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As robots begin to receive citizenship, are treated as beloved pets, and given a place at 
Japanese family tables, it is becoming clear that these machines are taking on 
increasingly social roles. While human-robot interaction research relies heavily on 
self-report measures for assessing people’s perception of robots, a distinct lack of robust 
cognitive and behavioural measures to gauge the scope and limits of social motivation 
towards artificial agents exists. Here we adapted Conty and colleagues’ (2010) social 
version of the classic Stroop paradigm, in which we showed four kinds of distractor 
images above incongruent and neutral words: human faces, robot faces, object faces (for 
example, a cloud with facial features) and flowers (control). We predicted that social 
stimuli, like human faces, would be extremely salient and draw attention away from the 
to-be-processed words. A repeated-measures ANOVA indicated that the task worked (the 
Stroop effect was observed), and a distractor-dependent enhancement of Stroop 
interference emerged. Planned contrasts indicated that specifically human faces 
presented above incongruent words significantly slowed participants’ reaction times. To 
investigate this small effect further, we conducted a second experiment (N=51) with a 
larger stimulus set. While the main effect of the incongruent condition slowing down 
participants’ reaction time replicated, we did not observe an interaction effect of the 
social distractors (human faces) drawing more attention than the other distractor types. 
We question the suitability of this task as a robust measure for social motivation and 
discuss our findings in the light of recent conflicting results in the social attentional 
capture literature. 

Introduction Introduction 

Glancing upon Giuseppe Arcimboldo’s famous 16th cen-
tury artwork “Air”, a collection of colourful birds transforms 
into the side profile of an elegant man. The effect Arcim-
boldo cleverly applied to many of his paintings is known as 
pareidolia, which describes the illusory perception of hu-
man faces in random patterns. This tendency is not only 
capitalized on in the arts, online communication, and prod-
uct design, but also in research, where variations on the vi-
sual illusion are used to investigate mechanisms of face per-
ception (Bubic et al., 2014; Guido et al., 2019; Martinez-
Conde et al., 2015; Pavlova et al., 2018; Robertson et al., 
2017; Wodehouse et al., 2018). 

While the origin of the pareidolia phenomenon is some-
what contentious (with explanations ranging from “visual 
false alarms” to reflecting a deeply ingrained need for social 
contact), it points to the fact that human faces have a 
unique status in our visual environment (DiSalvo & Gem-

perle, 2003; Wodehouse et al., 2018; Zhou & Meng, 2019). 
From birth, babies exhibit a preference for gazing at faces 
compared to scrambled faces, with a bias for gazing at oth-
ers’ eyes developing within the first year of life (Hessels, 
2020). Replications of a seminal eye-tracking study by 
Yarbus (1967) confirm that participants invariably have a 
gaze preference for people, faces and eyes (DeAngelus & 
Pelz, 2009). Faces are a rich source of information, giving 
insight into another person’s emotions, their intentions, 
and their personality traits. Willis and Todorov (2006), for 
example, have shown that the proverb “you only get one 
chance to make a first impression” is grounded in empirical 
truth. They found that participants were able to make re-
liable trait judgements on attractiveness, likeability, trust-
worthiness, competence and aggressiveness within split 
seconds. In yet another study, perceivers were capable of 
deducing the social class of unfamiliar faces above chance 
level, highlighting the importance of face perception and its 
potential societal impact (Bjornsdottir & Rule, 2017). 
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An integrative theoretical account on the relative impor-
tance of social cues, such as faces, by Chevallier and col-
leagues describes social motivation by means of three main 
components: social reward, social maintaining, and social 
orienting (2012). Interactions with others, the authors ar-
gue, are inherently rewarding, relationships are driven by 
our goals to maintain and improve them, and social cues are 
thus prioritized. The authors propose that social motivation 
is determined by specialized biological processes, which de-
veloped due to an evolutionary advantage of collaborating 
with other humans. Thus, social information in the form 
of facial cues is thought to be extremely powerful in terms 
of claiming attentional resources, increasing our chances 
for improved coordination and cooperative work with others 
(2012). 

Given their prioritization in our visual environment, it 
is unsurprising that faces have been the central focus of 
many visual attention studies. Collectively, these studies 
point towards faces ranking above objects in capturing au-
tomatic attention. Using a change blindness paradigm, Ro, 
Russel and Lavie (2001) found that participants detected 
changes in temporarily presented faces more quickly than 
changes in any other object. This effect disappeared when 
the face stimuli were inverted. Automatic attentional cap-
ture by faces was further investigated by Theeuwes and Van 
der Stigchel (2006), who critized that Ro and colleagues’ 
(2001) results could have been due to merely a preference 
for attending to faces, and not reflective of truly exogenous 
attentional capture. In their inhibition of return paradigm, 
these authors found evidence for automatic attentional 
capture induced by faces as compared to object stimuli. The 
authors observed a delayed gaze response towards locations 
that had previously shown a face and reasoned that this rep-
resented true attentional capture by faces, rather than dif-
ficulties with disengaging attention from them. Bindemann 
and colleagues (2007) sought to understand whether atten-
tional capture by facial cues could be entirely determined 
by their salience, or whether this effect is also modified en-
dogenously, by participants’ own volition. As a matter of 
fact, participants were able to direct their attention away 
from faces towards objects when these were more predictive 
of the cued target location in a dot-probe paradigm. Howev-
er, the authors claimed an overall face bias persisted, with 
participants showing greater ease at directing attention to 
predictive faces versus predictive objects. Experiments by 
Langton and colleagues (2008) further affirmed the notion 
that attentional capture by faces is automatic and invol-
untary. Searching a visual array for a butterfly was slowed 
by the presence of an “additional singleton”, a task-irrele-
vant face. Here, the authors concluded that humans became 
consciously aware of faces before any other none-face item. 
Overall, a large body of evidence suggests that social atten-
tional capture by facial cues is a robust phenomenon, pro-
viding evidence for the putative social orienting pillar of the 
social motivation model. 

Beyond seeing faces in oddly shaped clouds, Martian 
craters or pieces of burnt toast, we also encounter delib-
erate pareidolic design when we interact with humanoid 
robots (DiSalvo et al., 2002; DiSalvo & Gemperle, 2003; 
Wodehouse et al., 2018). Due to the face’s role in commu-
nicating emotions, and more generally, facilitating social 

interactions, the design of human-like (or at least human-
readable) robot faces has attracted considerable attention 
and investment in the domain of social robotics. A key dri-
ver behind humanoid robot design is the desire to build a 
believable social agent, while mitigating the potential dam-
aging effects an overly human-like appearance could have 
on the user (e.g., coming too close to the so-called “un-
canny valley”; DiSalvo & Gemperle, 2003). Thus, in order 
to avoid an uncanny experience, or over-promise on the 
robot’s functionality, a popular design choice for socially 
assistive robots is a humanoid face with simple geomet-
ric shapes alluding to familiar, human features (Kalegina 
et al., 2018). Indeed, when participants were asked to rate 
the humanness of humanoid robot heads, only a few fea-
tures accounted for more than 62% of variance: the eyes, 
eyelids, nose and mouth (DiSalvo et al., 2002). This is in 
line with a study by Omer and colleagues, which mapped 
the features that contributed to the global gestalt of parei-
dolia faces, identifying the eyes and the mouth (2019). Ro-
bots’ facial cues are viewed as one of the crucial four di-
mensions in driving human-likeness ratings, and in a sur-
vey of humanoid robots, 87.5% had at least some facial fea-
tures (DiSalvo et al., 2002; Phillips et al., 2018). It is of note 
that when establishing an impression of animacy, view-
ing the face as a whole is crucial, with participants being 
more hesitant to make judgements about the presence of 
mind in an agent when viewing cropped facial cues in iso-
lation (Looser & Wheatley, 2010). Hence, and as Geiger and 
Balas (2020) point out, robot faces, which we have present-
ed here as a special case of intentional pareidolia, consti-
tute a border category of face processing, and while some 
research exists on attentional capture by pareidolic faces, 
less is known about the social relevance of robot faces. This 
question however is crucial, as humanoid robots become in-
creasingly commonplace in modern society, taking on care, 
companionship and support roles. Hence, an important goal 
is to develop robust behavioural tasks that probe the rele-
vance of robotic, compared to human, social cues. 

Research on pareidolic faces and the extent to which they 
engage social attentional processes has yielded mixed re-
sults so far, with some researchers arguing for the crucial 
role of top-down information driving the face illusion effect 
(Takahashi & Watanabe, 2013, 2015), and others providing 
evidence for a bottom-up account of the phenomenon (Liu 
et al., 2014; Robertson et al., 2017). Takahashi and Watan-
abe (2013) investigated reflexive attentional shifts induced 
by pareidolic faces using a gaze cueing paradigm. The au-
thors found a cueing effect of pareidolic faces, however, this 
effect disappeared when participants were not explicitly in-
structed that the presented objects could be interpreted as 
faces. In a follow-up study, Takahashi and Watanabe (2015) 
found that face awareness, i.e. perceiving an object (here: 
three dots arranged as a triangle) as a face improved partic-
ipants performance on a target detection task. This advan-
tage disappeared when subjects were instructed to detect a 
triangle target shape, rather than a face target. The authors 
concluded that despite their identical shape, faces receive 
prioritized further processing due to top-down modulation 
of face awareness. On the other hand, a study by Ariga and 
Arihara (2017) did not find that pareidolia faces captured vi-
sual attention when presented as task-irrelevant distractors 
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in a letter identification task. However, when human faces 
were presented as distractors among a rapid serial presen-
tation of letters, accuracy was significantly impaired. There 
was no difference between pareidolia faces and their defo-
cused control images for any of the various time lag condi-
tions in the letter identification task. While Ariga and Ari-
hara (2017) conclude that attentional capture by facial cues 
is exclusively reserved for human faces, yet another study 
shows that pareidolia faces were able to elicit deeper forms 
of social engagement, surpassing an initial face detection 
stage and eliciting further specialized processing. In their 
study, Palmer and Clifford (2020) presented pareidolic stim-
uli exhibiting directional eye gaze and found that during a 
subsequent human direct eye gaze task, sensory adaptation 
had taken place: the illusory faces influenced the percep-
tion of the human face stimuli. This finding is at odds with 
Robertson, Jenkins and Burton’s (2017) conclusion: these 
authors claim that their participants’ performance on sev-
eral pareidolia face detection tasks was unrelated to their 
performance on face identification tasks, suggesting a func-
tional dissociation and no higher-level face processing tak-
ing place elicited by illusory faces. 

While the evidence on how deeply illusory faces are per-
ceived as social is mixed, they constitute an ideal control 
for human facial features in social attentional capture tasks. 
This also raises the question how deliberate pareidolic 
faces, such as humanoid robots, might engage our visual 
attention, as these agents are capable of at least some in-
teractions with the physical world. Some preliminary evi-
dence exists from an electrophysiological study by Geiger 
and Balas (2020), which suggests that robot faces were more 
likely to be perceived as objects, rather than faces when pre-
sented in an inversion effect paradigm. The authors found 
that the face sensitive N170 ERP-component was moderate-
ly influenced by robot faces, ranking somewhere between 
objects such as clocks and real or computer-generated hu-
man faces. 

The neuronal architecture underlying the prioritization 
of social cues has been shown to include both cortical and 
subcortical regions, including the amygdala, the ventral 
striatum, the orbitofrontal cortex and the ventromedial pre-
frontal cortex. These brain structures, which are reliably en-
gaged during other types of reward processing as well, seem 
to be sensitive to, or perhaps even signal, the importance of 
social aspects of our environment (Schilbach et al., 2011). 
A formal theory in favour of a specialized subcortical fast 
track was put forward by Senju and Johnson, who coined the 
“eye contact effect” (2009). The fast-track modulator mod-
el claims that eye contact receives prioritized processing 
via a subcortical route. To test this hypothesis, Conty and 
colleagues (2010) conducted experiments on the distracting 
effect of social cues while participants were engaged in a 
cognitively demanding task: the classic colour Stroop para-
digm (MacLeod & MacDonald, 2000; Stroop R, 1935). 

Despite the above reviewed variety of paradigms which 
probe (social) attentional capture, the Stroop task has 
proven to be a particularly popular vehicle. Named after the 
psychologist who discovered the effect, hundreds of stud-
ies have shown that naming the ink colour of an incongru-
ent colour word (i.e., the word “RED” presented in green) 
produces slower reaction times than determining the colour 

of a control word (the letters “XXX” presented in green). 
This interference effect, which highlights the fact that task-
irrelevant information is processed concomitantly and au-
tomatically, has inspired a multitude of extensions, includ-
ing pictorial, spatial, and social versions (MacLeod & Mac-
Donald, 2000). For example, in the facial-emotional Stroop, 
participants name the ink colour of emotional, compared to 
neutral faces, which are overlaid with a coloured filter. Past 
research has shown that sad participants and participants 
with higher trait anger are slower to name the colour of an-
gry versus neutral faces (Isaac et al., 2012; Van Honk et al., 
2000; van Honk et al., 2001). Thus, the Stroop task has been 
validated as a suitable paradigm to assess the distracting 
power of task-irrelevant information, such as facial cues. 

In Conty and colleagues’ study (2010), the cropped eye-
regions of human faces with open or closed eyes - in one 
of two head orientations - were presented as task-irrelevant 
distractors on top of the Stroop task. The authors found 
that the interference effect produced by the competition be-
tween the automatic processing of word meaning and ink 
colour was further enhanced in the direct gaze condition, 
regardless of the head orientation. In a follow-up experi-
ment, Conty et al. (2010) showed participants visual grat-
ings and grey colour blocks as distractors, which the au-
thors argue excluded the possibility that the effect might 
have been driven by low-level visual properties of the im-
ages – as open eyes have an inherently stronger visual con-
trast than closed eyes. In a third experiment with a new 
participant sample, they again found no difference between 
closed or averted eyes when presented as distractors on the 
task. Conty and colleagues conclude that the salience of di-
rect eye contact was so strong that it tapped into process-
ing resources needed to perform well on the main task: re-
sponding quickly and accurately to the target words (2010). 

A later study from the same lab by Chevallier and col-
leagues replicated and extended the costly eye contact ef-
fect (2013). Importantly, the authors tested the paradigm 
in two groups of children: typically developing boys and a 
group of male adolescents with Autism Spectrum Condition 
(ASC). Again, open and closed eyes were presented as dis-
tractors above the neutral and incongruent words, however, 
this time a non-social control condition was added: flower 
images. As expected, the authors report the Stroop interfer-
ence effect, where incongruent words significantly slowed 
participants’ reaction times. The typically developing group 
showed the hypothesized enhanced interference in the so-
cial condition (here open and closed eyes were taken to-
gether as the ‘social’ category), while the ASC group showed 
the opposite effect. However, when investigating only the 
open versus closed eyes, stronger interference for open eyes 
was preserved in adolescents with ASC. The authors inter-
preted their findings as yet another confirmation for the 
strong salience of task-irrelevant social distractors but re-
mark that their results are limited by their specific stimulus 
set and invite future studies to investigate other types of so-
cial distractors, such as whole faces. 

In the current study, we built on their paradigm by test-
ing the extent to which human, robot or object faces capture 
attention automatically, by presenting them on top of the 
classic colour Stroop task. We were interested in extending 
the Stroop paradigm to test a wider variety of social cues in 
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terms of their motivational value, as well as in evaluating 
the utility of the social Stroop task with robot faces as a 
valid behavioural task to probe social perception in HRI re-
search. 

Hypotheses. In line with a large body of literature on 
the Stroop interference effect, we expected that incongru-
ent words would slow reaction times in comparison to the 
neutral target word condition, leading to the classic inter-
ference effect (MacLeod & MacDonald, 2000). Based on the 
findings by Conty et al. (2010) and Chevallier et al. (2013), 
as well as the established literature on social attentional 
capture, we further predicted that the more socially salient 
a cue is, the more it would lead to enhanced Stroop inter-
ference in this conceptual extension of the paradigm. The 
most socially salient stimuli used in the present study were 
human faces, which we predicted would increase reaction 
times in the incongruent Stroop condition. Less salient dis-
tractors were the robotic faces, which in theory allow for a 
more minimal form of social interaction. Even less socially 
salient distractors, the object (pareidolic) faces, contained 
facial cues but no capacity for the object to interact with the 
world in a social manner. Finally, we expected the control 
images, which held no social relevance whatsoever, to have 
no effect on reaction times in the incongruent condition of 
the Stroop task. 

Experiment 1 Experiment 1 
Method Method 

Preregistration and data statement. The experiment was 
pre-registered via www.AsPredicted.org. The document can 
be found at https://osf.io/ky4b7/. We report all measures in 
the experiment, all manipulations, any data exclusions and 
the sample size determination rule (Simmons et al., 2012). 
Data and the R analysis scripts are available (https://osf.io/
xyz4m/). Due to copyright restrictions, the full stimulus set 
is not openly available, however it can be shared upon re-
quest. 

Participants. An a-priori power analysis based on the 
contrast of interest resulted in a total sample size of 47 par-
ticipants (dz=0.49, α= 0.05, power=0.95, noncentrality pa-
rameter = 3.359, critical t=1.678, Df=46, actual power=0.95). 
We recruited 50 participants, however, based on our pre-
registered exclusion criteria (diagnosis of ASD and having 
had a previous interaction with a robot) we excluded 9 par-
ticipants. Two additional participants had insufficient Eng-
lish language skills, and thus the total number of exclusions 
was 11. The pre-registered exclusions were made based on 
participant answers on the experiment questionnaires’ self-
report items (for example: “Do you have a diagnosis of 
Autism Spectrum Disorder?” and “Have you interacted with 
a robot before?”). The other exclusions had to be made in 
addition, based on the difficulties of the participants with 
the task. We report a final sample size of N=39. Of the 39 
participants, 26 were female, and reported a mean age of 
27.41 years (SD= 7.35). Ethical approval was obtained from 
the University of Glasgow ethics review board (300170224). 
All participants provided written informed consent prior 
to taking part and were reimbursed for their participation 
by payment. As in the original study, the experiment was 
framed as an experiment on colour perception. 

Figure 1. A representation of the four different stimulus Figure 1. A representation of the four different stimulus 
categories: human faces, robot faces, pareidolic faces categories: human faces, robot faces, pareidolic faces 
and the control images, flowers. The human, robot and and the control images, flowers. The human, robot and 
object distractors all have a direct gaze orientation and object distractors all have a direct gaze orientation and 
show a neutral facial expression. The full stimulus set is show a neutral facial expression. The full stimulus set is 
available upon request, as individual images are available upon request, as individual images are 
restricted by copyright. restricted by copyright. 

Stimuli. A new stimulus set was built for this adapted 
version of the Stroop paradigm (Figure 1). The human faces 
were selected from neutral, frontally oriented facial expres-
sions in the Radboud Faces Dataset and the London Faces 
Database (DeBruine & Jones, 2017; Langner et al., 2010). 
The robot and object faces, as well as the flowers, were se-
lected from Google, with the aim to include only neutral, 
frontally-oriented faces. The rationale behind including on-
ly neutral faces was that emotional facial cues have been 
shown to draw attention, especially in comparison to neu-
tral facial expressions (Pessoa et al., 2002; Theeuwes & Van 
der Stigchel, 2006; Vuilleumier, 2002). 

An independent sample rated the first pool of human and 
robot images, resulting in a pre-selection of more neutral-
ly perceived faces (more details can be found in the Supple-
mentary Materials). Twelve unique images were obtained in 
each of the 4 categories and were edited to achieve a stan-
dard round form, mirrored, transformed to grey-scale and 
averaged according to mean contrast and luminance using 
the SHINE toolbox in MATLAB (Willenbockel et al., 2010). 
This resulted in 96 unique images in Experiment 1 (i.e. 24 
per each of the four distractor conditions). Since the overall 
number of trials was 192 (closely modelled on the original 
study by Conty, Gimmig, et al., 2010), the distractor images 
were presented twice. 

Procedure. Participants were tested in a quiet, dark cu-
bicle on a computer, sitting 50 cm away from the screen. 
Participants familiarized themselves with the key responses 
in two training rounds. In the first training, colour-unrelat-
ed words (such as “BOWL” or “HAT”) were presented in red, 
yellow, blue and green ink. Words low in arousal and with 
a medium valence score from the Affective Norms for Eng-
lish Words (Bradley & Lang, 1999) were selected. In this first 
practice block, participants received feedback on their per-
formance accuracy and speed, whereas in the second round, 
the feedback was removed. Each practice block consisted of 
48 trials. The experiment was split in 4 blocks, with short 
breaks after 48 trials. In total, the experiment took 25 min-
utes to complete. 
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Table 1. Mean reaction times and standard errors in milliseconds (Experiment 1). Table 1. Mean reaction times and standard errors in milliseconds (Experiment 1). 

Humans Robots Objects Flowers 

Incongruent target M (SE) 843 ± 11 807 ± 11 815 ± 11 796 ± 11 

Neutral target M (SE) 753 ± 10 768 ± 11 763 ± 10 760 ± 10 

An experimental trial consisted of a centrally presented 
fixation cross, whose duration was jittered between 800 and 
1300 milliseconds (Figure 2). After the fixation cross, the 
target word appeared, which extended horizontally over 1° 
of visual angle, and vertically over 0.5° of visual angle. Di-
rectly above the target words, the distractors were present-
ed, extending over ca. 6° of visual angle. The images and 
word pairs remained on the screen until a response was 
made. There were equal numbers of incongruent and neu-
tral Stroop trials, and no restrictions regarding the switch 
between incongruent and neutral trials were put in place, as 
they were presented randomly. The target word and distrac-
tor image pairs were fixed. Due to an error when setting up 
the PsychoPy experiment (Peirce, 2007), only female human 
faces were presented in the incongruent condition of the 
Stroop task, with all the male faces presented in the neutral 
condition. The object and robot distractor images in Exper-
iment 1 were not one-to-one controlled by their mirror im-
ages across the incongruent and neutral conditions. 

Statistical analysis (pre-registered). The percentage of 
accurate responses was calculated and analysed by means of 
a repeated measures ANOVA. For the analysis of the reac-
tion times, incorrect responses were excluded, as were RTs 
that were two standard deviations above the mean or below 
200ms. As a result, 606 trials (8.09%) were discarded (a de-
tailed breakdown of the trial number per condition can be 
found in the Supplementary Materials). 

We calculated a two-way repeated measures ANOVA with 
the target (incongruent vs. neutral) and distractor (human, 
robot, object, flower) as within-subjects conditions. Finally, 
we conducted planned contrasts. All analyses were conduct-
ed in R 3.5.3 (2019), using the {ez}, {psych}, {afex} and {em-
means} packages (Lawrence, 2016; Lenth et al., 2019; Rev-
elle, 2018; Singmann et al., 2019). 

Results Results 

Accuracy. The repeated measures ANOVA showed a main 
effect of target, suggesting participants were more accurate 
in the neutral target word condition: F(1, 38)= 7.48, p=0.009, 
ηG2= .03. However, the overall accuracy was very high 
(95.72%) and the effect size is considered small, so this was 
not further investigated. 

Reaction times. A second repeated measures ANOVA was 

calculated and as predicted, we saw a main effect of target, 
with incongruent words slowing down the reaction times 
of the participants: F(1, 38)= 39.24, p<.001, ηG2= .03. This 
finding confirms that our modified task was still effective 
at inducing a Stroop interference effect. In addition, we ob-
served a small interaction effect of target x distractor: F(3, 
114)= 2.69, p=.049, ηG2= .003. To investigate the difference 
in reaction times between specific conditions (comparing 
the effect of the human distractors in the incongruent con-
dition with the flower distractors in the incongruent condi-
tion), planned contrasts were computed. 

They revealed that the human faces were significantly 
more distracting than the flower images in the incongruent 
condition: t(227)= -2.95, p=.004 and drew more attention 
than the robotic faces as well (t(227)=-2.15, p=.03), but 
there was no significant difference to the object faces: 
t(227)=-1.86, p=.06. The Stroop interference scores (neutral 
trials subtracted from incongruent trials) are visualized in 
Figure 3 and the mean reaction times with standard errors 
are summarized in Table 1. 

Discussion Discussion 

In Experiment 1 we found an interaction effect in the 
predicted direction: human faces drew more automatic at-
tention than flower images and robot faces, leading to en-
hanced interference in the Stroop task. However, the inter-
action that emerged, as evaluated by the ANOVA, was very 
small and just above the set significance level (p=.049). In 
addition, due to our conservative participant exclusion cri-
teria, we experienced a larger drop-off in overall subject 
number than expected. Thus, the experiment was perhaps 
not adequately powered to detect the effect of interest. Fur-
thermore, we speculated that the effect may have been in-
fluenced by the repetition of the distractor images, or due 
to the described programming error. We next decided to run 
the same paradigm again, this time recruiting a sufficiently 
large subject number (accounting for a drop-out rate of ap-
proximately 15-20% of participants), presenting both male 
and female faces in the incongruent Stroop condition, and 
doubling the number of unique distractors, thus preventing 
repeated viewing of the stimuli. 
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Figure 2. Schematic representation of a trial time course. Figure 2. Schematic representation of a trial time course. 

Experiment 2 Experiment 2 
Method Method 

Preregistration and data statement. We followed the 
same procedures that were described in our preregistration 
document, as reported in Experiment 1. 

Participants. A new set of participants (N=70) was re-
cruited. In addition to the pre-registered exclusion criteria 
(outlined in Experiment 1 - Method), we added the condi-
tion of not having participated in the first experiment. Af-
ter subject exclusion, 51 participants remained in the sam-
ple (39 female). The participants’ mean age was 23.24 years 
(SD=6.27). All participants provided written informed con-
sent prior to volunteering for this experiment and were re-
imbursed by payment. The experiment was approved by the 
University of Glasgow ethics review board (300180052). 

Stimuli. The stimulus set was extended to include 12 new 
unique images for each distractor condition, which were 
mirrored and edited in the same way as outlined in Experi-
ment 1. In total, we now had 192 unique distractors. 

Procedure. The same experimental procedure was fol-
lowed as described in Experiment 1. Following the comple-
tion of the Stroop task, we also asked participants to rate 
the unique (unmirrored) distractors based on agency (abili-
ty to plan and act) and experience (ability to sense and feel), 
to establish that the distractor categories were indeed per-
ceived differently, with regard to their varying levels of so-
cial saliency. Participants rated each of the 96 images on 
both characteristics using a sliding scale from 0 to 100 in 
FormR (Arslan et al., 2019). The questions were derived 
from Gray, Gray and Wegner’s study (2007) on mind percep-
tion of different kinds of agents. We used mind perception 
as a socialness proxy to distinguish between the control 
condition (flowers), inanimate (robot and pareidolic faces) 
and agents with a mind (humans). The analysis of the rat-

Figure 3. The Stroop interference scores were calculated Figure 3. The Stroop interference scores were calculated 
by subtracting the neutral from the incongruent trials. by subtracting the neutral from the incongruent trials. 
Here the mean Stroop interference scores are shown for Here the mean Stroop interference scores are shown for 
each of the distractor categories in Experiment 1. each of the distractor categories in Experiment 1. 

ings confirmed that the stimulus categories were perceived 
differently: the human images received the highest agency 
and experience ratings. A detailed report of the stimulus 
ratings can be found in the Supplementary Materials. 

Statistical analysis. We followed the same data cleaning 
and analysis procedure as in Experiment 1. Incorrect trials 
were excluded, as well as reaction times below 200ms or 2 
standard deviations above the mean (i.e. 1910ms). With this 
reaction time trimming criterion, we discarded 1061 trials 
(10.84%). A detailed breakdown of the number of trials re-
maining per condition can be found in the Supplementary 
Materials. 

Results Results 

Accuracy. The repeated measures ANOVA showed no sig-
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Table 2. Mean reaction times and standard errors in milliseconds (Experiment 2) Table 2. Mean reaction times and standard errors in milliseconds (Experiment 2) 

Humans Robots Objects Flowers 

Incongruent target M (SE) 811 ± 10 808 ± 11 809 ± 11 816 ± 10 

Neutral target M (SE) 723 ± 9 747 ± 9 730 ± 9 735 ± 9 

Table 3. Parameter estimates for the population-level effects of the maximal Bayesian model including Table 3. Parameter estimates for the population-level effects of the maximal Bayesian model including 
random intercepts and slopes per participant. The beta-values of the parameters (b), estimated error random intercepts and slopes per participant. The beta-values of the parameters (b), estimated error 
(EE) and credible intervals (CI) are shown (Experiment 2). (EE) and credible intervals (CI) are shown (Experiment 2). 

Predictor b (EE) 95% CI 

Intercept .76 (.01) [.74, .78] 

Incongruent target .04 (.01) [.02, .05] 

Human distractor .00 (.01) [-.02,.01] 

Object distractor .00 (.01) [-.02, .01] 

Robot distractor .00 (.01) [-.02, .01] 

Incongruent target x human distractor -.01 (.01) [-.01, .04] 

Incongruent target x object distractor .00 (.01) [-.02, .02] 

Incongruent target x robot distractor .00 (.01) [-.02, .02] 

nificant main effect of target or distractors, nor any signif-
icant interaction effects. Overall, the participants’ perfor-
mance on the task was very accurate again (93.29%). 

Reaction times. The repeated measures ANOVA on the 
reaction time data revealed a main effect of target, consis-
tent with the expected Stroop interference in the incongru-
ent condition of the task: F(1, 50)=70.31, p<.001, ηG2=.06. 
Again, this showed that the task worked as expected. The 
target x distractor interaction was not significant: F(3, 
150)= 0.36, p=.78, ηG2 =.0003. Planned contrasts were 
computed using estimated marginal means. No contrast of 
interest reached significance: there was no difference be-
tween human faces and flower images in the incongruent 
condition: t(300)= .094, p=.92. The mean reaction times and 
standard errors are summarized in Table 2 and the Stroop 
interference scores are visualized in Figure 4. 

Bayesian regression analysis (exploratory). Given the re-
sults of Experiment 2, we explored the extent to which our 
data provided compelling evidence for the null hypothesis 
(no enhanced Stroop effect when human faces are present-
ed compared to the control flower condition) by using a 
Bayesian regression modelling approach {brms} package in 
R and Stan (Version 2.9.0, Bürkner, 2016), as the null cannot 
be confirmed with Frequentist statistics. 

Following Balota and Yap (2011), we fitted an ex-gauss-
ian distribution to data, as the response shows a strong 
right-skew (Figure 5). The ex-gaussian distribution is the 
convolution of the normal and exponential distributions 
and has been shown to provide a good fit to reaction time 
data (Balota & Yap, 2011). We included target word and dis-
tractor type as fixed effects predictors and included ran-
dom intercepts and random slopes for each participant in a 
maximal random effects structure. The same weakly infor-
mative prior was applied to all variables, with a Student’s 

Figure 4. The mean Stroop interference scores Figure 4. The mean Stroop interference scores 
(incongruent – neutral conditions) for each of the (incongruent – neutral conditions) for each of the 
distractor categories in Experiment 2. distractor categories in Experiment 2. 

t-distribution of 3 degrees of freedom, a mean of 0 and a 
scale of 1. We used the default number of 4 Markov chains, 
each with 4000 iterations and a warm-up of 1000. This mod-
el converged, as supported by R-hat values below 1.01. We 
report the estimate (b), estimated error (EE) and the 95% 
credible interval in Table 3. The reaction time data was pre-
processed in the same way as outlined in the data analysis 
section of Experiment 1. 

To decide on the acceptance or rejection of a parameter 
null value we followed the approach outlined by Kruschke 
and colleagues (2018). Here, a range of plausible values are 
considered (indicated by the highest density interval (HDI) 
of the posterior distribution) and how they relate to a re-
gion of practical equivalence (ROPE) around null (Kruschke, 
2018). The ROPE thus describes effects that are so small 
that they can be considered meaningless. In determining 
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the ROPE range, we set the limits following the procedure 
based on half of what we consider a small effect (Kruschke, 
2018). A small effect in our first experiment was an aver-
age difference of 47ms between the incongruent social and 
incongruent control distractor, compared to a difference in 
34ms in Conty and colleagues’ task and 41ms in Chevalli-
er and colleagues’ version (2012, 2013). Choosing the most 
conservative small effect, we set the ROPE limits to [-.017, 
.017]. 

As depicted in Figure 6, the ROPE approach here does 
not offer a straightforward decision on the null hypothesis, 
even though zero is included in the range of credible pa-
rameter values, a small part of the HDI lies outside of the 
ROPE region for the effect of interest (slower reaction times 
for human distractors in the incongruent condition). 

In summary, in defining our Bayesian regression model, 
we have increased the uncertainty of our estimates by in-
cluding more random variance in the form of subject-level 
random effects. This increased uncertainty is expressed in 
Figure 5. Based on the ROPE analysis, we cannot definitively 
support the null hypothesis. However, considering that zero 
is contained in the 95% interval of credible values of the pa-
rameter’s posterior distribution, the evidence for an effect 
is not very strong, and if real, goes in the opposite direction: 

-10ms [-10, 40]. 

General discussion General discussion 

Across two experiments, we investigated how distracting 
faces with varying degrees of social salience were during 
a classic Stroop paradigm. Contrary to predictions derived 
from the fast track modulator model by Senju and Johnson 
(2009), and previous studies demonstrating robust atten-
tional capture by task-irrelevant faces, we did not consis-
tently observe the most salient social cues (human faces) 
leading to greater interference on the Stroop task. While we 
report a marginally significant interaction in Experiment 1, 
suggesting stronger distractibility of human faces in the in-
congruent condition, we caution interpretation of this find-
ing, as we conducted our analysis on a smaller participant 
sample than planned. Thus, we reran our experiment with 
sufficient power, where we also used a larger number of 
unique distractor images. While we again observed the pre-
dicted general Stroop effect, the target by distractor inter-
action disappeared. Bayesian reanalysis of the data does not 
exclude the possibility of the human distractors influenc-
ing reaction times more than the neutral control distractors 
in the incongruent condition. However, this small predict-
ed effect is likely not very strong. Overall, our findings con-
tradict those reported by Conty and colleagues (2010) and 
Chevallier and colleagues (2013), who both found task-irrel-
evant social cues automatically captured attention. While 
their findings provided empirical evidence for the fast-track 
modulator model, which posits that social cues should ex-
ogenously and automatically engage attention, we don’t see 
convincing evidence for this from our study. Our results 
not only appear counter-intuitive given the previous studies 
this work was based on, but also within the wider context of 
the literature documenting the reward value of social cues 
(Chevallier et al., 2012; Williams et al., 2019; Williams & 
Cross, 2018). 

Figure 5. Distribution of the reaction times for each Figure 5. Distribution of the reaction times for each 
experimental condition (Experiment 2). experimental condition (Experiment 2). 

Figure 6. The region of practical equivalence (with zero) Figure 6. The region of practical equivalence (with zero) 
is shaded in gray. The effect of interest (the incongruent is shaded in gray. The effect of interest (the incongruent 
target with the human distractor image) is marked in target with the human distractor image) is marked in 
dark blue as undecided (Experiment 2). dark blue as undecided (Experiment 2). 

However, empirical evidence for social distractors always 
capturing attention is less convincing than the two studies 
by Conty and colleagues (2010) and Chevallier and col-
leagues (2013) suggest. A conceptual extension of their task 
from the lab of Hietanen, Myllyneva, Helminen and Lyyra 
(2016) failed to replicate the enhanced Stroop effect by di-
rect gaze in a real-life version of the task. In their study, 
a confederate was looking at participants directly above a 
screen, which displayed a colour-matching version of the 
Stroop task. Hietanen and colleagues (2016) found a main 
effect of direct gaze speeding up the RTs of the participants, 
as compared to averted gaze. The authors reconcile their 
contradictory findings by relating them to the higher 
arousal produced by their stimuli: eye contact with a real 
person should be more engaging than pictorial representa-
tions thereof. In so-called low arousal contexts, they argue, 
salient social cues should recruit attentional resources and 
interfere with participants’ performance on cognitive tasks. 
In our experiments, even in a context that Hietanen and 
colleagues (2016) describe as “low arousal”, it is most prob-
able that any social salience effect is practically equivalent 
to zero. 

How can our results then be explained? Of course, the 
stimuli we presented were more complex than those used 
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in the original studies, so it is possible that the eye-contact 
effect only holds in (more) simplified contexts. The eye re-
gion in our stimulus set appeared smaller than in the origi-
nal experiments, due to it taking up a smaller percentage of 
pixels in our distractor images. While the eye region itself 
was smaller, all our social stimuli (the human, robot and ob-
ject faces) depicted direct gaze and a frontally oriented face. 
They only varied in their potential as a social interaction 
partner. So, if the eye-contact effect were to hold, we should 
have seen a consistent difference between our most salient 
social stimuli with direct eye gaze (the human faces) and 
the neutral control condition (flowers). The fact that our da-
ta did not support this pattern is especially surprising given 
that past studies examining direct gaze have also used full-
face stimuli in similar, cognitively demanding tasks (Burton 
et al., 2009; Conty, Russo, et al., 2010). 

A close look at the social attentional capture literature 
reveals a variety of methodological issues and contradicting 
findings across studies investigating faces and facial fea-
tures as task-irrelevant distractors. Many studies report ef-
fects based on very small samples (some as small as 8 par-
ticipants per experiment; Ariga & Arihara, 2017; Miyazaki 
et al., 2012; Sato & Kawahara, 2015, make bold statements 
based on modest statistical evidence (“the three-way in-
teraction approached significance, F(2,76) = 2.46, p<.10”, p. 
1103, Hietanen et al., 2016) or use small sets of distractor 
images which are repeated across many experimental trials 
(Bindemann et al., 2007; Theeuwes & Van der Stigchel, 
2006). Indeed, some of these problematic confounds have 
been highlighted and tested by Pereira and colleagues 
(2019, 2020). 

Pereira and colleagues (2019, 2020) systematically con-
trolled for each known confound in the social attentional 
literature, including the perceived attractiveness of stimuli, 
low-level features and a list of other stimulus properties. In 
their studies, the authors utilized the dot-probe paradigm, 
with faces, houses and scrambled distractor images as task-
irrelevant cues. The targets appeared with an equal likeli-
hood at six different locations. Pereira and colleagues found 
across multiple experiments that faces did not reliably draw 
attention to their cued location, as indexed by participants’ 
reaction time. In a follow-up Bayesian analysis on one of 
their experiments, the authors found evidence for the null 
hypothesis of no reaction time differences emerging for tar-
gets appearing at locations that were cued by faces or hous-
es (Pereira et al., 2019). While a different task was used in 
these studies, the authors’ findings closely align with ours: 
faces are not reliably capturing attention and impairing the 
performance on an unrelated cognitive task. Interestingly, 
in a direct replication of Bindemann and colleagues (2007), 
using less well-controlled stimuli, the authors were able 
to replicate the effect of attentional capture by task-irrel-
evant faces, providing convincing evidence for systematic 
confounds obscuring the true picture in the existing litera-
ture. 

More evidence for the variable nature of findings on au-
tomatic attentional biasing by social cues comes from a se-
ries of experiments by Framorando and colleagues (2016), 
who, similar to Hietanen and colleagues (2016), also failed 
to replicate attentional capture by direct gaze, when faces 
were presented in a stare-in-crowd task paradigm. Based 

on previous literature on this effect, one should expect that 
faces with direct gaze should be more distracting than faces 
with averted gaze. The authors found that straight gaze had 
a faciliatory effect when it was part of the target of the task, 
not a task-irrelevant distractor cue. These findings were lat-
er extended by the same authors, emphasizing again the 
task-dependent nature of directly gazing faces, which in 
this study hinged on the social or non-social nature of the 
task (2018). These empirical findings echo an fMRI study by 
Pessoa and colleagues (2002), who investigated attention-
al capture by emotional facial cues. Here, like the fast-track 
modulator model, a popular theory suggests that a subcorti-
cal route gives preference to the processing of emotional fa-
cial cues. However, the authors found that brain regions im-
plicated in emotion perception were only active when par-
ticipants were able to attend to the emotional facial cues, 
and these same brain regions were not differentially mod-
ulated when participants were engaged in a cognitively de-
manding task. This, the authors conclude, means that at-
tentional resources are in fact necessary to allow the neural 
processing of emotional facial cues. 

While we can reconcile our results with these studies, 
one may still wonder why social cues, which are thought 
to be inherently rewarding, failed to engage participants in 
our experiments in the expected manner (Anderson, 2016). 
Speaking to this, recent findings on reward-related distrac-
tors impairing participants’ performance have also called 
this intuitive hypothesis into question (Rusz et al., 2019). 
A new meta-analysis suggests that the effect size of studies 
on reward-related distraction is small, and that findings 
across reviewed studies are highly variable, with reverse re-
sults not being uncommon (Rusz et al., 2020). This dovetails 
with the contradictory results we have found in the litera-
ture of social attentional biasing and which have also been 
addressed by Pereira and colleagues (2020). 

Of course, based on this small number of empirical stud-
ies, we do not wish to claim that salient social cues, such as 
faces, never capture automatic attention in any context. In-
deed, there is mounting evidence that overt attention (i.e. 
eye saccades towards social cues), as opposed to covert at-
tention, which is measured by manual reaction time, is con-
sistently directed towards the eye region of faces (DeAn-
gelus & Pelz, 2009; Hayward et al., 2017; Pereira et al., 
2020). Still, we do wish to challenge the putative fast track 
modulator model and speculate that when faces are pre-
sented as task-irrelevant distractors, they may not be 
salient enough to draw attention and cognitive processing 
resources away from the task at hand. Furthermore, we 
question the suitability of the task as a “proxy for social 
motivation”, as suggested by Chevallier and colleagues (p. 
1649, 2013). 

However, our findings should also be interpreted with the 
following limitations in mind: over the course of two exper-
iments, we recruited from an ethnically diverse participant 
pool at the University of Glasgow, while presenting rather 
homogenous looking human faces, consisting exclusively of 
Caucasian individuals. Given that the studies we based our 
experiments on did not explicitly mention or measure this 
factor, we did not assess ethnic background in the short de-
mographic survey preceding both studies. As such, we can-
not test whether this aspect played a role in the missing en-
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hanced Stroop interference effect for the human distractor 
images. 

A further stimulus-based limitation was that in Experi-
ment 1, distractors were not controlled by their mirror and 
presented twice. Thus, the repeat presentation could have 
led to a particularly memorable stimulus set. In Experiment 
2, the unique distractors in the incongruent condition were 
controlled by their mirror images. Of course, on the other 
hand, the repeat presentation of distractor images is com-
mon practice in the social attentional capture literature (for 
example, a set of four unique human and pareidolic face im-
ages used for an experiment consisting of 450 trials, Ariga & 
Arihara, 2017). Takahashi and colleagues (2013) used stim-
uli with three unique identities over many trials, and only 
four unique stimuli in another study (Takahashi & Watan-
abe, 2015). Theeuwes et al. (2006) presented 12 unique dis-
tractor images across 96 trials. To put it differently, based 
on the conventions of the social attentional biasing litera-
ture, it is unlikely that we did not observe the expected ef-
fect due to the number of unique distractor images we pre-
sented. 

Despite our best efforts to only include neutral faces, the 
emotional content of the social stimuli could not be con-
trolled to a fine-grained degree, as it was limited by the 
design and availability of the robots and objects that were 
identified through our Google search. In the emotion rat-
ing experiment, which we undertook prior to Experiment 
1, the robot faces were not rated as unambiguously neutral 
as the human faces, even after excluding the outliers. Hu-
man faces were selected from the neutral category of the 
Radboud and London faces database, so these stimuli would 
have contained inherently less variance in perceived emo-
tionality than the robot and object faces. However, given 
the scarcity of frontally oriented and high-quality robot and 
object faces, we chose to operate within those constraints. 
Moreover, in comparison with other studies on social atten-
tional biasing we were able to control for the following con-
founds (as outlined in Pereira et al., 2020): size and shape of 
the distractors, luminance and contrast, distance from fixa-
tion, the internal configuration of facial features of the hu-
man, robot and object images (i.e. a comparable set of fea-
tures including eyes, a nose and a mouth in most of the im-
ages), as well as the task context. 

While this set of experiments constitutes a conceptual 
extension to face stimuli, rather than a direct replication of 
the eye contact effect, we kept most other aspects of the ex-
perimental procedure identical to the studies we modelled 
our task on. Based on these studies and the facial attention-
al capture literature, we would have expected that human 
faces would be most salient, regardless of the small mod-
ifications we made. Indeed, keeping in mind recent calls 
for more generalisation efforts in psychological science 
(Yarkoni, 2016), we feel that a conceptual replication adds 
crucial insight to the field of motivated cognition. Further 
to the arguments we presented, our question and approach 
directly relate to the conceptualized fast-track modulator 
model: we tested and failed to support Chevallier and col-
leagues’ (2013) hypothesis that this effect should generalize 
to other social cues – like faces - as well. 

For future research, our findings have important implica-
tions: many researchers in human-robot interaction (HRI) 

lament the absence of robust behavioural tasks to assess so-
cial interactions with robots, especially regarding changes 
in social motivation towards them (Baxter et al., 2016; 
Eyssel & Kuchenbrandt, 2012; Henschel & Cross, 2020). 
A few research groups have successfully adapted cognitive 
tasks for HRI, for example the inversion effect (to examine 
anthropomorphism), and the Posner gaze-cueing paradigm 
(Wykowska et al., 2014; Zlotowski & Bartneck, 2013). Yet, 
behavioural tasks that reliably assess social motivation to-
wards robots are still scarce. Based on our findings, a suit-
able point of departure for future generations of social ro-
botics researchers could be to examine overt attention in 
preferential looking paradigms or saccadic choice tasks, uti-
lizing eye tracking technology (Crouzet & Thorpe, 2010; 
Fletcher-Watson et al., 2008), as these effects appear robust 
(Hayward et al., 2017). Another option could be to imple-
ment more natural social interaction tasks and measure 
attentional engagement and shifts in a similar manner as 
Hayward and colleagues in their conversational paradigm, 
in which participants’ eye gaze behaviour was recorded with 
spyglasses and cameras (2017). Interestingly, the authors 
found that the social attention of participants in a natural 
context was unrelated to their behaviour in the classic Pos-
ner gaze cueing task. Their findings also speak to recent 
calls in the HRI literature to implement more natural, em-
bodied experiments with robots to test changes in attitudes, 
behaviours and neural correlates in a more ecologically 
valid context (Henschel et al., 2020). 

On a more fundamental level, one should reflect on the 
issue of small effect sizes to be expected in experimental 
psychology (Funder & Ozer, 2019; Ramsey, 2020; Schäfer & 
Schwarz, 2019). Based on the insights of recent large scale 
replication projects, we can be fairly certain that many es-
tablished effects in the literature are much smaller than ini-
tially presented, if replicable at all (Camerer et al., 2018). 
One should then question what the smallest effect size is 
that one would consider interesting. Going forward, re-
searchers should aim to conduct well-powered direct repli-
cations and consider expected effect sizes before adapting 
social motivation paradigms for HRI. 

When Arcimboldo originally painted his whimsical por-
traits in the late 16th century, little did he know that ma-
chines today would be endowed with facial features to evoke 
illusory socialness – a simple, yet effective trick, corrobo-
rated by data that show that mechanical and screen-based 
robot faces are rated as humanlike, friendly, intelligent or 
in some cases, as uncanny (Chesher & Andreallo, 2020; 
Kalegina et al., 2018; Phillips et al., 2018; Vallverdú & 
Trovato, 2016). As our surroundings become increasingly 
populated by a variety of artificial agents (including robots 
and virtual agents), an important aim will be to probe how 
different types of faces are processed, and what we might 
learn about humans’ intrinsic social motivation toward ar-
tificial agents’ faces (Geiger & Balas, 2020). 
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