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The processing of social information transmitted by facial stimuli is altered in individuals with traumatic brain
injury (TBI). This study investigated whether these alterations also affect the mechanisms underlying the ori-
enting of visual attention in response to eye-gaze signals. TBI patients and a control group of healthy individuals
matched on relevant criteria completed a spatial cueing task. In this task, a lateral visual target was presented
along with a task-irrelevant face, with the gaze averted to the left or right. Arrows pointing towards the left or
right were also used as non-social control stimuli. Social cognition abilities were further investigated through
tests based on decoding emotional expressions and mental states conveyed by facial stimuli. The decoding of
emotions and mental states was worse in the TBI group than in the control group. However, both groups
demonstrated reliable and comparable orienting of attention to both eye-gaze and arrow stimuli. Despite im-
pairments in certain aspects of social face processing among TBI patients, gaze cueing of attention appears to be

preserved in this neuropsychological population.

1. Introduction

Traumatic brain injury (TBI) constitutes a critical public health and
socio-economic problem worldwide (Peeters et al., 2015). Long-term
disability deficits are observed following moderate to severe TBI and
include cognitive, neurobehavioural, and psychiatric impairments. The
most commonly affected cognitive domains are attention and informa-
tion processing speed (IPS), memory, and executive functions (Bales
et al.,, 2009). Neurobehavioural symptoms include lack of initiative,
impulsivity, irritability, inappropriate social behaviour, and
self-centredness (Olver et al., 1996). Psychiatric disorders are also
frequently observed, including depression, anxiety, and substance use
(Whelan-Goodinson et al., 2009).

Among cognitive sequelae, patients with TBI and their caregivers
frequently report complaints about attentional difficulties, suggesting
that these aspects could be disruptive in daily life (Van Zomeren & Van
den Burg, 1985). The systematic review and meta-analysis conducted by

* Corresponding author.

Mathias and Wheaton (2007) provided a comprehensive organisation of
the literature on the different types of attention impairments in severe
TBI. Specifically, their work highlighted significant deficits in measures
of attention span, focused and selective attention, sustained attention,
and supervisory attentional control. Of particular interest for the present
work are some studies that investigated the orienting of attention
employing the spatial cueing task introduced by Posner (1980). In this
task, participants respond to a peripheral target while a symbolic cue
may appear at the centre of the screen. In healthy individuals, this task
generally leads to reliable attentional shifts, with better performance (i.
e., shorter latencies and greater accuracy) when the target appears in the
same spatial location indicated by the cue (i.e., a congruent trial)
compared to when it appears elsewhere (i.e., an incongruent trial; see
also, e.g., Galfano et al., 2012; Hommel et al., 2001; Tipples, 2002; for a
review and meta-analysis, see Chacon-Candia et al., 2022). However, in
TBI patients, the results have been mixed (for reviews and
meta-analyses, see Alnawmasi et al., 2022a; Walz et al., 2021), as
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summarised in the following paragraphs.

On the one hand, in patients with moderate-severe TBI, evidence of
impaired attentional orienting can be found in Cremona-Meteyard et al.
(1992). Eleven TBI patients and 9 healthy controls were asked to detect a
peripheral target while a central arrow, pointing left or right, also
appeared. Additionally, a ‘neutral’ cue (i.e., a cross) which did not
provide directional information was also employed to compare perfor-
mance in the ‘neutral’ condition with both congruent trials (thus
allowing to estimate the so-called ‘benefits’) and incongruent trials (thus
allowing to estimate the so-called ‘costs’; see also Posner, 1980). The
main findings indicated that TBI patients were overall slower than
controls and showed reduced benefits. Moreover, Schmitter-Edgecombe
and Kibby (1998) tested 20 TBI patients and 20 healthy controls in a
visual search task where a peripheral target appeared among several
distractors. They found that TBI patients were overall slower than con-
trols but also that their attention was influenced by the spatial direction
of a task-irrelevant central arrow, especially when the target and dis-
tractors were perceptively similar. Another work (Kim et al., 2009),
using a version of the spatial cueing task, found that 17 TBI patients in
the subacute/chronic moderate phase were slower and less accurate
than a control group of 15 individuals. Unfortunately, Kim et al. (2009)
did not report the behavioural findings about attentional shifting. In the
context of mild TBI, Cremona-Meteyard et al. (1994) conducted two
experiments with sub-acute to chronic TBI patients (N = 9 in Experiment
1, N = 8 in Experiment 2) and 12 healthy controls, noting reduced
benefits in TBI patients. This pattern was long-lasting, persisting even
one year after the injury. More recently, Alnawmasi et al. (2022b) tested
13 individuals with sub-acute to chronic mild TBI and 21 healthy con-
trols, showing that TBI patients responded slower and were insensitive
to the central cue.

On the other hand, some studies have reported an overall similar
performance between TBI patients and controls. Bate et al. (2001) tested
35 chronic severe TBI patients and 35 healthy controls, asking them to
detect a peripheral target presented alongside a central cue (an arrow
pointing left or right, or a ‘neutral’ cross). Although TBI patients were
overall slower than controls, there were no significant differences in
their ability to orient attention compared to the control group. Similarly,
Robertson et al. (2017) tested 30 participants with sub-acute moder-
ate-severe TBI and 30 healthy controls. They found that TBI participants
were slower than controls but oriented their attention in response to the
arrow cue as the controls did.

It is worth noting that the recent reviews and meta-analyses con-
ducted by Alnawmasi et al. (2022b) and Walz et al. (2021) highlighted
significant heterogeneity among studies involving TBI patients. This
heterogeneity arises from methodological differences in tasks, such as
variations of the Posner task and clinical variability within the tested
groups, including differences in sample size, severity of TBI, and stage of
recovery (i.e., subacute vs. chronic). These differences might explain the
observed discrepancies observed in the studies, where some indicated an
impaired orienting response, while others reported no altered perfor-
mance. Nevertheless, the main findings from the meta-analyses by
Alnawmasi et al. (2022b) and Walz et al. (2021) suggest an impairment
in spatial cueing of attention in TBI. Specifically, these patients appear
not to benefit from congruent trials compared to neutral trials.

1.1. Impaired social cognition in TBI

Increasing evidence proposes that social cognition is also impaired in
individuals with moderate to severe TBI. Social cognition refers broadly
to the cognitive processes that support flexible behaviour in response to
other individuals (Adolphs, 1999). These cognitive processes involve
multiple domains and mechanisms, such as emotion perception, un-
derstanding of the mental state of others (i.e., the so-called Theory of
Mind or ToM) and empathy. Since much of this social information is
conveyed through facial expressions, face processing is fundamental to
social cognition. Social face processing is commonly impaired in
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patients with moderate to severe TBI patients, as evidenced by the
extensive literature on emotion perception (Babbage et al., 2011; Mur-
phy et al., 2022) and ToM (Muller et al., 2010; Lin et al., 2021). These
impairments, in turn, adversely affect social, occupational, and inter-
personal functioning in TBI patients (McDonald et al., 2013; Ubukata
et al., 2014).

In processing facial stimuli, we are particularly sensitive to the eye-
gaze region of others and tend to orient our attention towards the same
spatial location they observe (Emery, 2000). This phenomenon, known
as ‘social attention’, is crucial for establishing meaningful connections
with others and effectively navigating our environment. For instance, in
a face-to-face conversation, quickly understanding where our interloc-
utor is looking is essential to grasp the meaning of their speech fully and
to act appropriately towards an object or location (Capozzi and Ristic,
2018; Dalmaso et al., 2020b; Frischen et al., 2007). A commonly used
experimental method to study social attention abilities is the
gaze-cueing task (e.g., Driver et al., 1999; Friesen and Kingstone, 1998),
derived from Posner task (Posner, 1980). In the gaze-cueing task, par-
ticipants see a face with an averted gaze at the centre of the screen,
followed by a peripheral target requiring a manual response. Perfor-
mance is generally better (i.e., shorter latencies and greater accuracy)
when the target appears in the same spatial location looked at by the
facial stimulus, compared to when it appears elsewhere (i.e., a
gaze-cueing effect; for a review and meta-analysis, see McKay et al.,
2021). Surprisingly, no studies have explored gaze cueing of attention in
TBI patients, focusing instead solely on spatial cueing of attention
mediated by non-social symbolic cues (see the previous paragraph).
Given the documented impairments in social cognition abilities in TBI
(McDonald, 2013; Milders, 2019), assessing the ability to orient atten-
tion in response to gaze direction may reveal novel insights in this
clinical population.

1.2. The present study

The main aim of this study was to investigate social face processing
in TBI patients and a control group of healthy participants by focusing
on gaze cueing of attention. We employed a gaze-cueing task where a
task-irrelevant face, with its gaze directed left or right, was displayed at
the centre of the screen. Participants were required to detect a periph-
eral target by pressing a response key. Additionally, arrow stimuli were
employed as an essential control condition, enabling us to contextualise
the observed results across social and non-social domains (e.g.,
Chacon-Candia et al., 2022). We also administered two other tasks to
assess the decoding of emotions and mental states conveyed through
facial stimuli, commonly used in studies exploring social face processing
(e.g., Lin et al., 2021; Murphy et al., 2022).

Regarding decoding emotions and mental states, we expected TBI
patients to perform poorer than the control group. More importantly, in
alignment with the well-documented impairments in social cognition
abilities associated with TBI (e.g., McDonald, 2013), gaze cueing of
attention was expected to be compromised in patients but not controls
(e.g., McKay et al., 2021). Our hypothesis concerning arrow cueing of
attention in TBI was twofold. Given the mixed results from previous
studies (see, e.g., Alnawmasi et al., 2022b; Bate et al., 2001; Cremo-
na-Meteyard et al., 1992, see also Alnawmasi et al., 2022a), we posited
that TBI patients might exhibit either a compromised or an intact ori-
enting response, while a preserved response was expected in the control
group (e.g., Chacon-Candia et al., 2022).

2. Materials and methods
2.1. Participants
The sample size was determined a priori. As we planned to analyse

our data with linear mixed-effect models (see the results section), we
adhered to the guidelines outlined by Brysbaert and Stevens (2018).
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According to these guidelines, a minimum of 1600 observations per
experimental condition is recommended. Based on our experimental
framework, we concluded that a minimum of 31 participants would be
sufficient to meet this requirement.

The experimental group comprised 33 outpatients (25 males, 8 fe-
males) with a mean age of 43.7 years (SD = 11.8) and a mean education
of 9.9 years (SD = 2.83). These individuals were recruited from the TBI
database of the ‘Physical Medicine and Rehabilitation Unit’ of the Papa
Giovanni XXIII Hospital of Bergamo (Italy). The inclusion criteria were:
a severe traumatic brain injury, defined by a score in the Glasgow Coma
Scale (GCS) (Teasdale & Jannett, 1974) < 8 (M = 5.6, SD = 2.1, range =
3 to 8) or evidence of post-traumatic amnesia >7 days (M = 97.1, SD =
93.9, range = 12 to 425; see also Stein, 1996); a chronic phase of re-
covery of at least 1 year after the injury (M =5, SD = 4.8, range = 1 to
17); fluency in Italian; aged between 18 and 70 years. The exclusion
criteria were: a pre-accident history of developmental, neurological, or
psychiatric disorders; a history of alcohol or drug dependency; persistent
postinjury language deficits or neglect; and motor impairment of the
dominant hand. The TBI group had a mean length of Post-Traumatic
Amnesia (PTA; Symonds & Russell, 1943) of 97.2 days (SD = 93.9).
The group was characterised by heterogeneity of traumatic injuries in
terms of pathophysiology (contusions, haemorrhages, haematomas,
diffuse axonal injury, etc.), and location of brain lesions, documented by
CT or MRI scans. Demographic and clinical details are provided in
Table 1.

The control group consisted of 33 individuals (25 males, 8 females)
with a mean age of 43.6 years (SD = 12.1) and a mean education of 10.1
years (SD = 2.9). They were recruited from among the friends and family

Table 1
Demographic and clinical features of participants with traumatic brain injuries.
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members of the Physical Medicine and Rehabilitation Unit staff. The
exclusion criterion was a positive history of developmental, neurolog-
ical, or psychiatric disorders. There were no significant differences be-
tween the TBI and control groups regarding age (p = .96) and years of
education (p = .83).

To describe the cognitive and psychological profile of our patients
and healthy controls, we administered a battery of standardised neu-
ropsychological tests and a self-report measure of mood/anxiety (details
in the following paragraph). All participants provided their informed
written consent. The study was approved by the Papa Giovanni XXIII
Hospital of Bergamo Ethics Committee (prot.n.: REG. SPERIM.N.50/18)
and was conducted following the guidelines of the Declaration of
Helsinki.

2.2. Neuropsychological and psychological profile measures

In a first phase, we collected information to determine the neuro-
psychological and psychological profile of each participant. We also
administered two additional tests to assess relevant aspects of social
cognition abilities (i.e., the recognition of facial expressions and ToM).

2.2.1. Neuropsychological profile

A battery of standardised neuropsychological tests was administered
to both TBI patients and the control group to measure: A) IPS, B)
memory, and C) attention/executive functioning. For the sake of brev-
ity, a detailed list of the adopted tests is reported in the ‘Supplementary
Material’ document.

D Age  Education Gender  Length of PTA GCS  Since Cause of Damage reported on acute phase CT/MRI scan
(days) Injury TBI
1 56 8 F 12 8 2 MVA Contusions Bilat F lobes
2 26 11 M 81 5 4 MVA Contusions Bilat F + R T lobes, R BG, L Thalamus, L Corpus Callosum; DAI
3 45 8 M 65 8 2 MVA SAH, Contusions Bilat F + R T lobes
4 36 8 M 147 3 17 MVA Diffuse Edema, EDH L and R, Contusion R F lobe
5 25 8 M 51 5 3 MVA Ped SAH, R SDH, Contusions R T + Bilat F lobes
6 44 8 M 13 8 3 MVA ICH, Contusions bilat F + L Thalamus
7 63 13 M 95 7 5 MVA SAH, Contusions Bilat F + L T + R P lobes
8 57 8 M 25 8 3 MVA SAH, Contusions R F-T + R O + L P lobes
9 35 11 M 84 4 15 MVA Diffuse Edema, L EDH P-O lobes, Contusions Bilat F-T-P lobes + L Cerebellum,
R BG
10 50 8 M 27 8 2 MVA Contusions Bilat F + LT lobes
11 23 8 M 55 3 2 MVA SAH, L SDH, Contusions Bilat F + L T lobes
12 46 13 M 17 7 2 Fall SAH, SDH L T lobe, Contusions Bilat F + R T lobes
13 36 13 M 71 5 14 MVA R Hemispheric Edema, Contusions F-T lobes, R BG
14 54 8 M 172 3 9 MVA Extensive Contusions Bilat F-T lobes
15 35 8 M 142 4 7 MVA EDH L F-T, Contusions Bilat F + L T lobes
16 58 8 F 32 8 2 FALL SAH, Contusion L P lobe; DAI
17 52 8 M 49 8 4 FALL Contusions L F-T-P lobes
18 46 13 M 134 5 1 MVA SAH, Contusions Bilat F lobes, L thalamus, Corpus Callosum; DAI
19 63 M 34 3 3 FALL L P-O SDH, Contusion L F lobe
20 49 13 M 74 3 2 MVA Diffuse edema, Contusions Bilat F -T; DAI
21 41 8 M 118 6 8 MVA SDH Bilat F lobes, Contusions R F lobes, Corpus Callosum, R thalamus; DAI
22 57 8 M 59 8 5 MVA R T SDH, Contusions Bilat F-T + L T-O lobes
23 42 13 F 131 3 1 MVA SAH, L SDH, Contusions L F-T lobes
24 22 13 F 425 5 2 MVA SAH, Contusions Bilat F-T lobes, L internal capsule, Corpus callosum; DAI
25 46 8 M 22 7 5 FALL Diffuse edema, SAH, Contusions Bilat F lobes, SDH Bilat O
26 40 8 M 35 4 3 FALL R Hemispheric Edema, Contusions L F-T-P + R T lobes
27 26 13 F 113 4 1 MVA Ped L EDH, R BG, Contusions Bilat F-T lobes, Corpus Callosum; DAI
28 48 13 M 228 6 2 MVA Contusions R F + L T lobes, R thalamus, Corpus Callosum; DAI
29 34 8 M 27 8 2 MVA SAH, Contusions Bilat T + R P lobes
30 40 18 F 82 3 17 MVA SAH, Contusion Bilat F-T lobes, Corpus Callosum; DAI
31 36 13 F 339 8 2 MVA SAH, Contusions Bilat F + R T Lobes, Corpus Callosum; DAI
32 49 8 M 225 3 12 MVA Diffuse edema, Bilat F-T + L O lobes; DAL
33 63 8 F 23 8 2 MVA SAH, Contusions L T + R F lobes, L thalamus

Note. PTA: posttraumatic amnesia, GCS: Glasgow Coma Scale; M: male; F: female; MVA; motor vehicle accident; MVA Ped: motor vehicle accident as pedestrian; SRHI:
sports-related head injury; CT: computed tomography; MRI: magnetic resonance imaging; ICH: intracerebral hemorrhage; SAH: subarachnoid hemorrhage; SDH:
subdural hematoma, EDH: extradural hematoma; DAI: diffuse axonal injury; R: right; L: left; Bilat: bilateral; F: frontal; P: parietal; T: temporal; O: occipital; BG: basal
ganglia; N/A: not available.
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2.2.2. Psychological profile

To assess the emotional distress of TBI patients, we used the Hospital
Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983),
which is a brief self-report scale. HADS measures symptoms of depres-
sion (HADS-D) and anxiety (HADS-A) over the past week using two
scales, each comprising seven items scored on a 4-point Likert scale
ranging from O to 3. The literature provides evidence for its use
following TBI (e.g., Dahm et al., 2013).

2.2.3. Social cognition tasks

The two tests were administered using a 15-inch laptop computer
with E-Prime software (Psychology Software Tools, Pittsburgh, PA).
Emotional facial expression recognition was assessed through an
experimental task created ad-hoc, hereafter referred to as the ’Emotional
Recognition Task’ (ERT). We utilised stimuli from the validated and
freely available Radboud Faces Database (Langner et al., 2010). A
sample of 42 full-colour photos of adult Caucasians (10.9° width x 11.4°
height), balanced for gender (i.e., half female, half male), was selected.
For each of the six basic emotions (anger, sadness, fear, disgust, surprise,
happiness)—the most consistently recognised across cultures (Ekman,
1992)—we selected a total of 6 examples. In addition, we included a
neutral expression. Each expression was presented with a direct gaze
against a uniform white background. The models wore black T-shirts,
had no hair covering parts of their faces, and wore no glasses, makeup,
or jewellery. Each face was presented centrally in a random order.
Participants were asked to select the emotion that best described the
facial expression from seven labels, which appeared on the computer
screen below the face in a fixed position. Responses were recorded via
the laptop trackpad. The test was untimed, allowing participants to take
as long as they wished to identify the emotion. Two practice trials were
conducted before the main task, which lasted approximately 10 min.

The test assessing ToM was the Reading the Mind in the Eyes (RME)
test (Baron-Cohen et al., 2001). During the RME, participants were
presented with 20 photographs of human eyes (16.5° width x 7° height)
and asked to select which of four simultaneously presented labels best
described the mental state of the depicted person (e.g., bored, com-
forting). Each photograph was displayed alone at the centre of the
screen, with the four labels appearing near each of the four edges of the
picture. A glossary was available if participants were unsure of the
meaning of a word. Responses were recorded via the laptop trackpad,
with no time limits. The RME test is considered a reliable ToM assess-
ment for several reasons. First, it exclusively features complex mental
states to increase variability in performance. Second, it requires par-
ticipants to select the most appropriate word from four options, clari-
fying what the person in the picture is thinking or feeling, thus
maximising the potential to reveal individual differences in perfor-
mance. Third, the distractor words for mental states are closely matched
with the emotional valence of the target word, enhancing the ability to
detect subtle differences in performance.

To account for possible impairments in face perception, we also
administered the Benton Facial Recognition Test (BFRT; Benton et al.,
1983). In more detail, participants were required to match a target face
with one of six photographs, beginning with more straightforward
front-view photos and progressing to more challenging angles and
lighting conditions. Depending on their performance, they completed
either a short (13 trials) or full (22 trials) test version, with accuracy
scores standardised for comparison.

2.3. Spatial cueing task

The second phase consisted of a behavioural task based on a version
of the spatial cueing paradigm proposed by Posner (1980), in which both
social and non-social stimuli served as task-irrelevant spatial cues.

The test was administered using the same laptop and software as the
previous tasks. Participants were seated approximately 60 cm away
from the laptop. Manual responses were collected via the computer
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keyboard. The screen background was set to black. Face and arrow
stimuli matched those used in previous research on social attention
(Dalmaso et al., 2020a, 2020c, 202.2). Specifically, the face stimulus was
a female avatar face (9.5° width x 12.5° height) created with DAZ 3D
software (https://www.daz3d.com). Three versions of this face were
used: one with a direct gaze, one with the gaze averted to the left, and
another with the gaze averted to the right. Using an avatar face offers the
main advantage of providing participants with a well-controlled stim-
ulus while maintaining adequate ecological validity. The arrow stimuli
consisted of two white arrows directed either leftward or rightward. The
two arrows covered the same area (i.e., 1.3° width x 1° height) as the
avatar eye region.

Face and arrow stimuli were presented within two distinct blocks,
which were selected in a counterbalanced manner among the partici-
pants. Each trial began with a white fixation cross (.5°) displayed in the
centre of the screen (Fig. 1, fixation cross frame). The fixation cross
remained visible for the duration of the trial. After 600 ms, depending on
the block, the face with a direct gaze or the two arrows without the head
was presented centrally for 900 ms (Fig. 1, pre-cue stimulus). Then, the
two arrows pointing leftwards or rightwards, or the face with the gaze
averted leftwards or rightwards, were presented centrally for 200 ms
(Fig. 1, cue stimulus). Finally, a target (i.e., a white circle; 1.1° in
diameter) could appear 13° leftward or rightward from the centre of the
screen (Fig. 1, cue and target stimuli frame). The spatial location of the
target was not related to that indicated by the central cue (i.e., they
matched only in 50% of the trials). Participants were instructed to look
at the centre of the screen throughout the trial and to detect the target as
quickly and accurately as possible by pressing the spacebar key. They
were also instructed to ignore the spatial direction indicated by the
central cue, as it was unrelated to the spatial location of the upcoming
target. On some trials (i.e., catch trials), the target did not appear, and no
manual response was required. Catch trials were included primarily to
maintain participants’ focus on the task. For an incorrect or missing
response, visual feedback (i.e., the words ‘ERROR’ or ‘MISSING
RESPONSE’, respectively) was displayed centrally for 1000 ms. A final
blank screen appeared for 1000 ms, providing the participant time to
prepare for the next trial.

For each type of stimulus (i.e., face and arrow), there was a practice
block consisting of 8 target-present trials and 2 catch trials, followed by
an experimental block comprising 104 target-present trials and 26 catch
trials. Thus, each participant completed 260 experimental trials (i.e., 52
data points per experimental condition). Within the two experimental
blocks, each condition was presented an equal number of times and
selected randomly.

3. Results
3.1. Neuropsychological, psychological, and social cognition measures

The neuropsychological profile of healthy controls fell entirely
within the range of normality, as did that of the TBI patients, except for a
borderline performance on memory tasks (i.e., RAVLT). Moreover, TBI
patients performed worse than healthy controls on all tests except the
Wisconsin D and HADS A. All results are reported in Table S1.

The BFRT revealed no face perception impairments in either
group—i.e., all scores felt within the 43-52 range (M = 47, SD = 2.8) for
TBI, and the 43-53 range (M = 48.3, SD = 3) for the healthy con-
trols—and the difference in performance between them was not signif-
icant (p = .066). The other tasks aimed at assessing social cognition
confirmed worse performance in TBI patients compared to the control
group. Specifically, as for the ERT, the percentage of wrong responses
was higher in TBI patients (M = 47.6%, SE = 1.6) than in the control
group (M = 31.2%, SE = 1.5; t(32) = 6.68, p < .001, d = 1.16). A similar
pattern emerged for the RME test, with TBI patients showing more errors
(M = 47.9%, SE = 1.8) than the control group (M = 34%, SE = 2.3; t(32)
=4.73,p <.001, d = .82).
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FIXATION PRE-CUE
CROSS STIMULUS
600 ms 900 ms

CUE CUE AND TARGET
STIMULUS STIMULI
200 ms Max. 3000 ms

TIME

Fig. 1. Examples of trials and stimuli (not drawn to scale) used in the experiment. Panel A depicts an incongruent trial, where the face looks left, and the target
appears on the right. Panel B depicts a congruent trial, where the arrow points to the right, and the target appears on the right.

3.2. Spatial cueing task

3.2.1. 3.2.1. data handling

Responses on catch trials (i.e., false alarms) were rare (1.57% of
trials), and were therefore discarded and not further analysed. Similarly,
for target-present trials, missing responses, which were also rare (.15%
of trials), were discarded and not further analysed. Trials correctly
responded to but with a latency shorter than 100 ms or greater than 3
standard deviations (SD) from the participant’s mean, calculated sepa-
rately for each experimental condition, were considered outliers (1.08%
of trials) and excluded from the analyses.

3.2.2. Analyses of RTs

The latencies of correctly responded trials were analysed using a
linear mixed-effects model with the *Ime4’ library (Bates et al., 2015) in
R software (https://cran.r-project.org). A minimum of 1682 trials was
observed in each experimental cell, thus ensuring sufficient power.
Different models (ranging from null to saturated) were compared using
the "MuMin’ library (Burnham and Anderson, 2002). The model that
best fit our data included Congruency (2 levels: congruent vs. incon-
gruent), Cue (2 levels: gaze vs. arrow), and Group (2 levels: TBI vs.
control) as fixed effects, and the intercept for participants and the
by-participant slope for Cue as random effects. Standard effect sizes

were calculated to directly compare with previous studies assessing the
orienting of attention in TBI.

The main effect of Congruency was significant, F(1, 13387) =
103.666,p < .001, '75 =.011, due to smaller latencies on congruent trials
(M = 382 ms, SE = 10.5) than on incongruent trials (M = 401 ms, SE =
10.5), as well as the main effect of Cue, F(1, 64) = 14.162, p < .001, n§ =
.018, due to smaller latencies in response to gaze stimuli (M = 380 ms,
SE = 10.5) than in response to arrow stimuli (M = 404 ms, SE = 11.4).
The main effect of Group was also significant, F(1, 64) = 50.049, p <
.001, tyg = .414, due to smaller latencies in the control group (M = 318
ms, SE = 14.8) than in the TBI group (M = 466 ms, SE = 14.8"). The
interaction involving Congruency and Group was also significant, F(1,
13385) = 5.533, p = .019, nﬁ = .0006. This was further analysed by
comparing congruent and incongruent trials separately for each group
using the ‘Ismeans’ library (Lenth, 2016). The results indicated that both
groups responded faster on congruent than incongruent trials (ps <
.001). Still, the difference between congruent and incongruent trials was
greater in the TBI group (23.3 ms) than in the control group (14.6 ms).
All other interactions were non-significant (i.e., Congruency x Cue, p =
.782; Cue x Group, p = .077), including the theoretically relevant

! TBI patients were slower than healthy controls overall. This is consistent
with previous studies on attentional mechanisms in this clinical population (e.
g., Bate et al., 2001; Cremona-Meteyard et al., 1992; Robertson et al., 2017).
However, comparing the performance of two groups with large differences in
overall RTs can be problematic. To address this issue, we conducted additional
analyses by computing proportional RTs (see also, e.g., Aranda-Martin et al.,
2022; Bialystok et al., 2008; Colcombe et al., 2005). These analyses showed that
the interaction between Congruency and Group was non-significant (p = .476),
as well as the theoretically relevant three-way interaction (p = .733). The only
significant results were the main effects of Congruency and Cue (ps < .001).
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three-way interaction of Congruency x Cue x Group (p = .847%; see also
Fig. 2).

Bayesian analyses were also computed. We used the ‘bayestestR’ li-
brary. These analyses provided strong evidence (BF;p > 150) for the
model including the factors Congruency and Group (and their interac-
tion), over the model including three factors Congruency, Cue and
Group (and their interactions).

4. Discussion and conclusions

Moderate to severe TBI is often characterised by deficits in social face
processing, including the perception of emotions and ToM (Lin et al.,
2021; Murphy et al., 2022). These deficits may contribute to difficulties
in social behaviour and lead to unfavourable social outcomes (Milders,
2019). In social face processing, social attention is a crucial phenome-
non elicited by gaze cues (e.g., Emery, 2000). Surprisingly, so far, no
studies have examined social attention in individuals with TBIL. In the
current study, we first investigated whether the documented impair-
ments in social face processing in TBI patients may also extend to the
mechanisms governing social attention. The main results can be sum-
marised as follows.

First, regarding emotion perception and ToM (i.e., the ERT and RME
tasks), TBI patients performed worse than healthy controls in terms of
accuracy. This suggests a difficulty in TBI patients in processing social
cues, as already documented in previous evidence (e.g., Lin et al., 2021;
Murphy et al., 2022). Second, in the spatial cueing task, we observed a
significant main effect of group, with TBI patients being overall slower
than healthy controls. This aligns with most studies investigating the
orienting of attention (as well as other cognitive mechanisms) in TBI (e.
g., Bate et al., 2001; Robertson et al., 2017). This is also consistent with
the IPS reduction in TBI (e.g., Mathias and Wheaton, 2007). The main
effect of cue type was also significant, with responses being faster for the
face stimulus than for the arrow stimulus. This is consistent with some
previous studies reporting a similar difference between the two cate-
gories of stimuli (see, e.g., Kuhn et al., 2010; Quadflieg et al., 2004).
According to some authors, this may indicate that facial stimuli can
enhance the arousal levels in observers, thereby leading to a quicker
response to targets (e.g., Hietanen et al., 2016, 2018). Furthermore, we
observed an interaction between congruency and group: both TBI and
healthy controls showed a reliable cueing of attention, but the overall
magnitude of this phenomenon was greater in the former case. This
result was unexpected and, to our knowledge, has not been documented
before in TBI patients. It is worth noting that a similar pattern emerged
in a recent study including neuropsychological patients (i.e.,
brain-damaged patients with unilateral spatial neglect; Narison et al.,
2020), where the clinical group showed a greater attentional orienting
than the control group of healthy individuals. According to the authors
(see Narison et al., 2020), this could be attributable to compensatory
mechanisms implemented by brain-damaged patients to overcome po-
tential attentional difficulties. However, it is important to note that the
interaction between congruency and group did not persist in control
analyses based on proportional RTs (see Footnote 1). Therefore, this

2 As suggested by a reviewer, we conducted exploratory analyses and iden-
tified five TBI patients (ID: 7, 12, 17, 19, and 20; see Table 1) whose mean RTs
may indicate impaired gaze-cueing of attention. From a neuropsychological
perspective, these patients exhibited considerable heterogeneity in brain lesion
patterns, which is typical in TBI (e.g., Bigler, 2013; Sharp et al., 2014). How-
ever, some of the lesioned brain areas in this subgroup are known to be
involved in social attention mechanisms, such as the frontal, temporal, and
parietal lobes (see, e.g., Stephenson et al., 2021). Although this could explain
the poor performance in orienting to eye-gaze stimuli, the overlapping of these
lesion sites with those observed in most of the whole TBI sample, the limited
size of the subgroup, and the lack of fine-grained neuroimaging techniques (e.
g., Diffusion Tensor Imaging) make it difficult to draw definitive conclusions.

Neuropsychologia 203 (2024) 108975

result should be interpreted with caution and further addressed in future
studies. Finally, and most importantly for our hypotheses, the three-way
interaction involving congruency, cue type, and group was not statisti-
cally significant. This indicates that the attentional responses elicited by
the two cue types were similar in both groups.

The findings emerging from this work are important for three main
reasons. Firstly, they corroborated the conclusions of some previous
works (Bate et al., 2001; Robertson et al., 2017) in which reliable
attentional responses to arrow cues have been documented in TBI pa-
tients. Secondly, and contrary to our hypotheses, they suggest that social
attention could be preserved in TBI patients despite the impairments
observed in other components of social face processing (i.e., ERT and
RME tasks). Thirdly, the observed similarities in how gaze and arrow
cues influence attentional orienting align with findings from a broad
spectrum of prior research (see Chacon-Candia et al., 2022, for a review
and meta-analysis). This could imply that the neurocognitive mecha-
nisms governing the orienting responses to both cues could overlap, at
least to some extent (e.g., Callejas et al., 2014). The main results
emerging from the current study suggest that while TBI individuals may
show impairments in specific components of social face processing (in
our case, emotion perception and ToM), their ability to orient to
eye-gaze stimuli appeared intact. This could be interpreted as further
supporting evidence that social attention, unlike other mechanisms
supporting social cognition, may be considered a hard-wired ability
deeply rooted in human cognition, as documented by several studies
coming from developmental and even comparative psychology (e.g.,
Reid et al., 2017; Shepherd, 2010; Zeitrag et al., 2022).

The present work fits into a rather substantial body of literature
exploring gaze-mediated orienting of attention in neuropsychological
patients. These include patients with cerebrovascular diseases or brain
tumours (Akiyama et al., 2006, 2007; Vecera and Rizzo, 2004, 2006), as
well as split-brain patients (Kingstone et al., 1998), and right
hemisphere-damaged patients with unilateral spatial neglect
(Vuilleumier, 2002; Bonato et al., 2009; Narison et al., 2020, 2021; see
also Dalmaso et al., 2015). In some cases, gaze-mediated orienting
appeared to be compromised, primarily when brain damages were
confined to specific brain regions known to be involved in eye-gaze
processing and social attention (see, e.g., Stephenson et al., 2021),
such as frontal lobes (Vecera and Rizzo, 2004, 2006), the superior
temporal gyrus (Akiyama et al., 2006), and the amygdala (Akiyama
et al., 2007). In other cases, a spared gaze-mediated orienting has also
been reported (e.g., Dalmaso et al., 2015; Kingstone et al., 1998; Vuil-
leumier, 2002). In the context of the present study, it is probable that in
patients with severe TBI, where there is a high level of heterogeneity of
lesion patterns among the individuals (e.g., Bigler, 2013; Sharp et al.,
2014), the mechanisms underlying social attention may be less
compromised, compared to brain pathologies that involve certain brain
areas in a more focal way (Ferrell and Tanev, 2002; Zhang et al., 2016).
Nevertheless, many factors should be considered to fully grasp the ori-
gins of these differences. These range from the severity of brain damage
and the affected brain parts to more practical aspects such as the type of
faces used in the studies (for example, simple drawings of faces vs. more
lifelike faces). The fact that gaze-mediated orienting can emerge even in
brain damage of various natures may further prove the existence of a
relatively broad neural architecture underpinning social attention
involving both cortical and subcortical areas (e.g., Stephenson et al.,
2021).

This study represents the first attempt to explore social attention in
patients with TBI. Consequently, numerous avenues warrant exploration
in upcoming research. For instance, future studies using different
experimental procedures could question the similarity between gaze and
arrow observed here. Indeed, while evidence suggests that gaze and
arrow cues used in cueing tasks similar to the one employed here can
elicit different orienting responses in clinical populations characterized
by deficits in social cognition (e.g., autism spectrum disorder, Senju
et al., 2004; ADHD, Marotta et al., 2017; schizophrenia, Dalmaso et al.,
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Fig. 2. Mean RT (in ms), observed in healthy controls and TBI, for spatially congruent and incongruent trials as a function of cue type. Error bars are SEM.

2013) compared to healthy controls, other tasks may be more effective
in dissociating the attentional processes involved in social versus
non-social orienting. For instance, Marotta et al. (2012) used eye gaze
and arrow cues while congruent and incongruent targets could appear
inside the same or a different object. The results showed
location-specific cueing effects for gazes and object-specific cueing ef-
fects for arrows. In addition, in Canadas and Lupidanez (2012) and
Roman-Caballero et al. (2021) eye-gaze and arrow stimuli were used as
targets in a spatial Stroop task. The main results showed that while a
standard spatial Stroop task emerged for arrows—i.e., participants were
faster when the direction of the arrow and its spatial location on the
screen were identical (e.g., left-left) than dissimilar (e.g., left-right)—the
opposite result emerged for eye-gaze. These examples offer intriguing
avenues for advancing research in social and non-social attention in TBI.

Another prospective avenue involves recording eye movements, as
they offer a more direct, ecologically valid, and sensitive means of
measuring attentional responses to social and non-social stimuli (e.g.,
Dalmaso, 2022; Kristjansson, 2011). Moreover, given the
well-documented difficulties TBI patients encounter when dealing with
emotional stimuli, subsequent studies could use tasks involving
gaze-mediated orienting of attention with diverse facial expressions, as
they have the potential to distinctively shape the social attention
response (for a review, see Dalmaso et al., 2020b). Furthermore, there is
room for investigating other attentional mechanisms, such as the
’attention holding’ effect, characterised by a delayed response in dis-
engaging attention from a specific central stimulus compared to another.
For example, Georgiou et al. (2005) reported that anxious individuals
exhibited slower disengagement from a central face, displaying a
negative emotion compared to a positive one. This would contribute to a
broader understanding of the mechanisms underlying social attention in
TBI patients. A final consideration pertains to the composition of our
experimental sample and, consequently, the control group, which con-
sisted of a higher number of males (N = 25) compared to females (N =
8). This imbalance was expected and practically unavoidable, aligning

with numerous epidemiological studies (e.g., Frost et al., 2013) that
consistently demonstrate a higher incidence of TBI in males than in fe-
males. Given the documented evidence indicating potential sex differ-
ences in tasks assessing the orienting of attention to central cues (with
males potentially being less sensitive to central cues in general; see, e.g.,
Bayliss et al., 2005), we recommend that future studies strive to include
an equal representation of both male and female TBI patients. Of course,
this suggestion acknowledges the challenges in finding female TBI pa-
tients but aims to enhance the overall comprehensiveness of research in
this domain.

In summary, this study explored social face processing in patients
with chronic severe TBI and found that these patients, when compared
to a control group of healthy individuals, exhibited poorer performance
in distinguishing emotional expressions and intentions from facial
stimuli. However, their ability to orient attention in response to averted
eye-gaze and arrow stimuli was comparable to that of the healthy group.
These findings offer new insights into the functioning of social cognition
and social attention within the TBI clinical population.
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