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Abstract

Social gaze-following consists of both reflexive and volitional
control mechanisms of saccades, similar to those evaluated in
the antisaccade task. This similarity makes gaze-following an
ideal medium for studying attention in a social context. The
present study seeks to utilize reflexive gaze-following to de-
velop a social paradigm for measuring attention control. We
evaluate two gaze-following variations of the antisaccade task.
In version 1, participants are cued with still images of a social
partner looking either left or right. In version 2, participants
are cued with videos of a social partner shifting their gaze to
the left or right. As with the traditional antisaccade task, par-
ticipants were required to look in the opposite direction of the
target stimuli (i.e., gaze cues). Performance on the new gaze-
following antisaccade tasks are compared to the traditional an-
tisaccade task and the highly related ability of working mem-
ory.

Keywords: gaze-following; social cues; attention control; an-
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Introduction

At any given moment, our environment is filled with far more
information than we can observe at once. With a seemingly
infinite number of incoming signals, we need some way to
decide what we should pay attention to. To this end, atten-
tion control allows us to selectively attend to stimuli in the
environment (Posner & Rothbart, 2007). Attention is typi-
cally studied by measuring a person’s ability to orient atten-
tion “at will” in the face of a distracting stimuli (Unsworth,
Schrock, & Engle, 2004). To date, the use of simple stimuli
(e.g., flashes of light or basic geometric shapes) to capture
attention has dominated the field of attention research; how-
ever, the generalizability of such stimuli has been the subject
of some critique (Kingstone, Laidlaw, Nasiopoulos, & Risko,
2017). Joint attention, specifically the tendency to reflexively
align ones attention with another person via gaze-following,
may provide a unique opportunity to measure attention con-
trol in a more complex social context. Despite its potential,
little is known about how joint attention abilities fit into cur-
rent models of attention. The present study aims to bring to-
gether research on gaze-following and traditional models of
attention control to evaluate the potential of using gaze cues
as stimuli for measuring attention control.

Attention Control

Two contrasting processes drive attention control: bottom-up
and top-down selection. Bottom-up or stimulus-driven selec-

tion refers to the passive and involuntary orienting of atten-
tion to salient and potentially important stimuli in the envi-
ronment (Connor, Egeth, & Yantis, 2004). Top-down or goal
driven selection refers to the volitional orienting of attention
to stimuli that is relevant to a persons current behavior or in-
tentions (Theeuwes, 2010). Although top-down selection is
typically associated with attention control, both play impor-
tant roles in the way we study attention.

Bottom-up selection is responsible for orienting attention
to salient stimuli regardless of the intentions of the observer
(Connor et al., 2004). For example, if there were a sudden
flash of light while you were reading, you would automati-
cally look towards the source of the flash. This behavior has
a significant survival purpose. Salient features such as stark
color and geometric contrast could be a food source, while
sudden movement or sounds could indicate a predator attack
(Connor et al., 2004). Despite their automatic nature, bottom-
up processes are not in complete control of our attention. Top-
down processes allow us to orient attention “at will” to stimuli
that are relevant to our current goals or behaviors (Theeuwes,
2010). Suppose the flash of light from the previous example
came from an unimportant source like a camera flash. Top-
down selection would allow you to ignore successive flashes
and return your focus to reading. Top-down control typically
occurs after attention has been captured by a bottom-up stim-
ulus. This is because top-down selection requires recurrent
feedback processes to modulate attention selection - a pro-
cess reliant on working memory (Shipstead, Harrison, & En-
gle, 2015; Theeuwes, 2010).

Working Memory and Attention

Without the ability to hold our goals in mind, we would not
be able to orient attention in a way that helps us achieve
them. Working memory, the ability to temporarily main-
tain and manipulate goal-relevant information, is responsible
for biasing top-down attention towards goal relevant stimuli
through the maintenance of attentional priorities (Shipstead
et al., 2015). Working memory goal maintenance influences
attention at two levels: (1) inhibiting a bottom-up response
that runs counter to the task goal and (2) planning and exe-
cuting a top-down response in line with the current task goal
(Roberts, Hager, & Heron, 1994; Morey et al., 2012). But just
as attention needs working memory to select what to focus
on, working memory needs attention to continually provide
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goal-relevant information and feedback in order to update the
current active goal (Conway et al., 2005). Because of this bi-
directional relationship, attention and working memory are
often studied in parallel. The overlap between these con-
structs is clearly evident when one examines the paradigms
used to probe attention control abilities.

Attention control is usually measured with tasks that pit
bottom-up and top-down selection against each other. These
paradigms require a person to override a reflexive orienting
response (bottom-up selection) and allocate attention to an al-
ternative goal-related location (top-down selection via work-
ing memory goal maintenance) (Heitz & Engle, 2007; Posner
& Rothbart, 2007). As described earlier, working memory,
specifically the goal maintenance aspect, is vital to attention
control. As such, individual differences in working memory
ability can heavily influence performance on attention control
tasks. Individuals with high working memory ability (high-
spans) resolve competition between bottom-up and top-down
selection quickly (Engle, 2002), while individuals with low
working memory abilities (low-spans) often have difficulty
resisting bottom-up selection (Unsworth et al., 2004). Low-
spans tend to make more errors and display slower response
times on attention control tasks because they are more sus-
ceptible to goal neglect when attention is captured by a strong
distractor (Morey et al., 2012). When a strong bottom-up dis-
tractor is present, low-spans’ goal representations are weak-
ened. Ultimately, this results in a delayed or completely failed
execution of top-down control (Unsworth et al., 2004).

The relationships between working memory and atten-
tion control has been heavily studied in the cognitive liter-
ature; however, research on social cognition has largely ig-
nored this relationship when evaluating attention control in
the context of social interaction. Critically, this relationship
has been overlooked by researchers trying to develop “real-
world” measures of attention control. If psychologist aim to
develop increasingly “real” measures of cognitive functions,
any new or modified attention control task should take this
relationship into account. Doing so will help elucidate the re-
lationship between working memory and attentional control
across a range of bottom-up and top-down constraints.

Social Attention

Recently, researchers have begun to question the general-
izability of traditional cognitive tasks that use simple stim-
uli (e.g., flashes of light or basic geometric shapes) to elicit
bottom-up attention (Driver et al., 1999; Friesen, Ristic, &
Kingstone, 2004; Langton, Watt, & Bruce, 2000; Risko, Laid-
law, Freeth, Foulsham, & Kingstone, 2012). Such stimuli are
considered to be removed from the more real-world domains
where attention is routinely employed, namely in social con-
texts. In response to this critique, many researchers have be-
gun investigating how social cues influence the allocation of
attention. Joint attention has become a popular medium for
such investigations.

Joint attention is the ability to align our own attention with
another person by following their various social cues. These

cues include low-level behavioral markers of attention such
as the direction of a persons eye gaze, their head turns, and
their gestures (Mundy & Newell, 2007). Early research on
joint attention suggests that the alignment of attention to the
gaze cues of another person, referred to as gaze-cueing or
gaze-following, occurs reflexively (i.e., in a bottom-up fash-
ion) (Driver et al., 1999; Friesen & Kingstone, 1998). This
finding is robust, replicating across various levels and types of
gaze cue stimuli. These stimuli range from schematic-static
eyes (sketches of eyes looking left or right) to dynamic real
faces (videos of real peoples gaze shifts). To date, most gaze-
cueing research has focused on simply identifying whether or
not various gaze-stimuli trigger reflexive bottom-up orient-
ing. This is no small task, as even traditional stimuli range in
their effectiveness.

Researchers have repeatedly found gaze cues to reliably
elicit bottom-up orienting in a way that closely resembles tra-
ditional attention cues, namely peripheral sudden onset cues
(Frischen, Bayliss, & Tipper, 2007; Friesen et al., 2004). A
few researchers have even found evidence that gaze-cues may
be a stronger bottom-up stimulus than centrally presented di-
rectional cues. For example, Friesen et al. (2004) evaluated
the bottom-up orienting strength of gaze and arrow cues by
modifying the Posner cueing paradigm. They found that par-
ticipants would orient in the direction of gaze, but not arrows
cues, when the cues were counter-predictive to a targets loca-
tion. They posited that, although both cue types can be used
to direct attention, only gaze cues do so reflexively when cen-
trally presented. These findings, and others like them (see
Frischen et al., 2007 and Langton et al., 2000 for review; also,
Mundy and Newell, 2007), repeatedly demonstrate that gaze
cues can be used to trigger bottom-up selection in a similar
manner to traditionally used stimuli (e.g., peripheral flashes).
This suggests that gaze cues are an effective medium for
studying attention; however, more research is needed to eval-
uate how variations in gaze stimuli modulate the way people
allocate their attention.

Despite robust evidence for the reliability of gaze cues to
involuntarily orient attention, variations in gaze stimuli can
have major impacts on this effect. Risko and colleagues’
(2012) review of social stimuli demonstrated that changes in
the “realness” of stimuli greatly impacts its bottom-up ori-
enting strength. For instance, schematic faces elicit a larger
orienting effect than real faces and dynamic gaze cues elicit
stronger orienting responses that static cues. These findings
suggest that not all gaze stimuli are created equal. We have
little knowledge regarding the effect of various levels of gaze
stimuli on the use of gaze cues for psychometric purposes
(i.e., for measuring attention control). If the goal of social at-
tention research is to move towards a more “real-world” eval-
uation of cognitive abilities, more research is needed to evalu-
ate the orienting potential of various gaze-stimuli for measur-
ing attention control. In addition, research on gaze cues has
largely overlooked the broader literature on attention control.
Critically, it has left the relationship between attention control
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and working memory largely unexplored. The present study
aims to shed further light on these issues.

The Current Study

We aim to evaluate the potential of using gaze cues to mea-
sure attention control. We extend previous research on gaze
stimuli in three ways. First, we have modified a traditional
attention control task, the antisaccade, to make the bottom-up
stimuli more social in nature. Specifically, we require par-
ticipants to override the reflex to look in the direction of an-
other’s eye gaze and intentionally look to an alternative loca-
tion. We use both still images (i.e., static stimuli) and videos
(i.e., dynamic stimuli) of a real person’s gaze shifts. Sec-
ond, performance on the gaze-following paradigms will be
directly compared to the original antisaccade task where the
bottom-up stimuli are a simple peripheral flash. Third, we
administer measures of working memory to probe the degree
to which working memory ability supports top-down control
in resisting distraction from increasingly complex and social
bottom-up stimuli.

Hypotheses

Humans tend to prioritize and orient more reliably to social
stimuli than simple stimuli (Friesen et al., 2004). Further-
more, dynamic gaze stimuli have been found to elicit stronger
orienting than static gaze stimuli (Risko et al., 2012). We pre-
dict that the dynamic gaze-following AST (antisaccade task)
will be more difficult to perform than the static and traditional
AST. We predict that accuracy rates will be lower and re-
sponse times will be slower on the gaze-following AST than
the traditional AST. We further predict that accuracy rates
will be the lowest and response times will be the longest in
the dynamic gaze-following AST.

Working memory is responsible for biasing top-down at-
tention towards goal relevant stimuli and minimizing the ef-
fects of goal irrelevant stimuli (Heitz & Engle, 2007). As
such, individual differences in working memory ability can
be used to predict performance on attention control tasks
(Conway et al., 2005).We hypothesize that working mem-
ory scores will predict performance on all three of the ASTs.
Specifically, we expect to find that individuals with higher
working memory scores will have higher accuracy rates and
faster response times than those with lower scores.

Participants

142 undergraduate students were recruited from Arizona
State Universitys subject pool. Five were removed for not
following instructions and 13 were removed due to a com-
puter error, resulting in a final sample of 124. There were 99
females, 24 males, and one participant who did not wish to
provide a gender identification. Their mean age was 22.24
years (SD = 3.60). Participants were compensated with either
a $15 gift card or credit towards course requirements.

Procedure

Participants were randomly assigned to one of two gaze-
following groups: static (n = 59) or dynamic (n = 64) gaze
cues. Due to concerns about practice effects in the an-
tisaccade tasks, assignment to gaze-following groups was
between-subjects (Unsworth et al., 2004). After complet-
ing the gaze-following AST, participants then completed two
working memory tasks (Operation Span and Symmetry Span
tasks), and the traditional AST.

Tasks

Traditional Antisaccade Task In the traditional AST
(Kane, Bleckley, Conway, & Engle, 2001), an “attractor”
stimulus (Figure 1) is flashed in the participants peripheral
vision on either side of a screen. Participants are instructed to
ignore the flashed stimulus and instead look to the opposite
side of the screen and report the letter they see. The target
letter (P, B, or R) appears briefly on the opposite side of the
flash. Participants completed 70 antisaccade trials.

Fixation  Attractor Target  Item Mask

600 — 1800 ms 500 ms 600 ms 600 ms

1500 ms

Figure 1: Procedure for the AST.

Gaze-cueing Antisaccade Task We developed two gaze
cueing versions of the AST, which we refer to as the static-
gaze and dynamic-gaze AST. Both versions were identical to
the original tasks except for the stimuli used for the fixation
and attractor screens. In the static-gaze version, the fixation
screen (Figure 2) was replaced with a photo of a woman look-
ing straight ahead. The attractor screen was replaced with an
image of the woman looking either left or right. As with the
original task, the direction of the gaze was counterbalanced
and randomized across trials. In the dynamic-gaze version,
the fixation screen was also replaced with a photo of a woman
looking straight ahead. However, the attractor was replaced
with a video of the womans eyes shifting to the left or right.
Participants completed 70 gaze-cueing antisaccade trials.

Fixation Attractor Target Item Mask

BB

600 — 1800 ms 500 ms 600 ms 600 ms

Get Ready

1500 ms

Figure 2: Procedure for gaze-following AST.

Operation Span Task In the Operation Span task (OSpan),
participants must remember a series of letters while solving
math equations (Unsworth et al., 2004). A to-be remembered
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letter is presented for 800 ms, followed by a math equa-
tion. Participants must identify if the solution provided for
the math equation is true or false before they can move on
to the next letter. Each block of trials randomly displays 3-7
to-be-remembered letters. At the end of the trial, participants
must identify the letters they saw in the order in which they
appeared using a 3x4 letter array (Figure 3). OSpan perfor-
mance is assessed using the partial scoring method prescribed
by Conway et al. (2005). Two participants with less than 80%
accuracy on the math equation processing portion of the task
were removed. Participants completed 10 OSpan blocks.

Remember Solve Judge Remember  Recall
3 1F H J
* -0 K LI N
F (1*2) /2 =1 P =
™ Lt =
800ms 800ms

Figure 3: OSpan task example trial, image not to scale.

Symmetry Span Task In the Symmetry Span (SSpan), par-
ticipants are presented with a 4x4 grid with a randomly deter-
mined to-be-remembered red square. Next, participants must
judge if a shape is symmetrical along the vertical axis. Each
block of trials randomly displays 3-5 to-be-remembered red
boxes with symmetry judgments made between each presen-
tation. At the end of the trial, participants must identify the lo-
cation of all of the red squares they saw in the order in which
they appeared on a 4x4 grid (Figure 4). The partial scoring
method was used and one participant was removed for an ac-
curacy rate below 80% on the symmetry judgments (Conway
et al., 2005). Participants completed 8 SSpan blocks.

Remember  Judge  Remember  Recall
650ms 650ms

Figure 4: SSpan task example trial.

Results

Traditional and Gaze-cueing Antisaccade Tasks

AST difficulty was assessed using participants accuracy rates
and response time, such that lower accuracy rates and longer
response times indicate greater task difficulty (Heitz & Engle,
2007; Shipstead et al., 2015). Two linear mixed-effects mod-
els with planned contrasts were used to evaluate differences
in response times and accuracy rates between the three ASTs.
The first model evaluated response times using planned con-
trasts that allowed comparisons between: (1) the traditional

Table 1: Observed mean and standard error for accuracy
(ACC) and response times (RT) on the antisaccade tasks for
the static and dynamic gaze-following groups.

Static Group

ACC (%) SE RT(ms) SE
Traditional 59.27 0.82 756.15 6.14
Gaze-following 87.67 0.55 661.83 550
Dynamic Group
Traditional 59.73 0.81 73449 6.13
Gaze-following 75.57 0.70 72746 5.95

and the static AST, (2) the traditional and the dynamic AST,
and (3) the static and dynamic AST relative to their respec-
tive performance on the traditional task. The second model
compared accuracy rates using the same planned contrasts.
All models shared an initial random effects structure, with in-
tercepts for participants that included random intercepts and
slopes for delay (the time between the fixation screen and at-
tractor onset). If models did not converge, we simplified them
by removing terms from the random effect structure, start-
ing with the higher order terms (see the recommendations of
Bates, Kliegl, Vasishth, and Baayen (2015)), until the most
complex model that converged was obtained. Table 1 shows
overall descriptives for performance on the gaze-following
(static and dynamic) and traditional AST and Table 2 pro-
vides a summary of model results

Response Time The overall response time model was sig-
nificantly different from the null model with only random
effects (X2(2,10)=157.92, p<.001, R?>=0.24). Participants
displayed faster response times on the static AST than the
traditional AST (B=-0.05, SE=0.004, p<.001), but there
was no difference in response times between the dynamic
and traditional AST. Furthermore, participants in the static
gaze-following group displayed faster response times than
participants in the dynamic gaze-following group ($=0.06,
SE=0.006, p<.001).

Accuracy Rates The overall accuracy model was signifi-
cantly different from the null model with only random ef-
fects (X2(2,9)=1063.9, p<.001, R*=0.19). Accuracy rates
were higher in the static AST compared to the traditional AST
(B=1.69, SE=0.06, p<.001), and higher in the dynamic AST
compared to the traditional task (B=0.85, SE=0.05, p<.001).
Finally, the accuracy rates were higher on the static AST as
compared to the dynamic AST (B=0.82, SE=0.05, p<.001).

Working Memory and Gaze-cueing Antisaccade
Tasks

A composite working memory score (WM Span) was cre-
ated by averaging the participants normalized scores on the
OSpan (M=34.51, SE=0.06) and SSpan (M=17.21, SE=0.03)
tasks (Conway et al., 2005). Linear mixed-effects models
were used to evaluate if WM Span predicted response times
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Response Times by Working Memory Scores

1500

1000
Static Antisaccade Task

Response Times (ms)

Accuracy Rates by Working Memory

Accuracy (% Correct)
07 08 09 10

04 05 06

Dynamic Antisaccade Task

Response Times (ms)

T T T
-2 Bl 0 1 2

WM Score

10
L

07 08 09

Accuracy (% Correct)
06

WM Score

WM Score

Figure 5: Response times and accuracy rates by WM Span score for the Static and Dynamic ASTs

Table 2: Results from mixed effects models

Response Time B SE t p
Static x Traditional -0.05 0.004 -12.60 <.001
Dynamic x Traditional 0.001 0.004  0.28 0.78
Static x Dynamic 0.06 0.006 9.15 <.001

Accuracy B SE t p

Static x Traditional 1.69 0.06 2686 <.001
Dynamic x Traditional 0.82 0.05 1526 <.001
Static x Dynamic -0.86 0.08 -1046 <.001

on the (1) static and (2) dynamic AST. Both models shared
a random effects structure, with intercepts for participants
that included random intercepts and slopes for delay. WM
Span did not predict response times on the static AST; how-
ever it was a significant predictor of response times on the
dynamic AST (B=-63.12, SE=26.02, t(63)=-2.43, p=0.02),
such that higher working memory scores were associated
with faster response times (see Figure 5). Simple linear re-
gression models were calculated to predict gaze-cueing AST
accuracy rates based on WM Span. WM Span failed to
predict performance on the static AST; however, it was a
significant predictor of accuracy rates on the dynamic AST
(B=0.06, SE=0.03, t(59)=3.14, p=0.002), such that higher
working memory scores were associated with greater accu-
racy (F(1,61)=9.88, p=.003, R?=0.14) (see Figure 5).

Discussion

It has been well established that gaze cues elicit reflexive
bottom-up orienting; but, unlike traditional stimuli, orient-
ing occurs even when gaze cues are centrally presented and
counter-predictive of a targets location (Friesen & Kingstone,
1998; Friesen et al., 2004). Thus, we hypothesized that the
gaze-following AST would be more difficult to perform than
the traditional task. We anticipated lower accuracy rates and

slower response times on the gaze-following AST than the
traditional AST, with performance being the lowest in the dy-
namic gaze-following AST. Our results were unexpected and
provide interesting insight into the complex nature of gaze
stimuli.

Contrary to our expectations, participants displayed faster
response times and higher accuracy rates in the static gaze-
following AST than the traditional AST. Additionally, work-
ing memory was unrelated to static AST performance. These
results suggest that the static gaze stimuli used in this study
likely elicited minimal bottom-up demands on attention con-
trol. On the other hand, the dynamic AST was more aligned
with our original predictions. Although accuracy rates were
higher in the dynamic AST task than the traditional task, there
was no difference in response time compared to the tradi-
tional AST. Furthermore, working memory span was related
to the dynamic AST such that individual with higher work-
ing memory spans responded faster and more accurately than
those with lower spans.

One interpretation of our results is that static, and to some
extent dynamic, gaze-cues of a real face do not tap into atten-
tional capacities as strongly as traditional peripheral stimuli.
However, when limiting our evaluation of performance to just
gaze-cue types, the difference between static and dynamic
AST performance does reveal that increasing the complex-
ity of gaze stimuli (from static to dynamic) requires greater
top-down control to override bottom-up facilitation.

The working memory results also provide some additional
insight into the utility of gaze-cueing for measuring atten-
tion control. Given individual differences in working mem-
ory ability have been shown to be highly related to attention
control performance (Unsworth et al., 2004), it is not too sur-
prising that there was no relationship with the static eye-gaze
stimuli for this study. But as the stimuli being processed in-
creases attentional demands, as with the dynamic gaze cues,
we would expect working memory ability to predict perfor-
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mance. Indeed, this was the case.

Future Directions

The current study addressed top-down control as both inhibit-
ing a response and reorienting attention following bottom-up
attention capture.It is possible that the static AST was not a
strong enough bottom-up stimulus to tax working memory in
such a way to show a relationship to attention control. Static
cues may have only influenced AST performance via inhi-
bition and wasn’t detected in our paradigm. For example,
Marino, Mirabella, Actis-Grosso, Bricolo, and Ricciardelli
(2015) found gaze cues are more difficult to inhibit than pe-
ripheral cues. Future researcher should evaluate if inhibition
or reorientation of attention pays a larger role in performance
on these tasks.

Similar to Risko et al. (2012) we advocate for the need to
systematically compare social stimuli that range in their ap-
proximation to real interaction. We also argue that it is crit-
ical to evaluate social stimuli within the framework of tradi-
tional theories and models of cognition. Although basic gaze-
stimuli are thought to have a similar influence as stimuli used
in traditional peripheral attention control task, when system-
atically compared to traditional tasks, this assumption might
need further evaluation.
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