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Assessment of alerting, orienting, and executive control in 
persons with aphasia using the Attention Network Test
Arianna N. LaCroix a,b, McKayla Tullya and Corianne Rogalskya

aCollege of Health Solutions, Arizona State University, Tempe, AZ, USA; bCollege of Health Sciences, 
Midwestern University, Glendale, AZ, USA

ABSTRACT
Background: Attention deficits frequently accompany language 
impairments in aphasia. Most research on attention in aphasia 
focuses on selective attention measured by executive control 
tasks such as the color-word Stroop or Erickson flanker. This is 
despite ample evidence in neurotypical adults indicating the exis
tence of multiple, distinct attention subtypes. Thus, there is 
a disconnect between the documented attention impairments in 
persons with aphasia (PWA) and the literature in neurotypical adults 
indicating that multiple attention components independently mod
ulate an individual’s interactions with the world.
Aims: This study aimed to use the well-studied Attention Network 
Test (ANT) to quantify three subtypes of attention (alerting, orient
ing, and executive control) in PWA and matched controls. It was 
hypothesized that significant effects of alerting, orienting, and 
executive control would be observed in both groups; however, 
the effects would be reduced in PWA compared to the neurotypical 
controls. It was additionally expected that alerting, orienting, and 
executive control would not be correlated with one another in 
either group.
Methods & Procedures: Twenty-two PWA along with 20 age, 
gender, and education-matched controls completed the ANT. 
Briefly, the ANT consists of a cued-flanker task where the cues 
provide information about when and where the flanker executive 
control task will be presented. The combination of cues and flanker 
targets embedded within the ANT provides measures of alerting, 
orienting, and executive control. Participants are expected to 
respond faster and more accurately to the flanker task when cued 
as to when and where the task will be presented.
Outcomes & Results: In line with previous work, the control group 
demonstrated significant effects of alerting, orienting, and execu
tive control. However, we only find significant orienting and execu
tive control effects in the aphasia group. Between-group 
differences were only identified within orienting attention: the 
control group benefitted more from the orienting cue than the 
aphasia group. Additionally, alerting, orienting, and executive con
trol were not correlated in the control group, yet, a relationship 
between orienting and executive control was observed in the 
aphasia group.
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Conclusions: Overall, our findings demonstrate that attention dif
fers between PWA and controls, and that the ANT may provide 
a more complete picture of attention in aphasia; this may be 
particularly important when characterizing the relationship 
between attention and language in aphasia.

Introduction

Aphasia is classically thought to be a language-specific disorder. Yet, it is well established 
that some persons with aphasia (PWA) demonstrate impaired performance on a variety of 
cognitive skills including attention (Murray, 2012; Murray et al., 1997), memory (Caplan 
et al., 2013), and executive functions (Fridriksson et al., 2006). Of these cognitive skills, 
attention may be particularly important for studies of aphasia as it is a necessary founda
tion for other executive functions that are known to be engaged during language tasks, 
such as working memory (Baddeley, 1992; Cowan et al., 2005).

Selective attention has been the primary focus of much of the attention research in aphasia 
as it is proposed to be a critical building block for successful communication. For example, 
selective attention allows an individual to maintain alertness to critical information while 
completing a task, or selectively responding to an incoming stimulus (e.g., speech) while 
ignoring irrelevant and/or distracting information (e.g., background noise). Selective attention 
in PWA is typically assessed experimentally using classic selective attention paradigms such as 
the Stroop color-word task (Green et al., 2010; Pompon et al., 2015) and dual-task paradigms 
(Erickson et al., 1996; Heuer & Hallowell, 2015). These attention tasks particularly tax and 
measure executive control, i.e., the aspect of selective attention that is related to attending to 
task-relevant information while suppressing irrelevant or conflicting information. Clinically, 
the Test of Everyday Attention (TEA) is commonly used to measure selective attention (and 
also sustained and alternating attention) in PWA (Gordon-Pershey & Wadams, 2017; Murray, 
2012; Peach et al., 2017; Robertson et al., 1994). The TEA’s selective attention subtests also 
mostly engage executive control, e.g., searching for a specific symbol amongst competitors on 
a map. Findings from this executive control work indicate that PWA exhibit greater declines in 
performance due to interfering information (Erickson et al., 1996; Heuer & Hallowell, 2015; 
Pompon et al., 2015), and are less-sensitive to task-related attentional cues meant to facilitate 
selective attention (Tseng et al., 1993).

A great deal of work in neurotypical adults has also examined executive control 
(MacLeod, 1991; Stroop, 1935; Verhaeghen & Cerella, 2002), but a large body of work 
also indicates that selective attention does not just consist of executive control pro
cesses. While several models exist that subdivide attention (e.g., Mirsky et al., 1991; 
Posner & Petersen, 1990; Sohlberg & Mateer, 2010), we focus on Posner and Petersen’s 
functional-neuroanatomical model of attention networks that divides selective atten
tion into three distinct subsets: alerting, orienting, and executive control (Petersen & 
Posner, 2012; Posner & Petersen, 1990). Alerting involves achieving and maintaining an 
alert state while orienting is the selection of specific information from a given stimulus 
(Fan et al., 2002; Fan & Posner, 2004; Posner & Petersen, 1990). Executive control is 
a measure of how efficiently a correct response is achieved when relevant stimulus 
information conflicts with irrelevant stimulus information (Fan et al., 2002; Posner & 
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Petersen, 1990). Performance on these three types of attention has been found to 
dissociate in neurotypical adults, and performance across the three is only weakly 
correlated to one another (MacLeod et al., 2010; Roberts et al., 2006; Spagna et al., 
2015; Stewart & Amitay, 2015). Each of the three attention subtypes is also known to be 
supported by neuroanatomically distinct bilateral brain networks in neurotypical adults 
(Coull et al., 2001; Konrad et al., 2005; Petersen & Posner, 2012; Thiel & Fink, 2007). In 
PWA and stroke more broadly, left hemisphere damage is also associated with lower 
performance on a variety of attention measures (Heuer & Hallowell, 2015; Hula & 
McNeil, 2008; Hula et al., 2007; Kurland, 2011; Murray, 2012; Robin & Rizzo, 1989). 
Thus, Posner and Petersen’s functional-neuroanatomical model of attention may be 
particularly important to the study of attention in aphasia as it focuses on three distinct 
attention subtypes that are supported by distinct anatomical regions which are often 
damaged in PWA, including the left frontal and parietal cortices. It is therefore likely 
that many PWA will also present with some degree and combination of alerting, 
orienting, and executive control impairments that could further contribute to their 
communication impairments.

In neurotypical controls, the widely used Attention Network Test (ANT; Fan et al., 2002) 
separately measures alerting, orienting, and executive control using a cued-flanker task in 
the visual modality (Figure 1). The basic premise is that cues provide information prior to 
a flanker executive control task that facilitate the response time of the executive control 
task. Orienting cues provide information as to where to direct attention, while alerting 
cues provide information as to when to direct attention. In clinical populations, the ANT 
has been used to assess the integrity of each subtype of attention in a variety of 
populations including stroke (Chica et al., 2012; Fan & Posner, 2004; Rinne et al., 2013), 
but only rarely in PWA (i.e., n = 1 in Laures-Gore and Marshall (2016) and n = 5 in Marshall 
et al. (2018); both related to a mindfulness intervention), and never in comparison to 
a neurotypical control group.

Despite limited use of the ANT in aphasia, alerting and orienting have been examined 
separately in PWA using other paradigms. One study of orienting attention, which used 
a spatial-cueing paradigm, found that four individuals with aphasia due to left hemi
sphere stroke presented with orienting impairments compared to a control group, and 
that PWA, like those with right hemisphere strokes, did not make use of orienting cues 
(visual arrows indicating the direction of the upcoming target; Robin & Rizzo, 1989). In 
fact, the orienting information actually slowed down their response times, suggesting 
that PWA were negatively affected by attentional cues that are typically helpful to 
neurotypical controls. Villard and Kiran (2015) and Petry et al. (1994) similarly identified 
PWA to orient more slowly to spatial information relative to neurotypical controls, and 
specific physical stimulus properties (e.g., orientation, brightness, size, color) have also 
been shown to draw attention towards specific stimuli in PWA (Heuer et al., 2017). While 
these few studies suggest that on average PWA likely have impairments in alerting and 
orienting attention, no study has systematically studied all three attention subtypes of 
Posner and Petersen’s model in the same group of PWA, or compared their performance 
to a neurotypical control group. Thus, there is a disconnect between the documented 
attention impairments in PWA as measured almost exclusively by executive control tasks, 
and the vast literature in neurotypical adults indicating that the three attentional 
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components of alerting, orienting, and executive control dissociate and all uniquely 
contribute to an individual’s interactions with the world around them.

The purpose of the present study was to examine alerting, orienting, and executive 
control abilities in relation to one another within PWA and between PWA and a matched 
control group. It was hypothesized that significant effects of alerting, orienting, and execu
tive control will be present in both groups, indicating that the ANT is a meaningful measure 
to collect in PWA to potentially provide further insights into their attention abilities, and 
allow for better cross-talk between attention research in PWA and in neurotypical controls. It 
was also hypothesized that the aphasia group would exhibit reduced alerting, orienting, 
and executive control effects compared to the neurotypical controls, and that alerting, 
orienting, and executive control measures would not be correlated with one another in 
either group, coinciding with previous work in stroke and neurotypical controls.

Method

Participants

Participants were 22 chronic PWA (12 females) who experienced a single left hemisphere 
cerebral stroke1 at least 6 months prior to testing (Table 1). PWA ranged in age from 28 to 

Figure 1. Illustration of the procedure, cue conditions, and target conditions for the ANT.

4 A. N. LACROIX ET AL.



80 years (M = 54.64, sd = 12.97), were pre-morbidly right-handed, native speakers of 
American English, 18+ years of age, with no self-reported history of neurological disease, 
head trauma, or psychiatric disturbances prior to their stroke. Aphasia classification and 
severity were determined using the Boston Diagnostic Aphasia Evaluation-III (Goodglass 
et al., 2000); each stroke participant’s aphasia diagnosis is reported in Table 1. An addi
tional 20 controls (14 females) ranging in age from 31 to 79 years (M = 51.40, sd = 12.82) 
who were also right-handed, native speakers of American English, 18+ years of age, with 
no self-reported history of neurological disease, head trauma, or psychiatric disturbances 
were also recruited. There were no significant differences between the aphasia and 
control groups in age, gender, or education (Table 2). All participants were monetarily 
compensated for their participation. Arizona State University’s Institutional Review Board 
approved all procedures.

Experimental design

Participants completed the widely used ANT (Fan et al., 2002) as part of a larger neuropsy
chological test battery. Figure 1 includes a schematic of the ANT procedures, cues, and 
targets. Each trial began with a fixation cross jittered between 2400 and 3600 ms. Following 
the offset of the fixation cross, a visual cue was presented in the middle of the screen for 100 
ms. Visual cue conditions were as follows: (1) center cues (single asterisk presented in the 

Table 1. Aphasia patient demographics.
Gender Age Months Post Stroke Years of Education Aphasia Diagnosis

AZ1003 Female 48 110 19 Mild Broca’s
AZ1006 Male 60 138 14 Severe Broca’s
AZ1011 Female 73 53 16 Mild Anomic
AZ1012 Male 77 85 16 Moderate Wernicke’s
AZ1013 Female 47 258 17 Severe Broca’s
AZ1016 Male 37 142 14 Moderate Broca’s
AZ1018 Female 43 29 14 Mild Broca’s
AZ1022 Female 46 79 14 Moderate Broca’s
AZ1028 Female 80 19 24 Moderate Wernicke’s
AZ1030 Male 56 32 16 Moderate Broca’s
AZ1031 Female 40 63 20 Mild Broca’s
AZ1032 Male 28 20 13 Mild Anomic
AZ1033 Male 57 180; 60 14 Moderate Global
AZ1034 Female 59 110 15 Mild Anomic
AZ1035 Female 41 72 17 Mild Broca’s
AZ1036 Male 65 158 15 Moderate Broca’s
AZ1037 Male 57 13 16 Moderate Broca’s
AZ1038 Male 54 155 14 Moderate Broca’s
AZ1039 Female 66 48 14 Mild Anomic
AZ1040 Female 54 45 14 Mild Broca’s
AZ1041 Female 59 24 12 Mild Anomic
AZ1042 Male 55 37 14 Moderate Broca’s

Table 2. Demographic comparisons between aphasia and control groups.
Aphasia 
(n = 22)

Controls 
(n = 20) Statistic

Age 54.64 (12.97) 51.40 (12.82) t(40) =.81, p =.42
Gender (male/female) 10/12 6/14 χ2(1) = 1.06, p =.30
Education (years) 15.54 (2.67) 15.20 (2.17) t(40) =.46, p =.65
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middle of the screen), (2) double cues (simultaneous presentation of one asterisk above the 
fixation cross and one asterisk below the fixation cross), (3) spatial cue (single asterisk 
presented either above or below the fixation cross; spatial cues always predicted the 
location of the flanker task), and (4) no cue (fixation cross remains in the middle of the 
screen, but no cueing is provided; i.e., no offset of the fixation cross following the jittered 
period). Following the offset of the visual cue, the fixation cross was presented on the screen 
for 400 ms after which time participants completed the flanker task. In the flanker task, 
participants saw a series of five arrows and indicated via button press whether the center 
arrow was pointing left or right. The position of the flanker task was randomly assigned to 
above or below the fixation cross on each trial, such that in half of the trials the flanker 
arrows appeared above the fixation cross, and in the other half they appeared below. 
A congruent trial occurred when the center arrow was pointing in the same direction as 
the flanking arrows, an incongruent trial when the center arrow was pointing in the 
opposite direction of the flanking arrows, and a neutral trial when the center arrow was 
not flanked by any arrows, but instead flanked by straight lines. For all flanker trials, 
participants were instructed to be fast and accurate, and pressed the left arrow on the 
keyboard if the center arrow pointed left and the right arrow if the center arrow pointed 
right. Participants completed 180 trials where all cue types and flanker conditions were 
presented equally. Trial presentation was randomized for each participant. Verbal and 
written instructions, examples of all stimuli, and 10 practice trials preceded the start of 
the experiment.

Data analysis

Alerting, orienting, and executive control (Table 3) were each analyzed in terms of 
accuracy and reaction time. All responses were included in the accuracy analyses. For 
the reaction time analyses, reaction times associated with incorrect responses and those 
greater than 2.5 standard deviations from each participant’s mean were excluded from 
the analyses; this data trimming procedure was determined a priori based on it being 
a standard, well-studied approach in psycholinguistic research (Baayen & Milin, 2010; 
Lachaud & Renaud, 2011; Ratcliff, 1993). This approach aims to capture the middle 85% of 
the distribution of the reaction time measurements and is based on the assumption that 
the process of interest is being captured, not other extraneous factors (e.g., brief distrac
tions, button press mistakes, etc.). Consistent with this aim, 1.04% of the data was 
removed due to incorrect responses and 2.6% due to long reaction times (total: 3.64%) 
for the aphasia group and 0.81% due to errors and 1.86% due to long reaction times (total: 
2.67%) for the control group.

Table 3. Alerting, orienting, and executive control calculations and reaction time interpretations as 
conventionally defined (Fan et al., 2005, 2002; MacLeod et al., 2010). Note, in accuracy, smaller 
scores equal better alerting, orienting, and executive control.

Attention Subtype Calculation Reaction Time Interpretation

Alerting No Cue – Double Cue Larger scores = better alerting
Orienting Center Cue – Spatial Cue Larger scores = better orienting
Executive Control Incongruent – Congruent Trials Smaller scores = better executive control

6 A. N. LACROIX ET AL.



Alerting, orienting, and executive control are known to be independent subtypes of 
attention (Petersen & Posner, 2012; Posner & Petersen, 1990). Therefore, as is consistent 
with the literature (e.g., Fan et al., 2002; MacLeod et al., 2010), three separate paired samples 
t-tests were computed to identify significant effects of alerting (no cue versus double cue), 
orienting (center cue versus spatial cue), and executive control (incongruent versus congru
ent) within each group. Independent samples t-tests were used to compare alerting (no cue – 
double cue), orienting (center cue – spatial cue), and executive control effects (incongruent – 
congruent) between the aphasia and control groups. Exploratory Pearson correlations were 
used to analyze the independence of the attentional subsystems within each group; these 
correlations should be interpreted with caution due to the small sample size of each group.

Results

Attention in persons with aphasia and matched controls

Means and standard errors of the means for all cue and target conditions are reported for 
reaction time and accuracy in Table 4. Alerting, orienting, and executive control effects are 
plotted in reaction time and accuracy within each group in Figure 2.

Reaction time
Replicating previous work using the ANT, the control group demonstrated significant 
effects of alerting (i.e., better performance on double cue trials compared to no cue trials; t 
(19) = 4.89, p <.001), orienting (i.e., better performance on spatial cue trials compared to 
center cue trials; t(19) = 3.46, p = .003), and executive control (i.e., slower responses for 
incongruent trials compared to congruent trials; t(19) = 15.24, p < .001). For the aphasia 
group, significant orienting (t(21) = 2.22, p = .04) and executive control effects (t 
(21) = 3.50, p = .002) were observed; however, unlike in controls, the alerting effect was 
not significant (t(21) = 1.83, p = .08).

Accuracy
For the control group, the alerting effect was not significant (t(19) = .92, p = .37), however, 
significant effects of orienting (i.e., increased accuracy on the spatial cue trials compared to 
the center cue trials; t(19) = 2.13, p = .05) and executive control (i.e., decreased accuracy for 
incongruent trials compared to congruent trials; t(19) = 2.45, p = .02) were observed. For the 
aphasia group, the effects of alerting (t(21) = 1.13, p = .27) and orienting (t(21) = 1.77, p = .09) 
were non-significant; however, executive control costs were observed (t(21) = 2.21, p = .04).

Attention in persons with aphasia versus matched controls

Alerting, orienting, and executive control effects are plotted in reaction time and accuracy 
between each group in Figure 2. Overall, the control group was significantly faster than the 
aphasia group (t(40) = 4.09, p < .001), but the two groups did not differ on accuracy (t 
(40) = .71, p = .49). For reaction time, no differences in alerting cue benefits (t(40) = .72, 
p = .48), orienting cue benefits (t(40) = .47, p = .64), or executive control costs were observed 
(t(40) = 1.53, p = .13) between the aphasia and control groups. Since the aphasia group’s 
reaction times were all significantly longer than the control group’s, we also ran these same 

APHASIOLOGY 7



Ta
bl

e 
4.

 M
ea

ns
 a

nd
 s

ta
nd

ar
d 

er
ro

rs
 o

f t
he

 m
ea

n 
fo

r 
ea

ch
 g

ro
up

 in
 r

ea
ct

io
n 

tim
e 

(m
ill

is
ec

on
ds

) a
nd

 a
cc

ur
ac

y.
N

o 
Cu

e
D

ou
bl

e
Ce

nt
er

Sp
at

ia
l

Co
ng

ru
en

t
In

co
ng

ru
en

t
N

eu
tr

al
Al

l

Co
nt

ro
ls

RT
63

4.
24

 (3
9.

01
)

59
4.

92
 (3

6.
47

)
60

1.
32

 (3
8.

60
)

57
0.

81
 (3

8.
33

)
57

0.
55

 (3
6.

97
)

66
9.

93
 (3

9.
74

)
56

5.
09

 (3
6.

36
)

60
0.

05
 (3

7.
64

)
AC

C
.9

89
 (.

00
6)

.9
93

 (.
00

3)
.9

89
 (.

00
4)

.9
94

 (.
00

2)
.9

99
 (.

00
1)

.9
76

 
(.0

09
)

.9
99

 (.
00

1)
.9

92
 (.

00
3)

Ap
ha

si
a

RT
12

53
.3

6 
(1

47
.6

5)
11

85
.4

5 
(1

31
.7

6)
12

12
.2

3 
(1

34
.0

2)
11

71
.8

4 
(1

38
.4

2)
11

60
.0

4 
(1

30
.9

7)
13

44
.9

6 
(1

61
.6

6)
11

15
.5

3 
(1

23
.4

4)
12

04
.5

7 
(1

36
.5

4)
AC

C
.9

86
 (.

00
3)

.9
91

 (.
00

4)
.9

91
 (.

00
5)

.9
85

 (.
00

6)
.9

93
 (.

00
3)

.9
77

 
(.0

09
)

.9
94

 (.
00

2)
.9

88
 (.

00
4)

8 A. N. LACROIX ET AL.



statistics using normalized reaction time scores2; qualitatively we find the same pattern of 
results (i.e., no group differences for alerting, orienting, or executive control). For accuracy, 
there were no differences between the two groups for either alerting (t(40) = .18, p = .86) or 
executive control (t(40) = .65, p = .52), but the control group exhibited a greater orienting cue 
benefit than the aphasia group (t(40) = 2.67, p = .01).

Independence of attention subsystems in persons with aphasia and matched 
controls

Reaction time
In the control group, alerting did not correlate with orienting (r(18) = −.07, p = .77) or executive 
control (r(18) = .36, p = .12). Orienting also did not correlate with executive control in the 
control group (r(18) = −.38, p = .10). For the aphasia group, alerting did not correlate with 
orienting (r(20) = −.03, p = .88) or executive control (r(20) = −.08, p = .72). Orienting attention 
negatively correlated with executive control in the aphasia group (r(20) = −.43, p = .05) 
indicating that better orienting attention is associated with better executive control 
performance.

Accuracy
For the control group, executive control abilities as measured by accuracy positively 
correlated with both alerting (r(18) = .61, p = .004) and orienting (r(18) = .79, p < .001), 
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Figure 2. Within-group effects of alerting (no cue – double cue), orienting (center cue – spatial cue), and 
executive control (incongruent – congruent) in reaction time (A) and accuracy (B). Between-group 
comparisons for alerting (no cue – double cue), orienting (center cue – spatial cue), and executive control 
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such that better alerting and orienting correlated with poorer executive control. Alerting 
did not correlate with orienting attention for the control group (r(18) = .24, p = .31). For 
the aphasia group, alerting did not correlate with either orienting (r(20) = .13, p = .57) or 
executive control (r(20) = .13, p = .56), but orienting attention did negatively correlate with 
executive control abilities (r(20) = −.51, p = .02), indicating that better orienting correlated 
with better executive control abilities in PWA.

Discussion

The relationships between specific types of attention and aphasia are not well defined, 
despite attention being a critical cognitive resource for successful communication. Thus, 
the purpose of this study was to use the ANT to compare alerting, orienting, and executive 
control abilities in PWA to a matched control group, as well as to assess the independence 
of these three attentional constructs in PWA. The results indicate that alerting, orienting, 
and executive control abilities differ in PWA compared to neurotypical adults. The 
implications of these results are discussed below.

Our findings indicate that the PWA group was able to complete the ANT as instructed 
and without modifications, as despite their slower performance, accuracy did not differ 
between the two groups. This ability to investigate multiple subtypes of attention in PWA 
using the ANT is critical because the vast majority of attention studies in PWA have 
examined executive control. Thus, it is not clear if PWA exhibit impairments across all 
attention tasks and if so, whether this impairment is due to a common underlying attention 
mechanism, general task demands, or executive control in particular. In the present study, 
we found that orienting accuracy was lower in PWA than the control group, but no group 
differences were found in accuracy for alerting or executive control. We also did not find 
group differences in reaction time for any of the attention measures. This finding of 
impaired orienting attention in PWA relative to controls aligns with previous work using 
other orienting tasks (Petry et al., 1994; Robin & Rizzo, 1989; Villard & Kiran, 2015), as well as 
work demonstrating that PWA have greater variability in their ability to utilize spatial- 
orienting cues (Villard & Kiran, 2015). Since inhibition of task-irrelevant information (mea
sured via executive control) and selection of task-relevant information (measured via 
orienting) are affected differently in aphasia, future studies should examine the impact of 
alerting and orienting on language outcomes, in addition to executive control.

The ANT allowed us to investigate what types of attention are impaired in PWA. As 
expected, the control group demonstrated significant effects of alerting, orienting, and 
executive control in reaction time (Fan et al., 2002; Roberts et al., 2006; Spagna et al., 2015; 
Stewart & Amitay, 2015). Yet, the aphasia group only demonstrated significant orienting 
benefits and executive control costs in reaction time. The lack of an alerting effect in the 
aphasia group corresponds to previous work exhibiting PWA to have reduced (auditory) 
alerting abilities relative to neurotypical controls (Laures, 2005). PWA are also known to 
have significant inter-individual variability in attention performance (Gordon-Pershey & 
Wadams, 2017; Murray, 2012; Sturm et al., 1997), and this too may have contributed to the 
lack of an alerting effect in the aphasia group. Inter-individual variability in aphasia likely 
arises from numerous factors, including neurological factors such as location of the stroke 
umbra and disruptions to widespread functional neural networks caused by structural 
damage. Structurally, the thalamus, brainstem, and bilateral frontoparietal cortices all 
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support alerting attention (Coull et al., 2001; Konrad et al., 2005; Petersen & Posner, 2012; 
Rinne et al., 2013; Sturm & Willmes, 2001; Thiel & Fink, 2007), with stronger activation of 
left versus right frontoparietal cortices being observed in neurotypical adults during 
alerting tasks (Fan et al., 2005). Thus, it is possible that lesions to the left frontotempor
oparietal language network, which are often associated with aphasia, also include varying 
amounts of damage to the left frontal and parietal regions that support alerting attention. 
However, future work is needed to better understand how lesion location impacts 
alerting, and attention more generally, in PWA.

Unlike in reaction time, only executive control costs were observed within accuracy for 
the aphasia group. This observed speed-accuracy tradeoff in the aphasia group, particu
larly within alerting and orienting attention, indicates that reaction time may be a more 
sensitive measure of attention abilities in PWA. This finding does not coincide with past 
studies reporting PWA to be less accurate but not slower than controls on an alerting task 
(Laures, 2005), or PWA to be less accurate and slower than controls on an orienting task 
(Villard & Kiran, 2015). However, it does correspond with other studies that solely used 
reaction time measures (i.e., PWA complete orienting tasks more slowly than controls; 
Petry et al., 1994; Robin & Rizzo, 1989), as well as with the broader speed-accuracy tradeoff 
literature showing older adults consistently favor accuracy over speed, regardless of 
directions or task type (Brébion, 2001; Forstmann et al., 2011; Heitz, 2014; Hertzog et al., 
1993; Smith & Brewer, 1995; Starns & Ratcliff, 2010). Since PWA are typically 65 years and 
older (Ellis et al., 2018), the ability of the ANT to measure attention using both reaction 
time and accuracy may make it a valuable clinical tool to characterize attention deficits in 
aphasia, as the reaction time measures may better capture the slower processing of PWA 
that is known to negatively impact communication abilities (LaCroix et al., 2020; Love 
et al., 2008). However, future studies are first needed to establish the reliability and validity 
of the ANT in PWA.

Previous work demonstrates that alerting, orienting, and executive control are distinct 
attention subtypes supported by separate neural resources in neurotypical adults (Fan 
et al., 2005, 2002; Petersen & Posner, 2012). An exploratory correlational analysis in our 
aphasia group suggests that the independence of these attention subsystems may 
change following a left hemisphere stroke. Particularly our results indicate that alerting 
and orienting, and alerting and executive control remain distinct, but not orienting and 
executive control. While these results should be interpreted with caution due to the small 
sample size, the direct relationship between orienting and executive control in aphasia (in 
reaction time and accuracy) may stem from each being supported by distinct, yet 
adjacent, bilateral frontoparietal networks (Corbetta & Shulman, 2002; Dosenbach et al., 
2008). A lesion affecting any part of the frontal or parietal cortices, will likely have 
a negative impact on both orienting and executive control. However, future work is 
needed to assess the independence of each attention component and their correspond
ing neural substrates in aphasia.

Executive control is traditionally calculated in ANT studies by subtracting congruent 
trials from incongruent trials (e.g., Fan et al., 2002). However, this subtraction creates 
potential issues with interpretation as congruent trials have been shown to produce 
facilitation effects (see MacLeod, 1991 for a review). This may attribute increased inter
ference to incongruent trials as it is difficult to parse facilitation from interference when 
using this contrast. Using neutral trials as a baseline may provide a more accurate 
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measurement of executive control as in theory, neutral trials neither inhibit nor facilitate 
processing, and this may be particularly important for quantifying attention abilities in 
clinical populations. The use of neutral trials as a baseline in our executive control 
calculation produces similar results as using the congruent trials: significant executive 
control costs for both groups in reaction time (control: t(19) = 15.98, p < .001; aphasia: t 
(21) = 4.78, p < .001), but the neutral trials also identify differences between the two 
groups on executive control abilities in reaction time (t(40) = 2.45, p = .002), suggesting 
that in addition to orienting attention, executive control may also be impaired in aphasia. 
This slight change in results between using congruent or neutral trials as the baseline 
warrants future work exploring the relative contributions of each to the measure of 
executive control in aphasia.

Conclusion

The well-studied ANT was used to assess alerting, orienting, and executive control atten
tion in PWA and matched controls. Significant orienting and executive control effects 
were observed in both groups, but the alerting effect was only significant in the control 
group. We additionally find differences in orienting attention between the two groups, as 
well as a relationship between orienting and executive control in the aphasia group. 
Overall, our findings demonstrate that the ANT may be an effective measure of attention 
in aphasia. Our results additionally suggest the need to separately assess all three sub
types of attention in PWA to gain a more complete picture of attention abilities; this may 
be particularly important when characterizing the relationship between attention and 
language in aphasia.

Notes

1. One participant (AZ1033) had two strokes ten years apart.
2. Alerting: (no cue – double cue)/((no cue + double cue)/2); Orienting: (center cue – spatial 

cue)/((center cue + spatial cue)/2); Executive Control: (incongruent – congruent)/((incongru
ent + congruent)/2).
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