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Abstract

Objective—One of the common findings in autism spectrum disorder (ASD) is limited selective 

attention toward social objects such as faces. Evidence from both human and nonhuman primate 

studies suggests that selection of objects for processing is guided by the appraisal of object values. 

We hypothesized that impairments in selective attention in ASD may reflect a disruption of a 

system supporting learning about object values in social domain.

Method—We examined value learning in social (faces) and nonsocial (fractals) domains in 

preschoolers with ASD (n = 25) and typically developing (TD) controls (n = 28) using a novel 

value learning task implemented on a gaze-contingent eye-tracking platform consisting of value 

learning and selective attention choice test.

Results—Children with ASD performed more poorly than TD controls in the social value 

learning task, but both groups performed similarly on the nonsocial task. Within-group 

comparisons indicated that value learning in TD children was enhanced on the social compared to 
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nonsocial task, but no such enhancement was seen in children with ASD. Performance in the 

social and nonsocial conditions was correlated in the ASD but not in the TD group.

Conclusion—The study provides support for a domain-specific impairment in value learning for 

faces in ASD and suggest that in ASD value learning in social and nonsocial domains may rely on 

a shared mechanism. These findings have implications for both models of selective social attention 

deficits in autism and identification of novel treatment targets.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by marked 

social deficits and the presence of stereotyped interests and behaviors.1 A core feature of 

ASD is atypical selective attention, i.e., the ability to prioritize for processing those social 

objects that hold the greatest informational value and to ignore those that are irrelevant.2–4 

In naturalistic and laboratory settings, young children with ASD often fail to select faces for 

processing.5–9, 10 Moreover, when they do attend to faces, children with ASD have difficulty 

selecting the parts of faces that are most relevant in a given context (e.g., eyes versus 

mouth).5,11,12 Signs of atypical selective attention begin to emerge during the prodromal 

stages of ASD13–17 and are prevalent in toddlers with ASD.18,19 Limited ability to select 

most relevant faces for processing may hinder the development of drawing inferences about 

others’ intentions, mental states, and goals,20–22 coordinating attention and actions with 

others in order to reach common goals,23 and observational learning.24 Relatedly, atypical 

social attention in ASD is strongly related to increased autism symptom severity and poor 

adaptive functioning.25–27 Early individual differences in selective social attention contribute 

to the variability in social, adaptive, and cognitive outcomes observed in preschoolers with 

ASD.25–27 While impairments in selective attention to faces in young children with ASD are 

well documented, the evidence regarding selective attention of non-animate objects is more 

limited, especially to objects that are task-relevant rather than distractors.6 The extant free-

viewing studies suggest that toddlers with ASD typically show limited attention to faces 

compared to developmentally delayed and typically developing (TD) peers, but there is no 

strong evidence for enhanced attention to objects in general,5,28 unless the objects map onto 

special-interests children with ASD.29 Despite the prominence of atypical selective attention 

in ASD, the mechanisms that give rise to such differences are not well understood.

One of the critical questions in the field of attention research is how an individual “knows” 

which objects (social and nonsocial) should be prioritized for processing within a given 

context. Evidence from research on both human and nonhuman primates suggests that 

attentional selection is guided by the appraisal of object values.2,30–35 In visual attention, 

object value is defined primarily by the usefulness or relevance of the information the object 

provides to the observer.2,3 As such, eye movements harvest information that then guides 

behavior in service of maximizing adaptation and survival. This principle is reflected in the 

finding that monkeys are willing to give up food to obtain visual information (i.e., “pay-per-

view”) about members of their social group (i.e., their availability for mating).36,37 
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Numerous studies illustrate faster response times to or increased detection of high-value 

stimuli,38 as well as robust effects of value information on visual attentional selection,39 

including enhanced attention to high-value objects and suppressed attention to low-value 

objects.40

The effects of value learning can operate without conscious awareness of associations 

between value and specific stimulus features41 and may endure days past the training stage 

(long-term or “stable” values).40 However, in everyday situations, object values often need 

to be learned rapidly and flexibly updated as task demands change (short-term values).30 For 

example, the informational value of faces of interactive partners is likely to vary depending 

on context (e.g., mother versus stranger, or teacher versus peer), and as a result, their values 

may need to be updated as interactions unfold. Value learning is subserved by the reward 

systems of the brain. In primates, flexible (short-term) and stable (long-term) values are 

encoded in the head and the tail of the caudate nucleus (CN), respectively,4,30,31 and value 

information is sent to superior colliculi (SC) biasing gaze to high-value objects.42 

Information about object values can also be transmitted to cortical brain regions including 

orbital and medial prefrontal cortices43,44 or to the anterior cingulate gyrus, which integrates 

and utilizes value information to modify behavior and response selection.45

Research on the reward system in ASD has focused primarily on examining functional brain 

activation patterns in response to various types of rewards, with a primary focus on 

dissociable46 anticipatory (perceived reward value) and motivational (drive to obtain the 

reward) components. Very little work has focused on how initially neutral objects acquire 

reward value for individuals with ASD47,48 and whether this process is comparable to that 

observed in unaffected individuals.48,49 The few studies that address value learning in ASD 

typically employ the probabilistic learning task and examine whether learning the values of 

nonsocial objects (e.g., abstract images) differs depending on reward type: social (e.g., 

verbal praise or a smiling face) or nonsocial (monetary).50,51 Extant, albeit limited, evidence 

suggests that TD adults and those with ASD learn to select high-value objects associated 

with both social (e.g., happy faces) and nonsocial (monetary) rewards.50 However, compared 

to controls, adults with ASD appear to perform worse at learning object values when the 

rewards are social, suggesting that social rewards may have a lower motivational value in 

ASD.50 To our best knowledge, there have been no studies examining either how individuals 

with ASD learn the values of social objects (here, faces) or whether this process is impaired 

relative to learning the values of nonsocial objects. Moreover, studies on value learning in 

ASD have thus far focused exclusively on high-functioning adolescents and adults. 

Therefore, neither the ontogeny of observed abnormalities nor their role in autistic 

psychopathology has been adequately investigated. Finally, no studies have examined the 

relationship between value learning and selective attention in ASD.

To begin to fill in these gaps, here we examined short-term flexible value learning for both 

social and nonsocial objects in young children with ASD and TD controls. To do so, we 

designed a novel implicit learning task inspired by a value learning task previously 

developed and validated in non-human primates.32,52 The task measures whether 

reinforcement for attending to a particular object during training trials biases visual attention 

toward the reinforced objects (whether social or nonsocial) during subsequent testing trials. 
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With regard to the social version of the task, we examined if children can learn, as they 

would in real-world, which face carries more information or is ‘nice’, i.e., responds 

contingently with positive affect when looked upon. We intentionally used ecologically-valid 

pairings of social cues (neutral faces) with consequences (smiling faces) to examine if and 

how children with ASD learn about value of faces and whether this process is distinct from 

that observed in response to pairings of nonsocial events. The value learning task requires no 

verbal instructions and relies on eye movements as the response modality; thus, it can be 

administered to individuals with a wide age and/or IQ range.

We hypothesize that in the social condition, children with ASD will learn more poorly 

compared to TD controls. In the nonsocial condition, we hypothesize that children with ASD 

will exhibit value learning either commensurate with that observed in TD controls or their 

learning will be enhanced compared to TD controls, which would suggest that nonsocial 

objects have a preferential status in their reward learning system. With regard to the within-

group patterns, we hypothesized that the TD group would show enhanced learning during 

the social compared to the nonsocial condition of the value learning task. Children with 

ASD, however, were expected to either perform better in the nonsocial compared to the 

social version of the task, which would support the notion that objects rather than faces have 

a preferential status in this group. We also examined the degree of correlation between social 

and nonsocial reward learning to gain insight into whether two forms of learning rely on 

shared underlying mechanisms. In an exploratory manner, we also examined frequency of 

positive affective responses (smiling) during the social and nonsocial value learning tasks. 

We reasoned that if one type of stimuli held greater hedonic value to one group versus the 

other, we would observe group-related differences in the frequency of positive affective 

response to the specific conditions and that the degree to which children find the tasks 

enjoyable, may be related to their value learning.

METHOD

The study was approved by the Human Investigations Committee of Yale School of 

Medicine, and informed written consent was obtained from all parents prior to testing. 

Diagnoses and assessments were conducted at the Toddler Developmental Disabilities 

Clinic.

Participants

The ASD group consisted of 25 children (100% male), with a mean age of 43.9 (SD = 18) 

months (21 to 78 months), and the TD group consisted of 27 children (37% male), with a 

mean chronological age of 38.6 (SD = 14) months (20 to 65 months). Children with ASD 

were recruited from the university-based clinic specializing in the diagnosis of autism, and 

TD children were recruited through advertisement. Exclusionary criteria were gestational 

age below 34 weeks, hearing or visual impairment, non-febrile seizure disorders, or a known 

genetic syndrome. The diagnostic status of each child with ASD was ascertained based on a 

review of his medical and developmental history, as well as assessments of autism symptom 

severity (using the Autism Diagnostic Observation Schedule-2, ADOS-2) and cognitive 

levels (using the Mullen Scales of Early Learning, MSEL, or Differential Ability Scales-II, 
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DAS-II, based on age). Seven out of 25 children with ASD were diagnosed before the age of 

36 months. Research on stability of diagnosis assigned before 3 years suggests that only a 

small fraction of children (~10%) are expected to change diagnosis over short- and long-

term follow-up.53–57 Should any diagnostic shifts occur amongst the 7 children, they would 

be unlikely to affect the existing pattern of results. Developmental status in the TD group 

was confirmed using parent report and the MSEL. The groups did not differ with regard to 

chronological age (F[1, 51] = 1.45 p = .235), but, as expected, the group with ASD had 

significantly lower nonverbal developmental quotients (DQ) (p < .001; Table 1). Across the 

two groups, nonverbal mental age ranged from 13 to 78 months. Given the comorbidity 

between ASD and developmental delay/intellectual disability, unselected toddlers/

preschoolers are likely to have DQ scores as those seen in the present study. Given the 

young age of the participants, the children were not evaluated for conditions often comorbid 

with ASD such as anxiety or attention-deficit/hyperactivity disorder (ADHD). The groups 

also differed in sex distribution (X2(1) = 23.39, p < .001); therefore, we examined sex effects 

on the primary dependent measure in the TD group before collapsing across sex for 

between-group comparisons. Please see the Preliminary Analyses section for details. Taking 

advantage of a relatively broad chronological age range, we directly evaluated the effects of 

age on performance by including it within the models as a covariate.

Stimuli

Dynamic fractals were drawn from popular genetic algorithm-based fractal generation 

software,58 with opening frames of the videos selected as the static stimuli. Humans’ happy, 

dynamic facial expressions were drawn from the BU-4DFE 3D Dynamic Facial Database.59 

To ensure the perceptual salience equivalency of the stimuli, 12 facial and 12 fractal stimuli 

were rated by 17 adults through crowdsourcing60 via Qualtrics on 10-point scales targeting 

the saliency of each image and, for the faces, of each emotional expression (neutral and 

happy). Each stimulus was ranked twice, first as a static still-frame (first frame of the video) 

and again as a dynamic display. Ratings were averaged, and the chosen stimuli were 

matched to within half a point for all ratings. Please see Figure 1 for illustration of the static 

versions of the stimuli. Moreover, the design involved value reversal on successive blocks of 

trials, therefore counterbalancing stimuli within each category with regard to their assigned 

value (high/low). Stimuli sets were standardized with regard to luminance, contrast density, 

texture similarity, size, color, intensity, and positioning.61 Two static and two dynamic 

versions of fractals and faces of comparable salience were chosen for the task.

Apparatus

The gaze-contingent experimental design was implemented on an SR EyeLink 1000 Plus 

500 Hz eye tracker configured for remote mode using a 5-point calibration procedure 

augmented with smooth pursuit calibration correction.62 Eye-tracking data were processed 

using custom software written in MATLAB. The software accommodated standard steps for 

processing eye-tracking data, including data quality check (QC) and data extraction (DE) 

steps. QC steps evaluate calibration and validation errors in visual angles and the overall 

attention to the scene based on the overall proportion of valid looking times. DE steps 

include blink detection, region of interest (ROI) identification, dwell time on specific ROIs, 

frequency and duration of fixations, and event-triggered saccadic reaction time.
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Procedure

The design of the experimental flexible value learning task is based on a marker task 

developed by Hikosaka et al.31 The following adaptations to the original primate task were 

made: (a) Learning load: given that training on an extended number of stimuli sets would not 

be feasible with young and disabled children, we limited the number of stimuli to be learned 

to 2. (b) Domain specificity: to address the question of domain generality vs. specificity in 

value learning, we created two versions of the tasks: social, where high-value faces turn 

from neutral and static to dynamic and smiling, and nonsocial, where high-value fractals 

turn from static to dynamic displays. (b) Reward type: given that real-life visual exploration 

aims to harvest information rather than primary rewards, we replaced the drop of juice 

delivered contingently to primates upon fixation on the HV object with a contingent delivery 

of a dynamic novel display (evolving fractal or a smiling face). Although the dynamic 

display can be considered rewarding in a hedonic sense, delivering pleasure upon encounter, 

it also can be considered rewarding because it holds more information than the static display 

(e.g., “who is nice”), information that can be used to guide attention and behavior and to 

enhance adaptation.

The value learning task consisted of four blocks of trials, each containing 24 training trials, 

followed by 8 testing trials. Training: The same two objects (A and B), either two fractals or 

two faces, were presented in all blocks. Within each block, one object (e.g., A) was assigned 

a priori to be high-value (HV) and the other one (e.g., B) low-value (LV). If a child looked at 

an HV object (face or fractal), the object became dynamic, turning into a smiling face 

(Social) or a swirling fractal (Nonsocial), with a probability equal to 1 for 2 seconds. 

Fixation on the LV object did not result in a change to its display and the stimulus was 

presented on the screen for 2s. In Blocks 1 and 3, object A was assigned HV and object B 

was assigned LV; values reversed in Blocks 2 and 4. Each trial started with the appearance of 

a central fixation point for 600ms (Figure 2). Then, an object (A or B) appeared randomly in 

one of four locations for 2 seconds. The fixation point was extinguished 300ms after object 

onset. Out of 24 training trials, 12 displayed the HV object and 12 the LV object. Testing: 

The Choice Test consisted of 8 trials at the end of each block. During each trial, the two 

objects (HV and LV) from the training trials were presented simultaneously for 2 seconds in 

two of four locations, selected at random, and a saccade toward the HV but not the LV object 

activated its dynamic display. The proportion of test trials during which a child fixated on 

the HV object standardized over all valid test trials (#HV/(#HV + #LV)) across all testing 

blocks served as a dependent variable (%HV). Each child first viewed the nonsocial (fractal) 

condition and then the social (face) condition. The task lasted approximately 11 minutes.

Affective responses to value learning tasks

In addition to value learning, we also examined a positive affective component of the task 

performance: participants’ frequency of smiling during the social and nonsocial conditions. 

An instance of a smile was coded if the child’s lips moved from a neutral to an upturned 

position. A maximum of one smile could be coded per each trial. If a child started smiling 

during a trial and continued to do so during a subsequent trial, an instance of “smile” was 

coded for both trials. Two coders with previously established inter-rater reliability viewed 

the recorded sessions off-line and coded instances of smiling during the presentation of 
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training and test trials in each condition. Subsequently, a proportion of trials during which 

the children exhibited positive affect (%Smile) during the task was computed. The raters 

independently coded affective responses for 20% of the total sample and were highly 

reliable (α = .95). Affective responses were coded for all but 2 participants (both with ASD) 

due to occlusion of the mouth by a pacifier or another object.

Data reduction

The visual scene was divided into six ROIs including the central fixation point, the four 

potential object locations, and the entire screen area. For a trial to be considered valid, a 

child was required to look at the central fixation stimulus and then to execute a saccade 

toward a single object presented on the screen (training trials) or toward one of the two 

objects presented simultaneously on the screen (test trials). All 52 children contributed valid 

data in the nonsocial condition. In the social condition, three children with ASD failed to 

contribute any valid data due to fatigue or a truncated visit, and two children in the TD group 

had to be excluded due to calibration errors. After these exclusions, in the nonsocial 

condition, 25 children with ASD and 27 TD controls contributed data, compared to 22 

children with ASD and 25 TD controls in the social condition.

Statistical analyses

The hypotheses were tested using analysis of variance (ANOVA), with diagnostic group as a 

between-group factor, condition as a within-group factor, and chronological age (months) as 

a covariate. Significant group × condition interaction effects were followed by planned 

within- and between-group contrasts. All planned contrasts are reported with a Holm-

Bonferroni correction for multiple comparisons. Associations between variables of interest 

were examined using the Pearson’s r correlation coefficient analysis. Data analysis was 

implemented in SAS 9.4.

RESULTS

Preliminary Analysis

Sex effects in the TD group—A within-group ANOVA on %HV in the TD group 

indicated no main effects of sex (F[1, 21] = .09, p = .768), a significant effect of condition 

(F[1,21] = 5.07, p = .035), and no sex × condition interaction (F[1, 21] = 1.03, p = .322). In 

the nonsocial condition, %HV was 73.9% (SD = 12) in females and 71.8% (SD = 13) in 

males (p = .701). In the social condition, %HV was 81.7% in females (SD = 11) and 86.4% 

(SD = 7) in males (p = .304). Thus, males and females in the TD group were collapsed for 

the subsequent analyses.

Value learning and nonverbal DQ—Considering that the two groups differed in 

nonverbal DQ scores, we first evaluated if performance on the tasks was correlated with DQ. 

Pearson’s r correlational analysis between %HV and nonverbal DQ in the ASD and TD 

groups yielded non-significant results. In the ASD group, the correlations were r(24) = .196, 

p = .36 and r(24) = .006, p = .77 in the nonsocial and social conditions, respectively, and in 

the TD group, analogous correlations were r(27) = −.10, p = .60, and r(24) = .313, p = .14. 
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Thus, the task requirements did not appear to differentially affect children across the 

spectrum of cognitive ability.

Flexible Value Learning Task

Training Trials—On average, valid eye-tracking data were recorded from 57 (SD = 22) 

and 63 (SD = 19) training trials in the nonsocial condition and from 51 (SD = 20) and 68 

(SD = 12) training trials in the social condition in the ASD and TD groups, respectively. A 

group × condition ANOVA, with age as a covariate, on the number of valid training trials 

indicated a significant effect of diagnosis (F[1,44] = 5.55, p = .023), no effect of condition 

(F[1,44] = .16, p = .694), and a significant diagnosis × condition interaction (F[1, 44] = 4.80, 

p = .034). The effect of age was not significant (p = .229). Planned contrasts showed that in 

TD group, the number of valid training trials was higher in the social than nonsocial 

condition (p = .014), but valid training trials were comparable across conditions in the ASD 

group (p = .150). The ASD group did not differ from TD controls concerning the number of 

valid trials completed in the nonsocial condition (p = .358, d = .32), but they had fewer valid 

trials in the social condition (p < .004, d = .88). Thus, attention to the social compared to 

nonsocial version of the task was enhanced in the TD but not in the ASD group. In addition, 

although there were significant correlations between the number of completed training trials 

and %HV in the TD group (r[24] = .49, p = .018 and r[24] = .63, p = .001 in the nonsocial 

and social conditions, respectively), the correlations were not significant in the ASD group 

(r[22] = .20, p = .38 and r[22] = .36, p = .10).

Value learning—During the Test trials, both groups looked at the HV compared to LV 

objects within each category significantly more often than expected by chance (all p-values 

< .001; Figure 3). A diagnosis × condition ANOVA on %HV revealed no significant effect 

of diagnosis (F[1, 43] = 2.21, p = .144), or condition (F[1, 43] = .59, p = .542) but a 

significant diagnosis × condition interaction (F[1, 43] = 8.88, p = .005). The effect of age 

was not significant (p = .900). Between-group comparisons showed no significant difference 

in the nonsocial condition (p = .577, d = .29) but a significant TD group advantage in the 

social condition (p = .007, d = .85). Within-group contrasts showed that, following training, 

the bias toward HV objects in the TD group in the social condition was stronger compared to 

the nonsocial condition (p = .007), but this bias was comparable between conditions in the 

ASD group (p = .164; Figure 3).

Inter-correlations between performance in social and nonsocial conditions—
Within the ASD group, there was a significant correlation between performance on the 

social and nonsocial conditions (r[22] = .47, p = .025); the correlation was negligible in the 

TD group (r[24] = .086, p = .689; Figure 4). The pattern was unchanged when the 

correlation effects were partialled for effects of chronological age.

Affective Responses—Subsequently, we evaluated whether the groups differed in their 

positive affective responses to when viewing faces (social condition) and fractals (nonsocial 

condition). On average, children with ASD exhibited positive affective responses on 8.1% 

(SD = 11) and 5.2% (SD = 11) of trials in the social and nonsocial conditions, respectively, 

compared to 8.3% (SD = 13) and 4.1% (SD = 5) in the TD group. A diagnosis × condition 
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ANOVA on the %Smile variable indicated no effect of diagnosis (F[1, 45] = .13, p = .723), 

or condition (F[1, 45] = 2.16, p = .148), and no diagnosis × condition interaction (F[1, 45] 

= .120, p = .878), or effect of age (F[1, 45] = .24, p = .629). Although both groups exhibited 

somewhat higher rates of positive affective responses to the social than nonsocial condition, 

the differences were not statistically significant. There were also no significant correlations 

between %Smile and performance on the social and nonsocial conditions in either group. In 

the ASD group, the correlations were r(23) = −.083, p = .712 and r(23) = −.029, p =. 893, for 

the social and nonsocial conditions, respectively, and, in the TD group, they were r(24) = −.

199, p = .349 and r(26) = −.267, p = .186. The pattern of results was unchanged when the 

correlation analysis was partialled for the effects of chronological age.

DISCUSSION

To the best of our knowledge, this is the first study to report on a selective impairment in 

flexible value learning for faces in preschoolers with ASD. As expected, children with ASD 

performed more poorly when learning values of faces compared to TD controls. The two 

groups did not differ on a task involving learning values of fractals, which suggests that 

children with ASD do not exhibit enhanced flexible value learning in nonsocial condition. 

Consistent with our hypothesis, value learning for faces compared to fractals was enhanced 

in TD children. In contrast, preschoolers with ASD performed comparably on face and 

fractal versions of the task. This study extends work by Lin et al.,50 indicating impaired 

value learning in children with ASD when both the objects and associated rewards are social 

and ecologically valid and intact value learning when both objects and rewards are drawn 

from the nonsocial domain. Importantly, social and nonsocial value learning were not 

correlated in the TD sample, suggesting that learning related to each domain may rely on at 

least partially distinct mechanisms. In the ASD group, however, performance in the two 

conditions was highly correlated, which suggests potential reliance on the shared mechanism 

for value learning of social and nonsocial objects in this group.

In the real-world environment, relative informational value of faces needs to be appraised 

rapidly, retained, and then updated as task requirements change. We propose that ASD may 

be characterized by an early disruption of the brain circuitry supporting value learning of 

social objects such as faces. Such disruption may prevent young children with ASD from 

learning the informational relevance of social stimuli. Consequently, looking at faces may 

offer less support with regard to guiding their attention and action and, ultimately, be less 

likely to drive behavior. The results also suggest that unlike in typical controls, in ASD, 

attention and learning are not augmented by the social nature of the stimuli. Specifically, it is 

not that children with ASD attend more poorly or learn less effectively in social than 

nonsocial conditions. Their performance on the fractal test was on par with TD controls, but 

they did not exhibit enhanced performance when faces are present the same way TD 

children did. At present, it is not clear what mechanism might be responsible for this pattern 

of results. We hypothesize that, when faces are concerned, in TD children, value learning 

typically subserved by the reward system of the brain may be augmented by the social brain 

circuitry. In children with ASD, the same pathway may not be fully functional, and thus 

social value learning may not be supported to the same extent as in unaffected individuals. 
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Affected children may then rely primarily on nonsocial learning circuitry in all contexts, 

leading to diminished learning from social stimuli.

Importantly, despite showing less effective value learning for faces by young children with 

ASD, the frequency of positive affective responses to the face and fractal stimuli was 

comparable across groups, and there was no correlation between frequency of smiling 

during training and performance on test trials. The latter finding is consistent with evidence 

of behavioral, anatomical, and neurophysiological distinctions between hedonic (liking) and 

motivation (wanting) circuitry within the reward system in the brain.46,63 Although liking 

and wanting are typically tightly linked, they can be dissociated, as has been demonstrated in 

some disorders, including depression and schizophrenia.64 That is, affected individuals may 

be able to experience pleasure upon encountering social stimuli (liking) but may not be able 

to spontaneously pursue them (wanting).65 This interpretation aligns with findings 

suggesting relatively spared hedonic but impaired motivational components of the reward 

system in ASD.48,49 Further work is warranted to elucidate the relationships between 

affective, motivational, and learning components of reward system in ASD on a mechanistic 

level using behavioral, physiological, and neuroimaging measures.

During the face value learning task, attention of typically developing controls was enhanced 

compared to the fractal value learning task. No such enhancement was observed in 

preschoolers with ASD. Limited attention to tasks involving faces is consistent with 

numerous earlier findings,5,13,16 but this is the first report of less effective value learning 

within the social domain. Although one might conclude that limited attention to training 

leads to less effective value learning, the relationship between attention and learning in 

preschoolers with ASD appeared complex. Unlike in TD controls, the magnitude of the 

learning effect was not correlated with the number of completed training trials in children 

with ASD. That is, children with ASD who were more attentive during training did not 

necessarily learn more about the face-value associations. This is perhaps not surprising, for 

although attention gates learning, simply looking at faces does not guarantee that their 

essential features66 or associated value will be extracted, particularly if the mechanism 

underlying learning is compromised.

There were no associations between the ages of participants and value learning indices in 

either group. This finding suggests that deficits in value learning in ASD may emerge early 

in development. Indeed, limited attention toward faces has been reported within the first year 

of life, before most behavioral symptoms of ASD begin to emerge.13,16 Although it has been 

hypothesized that limited attention to faces in ASD may be due to impairments in the innate 

perceptual biases that prime TD newborns to detect and process faces faster and more 

effectively than other types of stimuli,67 support for this hypothesis has been limited.15,68,69 

Instead, atypical attention to faces may result from an impaired ability to assign value to 

faces based on a history of interactions with the faces in real-life contexts. The discovery of 

the role of value learning in the emergence and maintenance of attentional atypicalities 

would be essential for elucidating the mechanisms driving social impairment in ASD and 

would be best addressed through examination of the developmental dynamics of the two 

systems through prospective studies of infants at risk for ASD.
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Although no sex effects were found in the TD group, it will be necessary to examine if the 

results observed in males with ASD generalize to females affected by the disorder. There 

was also a significant difference between the ASD and TD groups in intellectual 

functioning. Though value learning was not correlated with nonverbal DQ in either group, 

the specificity of the observed effects in ASD versus other developmental disorders remains 

to be examined. Future larger studies should also evaluate potential contribution of comorbid 

attentional and affective factors to value learning in ASD. As described, all children first 

viewed the Fractal and then the Face version of the task. Of note, however, although both 

attention and performance on the Social version of the task was enhanced in TD controls, the 

ASD group performed at the same level in the social and nonsocial versions. Thus, it appears 

that performance differences were driven by facilitation of attention to faces in the TD 

group, rather than fatigue-driven waning of attention to faces in the ASD group. The 

hypothesis that children with ASD rely on the same mechanism for value learning in social 

and nonsocial domains will have to be verified through functional neuroimaging studies. 

Lastly, the present study examined flexible value learning in ASD, and is it not clear if the 

observed deficits extend to the ability to encode and retain long-term (stable) value 

information.

The current study tested a novel gaze-contingent value learning task modeled after a task 

previously developed and validated in primates.4,32 Results demonstrate for the first time 

domain-specific impairments in flexible value learning in young children with ASD. Such 

impairments may impact ability to select for processing the most relevant social stimuli in 

the context of rapidly changing contingencies and consequently, affect efficacy of social 

approaches and communicative bids. This important new lead should be investigated 

through prospective longitudinal studies of infants at risk for ASD, which would help 

determining if deficits in flexible value learning precede emergence of abnormal selective 

attention patterns and other symptoms in ASD. Moreover, future studies investigating the 

mechanistic role of value learning in social attention in ASD are warranted. The present data 

suggest that children with ASD may employ a shared mechanism for learning the values of 

social and nonsocial stimuli. This important new lead calls for investigation into neural 

networks supporting such learning in affected and unaffected individuals. The novel eye 

tracking paradigm employed in the present study also offers a new way for investigating 

learning in individuals across a range of chronological and mental ages, which is essential 

given concerns regarding generalizability of some of the findings in ASD literature across 

developmental epochs and cognitive phenotypes. Our work provides support for the social 

motivation hypothesis of autism,47 while highlighting the role of the value learning 

dysfunction in pathophysiology of ASD. Clinical implications of this work hinge on future 

discoveries of the role that value learning plays in emergence of autistic psychopathology. If 

the deficits in social value learning are seen in at-risk infants who later are diagnosed with 

ASD, social value learning may constitute an early biomarker for ASD-linked 

vulnerabilities. Should the mechanistic role of social value learning in development of social 

impairments be confirmed, value learning may constitute a new treatment target, with 

interventions to be implemented through, for example, implicit attention training protocols. 

Finally, a better understanding of the neural mechanisms underlying impaired social value 
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learning in humans with ASD may open new avenues for reverse translational studies in 

genetic, molecular physiology, and drug discovery.
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Clinical Guidance

• The study tests, for the first time, a novel task designed to investigate reward 

value learning of social (faces) and nonsocial (fractals) stimuli in young and 

disabled participants.

• The study suggests that preschoolers with ASD may rely on a different neural 

mechanism to abstract information about reward value of social stimuli than 

typically developing controls and that their learning of reward value in the 

social but not in the non-social domains is impaired.

• The findings shed light on mechanisms underlying impaired social attention 

in ASD and have important implications for identification of novel treatment 

targets.

Wang et al. Page 16

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lay Summary

The study documents, for the first time, that reward value learning in social domain is 

impaired in preschoolers with ASD. The study also suggests that preschoolers with ASD 

may rely on a different neural mechanism to abstract information about reward value of 

social stimuli than typically developing controls. The findings shed light on mechanisms 

underlying impaired social attention in ASD and have important implications for 

identification of novel treatment targets.
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Figure 1. 
Stimuli used in the social and nonsocial version of the Flexible Value Learning Task
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Figure 2. 
Short-term value learning task. Note: High-value (HV) object training trials (A): fixation 

(marked as an arrow) on the HV object results in activation of a dynamic display (revolving 

fractal, shown, or smiling face, not shown). Low-value (LV) object training trials (B): 

fixation on the LV object results in no change to its display. Choice test trials consist of a 

simultaneous display of HV and LV objects presented randomly in two of four locations. 

Four blocks of training and testing trials were shown, with object values alternating between 

the blocks. Only the nonsocial (fractal) version of the task is shown below.
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Figure 3. 
Average proportion of test trials during which the participants in the autism spectrum 

disorder (ASD) and typically developing (TD) groups selected the high-value objects 

(%HV) in the social and nonsocial conditions.
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Figure 4. 
Correlation between learning in the social (faces) and nonsocial (fractals) conditions for the 

autism spectrum disorder (ASD) and typically developing (TD) groups.
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Table 1

Sample Characterization

ASD TD

n 25 27

# of Males 25 10

Age 43.9 (17) 38.6 (14)

MSEL Nonverbal DQ 76.9 (24) 111 (14)

ADOS-2 SA CSS 5.75 (1.8) —

ADOS-2 RRB CSS 7.58 (1.9) —

Note: ADOS = Autism Diagnostic Observation Schedule; ASD = autism spectrum disorder; CSS = calibrated severity scores; DQ = developmental 
quotient; MSEL = Mullen Scales of Early Learning; RRB = restrictive and repetitive behaviors; SA = social affect; TD = typically developing.
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