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Introduction 

As social cues such as faces, voices, and body movements have been important throughout human 

evolution (Emery et al., 2000), faces, and specifically the eyes, are typically prioritized by attention in 

neurotypical development (Chita-Tegmark, 2016; Frazier et al., 2017). This prioritisation emerges early 

in development and supports the acquisition of social cognition and communication skills (Dawson et 

al., 2005; Schultz, 2005). However, there is substantial individual variability in the extent to which social 

cues are prioritised. 

Autism spectrum disorder (ASD) is characterised by differences in social communication and 

interaction, alongside restricted and repetitive behaviours (American Psychiatric Association, 2013). 

Importantly, autistic traits are distributed dimensionally in the general population, suggesting that 

variation in social attention reflects continuous differences in underlying mechanisms rather than 

discrete diagnostic categories (Grzadzinski et al., 2013). This motivates a focus on the processes that 

determine how social stimuli are perceived and valued across individuals. 

One influential account proposes that variability in social attention reflects differences in the 

perceived reward value of social stimuli. Neurobiological evidence implicates dopaminergic and μ-

opioid systems in assigning motivational and hedonic significance to social cues, thereby influencing 

attentional allocation (Fields, 2004; Chelnokova et al., 2014; Løseth et al., 2024). Within this 

framework, gaze toward socially informative features such as the eyes may be driven in part by reward-

related mechanisms. μ-opioid signalling may therefore contribute to the motivational salience of social 

information and may underlie individual differences in social attention. 

1. Autism Spectrum Disorder (ASD), Social Behaviour and Social Reward 

Individuals with ASD often experience difficulties in spontaneously sharing experiences, 

interpreting nonverbal social cues, and developing, maintaining, or understanding social relationships. 

At the same time, ASD is associated with a range of cognitive strengths (Joseph et al., 2002). Individuals 

frequently exhibit a detail-oriented cognitive style, enhanced pattern recognition, and strong memory 

abilities in domains aligned with their specific interests, which may contribute to success in areas such 

as mathematics, science, music, and the visual arts. Historically, early clinical descriptions framed 
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autism as a rare and distinct disorder, primarily defined by profound social withdrawal and restricted 

interests. With successive revisions of diagnostic systems, particularly the transition to DSM-5, this 

view has shifted toward a broader spectrum that captures variability in symptom expression and severity 

(American Psychiatric Association, 2013). This shift has important implications for research, as it 

encourages investigation across the full distribution of autistic traits rather than focusing exclusively on 

clinical populations. Importantly, contemporary accounts conceptualize ASD as a dimensional construct 

rather than a discrete category, with autistic traits continuously distributed across the general population 

(Grzadzinski et al., 2013). This dimensional perspective suggests that the mechanisms underlying social 

behaviour in ASD are not restricted to clinically diagnosed individuals but may also operate, in 

attenuated form, in non-clinical populations. As a result, investigating variation in autistic traits across 

the broader population provides a valuable approach for understanding the cognitive and motivational 

processes that shape social behaviour more generally, including how social stimuli are perceived, 

prioritized, and experienced as rewarding. 

1.1. Behavioural Characteristics of ASD 

1.1.1 Restricted or repetitive behaviours, interests, or activities 

In addition to social-communication difficulties, ASD is characterized by restricted and repetitive 

patterns of behaviour, interests, or activities (American Psychiatric Association, 2013). These 

behavioural patterns can manifest in repetitive motor movements such as hand-flapping or finger 

flicking, repetitive use of objects (e.g., arranging items in rigid patterns), and repetitive speech (e.g., 

echolalia or palilalia). Individuals may insist on routines and experience distress when confronted with 

change or unpredictability. Restricted interests are often highly focused and pursued with unusual 

intensity, sometimes to the exclusion of other activities. 

Another important feature is altered sensory processing, reported in a large proportion of individuals 

with ASD (Baum et al., 2015). Sensory hypersensitivity may result in strong aversive reactions to 

otherwise innocuous stimuli such as sounds or touch, whereas hyposensitivity may manifest as reduced 

responsiveness to sensory input, including pain. Sensory-seeking behaviours, such as a preference for 

specific textures or repeated sensory experiences, may occur as a compensatory response. These sensory 
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differences are now formally recognized in diagnostic criteria (American Psychiatric Association, 2013) 

and may play a crucial role in shaping behaviour, including social engagement. 

1.1.2 Difficulties in social communication and social interaction  

Deficits in social communication can manifest across a wide range of contexts and vary 

considerably in severity. Individuals with ASD may experience difficulties initiating or responding to 

social interactions, maintaining reciprocal conversations, and interpreting others’ emotions or intentions. 

These challenges often extend to the development and maintenance of relationships, where 

understanding implicit social rules and adapting behaviour to different contexts may be impaired (APA, 

2013). 

A particularly important component of social interaction is nonverbal communication, which 

includes gestures, facial expressions, prosody, and eye contact. Individuals with ASD may show 

reduced, atypical, or absent use of these cues, or may struggle to integrate them effectively with verbal 

communication. For example, facial expressions may be limited or not aligned with spoken content, and 

gestures may be used less frequently or in unconventional ways. In some cases, individuals employ 

compensatory strategies such as camouflaging, where they consciously monitor and imitate social 

behaviours to appear more neurotypical (Hull et al., 2017). These strategies can include deliberately 

maintaining eye contact or mimicking others’ expressions, which may mask underlying difficulties 

while increasing cognitive load during social interaction. 

Eye contact plays a central role within this broader system of social communication. It supports the 

identification of others’ identity, intentions, and emotional states, contributes to judgments of 

trustworthiness and affect, and regulates conversational turn-taking (Conway et al., 2008; Itier & Batty, 

2009). Beyond these functions, eye contact is fundamental for joint attention, which underpins early 

social learning and language development (Mundy & Newell, 2007; Dawson et al., 2005). Disruptions 

in eye contact may therefore have cascading developmental consequences, limiting opportunities for 

shared attention and reciprocal engagement. 



6 

 

 

1.1.3 Gaze behaviour 

Diagnostic frameworks such as ICD-10, ICD-11, and DSM-5 consistently emphasize atypical eye 

contact as a central indicator of impaired nonverbal communication in ASD, although they differ slightly 

in emphasis and formulation. ICD-10 highlights a failure to use eye gaze, facial expressions, and body 

posture to regulate social interaction, whereas ICD-11 explicitly stresses difficulties in integrating verbal 

and nonverbal communication, including eye contact (World Health Organization, 1992; World Health 

Organization, 2019). DSM-5 further refines this by situating atypical eye contact within deficits in both 

social-emotional reciprocity and nonverbal communicative behaviours (American Psychiatric 

Association, 2013). Across these frameworks, atypical eye contact is described as reduced, avoidant, 

poorly integrated, or qualitatively atypical, highlighting its role as a key behavioural marker of ASD. 

Empirical research strongly supports this characterization. A robust and well-replicated finding 

across eye-tracking studies is reduced attention to the eye region of faces in individuals with ASD, often 

described as an “eye avoidance” pattern (Frazier et al., 2017; Tanaka & Sung, 2016). While these 

findings establish atypical gaze as a robust behavioural characteristic of ASD, understanding how such 

patterns are measured and how they vary across contexts requires careful consideration of 

methodological approaches, which are discussed in Chapter 2. 

1.2. The Social Motivation Hypothesis of ASD 

As autistic traits have been associated with reduced social motivation (Chevallier et al., 2012; 

Dawson et al., 2005; Klin et al., 2002; Kohls et al., 2013; Klin, 2023), the Social Motivation Hypothesis 

posits that reduced sensitivity to social rewards diminishes the drive to seek and maintain social 

interaction. This, in turn, limits opportunities for social learning and contributes to the emergence of 

social-communication difficulties over development (Chevallier et al., 2012; Tschida & Yerys, 2021). 

Supporting behavioural evidence includes reduced spontaneous attention to social stimuli, decreased 

positive affect in interpersonal contexts, and reduced initiation of social contact from early in life 

(Chetcuti et al., 2021; Trevisan et al., 2018). Longitudinal studies further link early differences in social 

motivation to later outcomes in joint attention and language development, as well as to increased autism 

susceptibility (Stallworthy et al., 2023; Su et al., 2021). 
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At the neural level, converging evidence points to alterations in social reward processing circuits, 

including the ventral striatum and associated dopaminergic pathways (Kohls et al., 2013; Scott-Van 

Zeeland et al., 2010; Bottini, 2018). Importantly, these findings do not support a global deficit in reward 

processing but rather suggest a more specific alteration in the valuation and motivational salience of 

social stimuli. For instance, Kohls et al. (2013) reported reduced ventral striatal responses to social 

incentives, consistent with diminished spontaneous approach behaviour, while Scott-Van Zeeland et al. 

(2010) found altered neural responses to both social and non-social rewards depending on task 

characteristics. This pattern indicates that reward processing differences in ASD are context-dependent 

rather than uniformly reduced. 

More recent large-scale neuroimaging work further refines this picture by demonstrating altered 

functional connectivity within distributed reward networks, including the amygdala, nucleus 

accumbens, anterior cingulate cortex, and ventromedial prefrontal cortex (Yang et al., 2024). These 

regions support reward learning, prediction, and motivational engagement, and their altered connectivity 

has been directly linked to the severity of social communication difficulties. For example, reduced 

connectivity between the anterior cingulate cortex and both the amygdala and nucleus accumbens, 

alongside increased connectivity between striatal and insular regions, has been associated with greater 

impairments in social motivation. Such findings suggest that differences in social behaviour may arise 

not only from localized dysfunction but from altered integration across large-scale neural systems. The 

extent to which social motivation differences can be inferred from observable behaviour depends 

critically on how these processes are operationalized and measured. 

1.3 Genetic Factors in ASD 

Autism spectrum disorder (ASD) is a neurodevelopmental condition with a complex, multifactorial 

aetiology arising from interactions between genetic predispositions and environmental influences. Twin 

and family studies indicate substantial heritability, with estimates ranging from 40% to 80%, pointing 

to a strong genetic contribution while also highlighting the importance of non-genetic factors 

(Rylaarsdam & Guemez-Gamboa, 2019). Rather than being caused by a single gene, ASD is now 
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understood as highly polygenic, involving the combined effects of numerous genetic variants that 

contribute to individual differences in neurodevelopment (Genovese & Butler, 2020). 

One important source of genetic variation involves copy number variations (CNVs), such as 

deletions or duplications of DNA segments. While certain CNVs are associated with increased 

likelihood of ASD, they are neither necessary nor sufficient for its development, and identical variants 

can result in markedly different phenotypic outcomes (Marshall et al., 2008). This variability 

underscores the importance of gene–gene and gene–environment interactions in shaping autistic traits. 

Increasing attention has been directed toward neuromodulatory systems involved in social reward 

processing, including dopamine, oxytocin, and endogenous opioids. Endogenous opioids will be 

discussed specifically in a later chapter. 

2. Measuring social behaviour in humans (with ASD) 

Social behaviour is not directly observable as a single construct but must be inferred from 

measurable components such as attention, perception, motivation, and interaction patterns. In humans, 

and particularly in autism research, these processes are most commonly operationalized through 

behavioural proxies such as gaze allocation, responses to social stimuli, and willingness to engage in 

social interaction. Importantly, these measures capture partially overlapping but distinct aspects of social 

functioning, ranging from early perceptual prioritization to higher-order motivational and decision-

making processes. This distinction is critical, as differences in observed behaviour (e.g., reduced eye 

contact) may arise from multiple underlying mechanisms, including altered reward valuation, increased 

cognitive effort, or differences in learning and prediction. 

2.1 Face & emotion processing 

In ASD, alterations in face and emotion processing have been widely documented, though they are 

best understood as differences rather than uniform deficits. While many studies report reduced attention 

to faces or atypical processing of emotional expressions, findings are heterogeneous and depend on task 

demands, stimulus properties, and individual differences. Importantly, differences in face processing 

may reflect downstream consequences of altered attention allocation rather than primary perceptual 

impairments. 
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At the same time, gaze behaviour is influenced by multiple interacting factors, including stimulus 

properties, task demands, and individual differences. Emotional expressions, for example, may 

modulate gaze allocation, although findings are mixed. Some studies report increased avoidance of the 

eye region for threatening expressions, suggesting heightened sensitivity to emotionally salient stimuli 

(Wang et al., 2018), while others find reduced neural sensitivity or no consistent effects (Burt et al., 

2017; Corden et al., 2008). These inconsistencies indicate that gaze behaviour is not governed by a 

single mechanism but likely reflects the interaction of perceptual, affective, and regulatory processes. 

2.2 Social reward and motivation 

A central question in the study of social behaviour is how social stimuli acquire value and guide 

attention and action. Influential models of attention propose that gaze allocation is shaped by expected 

reward value and informational utility (Maunsell, 2004; Schultz, 2006). From this perspective, attending 

to socially relevant stimuli—such as faces or eyes—can be understood as a value-based decision, 

reflecting both their informational importance and their intrinsic or learned reward value. 

At the neural level, these processes are supported by distributed reward systems involving 

dopaminergic and opioidergic pathways, particularly within the basal ganglia. These systems contribute 

to both motivational (“wanting”) and hedonic (“liking”) aspects of reward processing and influence 

where attention is directed (Hikosaka et al., 2006). As such, social attention can be conceptualized as an 

emergent property of reward-based learning and decision-making mechanisms. 

Within this framework, atypical gaze behaviour in ASD has been interpreted in different ways. The 

social salience hypothesis suggests that social stimuli, particularly faces and eyes, are less intrinsically 

rewarding or informative for individuals with ASD, leading to reduced attention (Grelotti et al., 2002; 

Neumann et al., 2006). In contrast, the eye avoidance hypothesis posits that eye contact may be 

experienced as aversive or overly arousing, resulting in active avoidance. These accounts are not 

mutually exclusive. Reduced social reward value and increased aversive arousal may jointly contribute 

to atypical gaze patterns. 
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2.3 Social gaze with eye-tracking 

Eye-tracking has become a central tool for quantifying social attention, providing an objective and 

temporally precise measure of where individuals allocate visual attention. In both clinical and non-

clinical populations, gaze behaviour is widely used as a proxy for social interest, information processing, 

and attentional prioritization. A robust and well-replicated finding across eye-tracking studies is reduced 

attention to the eye region of faces in individuals with ASD, often described as an “eye avoidance” 

pattern (Frazier et al., 2017; Tanaka & Sung, 2016). A meta-analysis of 122 independent eye-tracking 

studies reported that, relative to non-autistic controls, autistic participants devoted more attention to 

non-social regions of interest and less to eyes and whole faces, especially when stimuli depicted human 

interactions (Frazier et al., 2017). Effect sizes were largest for eye and whole-face regions within 

interactive scenes (Hedges’ g ≈ 0.47–0.50). Excessive attention to the mouth has occasionally been 

reported, particularly in children, but has not consistently replicated. These findings suggest a persistent 

difficulty in prioritizing socially relevant information over irrelevant or non-social details, a pattern that 

appears across the autism spectrum and becomes more pronounced when processing dynamic social 

interactions (Frazier et al., 2017).  

This pattern emerges early in development: longitudinal studies show that infants later diagnosed 

with ASD exhibit a decline in eye fixation within the first months of life (Jones & Klin, 2013; Klin et 

al., 2020). Across childhood, adolescence, and adulthood, individuals with ASD consistently spend less 

time fixating on the eyes and more time attending to non-social regions or other facial features such as 

the mouth (Dalton et al., 2005; Klin et al., 2002; Neumann et al., 2006). Importantly, atypical gaze is 

also observed in other psychiatric conditions associated with social difficulties, suggesting that it may 

reflect a transdiagnostic alteration in social information processing rather than a disorder-specific deficit 

(Dalton et al., 2005; Schilbach, 2013). 

Eye-tracking research has employed a wide range of paradigms, including static images, dynamic 

video stimuli, and increasingly, naturalistic social interactions. While early studies using static or video-

based stimuli reliably demonstrated reduced eye fixation (e.g., Klin et al., 2002; Hernandez et al., 2009), 

later work showed that these differences may be particularly pronounced in dynamic and socially 
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complex contexts (Speer et al., 2007). More recent studies using real-life interactions have confirmed 

that atypical gaze patterns persist in ecologically valid settings, with individuals with ASD showing 

reduced attention to faces and increased gaze toward peripheral regions during social interaction (Noris 

et al., 2012; Hanley et al., 2015). This convergence across methodologies strengthens the conclusion 

that reduced eye-directed gaze is a robust feature of ASD.  

In screen-based paradigms, participants typically view static images or dynamic videos containing 

social and non-social stimuli. Neurotypical individuals reliably show a preference for faces and 

particularly the eye region, even when controlling for low-level visual salience. In contrast, individuals 

with ASD, on average, show reduced fixation on the eyes and increased attention to non-social or less 

informative regions. These patterns have often been interpreted as reflecting reduced social motivation 

or altered reward valuation. However, this interpretation is not uncontroversial. A systematic review 

found that only a subset of studies fully support the Social Motivation Hypothesis (Bottini, 2018), and 

first-person accounts indicate that many autistic individuals experience intact or even heightened social 

motivation, albeit expressed differently (Jaswal & Akhtar, 2018). This raises the possibility that reduced 

eye contact reflects factors such as increased cognitive load, sensory sensitivity, or differences in social 

learning rather than diminished interest per se. 

Alternative theoretical frameworks emphasize the interactive and contextual nature of social 

behaviour. The “double empathy” problem suggests that social difficulties arise from mismatches 

between interaction partners rather than deficits located solely within autistic individuals (Milton, 2012; 

Crompton et al., 2020). Similarly, the social-interaction-mismatch hypothesis proposes that differences 

may lie in how social information is integrated and used for prediction and coordination, rather than in 

its initial perception (Bolis & Schilbach, 2018). 

Importantly, methodological advances have begun to address limitations of traditional paradigms. 

While early eye-tracking studies relied heavily on passive viewing, more recent work incorporates 

naturalistic and interactive settings, capturing gaze behaviour during real social interactions. These 

approaches reveal that gaze patterns are context-dependent and dynamically shaped by social demands. 
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3. Neural Mechanisms of Social Reward 

Social behaviour emerges from the interaction of multiple neuromodulatory systems that regulate 

approach and avoidance tendencies – one of which is the opioid system. 

3.1 The opioid system 

3.2.1. Endogenous and exogenous opioids 

Opioid receptors are G protein–coupled receptors comprising three main subtypes (μ, δ, κ), each 

associated with distinct endogenous ligands, including endorphins, enkephalins, and dynorphins. Early 

theoretical work, particularly Panksepp’s “Brain Opioid Theory of Social Attachment” (BOTSA), 

proposed that endogenous opioid activity plays a central role in regulating social bonding and affiliative 

behaviour (Panksepp et al., 1979). According to this account, reductions in opioid tone during social 

separation produce distress analogous to withdrawal, motivating social contact, whereas social 

interaction restores opioid activity and alleviates this state. 

Subsequent research has provided substantial support for a key role of μ-opioid receptors in social 

behaviour. These receptors are involved not only in responses to social distress (e.g., separation or 

rejection), but also in the processing of positive and affiliative social experiences (Løseth et al., 2014; 

Pellissier et al., 2017). Importantly, μ-opioid systems extend beyond social behaviour and contribute 

more broadly to reward processing, particularly hedonic experience, complementing dopaminergic 

mechanisms of motivation. 

3.2.2. Genetic polymorphisms and social behaviour 

Genetic studies provide converging evidence for the role of the μ-opioid system in social behaviour. 

The A118G polymorphism in the OPRM1 gene is the most widely studied functional variant and has 

been associated with altered opioid receptor binding and signalling (Bond et al., 1998). Behaviourally, 

this polymorphism has been linked to individual differences in pain sensitivity, reward processing, and 

responsiveness to opioid antagonists (Ray & Hutchison, 2004; Peciña, 2008). 

In particular, the μ-opioid receptor (MOR) system has been implicated in social bonding and the 

hedonic aspects of social interaction. Investigation of genetic variation within this system, such as 

polymorphisms in the OPRM, has found that carriers of the G allele show increased sensitivity to social 
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reward, stronger affiliative tendencies, and reduced avoidance of close relationships (Way et al., 2009; 

Troisi et al., 2011). Related findings in children suggest enhanced responsiveness to social-emotional 

cues and greater resilience to adverse social environments (Copeland et al., 2011). These findings are 

broadly consistent with the view that endogenous opioids modulate the hedonic value of social 

interactions. 

Evidence linking OPRM1 variation specifically to ASD remains mixed. While some studies report 

associations with social motivation and ASD-related traits (Troisi et al., 2011; LoParo & Waldman, 

2015), findings are inconsistent and likely reflect the broader heterogeneity of autism. Nevertheless, 

these results have contributed to the “opioid hypothesis of autism,” which proposes that atypical μ-

opioid functioning may underlie alterations in social reward processing (Pellissier et al., 2017). 

3.2.3. μ-opioid receptors and social reward processing 

Evidence from animal models provides strong causal support for the role of μ-opioid receptors in 

social behaviour. μ-opioid receptor knockout mice exhibit reduced social interaction and 

communication, resembling aspects of ASD-like phenotypes (Moles et al., 2004). Conversely, animals 

carrying gain-of-function variants show increased affiliative behaviour and resilience to social stress 

(Briand et al., 2015), with similar patterns observed in non-human primates, including effects on 

mother–infant affiliative behaviour (Barr et al., 2008) 

In humans, neuroimaging studies further support the involvement of μ-opioid systems in social 

reward. Positron emission tomography (PET) studies demonstrate that social touch and laughter trigger 

endogenous opioid release in brain regions associated with reward and affective processing, including 

the striatum, insula, and cingulate cortex (Nummenmaa et al., 2016; Manninen et al., 2017).  

In the context of ASD, emerging evidence suggests that μ-opioid signalling may contribute to 

altered social reward processing, although effects remain heterogeneous across individuals. Functional 

connectivity patterns associated with social preference appear to be modulated by autistic traits, 

particularly in networks linking visual and reward-related regions. For example, connectivity between 

the fusiform gyrus and anterior cingulate cortex has been shown to mediate the relationship between 
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autistic traits and social reward preference, suggesting a neural mechanism through which social stimuli 

may be experienced as less rewarding (Haffey et al., 2025).  

Taken together, these findings position the μ-opioid system as a key neurobiological substrate 

underlying the hedonic and affective components of social reward, with potential relevance for 

understanding variability in social motivation and attention in ASD. 

4. Pharmacological modulation of the μ-opioid receptors and its effects on social attention 

As established earlier, endogenous μ-opioid signalling plays a central role in regulating both social 

attachment and responses to social distress. Pharmacological blockade of opioid receptors leads to 

reductions in subjective feelings of social connection and affiliative behaviour, suggesting that 

endogenous opioid activity contributes directly to the experience of social bonding (Løseth et al., 2024). 

At the same time, μ-opioid receptor (MOR) activation has been linked to increased engagement with 

socially salient stimuli such as faces, as well as to enhanced visual attention toward the eye region 

(Chelnokova et al., 2014; Hsu et al., 2015; Chelnokova et al., 2016). These findings point to a more 

specific role of the MOR system in shaping social attention, beyond its broader contribution to affective 

experience. 

From the perspective of value-based models of attention, as described in Chapter 2, socially salient 

features such as faces and particularly the eyes may attract attention to the extent that they are encoded 

as rewarding. Modulation of the MOR system may therefore directly influence how strongly such 

stimuli capture attention. Importantly, this framework offers a more mechanistic account of social 

attention differences than broader constructs such as the social motivation hypothesis, by specifying 

how reward-related processes translate into observable gaze patterns. 

Pharmacological studies provide further support for this interpretation by demonstrating differential 

effects of opioid agonists and antagonists on social reward processing. Morphine, which primarily 

stimulates μ-opioid receptors, has been associated with increased motivational salience of socially 

relevant stimuli, potentially enhancing gaze allocation toward features such as the eyes. In contrast, 

naltrexone, an opioid antagonist with highest affinity for μ-receptors (and additional effects on κ-

receptors), appears to dampen both hedonic and motivational aspects of reward processing (Wardle et 
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al., 2016; Trøstheim et al., 2022). These opposing effects are consistent with broader models 

distinguishing between motivational (“wanting”) and hedonic (“liking”) components of reward, both of 

which are modulated by the opioidergic system (Berridge & Robinson, 2003; Berridge & Kringelbach, 

2015). While μ-opioid activity is generally associated with increased reward sensitivity, κ-opioid 

receptor systems may exert partially opposing effects, particularly in relation to stress and aversive 

processing, highlighting the importance of considering receptor-level specificity when interpreting 

pharmacological findings. 

Pharmacological findings further indicate that modulation of μ-opioid systems can influence neural 

network organization in autistic individuals, potentially linking μ-opioid signalling to sensorimotor 

processing and broader adaptability, although these effects are not yet fully understood (Dimitrov et al., 

2025). Together with genetic evidence on variation in the OPRM1 gene, these findings support the view 

that individual differences in μ-opioid function may contribute to heterogeneity in social motivation and 

attention across both clinical and non-clinical populations. 

Finally, individual differences in μ-opioid functioning may also be shaped by biological factors 

such as sex and hormonal status. μ-opioid receptor availability and binding potential have been shown 

to differ between males and females and to be modulated by hormones such as estradiol (Smith et al., 

1998). These differences may influence both baseline sensitivity to social reward and responsiveness to 

pharmacological manipulation. In line with this, behavioural research suggests that females often show 

enhanced sensitivity to social cues, including increased attention to the eye region, whereas males may 

display stronger attentional biases toward sexually relevant stimuli such as attractive faces (Proverbio 

et al., 2010; Rupp & Wallen, 2009). Such factors may therefore contribute to variability in opioid-related 

effects on social attention and should be considered when interpreting experimental findings. Taken 

together, these findings position the μ-opioid system as a key neurobiological substrate underlying both 

the hedonic and attentional components of social reward. 
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4. Research question 

4.1 Research question 

Integrating MOR function, genetic variation, and dimensional autistic traits may extend scientific 

understanding why social gaze differs within and beyond the autism spectrum. The present study 

examines how μ-opioid manipulation (via morphine as an agonist and naltrexone as an antagonist) and 

OPRM1 genotype influence visual exploration of faces, specifically gaze allocation to the eyes across 

levels of autistic traits. In a previous study, Chelnokova and colleagues (2016) were able to show that 

pharmacological manipulation of the µ-opioid system altered the visual exploration of faces and overt 

attention to the eyes in adults. µ-opioid agonism via morphine lead to an increase and antagonism via 

naltrexone to a decrease in overt visual attention to these socially significant cues. The first goal of this 

thesis was to investigate the robustness of these findings by using more sophisticated statistical 

modelling of gaze data and increasing the sample by 19 additional participants. As autistic traits have 

been associated with reduced social motivation and atypical visual attention to faces, the second research 

question states: What is the relationship between autistic traits and attention towards the eyes? As its 

third research question this thesis investigates, whether μ-opioid effects on visual attention interact with 

individual differences in autistic traits? Finally, there are two exploratory research questions, which will 

investigate relationships with genetic variation in µ-opioid receptor expression: How does genetic 

variation, specifically the OPRM1 A118G polymorphism, influence visual attention to faces, and how 

is this relationship moderated by autistic traits?  

4.2 Hypotheses 

An array of hypotheses will be tested. The first hypothesis intends to replicate the previous 

publication with a more appropriate modelling approach and 19 additional participants. In this analysis, 

we assume that: 

H1.1 Morphine (opioid stimulation) will increase the percentage of fixations on the eye region 

compared to placebo.  

H1.2 Naltrexone (opioid inhibition) will decrease fixations on the eye region compared to placebo. 
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As autistic traits have shown to be associated with reduced social motivation and atypical visual 

attention to faces in general, especially decreased attention to the socially most salient region of the face, 

the eyes, the second hypothesis intends to replicate these individual differences in social gaze behaviour. 

H2. Higher ASQ scores (reflecting higher autistic traits) will be associated with a lower percentage 

of fixations on the eye region.  

H3. The effects of μ-opioid manipulation (morphine and naltrexone) on visual attention to the eye 

region will differ as a function of autistic traits (ASQ scores).  

This hypothesis is non-directional, because while μ-opioid manipulation (stimulation or inhibition) 

was shown to influence social reward processing in neurotypical individuals, findings in populations 

with high autistic traits or ASD are inconsistent (Pellissier et al., 2017; Troisi et al.,  2011; Way et al., 

2009; Dimitrov et al., 2025) and trials of naltrexone in children with ASC have yielded mixed results in 

attenuating the core symptoms of autism spectrum conditions  (for a review see Roy et al., 2015) This 

may be because atypical functioning of the μ-opioid system in ASD may alter responses to opioid 

modulation.  

EH4.1 Carriers of the G allele of the OPRM1 A118G polymorphism (A/G) will show a higher 

percentage of fixations on the eye region compared to A/A homozygotes.  

EH4.2. The relationship between the OPRM1 A118G polymorphism and visual attention to the eye 

region will interact with autistic traits (ASQ scores).  

Given that the G allele is associated with increased receptor binding and social reward sensitivity, 

G allele carriers are expected to show a stronger response to opioid manipulation. Although higher 

frequency of the G allele has been reported in clinical ASD samples, it may reflect dysregulated opioid 

signalling rather than straightforward enhancement of social reward.  

EH5.1. Under morphine (opioid stimulation), G allele carriers will show greater increases in 

attention to socially rewarding regions (e.g., eyes) compared to A/A homozygotes.  

EH5.2 Under naltrexone (opioid inhibition), G allele carriers will show greater decreases in 

attention to socially relevant regions compared to A/A homozygotes.  
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EH5.3: The effects of μ-opioid manipulation and OPRM1 genotype will interact with autistic traits 

(ASQ scores).  

Hypothesis EH5.3 is non-directional, as the effects of the G allele in individuals with high autistic 

traits remain unclear.   

5. Materials and method 

5.1 Data collection & dataset 

This study was preregistered in January 2025 by x, the supervisor of this thesis, here 

(10.17605/OSF.IO/GV7MZ). Preregistration occurred after data-collection and dataset merging, but 

before initiating any statistical analysis. The preregistration sets a systematic analysis pipeline, that was 

followed, with any deviations from it requiring reporting and reasoning. The dataset was collected as 

part of a research project conducted by the x group under the supervision of x. The data originates from 

a randomized, double-blind, placebo-controlled within-subjects design investigating the effects of 

pharmacological μ-opioid manipulation on social attention. Participants were recruited from the general 

population and included N = 49 healthy adult males. Initial data-collection resulted in a dataset of 30 

participants, on which the original study on μ -opioid manipulation of visual attention to faces and eyes 

was published. Participants were recontacted and required to complete an additional session, which 

included the ASQ self-report questionnaire and the DNA sampling. Further, 19 additional participants 

were recruited, which completed the same tasks as the original group. To allow for statistical analysis 

of the genetic data, these 19 additional participants were pre-screened for the OPRM1 A118G 

polymorphism, which was of interest. Since A/A-carriers are a lot more common in the general 

population, A/G carriers were oversampled in the additional recruitment phase. These datasets were then 

merged to allow for the analysis in this thesis. Merging was verified by replicating the originally 

published analysis. This was mostly successful for the fixation time data in percentages, with small, 

expected deviations from the original results. These deviations are likely due to the data being distributed 

across several sources and the time elapsed since initial collection, which made reconstruction of the 

original dataset more challenging.  



19 

 

 

Table 1 shows the distribution of the two between-subject predictors in this study in the two 

subsamples and the full sample. Mean ASQ scores were very close across samples with M = 16.54, with 

a standard deviation of SD = 8.17, in the original sample and M = 17.17, SD = 6.39 in the additional 

sample, resulting in a mean of M = 16.78, SD = 7.46 in the total sample. This matches the distribution 

found in nonclinical samples, for example a comprehensive systematic review of 73 articles involving 

6,934 non-clinical participants found a mean AQ score of 16.94 (Ruzich et al., 2015), a more recent 

study collected a mean ASQ score of 17.0 in its nonclinical group of 6,934 participants (Yoshinaga et 

al., 2023). In the table, the oversampling of G-carriers in the additional dataset is prominent, resulting 

in an almost uniform distribution of genotype in the total sample. The distribution in the original dataset 

more closely resembles natural distribution in the general population, with a large Swedish study with 

18,936 participants finding that 77% had the A/A genotype, while the remaining 23% carried at least 

one G allele (Persson et al., 2019). Very few studies have investigated the distribution of the OPRM1 

A118G polymorphism in autistic individuals. One study on a clinical population of 76 children with 

verbal and non-verbal ASD found a distribution of only 2.63% with the A/A genotype and 97.37% with 

either A/G or G/G (Hamilton, 2020). This large difference of distribution compared to the general 

population suggests a link between genotype and condition and may be seen as part of the rationale that 

warrants investigating this association in a subclinical sample. 

Table 1. Sample overview and descriptives of main predictors 

Variable Original (n = 30) Additional (n = 19) Total (N = 49) 

ASQ score (M, SD) 16.54 (8.17) 17.17 (6.39) 16.78 (7.46) 

Genotype (N, %) 
A/A: 25 (83.33%) 

A/G: 5 (16.67%) 

A/A: 2 (10.53%) 

A/G: 17 (89.47%) 

A/A: 27 (55.1%) 

A/G: 22 (44.9%) 

 

As argued by Chelnokova and colleagues (2016), to avoid potential drug interaction with circulating 

levels of estradiols and GnRH pulsability in females (Smith et al., 1998), only male participants were 

included in the test sample. Each participant completed three experimental sessions during which they 
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were randomly assigned to receive 10 mg of morphine as the opioid stimulation, 50 mg of naltrexone as 

the opioid inhibition or a placebo. During each session, participants completed an eye-tracking task to 

measure visual attention to faces, a visual overview, taken from Chelnokova et al. (2016) is provided in 

Figure 1. Visual attention to faces was measured using an eye-tracking device (R.E.D., SensoMotoric 

Instruments, sampling rate 250 Hz). Participants viewed 40 neutral faces (20 male, 20 female) sampled 

to ensure an equal distribution in attractiveness (3 levels) from the Oslo Face Database, each displayed 

for 5 seconds. Faces were shown with either direct gaze or averted gaze. Raw eye-tracking data was pre-

processed using manually delineated AOI masks to segment fixation time into the relevant regions (eyes 

and brows; forehead and cheeks; nose, mouth and jaw; whitespace and hair).  

Figure 1. Task design and AOI regions 

 

Study overview taken from Chelnokova et al. (2016).  (A) Timeline showing averted and direct gaze, face gender 

and the attractiveness rating task after stimulus presentation (B) Map of AOI regions (C) Heatmap showing the 

cumulative fixation pattern to one face observed in the current study 

In this analysis only the percentage of total fixation time to the eye-region was analysed. The number 

of eye-fixations to the whole face and fixation time percentages of the other AOIs, which were analysed 
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on the original dataset by Chelnokova et al. (2016) were not analysed here. The rationale was that the 

eyes can be deemed the most salient social stimulus of the face and the eye-region had shown the highest 

informational value compared to the other AOIs in the original study. Further, ASC and autistic traits 

have been shown to be associated with an avoidance of direct eye contact, and although not the same, 

attention to the eyes can be seen as the best proxy of this available in a static computer image paradigm, 

as used in this study. Participants also completed a self-report assessment of autistic traits (via the 

Autism Spectrum Quotient, ASQ). DNA samples were provided, and genotyping was performed for the 

OPRM1 A118G polymorphism using TaqMan SNP genotyping assays. A more detailed description of 

the procedure can be found in the paper by Eikemo et al. (2016). The analysed dataset includes the eye-

tracking data (the fixation time percentages for each AOI), the three drug conditions as a within-subject 

factor, ASQ scores, genetic information (OPRM1 A118G polymorphism) and experimental variables, 

which are used as control variables in the analysis, such as gaze direction and face stimulus 

characteristics. The data collection procedures are described more extensively in the previous 

publication by Chelnokova and colleagues (2016). 

5.2 Variables 

The dependent or outcome variable was Fixation Time Percentage, a continuous variable, defined 

as the proportion of total fixation time spent on predefined facial areas of interest (AOIs), calculated as 

a percentage of total fixation duration. As mentioned before only the eye-region was analysed. Main 

predictors were Drug, ASQ and Genotype. Drug was coded as a categorical within-subject factor with 

3 levels, with Morphine (10 mg) intended to produce μ-opioid receptor stimulation, Naltrexone (50 mg) 

intended to produce μ-opioid receptor inhibition, and Placebo serving as the baseline condition. ASQ 

was included as a continuous predictor with a range of 0–30, indexing sub-clinical individual differences 

in autistic traits measured by the Norwegian validated full version of the Autism Spectrum Quotient 

(ASQ) questionnaire with 50 items, where higher scores indicate greater levels of autistic traits. The 

originally proposed clinical cut-off score by Baron-Cohen et al. (2001) was 32 or more out of 50. With 

a maximum score of 30 in this dataset, the sample can be labelled as healthy. The distribution in the 

subsamples and total sample is displayed in Figure 2 via violin plots.  



22 

 

 

Figure 2. ASQ score distribution by sample 

 

Genotype was included as a categorical predictor with two levels, capturing genetic variation in the 

OPRM1 A118G polymorphism, with “A” indicating homozygous A-allele carriers (A/A) and “G” 

indicating heterozygous G-allele carriers (A/G). The control variables included in the analysis were 

Gender, Gaze direction, Attractiveness level, Stimulus order, Image set and Session number. Gender 

being a categorical variable with two levels, indicating the gender of the face stimuli (male vs. female). 

Gaze direction was also categorical with two levels, describing whether the gaze in the facial stimuli 

was direct (eyes looking straight at the observer) or averted (eyes directed away); Attractiveness level 

had three levels, indicating whether each facial stimulus had been pre-categorized as very attractive, 

attractive, or less attractive based on ratings from an independent sample; Stimulus Order was 

continuous, representing the sequential order in which face stimuli were presented within each session. 

Image sets had six levels, indicating the specific subset of images presented during the task. Session 

number represented whether the data was obtained from session 1, 2, or 3. 
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5.3 Missing data 

The dataset contained some missing values in key variables. For the ASQ (Autism Spectrum 

Quotient), 3 participants (approximately 6% of the sample) were missing questionnaire scores. For the 

Drug factor, 3 participants (6%) were missing data for a single drug condition, while having data for the 

remaining conditions. At the trial level, 3 participants have incomplete trial data, missing 4, 16, and 20 

of 480 total trials, respectively. Since the primary analyses was conducted using generalized linear 

mixed-effects models, which can incorporate all available observations without requiring complete data 

for every participant, condition, or trial, all participants were retained in the analyses, and the models 

mitigate missingness at the observation level by estimating parameters based on the available data. 

5.4 Statistical outliers 

During merging of the dataset and preregistration of the study, the decision was made that no outliers 

would be removed from the dataset. This decision was based on the bounded nature of the dependent 

variable (fixation percentages, constrained between 0 and 1), the categorical nature of key predictors 

such as Genetics and Drug, and the limited range and absence of extreme values by design for ASQ 

scores, especially in a non-clinical sample. Given these characteristics, the data was expected to contain 

no meaningful statistical outliers, and all observed values were retained in the analyses. 

5.5 Statistical models 

For all hypotheses, the primary statistical model was a beta regression estimated with the glmmTMB 

package in R. This approach was decided on during preregistration and deemed appropriate because the 

dependent variable (fixation time percentage) represented proportions constrained between 0 and 1. The 

models included fixed effects for the main predictors (ASQ, drug condition, genotype) and random 

intercepts for participants to account for the within-subjects design. Including drug as a by-participant 

random slope to account for individual differences in drug response was a decision dependent on 

inference criteria, meaning if model-fit was significantly improved by the random slopes they would be 

included. Post-hoc tests were conducted with the emmeans package in R. All models additionally 

included the control variables, that were already described above (gender of the face stimulus, gaze 
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direction, attractiveness level, stimulus order, image set, session number) but are omitted from the model 

formulas here for simplification. 

The analyses only included fixation time percentages to the eye region, although it was preregistered 

that results for the mouth region and the rest of the face would be reported when effects reached 

statistical significance. Hypotheses H1.1 and H1.2 on drug effects on eye fixation were preregistered to 

be tested only in the subset of 19 participants whose data had not been included in the previously 

published analysis. However, at the time of preregistration, no power analysis had been conducted for 

this limited subset, and in fact the sample was insufficient to reveal the expected effects. Results were 

reported as preregistered for completeness, but H1.1 and H1.2 were tested on the entire dataset. H2 

predicted that higher ASQ scores would be associated with lower fixation percentages on the eye region, 

and EH4.1 predicted that G-allele carriers would show higher fixation percentages on the eye region 

than A/A homozygotes. These hypotheses were evaluated in an additive model with no interaction terms, 

with post-hoc tests comparing drug levels, estimating simple slopes of ASQ, and comparing genotype 

groups (model 1). 

Fixation Time Percentage ~ Drug +  ASQ +  Genotype +  (1 +  Drug | Participant) 

To examine two-way interactions, H3 predicted that the effects of drug condition on fixation 

percentages would differ as a function of ASQ scores, and this was tested in a model including a Drug 

× ASQ interaction (model 2): 

𝐹𝑖𝑥𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ~ 𝐷𝑟𝑢𝑔 ∗  𝐴𝑆𝑄 +  𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑒 +  (1 +  𝐷𝑟𝑢𝑔 | 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡) 

This was followed by post-hoc comparisons between drug conditions at specified marginal levels 

of ASQ. The exploratory hypothesis EH4.2 predicted that the association between ASQ scores and 

fixation percentages would differ by genotype; this was tested in a model including an ASQ × Genotype 

interaction, with post-hoc analyses focusing on simple slopes of ASQ within each genotype group 

(model 3): 

𝐹𝑖𝑥𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ~ 𝐷𝑟𝑢𝑔 +  𝐴𝑆𝑄 ∗  𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑒 + (1 +  𝐷𝑟𝑢𝑔 | 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡)   

Further exploratory hypotheses concerned drug × genotype effects on attention to the eyes. Under 

morphine (opioid stimulation), EH5.1 predicted greater increases in attention to the eyes among G-allele 
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carriers, whereas under naltrexone (opioid inhibition), EH5.2 predicted greater decreases in attention to 

the eyes among G-allele carriers. The predictions of EH5.1 for stronger morphine stimulation effects 

and EH5.2 for stronger naltrexone inhibition effect in G-carriers were examined in a model including a 

Drug × Genotype interaction, with post-hoc tests comparing drug effects (morphine vs. placebo and 

naltrexone vs. placebo) within each genotype group (model 4): 

𝐹𝑖𝑥𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ~ 𝐷𝑟𝑢𝑔 ∗  𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑒 +  𝐴𝑆𝑄 +  (1 +  𝐷𝑟𝑢𝑔| 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡) 

 Finally, the three-way interaction hypothesis EH5. was evaluated using a model that included the 

full Drug × Genotype × ASQ interaction, and post-hoc analyses estimated simple slopes of ASQ for 

each combination of drug condition and genotype (model 5): 

𝐹𝑖𝑥𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ~ 𝐷𝑟𝑢𝑔 ∗  𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑒 ∗  𝐴𝑆𝑄 +  (1 +  𝐷𝑟𝑢𝑔 | 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡) 

5.6 Statistical power 

At the time of preregistration, a priori power analyses were conducted using the pwr package in R, 

assuming an α-error probability of 0.05, a sample size of 49, one tested predictor, and a total of seven 

predictors (including interaction terms), with degrees of freedom defined as sample size minus the total 

number of predictors minus one. For the most complex model including the three-way interaction, this 

approach yielded estimated power values of 1 - β = 0.97 for a large effect (f² = 0.35), 1 - β = 0.70 for a 

medium effect (f² = 0.15), and 1 - β = 0.15 for a small effect (f² = 0.02). Thus, the full sample had 

roughly adequate statistical power to detect medium to large effects in the most complex model. The 

small effects expected in the genotype analysis potentially limiting the power of these analyses will be 

a topic of discussion below. 

 Conversely, for the preregistered subsample of n = 19 used to test H1.1 and H1.2, the resulting 

power estimates dropped substantially, to 0.49 for a large effect, 0.25 for a medium effect, and 0.08 for 

a small effect. This indicates that the subsample analyses were clearly underpowered, even for detecting 

effects in the medium-to-large range. Consequently, non-significant findings for H1.1 and H1.2 should 

be interpreted with caution, as they may reflect insufficient statistical power rather than true absence of 

an effect. 
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5.7 Inference criteria 

As preregistered, all statistical tests used a two-tailed significance level of p = 0.05. Model fit was 

assessed with information criteria (AIC, BIC) and LRTs were used to compare nested models. For 

hypotheses involving multiple conditions or levels (e.g., Drug: Morphine, Naltrexone, Placebo), 

corrections for multiple comparisons were applied using the Tukey method as implemented in the 

emmeans package in R. 

Across all five likelihood ratio tests, models including a random slope for Drug by participant fit 

the data significantly better than the corresponding random-intercept-only models, indicating substantial 

between-participant variability in drug effects. Specifically, the random-slope model provided a superior 

fit for Model 1, Δχ²(5) = 2162.20, p < .001; Model 2, Δχ²(5) = 2126.40, p < .001; Model 3, Δχ²(5) = 

2162.50, p < .001; Model 4, Δχ²(5) = 2141.80, p < .001; and Model 5, Δχ²(5) = 2077.00, p < .001. The 

random effects structure further suggested substantial inter-individual heterogeneity in drug response. 

Although this supports modelling Drug as a random slope, it also implies a more demanding analytic 

setting in which detecting subtle between-subject genetic effects may require substantially larger 

samples. 

Comparisons among the random-slope models themselves further showed that adding interaction 

terms did not significantly improve model fit. The inclusion of the Drug × ASQ interaction did not 

improve fit over the simpler main-effects model, Δχ²(2) = 0.97, p = .615. Likewise, the model including 

ASQ × Genetics did not fit significantly better than the Drug × ASQ model, Δχ²(1) = 0.60, p = .439, and 

the model including Drug × Genetics did not significantly improve fit over the ASQ × Genetics model, 

Δχ²(1) = 1.79, p = .181. Adding the three-way interaction Drug × Genetics × ASQ also did not improve 

model fit, Δχ²(5) = 3.05, p = .692. Importantly, the direct comparison between the simplest slope model 

(Model 1) and the model including the Drug × Genetics interaction (Model 4) was also nonsignificant, 

Δχ²(2) = 2.17, p = .339, further indicating that the additional interaction term was not warranted. 

Inspection of the information criteria for the slope models supported the same conclusion. Among 

the candidate slope models, Model 1 showed the lowest AIC and BIC (AIC = -6969.30, BIC = -6811.20), 

followed by Model 3 (AIC = -6967.60, BIC = -6802.90), Model 4 (AIC = -6967.40, BIC = -6796.10), 
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Model 2 (AIC = -6966.20, BIC = -6795.00), and Model 5 (AIC = -6960.50, BIC = -6756.30). Because 

lower AIC and BIC values indicate better relative model fit, these indices suggest that Model 1 provided 

the best model fit. 

5.8 Assumption violation / model non-convergence 

Model assumptions were assessed using the DHARMa and performance packages in R, with 

particular attention to homoscedasticity, residual distributions, and multicollinearity. Any substantial 

assumption violations and corresponding diagnostic plots were planned to be reported in the 

supplementary materials. There was no evidence of singularity or problematic multicollinearity for the 

primary models, although higher-order interaction models showed elevated variance inflation factors. 

Simulation-based diagnostics indicated significant deviations from the expected residual distribution, 

including evidence for underdispersion and an increased proportion of outliers across all models. This 

pattern suggests some degree of model misspecification or remaining unexplained structure in the data. 

However, given the consistency of this pattern across model specifications and the robustness of the 

main effects, these deviations were not considered to warrant deviations from the preregistered analysis 

pipeline. 

 

6. Results 

6.1 Hypothesis I – Replication 

H1.1 Morphine (opioid stimulation) will increase the percentage of fixations on the eye region 

compared to placebo.  

H1.2 Naltrexone (opioid inhibition) will decrease fixations on the eye region compared to placebo. 

The first hypothesis, split up into the stimulation and inhibition drug condition, was preregistered 

to be tested in the additional 19 participants only. We will therefore report these results first. 

The omnibus test showed a significant main effect of Drug on the proportion of fixations directed 

to the eye region, χ²(2) = 8.34, p = .015. Estimated marginal means indicated that fixation proportions 

were highest in the morphine condition (M = .520, SE = .036, 95% CI [.450, .590]), followed by placebo 

(M = .414, SE = .064, 95% CI [.297, .542]) and naltrexone (M = .368, SE = .076, 95% CI [.235, .524]). 
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However, Tukey-adjusted pairwise comparisons in Figure 3 showed that neither the difference between 

morphine and placebo nor the difference between naltrexone and placebo reached significance. 

Specifically, morphine did not significantly increase fixations to the eye region relative to placebo, OR 

= 1.53, z = 2.12, p = .086, and naltrexone did not significantly decrease fixations relative to placebo, OR 

= 0.82, z = -0.58, p = .832.  

For the fixed effect itself, the model coefficient for morphine was significant relative to placebo on 

the logit scale, b = 0.43, SE = 0.20, z = 2.12, p = .034, whereas naltrexone was not, b = -0.20, SE = 0.34, 

z = -0.58, p = .563. The additional dataset alone was too underpowered to replicate the results, with the 

morphine effect showing a tendency towards significance, but both H1.1 and H1.2 were not supported. 

Figure 3. Tukey-adjusted contrasts for drug effect (additional dataset – 19 participants) 

 

Running the same model on the entire dataset of 49 participants supports the claim that the morphine 

effect is diminished by a lack in power. Tukey-adjusted pairwise contrasts in Figure 4 showed that 

morphine led to a significantly higher proportion of fixations on the eye region than placebo, OR = 1.40, 



29 

 

 

z = 2.35, p = .0495, 95% CI [1.06, 1.87], supporting H1.1. In contrast, naltrexone did not significantly 

differ from placebo, OR = 0.81, z = -0.96, p = .600, providing no support for H1.2. Additionally, 

morphine produced significantly higher fixation proportions than naltrexone, OR = 1.73, z = 2.93, p = 

.010, 95% CI [1.20, 2.48]. 

Figure 4. Tukey-adjusted contrasts for drug effect (full dataset – 49 participants) 

 

6.2 Hypothesis II - ASQ 

For H2, there was no significant association between autistic traits and the proportion of fixations 

on the eye region. In the main-effects model, ASQ did not significantly predict eye-region fixations, b 

= -0.011, SE = 0.014, z = -0.81, p = .416, χ²(1) = 0.66, p = .416. Although the coefficient was 

descriptively negative, it was minimal. The regression line in Figure 5, shows the expected negative 

association between fixation time to the eye and ASQ score, but regression lines showing a positive 

effect or no effect can be drawn within the grey confidence area around it, illustrating insignificance. 

Therefore, H2 is not supported.  
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Figure 5. Eye-region fixation by ASQ score 

 

6.3 Hypothesis III – Drug and ASQ interaction 

For H3, the results did not support the prediction that the effects of morphine and naltrexone on 

eye-region fixations would vary as a function of autistic traits. In the interaction model, the Drug × ASQ 

term was not significant, χ²(2) = 0.99, p = .609. Consistent with this, neither the morphine × ASQ 

interaction, b = 0.007, SE = 0.021, z = 0.32, p = .750, nor the naltrexone × ASQ interaction, b = -0.018, 

SE = 0.029, z = -0.64, p = .520, reached significance. Splitting the ASQ scores by median in Figure 6 

led to no significant post-hoc contrasts between the drug conditions.  
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Figure 6. Drug effects at low vs high ASQ (ASQ was median-split) 

 

Descriptively you can see a trend of greater drug effects in the High ASQ group, which becomes 

more pronounced when looking at the lowest and highest quartiles of ASQ (lower or equal to 25th 

percentile and 75th percentile and higher) shown in Figure 7. The only significant difference in drug 

effects was shown between morphine and naltrexone in the 75th percentile (high) ASQ subgroup, OR = 

2.01], z = 2.92, p = .010, 95% CI [1.26, 3.21]. The overall non-significant interaction indicates that these 

apparent differences should not be interpreted as reliable moderation by autistic traits. Thus, H3 was not 

supported. 
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Figure 7. Drug effects at low vs high ASQ (Percentiles) 

 

6.4 Exploratory Hypothesis IV  

For EH4.1, the hypothesis that carriers of the G allele would show a higher percentage of fixations 

on the eye region than A/A homozygotes was not supported. In the model, Genetics did not significantly 

predict eye-region fixations, χ²(1) = 0.71, p = .399. Consistent with this, the coefficient for the G group 

was non-significant, b = -0.177, SE = 0.210, z = -0.84, p = .399. Estimated marginal means indicated 

descriptively lower fixation proportions for G-allele carriers (M = .316, SE = .034, 95% CI [.253, .386]) 

than for A/A homozygotes (M = .355, SE = .033, 95% CI [.293, .422]). The Tukey-adjusted contrast 

was not significant, OR = 1.19, z = 0.84, p = .399. Thus, EH4.1 was not supported; if anything, the 

descriptive pattern, as can be seen in Figure 7, was opposite to the predicted direction. 
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Figure 8. Eye-region fixation by genotype 

 

For EH4.2, the hypothesis that the association between OPRM1 genotype and visual attention to 

the eye region would vary as a function of autistic traits was not supported. In the model including the 

ASQ × Genetics interaction, the interaction term was not significant, χ²(1) = 0.38, p = .540. Consistent 

with this, the coefficient for the interaction was small and non-significant, b = 0.017, SE = 0.028, z = 

0.61, p = .540. Neither the main effect of ASQ, χ²(1) = 0.66, p = .415, nor the main effect of Genetics, 

χ²(1) = 0.72, p = .397, was significant. Estimated marginal means showed descriptively similar fixation 

proportions at the mean ASQ level for A/A homozygotes (M = .355, SE = .033, 95% CI [.293, .422]) 

and G-allele carriers (M = .317, SE = .034, 95% CI [.254, .387]). Figure 9 shows the regression lines of 

the two genotypes on fixation time to the eyes along ASQ score.  Descriptively, A-carriers show higher 

fixation times at lower ASQ than G-carriers, which decline with rising ASQ scores. G-carriers show no 

changes of fixation time along ASQ score, but the confidence of the regression lines overlap throughout 

the entire plot, visualising no significant effect. Thus, EH4.2 was not supported. 
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Figure 9. Predicted fixation across ASQ by genotype 

 

6.5 Exploratory Hypothesis V  

EH5.1 stated that morphine and genotype would interact, with G-carriers showing a bigger increase 

in eye-region fixation time stimulation via morphine, while EH5.2 stated that with naltrexone G-carriers 

would show greater inhibition compared to A-carriers. In model 4, the Drug × Genetics interaction was 

not significant, χ²(2) = 2.30, p = .317. Consistent with this, neither the morphine × Genetics interaction, 

b = 0.422, SE = 0.284, z = 1.49, p = .137, nor the naltrexone × Genetics interaction, b = 0.217, SE = 

0.437, z = 0.50, p = .619, reached significance. Pairwise comparisons between genotype for each drug 

condition, plotted in Figure 10, showed no significant differences. 
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Figure 10. Genotype effects under morphine, naltrexone and placebo 

 

Descriptively, among G-allele carriers, morphine was associated with significantly greater eye-

region fixation than placebo, OR = 1.76, z = 2.74, p = .017, whereas this difference was not significant 

among A/A homozygotes, OR = 1.15, z = 0.74, p = .738. However, because the overall interaction was 

non-significant, this pattern should not be interpreted as reliable evidence that G-allele carriers 

responded more strongly to morphine. Likewise, naltrexone did not significantly differ from placebo in 

either A/A homozygotes, OR = 0.73, z = -1.10, p = .517, or G-allele carriers, OR = 0.90, z = -0.30, p = 

.950. Thus, EH5.1 and EH5.2 were not supported. 
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Figure 11. Simple effects: Drug differences within genotype 

 

The final exploratory hypothesis EH5.3 stated that the effects of μ-opioid manipulation and OPRM1 

genotype on eye-region fixations would further vary as a function of autistic traits. In the full three-way 

interaction model, the Drug × Genetics × ASQ interaction was not significant, χ²(2) = 1.63, p = .443. 

Consistent with this, neither the morphine × Genetics × ASQ interaction, b = 0.050, SE = 0.040, z = 

1.26, p = .206, nor the naltrexone × Genetics × ASQ interaction, b = 0.029, SE = 0.059, z = 0.48, p = 

.628, reached significance. In addition, the lower-order interactions Drug × Genetics, χ²(2) = 2.49, p = 

.288, Drug × ASQ, χ²(2) = 1.06, p = .589, and Genetics × ASQ, χ²(1) = 0.39, p = .533, were also non-

significant. When calculating post-hoc contrasts between drug conditions for A-carriers and G-carriers 

individually, none were significant except morphine versus placebo in G carriers, OR = 1.76, z = -2.74, 

p = 0.006, 95% CI [1.17, 2.63]. Thus, EH5.3 was not supported, indicating no reliable evidence that the 

combined effects of drug condition and genotype on visual attention to the eye region differed according 

to ASQ scores. 
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Figure 12. Three-way-interaction: Drug x Genotype x ASQ (ASQ was median-split) 

 

Descriptively, the plot suggests that morphine was associated with the highest predicted fixation on 

the eye region across both low and high ASQ groups, whereas naltrexone was associated with the lowest 

fixation levels. In the low ASQ group, A/A homozygotes showed consistently higher predicted eye 

fixations than G-allele carriers across all drug conditions, with both genotype groups showing a gradual 

decrease from morphine to placebo to naltrexone. In the high ASQ group, the pattern appeared less 

parallel: under morphine, G-allele carriers showed slightly higher predicted eye fixations than A/A 

homozygotes, but under placebo and naltrexone, A/A homozygotes again showed higher predicted 

values. Overall, the figure suggests possible differences in the pattern of drug effects across genotype 

and ASQ level, but these differences should be interpreted cautiously given the wide and overlapping 

confidence intervals. 
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7. Discussion 

7.1 Findings 

7.1.1 Drug effects – μ-opioid manipulation of gaze behaviour 

One main point of discussion is the difference in drug effect results between the publication of 

Chelnokova et al. (2016) and this study. Comparing their reported drug contrasts, with those reported 

in the additional results in the appendix using a Linear Mixed Effects Model, and finally the 

preregistered methodology provides the possibility of dissecting the effects of individual 

methodological choices on the results. 

For female face stimuli the original study had reported all contrasts as significant, with morphine 

showing the largest effects (M > N: t = 5.53***, M > P: t = 3.00**, P > N: t = 2.54*) for male face 

stimuli the morphine effect compared to placebo was not significant, while for naltrexone it was (M > 

N: t = 4.03***, P > N: t = 3.00*). The additional results using a Linear Mixed Effects Model with its 

main difference (apart from small differences between SPSS, that was used in the original study, and 

R) being the inclusion of drug as a random slope, showed a slight overall decrease in t-values (related 

to some variance being now attributed to the individual drug effects – random slope), with the 

naltrexone-placebo contrast being insignificant. All other contrasts matched the previous ones. 

Running the same model without random slopes brought the naltrexone effect to p = .07. 

Compared to the Linear Mixed Effects Model using random slopes, the analysis in this study 

differs in only two regards. It uses a generalized linear mixed-effects model (GLMM), fitted using a 

beta distribution with a logit link function to model the fixation proportions and it reports the 

generalized results over both stimuli genders, although including it as a control variable. As was 

shown in the results the morphine effect was robust to these methodological changes in the complete 

dataset of 49 participants, while the naltrexone effect diminished. The additional dataset was likely 

underpowered to replicate the morphine effects. In the original dataset of 30 participants, the morphine 

contrasts were not significant, likely due to differences in the modelling approach compared to the 

original analysis. The effect of morphine was significant only in the complete dataset of 49 
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participants. In conclusion, the morphine effect was robust to the differences in analysis compared to 

Chelnokova et al. (2016), when adjusting sample size according to the increase in model complexity. 

Morphine administration consistently influenced gaze allocation toward the eye region across 

analytical specifications, although the magnitude and statistical reliability of this effect depended on 

both model structure and sample composition. This suggests that μ-opioid agonism does exert 

measurable effects on attentional components of social perception, but that these effects are not 

invariant properties of the system. In contrast, naltrexone effects were comparatively fragile and 

diminished under more complex modelling, indicating that antagonist-driven reductions in social 

attention may not generalize as strongly across analytic choices or stimulus contexts. 

Splitting the results by face gender, as was done in the paper, dealt with the biggest confounder of 

the effects of interest in a way that still enabled the reporting of significant stimulation (morphine) and 

inhibition (naltrexone) effects. However, to address a research question concerning generalized effects 

of the μ-opioid system on social reward processing, confounding effects of stimulus gender need to be 

accounted for within a unified model. Controlling for face gender resulted in a substantial reduction in 

explained variance of the drug effects, with the naltrexone effect in particular losing robustness. When 

stimulus gender is treated as a stratifying factor, more pronounced and apparently opposing drug 

effects emerge. When it is instead treated as a covariate in a generalized model, a substantial 

proportion of variance in drug effects is absorbed, and some previously significant contrasts are 

attenuated. This indicates that stimulus gender is not merely a nuisance variable but likely a 

meaningful moderator of opioid effects on social perception, at least for male participants. 

It is worth discussing why morphine shows much stronger effects for female faces, whereas 

naltrexone does so for male faces. One possible explanation is that morphine, a μ-opioid receptor 

agonist, may amplify the rewarding and potentially attractiveness-related aspects of socially salient 

stimuli, which could be more strongly elicited by female faces in male participants. In contrast, 

naltrexone, an antagonist, may preferentially dampen more general social-reward processes that are 

less tied to attractiveness per se. 
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This pattern suggests that the observed drug effects may not reflect a single underlying 

mechanism, but rather a combination of partially distinct processes within the μ-opioid system. The 

effects observed under morphine may include both a general increase in social reward sensitivity and 

an additional amplification of stimulus-specific factors such as attractiveness, while naltrexone may 

primarily reduce a more baseline level of social motivation. These processes may also involve 

interactions with other receptor systems, further contributing to the observed dissociation. Thus, rather 

than interpreting each drug effect in isolation, the most informative signal may be the component that 

is consistent across both manipulations, the overlap of the morphine and naltrexone effect visualized 

in Figure 13, reflecting a general μ-opioid contribution to social reward processing independent of 

stimulus-specific influences. 

Figure 13. Visualization of overlap hypothesis 

 

A speculative interpretation is that morphine enhances the incentive salience (“wanting”) of 

socially rewarding cues, whereas naltrexone reduces baseline hedonic tone or social motivation more 

broadly. The opioidergic system is implicated in both motivational (“wanting”) and hedonic aspects 

(“liking”) of reward processing. Within this framework, morphine may increase the motivational pull 

of socially salient stimuli, thereby enhancing gaze allocation to the eyes, whereas naltrexone may 



41 

 

 

dampen baseline social reward sensitivity, leading to reduced engagement. This distinction may 

explain why morphine effects appear more strongly tied to attractiveness, while naltrexone effects 

appear more generalized. 

One could further hypothesize that the robust morphine effects—when stratified by stimulus 

gender—are largely driven by responses to female faces in male participants. Under this interpretation, 

the apparent general effect of μ-opioid stimulation on social attention may partly reflect an 

amplification of a more specific attentional bias toward attractive female faces. If so, inclusion of 

female participants might substantially alter or attenuate these effects. More specifically, this raises the 

possibility that the observed morphine effects would not generalize across the full 2×2 stimulus–

participant matrix (male vs. female observers × male vs. female faces), but instead reflect a more 

restricted interaction pattern driven by male-specific attentional biases. This would challenge the 

interpretation of a generalized μ-opioid modulation of attention to the eye region. 

Another important consideration is the role of participant characteristics and generalizability. 

While Chelnokova et al. (2016) limited recruitment to male participants to eliminate confounding 

hormonal fluctuations, the present findings suggest that this restriction may substantially limit 

generalizability. Given known sex differences in social perception and opioid system functioning, it is 

plausible that the interaction between drug and stimulus gender would differ in female participants. 

Evidence indicates that μ-opioid receptor availability and binding potential differ between males and 

females and are modulated by hormonal factors such as estradiol. In addition, females often show 

enhanced sensitivity to social cues, whereas male participants tend to show stronger attentional biases 

toward attractive female faces. Together, these findings suggest that the interaction between drug 

effects and stimulus gender is likely to differ substantially in female samples, challenging assumptions 

of straightforward generalizability across sexes. 

Beyond the fact that results may only be generalizable to male populations, this study also shows 

that the effects of μ-opioid manipulation on attention to the eyes are smaller than one might expect 

from the results of Chelnokova et al. (2016). 
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7.1.2 Autistic traits and attention to the eyes 

Contrary to Hypothesis 2, no significant association was observed between autistic traits and 

attention to the eye region. This finding contrasts with prior literature linking higher autistic traits to 

reduced social motivation and decreased attention to socially salient facial features, particularly the eyes 

(Chevallier et al., 2012; Frazier et al., 2017). One possible explanation is that the present study assessed 

subclinical variation within a neurotypical sample, whereas many previous findings are based on 

comparisons involving clinically diagnosed individuals. It is therefore plausible that the relationship 

between autistic traits and gaze behaviour is non-linear, with stronger effects emerging only at clinically 

relevant levels of symptom severity. 

Additionally, the inclusion of pharmacological manipulation and multiple covariates may have 

further attenuated the contribution of trait-level predictors such as ASQ. Taken together, these findings 

suggest that while autistic traits are theoretically linked to social attention, their behavioural 

manifestation in gaze patterns may depend on sample characteristics, task context, and measurement 

sensitivity. 

7.1.3 Genotype null findings 

Although null findings were consistent in all parts of the analysis that involved genotype, the large 

difference in distribution in the clinical sample of Hamilton (2020) and the general population does 

suggest a link between ASC and the OPRM1 polymorphism and descriptively there seem to be 

differences in drug effects by genotype.  For the ASQ analysis it is highly likely that these differences 

in genetic distribution do not carry over to sub-clinical variations in autistic traits. However, null 

findings do not mean absence of true effects. Although the original a priori power analysis may have 

been adequate for the effect size assumed at the planning stage, that assumption was likely optimistic 

for single-variant behavioural associations. Complex behavioural phenotypes are now understood to be 

highly polygenic, and individual common variants typically account for only a very small proportion of 

phenotypic variance; accordingly, candidate-gene findings in behavioural science have often been 

underpowered and difficult to replicate (Chabris et al., 2013; Munafò, 2011). This issue is especially 

relevant here because genotype was tested as a between-subject factor within a relatively complex 
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mixed-effects framework: in multilevel models, power for higher-level predictors depends primarily on 

the number of participants rather than the number of repeated observations, and substantial random-

slope heterogeneity can further reduce precision (Snijders, 2005). Thus, the null genotype findings in 

the present sample of 49 participants should be interpreted cautiously, as they may reflect limited 

sensitivity to detect subtle genotype-related effects rather than true absence of such effects. The same 

caution applies even more strongly to Drug × Genetics effects, because interaction tests generally require 

markedly larger samples than comparable main effects. For future work, a more conservative strategy 

could be to base sample-size planning on simulation-based power analyses that preserve the observed 

genotype imbalance, so the group sizes of the categorical Genotype variable and full random-effects 

structure of the model rather than relying on simplified analytic approximations (Thomas, 2010;; Kumle 

et al., 2021).  

A short simulation-based power analysis was conducted to evaluate the sensitivity of the present 

modelling approach for detecting genotype-related effects under realistic design conditions. The 

simulation parameters were derived from Model 4, including the observed fixed effects, the full random-

effects structure with random intercepts and drug slopes, and their estimated variance–covariance 

matrix. The simulated design closely matched the empirical study, assuming 49 participants with an 

imbalanced genotype distribution (approximately 27 A/A and 22 A/G carriers) and 480 repeated 

observations per participant across drug conditions. Outcome data were generated from a beta 

distribution with a logit link (precision parameter φ = 4.5), reflecting the proportional nature of the 

dependent variable. Power was estimated using likelihood ratio tests comparing nested models for both 

the main effect of genotype and the Drug × Genetics interaction across varying sample sizes. To provide 

a conservative benchmark, small effect sizes were specified as odds ratios of 1.10 (i.e., log-odds ≈ 

0.095), consistent with expectations for single-variant behavioral associations (Chabris et al., 2013; 

Munafò, 2011). Results indicated very low power to detect such small genotype effects at the current 

sample size (N = 49; power ≈ .06–.10), with only modest increases even at substantially larger sample 

sizes (e.g., power < .35 at N = 400). These findings suggest that the present study was substantially 

underpowered to detect realistic genotype effects, particularly interactions, and that future studies would 
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require considerably larger samples or alternative designs (e.g., extreme-group sampling) to achieve 

adequate statistical sensitivity. 

7.2 Overall strengths and limitations 

The present study is characterized by a combination of methodological strengths and important 

limitations that should be considered when interpreting the findings. A key limitation lies in the reliance 

on self-reported subclinical autistic traits. While dimensional approaches such as the ASQ provide 

valuable insight into variation within the general population, they may not fully capture the complexity 

and heterogeneity of clinically diagnosed autism spectrum conditions. Consequently, the absence of 

robust associations between autistic traits and gaze behaviour in this study does not necessarily 

generalize to clinical populations, where effects tend to be more pronounced and consistent. 

At the same time, the use of a preregistered and systematic analysis pipeline represents a major 

strength. Although preregistration occurred after data collection and dataset merging, it was completed 

prior to any analyses on the full dataset, thereby substantially reducing researcher degrees of freedom 

in model specification, hypothesis testing, and reporting. The preregistration clearly defined research 

questions, hypotheses, statistical models, inclusion criteria, and planned post hoc tests, as well as 

procedures for handling model convergence and assumption violations. This level of specification 

mitigates common reproducibility issues such as undisclosed analytic flexibility, selective reporting, 

and hypothesizing after results are known (HARKing). Furthermore, by explicitly distinguishing 

confirmatory and exploratory analyses, the study increases transparency in the interpretation of findings. 

However, preregistration at this stage cannot fully eliminate all sources of bias, for example it has 

no effect on any possible biases in the data collection phase of the study. Furthermore, as the original 

dataset had been previously analysed and published, prior knowledge of the data structure and effects 

may have influenced expectations and analytic decisions. Thus, while the preregistration substantially 

strengthens the credibility and transparency of the findings, it does not fully equate to a prospective 

preregistration conducted prior to data collection. 

Future research could further improve sensitivity and generalizability by adopting alternative 

designs. Extreme-group or clinical designs may enhance the ability to detect associations with autistic 
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traits by increasing variance and effect sizes. Including clinically diagnosed individuals would allow for 

a more direct test of theories linking social motivation deficits to gaze behaviour. 

For genetic analyses, the present results suggest that single genetic variants may not be a practically 

feasible target for this type of experimental design, with simulation-based power analysis showing a 

lack of power even for very large sample sizes (e.g., power remaining < .35 at N = 400), which would 

be challenging to achieve for a three drug within-subject design.  

8. Conclusion 

The thesis set out to examine whether pharmacological manipulation of the μ-opioid system 

modulates visual attention to the eye region and whether such effects interact with individual 

differences in autistic traits and genetic variation. Given the central role of the eyes as socially salient 

facial features, such modulation was interpreted as reflecting changes in social reward processing. 

Across analyses, μ-opioid modulation of gaze behaviour was evident but not uniform. Morphine 

administration showed the most consistent effects, increasing attention to the eye region, whereas 

naltrexone effects were less robust and diminished under more stringent modelling approaches. These 

findings suggest that μ-opioid agonism can influence attentional components of social perception, but 

that these effects are sensitive to context and analytic specification rather than reflecting stable, 

invariant properties of the system. 

Taken together, the results point toward a nuanced account in which μ-opioid influences on social 

attention arise from the interaction of multiple processes rather than a single unified mechanism. 

Opioid modulation may differentially affect motivational and perceptual components of social 

engagement, such that the impact on gaze behaviour depends on the salience and value of the stimulus 

as well as characteristics of the observer. In this view, opioid signalling does not globally enhance or 

suppress social interest but operates in a context-dependent manner. 

The absence of robust associations between autistic traits and gaze behaviour further refines this 

interpretation. Within the present non-clinical sample, variation in self-reported autistic traits did not 

translate into measurable differences in attention to the eye region. This suggests that subclinical 

variation may be insufficient to produce detectable differences in gaze allocation under the current 
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task conditions, consistent with the idea that stronger behavioural effects emerge primarily at clinically 

relevant levels. 

Similarly, no reliable evidence for genetic moderation was observed. While this may reflect 

limited statistical sensitivity to detect small effects, the findings are also consistent with broader 

evidence that complex social behaviours are unlikely to be explained by single genetic variants in 

isolation. 

Overall, the present findings support a more context-sensitive understanding of μ-opioid 

involvement in social behaviour. Rather than reflecting a general mechanism regulating social 

attention, opioid effects appear to be shaped by the interaction of pharmacological manipulation, 

stimulus characteristics, and individual differences. This highlights the importance of considering both 

methodological and contextual factors when interpreting pharmacological influences on social 

cognition. 
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Appendix 

Figure 14. Planned pairwise drug contrasts of linear mixed effects model for all three datasets 

 

Figure 14 provides additional results for comparison with the original publication. The bar plots 

depict mean fixation proportions (± SD) to the eye region (AOI: eye_brow) across drug conditions, 

separately for female and male face stimuli, with inferential statistics derived from linear mixed-



60 

 

 

effects models. For each dataset (original, additional, and full sample), fixation time percentages were 

analysed using a linear mixed-effects model (fit with maximum likelihood) including fixed effects of 

AOI, Drug (morphine, placebo, naltrexone), Gaze2, and AttrLevel, as well as their interactions, while 

controlling for StimOrder, Imagelist, and Session. Random intercepts and random slopes for Drug 

were specified for participants. Planned pairwise contrasts were computed using estimated marginal 

means at the eye region, comparing morphine vs. naltrexone (M > N), morphine vs. placebo (M > P), 

and placebo vs. naltrexone (P > N). The plotted brackets reflect these model-based contrasts, with test 

statistics (t-values) and corresponding significance levels derived from the mixed-effects model. This 

approach allows visualization of raw descriptive patterns alongside inferential comparisons that 

account for within-subject dependencies and the full experimental design. 
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Figure 15. DHARMa diagnostics of model 1 
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Figure 16. Pearson resiudals vs fitted values plot for model 1 

 

Figure 17: DHARMa diagnostics for model 4 
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Simulation-based residual diagnostics for the main and robustness models. Visual inspection of 

DHARMa residual plots indicates deviations from uniformity, mild underdispersion, and an increased 

proportion of extreme residuals. These patterns were consistent across model specifications. Residuals 

versus fitted plots further suggest minor systematic structure not captured by the models. Diagnostic 

plots for Model 1 (Figure 15) show clear deviations from the expected uniform distribution, as 

indicated by the S-shaped pattern in the QQ plot, alongside evidence of underdispersion and an 

increased proportion of boundary residuals (0/1). The residuals-versus-predicted panel further 

indicates mild systematic structure, with a non-flat smooth trend. Complementing this, the Pearson 

residuals versus fitted values plot (Figure 16) reveals slight curvature and uneven variance across 

fitted values, suggesting remaining unexplained structure in the data. Figure 17 shows that this pattern 

is consistent also for the higher complexity models, like model 4.  Despite these deviations, the 

patterns are moderate and do not indicate severe model misspecification and the consistency of results 

across models supports the robustness of the main effects. 
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Disclosure of use of AI-tools 

DeepL und ChatGPT 5.2 were used not for generating text but grammatical rephrasing and 

error finding for single sentences and paragraphs. ChatGPT 5.2 was also used for suggestions on 

condensing information, meaning shortening long sentences or paragraphs. Chat-GPT 5.2 was used in 

the dataanalysis with R. Prompts involved generating real code from pseudocode descriptions and 

prompting code for bug-finding and fixing, it was never entirely relied on without understanding of the 

actual code by the author, meaning it was never used to generate code for entire analysis steps without 

rechecking each line of code or automation of variable recoding to avoid risk of invisible errors. 

 



65 

 

 

Abstracts 

English Abstract 

Social attention is strongly biased toward faces and, in particular, the eye region, yet substantial 

individual differences exist in how social cues are prioritized. The present study investigated whether 

μ-opioid system activity contributes to variability in visual attention to eyes and whether these effects 

interact with autistic traits and genetic variation in the OPRM1 A118G polymorphism. Using a 

randomized, double-blind, placebo-controlled within-subject design, 49 healthy adult males completed 

a face-viewing eye-tracking task under morphine, naltrexone, and placebo conditions. Gaze allocation 

to the eye region, as a fixation proportion compared to other areas of interest (AOIs), was modelled 

using generalized linear mixed-effects models (GLMMs). Results showed that μ-opioid agonism 

(morphine) reliably increased fixation on the eye region, whereas effects of μ-opioid antagonism 

(naltrexone) were less robust and sensitive to model specification. No significant associations were 

found between autistic traits and gaze behaviour, nor consistent effects of OPRM1 genotype or its 

interaction with drug condition. Simulation-based analyses further indicated limited power to detect 

small genetic effects and interactions. Overall, findings suggest that μ-opioid signalling contributes to 

modulation of social attention, but its effects are context-dependent and not strongly moderated by 

subclinical autistic traits or single genetic variation. These results support a nuanced, mechanistic 

account of social gaze regulation involving opioid-mediated reward processes.  
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German Abstract 

Visuelle Aufmerksamkeit in sozialen Situationen richtet sich bevorzugt auf Gesichter und 

insbesondere auf die Augenregion, wobei erhebliche interindividuelle Unterschiede in der 

Priorisierung sozialer Signale bestehen. Diese Masterarbeit untersuchte, ob eine pharmakologische 

Manipulation des μ-Opioid-Systems (MOR) die visuelle Aufmerksamkeit auf die Augenregion 

beeinflusst und ob diese Effekte durch subklinische autistische Merkmale sowie genetische Variation 

im OPRM1 A118G-Polymorphismus moderiert werden. In einer randomisierten, doppelblinden, 

placebokontrollierten Within-Subject-Studie betrachteten 49 gesunde erwachsene Männer Gesichter in 

einem Eye-Tracking-Paradigma unter Morphin-, Naltrexon- und Placebo-Bedingungen. Das 

Blickverhalten auf die Augenregion wurde als Fixationsanteil im Verhältnis zu anderen 

Interessensbereichen (AOIs) operationalisiert und mittels generalisierter linearer Mixed-Effects-

Modelle (GLMMs) analysiert. Die Ergebnisse zeigten, dass MOR-Agonismus (Morphin) die 

Fixationen auf die Augenregion zuverlässig erhöhte, während die Effekte von MOR-Antagonismus 

(Naltrexon) weniger robust waren und von der Modellstruktur abhingen. Es fanden sich weder 

signifikante Zusammenhänge zwischen autistischen Merkmalen und dem Blickverhalten noch 

konsistente Effekte des OPRM1-Genotyps oder dessen Interaktion mit der Wirkstoffbedingung. 

Simulationsbasierte Power-Analysen deuteten zudem auf eine zu geringe Power zur Detektion kleiner 

genetischer Effekte und Interaktionen hin. Insgesamt deuten die Ergebnisse darauf hin, dass das μ-

Opioid-System die soziale Aufmerksamkeit moduliert, diese Effekte jedoch kontextabhängig sind und 

nicht systematisch durch subklinische autistische Merkmale oder einzelne genetische Variationen 

erklärt werden. Die Ergebnisse unterstützen eine differenzierte, mechanistische Perspektive sozialer 

Blickregulation unter Beteiligung opioiderger Belohnungsprozesse. 


