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The Cognitive Neuroscience of Vigilance—A
Test of Temporal Decrement in the Attention
Networks Test (ANT)

M. K. Zholdassova, G. Matthews, A. M. Kustubayevaand S. M. Jakupov

Abstract—The aim of this study was to test whether the Attention
Networks Test (ANT) showed temporal decrements in performance.
Vigilance tasks typically show such decrements, which may reflect
impairments in executive control resulting from cognitive fatigue.
The ANT assesses executive control, as well as derting and
orienting. Thus, it was hypothesized that ANT executive control
would deteriorate over time. Manipulations including task condition
(tria composition) and masking were included in the experimental
design in an attempt to increase performance decrements. However,
results showed that there is no temporal decrement on the ANT. The
roles of task demands, cognitive fatigue and participant motivation in
producing this result are discussed. The ANT may not be an effective
tool for investigating temporal decrement in attention.

Keywords—ANT, executive control, task engagement, vigilance
decrement

|. INTRODUCTION

HE vigilance decrement has been described as a slowing
in reaction times or an increase in error rates as an effect
of time-on-task during monitoring tasks. Vigilance decrement
in performance is common in tasks requiring signal detection.
Vigilance decrement is defined as "deterioration in the
ability to remain vigilant for critical signals with time, as
indicated by a decline in the rate of the correct detection of
signals’ [1]. Vigilance decrement is most commonly
associated with monitoring to detect a weak target signal.
Detection performance loss is less likely to occur in cases
where the target signal exhibits a high saliency. For example, a
radar operator would be unlikely to miss a rare target at the
end of a watch if it were a large bright flashing signal, but
might miss a small dim signal. The ability to maintain high
levels of focused attention or vigilance over long periods of
time underlies success on a range of tasks, from reading to
airport security monitoring; but concentration often fails in
such situations [2] (e.g., Mackworth, 1948). Moreover,
sustained attention is deemed to be effortful and stressful when
one is required to maintain high levels of performance [3], [4],

[5].
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Among the major theories of vigilance, the resource model
[6] proposes that the drop-off in performance over time — the
vigilance decrement — is a result of the exhaustion of
information processing resources that are not replenished over
time. The well-known construct of attention resources is
critical to the modern cognitive-psychological theory of
vigilance [7], [8].

Modern cognitive-psychological theories of vigilance, based
on constructs such as resources [8] and loss of mindful
awareness [9] have only relatively recently been used as the
conceptual framework for vigilance studies. A pivotal finding
in vigilance research is that task demands control performance
decrement over time. A meta-analysis of 42 studies showed
that perceptua sensitivity decrement in vigilance is
systematically related to the level of demands of the task; the
higher the workload, the greater the performance deterioration
[10]. Prolonged high workload may lead to depletion of
resources, causing performance decrement. Thus, individua
difference factors that relate to resource availability or
utilization should predict vigilance [11].

Attentional resource theory [12], [13] is based on the idea
that a metaphorical pool of energy (‘resources) supports
attention and processing of information. Resource theory holds
that, as more effort is needed to fulfill the demands of a task,
more resources are used and workload increases. Information
processing and performance become impaired when demands
exceed available resources. There are probably multiple
pathways through which fatigue and stress may impact
performance [14]. However, fatigue factors may impair
sustained attention by reducing the quantity of available
resources. Resource theory appears to be especially valuable
as a means for understanding stressor and fatigue effects on
tasks requiring vigilance or sustained attention [13]. In
addition, temporary mental states such as fatigue and stress
may be related to individual differences in attentiona
processes. Specifically, a state of task engagement has been
found to relate positively to performance on a range of
demanding attentional tasks [15]. Task engagement is
associated with higher energetic arousal, greater task
motivation and greater concentration [16]. Low task
engagement corresponds to a state of fatigue.

A limitation of resource theory is that the underlying
cognitive and neural processes that control variation in
resource availability are not precisely specified. A more
precise account of vigilance and cognitive fatigue may be
obtained by investigating temporal change in executive
control. Cognitive fatigue may disrupt the person’s ability to
regulate information-processing, for example, by inhibiting
processing of irrelevant stimuli. Thus, it is important to test
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whether executive control in fact becomes impaideding
extended task performance. Subjective task engageime
interconnected with the regulation of attentiondemanding
tasks [16], and so loss of engagement may be atedaiith
impaired executive control. Recent work on the dbgn
neuroscience of attention may provide a methodoltmgy
investigating temporal change in executive contaicording
to Posner’s theory [17] attention is controlled thyee neural
networks: Alerting, Orienting, and Executive cahtiAlerting
describes the function of tonically maintaining thlert state
and phasically responding to a warning signal. Agtc and
voluntary orienting are involved in the selectidrirdormation
among multiple sensory inputs. The visual orientimgction
involves aspects of attention that support the ctele of
specific information from numerous sensory inputéveng at
different spatial locations. Executive control déses a set of
operations that includes monitoring and resolviogfiicts in
order to control thoughts or behaviors. The exgeutiontrol
function of attention involves more complex mermpérations
in detecting and resolving conflict between comporte
occurring in different brain areas [18], [19]. Tinetworks
have been differentiated on the basis of both hehalv
evidence from studies of attentional task perforrearand
cognitive neuroscience methods including functionagnetic
resonance imaging (fMRI). Fan et al. (2002) [20}eleped
the Attentional Network Test (ANT), to provide inmEndent
indices of the efficiency of functioning of eachtwerk. The
ANT is based on a combination of the cued readiioe (RT)

[21] and the flanker tasks [22] paradigms. A schigna

diagram of the stimuli and design of the ANT iswhdn Fig.
1. Investigation of temporal change in the ANT nsapport a
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Fig. 1 A schematic diagram of the stimuli and desifjExperiment
[20]

Fig. 2 Examples of masked (left) and unmasked {yiginget stimuli

The study also assessed subjective state and adrklo
These measures were used to evaluate the levitgfe and

_mental demand produced by the extended ANT.

new understanding of loss of vigilance as a possibl

impairment in executive function. The standard ierof the
ANT lasts for about 15 min, which may be insuffitigto
observe temporal change in performance. The aimhef
present study was to use a longer-duration versidhe ANT
to test for possible temporal decrements in thetfaning of
the attentional networks described by Posner anér$n
[17]. Studies of vigilance [5], [10] suggest thaarious
workload factors influence whether or not a decrame
perceptual sensitivity is found in any given studyo task
manipulations were included in the design of thespnt study
in order to increase the likelihood of performageErement.
First, half the subjects performed with masked wliinto
increase the mental demands of the task. Vigilestadies

Il. METHODS

A. Subjects

The participants were 160 students from Kazakh dati
University aged 17 to 30 years old (141 females aAd
males). Participants were required to be free phuatric and
medical diseases at the time of the study. All wedght
handed, with normal or corrected-to-normal vision.
Participants were all drug-free. During the experital
session, participants did not drink or eat anythiogtaining
caffeine (e.g., coffee, tea, chocolate).

B. Design

show that use of masked stimuli tends to amplife th A 5 x 4 (masking x task condition) between-subjeiesign

decrement [11], [14]. Second, the standard ANT vattis
different networks from trials to trial, which mageduce
fatigue of the network. Thus, several trials mayetivene
between the incongruent-flanker trials that actvahe
executive system, allowing a period in which thetesn may
recover from fatigue. Galinsky et al. (1990) [23iggested
that alternation between different processing patsamight
help to protect vigilance, via such a recovery pssc To
reduce the potential for recovery, we also includentified
task conditions, that tested only a single netwakd so
should give stronger decrements.
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was used. Participants were randomly assigned ¢oobrihe

eight groups defined by this design. Four groupsopmed

using the standard ANT stimuli, with no mask. Theaining

four groups performed with a masked version of ¢batral

target stimulus. The four task conditions weredes. The

first was the standard ANT, which includes triassessing
alertness (presentation of a central or double, coréénting

(presentation of a spatial cue) and executive fanct
(incongruent flankers). The remaining three, medifi
conditions included only the stimuli necessary tonpute a
single index. The experimental design was accepiedhe

local ethics committee.
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C. ANT Task

NASA Task Load Index (TLX: Hart & Staveland, 19884]).

The ANT requires participants to determine whetiaer The ANT was adapted to a Kazakh speaking population

central arrow points left or right. The arrow apeabove or
below fixation and may or may not be accompanied
flankers. Efficiency of the three attentional netkwo is

assessed by measuring how response times arenicdideby
alerting cues, spatial cues, and flankers. Tasktaur (c. 66
min) was extended beyond the 15 min duration ofottiginal

Fan et al. (2002) task in order to increase thelibod of
participant fatigue. The task comprised 12 blocksrials, e

each made up of 96 individual trials. In the mixebk
condition, the trial types were the same as use&ayet al.
(2002), with flanker type and cue varied from tt@ltrial (see
Fig. 1). In the modified task conditions, stimwre reduced
to those necessary to measure a single networkcul@gon of

the three ANT indices was modified accordingly.ng&fi in

these conditions were as follows:

DSSQ was translated into Kazakh. All scales of Klagzakh
leSSQ showed adequate alphas, ranging from 0.6Q8 .

. RESULTS

A. Analyses of subjective state

Differences between pre- and post-task means oD #$&0Q
scales were tested withtests, using Bonferroni correction.
Results are shown in Fig. 3. They revealed siganifigp<0.01)
decreases during performance of the ANT in intdnsi
motivation, concentration, task relevant cognifivierference,
task-irrelevant cognitive interference and selftfoc There
were also significant increases in success motimadind self-
esteem. ANOVAs were also run to test for effectsnasking
and task condition on the DSSQ scales. Effecthadd factors

Alertness task. On 50% of trials, there was no cue. On th&/ere minimal, and significant findings barely exdee chance

remainder, a double cue was presented. In addifi6fh of
stimuli were presented with congruent flankers, ahe
remainder with neutral flankers. The Alertness indas then
calculated as the difference in RT between cued wmlied
trials.

Orienting task. All trials were cued, either by a central cue

or a spatial cue (in upper or lower position). ddition, 50%
of stimuli were presented with congruent flankessd the
remainder with neutral flankers. The Orienting xdeas
calculated as the difference in RT between spatial-and
central-cue trials.

Executive Control. All trials included a non-spatial cue:

50% of trials used a central cue, and the remaiadéouble
trial. In addition, 50% of trials used congruerdrfkers, and
the remainder incongruent flankers. The Executivant®l
index was calculated as the difference
congruent and incongruent trials.

These modified indices were also used to asses#riet
function in the standard ANT condition,
comparability of indices across all conditions.

A silent, artificially illuminated room was usedrftesting.
The display for the task was placed at a distafé®@m from
the participant’s eyes. Programming was achieveoh&gns of
E-Prime (v2.0) experiment-generation package,

in RT betwee

to ensure

levels.

30

* p<.05. Bonferroni-
corrected t-test

B Pre-task DSSQ M Post-task DSSQ

Fig. 3 Means for DSSQ scales before and after ANT

B. Analyses of workload
Workload data were analyzed using a 2 x 4 (massk t

whicgbndition) between subjects ANOVA. The only sigrant

provides millisecond accuracy for response timingd a effect was a main effect of condition, (F(df =3,215 4.54,

Microsoft Excel software. The responses were ctdlbc
through the computer keyboard.
Subjective state was measured by the Kazakh vedditre

p<0.01. Fig. 4 shows differences in mean workload aa
function of masking and task condition. The modifiask
versions assessing alerting (condition 2) and trign

Dundee Stress State Questionnaire (DSSQ; Matthéves. € (condition 4) produced the highest levels of woakio
1999). We also administered the “Eysenck Personalityyorkload tended to be higher in masked conditidng, the

Inventory” (EPI: Eysenck & Eysenck, 1964, Form A2]R
which measures extraversion, “Amthauer's
Structure Test (IST)” and “Rational-Experientialvémtory”.
(Analyses of these measures are not included srrépiort)
Participants completed a pre-tdetm of the DSSQ, then

Intellagen

effect of the mask was non-significant.

performedthe ANT, and then immediately completed a post-

test version of the DSSQ and a standard workloaakare, the

469
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Workload

MW no mask

2 W mask

mixed alert executive orienting

Candition

Fig. 4 Mean workload as function of masking andt mndition

C.Analyses of ANT performance

The main effect of masking was significant for Extee
Control (F(df =1, 75) = 87.45, p<0.01 and for Otieg
(F(df=1, 75)=23.51, p<0.01. Masking reduced the iB@=x
but increased the orienting index. The mean forEfeindex
was 122.8 ms in unmasked conditions, and 35.2 msasked
conditions, averaging across task periods. Likewifs
Orienting index was 50.6 ms in unmasked conditians, 77.2
ms in masked conditions, averaging across taskgeri

The main effect of condition was significant onlgr f
Alerting (F(df=1, 76)=11.66, p<0.01. Means (avehgeross
periods) were 55.6 ms for the standard ANT triald 0.4 ms
for the modified conditions. The main effect of iper was
significant for Executive Control (F(df=11, 75)=6,9p<0.01
and Alerting (F(df=11, 76)=3.59, p<0.01. The mdffee was
modified by a period x mask interaction for both gdf=11,
75)=9.04, p<0.01 and for Alerting (F(df=11, 76)=10D.
p<0.01. There were no further interactions betwgeniod and
the other factors for these indices. There werenam effects
or interactions involving period for Orienting.

Fig. 5 shows the effects of period and masking wecktive
Control. Contrary to expectation, the value of @ index
tended to decrease across task periods, suggésgmgving
executive control. The decrease was larger in thsked than
in the unmasked condition. The figure also showesrdduced
value for the index when stimuli were masked.
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Fig. 5 Temporal change in Executive Control in mas#l no mask
conditions

The effects of period and masking on Alertnessshi@vn
in Fig. 6. In general, the Alertness index tendedncrease
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across periods. The interaction with masking appearelate
to an earlier increase in the index in unmaskedlitiom, i.e.,
in periods 3-5. There appeared to be no systereéfféct of
masking in the later periods.

70

60 A

50

30 |

index

30

== o mask

20 =i mask

10

12 3 4 5 6 7 8 9 10 11 12

period

Fig. 6 Temporal change in Alerting in mask and rasknconditions

An issue for interpreting temporal change in thaidas is
that they are calculated as differences scoresfivelto a
baseline RT value. Temporal changes might thenecatfl
changes in the baseline rather than in the effigieof the
network concerned. To address this possibility rarefurther
analyses that separate baseline trials from taalsvhich the
relevant network was believed to be activated. Bpace
reasons, we do not present these analyses heteadnsve
will briefly provide qualitative descriptions ofdtdata.

Fig. 7 shows the effects of task period and maskimghe
congruent and incongruent trials used to calcultte
Executive Control index. Data from both the staddand
modified conditions (totaN = 80) are included. For this index,
the trials with congruent flankers provide baselitea. The
Figure shows little systematic change in RT on coeqt trials
across time. By contrast, RT appears to declinmammgruent
trials in both unmasked and masked conditions. T s
temporal decline in Executive Control shown in firénary
analysis does not seem to be an artifact of chgrizaseline.

350
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650
600 ,‘%’ﬁ
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—#—Cong nc mask

index

——Cong mask

== [ncong no mask

—&—|ncong mask

500

1 2 3 45 6 7 & ¢ 101112

period

Fig. 7 Temporal change in RT for congruent and mgeaent trials,
in mask and no mask conditions

Fig. 8 shows comparable data for the Alertnessxntie
this case, baseline trials are those that includalerting cue.
The Figure suggests a small decrease in baselinénRfe

masked conditions, and a small increase in no mask



International Journal of Social and Human Sciences 6 2012

conditions. RTs on cued trials decreased in botekethand laboratory (Kamzanova et al.,, 2011) [25], using &dz
unmasked conditions, with a somewhat larger deeréas students as subjects found a mean NASA-TLX valué.67
masked conditions. Again, the temporal trend towardor a vigilance study that showed a decrement. Vhise is
increasing Alertness cannot be attributed to & ghibaseline comparable to those obtained here. On the othet, learen in
RT. the modified version, there may have been sufficiéme

between trials for networks to recover from the ritige
800 fatigue induced by workload.

750 L-.._._._._.Aw._, Second, there are multiple executive functions. d{e et
o | W g - al., 2000 [26] distinguished between inhibitiont-skifting

e Cue o mack and updating working memory. The ANT assesses il
65C

A A Ay —B—Cuemask but other functions may be more susceptible to itivgn
600 e L L fatigue. Previous work on vigilance suggests thatking

index

550 —e—Ecse mask memory load may be important for the developmentaof
sag performance decrement [14].
123 4567 8 9101112 Third, the DSSQ data suggest that the task mayhaoe
period provoked a substantial loss of task engagementic@lyp the
Fig. 8 Temporal change in RT for cued and basefinecue) trials, performance of vigilance tasks influences all tH8SQ) scales
in mask and no mask conditions associated with task engagement. Energetic arouasak

motivation and concentration all decrease substintj11]

Finally, error data were analyzed, primarily to cke [16]. In the present study, intrinsic motivation dan
whether there were any temporal increases in ertorfact, concentration declined, but the drop in energy was-
none of the relevant ANOVAs showed any significaratin or ~ significant, and success motivation actually insesh
interactive effects of task period on errors. Emates were Participants’ ablllty to maintain motivation thrdlugtriving for
generally low; overall mean accuracy was 0.9745treals ~ superior performance (i.e., success motivation) rhaye
designed to measure alertness (averaged acrossipeand helped to preserve resources and executive cor@miss-
cue conditions) and 0.9740 on orienting trialstHa analyses cultural differences may have played a role in thscome,

of executive control, accuracy rates were highecomgruent diven that Kazakh undergraduate students are tjpica

trials (mean = 0.9814) than on incongruent triateegn = unfamiliar ~with experimental psychological research
0.9580), but there was no temporal change obsdoregither ~Participants may have been more motivated thaitherican
trial type. introductory psychology students typically usecasicipants
in vigilance studies. On the other hand, Kamzaneval.,
V. CONCLUSIONS 2011 [25] found typical declines in task engagemiectuding

\geduced energy and success motivation, during peaioce of
a high-workload vigilance task.

In conclusion, here may be various factors contiriguto
participants’ sustained effectiveness on the ANTcluding
limited cognitive demands, insensitivity of inhibih to
cognitive fatigue, and participants’ ability to mtiin

The data show that there was no decline in exeeuti
function during a period of continuous performarme a
version of the ANT exceeding 1 hour in durationefiéhwas
also no temporal decline in the alertness and tingindices.
Indeed, task period effects suggested improvements
executive functioning and alertness over time. Thius ANT o
does not appear to show any performance changdsrstm m9t|vat|on. !n an){ ca§e, the ANT d.o.es not appedyetavell-
vigilance decrement. Improvements in performancey ma?'”'te‘,’ for |nv§§tlgat|ng the cognitive processgat tmay
suggest practice effects on the attentional indiceserned. contribute tq vigilance decremept. Futurfe sustaiatention

It was thought that the masking and task conditioﬁese?rCh mlght.explore other information-processiagks
manipulations might increase performance decrenentthis requiring executive control. _By co_ntrast, the prasesearch
was not the case. The manipulation of task corditiad does sug_gesF that_the ANT is a fairly ropust _m@aﬁm_rpther
minimal effects on performance. The masking maitioh types of inquiry, given that performance is faiiigensitive to

was effective in slowing overall response timese (5&ys. 7 temporal change
and 8). However, contrary to expectation, the etieeu
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