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Abstract 

Visual perspective taking (VPT) is a fundamental component of social cognition, allowing 

individuals to understand environments from diverse viewpoints. Explicit VPT involves 

deliberately adopting another person’s perspective, whereas implicit VPT reflects the 

incidental influence of others’ viewpoints when responding from one’s own. Oxytocin (OT), a 

neuropeptide known for its role in social bonding, has been proposed to influence self–other 

processing, though its effects on VPT remain unclear.  In a double-blind, placebo-controlled 

study, seventy-nine healthy male participants (Oxytocin=39, Placebo=40) completed explicit 

and implicit VPT tasks. Participants judged object locations from an avatar’s perspective 

(explicit) or from their own perspective (implicit), in the presence of a human agent or an object. 

OT administration was associated with reduced accuracy in the explicit task under perspective 

conflict, reflecting increased egocentric interference. In contrast, in the implicit task, OT was 

associated with faster and more accurate responses in congruent trials involving a human 

agent. Together, these findings indicate that oxytocin-related effects on visual perspective 

taking vary across task demands and social context. Rather than reflecting a general 

enhancement or impairment of perspective-taking ability, the results provide behavioral 

evidence consistent with differential modulation of self-other processing. 
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Introduction 

In everyday life, when we enter the presence of others, we commonly seek to acquire 

information about them, either consciously or unconsciously. Simultaneously, the presence of 

others also influences how we perceive and present ourselves, together shaping our 

perspectives and behavior1. This dynamic relies on a fundamental cognitive ability known as 

visual perspective taking (VPT), a core process of social cognition that enables individuals to 

present and understand their environment from another person’s viewpoint and take into 

account what others see (Level 1 perspective taking) and how they see it (Level 2 perspective 

taking) 2–4. Successful VPT requires individuals to draw upon both spatial and social 

information. Spatial information involves knowledge of the relative positions of oneself, others, 

and the targeted objects within a shared environment 5–8. Social information, in contrast, 

shapes the relevance and salience of others’ perspectives depending on contextual and 

interpersonal factors9,10. Importantly, deficits in VPT abilities have significant clinical 

implications, for example, in individuals with autism, where difficulties in social communication 

and perspective taking are hallmark features and are often linked to difficulties in theory of 

mind (ToM) 11–15, the ability to attribute beliefs, desires, and mental states to others16. However, 

recent research also argues that the ToM hypothesis alone may not fully explain the social 

cognitive difficulties observed in autism17. Given the foundational role of VPT in ToM and 

broader social functioning, identifying potential modulators (e.g., neurobiological factors) that 

influence perspective-taking is of both theoretical and clinical relevance. 

One promising neurobiological approach for modulating visual perspective taking is the 

hypothalamic neuropeptide oxytocin (OT)18. OT has garnered significant interest for its role in 

shaping social and emotional behavior in both animals and humans19–23. Widely studied for its 

involvement in attachment, trust, empathy, and other prosocial behaviors24–27,20, OT is often 

referred to as the "bonding hormone" or "love hormone". As a key modulator of emotional 

regulation and social cognition, increasing attention has been directed toward its influence on 

perspective taking25,28,29. While OT’s influence on social behavior is well documented, how it 

modulates self–other processing and perspective taking remain unclear. Some studies 

suggest that OT increases attention to others, whereas others report that it enhances or 

reduces self-related processing. Research focusing on self–other differentiation therefore 

points to two partially overlapping theoretical accounts, suggesting that OT may either 

enhance or reduce self-other distinction.  

Here we provide a summary of these studies. Several studies have shown that OT 

enhances other-oriented processing and facilitates the recognition of others’ emotions, 

empathy, and social understanding. For example, Domes et al. (2007) found that OT improved 

participants’ ability to infer others’ mental states from facial expressions25,30.  Abu-Akel et al. 
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(2015) observed that OT enhanced empathy when participants were explicitly instructed to 

adopt another’s perspective28. Shamay-Tsoory et al. (2013) highlighted oxytocin’s role in 

emotional perspective taking, showing that it increased empathy for out-group adversaries’ 

pain31. Zak et al. (2007) found that OT enhances prosocial behavior and moral decision-

making, improving altruistic acts toward in-group members32. Aydogan et al. (2017) reported 

improved prediction of others’ actions in strategic interactions33. Bartz et al. (2015) observed 

that OT increased focus on others at the expense of agentic self-awareness in anxiously 

attached individuals34. These findings collectively highlight oxytocin’s (OT’s) role in enhancing 

other-related processing. In contrast, fewer studies have examined how OT influences self-

oriented processing. Some findings suggest that OT enhances self-related processing: for 

instance, it has been shown that intranasal OT enhanced positive self-evaluation35 and 

increased the differential neural processing of self- vs. celebrity-judgments36. However, 

several studies indicate that OT tends to attenuate self-related biases. Zhao et al. (2020) found 

that OT eliminated self-referential bias in trait judgment tasks, and this effect was also 

modulated by individual differences in OXTR genotype37. Liao et al. (2021) showed that OT 

reduced self-oriented reward learning performance38, while also abolishing derogatory 

judgements of others in object evaluations, but does not affect self-enhancement39.  

In the specific domain of visual perspective taking, evidence suggests that oxytocin (OT) 

can modulate self-other distinction, although findings remain mixed. Yue et al. (2017) 

examined the effects of intranasal OT on a visual perspective-taking (VPT) task where 

participants alternated between self- and other-perspective prompts. They reported that 

oxytocin reduced self-interference when female participants adopted the perspective of an 

avatar. However, this effect was not present for male participants40. Similarly, Tomova et al. 

(2019) demonstrated that OT improved performance on a perspective-taking task (i.e., the 

director task) by reducing self-interference when participants adopted the perspective of an 

avatar in a scene, an effect interpreted as enhanced self-other distinction41. In contrast, other 

studies suggest that OT blurs the boundary between self and other. For instance, Zhao et al. 

(2016) found that OT increases the blurring of self and other during trait perception42. De 

Coster et al. (2014) and Ruissen & de Bruijn (2015) observed greater merging of self and other 

in motor simulation tasks under OT administration43,44. Conversely, there is also evidence that 

OT can enhance self-other distinction under certain conditions. In a self-other face 

differentiation task, Colonnello et al. (2013) found that OT lowered the threshold for 

distinguishing between one’s own and others’ faces (i.e., sharpening self-other distinction)45. 

Further support for this comes from studies showing that OT increased in-group/out-group 

distinction46,47. Taken together, these mixed findings suggest that behavioral effects of oxytocin 
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on perspective-taking may vary with task demands and social context, and highlight the need 

to better characterize the conditions under which oxytocin modulates perspective-taking.   

 

Fig. 1. Predicted effects of Oxytocin (OT) on explicit and implicit visuospatial perspective-taking 

(VPT) tasks under different theoretical accounts of OT-related modulation of self–other 

processing.  Note. The table illustrates predictions for how task performance may change depending 

on whether OT is associated with enhanced self-related processing, enhanced other-related processing, 

sharpened self–other distinction, or reduced (blurred) self–other distinction. Purple upward arrows 

indicate predicted improvements in performance, blue downward arrows indicate predicted reductions 

in performance, horizontal gray bars indicates predicted minimal effect. Dotted arrows denote effect 

from null to small. OT effects are expected to be most pronounced in incongruent trials, in which self 

and other perspectives conflict and demands on self–other differentiation are highest. Inc. = incongruent 

trials; Con. = congruent trials.  

 

The current study investigated the effect of oxytocin (OT) administration on performance in 

explicit and implicit visuospatial perspective-taking (VPT) tasks. These two forms of VPT differ 

in their cognitive demands and the relevance of others’ perspectives, providing a behavioral 

framework for examining how OT may differentially influence self-other related processing. 

Explicit VPT involves the intentional consideration of another person's perspective, often 

requiring individuals to suppress their own viewpoint in favor of adopting another’s. In contrast, 

implicit VPT can occur spontaneously while participants are required to take their own, 

egocentric perspective while the perspective of another person may incidentally influence 

performance, even when it is task-irrelevant. Both tasks involve congruent and incongruent 

trials, in which perspectives of self and other align or conflict, respectively. Incongruent trials 

place greater demands on self–other differentiation, as successful performance requires 

maintaining separation between competing perspectives. Here, we tested whether OT effects 
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vary as a function of task demands and self–other dynamics (see Fig.1). Specifically, i) if OT 

facilitates self-related processing, reduced performance is expected in the explicit task 

(especially in incongruent trials), where self-perspective must be suppressed. On the other 

hand, improved performance in the implicit task, which relies on egocentric judgments. ii) If 

OT enhances attention to others, performance in the explicit task should improve, particularly 

in incongruent trials, whereas performance in the implicit task may be reduced in incongruent 

trials (due to increased interference from the task-irrelevant other perspective), but preserved 

or modestly improved in congruent trials. iii) If OT sharpens self-other distinction, performance 

should improve primarily in incongruent trials across both tasks, where distinguishing between 

perspectives is critical. Conversely, iv) if OT reduces or blurs self-other distinction, 

performance in incongruent trials of both explicit and implicit tasks is expected to decline, 

reflecting increased interference between self and other perspectives, while congruent trials 

may be relatively unaffected or even improved in the implicit task. 

    Using a double-blind, placebo-controlled, within-subject crossover design, we investigated 

the effects of a single dose of 24 international units (IU) of intranasal oxytocin (IN-OT) on 

explicit and implicit visuospatial perspective-taking (VPT) abilities. As shown in Fig.2a, 

participants first completed a series of trait- and state-related questionnaires to assess 

potential between-group differences (oxytocin vs. placebo) in emotional state, personality 

traits, and cognitive flexibility. Participants were then randomly assigned to receive either 

oxytocin (OT; n = 39) or placebo (PL; n = 40). Each participant self-administered 24 IU of 

oxytocin or placebo via intranasal spray under double-blind conditions. The treatment was 

administered 40 minutes prior to the VPT tasks, and the task order (explicit vs. implicit) was 

counterbalanced across participants. Following the tasks, participants filled out post-state-

related questionnaires and answered four debriefing questions: 1) Guessing whether they had 

received OT or PL; 2) Rating the irritation intensity of the intranasal spray from 0 to 10; 3) 

Rating the influence of the spray's irritation on task performance from 0 to 10; and 4) whether 

the tasks order influence their performance (yes or no). 

To assess visuospatial perspective-taking, we adapted a task paradigm from previous 

studies6,48,49, which provides a framework for exploring the cognitive processes underlying 

self-other differentiation. As shown in Fig. 2b, the explicit VPT task required participants to 

adopt the perspective of an avatar in a scene, whose perspective could be congruent (aligned) 

or incongruent (conflicting) with the participant’s own. Participants were asked to judge 

whether a target (i.e., a red ball) was located to the left or to the right from the avatars’ 

perspective. The task design manipulated both the angular disparity of the avatar (22.5°, 45°, 

65.5°, 112.5°, 135°, 157.5°, both clockwise and anticlockwise) and the distance of the target 

from the avatar (near vs. far). In the implicit VPT task (see Fig. 2c), participants were instructed 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



to make left/right judgment about the position of the red ball from their own perspective, while 

the avatar’s perspective, which could be congruent or incongruent with that of the participant, 

remained task- irrelevant . As in the explicit task, the target’s distance and the avatar’s angular 

position were varied; however, angular differences were simplified to avoid perceptual 

ambiguity (i.e., the target is clearly on the left or right from the avatar’s perspective). An object 

condition was included as a control, allowing us to test the social nature of the implicit VPT 

effect. Additionally, to ensure participants paid attention to the avatar or object, randomly 

interspersed attention-check trials required participants to indicate the agent’s position. This 

design enabled us to examine the effect of oxytocin on self- versus other-oriented processing, 

and how OT modulates performance depending on whether self (Implicit VPT) or other 

(Explicit VPT) perspectives are prioritized by task demands. 

 

Fig. 2 Experimental Procedure and Task Designs. Note. a Experimental procedure timeline. 

Participants first completed a series of trait questionnaires, including the Trait Anxiety Inventory (TAI), 

Beck Depression Inventory (BDI), Autism Spectrum Quotient (AQ), and Interpersonal Reactivity Index 
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(IRI), as well as state-related questionnaires (Positive and Negative Affect Schedule, PANAS, and State 

Anxiety Inventory, SAI). They were then given instructions on the intranasal spray and self-administered 

either oxytocin (OT) or placebo (PL). After, participants rested alone in a quiet room for 40 minutes. 

Subsequently, they were instructed to perform the explicit and implicit visuospatial perspective-taking 

(VPT) task, which together lasted approximately 35 min. Lastly, they completed state-related 

questionnaires again and answered task-related questions.  b Explicit VPT task. The left panel shows 

the polar plots representing the spatial angles used in the task; blue indicates congruent, and red 

indicates incongruent trials. The right panel illustrates the task, where participants were instructed to 

adopt the avatar’s perspective to determine whether the target object (e.g., a red ball) was to the left or 

right. Example stimuli demonstrate the Congruence (Congruent vs. Incongruent) × Distance (Near vs. 

Far) conditions. c Implicit VPT task. The left panel shows the spatial angles used in the task. In the right 

panel, participants made left/right judgments about the position of the red ball from their own perspective, 

while a human or object agent remained present in the scene but was irrelevant to the task. In this task, 

the target was always presented on the participant’s midline, and the manipulations of angular disparity 

referred only to the position of the human avatar or object. Random interspersed attention-check trials 

(not illustrated in the example stimuli) required participants to indicate the agent’s position. Example 

stimuli illustrate the Congruence (Congruent vs. Incongruent) × Distance (Near vs. Far) × Agent (Human 

vs. Object) conditions. 

 

Results 

Global Oxytocin and Placebo Groups Characteristics. 

As shown in Table 1, independent t-tests revealed no significant differences between the 

oxytocin (OT) and placebo (PL) groups on demographic variables,  baseline personality traits, 

or pre- and post-treatment measures of mood and anxiety. For most measures, Bayes factors 

(BF₁₀ < 1) provided evidence in favor of the null hypothesis, supporting the comparability of 

the two groups, including for measures with p-values approaching the conventional 

significance threshold (e.g., Interpersonal Reactivity Index, IRI total score). The only exception 

was the Fantasy subscale of the IRI, which showed a significant group difference (p = 0.029, 

BF10 = 1.94), suggesting a baseline difference in imaginative perspective-taking tendencies. 

Accordingly, Fantasy scores were included as a covariate in subsequent analyses. No 

significant group differences were found in the self-reported irritation caused by the intranasal 

spray (OT = 8.28 ± 1.85SD, PL = 8.15 ± 1.64SD, t(77) = 0.336, p = 0.738, BF10 = 0.245), nor its 

influence on the task performance (OT = 4.28 ± 2.46SD, PL = 3.78 ± 2.55SD, t(77) = 0.900, p 

= 0.371, BF10 = 0.332). The average accuracy of participants guessing whether they had 

received the placebo or oxytocin was 44.3%, which is below the chance level, confirming the 

effectiveness of the double-blind procedure. No significant difference was found between 
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groups. Additionally, 78.5% of participants self-reported that the order of explicit and implicit 

visuospatial perspective-taking (VPT) tasks did not affect their performance. There was no 

significant difference between groups (OT = 0.85 ± 0.37SD, PL = 0.73 ± 0.45SD, t(77) = 1.308, 

p = 0.195, BF10 = 0.294). 

 

Table 1 Demographic characteristics and questionnaire scores 

 

 

OT group 

(n = 39) 

PL group 

(n = 40) 
t-score 1 p-value BF10 

2 

Age (year) 22.00 ± 3.08 21.25 ± 2.60 1.169 0.246 0.422 

Pre-PANAS-Positive 31.23 ± 6.44 30.68 ± 7.01 0.367 0.715 0.248 

Pre-PANAS-Negative 18.10 ± 6.72 18.68 ± 5.74 -0.408 0.685 0.251 

Pre-SAI 42.62 ± 5.17 42.33 ± 6.17 0.226 0.821 0.239 

Post-PANAS-Positive 30.26 ± 8.07 29.58 ± 7.63 0.386 0.701 0.249 

Post-PANAS-Negative 15.08 ± 5.45 16.25 ± 5.50 -0.952 0.344 0.346 

Post-SAI 40.72 ± 5.08 41.35 ± 6.79 -0.467 0.642 0.257 

TAI 43.33 ± 4.85 45.00 ± 6.47 -1.293 0.200 0.482 

BDI 29.18 ± 4.99 30.38 ± 7.53 -0.829 0.409 0.315 

AQ 21.95 ± 4.39 22.13 ± 6.22 -0.145 0.885 0.236 

IRI 58.39 ± 9.21 62.15 ± 9.13 -1.824 0.072 0.977 

Perspective taking 15.26 ± 3.73 16.40 ± 3.93 -1.325 0.189 0.499 

Fantasy 15.03 ± 3.41 16.73 ± 3.38 -2.225  0.029* 1.935 

Empathic concern 16.21 ± 2.64 16.83 ± 2.74 -1.025 0.309 0.368 

Personal distress 11.90 ± 4.34 12.20 ± 3.51 -0.341 0.734 0.246 
 

Note. Data are presented as mean ± standard deviation (SD). 

Abbreviations: OT = oxytocin; PL = placebo; PANAS = Positive and Negative Affect Schedule; SAI = State Anxiety Inventory; TAI 

= Trait Anxiety Inventory; BDI = Beck Depression Inventory; AQ = Autism Spectrum Quotient; IRI = Interpersonal Reactivity Index, 

including subscales: Perspective Taking, Fantasy, Empathic Concern, and Personal Distress.  
1 Frequentist two-tailed Student’s t-test; * indicates p < .05. 
2 Bayesian two-tailed Student’s t-test; BF₁₀ indicates the Bayes Factor in favor of the alternative hypothesis. 

 

The Effect of Oxytocin (OT) on Explicit VPT Performance. 

To examine the effect of oxytocin on explicit visuospatial perspective-taking performance, 

we conducted repeated-measures ANOVAs on both accuracy and reaction time using 

Frequentist and Bayesian statistical approaches. The model included Treatment (Oxytocin vs. 

Placebo) as a between-subjects factor, and Distance (Far vs. Near) and Visual congruency 

(Congruent vs. Incongruent) as within-subjects factors. Given a group difference on the 

Fantasy subscale of the Interpersonal Reactivity Index (IRI), this variable was included as a 

covariate to account for individual differences in imaginative perspective-taking (see Methods 

for details on the statistics).  
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OT Decreased Performance Accuracy in the Explicit VPT In Incongruent Trials.  As 

shown in Fig. 3a, participants demonstrated a significant main effect of visual congruency on 

accuracy (F(1,61) = 72.45, p < 0.001, ηp
2 = 0.543). They were less accurate on incongruent trials 

compared to congruent (M congruent = 0.993 ± 0.01SD, M incongruent = 0.948 ± 0.04SD). The Bayes 

Factor (BFincl = 1.462 x 10+14) provides decisive evidence in favor of the alternative hypothesis, 

confirming the robustness of the congruency effect. A significant main effect of distance was 

also found (F(1,61) = 9.31, p = 0.003, ηp
2 = 0.132; BFincl = 1209.452), with participants performing 

more accurately when the target was near the avatar compared to when it was far (Mfar = 0.965 

± 0.03SD, Mnear = 0.975 ± 0.02SD). However, no significant main effects were observed for 

treatment (F(1,61) = 72.45, p = 0.134, ηp
2 = 0.036, BFincl = 0.939), nor the Fantasy scores 

included as a covariate (F(16,61) = 0.79, p = 0.695, ηp
2 = 0.171, BFincl = 0.331). Interestingly, we 

observed a significant interaction between treatment and distance (F(1,61) = 5.75, p = 0.02, ηp
2 

= 0.086; BFincl = 1.428), and a three-way interaction among treatment, distance, and 

congruency (F(1,61) = 4.57, p = 0.036, ηp
2 = 0.070; BFincl = 2.522). While the Bayes Factors offer 

only anecdotal to moderate evidence for these interactions, these results suggest that the 

effect of oxytocin on accuracy varies depending on both spatial distance and visual 

congruency. As shown in Fig. 3b, post-hoc comparisons indicated that this interaction was 

driven by the incongruent condition. Specifically, when the target was far from the avatar, 

participants in the oxytocin group were significantly less accurate than those in the placebo 

group (Incongruent-Far: MOT = 0.928 ± 0.06SD, MPL = 0.951 ± 0.04SD, t = -2.030, pbonf  = 0.047, 

Cohen’s d = -1.372, 95%CI = [-2.696, -0.047]). However, when the target was near, no 

significant group difference was observed (Incongruent-Near: MOT = 0.953 ± 0.05SD, MPL = 

0.958 ± 0.04SD, t = -0.515, pbonf = 0.608, Cohen’s d = -0.272, 95%CI = [-1.307, 0.763]). No 

significant differences were found in congruent trials, regardless of distance, suggesting that 

OT decreased performance accuracy when participants had to take the avatar’s incongruent 

perspective, and when the target was spatially far from the avatar.  

OT Did Not Modulate Reaction Time in the Explicit VPT Task.  As shown in Fig. 3c, there 

was a significant main effect of visual congruency (F(1,61) = 163.20, p < 0.001, ηp
2 = 0.728; 

BFincl = 8.936 x 10+13), with participants responding more slowly in incongruent trials than in 

congruent trials (Mcongruent = 646.61± 86.45SD, Mincongruent = 856.33 ± 177.35SD). A significant 

main effect of distance was also found (F(1,61) = 21.49, p < 0.001, ηp
2 = 0.261, BFincl = 3.716 x 

10+9), showing that responses were slower when the target was far from the avatar compared 

to when it was near (Mfar = 758.98 ± 134.10SD, Mnear = 738.19 ± 117.25SD). Covariate Fantasy 

scores also significantly predicted reaction time (F(16, 61) = 2.25, p = 0.012, ηp² = .371; BFincl 

= 1.163), indicating a reliable association between Fantasy and response speed. No 

significant main effect of treatment was observed (F(1,61) = 0.61, p = 0.437, ηp
2 = 0.010, BFincl 
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= 0.499), indicating that oxytocin did not affect overall reaction time. However, a significant 

interaction between distance and congruency was found (F(1,61) = 5.80, p = 0.019, ηp
2 = 0.087, 

BFincl = 6383.706). Specifically, post-hoc comparisons (see Fig. 3d) revealed that the distance 

effect was significant in both congruent trials (Mfar = 650.67 ± 91.76SD, Mnear = 642.56 ± 

82.79SD, t = 2.863, pbonf = 0.034, Cohen’s d = 0.404, 95%CI = [0.128, 0.680]) and incongruent 

trials (Mfar = 874.25 ± 192.95SD, Mnear = 838.59 ± 163.64SD, t = 3.918, pbonf  < 0.001, Cohen’s 

d = 1.186, 95%CI = [0.592, 1.780]). However, the effect was more pronounced in incongruent 

trials, where participants had to overcome the avatar’s conflicting perspective. No significant 

interaction was found for treatment x congruency (F(1,61) = 0.03, p = 0.873, ηp
2 < 0.001, BFincl 

= 0.735), treatment x distance (F(1,61) = 1.34, p = 0.251, ηp
2 = 0.022, BFincl = 1.039), or the 

three-way interaction (F(1,61) = 1.12, p = 0.295, ηp
2 = 0.018, BFincl = 0.133). These results 

suggest that, although the effects of spatial distance and visual congruency were robust in the 

Explicit VPT task, oxytocin did not modulate reaction times when participants were required 

to adopt the perspective of others. 

Taken together, findings in the explicit VPT task indicate that oxytocin administration 

reduced accuracy when participants judge targets that were far from an incongruent human 

avatar. This effect was not observed in congruent trials and did not extend to reaction times. 

These results can be interpreted in two ways (see Fig. 1). First, OT may increase the salience 

of the self-perspective, leading to stronger egocentric interference and greater difficulty 

inhibiting one’s own viewpoint when adopting the avatar’s perspective. Alternatively, the 

findings are consistent with increased overlap or blurring between self- and other-related 

representations, which may impair the maintenance of a clearly distinct other-oriented 

perspective under conditions of high perspective conflict.  ARTIC
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Fig. 3 Effects of Oxytocin on Explicit Visuospatial Perspective-Taking (VPT) Performance. Note. 

a Mean accuracy (proportion of correct responses) across conditions of visual congruency (Congruent 

vs. Incongruent) and object distance (Near vs. Far). Participants were significantly less accurate in 

incongruent compared to congruent trials, and when the target was far compared to near. b OT 

administration specifically reduced accuracy in the far-incongruent condition. Polar plots show group 

differences (Oxytocin vs. Placebo) in accuracy across spatial angles and conditions. c Reaction time 

was significantly slower in incongruent compared to congruent trials. d Reaction time was also slower 

when the target was near the avatar, with the effect amplified in incongruent trials. Error bars represent 

standard error of the mean (SEM); diamond markers indicate means. Asterisks indicate significance 

levels: * p < 0.05, ** p < 0.005, *** p < 0.001. If no asterisk is shown, the effect is not statistically 

significant. 
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The Effect of Oxytocin on Implicit VPT Performance.  

In the implicit VPT task, participants were required to respond to the same question (“Is the 

target to the right or to the left?”) but from their own perspective. Here, we aim to examine 

whether the presence of a task-irrelevant avatar implicitly influences performance and whether 

intranasal oxytocin administration modulates this effect. As with the explicit task, we conducted 

repeated-measures ANOVAs on both accuracy and reaction times using Frequentist and 

Bayesian statistical approaches. The model included Treatment (Oxytocin vs. Placebo) as a 

between-subjects factor, and Agent (Human vs. Object), Distance (Far vs. Near), and Visual 

congruency (Congruent vs. Incongruent) as within-subjects factors. The fantasy subscale was 

included as a covariate to account for individual differences in imaginative perspective-taking 

(see Methods for details on the statistics). To ensure participants remained attentive during 

the task, we analyzed performance on attention-check trials, in which they were intermittently 

asked to identify the location of an agent (human or object) within the scene. These trials 

served as a control measure of general task engagement. 

Oxytocin Reduced the Accuracy to Identify Agent Location in General.  Participants 

demonstrated strong overall performance in the attention-check trials, with a high mean 

accuracy of 94.9% ± 4.6SD, indicating consistent task engagement across conditions and 

groups. Analysis of accuracy revealed a significant main effect of agent type (F(1,76) = 4.357, 

p = 0.040, ηp
2 = 0.054; BFincl = 0.749), with slightly lower accuracy when the agent was a 

human avatar compared to an object (Mhuman = 0.944 ± 0.06SD, Mobject = 0.955 ± 0.04SD). A 

significant main effect of treatment was also found (F(1,76) = 13.043, p < 0.001, ηp
2 = 0.146; 

BFincl = 23.449), where participants in the oxytocin group showed lower accuracy than those 

in the placebo group (MOT = 0.933 ± 0.06SD, MPL = 0.966 ± 0.03SD). While this suggests a 

general attentional effect of oxytocin, it is important to note that overall performance remained 

high, and these trials were unrelated to perspective-taking demands. No significant effects of 

covariate Fantasy scores were found (F(1,76) = 1.935, p = 0.168, ηp
2 = 0.025; BFincl = 0.419), 

nor was there a significant interaction between treatment and agent type (F(1,76) = 1.031, p 

= 0.313, ηp
2 = 0.013; BFincl = 0.569). In addition to accuracy, we analyzed reaction times to 

further characterize general attentional effects. Result revealed a significant main effect of 

agent type (F(1,76) = 5.156, p = 0.026, ηp
2 = 0.064; BFincl = 1.188), with slower responses to 

the human avatar than to the object (Mhuman = 1311.42 ± 197.65SD, Mobject = 1288.46 ± 

210.80SD). There was a significant interaction between agent type and fantasy (F(1,76) = 

4.127, p = 0.046, ηp
2 = 0.052; BFincl = 1.143), suggesting that imaginative traits modestly 

modulate the effect of agent on response speed. Overall, these findings confirm that 
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participants were attentive and engaged throughout the task. The differences in accuracy and 

reaction time based on agent type may reflect the increased social salience of human avatars. 

While oxytocin was associated with a small reduction in accuracy, this occurred in the low-

level control trials and the overall performance remained high. 

OT Increased Accuracy in Congruent Trials When a Human Avatar Was Present. In the 

implicit VPT task, where participants responded from their own perspective, analysis of 

accuracy revealed no significant main effects of treatment (F(1,61) = 0.13, p = 0.725, ηp
2 = 

0.02; BFincl = 0.027),  agent type (F(1,61) = 0.00, p = 0.972, ηp
2 < 0.001; BFincl = 0.035),  

distance (F(1,61) = 1.27, p = 0.263, ηp
2 = 0.020; BFincl = 0.131), or congruency (F(1,61) = 0.07, 

p = 0.795, ηp
2 = 0.001; BFincl = 0.059). The Bayes Factors (< 0.3) for these tests provide 

moderate to strong evidence in favor of the null hypothesis for these main effects. However, 

as shown in Fig. 4a, a significant interaction between agent type and congruency was 

observed (F(1,61) = 8.56, p = 0.005, ηp
2 = 0.123; BFincl = 0.071). While the Frequentist result 

was statistically robust, the Bayes Factor provides moderate evidence against the alternative 

hypothesis, suggesting this interaction should be interpreted with caution. Post-hoc 

comparisons showed that the congruency effect was not significant for either agent type after 

correction (pbonf > 0.064), therefore, follow-up analyses focused on agent-type differences 

within congruency conditions. Participants were less accurate in incongruent trials involving a 

human avatar compared to an object (t = -2.079, pbonf = 0.042, Cohen’s d = -0.336, 95%CI = 

[-0.556, -0.116]). No significant difference was found in congruent trials (t = 1.875, pbonf = 0.066, 

Cohen’s d = 0.336, 95%CI = [-0.103, 0.775]). Furthermore, a significant three-way interaction 

between treatment, agent type, and congruency was observed (F(1,61) = 6.44, p = 0.014, ηp
2 

= 0.096; BFincl = 0.035). Again, the Bayesian analysis provided only weak support for this effect. 

Nevertheless, in post-hoc comparisons within the oxytocin group, accuracy in congruent trials 

was significantly higher when it was a human avatar compared to an object (Congruent: Mhuman 

= 0.998 ± 0.004SD, Mobject = 0.993 ± 0.012SD; t = 3.253, pbonf = 0.002, Cohen’s d = 0.672, 

95%CI = [0.233, 1.111], see Fig. 4b). This effect was not observed in the placebo group. 

Despite the low Bayes Factors suggesting weak Bayesian support, the observed pattern is 

consistent with a potential oxytocin-related facilitation of implicit performance in socially 

congruent contexts, particularly when a human agent is present. 

OT Speeds up Responses When a Human Avatar Was Present.  As shown in Fig.4c, 

analysis of reaction time revealed a significant main effect of congruency (F(1,61) = 7.99, p = 

0.006, ηp
2 = 0.116; BFincl = 275128.898), with slower responses in incongruent trials than in 

congruent trials (Mcongruent = 682.68 ± 188.73SD, Mincongruent = 703.30 ± 194.32SD).  The Bayes 

Factor provided decisive support for this congruency effect. A marginal main effect of agent 

type was also observed (F(1,61) = 3.69, p = 0.060, ηp
2 = 0.057; BFincl = 1.168), with participants 
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tending to respond faster when a human avatar was present compared to an object (Mhuman = 

689.66 ± 189.82SD, Mobject = 696.39 ± 194.51SD), though this result was supported only by 

anecdotal Bayesian evidence. No significant main effect was found for treatment (F(1,61) = 

0.73, p = 0.396, ηp
2 = 0.012; BFincl = 0.003) or distance (F(1,61) = 0.09, p = 0.763, ηp

2 = 0.002; 

BFincl = 129.961). However, two interaction effects were significant: Distance x Congruency 

(F(1,61) = 4.68, p = 0.034, ηp
2 = 0.071; BFincl = 912.954) and Agent type x Distance x 

Congruency (F(1,61) = 5.04, p = 0.028, ηp
2 = 0.076; BFincl = 29.225). Post-hoc comparisons 

(see Fig.4d) showed that the congruency effect was significant only when the target was near 

a human avatar (Near: Mcongruent = 664.16 ± 178.73SD, Mincongruent = 719.04 ± 211.82SD; t = -

3.526, pbonf = 0.001, Cohen’s d = -1.190, 95%CI = [-1.852, -0.528]). 

Next, we examined the effects of oxytocin on task performance. Although the overall four-

way interaction was not significant, two significant three-way interactions involving treatment 

effect were found: Treatment × Distance × Congruency (F(1,61) = 5.21, p = 0.026, ηp
2 = 0.079; 

BFincl = 0.081) and Treatment × Distance × Agent (F(1,61) = 4.82, p = 0.032, ηp
2 = 0.073; BFincl 

= 0.002). Because the corresponding Bayes factors provided moderate to strong evidence in 

favor of the null hypothesis, the significant frequentist effects motivated cautious, exploratory 

follow-up analyses. To further characterize the Treatment × Distance × Agent interaction, we 

first examined the agent-type effect. As shown in Fig.4e, post-hoc comparisons revealed that 

oxytocin significantly sped up responses when a human avatar was present, but only when 

the target was far (Far: Mhuman = 696.12 ± 195.42SD, Mobject = 717.36 ± 223.76SD; t = -2.810, 

pbonf = 0.007, Cohen’s d = -1.028, 95%CI = [-1.745, -0.311]). This effect was not present in the 

near condition (Near: Mhuman = 700.44 ± 195.35SD, Mobject = 708.23 ± 208.32SD; t = -1.341, 

pbonf = 0.630, Cohen’s d = -0.187, 95%CI = [-0.944, 0.570]), nor in the placebo group. This 

suggests that oxytocin-related effects on response speed may depend on the presence of a 

socially relevant agent at greater spatial distances. In contrast, post-hoc comparison of the 

Treatment × Distance × Congruency interaction indicated that oxytocin increased the 

congruency effect (i.e., faster responses in congruent than incongruent trials), only when the 

target was near the agent, regardless of whether it was human or object (see Fig.4f, Near: 

Mcongruent = 679.42 ± 182.59SD, Mincongruent = 729.33 ± 219.54SD; t = -3.686, pbonf < 0.001, 

Cohen’s d = -0.818, 95%CI = [-1.253, -0.383]). No congruency effect was found when the 

target was far (Far: Mcongruent = 709.16 ± 215.31SD, Mincongruent = 704.14 ± 204.67SD; t = 0.382, 

pbonf = 0.704, Cohen’s d = 0.079, 95%CI = [-0.329, 0.487]), nor in the placebo group. Taken 

together, although these effects were not strongly supported by Bayesian evidence and should 

therefore be interpreted with caution, the observed patterns are consistent with oxytocin-

related modulation that might depend on both social relevance and context. 
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    In summary, these findings suggest that the effect of oxytocin on implicit perspective-taking 

performance is context-dependent. Specifically, accuracy improvements were observed in 

congruent trials involving a human avatar; faster responses occurred in the presence of distant 

human agents, suggesting increased social salience under oxytocin. Although Bayesian 

analyses often favored the null hypothesis, the results of frequentist analyses suggest subtle 

oxytocin-related modulation of self–other processing, even when participants responded from 

their own perspective. These results can be interpreted in two non-mutually exclusive ways 

(see again Fig. 1). First, oxytocin may increase interference from other-related cues, making 

it harder for participants to suppress the influence of the avatar’s perspective, particularly in 

cognitively demanding situations (i.e., leading to a stronger congruency effect when the target 

was near the agents). Second, oxytocin may enhance the integration or blurring of self-other 

representation, which can benefit performance in socially aligned contexts (i.e., higher 

accuracy in congruent trials with the human avatar and faster responses when the target was 

far from the human avatar). 

 

Fig. 4 Effects of Oxytocin on Implicit Visuospatial Perspective-Taking (VPT) Performance. Note. 

a Mean accuracy (proportion of correct response) showing the interaction between visual congruency 
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(Congruent vs. Incongruent) and agent type (Human vs. Object). Participants were significantly less 

accurate in incongruent trials when a human avatar was present. b OT administration increased mean 

accuracy in congruent trials when a human avatar was present. c Reaction times were significantly 

slower in incongruent compared to congruent trials. d The congruency effect on reaction time was only 

significant when the target was near the human avatar. e OT administration sped up responses when 

the target was far from a human avatar compared to an object.  e The congruency effect on reaction 

time was only significant within the OT group when the target was near the agent, regardless of whether 

it was a human or object. Error bars represent standard error of the mean (SEM); diamond markers 

indicate means. Asterisks indicate significance levels: * p < 0.05, ** p < 0.005, *** p < 0.001. If no 

asterisk is shown, the effect is not statistically significant. 

 

Discussion 

Oxytocin (OT) has been proposed to influence how individuals process self- and other-related 

information, yet its effects on visual perspective-taking remain debated. Prior work has 

questioned whether oxytocin sharpens distinctions between self and other or instead 

promotes greater overlap between perspectives. To address these issue, the current study 

examined whether a single dose (24IU) of intranasal OT modulates behavioral performance 

on explicit and implicit visual perspective-taking (VPT) tasks. In the explicit task, participants 

were required to intentionally adopt the perspective of another human agent; in the implicit 

task, they responded from their own perspective, while the presence of another agent (human 

or object) could implicitly interfere with their performance. By employing both VPT tasks, we 

were able to examine whether OT administration is associated with distinct patterns of 

behavior that have been linked to self–other processing in prior work (see Fig.1).  

    Overall, our findings reveal a context-dependent effect of OT on perspective-taking. In the 

explicit task, OT administration reduced accuracy when participants had to judge a far-

positioned target from an incongruent human avatar’s perspective (see Fig.3b). This accuracy 

drop occurred without changes in reaction time, suggesting that OT did not slow participants 

generally, but instead made it harder to suppress the self-perspective when adopting another’s 

viewpoint. In contrast, in the implicit task, OT improved performance by increasing accuracy 

in congruent trials involving a human avatar (see Fig.4b) and sped up responses when the 

target was far from the human avatar (see Fig.4e). Additionally, OT amplified the congruency 

effect on reaction times, but only when the target was spatially near the agent, irrespective of 

whether it was an human avatar or an object , suggesting increased sensitivity to alignment 

between self and other perspectives.  
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Taken together, these findings are in line with the hypothesis that OT downregulates or 

reduces self-other distinction (see Fig.1). However, the fact that OT affects incongruent trials 

in the explicit task and congruent trials in the implicit task suggests that OT-related effects may 

be context dependent. In other words, its effect on self–other processing depends not only on 

the presence of perspective conflict, but also on whether the task requires separation or 

alignment of self and other representations. In the explicit task, successful performance 

requires active suppression of the self-perspective and the maintenance of a clear self–other 

distinction. Incongruent trials therefore place maximal demands on this separation, which 

could explain why OT-related effects (blurring self-other distinction) emerged primarily under 

conditions of perspective conflict. In contrast, in the implicit task the other’s perspective was 

task-irrelevant and does not need to be actively suppressed. Under these conditions, blurring 

of self-other distinction may have less detrimental consequences during incongruent trials. 

This pattern highlights that OT does not exert a uniform effect on perspective taking, but 

instead modulates performance as a function of how self–other overlap interacts with task 

demands. 

Such dual effects are consistent with models suggesting that OT enhances automatic 

interpersonal alignment50 and social salience51, but can hinder executive control and 

perspective-shifting when cognitive demands are high19,52,20. The observed improvements in 

implicit task performance involving human avatars are compatible with prior evidence that OT 

enhances social attention53, empathy26,31, mind-reading25 and sensitivity to socially relevant 

cues.  At the same time, the reduced accuracy observed in the explicit task under high conflict 

underscores that OT does not uniformly enhance social cognition. When tasks require 

inhibiting one’s own perspective and maintaining a clear distinction between self and other, 

OT administration was associated with behavioral patterns consistent with reduced self–other 

differentiation. An additional consideration is the well-documented role of oxytocin in 

modulating in-group bias46,47. Although the avatar in the present study were not explicitly 

defined as in-group or out-group members, it is possible that participants implicitly treated 

human avatars (compared to objects) as socially relevant or group-consistent agents. Given 

that the effects in the implicit VPT task were not consistently supported by Bayesian evidence, 

these findings should be interpreted with caution.  

Recent work has questioned whether implicit VPT paradigms truly reflect spontaneous 

mentalizing. Using a mirror-reflection dot perspective task that equates visual access between 

participants and avatars, Wang et al. (2025) demonstrated that altercentric interference 

persists even when visual perspective differences are eliminated, supporting a submentalizing 

account based on directional attentional orienting rather than implicit theory of mind54. Aware 
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of the ongoing debate on implicit perspective taking and the submentalizing account, we 

included a control condition in which the avatar was replaced by an object. We found that the 

congruency effect on reaction times was larger in the social (avatar) condition than in the non-

social (object) condition. Oxytocin further modulated the congruency effect irrespective of 

agent type, however, this modulation was more pronounced in the avatar condition. Although 

these results certainly do not resolve the debate, they do not support the submentalizing 

hypothesis. Recent work further suggests that interoceptive sensitivity plays an important role 

in resolving conflicts between self and other. Gardner et al. (2024) showed that individuals 

with lower interoceptive sensitivity exhibited greater errors during perspective-taking when self 

and other viewpoints conflicted, an effect attributed to increased self–other blurring55. At the 

same time, oxytocin (OT) has been suggested to modulate interoceptive awareness 56,57. 

Although interoceptive processes were not directly assessed in the present study, this 

convergence of findings points to a potential link between bodily self-representation and the 

ability to resolve self–other conflict, and suggests a possible mechanism through which OT 

might exert its effects. 

Our findings diverge from those of Yue et al. (2017)40, who reported OT reduced self–other 

interference during explicit perspective-taking in female participants, but not in males. In our 

study, which included only male participants, OT increased self-interference in incongruent 

trials, leading to reduced accuracy. This discrepancy highlights the importance of considering 

sex as a moderating variable in OT research. Indeed, previous work has well-documented 

sex-dependent effects of OT on social cognition, including judgment58,59, social motivation60,61, 

cooperation and competition62,63, and relationship maintenance64, which can differ markedly 

between males and females65. These differences may reflect the modulatory influence of 

gonadal hormones or sex-specific variations in OT receptor distribution66. Beyond the effect of 

OT, our findings from the implicit task are noteworthy. Prior work has suggested that implicit 

effects of another agent's perspective diminish or disappear when participants are repeatedly 

instructed to take their own perspective (e.g., in blocked designs)67, however, we observed 

clear interference from a task-irrelevant human agent. This suggests that implicit social 

influence in VPT may be more robust than previously assumed. However, this effect may have 

been reinforced by the inclusion of attention-check trials, although infrequent (8 of 48), may 

have increased the attentional salience of the avatar and encouraged spontaneous 

consideration of its perspective.  

Several limitations should be noted. As in many OT studies, we administered a standard 

single dose (24 IU), limiting our ability to assess dosage-dependent effects or long-term effects. 

The exclusively males sample restricts generalizability, and replication in female and mixed-

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



sex samples is essential. In addition, the implicit VPT task involved multiple spatial and agent-

related manipulations that may have introduced cognitive complexity, potentially overloading 

participants’ attentional resources.  Moreover, some observed effects, particularly higher-order 

interactions, were modest in size and not always supported by Bayesian analyses, requiring 

cautious interpretation and future replication of the effects. Finally, individual traits such as 

fantasy appeared to modulate performance, indicating that interindividual differences may 

shape OT-related behavioral effects. Importantly, the present study does not aim to identify 

underlying neural or biological mechanisms. Rather, it provides a systematic behavioral 

characterization of how oxytocin-related effects on perspective-taking vary across task 

demands and social contexts. Future studies combining behavioral paradigms with 

neurophysiological measures, direct manipulations of social affiliation, and assessments of 

interoceptive processing may help to further constrain theoretical models of oxytocin’s role in 

self–other processing. Given the relevance to populations with impaired self–other processing, 

such as autism spectrum disorder, applying these paradigms in clinical contexts may help 

inform targeted, neurobiologically informed interventions. 

Conclusion 

In conclusion, our findings suggest that oxytocin administration is associated with context-

dependent differences in perspective-taking performance, consistent with the idea that OT 

blurs self and other representations. Specifically, OT-related effects varied as a function of 

task demands. In the explicit task, OT was associated with increased interference from the 

self-perspective when participants were required to adopt another’s viewpoint, particularly 

under conditions of high cognitive demand (i.e., incongruent trials). In contrast, in the implicit 

task, OT-related effects emerged primarily in socially congruent contexts, where self and other 

perspectives were aligned. Together, these findings indicate that oxytocin modulates 

visuospatial perspective-taking in a manner that depends on both task demands and the 

degree of conflict between self and other perspectives. By directly contrasting explicit and 

implicit perspective-taking within a controlled behavioral paradigm, the present study helps 

delineate the conditions under which oxytocin may be associated with either facilitation or 

impairment of perspective-taking. Although the observed effects were modest and not 

consistently supported by Bayesian evidence, identifying the task contexts in which oxytocin-

related behavioral differences emerge may help inform future mechanistic and clinical 

research on self–other processing. 
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Methods 

Participants 

Participants were recruited via online advertisement platforms within South China Normal University. 

All participants filled out a pre-screening form. The exclusion criteria included neurologic and psychiatric 

symptoms, color blindness or psychotropic medication, and the use of any substantial medication or 

other substance (including heavy smoking). Participants were instructed to refrain from smoking or 

drinking (except water) for at least 2 hours before the experiment. The sample size was determined 

based on a priori power analysis conducted in G*Power v.3.168 for a three-way mixed analysis of 

variance (ANOVA) with the following parameters:  effect size = 0.25; significance level = 0.05; power = 

0.95; Number of Groups = 2; Number of Measurements = 4. The analysis indicated a required sample 

size of thirty-six participants per group. Eighty male participants were recruited. One participant was 

excluded from the final analysis dataset due to technical issues that prevented proper data recording. 

Thus, the final dataset included 79 male participants aged 18-34 years (mean age = 21.62, SD = 2.85). 

Only male participants were included to avoid potential gender-dependent differences in response to 

oxytocin administration 69,70. All participants provided written informed consent and received monetary 

compensation for their participation. Ethical approval for the study was approved by Ethical Committee 

of South China Normal University (Reference ID: SCNU-PSY-2022-346), and all experiments were 

performed in accordance with relevant guidelines and regulations. 

Experimental Procedure 

We employed a randomized, double-blind, placebo-controlled, between-subjects design to investigate 

the effects of a single dose of intranasal oxytocin (IN-OT) on explicit and implicit visuospatial 

perspective-taking (VPT) abilities (within-subjects). To account for potential between-group differences 

(Oxytocin vs. Placebo) in emotional state, personality traits, and cognitive flexibility, participants 

completed validated Chinese versions of the following questionnaires before treatment: the Trait Anxiety 

Inventory (TAI)71, the Beck Depression Inventory (BDI)72, the Autism Spectrum Quotient (AQ)73, and the 

Interpersonal Reactivity Index (IRI)74,75. The IRI was specifically included to examine potential 

correlations between task performance and trait empathy. To further control for any confounding effects 

of emotional state changes, participants also completed the Positive and Negative Affect Schedule 

(PANAS)76 and the State Anxiety Inventory (SAI)71 at two time points: before treatment and after 

completing the tasks. Participants were randomly assigned to either the oxytocin (OT) group (n = 39) 

or the placebo (PL) group (n = 40). They were instructed to self-administer 24 international units (IU) of 

oxytocin or a placebo (double-blinded). The treatment was administered 40 minutes before the start of 

the explicit and implicit VPT tasks, with the task order counterbalanced between participants. During 

the 40-minute waiting period, participants rested alone in the experimental room to minimize social or 

emotional stimulation (see Fig. 2a). At the end of the experiment, participants were asked to answer 

several task-related questions, including: 1) Guessing whether they had received the placebo or 

oxytocin; 2) Rating the irritation intensity of the intranasal spray on a scale from 0 (not at all) to 10 

(extremely); 3) Rating the influence of the spray's irritation on task performance on a scale from 0 (not 

at all) to 10 (extremely); and 4) whether the explicit and implicit VPT tasks order influence their 

performance. 

Treatment administration 

A 24IU dose of oxytocin (OT acetate spray, supplied by Sichuan Defeng Pharmaceutical Co., Ltd, China) 

was administered dissolved in sodium chloride and glycerol. After participants fully understood the 

instructions of the nasal spray given by the experimenter, the intranasal spray was self-administered as 

six 0.1 ml puffs (three puffs per nostril) with 30-second intervals between puffs. The 24IU dose of 

oxytocin and the administration procedure have followed the recommendations in the literature23,77. The 

placebo spray, identical in appearance, contained the same composition as the oxytocin spray except 

for the absence of the neuropeptide (also supplied by Sichuan Defeng Pharmaceutical Co., Ltd, China). 

The study was conducted in a double-blind manner. Spray bottles for both conditions were identical and 
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coded by an individual not involved in the experiment. The coding was revealed only after the 

experiment was completed. 

Explicit Visuospatial Perspective-Taking (VPT) Task 

We adapted a spatial perspective-taking task with a design similar to that used in Kessler & Thompson 

(2010)6, Kessler & Rutherford (2010)78 , and Wang et al. (2016)49. Visual stimuli were created using 

Blender, a free and open-source 3D graphics software (https://www.blender.org/). Each image depicted 

an avatar positioned near a round table on a wooden background, with the avatar standing at 12 

different angular positions (22.5°, 45°, 65.5°, 112.5°, 135°, 157.5°, clockwise and anticlockwise). Two 

balls—a red ball and a yellow ball—were placed in front of the avatar, with the red ball serving as the 

target for participants' responses. From the avatar's perspective, the red ball appeared on either the left 

or the right. The distances of the two balls were also manipulated to be either near or far from the avatar, 

resulting in 48 unique images (12 angles × 2 red ball positions × 2 distances) used as stimuli. 

During the experiment, participants were seated approximately 70 cm from the screen and were 

instructed not to move their heads during the task. After receiving instructions, they were first given two 

example images (e.g., the avatar at 0° with the balls either near or far) and conducted 12 practice trials 

that included all experimental angles (see Fig. 2b). The practice trials were identical to the formal task, 

but feedback was provided in each trial to ensure participants understood the task. 

In the explicit VPT task, participants were instructed to take the perspective of the avatar in the images 

and determine whether the target (i.e., the red ball) is located to the left (pressing the “f” key) or right 

(pressing the “j” key) from the avatars’ point of view. Each trial began with a 700-ms fixation cross, 

followed by the presentation of the stimulus. Participants were instructed to respond as quickly and 

accurately as possible, although no time limit was imposed. The formal task consisted of 8 blocks of 48 

trials each (384 total trials), presented in random order within each block. No feedback was provided in 

each trial; however, at the end of each block, participants received feedback on their average accuracy 

for that block. They were instructed to maintain an average accuracy of at least 90% throughout the 

task. Participants were allowed self-paced breaks between blocks. 

Implicit Visuospatial Perspective-Taking (VPT) Task 

The implicit VPT task followed a similar overall structure to the explicit task but employed a reduced set 

of angular variations (25°, 0°, −25°), which were congruent or incongruent with the participant’s position. 

As shown in Fig. 2c, stimuli featured either a human avatar or an object as the agent, and the distance 

of the target from the agent (near vs. far) was counterbalanced. Importantly, in the implicit task the 

target (red ball) was always presented at 0° relative to the participant, such that it was aligned with the 

participant’s egocentric midline. The manipulation of angular disparity therefore refers exclusively to the 

spatial position of the avatar or object, and not to the position of the target. This design resulted in 48 

unique stimuli (6 angles × 2 red ball positions × 2 distances x 2 agents). 

Prior to the formal task, participants were shown example images (i.e., an avatar or object at 0° with 

balls near) and completed 12 practice trials (6 per agent condition) to familiarize themselves with the 

task. During the task, participants were seated centrally in front of the screen and instructed to respond 

from their own perspective, indicating whether the red ball was positioned to the left or right side by 

pressing the “f” (left) or “j” (right) key. Each trial began with a 700-ms fixation cross followed by the 

stimulus. Participants completed 16 blocks (8 for human avatars and 8 for objects) of 24 trials each 

(384 total trials), presented in random order within the block. The block order was counterbalanced 

between participants. Feedback on average accuracy was provided at the end of each block, and 

participants were allowed self-paced breaks.  

To ensure participants paid attention to the agent’s presence, attention-check trials (n = 8 per block; 

128 trials in total, human = 64, object = 64) were included and randomly appeared within the block, 

requiring participants to identify the agent’s position in the current trial. Moreover, the reduced set of 

angular positions relative to the explicit task was chosen to minimize perceptual ambiguity, ensuring 
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that the target was clearly positioned to the left or right from the avatar’s perspective. The inclusion of 

the object condition served as a non-social control, allowing us to assess the social specificity of implicit 

VPT effects. 

Data Cleaning and Statistical Analysis  

Data cleaning and preprocessing were conducted in R (version 4.4.1). Raw behavioral data were 

prepared according to the dependent variables. For the analysis of accuracy, trials with reaction time 

(RT) below 200 ms or above 3000 ms were excluded, as these were considered invalid responses. This 

led to the exclusion of 109 trials (0.45%) in the explicit VPT task and 136 trials (0.36%) in the implicit 

VPT task across all participants. For the analysis of reaction time, only correct-response trials within 

the 200-3000 ms window were retained, ensuring that RT measures reflected valid and accurate 

performance. In total, 1009 trials (3.34%) were excluded from the explicit VPT task and 284 trials (0.94%) 

from the implicit VPT task. The final dataset included only valid trials meeting these criteria and was 

then used for all subsequent statistical analysis. 

Frequentist statistics. Behavioral data were analyzed using both Frequentist and Bayesian statistical 

approaches. For Frequentist analysis, we conducted repeated-measures ANCOVAs using the aov_car() 

function from the afex package79 in R (Type III sums of squares). For the explicit VPT task, the model 

included Treatment (Oxytocin vs. Placebo) as a between-subjects factor, and Distance (Near vs. Far) 

and Congruency (Congruent vs. Incongruent) as within-subjects factors. For the implicit VPT task, the 

model included Treatment (Oxytocin vs. Placebo) as a between-subjects factor, and Agent type (Human 

vs. Object), Distance, and Congruency as within-subjects factors. In both models, the Fantasy subscale 

from the Interpersonal Reactivity Index (IRI) was included as a mean-centered covariate to account for 

individual differences in imaginative perspective-taking. Subject ID was specified as a random effect to 

appropriately model within-subject dependencies. Significant effects were followed up with Bonferroni-

adjusted post hoc tests using the emmeans package80. Pairwise contrasts were calculated for all 

relevant main effects and interactions, with results reported as means, standard deviation, t-ratios, p-

values, Cohen’s d, and their 95% confidence intervals. Effect sizes were interpreted based on 

conventional benchmarks (small: d = 0.2; medium: d = 0.5; large: d ≥ 0.8). Significance was set at p < 

0.05, unless otherwise stated. 

Bayesian statistics. For Bayesian analysis, we conducted it in JASP (version 0.19.3) 81 using the same 

model structures as the frequentist analysis. We computed Bayes Factors (BF₁₀) to quantify the relative 

evidence for the alternative hypothesis (H₁) over the null (H₀), where BF₁₀ = p(data|H₁) / p(data|H₀) 82. 

A BF₁₀ > 1 indicates support for H₁, while a BF₁₀ < 1 favors H₀. Values between 1/3 and 3 are interpreted 

as anecdotal; values >3 or <1/3 reflect moderate to strong evidence in favor of H₁ or H₀, respectively. 

For example, BF₁₀ = 10 means the data are 10 times more likely under H₁ than under H₀. For repeated-

measures ANOVA, inclusion Bayes Factors (BFincl) were reported to evaluate the added predictive value 

of each model term (main effects and interactions) by comparing models with and without the factor 83. 

Default priors in JASP were applied based on the test type. Bayesian results are presented alongside 

Frequentist outcomes in the Results section, providing a complementary perspective on the strength 

and direction of the observed effects. 

 

Data availability 

The behavioral data that support the findings of this study is available on OSF: https://osf.io/k3t2f/.  

 

Code availability 

All codes used to generate the analyses is available on OSF: https://osf.io/k3t2f/.  
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