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ABSTRACT

This research investigated how interactive social contexts shape basic visual attention. It has been
shown that social information can modulate inhibition of return effects in joint spatial cueing tasks.
We predicted that if perceptions of cooperativeness explain this phenomenon, we would then
observe larger inhibition of return effects for more cooperative individuals and in highly
cooperative contexts. Experiments 1a and 1b found larger inhibition of return effects and
greater perceptions of cooperativeness for female compared to male participants, consistent
with the literature on gender stereotypes and the behavioural evidence that females are more
cooperative than males. In Experiment 2a and 2b, we experimentally manipulated the
cooperativeness of the task, describing it as either a team or an individual game. This time, we
found larger inhibition of return effects and greater perceptions of cooperativeness for male
participants in the team compared to the individual game. We conclude that construing
interactive contexts as cooperative plays an important role in the joint spatial orienting of visual
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attention, and we propose this as an example of socially distributed cognition.

Humans do not perceive social reality objectively, but
rather they construe it subjectively (e.g., Fiske &
Taylor, 2013). One reason for this is that human cog-
nition is limited in the amount of information it can
process. Thus, pre-existing knowledge structures,
motivation, and affect guide attention to the most rel-
evant stimuli in the environment, which are then
prioritised for information processing (e.g., Fiske &
Neuberg, 1990). For example, social information can
endogenously orient our attention facilitating coordi-
nation and cooperation (e.g., Richardson & Gobel,
2015). From this perspective, visual attention can be
seen as a key mechanism through which social
reality is experienced.

Going beyond the traditional view of visual atten-
tion as an encoding mechanism, we have recently
shown that when looking at and looking with
another person, humans can also signal information
back into the world (Gobel et al,, 2015, 2017). Such
reciprocal social attention is a striking example of
interactive cognition, as it receives and signals

information from and to others (Richardson & Gobel,
2015). Whilst past social attention research has predo-
minantly focused on how characteristics of social
stimuli (e.g., an interaction partner) change partici-
pants’ visual attention, in the present research, we
aimed to increase our understanding of social atten-
tion by investigating the extent to which interactive
social contexts shape basic visual attention.

Social attention

Since the first eye-tracking experiments, it has been
shown that people like to look at other people, and
in particular their eyes (Yarbus, 1965). Moreover,
humans are skilled gaze followers (Emery, 2000),
applying this skill to learn about their environment
from the earliest ages (Farroni et al., 2000). Looking
at another person and following their gaze can
reveal a range of useful information about one’s
environment. It can help us to connect with others
and establish a common ground for joint actions.
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This social attention has a key function in various
aspects of social living, facilitating interpersonal com-
munication, successful cooperation and human inter-
dependence (Richardson & Gobel, 2015).

Cognitive scientists have studied the effects of
looking at and with co-specifics using tightly con-
trolled experiments in the laboratory. One such exper-
iment is the gaze cueing paradigm, in which a face
stimulus is presented in the centre of the computer
screen. The face is first presented with closed eyes
or with a direct gaze, followed by an averted gaze
to imply eye movements. Finally, a target object
appears at the looked-at (cued) or at a novel
(uncued) location. Time and again findings have
yielded faster detection and identification of cued
compared to uncued targets (Driver et al, 1999;
Friesen & Kingstone, 1998). Thus, the gaze cueing lit-
erature convincingly shows that the attentional focus
of another person can act as a strong cue for a
person’s own attention (Bayliss & Tipper, 2006;
Friesen & Kingstone, 1998; Frischen et al., 2007;
Ristic et al., 2002).

A different line of research has studied social atten-
tion in more interactive contexts using a conspecifics’
movements to detect targets. In these experiments,
pairs of naive participants sit opposite each other
and take turns in reaching for a target stimulus.
Results show that participants are slower to reach
locations that were previously touched by the inter-
action partner, an inhibitory process called between-
subject or social inhibition of return (Welsh et al.,
2005, 2007). Social inhibition of return effects can
arise from merely observing shifts in the attention
of an interaction partner (Skarratt et al., 2010), and
they are modulated by social information, such as
who the interaction partner is (Nafcha et al., 2020).
Thus, social inhibition of return is another experimen-
tal example of how humans are attuned to the atten-
tional focus of another person.

But in spite of the interactive nature of this
dynamic movement paradigm, the social nature of
the social inhibition of return effect has been dis-
puted, as it confounds the socialness of the cue
with the directionality of the cue (Atkinson et al,
2014; Doneva et al., 2017). Researchers have specu-
lated that this effect is better explained by shifts in
attention to salient cues, which only happen to be
social (Cole et al., 2019). Similarly, research shows
that gaze cueing effects can persist in spite of the
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gazing agent being obstructed from viewing the
target stimulus by a physical barrier (Cole et al,
2015), and attributing mental states onto the gazing
face, or the acting agent behind the face is neither
sufficient nor necessary for automatic shifts of social
attention to occur in gaze cueing paradigms (King-
stone et al., 2019). Given these limitations of the
gaze cueing paradigm and the interpersonal joint
reaching paradigm, our own research has investi-
gated social attention using an interactive version of
the original spatial cueing paradigm (Posner &
Cohen, 1984).

Social orienting effects in a joint spatial cueing
task

In the classic spatial cueing paradigm, all stimuli are
non-social in nature. Participants are exogenously
cued to a spatial location. An exogenous intervening
cue then disengages attention before participants are
instructed to detect a target at the same spatial
location or at a novel spatial location. Even though
the cue does not predict the target location, it never-
theless influences behaviour (Posner & Cohen, 1984).
While at shorter cue-target intervals (SOAs < 100 ms),
participants are quicker to detect cued targets, the
most relevant influence for the present purpose is
that at longer cue-target intervals (SOAs > 300 ms)
participants are slower to detect cued targets (Klein,
2000), a phenomenon known as inhibition of return
(IOR) (Posner et al, 1985). This inhibition of return
effect has been suggested to constitute a key mech-
anism for the exploration of novel spatial locations
(Klein & Maclnnes, 1999).

In our interactive version of the spatial cueing task,
we maintained the exogenous nature of the cueing
task since all stimuli were kept non-social in nature,
with the only thing that we manipulated being the
social meaning of one of the non-social stimuli
(Tufft et al., 2015). In a novel manipulation, we
made participants believe that the exogenous cue
in the spatial cueing task represented the gaze
location of an interaction partner. Specifically, partici-
pants’ attention was cued to a spatial location osten-
sibly gazed-at by their interaction partner. Their
attention was then disengaged from that location
by an intervening cue bringing it back to the centre
of the screen. Participants were then found to be
even slower to detect a target in cued versus the
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uncued spatial locations when that cue represented
the gaze location of an interaction partner compared
to when it did not. Thus, we showed that changing
beliefs about the social meaning of a non-social cue
increased inhibition of return effects (Gobel et al.,
2018; Gobel & Giesbrecht, 2020; Tufft et al., 2015).
One possible interpretation for why the non-social
cue became socially meaningful in the joint spatial
cueing task was that it might have been interpreted
as a signal emitted by the interaction partner that
they were “taking care” of the cued spatial location,
reflecting a division of labour, and a notion that
draws upon the ideas of distributed cognition (Hutch-
ins, 1995).

The role of cooperation in modulating social
orienting effects

Because people have a clear understanding that eye
movements are meaningful, they can use gaze shifts
to signal information to one another (Gobel et al,,
2015, 2017; Jarick & Kingstone, 2015). Perceivers can
pick this information up and interpret its meaning,
for example, that a given spatial location is being
"taken care of” in the joint spatial cueing task. If
true, then the resulting inhibition of return might
free attentional resources for the exploration of
novel locations. Yet, to do so successfully, the inter-
acting partners would need to buy into the idea
that they are working together on the task and as
such interpret the social context as being cooperative.
Cooperation establishes common ground, minimizes
collective efforts, and avoids potential costs that
arise in joint activities (Brennan et al., 2008; Clark,
1996; Clark & Brennan, 1991). Thus, in the case of a
joint spatial cueing task, we predicted that greater
levels of perceived cooperativeness would result in
larger inhibition of return effects, reflecting a division
of labour and participants distributing their cognition
with others who they interpret as “taking care of”
cued (“looked at”) spatial locations.

Social psychological research has shown that par-
ticipants change how they think about and behave
towards an interaction partner depending on the
social context (Fiske & Neuberg, 1990). In particular,
the gender of a person is one of the characteristics
that is immediately accessible and that readily acti-
vates gender stereotypes. These gender stereotypes
describe the beliefs that females are more communal

and cooperative, whereas males are more assertive
and competitive (Eagly, 2009). Moreover, individuals
who act outside traditional gender roles are penalized
(Rudman, 1998). Thus, research has found that
females do indeed cooperate more than males, in par-
ticular in mix-gender dyads (Balliet et al., 2011; Nie-
derle & Vesterlund, 2011; Van Vugt et al, 2007). If
levels of cooperativeness influence the inhibition of
return effect, then we might expect to observe
larger inhibition of return effects for female compared
to male participants. Moreover, by experimentally
manipulating the cooperative context of the joint
spatial cueing task, we might expect to directly
manipulate the magnitude of inhibition of return
effects. In the present research, we tested both
hypotheses.

The present research

In the present research, we were interested in
whether interpreting social contexts as cooperative
would influence social attention. We tested this idea
using a newly developed online version of the joint
spatial cueing task. In this online version, partici-
pants signed up to play a game with another
person. They briefly “e-met” their playing partner
via a video call and saw him wave into the camera.
In reality, the interaction partner was always a
video recording of a confederate. Next, participants
completed a webcam-based eye-tracking cali-
bration procedure, and they saw their playing
partner do the same. E-meeting the playing
partner and witnessing the eye-tracking calibration
procedure were two key elements that we devel-
oped for this online version of the joint spatial
cueing task. They were crucial in making partici-
pants believe that they were interacting with
another player and that they could even see
where that person was looking on the screen.
Participants then completed the joint spatial
cueing task as developed by Tufft and colleagues
(2015). They first saw a set of images appear on
screen, which they were free to inspect. They then
saw the cue (a red dot) appear on top of one of
these images, which they were told represented the
image their playing partner had just looked at. Partici-
pants’ attention was then returned to the centre of
screen by an intervening cue. Participants’ task was
to respond as quickly as possible to the onset of the



target (a blue square) by pressing the space bar
(target detection task). At the end of the experiment,
we tested participants’ levels of suspiciousness, and
removed any participants who did not believe that
their playing partner was real or clearly doubted the
interactive nature of the game.

Across four experiments, we tested whether coop-
erativeness would modulate inhibition of return
effects in a joint spatial cueing task. Experiment 1a
and 1b tested whether more cooperative individuals
would show larger inhibition of return effects. We pre-
dicted that if females are more cooperative than
males, then they would also show larger inhibition
of return effects. Experiment 2a and b tested
whether highly cooperative interactive contexts
would yield larger inhibition of return effects. We pre-
dicted that framing the social context as a team game
rather than an individual game would result in greater
inhibition of return effects.

Experiment 1a

Experiment 1a tested whether more cooperative indi-
viduals would show larger inhibition of return effects
in a joint spatial cueing task. We predicted that female
compared to male participants would show larger
inhibition of return effects.

Methods

Participants

The sample size was estimated based on previous
joint spatial cueing task studies showing moderate
to large effect sizes. A power analysis suggested tar-
geting a sample of at least 75 subjects in order to
have 80% power for detection of a medium to
large-sized effect when employing the traditional
0.05 criterion for statistical significance.

A total of 78 participants were recruited using
Prolific (www.prolific.co) and volunteered to partici-
pate in exchange for a payment (average payment
of £2.75 for 20 mins work). We aimed to recruit an
equal number of males and females, and participants
were pre-screened for English nationality, normal-to-
corrected vision, a working webcam, and for
comfort in taking part in a deception study. Three par-
ticipants were excluded because they either
expressed suspicion about the confederate being
another player, or they encountered technical issues
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with the task. We therefore analysed data from 75 par-
ticipants (38 females, Mage =33.8, SD,ge=11.1; 37
males, Moge =32.4, SDyge = 11.6).

All participants provided their informed consent
and were fully debriefed on the confederate decep-
tion following the completion of the experiment.
Ethical approval for all experiments was obtained
prior to data collection.

Design

We employed a 2 x 2 mixed-factor design with one
within-subject factor, target-location (cued vs
uncued), and one between-subject factor, partici-
pant-gender (male vs female). The main dependent
variable of interest was participants’ reaction times
to the onset of the target stimulus.

Stimuli and apparatus
The experiment was hosted entirely online using the
web-based platform Gorilla (www.gorilla.sc) and set
up using the Gorilla Experiment Builder (Anwyl-
Irvine et al., 2020). Procedures and stimuli were
adapted for online data collection (Tufft, 2020) from
the original joint spatial cueing task (Tufft et al., 2015).
To help improve data quality, we instructed partici-
pants to maximize their browsers, to hide browser tool-
bars, to close other programmes such as email clients or
other browsers, and to sit comfortably at a table in an
adequately lit room. We also restricted recruitment to
laptop and desktop devices, Chrome browsers, and
internet connections >10 mbps to ensure the smooth
and consistent running of the experimental media.
Participants saw a 2 x 2 grid of four photos pre-
sented for 1200 ms. There were four sets of four
photos used (16 in total) with each set having the
same theme (beachscapes, landscapes, flowers,
racing cars). All photos were taken at random from
the Open Affective Standardized Image Set (OASIS)
database (Kurdi et al., 2017) and had their saturation
adjusted to 60% to ensure the shapes presented on
them were clear and highly salient. Next, a red dot
would appear in the exact centre of one of the four
photos for 300 ms (visual cue). After the cue had dis-
appeared, a yellow star (intervening cue) appeared in
the centre of the quadrant for an average of 600 ms
(jittered by £200 ms to ensure target onsets not pre-
dictable) in order to exogenously disengage attention
from the cue and return it back to the centre of the
screen (consistent with studies known to elicit
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inhibition of return (e.g., Birmingham et al., 2007)).
This was then followed by the presentation of the
blue square (visual target) in the exact centre of one
of the four photos. The target remained on screen
for up to 2000 ms or until the participant responded
with a spacebar press. If no response was given, the
trial would end and be followed by the next trial.
The trial design is shown in Figure 1. The sequence
and timings used here are in line with previous litera-
ture that have demonstrated the reliable generation
of socially modulated inhibition of return effects
(Gobel et al,, 2018; Tufft et al., 2015).

In total, participants completed 216 trials, split
across 3 blocks of 72 trials. Between each block, par-
ticipants were reminded that their task was to
respond as quickly and as accurately as possible to
the blue square and that the red dot represented
where their interaction partner had just looked. Of
the 216 trials, 24 were catch trials where no blue

Picture Viewing
(1200ms)

Cue
(300ms)

square was presented to act as an attention check
and to ensure response accuracy. When the blue
square (visual target) was presented in the same
location as the preceding red dot (visual cue), it
was classed as a cued target trial; when presented
in one of the three other locations, it was classed
as an uncued target trial (factor: target-location). As
such, 25% of all trials (48 trials) were cued target
trials and 75% of all trials (144 trials) were uncued
target trials. The difference in reaction times
between the cued target and the uncued target
trials represented the size of the inhibition of
return effect. Red dot cue location and blue square
target location were fully counterbalanced across
participants to ensure that all cue-target permu-
tations were equally sampled. Photo set type and
photo location were pseudo-randomized to ensure
an equal number of presentations of each photo at
each location across participants.

Participants told the
red dot indicates the

photo their partner
has just looked at

E-EF

Uncued Target
Intervemng Cue “ (up to 2000ms)
(600ms +/- 200ms) -
Cued Target
[ (up to 2000ms)

==

Figure 1. Joint spatial cuing paradigm trial structure used for all experiments (4 location display shown). Participants were first pre-
sented with an array of photos (2 for Exp. 1b, 4 for Exp. 1a, 2a & 2b), following which a red dot cue was presented in the middle of one
of the photos. Participants were told that this indicated the photo their playing partner just looked at and as such was imbued with
social meaning. After an intervening cue that returned attention back to the centre of the display, participants were instructed to
respond as quickly as possible to the appearance of a blue square, which could appear at a cued or uncued location.



Procedure

On entering the experiment, participants completed a
series of guidance and instruction screens in order to
set up the appropriate context for social interactivity
and to instruct them on how to perform the task.
We first told participants that they would play a
simple online game with another randomly selected
participant who they would briefly meet via
webcam before starting the game. The partner was
in fact a pre-recorded video of a male research assist-
ant. The purpose of this was to establish the belief
that they would be engaging in a dyadic interaction
with another person. To convince participants of
this, they completed an actual “online meeting”
during which their webcams were turned on, so
that they could see themselves on screen, and this
was shown alongside a 5s pre-recorded video of

PLAYER 2 .

‘Puwem
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the confederate waving as if meeting the participant
for the first time live via webcam. All participants were
next assigned a “gaming avatar” (as was the confeder-
ate) which displayed their names underneath (con-
federate was always called “Chris”). These were
presented in the top left and right corners of the
screen throughout the game to help act as an
ongoing cue that there were always two players
playing the game live (see Figure 2).

Importantly, we also told participants that during
the game we would be tracking their and their part-
ner's eye movements via their webcams. They were
informed that at certain times the eye-trackers
would be connected so that they would be able to
see on their screens where their playing partner had
just looked. Before starting the game and in order
to establish this belief, participants completed a real

@PLAV(KI PLAYER 2 .

MATT

Matt (Plager )
READY FOR
EYE TRACKER
CALIBRATION

PLAYER 2 Calibrating

¥

W MILES

Figure 2. Example screenshots showing the procedural set up for the online joint spatial cuing task. Participants first “met” another
participant online (a pre-recorded video of a confederate) with their webcam turned on (top left; image depicts authors for illus-
tration). Participants then logged into the game within a shared screen zone, enabling them to view their partner (pre-recorded)
doing the same (top right). Next, participants completed a webcam calibration sequence while viewing their partner (pre-recorded)
do the same (bottom left). Finally, participants entered the game and completed the joint spatial cuing task believing that the red dot

represented their partner’s gaze location (bottom right).
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online eye-tracker calibration sequence using actual
web-based eye-tracking technology offered by
Gorilla (Anwyl-Irvine et al., 2020). They then watched
a pre-recorded video, which participants believed to
be live, of the confederate completing the same
sequence. This aimed to demonstrate that we could
indeed track their eye movements and those of
their partner as well as continuing to bolster the
belief that they were connected live to another
person.

Next, participants were provided detailed instruc-
tions on the game itself. We informed them that in
the game, they would view a series of photos
arranged in a quadrant, and it was highlighted that
they would view the same photos at the same time
as their partner on a shared screen. After viewing
the quadrant of photos for a couple of seconds, par-
ticipants were told that a red dot would appear cen-
trally on one of the four photos. Crucially, for the
generation of socially modulated inhibition of return
effects, they were informed that this red dot used
live eye-tracking data to signal which photo their
playing partner had just looked at and that their
partner would also see on their screen which photo
they had just looked at. They were then instructed
that their task (along with their playing partner)
would be to press the spacebar as soon as they
detect the appearance of a blue square that would
appear shortly after the red dot and centrally on
one of the four photos. Participants were given no
further instructions or guidance on how to use the
red dot and were told to press the spacebar as
quickly and as accurately as possible as reaction
times and accuracy would be measured. We did not
collect any eye-tracking data at any point, and the
position of the red dot and blue square was always
computer generated and equiprobable across the
four locations.

Upon completion of the game, participants filled
out a post-game questionnaire in which they
reported their demographics (age, gender, and ethni-
city), and answered questions on their perceptions of
their own level of cooperativeness (“How cooperative
do you think you are?” - Likert sliding scale 1-Not
cooperative at all to 7-Very cooperative) and that of
their partner (“How cooperative do you think your
playing partner is?” — Likert sliding scale 1-Not coop-
erative at all to 7-Very cooperative). Based on these
two questions, a cooperation-index was calculated

by summing the ratings of self-cooperativeness and
partner-cooperativeness to provide a measure of per-
ceived cooperation in the interaction from the partici-
pant’s perspective (M=10.9, SD=2.3). Participants
also answered several filler questions on their percep-
tions of their own and their partner’s trustworthiness,
performance, and social status (factors not analysed
as part of this study).

At the end of the experiment, we checked whether
participants were suspicious about any element of the
procedure. We asked them to confirm that their
webcam had been turned on as well as the webcam
of their partner. If they answered “no” to either ques-
tion, they were invited to offer a reason. Participants
were, therefore, able to express any doubts about
the confederate being another player without us
overtly leading the question. Of the 78 participants
recruited, only 1 expressed a clear doubt that the con-
federate was not real, and only 2 expressed issues
about the validity of the eye-tracking procedure. All
three were excluded from all analyses.

Results

Participant gender modulates the perceived
cooperation of the social interaction

We conducted an independent-samples t test with
one between-subjects factor of participant-gender
(male vs female) on the cooperation-index measure.
Consistent with our hypothesis, we observed a signifi-
cant main effect of participant-gender, t(72.99) = 2.10,
p = .04, d = 0.48, with female participants (N=38, M=
11.4, SD =2.2) reporting a higher cooperation-index
than male participants (N=37, M=10.3, SD=2.2)
(degrees of freedom were corrected to account for
unequal variance between groups). Thus, as can be
seen in Figure 3(A), female participants perceived
their social interactions to be overall higher in coop-
erativeness compared to male participants.

Participant gender modulates the magnitude of
inhibition of return effect

We analysed trial reaction time (RT) data for all trials in
which cues and targets appeared on screen (no catch
trials). We excluded trials on which participants may
have anticipated their responses (RT < 175 ms),
responded more than three standard deviations
above the trial mean RT by trial type (target-location),
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Experiment 1a (4 Location)

Cooperation Index

Female Male

Participant Gender

N
o

IOR Magnitude (ms)
w
o

N
o

Female Male

Participant Gender

Experiment 1b (2 Location)

Cooperation Index

Female Male

Participant Gender

N
o

IOR Magnitude (ms)
w
o

N
o

Female Male
Participant Gender

Figure 3. (A) (Top Left). Perceived cooperation of the social interaction as a function of participants’ gender in Experiment 1a. Error
bars represent SEM. (B) (Top Right). Inhibition of return effects as a function of participants’ gender in Experiment 1a. Error bars rep-
resent SEM. (C) (Bottom Left). Perceived cooperation of the social interaction as a function of participants’ gender in Experiment 1b.
Error bars represent SEM. (D) (Bottom Right). Inhibition of return effects as a function of participants’ gender in Experiment 1b. Error

bars represent SEM.

or did not respond at all (RT>2000 ms). Thus, we
excluded 1.97% of the data.

We tested whether the magnitude of the inhibition
of return effect was significantly larger for female par-
ticipants compared to male participants. We con-
ducted a 2 target-location (cued vs uncued; within-
subjects) x 2 participant-gender (male vs female;
between subjects) mixed-factorial analysis of variance
(ANOVA) on the mean RTs for detecting targets. As
predicted, we observed a significant main effect of
target-location, F(1, 73)=160.72, p <.001, 1} = .69,
with cued targets (M =469 ms, SEM =11 ms) being
responded to slower than uncued targets (M=
448 ms, SEM =10 ms), reflecting an overall inhibition

of return effect of 21 ms. The main effect of partici-
pant-gender was not significant (F(1, 73) <1, p=.33,
7],2, = .01).

Consistent with our prediction, we also observed a
significant two-way interaction between target-
location and participant-gender, F(1, 73)=19.22, p
<.001, nf, = .21. Male participants were significantly
slower to respond to cued targets (M =455 ms, SEM
=16 ms) compared to uncued targets (M =441 ms,
SEM =16 ms) reflecting an inhibition of return effect
of 13 ms. This difference was larger for female partici-
pants (Mcyeq =482 ms, SEM yeq =14 ms; Myncued =
455 ms, SEMyncued =13 ms), who showed an inhi-
bition of return effect of 27 ms. Put another way,
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inhibition of return magnitude for female participants
(M =27 ms, SEM =2 ms) was significantly larger than
for male participants (M=13ms, SEM=3ms), t
(68.92) =4.37, p<.001, d=1.01. These results are
depicted in Figure 3(B).

Discussion

Consistent with the literature on gender stereotypes,
Experiment 1a found that females perceived the inter-
active context as more cooperative than males, and in
line with our prediction, females yielded larger inhi-
bition of return effects than males. Of note, the
overall inhibition of return effect in Experiment 1a
was 21 ms which is comparable to what Tufft and col-
leagues (2015) observed in the social condition of the
original joint spatial cueing task experiments. Thus,
Experiment 1a also provided concurrent validity for
the online version of the joint spatial cueing task.

An important limitation of Experiment 1a was the
presentation of 25% cued target trials compared to
75% uncued target trials. Despite the location of the
target being equiprobable across all four locations,
participants may have learned that on any given
trial targets were more likely to occur at uncued com-
pared to cued spatial locations (e.g., Friesen et al.,
2004). Therefore, we cannot rule out that the
slowing of responses to cued compared to uncued
targets in Experiment 1a may have been a result of
target predictability rather than an inhibition of
return effect. To address this limitation, in Experiment
1b, we used two cue-target locations, allowing for an
equal number of cued and uncued trials.

Experiment 1b

Experiment 1b aimed to replicate the findings of Exper-
iment 1a using a two-location set up to ensure equal
numbers of cued and uncued trials. As in Experiment
1a, we predicted that more cooperative individuals
(females) would show larger inhibition of return effects.

Methods

Participants

A total of 77 participants were recruited using Prolific
(www.prolific.co) and volunteered to participate in
exchange for a payment. We used the same recruit-
ment strategy and inclusion criteria as in Experiment

la. Two participants were excluded because they
either expressed clear doubts about the confederate
being another player, or they encountered technical
issues with the task. We therefore analysed data
from 75 participants (38 females, M,ge =32.2, SDage
=12.5; 37 males, Mge = 36.3, SD,ge = 12.9). All partici-
pants provided their informed consent and were fully
debriefed on the confederate deception following
completion of the experiment.

Design, stimuli, apparatus and procedure

All aspects of design, stimuli, apparatus, and pro-
cedure were identical to Experiment 1a except that
participants carried out a spatial cueing paradigm
with two horizontal cue-target locations. Thus, partici-
pants viewed two (rather than four) photos displayed
side by side along the horizontal axis with a ratio of
picture width to full display width of 1:2.5.

Trial sequences were also identical with partici-
pants completing 216 trials, split across 3 blocks of
72 trials. Crucially though, 50 percent of all non-
catch trials were now cued target trials (96 trials)
and 50 percent were uncued target trials (96 trials),
with the remaining 24 trials as catch trials. Location
of the target was therefore equiprobable across
cued and uncued locations. Photo set type, photo
location, red dot location, and blue square location
were all fully counterbalanced across participants to
ensure that all permutations were equally sampled.

In line with Experiment 1a, a cooperation-index
was calculated by summing the ratings of self-coop-
erativeness and partner-cooperativeness to provide
a measure of perceived cooperation in the interaction
from the participant’s perspective (M =11.0, SD = 2.0).

Results

Participant gender modulates the perceived
cooperation of the social interaction

We conducted an independent-samples t test with
one between-subjects factor of participant-gender
(male vs female) on the cooperation-index measure.
Consistent with our hypothesis, we observed a signifi-
cant main effect of participant-gender, t(64.74) = 2.31,
p =.02, d = 0.54, with female participants (N=38, M=
11.5, SD =1.6) reporting a higher cooperation-index
than for male participants (N=37, M=10.5, SD=
2.2). Therefore, female participants perceived their
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social interactions to be overall higher in cooperative-
ness compared to male participants (Figure 3(C)).

Participant gender modulates the magnitude of
inhibition of return effect

We pre-processed trial reaction time (RT) data in
the same way as Experiment 1a, excluding 1.79%
of the data, and then tested whether the magni-
tude of the inhibition of return effect was signifi-
cantly larger for female participants compared to
male participants.

We conducted a 2 target-location (cued vs uncued;
within-subjects) x 2 participant-gender (male vs
female; between subjects) mixed-factorial ANOVA
on the mean RTs for detecting targets. As predicted,
we observed a significant main effect of target-
location, F(1, 73)=213.48, p<.001, 2 =.75, with
cued targets (M=511ms, SEM=9ms) being
responded to slower than uncued targets (M=
477 ms, SEM =9 ms), reflecting an overall inhibition
of return effect of 34 ms. The main effect of partici-
pant-gender was not significant (F(1, 73)=1.27, p
=.26, 77,2, =.02).

Consistent with our prediction, we also observed a
significant two-way interaction between target-
location and participant-gender, F(1, 73)=7.98, p
=.006, n;, = .10. Male participants were significantly
slower to respond to cued targets (M =498 ms, SEM
=12 ms) compared to uncued targets (M =470 ms,
SEM =13 ms) reflecting an inhibition of return effect
of 27ms. Importantly, this difference was larger for
female participants (Mcueq =524 ms, SEMcyeq =
12 ms; Muncued =483 ms, SEMyncued =12 ms), who
showed an inhibition of return effect of 41 ms. Inhi-
bition of return magnitude for female participants
(M =41 ms, SEM =3 ms) was significantly larger than
for male participants (M=27 ms, SEM=3ms), t
(72.93)=2.82, p=.006, d=0.65. These results are
depicted in Figure 3(D).

Discussion

Experiment 1b replicated findings of Experiment 1a
with female participants showing larger inhibition of
return effects compared to male participants. More-
over, female participants continued to report the
experimental context as being more cooperative
than male participants.
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As Experiment 1b employed an equal ratio of cued
(50%) compared to uncued trials (50%), these findings
rule out the possibility that target predictability may
have accounted for findings in Experiment 1a. They
are consistent with other recent findings showing
social modulation of inhibition of return effects in a
joint spatial cueing task when using equiprobable
cue-target trials (Gobel & Giesbrecht, 2020).

Interestingly, the overall size of the IOR effect in
Experiment 1a (21 ms) was smaller than in Experiment
1b (34 ms). This intriguing result is consistent with lit-
erature that has shown a decrease in inhibition of
return magnitude with increasing cue-target
locations (Birmingham et al., 2007; Pratt et al., 1998).
This gradient in inhibition of return magnitude is
not believed to be a function of changes in target pre-
dictability or limits on processing capacity, but rather
a dilution in the intensity of inhibitory tagging that
comes from spreading responses across the visual
field (Birmingham et al., 2007).

Experiment 2a

Experiments 1a and 1b showed that more coopera-
tive individuals (females) yielded larger inhibition of
return effects in the joint spatial cueing task as well
as perceiving the interactive context as more coop-
erative. Experiment 2a aimed to directly manipulate
the cooperativeness of the social context in order to
test whether highly cooperative social contexts
would elicit larger inhibition of return effects in a
joint spatial cueing task. To test this hypothesis, for
half of all participants, we introduced the joint
spatial cueing task as a social but individual game
(playing alongside an online partner) and for the
other half of all participants as a team game
(playing together with an online partner). We based
this manipulation on the social psychological litera-
ture linking identification with groups to greater
cooperative behaviour.

Groups do better and survive for longer when their
members cooperate with one another (Tyler & Blader,
2001). Individuals, in turn, are motivated to become
and stay a member of a group, as groups play a
crucial role for their social identity or collective self
(Sedikides & Brewer, 2001). Specifically, social identity
theory postulates two important functions that
groups play for individuals: groups help to shape indi-
viduals’ definition of who they are, and groups help to
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evaluate individuals’ self-worth (Tajfel & Turner, 2001).
Thus, the more individuals identify with their group,
the more they cooperate within it (Tyler & Blader,
2001).

We aimed to activate participants’ identification
with their group, in this case, the dyadic game they
would play with the interaction partner, by highlight-
ing that they would be part of a team. We reasoned
that to the extent that participants would identify as
part of a team, they would be more motivated to
work together to achieve a joint goal, that is to win
the game. In other words, we predicted that playing
the game as a team would represent a high-coopera-
tive social context. In contrast, we predicted that
playing the game individually would represent a
low-cooperative social context. It should be noted
that the social presence of the other game player
remained consistent across both conditions, with
the only difference being the participant’s belief
about the individual-ness versus the team-ness of
the game. In line with our view that construing a
joint spatial cuing task as a cooperative game would
invite opportunities for a division of labour, where
participants interpret their partner as “taking care
of” the cued (“looked at”) location, we predicted inhi-
bition of return effects to be larger in the team com-
pared to the individual game condition.

Methods

Participants

As per Experiment 1, the sample size was estimated
based on previous studies using the joint spatial
cueing task showing moderate to large effect sizes.
A power analysis suggested targeting a sample of
at least 136 subjects in order to have 80% power
for detection of a medium-sized effect when
employing the traditional 0.05 criterion for statisti-
cal significance. In Experiment 2, we were more con-
servative in our sample size estimation since
evidence from Experiment 1 suggested slightly
more variance in online data compared to previous
lab-based data that may contribute to smaller than
expected effect sizes.

A total of 146 participants were recruited using
Prolific (www.prolific.co). We used the same recruit-
ment strategy and inclusion criteria as before. Three
participants were excluded because they either
expressed clear doubt about the confederate being

another player or they encountered technical issues
with the task. We, therefore, analysed data from 143
participants (73 females of which 36 were in the indi-
vidual condition and 37 were in the team condition,
Mage = 33.3, SD,ge = 11.6; 70 males of which 36 were
in the Individual Condition and 34 were in the Team
Condition, Mage =33.2, SD,5. = 11.7). All participants
provided their informed consent and were fully
debriefed on the confederate deception following
completion of the experiment.

Design

We employed a 2 target-location (cued target vs
uncued target) X2 participant-gender (male vs
female) x2 game-context (team vs individual)
mixed-factor design with the first factor being
within-subjects, and latter two factors being
between-subjects. The main dependent variable of
interest was participants’ reaction times to the onset
of the target stimulus.

Stimuli, apparatus & procedure

Experiment 2 was also hosted entirely online using
the web-based platform Gorilla (www.gorilla.sc), set
up using the Gorilla Experiment Builder (Anwyl-
Irvine et al., 2020), and with the same restrictions on
device type, browser type, and internet speed. Partici-
pants also completed the same guidance, instruction,
and trial procedures as in Experiment 1 (using 4 cue-
target locations) except for one key difference -
whether they were told that the game was played
as a team with their partner or as an individual along-
side their partner (factor: game-context).

In the team game condition, participants were told
that they would be working “with another participant
as a team” and that the aim was to “maximise the
team score”, which would be calculated from the
average of their combined (participant and confeder-
ate) speed and accuracy in detecting the blue square.
Furthermore, the confederate “Chris” was always
referred to as the participant’s “teammate” rather
than their “playing partner”. All other information
about the game remained the same as in Experiment
1, and the red dot continued to represent where their
playing partner looked.

In contrast, in the individual game condition, par-
ticipants were told that they would be playing “along-
side another participant as an individual” and that the
aim was to maximise their “individual score”, which
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would be calculated based on their own speed and
accuracy in detecting the blue square. They were
also told that their score would be compared
against all other players that would complete the
game (i.e., not exclusively compared against the con-
federate). And rather than their “playing partner,”
“Chris” was always referred to as their “assigned com-
petitor”. As in the Team game condition, all other
information about the game remained the same as
in Experiment 1.

In reality, we did not compute any scores in either
of the game-context conditions. All social, contextual
and perceptual information remained consistent
across all conditions with the only difference being
whether the participant believed they were playing
with someone else as part of a team game or along-
side someone else as an individual game.

On completion of the game, participants filled out
the same post-game questionnaire as Experiment
1. Based on the two questions on cooperativeness, a
cooperation-index was calculated by summing the
ratings of self-cooperativeness and partner-coopera-
tiveness to provide a measure of perceived
cooperation in the interaction from the participant’s
perspective  (M=11.1, SD=1.8). Participants
responded to two further questions which aimed to
check if the game-context manipulation was success-
ful in shifting participants’ perceptions about the
game itself (“In the game, how much did you feel
like a team playing with your playing partner?” / “In
the game, how much did you feel like an individual
playing alongside your playing partner?” - Likert
sliding scale 1-Not at all to 7-Very).

Results

Manipulation check: perceived team-ness vs
perceived individual-ness of the game
To test whether our manipulation was successful in
generating a sense of team-ness or individual-ness
during the game, we conducted a 2 game-context
(team vs individual) x 2 participant-gender (male vs
female) ANOVA. We did this independently for the
team and the individual manipulation check items.
For perceived team-ness, we observed a significant
main effect of game-context, F(1, 139)=16.92, p
<.001, nf) = .11, such that mean ratings of experien-
cing the game as a team were significantly higher in
the team game condition (N=71, M=4.1, SEM=0.2)
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than in the individual game condition (N=72, M=
3.0, SEM=0.2), consistent with the team game con-
dition generating a greater sense of team-ness.
Notably, the main effect of participant-gender and
the interaction of participant-gender and game-
context did not reach levels of significance (all Fs <
1, all ps > .35).

For perceived individual-ness, this result was par-
tially mirrored with a significant main effect of
game-context, F(1, 139)=33.49, p<.001, 77,2, =.19.
Participants reported to experience the individual
game condition (N=72, M=5.2, SEM=0.2) more as
an individual than the team game condition (N=71,
M=3.6, SEM=0.2), consistent with the individual
game condition generating a sense of individual-
ness. Interestingly, there was also a main effect of par-
ticipant-gender, F(1, 139)=8.42, p=.004, n; = .06,
such that male participants (N=70, M=4.8, SEM =
0.2) reported to experience the game context more
as an individual compared to female participants (N
=73, M=4.0, SEM =0.2). However, there was no evi-
dence that this differed by the type of game played
as the interaction of participant-gender and game-
context was not significant, F(1, 139)=0.04, p = .84,
T),z) < .001.

In sum, our game-context manipulation was suc-
cessful in inducing a sense of team-ness in the team
game condition and a sense of individual-ness in
the individual game condition for both male and
female participants.

Game context modulates the perceived
cooperativeness of the social interaction
To test whether participants experienced greater
cooperativeness in the team compared to the individ-
ual game conditions, we submitted the cooperation-
index to a 2 game-context (team vs individual) x 2
participant-gender (male vs female) ANOVA. We
observed a significant main effect of game-context,
F(1, 139)=4.75, p=.03, m, = .03, such that mean
cooperation-index scores were higher in the team
game condition (M=11.4, SEM=0.2) compared to
the individual game condition (M =10.8, SEM=0.2),
consistent with the manipulation raising perceptions
of cooperativeness in the team condition.
Interestingly and as can be seen in Figure 4(A),
this was further qualified by a significant two-way
interaction between game-context and participant-
gender, F(1, 139) =4.09, p =.045, n, = .03. Post hoc
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Figure 4. (A) (Top Left). Perceived cooperation of the social interaction as a function of game context and participants’ gender in
Experiment 2a. Error bars represent SEM. (B) (Top Right). Inhibition of return effects as a function of game context and participants’
gender in Experiment 2a. Error bars represent SEM. (C) (Bottom Left). Perceived cooperation of the social interaction as a function of
game context and participants’ gender in Experiment 2b. Error bars represent SEM. Figure (D) (Bottom Right). Inhibition of return
effects as a function of game context and participants’ gender in Experiment 2b. Error bars represent SEM.

model contrasts of estimated marginal means with
Bonferroni adjusted a levels revealed that male par-
ticipants rated the cooperativeness of the dyads sig-
nificantly lower in the individual game condition (M
=10.2, SEM =0.3) compared to the team game con-
dition (M =11.5, SEM =0.2), t(139) =2.94, p=.008, d
=0.70. However, there was no evidence for any
difference in perceived cooperativeness for female
participants between the team and individual
game conditions (Mieam=11.3, SEMieam=0.3;
Mindividual = 11.3, SEMingividual = 0.3; t(139)=.11, p=
1, d=0.03). The main effect of participant-gender
did not reach significance, F(1, 139)=2.34, p=.13,
1;,2, =.02.

In sum, game-context modulated the perceived
cooperativeness of the dyadic pairs, but for male par-
ticipants only. Male participants reported higher per-
ceived cooperativeness of the dyad in the Team game
condition compared to the individual game con-
dition. In contrast, there was no such difference for
female participants, who rated both game conditions
consistently high in perceived cooperativeness.

Game context modulates the magnitude of the
inhibition of return effect

We pre-processed trial reaction time (RT) data in the
same way as Experiment 1, excluding 1.82% of the
data, and then tested whether inhibition of return



effects would be greater in the team game condition
compared to the individual game condition.

We conducted a 2 target-location (cued vs uncued;
within-subject) X 2 game-context (team vs individual;
between-subject) x 2 participant-gender (male vs
female; between-subject) mixed-factorial ANOVA for
mean reaction times to detecting the target. We
observed a significant main effect of target-location,
F(1,139) =506.97, p < .001, Tlf, = .79, with mean reac-
tion times for detecting cued targets (M =444 ms,
SEM =6 ms) slower than uncued targets (M=
415 ms, SEM =6 ms) reflecting an overall inhibition
of return effect of 29ms. The main effect of game-
context was also significant, F(1, 139) =4.36, p =.04,
77,2,= .03, with mean reaction times in the team
game condition (M =441 ms, SEM=9ms) slower
than in the individual game condition (M =418 ms,
SEM=7 ms). Notably, the two-way interaction
between target-location and game-context was not
significant, F(1, 139)=027, p=.60, 1 = .002.
However, the three-way interaction between target-
location, game-context and participant-gender was
significant, F(1, 139)=7.13, p=.008, = =.05. To
further unpack, we analysed the target-location by
game-context interaction for male and female partici-
pants separately.

For male participants, the target-location by game-
context interaction was significant, F(1, 68)=6.14, p
=.02, nf,:.os. Male participants were slower to
detect cued targets (M =457 ms, SEM =12 ms) than
uncued targets (M=426ms, SEM=12ms) in the
team game condition, reflecting an inhibition of
return effect of 31 ms. Crucially, a post hoc compari-
son of mean inhibition of return by game-context
shows this difference was significantly reduced to
23 ms in the individual game condition (Mcyeq=
421 ms, SEMcyeq =10 ms; Muncued = 398 ms,
SEMuncued =9 M), t(67.82) = 2.49, p = .02, d = 0.59.

In contrast, for female participants, the target-
location by game-context interaction was not sig-
nificant, F(1, 71)=2.00, p=.16, m; =.03. Female
participants were slower to detect cued targets
(M =455ms, SEM=13 ms) than uncued targets (M
=427 ms, SEM=12ms) in the team game con-
dition, reflecting an inhibition of return effect of
28 ms. This difference was not significantly larger
for the individual game condition (Mc,eq =442 ms,
SEMcyed =12 ms; Muncued =409 ms, SEMuncued =
11 ms; IOR=33 ms), t(66.38)=1.41, p=.16, d=0.33.
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No other main effects or interactions reached sig-
nificance (target-location x participant-gender, F(1,
139)=1.80, p=.18, 7> =.01, all other Fs<1, all
ps > .45).

In sum, game-context modulated the magnitude of
inhibition of return for male participants only. Male
participants showed a larger inhibition of return
effect in the team game condition compared to the
individual game condition. In contrast, there was no
such difference in inhibition of return effect for
female participants. These results are shown in
Figure 4(B).

Discussion

Experiment 2a yielded a series of important findings.
Unexpectedly, participants in the team game con-
dition compared to the individual game condition
did not differ in the magnitude of inhibition of
return overall. Instead, analyses showed that this
was only the case for male participants, who
showed a significantly larger inhibition of return
effect in the team compared to the individual game
condition. Why was this not the case for female par-
ticipants? One possibility is that females were more
cooperative to begin with. Indeed, the existing litera-
ture demonstrates that when being exposed to social
dilemmas framed as an individual task, females
exhibit much less self-serving behaviours than males
(Van Vugt et al., 2007).

Another important finding from Experiment 2a
was that participants’ psychological experience of
the team compared to the individual game condition
differed significantly, with participants reporting the
former as the more collaborative social context.
Interestingly, here again, we observed important
gender differences. Male participants reported that
they experienced the team game condition as the
more cooperative social context compared to the
individual game condition. This was not the case
for female participants, who experienced the team
and the individual game conditions as equally
high-cooperative social contexts. These psychologi-
cal interpretations of the social context help to
further understand the unexpected gender differ-
ence in the magnitude of the inhibition of return
effect.

One limitation of Experiment 2a, and indeed Exper-
iments 1a and 1b, was that the e-meeting of the
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alleged interacting player was a closely choreo-
graphed video recording of a male research assistant.
We chose to only use one male player identity, so that
every participant would be made to believe they
interacted with the exact same person represented
by the exact identical stimulus in terms of physical
attractiveness, facial expression, dress, and back-
ground. As we were interested in the effect of the par-
ticipants and their interpretation of the social context,
we thought it would be prudent to control for the
interacting player’s identity, as social psychological
research shows how people change their self-percep-
tions and interpretations of the social situation con-
tingent on the person they interact with (Balliet
et al., 2011; Fiske et al, 2002; Sinclair et al., 2005).
However, a remaining question is whether the
reported effects are generalizable to a female inter-
action partner. We conducted Experiment 2b to
answer this question.

Experiment 2b

Experiment 2b tested whether the results from Exper-
iment 2a would replicate when the interaction
partner was female. We predicted that highly coop-
erative social contexts would elicit larger inhibition
of return effects in a joint spatial cueing task.

Methods

Participants

A total of 153 participants were recruited using
Prolific (www.prolific.co). We used the same recruit-
ment strategy and inclusion criteria as before. Thir-
teen participants were excluded because they either
expressed clear doubt about the confederate being
another player (12), or they encountered technical
issues with the task (1). The larger number of exclu-
sions reflected the change in confederate and relative
differences in believability of the pre-recording. We
therefore analysed data from 140 participants (69
females with 34 in the Individual Condition and 35
in the Team Condition, M,ge =31.3, SD,ge=11.5; 71
males with 36 in the Individual Condition and 35 in
the Team Condition, M,ge = 37.6, SD,4e = 13.5). All par-
ticipants provided their informed consent and were
fully debriefed on the confederate deception follow-
ing completion of the experiment.

Design, stimuli, apparatus and procedure

All aspects of design, stimuli, apparatus, and pro-
cedure were identical to Experiment 2a, except for
the gender of the confederate. This time, the game-
playing partner was a pre-recorded video of a
female research assistant. As before, participants com-
pleted an “online meeting” during which their
webcams were turned on, so that they could see
themselves on screen, and this was shown alongside
a 5 s pre-recorded video of the confederate meeting
the participant for the first time live via webcam.
The female confederate was instructed to wave in
the same manner as the male confederate and contin-
ued to use the gender-neutral name “Chris”.

Again, a cooperation-index was calculated by
summing the ratings of self-cooperativeness and
partner-cooperativeness to provide a measure of per-
ceived cooperation in the interaction from the partici-
pant’s perspective (M =11.1, SD = 2.0).

Results

Manipulation check: perceived team-ness vs
perceived individual-ness of the game

To test whether our manipulation was successful in
generating a sense of team-ness or individual-ness
during the game, we conducted a 2 game-context
(team vs individual) x 2 participant-gender (male vs
female) ANOVA. We did this independently for the
team and the individual manipulation check items.

For perceived team-ness, we observed a significant
main effect of game-context, F(1, 136)=10.77, p
=.001, 15 = .07, such that mean ratings of experien-
cing the game as a team were significantly higher in
the team game condition (N=70, M=4.3, SEM =0.2)
than in the individual game condition (N=70, M=
3.3, SEM=0.2), consistent with the team game con-
dition generating a greater sense of team-ness. The
main effect of participant-gender (F(1, 136)=2.53, p
=.11, nf, =.02) and the interaction of participant-
gender and game-context did not reach levels of sig-
nificance (F(1, 136) = 0.33, p = .56, 1 = .002).

For perceived individual-ness, there was a signifi-
cant main effect of game-context, F(1, 136) =47.46,
p <.001, 77,2, = .26. Participants reported to experience
the individual game condition (N=70, M=5.2, SEM =
0.2) more as an individual than the team game con-
dition (N=70, M=3.3, SEM=0.2), consistent with
the individual game condition generating a sense of
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individual-ness. There was no main effect of partici-
pant-gender, F(1, 136)=0.03, p=.86, m} <.001,
however, the interaction of participant-gender and
game-context approached significance, F(1, 136) =
3.76, p=.06, nf, = .03 (Males: Miegm=3.1, SDieam =
0.3, Mindividuai = 5.5, SDindividual =0.2; Females: Mteam =
3.6, SDteam = 0.3, Mindividuai = 4.9, SDindividuar= 0.3).

In sum, our game-context manipulation was suc-
cessful in inducing a sense of team-ness in the team
game condition and a sense of individual-ness in
the individual game condition for both male and
female participants.

Game context modulates the perceived
cooperativeness of the social interaction

To test whether participants experienced greater
cooperativeness in the team compared to the individ-
ual game conditions, we submitted the cooperation-
index to a 2 game-context (team vs individual) x 2
participant-gender (male vs female) ANOVA. The
main effect of game-context was not significant, F(1,
136) =2.62, p=.11, m} = .02, although directionally
mean cooperation-index scores were higher in the
team game condition (M =11.4, SEM =0.2) compared
to the individual game condition (M =10.9, SEM = 0.3).
The main effect of participant-gender did reach sig-
nificance, F(1, 136)=7.37, p=.007, x, = .05, with
overall perceptions of cooperativeness greater for
females (M =11.6, SD=0.2) than males (M =10.7, SD
=0.3).

Replicating Experiment 2a, there was a significant
two-way interaction between game-context and par-
ticipant-gender, F(1, 136)=4.09, p=.045 m) =.03.
Post-hoc model contrasts of estimated marginal
means with Bonferroni adjusted a levels revealed
that male participants rated the cooperativeness of
the dyads significantly lower in the individual game
condition (M=10.1, SEM=0.3) compared to the
team game condition (M=11.3, SEM=0.4), t(136) =
2.59, p=.02, d=0.62. However, there was no evi-
dence for any difference in perceived cooperativeness
for female participants between the team and individ-
ual game conditions (Mieam=11.5, SEMeam =0.3;
Mindividuat = 11.7, SEMingividual = 0.3; 1(136) =.28, p=1,
d=0.07).

In sum, Experiment 2b replicated Experiment 2a in
that game-context modulated the perceived coopera-
tiveness of the dyadic pairs, but for male participants
only. Male participants reported higher perceived
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cooperativeness of the dyad in the Team game con-
dition compared to the individual game condition
with no such difference for female participants, who
rated both game conditions as highly cooperative
(Figure 4(C)).

Game context modulates the magnitude of the
inhibition of return effect

We pre-processed trial reaction time (RT) data in the
same way as Experiment 1, excluding 1.92% of the
data, and then tested whether inhibition of return
effects would be greater in the team game condition
compared to the individual game condition.

We conducted a 2 target-location (cued vs uncued;
within-subject) X 2 game-context (team vs individual;
between-subject) X 2 participant-gender (male vs
female; between-subject) mixed-factorial ANOVA for
mean reaction times to detecting the target. We
observed a significant main effect of target-location,
F(1,136) =423.18, p < .001, 77,% = .76, with mean reac-
tion times for detecting cued targets (M =478 ms,
SEM=6 ms) slower than uncued targets (M=
453 ms, SEM =6 ms) reflecting an overall inhibition
of return effect of 25ms.

Again, the two-way interaction between target-
location and game-context was not significant, F(1,
136) =0.49, p = .48, 1, = .004. However, in line with
Experiment 2a, the three-way interaction between
target-location, game-context and participant-
gender was significant, F(1, 136)=4.55, p=.04,
nf, = .03. To further unpack, we analysed the target-
location by game-context interaction for male and
female participants separately.

For male participants, the target-location by game-
context interaction was significant, F(1, 69) =4.21, p
=.04, nﬁ = .06. Male participants were slower to
detect cued targets (M =482 ms, SEM =13 ms) than
uncued targets (M=456ms, SEM=13ms) in the
team game condition, reflecting an inhibition of
return effect of 26ms. Crucially, a post-hoc compari-
son of mean IOR by game-context shows this differ-
ence was significantly reduced to 19ms in the
individual game condition (Mcyeq =450 ms, SEM  eq
=9 ms; Muncued =431 ms, SEMyncueq =9 Ms), 1(66.43)
=2.05, p=.045, d=0.49.

In contrast, for female participants, the target-
location by game-context interaction was not signifi-
cant, F(1, 67) = 0.98, p = .33, n, = .01. Female partici-
pants were slower to detect cued targets (M=
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486 ms, SEM=13 ms) than uncued targets (M=
461 ms, SEM =13 ms) in the team game condition,
reflecting an inhibition of return effect of 25ms. This
was not significantly different from the individual
game condition (Mcyeq=495ms, SEMcyeq =14 ms;
Myncueqd =466 ms, SEMncueq =13 ms; IOR=29ms), t
(66.80) =0.99, p =.33, d=0.24. No other main effects
or interactions reached significance.

In sum, game-context modulated the magnitude of
inhibition of return for male participants only, in line
with findings from Experiment 2a and extending
them to a female confederate (Figure 4(D)).

Discussion

Experiment 2b showed that male participants yielded a
significantly larger inhibition of return effect in the
team compared to the individual game condition, but
this was not the case for female participants. These
findings not only replicate results from Experiment 2a
but also generalize them further, as a female research
assistant was used as game playing partner (i.e., confed-
erate). This suggests that effects did not differ between
same-gender and mix-gender dyads. Furthermore, in a
separate analysis, we were able to rule out that different
target angles across uncued target trials, resulting from
a four-location set up, systematically influenced our
findings in Experiment 2a and 2b (see supplementary
materials).

General discussion
Summary of the results

Past research wusing a joint spatial cueing
task has shown that social orienting effects are
shaped by the partner with whom participants inter-
act with (Gobel et al, 2018; Gobel & Giesbrecht,
2020; Tufft et al., 2015). The present research tested
whether who the participants were and how they
interpreted the social context would also modulate
inhibition of return effects in a joint spatial cueing
task. We found that being a more cooperative partici-
pant (Experiment 1a and 1b) and interacting within a
high-cooperative social context (Experiment 2a and
2b) increased the magnitude of the inhibition of
return effects (see Table 1 for summary of mean RTs).

Experiment 1a and 1b found that female compared
to male participants showed larger inhibition of return

effects, and they interpreted the task as more coop-
erative. This finding is consistent with the literature
on gender stereotypes and the behavioural evidence
of females overall being more cooperative than men
(Balliet et al., 2011; Eagly, 2009). Importantly, these
results hold whether we used four spatial locations
with 25% cued trials (Experiment 1a) or two spatial
locations with 50% cued trials (Experiment 1b). Thus,
the percentage of cued trials did not affect the
social modulation of inhibition of return effects.

Experiment 2a and 2b found that introducing the
joint spatial cueing task as a team game rather than
an individual game, and directly manipulating the
cooperativeness of the context, increased inhibition
of return effects for male participants, who perceived
team games as a more cooperative context. This
finding is consistent with the social identity literature
suggesting that highly identified group members
cooperate more (Tyler & Blader, 2001). Experiment
2a and Experiment 2b further showed that these
results were robust for interacting with a same
gender or an opposite gender playing partner.

Thus, this series of experiments consistently
demonstrate how perceptions of cooperativeness
within the interactive context of a joint spatial cuing
task play an important role in the modulation of inhi-
bition of return effects. One possible interpretation of
these findings is that when perceiving the interaction
context to be a cooperative one, participants view
their interaction partner as “taking care” of looked-
at spatial locations, highlighting a division of labour,
and enabling them to focus their attentional
resources on the detection of targets in novel
spatial locations. This view points to a socially
attuned and distributed cognitive system that facili-
tates social living.

Theoretical implications

Our findings make a series of contributions towards a
better understanding of interactive cognition. Firstly,
social attention establishes common ground (Clark
& Brennan, 1991), underlies joint action (Sebanz
et al., 2006), and might facilitate the joint exploration
of novel spatial locations (Gobel et al., 2018). But past
social attention research has mostly focused on the
role that interaction partners play for guiding visual
attention. For example, research shows that who the
interaction partner is prioritizes social orienting



Table 1. Mean RTs in ms (with SEM) for Experiment 1 and 2.
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Experiment 1a

Experiment 1b

Cued Target

Uncued Target

Cued Target Uncued Target

455 (16)
482 (14)

Male Participants
Female Participants

441 (16)
455 (13)

498 (12)
524 (12)

470 (13)
483 (12)
Experiment 2a

Individual Game Team Game
Cued Target Uncued Target Cued Target Uncued Target
Male Participants 421 (10) 398 (9) 457 (12) 426 (12)
Female Participants 442 (12) 409 (11) 455 (13) 427 (12)
Experiment 2b
Individual Game Team Game

Cued Target

Uncued Target

Cued Target Uncued Target

451 (9)
495 (14)

Male Participants
Female Participants

431 (9)
466 (13)

482 (13)
486 (13)

456 (13)
461 (13)

effects as early as 150 ms after the cue onset (Gobel &
Giesbrecht, 2020). The present research adds to this
literature, highlighting that who the participant is
might be equally important in guiding visual atten-
tion in interpersonal contexts.

Secondly, our findings add to previous research
suggesting that the creation of a positive and coop-
erative interaction context is essential for interactive
cognition effects, such as a joint Simon effect, to
occur (Hommel et al,, 2009). We found that high-
cooperative contexts increased inhibition of return
effects. Other research, however, was unable to docu-
ment any change in social inhibition of return effects
when participants carried out a joint reaching task
either as a cooperation or a competition (Atkinson
et al, 2018), interacted with a similar or dissimilar
interaction partner (Dalmaso et al., 2021), or com-
peted versus cooperated in a joint perspective-
taking task (Surtees et al., 2021). One possibility is
that if the interaction partner is rendered highly
salient in two experiments conditions, participants
co-represented their partner’'s task in both exper-
imental conditions, resulting in a null finding. In
Experiment 2a and 2b, we carefully removed the
social relevance of the interaction partner in the indi-
vidual game condition, while, crucially, maintaining
both their social presence and the imbued social
meaning of the cue. This was achieved by explaining
to participants that they would play alongside a
partner in trying to win the game against all other
participating players. In male participants, we
observed that this manipulation resulted in a signifi-
cant lower perception of cooperativeness and a sig-
nificantly lower inhibition of return effect in
comparison to playing the game as a team.

Finally, the present findings suggest that constru-
ing the social context as cooperative might play an
important role for socially distributed cognition to
emerge (Hutchins, 1995; Tufft & Richardson, 2020).
For example, when participants collaboratively
search for visual targets, they use information about
each other's gaze location to improve their dyadic
performance (Brennan et al., 2008). We propose that
the present research adds to this literature in
that when participants perceived social contexts to
be highly cooperative, thelarger inhibition of return
effects seen reflect a division of labour. We think
that future research on interactive cognition needs
to adopt a holistic perspective in order to better
understand how it is dynamically shaped by who
enters the situation (i.e., personality and dispositions),
who they interact with (i.e., social characteristics of
the interaction partner), and how they interpret the
social context (i.e., social situation). Only if research
addresses all three pillars of social behaviour will it
be able to comprehensively assess cognition during
interpersonal interactions.

Limitations and future studies

Our research is not without limitations. Conducting
psychophysical research online is a novel frontier
(Tufft, 2020). For example, as we conducted our
research online, we had less experimental control
over the size or the salience of our stimuli, as partici-
pants used various computers with different screen
resolutions, and looked at them from different dis-
tances. This may have rendered our measure noisier
than ideal. However, it should be noted that the
overall inhibition of return effect in the present
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research (21 ms) was very similar to the magnitude of
the inhibition of return effect that was originally
observed in joint spatial cueing tasked tested in the
controlled environment of the laboratory (Tufft
et al., 2015). Crucially, if the online nature of our
data collection increased the noise of our measure,
it did so for both male and female participants (Exper-
iment 1a & 1b), as well as in both the team and indi-
vidual game conditions (Experiment 2a & 2b). Thus,
we do not think that online data collection would
have systematically influenced our results.

In the present study, we only used two-player iden-
tities as confederates. The e-meeting of the alleged
interacting player was a closely choreographed
video recording of a man (Experiment 1a, 1b, and
2a) or a woman (Experiment 2b). This was done so
that every participant would be made to believe
they interacted with the exact same person rep-
resented by the exact identical stimulus in terms of
physical attractiveness, facial expression, dress, and
background. As we were interested in the effect of
the participants and their interpretation of the social
context, we thought it would be prudent to control
for the interacting player’s identity, as social psycho-
logical research shows how people change their
self-perceptions and interpretations of the social situ-
ation contingent on the person they interact with
(Balliet et al., 2011; Fiske et al., 2002; Sinclair et al.,
2005). For example, the social attention literature
suggests that group membership modulates atten-
tional facilitation and social inhibition of return
effects (Liuzza et al., 2011; Nafcha et al., 2020; Pavan
et al, 2011). Thus, future research could test
whether the here reported effects are generalizable
to social contexts when the interaction partner
holds a different group membership.

It is important to note that the precise nature and
the specific mechanisms underlying the inhibition of
return effect remain disputed (Dukewich & Klein,
2015; Klein, 2000; Lupiafez et al., 2013). It is widely
acknowledged that the inhibition of return effect in
the original spatial cueing paradigm is exogenous
and reflexive in nature (Klein, 2000; Posner et al,
1985; Tipper & Kingstone, 2005). The original spatial
cueing paradigm uses, as does the here reported
joint version of the spatial cueing paradigm, periph-
eral cues to exogenously engage attention and inter-
vening cues to exogenously disengaging attention
from them. However, this does not rule out the

possibility that endogenous attention may interact
with the exogenous nature of inhibition of return.
Indeed, research has shown that goal-directed pro-
cesses can modulate inhibition of return effects (Bir-
mingham et al., 2007; Tipper & Kingstone, 2005). For
example, Bucker and Theeuwes (2014) showed that
while the initial orienting effect is purely stimulus
driven, attentional reorienting and inhibitory pro-
cesses following the initial capture of attention are
susceptible to modulation by motivation (Bucker &
Theeuwes, 2014).

While it goes beyond the current research to pin-
point what stages of information processing and
through what mechanism cooperative contexts
modulate inhibition of return in the joint spatial
cueing task, our findings add to the long list of
studies demonstrating endogenous modulation of
inhibition of return effects (Birmingham et al., 2007;
Bucker & Theeuwes, 2014; Jones et al., 2002; Lupiafiez
et al, 2001; Pratt et al., 1998; Tipper & Kingstone,
2005). Our findings are consistent with previous
research showing that beliefs about the social
meaning of the cue alone suffice to modulate inhi-
bition of return effects (Gobel et al.,, 2018; Gobel &
Giesbrecht, 2020; Liu et al., 2021; Tufft et al., 2015).
Future research is needed to investigate the specific
mechanism underlying such social modulation of
inhibition of return effects, for example, whether it
is more strategic and effortful or implicit and effortless
in nature. The importance of the current findings lies
in demonstrating the robust role that gender and
perceived cooperation play in the social modulation
of inhibition of return.

Conclusion

Humans do not perceive social reality objectively, but
rather they construe it subjectively. In the present
research, we tested how the subjective interpretation
of social contexts shapes visual attention. We found
that when the social context of interacting with
another person in a joint spatial cueing task was inter-
preted as cooperative, then inhibition of return effects
increased. In Experiment 1a and 1b, these effects
emerged for females, known to be cooperative in dis-
position, and in Experiment 2a and 2b, they emerged
for males when they were led to interpret the social
context as a team game. Our findings suggest that
subjective interpretations of social contexts as



highly cooperative play an important role in the joint
orienting of visual attention, and speaks
to behavioural coordination and distributed cogni-
tion. We suggest that future research on interactive
cognition needs to address how social attention is
dynamically guided by who enters the situation,
who they interact with, and how they construe the
interaction.
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