However, gradually taking a child out of their 

comfort zone to make progress on intimidating or unfamiliar concepts may be critical in 

ameliorating social and emotional impairments. 

 In the current study, there were significant differences between groups for fearful 

and sad stimuli but not for happy or angry expressions. We predicted that children with 

ASD would show impairments on negative emotions (fear, anger, and sadness), but group 

differences would only be marginal for positive emotions (happy). Our prediction was 

based on past research which found that 5-year-olds have a far more difficult time with 

negative emotions compared to positive ones (Mancini et al., 2013; Widen & Russell, 

2010). The result of this study is in line with previous findings which demonstrate that 

children with ASD struggle to recognize sadness and fear (Bai et al., 2010; Wright et al., 

2011). However, many past research studies have also observed significant differences 

between groups on angry expressions (Lepannen & Nelson, 2006; Cook et al., 2013). It is 

possible that significant differences on these expressions in previous studies were more 

so driven by individuals on the lower end of the ASD spectrum. In the current study, only 

individuals with high-functioning autism were included in the ASD group. Including 

individuals with low-functioning autism would have likely intensified group differences 

for the specific emotions. 

 In children with or without developmental complications, it is more challenging to 

master negative emotion recognition than positive emotion recognition (Widen & 

Russell, 2010). For children with ASD, further impairments in recognizing negative or 

complex facial emotional expressions may be due in part to long-term, eye-contact 

abnormalities. Eye-tracking studies have demonstrated that when processing facial 
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expressions, children with ASD focus the least on the eyes and more on other facial areas 

that are less informative of an individual’s emotional state (Bai et al., 2010; Kliemann et 

al., 2010). Schurgin et al. (2014) found evidence that in TD adults, eye fixations vary 

depending on which emotional expression is displayed by a face. The researchers found 

that adults fixate their eyes the most on the eye region when recognizing sad, angry, 

shame, and disgust expressions. When recognizing happy or joyful expressions, the eyes 

tend to fixate more on the mouth region (Schurgin et al., 2014). The common finding that 

children with ASD tend to make less eye-contact during social processing may explain 

their further struggles with recognizing fear and sad expressions (Bai et al., 2010).  

The significant interaction effects of group by familiarity and group by emotion 

type provide further evidence that children with ASD struggle with social interactions 

and interpreting important social cues in others. Their preference for familiar expressions 

may explain why they often appear shy or awkward during social interactions with new 

people (Nuske, Vivanti, & Dissanayake, 2014).  

ASD impairments in recognizing specific emotions, particularly in strangers may 

also be related to the mind-blindness theory of autism. This theory states that children 

with ASD are delayed in developing theory of mind (ToM), or the ability to take 

another’s perspective by imaging their thoughts and feelings (Baron-Cohen et al., 1995). 

As a consequence, children on the ASD spectrum have varying degrees of mind-

blindness. This leads them to find the behaviors of new individuals to be frightening or 

unpredictable (Baron Cohen et al., 1995). There is evidence that children with ASD 

demonstrate stronger (ToM) abilities when interacting with their mothers or other family 

members (Peterson, Wellman, & Liu, 2005). The results of the current study provide 
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confirmation that children with ASD demonstrate stronger emotional processing skills 

with familiar individuals than they do with strangers. 

We hypothesized that the ASD group would take significantly longer to process 

all 24 trials than the TD group, because of their impairments in emotion recognition. The 

data indicated that children with ASD had longer total times for processing the 24 FER 

trials but group differences were non-significant. Few studies have observed response 

time to facial emotion recognition in autism, but the results of the current study are in line 

with the findings of Fink, Rosnay, Wierda, Koot, and Begeer (2014). They found no 

significant differences in time of processing between a high-functioning ASD (HFA) 

group and a TD group who were between 7 and 13 years old. Together, these findings 

suggest that children with HFA may process emotions quicker than previously thought. 

Finally, there were no noteworthy significant differences between the typically 

developing group and ASD group on various EEG measurements. We hypothesized that 

the ASD group would demonstrate reduced levels of power in mid-range frequencies 

(alpha and alpha 2) for all regions of the cortex (frontal, central, parietal, temporal, 

occipital). We also predicted that the ASD group would demonstrate greater levels of left 

hemisphere alpha asymmetry than the TD group for all the specific regions.  

The analyses revealed a main effect of region (frontal, central, temporal, parietal, 

occipital) on EEG power values in all four bandwidths (delta, theta, alpha, alpha 2). 

However, there were no main effects of group or interaction effects of group by region on 

EEG power values in any of the computed bandwidths. Interestingly, the ASD group had 

lower power values than the TD group for all the computed bandwidths in these 

highlighted regions (F,C,T,P,O). Lower values are indicative of greater brain activity. 



 

43 

This would suggest that the individuals in this group may have widespread over-activity 

in their resting-state neuronal firing. The findings of enhanced power in certain regions 

for theta and delta are in line with previous research studies on ASD (Wang et al., 2013; 

Cantor, Thatcher, Hrybyk, & Kaye., 1986). However, children with ASD typically show 

reduced relative and absolute power in middle-range alpha 1 (6 to 9 Hz) and alpha 2 (8 to 

12 Hz) (Barrtfield et al., 2011; Murias, Webb, Greenson, & Dawson, 2007). This was not 

the case in the current study. The ASD group demonstrated greater levels of alpha and 

alpha 2 power in all regions of the cortex. It is possible that with a larger sample size our 

findings would have converged towards the typical finding of reduced mid-range 

frequency power levels. It is also possible that group differences observed in past studies 

were not as pronounced in our data, because we only included participants with HFA. 

 It is interesting that the power distribution follows a U-shape pattern in autism 

spectrum disorder, with greater levels of power for low and high-range frequency bands 

but reduced power in mid-range frequency bands. The etiology for this U-shaped profile 

in ASD may be attributed in part to abnormal functioning of gamma-aminobutryic acid 

(GABA)ergic tone in inhibitory circuitry. When working normally, this process is 

believed to influence the functional plasticity of the brain and its development (Wang et 

al., 2013). It is also thought to modulate power in high-frequency and low-frequency 

bands while increasing the power of middle-range frequencies (Cantor, Thatcher, Hrybyk 

& Kaye., 1986). Still, there is no unanimously accepted explanation for the U-shape 

power distribution that is characteristic in autism spectrum disorders. 

 In contrast with our hypothesis on EEG asymmetry, we found that no significant 

differences existed between groups for the frontal, central, temporal, parietal, or occipital 
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areas. This finding held true for the delta, theta, alpha, and alpha 2 frequency bands. A 

trademark neurophysiological characteristic of autism is enhanced power in left 

hemispheric regions compared to right ones in resting-state EEG recordings. Both Cantor 

et al. (2012) and Straganova et al. (2007) found enhanced left hemispheric power for 

delta, theta, alpha, and alpha 2 for each region of the cortex. However, the results have 

not been unanimous in experimental studies. Dawson et al. (2012) reported the presence 

of reduced delta power in the left mid-temporal cortex, and Lazarev, Pontes, & 

Mitrofanov (2010) reported no left-right asymmetry differences in the occipital and 

parietal cortices for any frequency band. Also, in young children the typical pattern of left 

asymmetry has been found to be reversed in the frontal lobe, where right asymmetry has 

been observed (Lukas, 2013).  

 It is possible that the current study is in line with some of the few studies which 

found non-significant differences between groups for power and asymmetry 

measurements. Children in general, and especially children with autism have complex 

and varying neurological profiles. In children with autism, these profiles can be 

influenced by individual genetic differences, age at the time of measurement, and the 

severity of symptoms. It is certainly possible that some of the significant group 

differences found in past studies were more applicable to individuals with low-

functioning ASD. The current study solely recorded EEG measurements for individuals 

with high-functioning ASD. Because of these factors, it is difficult to conclude that any 

specific neurological characteristic is a guaranteed sign for autism spectrum disorder. 

There is far too much variation within this complex disorder. Future research studies can 

only hope to identify neurological traits which are consistently seen in individuals with 
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ASD. If possible, individuals who display these neurological factors should be more 

closely monitored throughout their development. These individuals may benefit from 

certain treatments to address their over-active or under-active brain activity, including 

both cognitive and neurological exercises. 

 Finally, we found that neither EEG power values or EEG asymmetry values were 

strongly correlated with emotion recognition percent scores in either group. The only 

significant correlation for ASD participants was between EEG O2 Power and recognition 

percent scores. For TD participants, there were significant correlations between P4 power 

and recognition percent scores, as well as frontal asymmetry (left asymmetry) and 

recognition percent scores. The lack of significant correlation between the EEG measures 

and emotion recognition ability can likely be attributed to the small sample size in our 

EEG data. It is also possible that in this sample, the EEG measurements were unrelated to 

the behavioral performances. As previously mentioned, children who possess 

neurological characteristics associated with autism do not always demonstrate the 

common behavioral/social symptoms. However, it is possible that in these children 

certain behavioral symptoms may arise over time. It would be interesting to replicate this 

study in adults with high-functioning autism to determine if greater correlation exists 

between EEG measures and FER performance once development is complete. A 

longitudinal design may be the best way for futures studies to advance this research. 

Limitations 

 The study was not without limitations. One of the most challenging aspects of 

assessing children with autism on behavioral tasks is separating true effects from effects 

occurring due to a lack of focus. Autism is highly co-morbid with ADHD and often 
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includes many related symptoms including aggression, excitability, fidgeting, 

hyperactivity, impulsivity, irritability, and lack of restraint (Harms, Martin, & Wallace, 

2010). It is not always entirely clear if children with autism get an answer incorrect due 

to a lack of understanding or due to a lack of focus/desire to participate. This is one of the 

reasons why finding the right amount of stimuli is so critical. If there are too many trials, 

participants may become bored or fatigued and lose focus, while an inadequate amount 

may fail to validly measure the dependent variable. The comorbidity of ASD with ADHD 

was likely a confounding factor in the assessment of the variable, “time of processing”. 

 It is important to note that ceiling effects were present in the typically developing 

group for the dependent variable of “emotion recognition percent scores”. The entire 

group of TD children scored 100 percent on the happy expressions with zero variability. 

Also, the average overall percent score in this group was near-perfect at around 95.5 

percent compared to about 85.5 percent in the ASD group. Ceiling effects are a concern 

to the validity of statistical measurements in that there is an increased risk in making a 

type 1 error, or finding false significance (Austin & Brunner, 2012). 

 The most suitable way for future studies to control for ceiling effects is to present 

the task in a manner that is more challenging. In the current study, each trial consisted of 

three expressions including one correct answer, one incorrect, and one control expression 

(neutral). It may be advantageous for future studies to present participants with 4 or 5 

choices per trial. Another way to avoid a ceiling effect is to assess additional emotions 

such as surprise, disgust, and calm. It is likely that including additional emotions to 

choose from would make the task more rigorous. Unfortunately, there is also evidence 

that when tasks are too complicated, FER performances in both groups plummet, which 
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in turn may cause another category of statistical concerns. Therefore, it is critical for 

future studies to create an FER task with the ideal degree of difficulty. 

 A further limitation could have been the difficulty with which certain mothers had 

in replicating the desired expressions from the NimStim set. Some mothers were 

naturally less expressive in their different emotional replications than others. Also, there 

is a certain natural variability in the way each individual conveys their emotional 

expressions. Therefore, exact replications of the NimStim expressions may not have 

actually appeared to be a “familiar” expression in the eyes of the participant. In future 

studies, the best way to produce familiar stimuli may be to observe parent-child 

interactions during a playful task. Based on a recording of these interactions, researchers 

could capture images of the mother’s face demonstrating various emotions in a more 

natural parent-child scenario.  

 Another limit to the study was that we were not able to obtain enough participants 

at each age to determine how the ability to perform on this task improves or worsens over 

time. The findings of Lacroix et al. (2009) suggested that children with ASD struggle in 

emotion recognition at ages 4, 5, and 6, but start to show improvement at 7 and 8 years. It 

would be interesting to determine how this development differs when looking at 

recognizing both familiar and unfamiliar expressions.  

 Finally, the small sample size hindered our ability to compare EEG measurements 

of power and asymmetry between groups. The study failed to find overall significant 

differences between groups in alpha power across region, and both groups displayed very 

similar patterns in alpha asymmetry.  We would have likely found EEG measurements 

more consistent with past literature if we had more EEG recordings in both groups. In 
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addition, the correlations analyzed to assess the relationship between EEG measurements 

and FER performances would have been more informative with a larger sample size. 

Future studies should continue to correlate neurological and behavioral measurements to 

gain a better understanding of the underlying neurological associations relating to 

behavioral symptoms of autism. 

Conclusions 

 In conclusion, the current study aimed to expand on the inconsistent literature on 

FER performances in individuals with ASD. It is critical to further assess emotion 

recognition abilities in autism samples, because emotion recognition is a critical function 

for successful social interactions with family, peers, and strangers alike (Harms, Martin, 

& Wallace, 2010). The results demonstrated that TD children were significantly better at 

recognizing emotions than children with ASD. The TD group had significantly higher 

emotion recognition percent scores on unfamiliar expressions, but interestingly group 

differences were non-significant for familiar facial processing (mothers). Children with 

ASD recognized their mother’s emotional expressions significantly better than 

expressions of unfamiliar actresses, while the TD children had near-equal emotion 

recognition percent scores on both familiar and unfamiliar expressions. This critical 

finding suggests that children with ASD are more in-tune to their mother’s emotional 

displays than previously believed. It would be interesting to determine if children with 

ASD also show greater emotional perception when presented with expressions of their 

fathers, siblings, and classmates compared to expressions of strangers. 

The TD group recognized fearful and sad expressions significantly better than the 

ASD group, while differences were non-significant for happy and angry expressions. 
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This result was unsurprising given that young children often struggle more in recognizing 

negative emotions compared to positive ones (Mancini et al., 2013). On average, TD 

children had faster total response times across all 24 stimuli, but differences were not 

significantly different. This suggests that slower processing in the ASD group was not a 

major factor in the group differences on FER percent scores. Together these findings 

show that children with HFA do struggle with the rapid processing of social cues, 

particularly with strangers. The good news is that they do not seem to be lagging behind 

typically developing children on this ability as much as previously believed. The trick to 

further progress in children with ASD may be gradual exposure to social interactions 

with new people. 

The current study highlights the importance of revising facial emotion recognition 

tasks to include three features: realistic stimuli, an additional variable (familiarity), and a 

neurological measurement. FER tasks which includes these three features are valuable for 

research studies comparing emotional processing abilities between ASD and TD groups. 

The additional variable (familiarity) enables the researcher to explore important 

interaction effects which may help clinicians to better understand the types of social 

situations that are more challenging for children on the ASD spectrum. The neurological 

measurement allows researchers to delve further and determine which areas of the brain 

may be related to behavioral impairments associated with ASD. Based on this 

knowledge, specific cortical regions can be targeted with various cognitive and 

neurological trainings. This study is further evidence that an FER task can be an 

extremely useful resource in not only assessing emotional/social abilities in developing 

children, but also tracking their developmental progression over time. 
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TABLES 

Table 1 

Comparing Groups on Demographic Variables  

Measurement ASD  
(N) 

ASD  
(%) 

TD 
(N) 

TD  
(%) 

Age 
4-year-olds 
5-year-olds 
6-year-olds 
7-year-olds 
8-year-olds 

 
Gender 

Male 
Female 

 
Race/Ethnicity 

White/Caucasian 
Black/AA 

Hispanic/Latino 
Asian/Caucasian 

 
GARS-2 Score 

(0-19) 
(20-39) 
(40-59) 
(60-79) 

(80-102) 
 

Family Member 
With ASD 

Yes 
No 

 
Family Income 

 
Education 

Bachelor’s Degree 
Graduate Degree 

M=5.75 
1 
4 
4 
3 
0 

 
 

9 
3 

 
 

9 
1 
2 
0 

 
M=55.50 

0 
3 
4 
3 
2 
 
 
 

3 
9 

 
M=96,000 
 
 

8 
3 

SD=.97 
8.33 

33.33 
33.33 
25.00 
0.00 

 
 

75.00 
25.00 

 
 

75.00 
8.33 

16.66 
0.00 

 
SD= 6.09 

0.00 
25.00 
33.33 
25.00 
16.66 

 
 
 

25.00 
75.00 

 
SD=33.38 
 
 

72.72 
27.27 

M=5.50 
4 
4 
3 
4 
1 
 
 

10 
6 
 
 

13 
0 
0 
3 
 

M=8.50 
13 
3 
0 
0 
0 
 
 
 

0 
16 

 
M=105,333 

 
 
11 
 5 

SD=1.41 
25.00 
25.00 
18.75 
25.00 
6.25 

 
 

62.5 
37.5 

 
 

81.25 
0.00 
0.00 

18.75 
 

SD=9.99 
81.25 
18.75 
0.00 
0.00 
0.00 

 
 
 

0.00 
100.00  

 
SD=35.03 
 
 

68.75 
31.25 
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Table 2 

Comparing Groups on Emotion Recognition Scores For All Stimuli Types 

Measurement 
Percent Score 

ASD Mean SD TD Mean SD 

         Overall Score 
 

Unfamiliar Score 
 
Familiar Score 
 
Total Happy Score 
 
Total Fear Score 
 
Total Sad Score 
 
Total Anger score 
 
Unfamiliar Happy 
 
Familiar Happy 
 
Unfamiliar Fear 
 
Familiar Fear 
 
Unfamiliar Sad 
 
Familiar Sad 
 
Unfamiliar Anger 
 
Familiar Anger 
 

85.39 
 

79.86 
 

90.97 
 

97.22 
 

83.28 
 

72.22 
 

87.47 
 

94.44 
 

100.00 
 

86.11 
 

83.33 
 

69.44 
 

86.11 
 

77.77 
 

97.22 
 

7.44 
 

10.33 
 

10.92 
 

6.49 
 

15.96 
 

16.41 
 

7.56 
 

12.98 
 

0.00 
 

17.17 
 

22.48 
 

22.29 
 

17.17 
 

16.42 
 

14.91 
 
 

95.31 
 

94.79 
 

95.83 
 

100 
 

93.75 
 

94.79 
 

92.71 
 

100.00 
 

100.00 
 

93.75 
 

93.75 
 

95.83 
 

93.75 
 

93.75 
 

91.67 

4.78 
 

5.99 
 

6.80 
 

0.00 
 

10.32 
 

10.04 
 

10.49 
 

0.00 
 

0.00 
 

13.44 
 

13.44 
 

11.39 
 

13.44 
 

11.39 
 

14.99 
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Table 3 

Comparing Groups on Processing Time For All Stimuli Types 

Measurement 
(Time in 
seconds) 

ASD Mean SD TD Mean SD 

  Overall Time 

Unfamiliar Time 

Familiar Time 

Total Happy Time 

Total Fear Time 

Total Sad Time 

Total Anger Time 

Unfamiliar Happy 

Familiar Happy 

Unfamiliar Fear 

Familiar Fear 

Unfamiliar Sad 

Familiar Sad 

Unfamiliar Anger 

Familiar Anger 

108.19 

53.31 

66.06 

24.90 

30.49 

24.15 

30.12 

13.57 

16.35 

16.13 

18.15 

14.36 

13.93 

13.91 

18.10 

41.15 

35.62 

14.67 

9.99 

12.32 

11.42 

11.57 

4.16 

7.80 

7.26 

7.75 

5.72 

8.85 

3.97 

9.79 

99.73 

52.11 

50.25 

21.83 

29.81 

23.88 

24.21 

11.62 

10.21 

12.92 

16.89 

11.97 

11.92 

11.37 

12.84 

31.11 

17.68 

16.51 

7.90 

10.00 

7.95 

9.02 

4.79 

3.96 

4.18 

7.76 

4.45 

5.24 

5.70 

4.74 

Note: Values in this table represent (time) measured in seconds, that it took participants 

to process and select a facial emotion expression. 
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Table 4 

Group Differences in EEG Delta Power (0 to 3 Hz) 

Measurement 
EEG Power 

ASD Mean SD TD Mean SD 

ln F3 Power 

ln F4 Power 

ln C3 Power 

ln C4 Power 

ln T7 Power 

ln T8 Power 

ln P3 Power 

ln P4 Power 

ln O1 Power 

ln O2 Power 

4.58 

4.34 

3.79 

3.69 

3.88 

3.92 

3.42 

3.82 

5.33 

4.29 

1.89 

2.03 

2.49 

2.49 

1.51 

1.71 

1.17 

2.05 

2.26 

1.65 

4.93 

5.18 

4.45 

4.60 

5.17 

5.19 

4.79 

4.74 

4.99 

5.00 

1.47 

1.29 

2.00 

1.39 

1.52 

1.24 

1.48 

1.22 

1.58 

1.12 

Note: Delta power values (0 to 3 Hz) are presented above for the frontal (F3, F4), central 

(C3, C4), temporal (T7, T8), parietal (P3, P4), and occipital (O1, O2) regions of the 

cortex. The values in this table are natural log conversions. 
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Table 5 

Group Differences in EEG Theta Power (3 to 6 Hz) 

Measurement 
EEG Power 

ASD Mean  SD TD Mean SD 

ln F3 Power 

ln F4 Power 

ln C3 Power 

ln C4 Power 

ln T7 Power 

lnT8 Power 

ln P3 Power 

ln P4 Power 

ln O1 Power 

ln O2 Power 

2.28 

2.60 

2.01 

1.98 

2.00 

1.90 

1.61 

2.10 

3.44 

2.54 

1.79 

2.14 

2.58 

2.59 

1.52 

1.75 

1.25 

2.13 

2.46 

1.59 

2.80 

2.85 

2.68 

2.65 

3.27 

3.32 

3.21 

3.11 

3.72 

3.65 

1.01 

1.12 

1.91 

1.48 

1.19 

1.06 

1.20 

1.02 

1.30 

1.10 

Note: Theta power values (3 to 6 Hz) are presented above for the frontal (F3, F4), central 

(C3, C4), temporal (T7, T8), parietal (P3, P4), and occipital (O1, O2) regions of the 

cortex. The values in this table are natural log conversions. 
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Table 6 

Group Differences in EEG Alpha Power (6 to 9 Hz) 

Measurement 
EEG Power 

ASD Mean SD TD Mean SD 

ln F3 Power 

ln F4 Power 

ln C3 Power 

ln C4 Power 

ln T7 Power 

ln T8 Power 

ln P3 Power 

ln P4 Power 

ln O1 Power 

ln O2 Power 

1.48 

1.88 

1.57 

1.61 

1.47 

1.31 

1.13 

1.69 

3.11 

1.64 

1.90 

1.97 

2.43 

2.48 

1.44 

1.64 

1.18 

2.07 

2.43 

1.51 

2.24 

2.44 

2.52 

2.42 

2.69 

2.76 

2.55 

2.68 

3.47 

3.15 

1.36 

1.06 

1.61 

1.21 

1.23 

1.17 

1.37 

1.05 

1.21 

1.14 

Note: Alpha power values (6 to 9 Hz) are presented above for the frontal (F3, F4), central 

(C3, C4), temporal (T7, T8), parietal (P3, P4), and occipital (O1, O2) regions of the 

cortex. The values in this table are natural log conversions. 
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Table 7  

Group Differences in EEG Alpha 2 Power (8 to 12 Hz) 

Measurement 
EEG Power 

ASD Mean  SD TD Mean SD 

ln F3 Power 

ln F4 Power 

ln C3 Power 

ln C4 Power 

ln T7 Power 

ln T8 Power 

ln P3 Power 

ln P4 Power 

ln O1 Power 

ln O2 Power 

1.31 

1.71 

1.33 

1.70 

1.23 

1.04 

0.85 

1.46 

2.76 

1.54 

1.94 

1.99 

2.32 

2.34 

1.42 

1.55 

1.11 

2.10 

2.32 

1.30 

1.82 

2.00 

1.96 

2.36 

2.45 

2.50 

2.54 

2.44 

3.19 

3.00 

1.10 

0.99 

1.71 

1.18 

1.27 

1.23 

1.18 

1.01 

1.26 

1.06 

Note: Alpha 2 power values (8 to 12 Hz) are presented above for the frontal (F3, F4), 

central (C3, C4), temporal (T7, T8), parietal (P3, P4), and occipital (O1, O2) regions of 

the cortex. 
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Table 8 

Comparing Group Differences in Asymmetry Values Across all Regions  

Measurement 
Asymmetry  

Bandwidth ASD Mean SD TD Mean SD 

Frontal (F3, F4) 
 

Central (C3, C4) 
 

Temporal (T7,T8) 
 

Parietal (P3, P4) 
 

Occipital (O1,O2) 
 

Frontal (F3, F4) 
 

Central (C3, C4) 
 

Temporal (T7,T8) 
 

Parietal (P3, P4) 
 

Occipital (O1,O2) 
 

Frontal (F3, F4) 
 

Central (C3, C4) 
 

Temporal (T7,T8) 
 

Parietal (P3, P4) 
 

Occipital (O1,O2) 
 

Frontal (F3, F4) 
 

Central (C3, C4) 
 

Temporal (T7,T8) 
 

Parietal (P3, P4) 
 

Occipital (O1,O2) 
 

Delta 
 

Delta 
 

Delta 
 

Delta 
 

Delta 
 

Theta 
 

Theta 
 

Theta 
 

Theta 
 

Theta 
 

Alpha 
 

Alpha 
 

Alpha 
 

Alpha 
 

Alpha 
 

Alpha 2 
 

Alpha 2 
 

Alpha 2 
 

Alpha 2 
 

Alpha 2 

-0.15 
 

0.61 
 

0.03 
 

0.40 
 

-0.88 
 

0.04 
 

0.79 
 

-0.15 
 

0.50 
 

-0.74 
 

0.03 
 

0.85 
 

-0.16 
 

0.56 
 

-0.65 
 

0.29 
 

1.11 
 

-0.24 
 

0.62 
 

-0.29 
 

0.61 
 

2.06 
 

1.08 
 

1.79 
 

1.85 
 

0.33 
 

1.91 
 

0.80 
 

1.50 
 

1.40 
 

0.33 
 

1.86 
 

0.69 
 

1.48 
 

1.52 
 

0.86 
 

1.94 
 

0.81 
 

1.62 
 

1.37 

0.14 
 

0.20 
 

0.02 
 

0.05 
 

-0.28 
 

0.20 
 

0.34 
 

0.05 
 

0.01 
 

-0.44 
 

0.45 
 

0.56 
 

0.07 
 

0.12 
 

-0.11 
 

0.55 
 

0.26 
 

0.06 
 

-0.06 
 

-0.50 

0.86 
 

0.74 
 

0.50 
 

1.00 
 

0.66 
 

0.83 
 

0.66 
 

0.18 
 

0.61 
 

0.67 
 

0.83 
 

0.53 
 

0.12 
 

0.61 
 

0.49 
 

0.87 
 

0.27 
 

0.18 
 

0.61 
 

0.86 
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FIGURES 

Percent Scores for the Overall Task, Familiar Stimuli, and Unfamiliar Stimuli 

Figure 1: The overall significant differences between groups (ASD, TD) on total percent 

scores is highlighted. This represents the significant main effect of group on FER 

performance. The group differences on familiar and unfamiliar percent scores are also 

displayed. This highlights the significant interaction effect of group and familiarity on 

recognition scores (the ASD group scored significantly lower on unfamiliar expressions 

but not familiar ones). 
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Group Differences in Recognizing Specific Emotions (Happy, Sad, Angry, Fear) 

 

Figure 2: The interaction effect of group (ASD, TD) and emotion type (happy, sad, 

angry, scared) is displayed in this figure. Overall, there were marginally significant group 

differences across all four emotions (p = .07). These effects were driven by the TD group 

scoring significantly better on sad and fearful expressions. They also scored better on 

happy and angry expressions but differences were non-significant. 
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 Group Differences in EEG Alpha Power (6-9 Hz) 

Figure 3: Group differences (ASD, TD) in alpha bandwidth power (6-9 Hz) are 

highlighted in this figure for the computed regions (frontal, central, temporal, parietal, 

and occipital). The ASD group had lower alpha power values in all regions, which is 

representative of greater activity (over activity). However, no significant group 

differences were detected in the analyses. 
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Group Differences in Alpha Asymmetry Values (6 to 9 Hz) 

 

Figure 4: In this figure, alpha asymmetry values are displayed for the two groups (ASD, 

TD) across the five computed regions (frontal, central, parietal, temporal, and occipital). 

Possibly due to small sample sizes, no significant differences existed between groups on 

these asymmetry measurements. The only noticeable difference is in the temporal region 

(lnT8-lnT7), where the asymmetry value is positive for the TD group (left asymmetry) 

but negative (right asymmetry) for the ASD group. Interestingly, in the ASD group there 

is a lot of variation in asymmetry values, while the values for the TD group appear to be 

more consistent across regions. 
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