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Abstract

Many psychoactive drugs produce simultaneous effects on a variety of psychological processes. Behavioral measures in tasks designed to
assess cognitive processes in rodents should be able to characterize and dissociate these multiple influences. The present study evaluated how
error measures in a classic two-choice operant spatial signal detection paradigm were affected by procedural manipulations of the motivational
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tate of the rat, stimulus properties, and alterations of the inter-trial interval. The experiments were conducted in a two lever opera
n which a cue lamp was mounted over each lever. The rats were trained to respond quickly to a short illumination of one of the cu
ne of three durations (100, 300 or 1000 ms), presented in a random order. The procedural manipulations were (1) to allow pre-se
ccess to the normally water-restricted subjects, (2) to vary the intertrial interval (ITI) between sessions, (3) to reduce the inten
iscriminative stimuli, and (4) to manipulate the variability of the ITI within a session. Stimulus duration-dependent decreases of
ccuracy were observed following pre-session water access and when the intertrial interval was decreased. A reduction of stimu
esulted in decreased accuracy at all stimulus durations. Varying the ITI within the session produced stimulus duration-independen
f detection accuracy but no change in the frequency of errors of omission. These findings show that distinct patterns of performa
esult from manipulating different components of this task and that errors of omission and commission often co-vary and raise ques
he definitions of vigilance and sustained attention as these constructs apply to signal detection tasks that present spatially distin
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. Introduction

Rodent sustained attention models are used for study-
ng the neurobiological underpinnings of attention (e.g.
11–13,15,29]), assessing the disruptive and interactive ef-
ects of drugs[8,10] and environmental toxins (e.g.[9]) and
or predicting the efficacy of pharmacotherapies for attention
isorders[20,28,41]. One approach for establishing the con-
truct validity of these tasks is to assess the effects of manip-
lations that theoretically should disrupt performance[44].
elevant task dimensions for establishing validity in attention

asks include event rate, variability of stimulus presentation,
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and discriminability of stimuli. Performance is expected
decline due to increased demands on attentional proce
as event rate is increased, as the variability of stimulus
sentation becomes less predictable, and as discrimina
decreases[35,36].

Many rat attention paradigms exist that are base
the signal-detection model. Signal detection paradigms
to separate deficits resulting from changes in stim
detectability from deficits resulting from changes in
sponse properties[17,22]. A general category of signal d
tection tasks that have been used since the 1950s,
cially in pigeons (e.g.[2,21,25,26,33,34]) and in rats (e.g
[4,18,19,21,32,37,39,40]), presents stimuli at two or mo
spatially distinct locations. This paradigm has the featu
using commercially available operant equipment, inclu
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wall mounted cue lights and retractable or fixed response
levers or keys. In most of these tasks, the subjects are re-
quired to respond rapidly to a flash of the cue lamp which
is presented randomly at the different spatial locations, and
where stimulus duration is either fixed or varied among a
range of short intervals of one second or less. To perform
this task accurately, the subject is required to orient toward
the front panel and to initiate a response within a short pe-
riod after the flash. An intertrial interval separates stimulus
presentations.

One of the challenges with any appetitive task similar
to tasks described above is the consideration of when to
consider a particular deficit a “pure” attentional deficit or
a change in the motivational state or motoric capabilities of
the organism. Traditionally, the dependent measures of in-
terest include accuracy and omissions. An important feature
of a two or more choice paradigm is that accuracy is poten-
tially a “pure” measure of detection, in that any response,
even if incorrect, would demand the same motor and mo-
tivational requirements. Omissions, on the other hand, are
typically thought to reflect changes in the motivational state
or motoric abilities of the animal. Recently, however, some
researchers have argued that changes in omissions following
increased task demands may also reflect changes in atten-
tional processing, if there are not any concomitant changes
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tively, it is important to assess whether errors of omission
are also affected by a manipulation (e.g. lesion or pharma-
cological treatment) that results in a “duration-independent”
impairment in response accuracy. If the omission rate remains
unaffected, one can more confidently assert that the changes
in signal detection reflect disruptions of attentional process-
ing.

The present experiments were conducted with two general
goals in mind. First, we wanted to assess the effects of ma-
nipulating pre-task water availability to manipulate the mo-
tivational state of the animal during task performance. This
manipulation was expected to increase the omission rate. Sec-
ond, we wanted to validate the present task as a measure of
attention in the rat by assessing the effects of manipulating
task parameters known to be important for attention. These
manipulations were expected to produce a pattern of results
that could be interpreted in terms of changes in attentional
processing.

2. Methods

2.1. Subjects

These experiments used male Sprague–Dawley rats
(Taconic Farms, Germantown, NY). All rats were housed
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n pharmacological manipulations or lesions that could
otivation or motoric functioning[38]. A consideration o

he pattern of changes in accuracy across stimulus dura
ompounds the challenge of interpreting whether a parti
anipulation has specific effects on attention.
Two consistent patterns of deficits in choice accuracy

ors of commission) have been observed in this task whe
re given drugs known to affect sensory-attentional proc

n humans when the duration of the sample stimulus is
ed within session. One is a deficit in accuracy that incre
s the stimulus duration decreases (a “duration-depen
eficit). The other pattern is where accuracy is decre
t all stimulus durations (a “duration-independent” defi
elta-9-tetrahydrocannabinol (THC), the primary psych

ive ingredient in marijuana[37] and ethanol[16] produced
eductions in choice accuracy only at the short stimulus d
ions. In contrast to THC and ethanol, cholinergic musca
ntagonist scopolamine and glutamate NMDA recepto

agonist MK-801 produced decreases in discrimination a
acy at all stimulus durations and increased errors of omis
the absence of a response[37]).

The “duration-dependent” pattern of errors of comm
ion/choice accuracy could be interpreted as indicating
ective disruption of sustained or focused attention if
ssumes that short duration stimuli are more difficult to
erve and therefore would require more effort to detect t
n contrast, “duration-independent” choice accuracy de
re not obvious in their interpretation. One possibility is

hey also result from changes in motivational or motor
esses that would affect response tendencies resulting
iscriminant responding at all stimulus durations. Alte
ndividually in a temperature-controlled room of 20–22◦C
nder a 0700 on/1900 off light–dark cycle. During period
ehavioral testing, the subjects were maintained on a 2
ater restriction routine on weekdays, and allowed free
ess to water on weekends. Behavioral testing was cond
onday through Friday. Four of the experiments used

ame fifteen rats (presession water access, between-s
ariation of the intertrial interval, relative frequency of st
li to each position, and the luminance reduction exp
ents). The differential consequences of errors experi
sed seven new rats and the within-session variation o

ntertrial interval experiment used six new rats.
The rats also received water in the experimental setti

art of the experimental procedures. Food was continuo
vailable in the home cage. Body weights were taken da
nsure that they remained above 85% of ad libitum wei
nd supplemental water was given if necessary. All pr
ures were performed in accordance with the NIH G

or the Care and Use of Laboratory Animals[43] and were
pproved by the SUNY Institutional Animal Care and U
ommittee.

.2. Apparatus

Six identical standard operant conditioning cham
MED Associates, Hatfield, VT) were used. A solenoid de
red water to a cup located in a recess between the res

evers mounted on the front wall of the chamber. A cue l
as located above each lever, and a speaker was moun

he ceiling of the chamber. A Dell PC was used to contro
perant schedule and to record data.
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2.3. Baseline procedures

All rats were pretrained as detailed in a previous article
[37]. After pretraining the subjects were trained on the vigi-
lance procedure until performance stabilized at greater than
90% accuracy at the 1.0 s stimulus duration. A trial consisted
of a brief 100 ms tone followed in 3 s by the onset of one
or the other of the cue lamps with equal probability of oc-
currence on either side. The subject was required to press
the signaled lever within a 3 s limited-hold period. This short
limited-hold was designed to minimize the period that the in-
formation needed to be retained before a response was made.
An intertrial interval (ITI) of 10 s separated the trials. A cor-
rect response to a signaled lever, within the 3 s limited-hold
period, was followed by a 0.1 ml water reward. An incor-
rect press, a press prior to a cue presentation, or a press that
occurred more than 3 s after the cue was presented, was fol-
lowed only by immediate initiation of the ITI. The duration
of the cue lamp was varied randomly within the trial to 100,
300, and 1000 ms, in order to assess detectability. The session
duration was 30 min.

2.4. Experimental procedures

2.4.1. Pre-session water access
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2.4.4. Within-session variation of intertrial interval
procedure

This experiment was conducted in successive 5 days,
Mon–Fri blocks. The subjects were exposed initially to the
10 s baseline ITI and that included the standard 100 ms warn-
ing tone 3 s prior to the stimulus presentation. In the next con-
dition, the tone was not presented on any trial. The following
condition randomly presented ITIs of either 7 s, 10 s or 13 s,
and no warning tone was presented. Next, the subjects were
exposed to a condition where the ITI randomly took on values
of either 3, 10 or 17 s, and no warning tone was presented.
Finally, the subjects were returned to the first fixed 10 s ITI
and warning tone condition. The analyzed data are from the
Friday session.

2.5. Behavioral measures and statistical analyses

Errors of commission were calculated using a sensitiv-
ity index (SI) score that corrects for position biases[14,23].
Under neutral bias conditions, the SI tracks percent correct
scores as follows:

(% Correct/SI) : 1.0/1.0; 0.99/0.98; 0.95/0.90; 0.90

/0.80; 0.80/0.60; 0.70/0.40; 0.60/0.20; 0.50/0.0
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The subjects were randomly assigned to one of five
itions, according to a modified Latin square design. W
ccess was given on Tuesdays and Thursdays, with inte

ng Mon–Wed–Fri baseline sessions. In a Latin square de
ubjects were allowed 3, 9, or 27 min of pre-session wate
ess. An additional condition was conducted after the o
onditions were completed where subjects were allowed
inuous free access to water for 24 h prior to the start o
ession.

.4.2. Between-session variation of intertrial interval
rocedure

This experiment was conducted in successive 5 d
on–Fri blocks. The subjects were exposed to ITIs in a
uence of 10 s, 20 s, 30 s, then 5 s, before returning to th
aseline ITI. The analyzed data are from the Friday ses

.4.3. Luminance reduction procedure
Two conditions were created where the luminance le

f the stimulus lamps were reduced to approximately 9
nd 1.5% of full baseline luminance by fitting light-block
lters inside of the light covers. A photometer positione
he center of the chamber was used to take luminance
urements prior to the start of each condition. All rats w
xposed to a Tuesday session where stimulus luminanc
educed to the 9.3% of baseline level, a subsequent Thu
ession where stimulus luminance was reduced to the 1.
aseline level, and intervening Mon–Wed–Fri baseline
ions.
This also offsets some of the variance compression
ccurs as the ceiling is approached. Experimental m
lations were analyzed separately using repeated mea
NOVAs.

. Results

.1. Water preloads

The sensitivity index as a function of stimulus durat
or water preloads (Fig. 1a) shows a main effect of wat
reloads on accuracy [F(5,70) = 3.0,p < 0.0156]. Howeve

here also is an interaction between water preloads and
lus duration [F(10,140) = 2.5,p < 0.0088]. Means compa

sons between preload conditions across all stimulus d
ions yielded a significant difference between the 27-mi
reload and no preload conditions (p< 0.0195), and a diffe
nce between the 24-h preload and the no preload cond
p < 0.0019). Further means comparisons between pr
nd stimulus duration at the 100 ms stimulus duration sho
significant difference between the 27 min preload and th
reload condition (p< 0.0106), and the 1410 min preload a
o preload conditions (p< 0.0001).Fig. 1b shows the numbe
f omissions per session as a function of stimulus dura

or water preloads. The main effect for water preloads
ignificant [F(5,70) = 36.4,p < 0.0001], but the interactio
as not [F(10,140) = 2.4, n.s.]. Subsequent comparison
eans showed that all water preload treatments were si

ant when compared to the no preload condition (p< 0.0001)
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Fig. 1. The effects of water preloads on several performance measures of
detection. The sensitivity index as a function of stimulus duration for wa-
ter preloads: (a) a main effect and interaction between water preloads and
stimulus duration and (b) the number of omissions per session increased as
a function of stimulus duration for water preloads.

3.2. Between-session ITI manipulation

The sensitivity index as a function of stimulus duration for
intertrial interval (Fig. 2a) showed no main effect of intertrial
interval on accuracy (F[3,42] = 1.8, n.s.), but a significant
interaction (F[3,84] = 2.2,p< 0.05.]. Subsequent comparison
of the means showed that the 5 s ITI sensitivity index was
significantly different than the sensitivity index at the 10 s
ITI (p < 0.002), and that at the 300 ms stimulus duration
for the 30 s ITI sensitivity index was significantly different
than the sensitivity index at the 10 s ITI (p < 0.002).Fig. 2b
shows the number of response omissions per session as a
function of stimulus duration for intertrial interval. The main
effect on this measure was significant (F[3,42] = 32.9,p <
0.0001), the interaction was also significant (F[6,84] = 5.6,
p < 0.0001). Subsequent comparison of the means showed
that the 5 s ITI omissions were significantly different than
the omissions at the 10 s ITI at all stimulus durations (p <

Fig. 2. The effects of varying the intertrial interval on several performance
measures of detection. The 5 s ITI reduced accuracy relative to the 10 s ITI
standard at the 100 ms stimulus duration, and the 30 s ITI increased accuracy
relative to the 10 s ITI standard at the 300 ms stimulus duration. The 5 s ITI
increased errors of omission relative to the 10 s ITI standard and the 30 s ITI
decreased errors of omission.

0.0001). Additionally, response omissions were significantly
reduced relative to the 10 s ITI at the 30 s ITI condition at all
stimulus durations (p < 0.0001).

3.3. Luminance reduction

The sensitivity index as a function of stimulus duration
for the three filters (Fig. 3a) showed a main effect of de-
creasing stimulus salience on accuracy [F(2,24) = 129.6,p
< 0.0001]. However, there was no significant interaction of
filter degree [F(4,48) = 1.4, n.s.]. Subsequent comparisons
of means revealed a significant difference between all lumi-
nance conditions (p < 0.0001).Fig. 3b shows the number of
omissions per session as a function of decreasing stimulus
salience. The main effect for filters was significant [F(2,28)
= 21.8,p < 0.0001], while the interaction was not [F(5,56)
= 0.92, n.s.]. Subsequent comparisons of means showed a
significant difference between the 9.3% and 100% reduction
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Fig. 3. Decreasing stimulus luminance reduced the sensitivity index as a
function of stimulus duration (a), and increased the number of omissions per
session as a function of stimulus duration for filters (b).

conditions (p < 0.001) and the 1.5% and 100% reduction
conditions (p < 0.0001).

3.4. Within-session ITI manipulation

The sensitivity index as a function of stimulus duration for
intertrial interval (Fig. 4a) showed a significant main effect of
intertrial interval on accuracy (F[4,20] = 4.9,p< 0.007.), but
no significant interaction (F[8,40] = 0.86, n.s.). Subsequent
comparison using Fisher PLSD showed that the second vari-
able ITI (3,10 and 17 s ITI) condition was significantly dif-
ferent than the baseline and baseline minus tone conditions at
the 100 and 300 ms stimulus interval, but only from the base-
line condition at the 1.0 s stimulus interval.Fig. 4b shows the
number of response omissions per session as a function of
stimulus duration for intertrial interval. No significant effect
of any manipulation was detected on this measure (F[4,20]
= 0.43, n.s.), nor was the interaction significant (F[8,40] =
0.52, n.s.). No change in position bias was detected (F[4,70]
= 0.77, n.s.). There was also no change in the number of re-
sponses that occured during the ITI (F[4,20] = 0.93, n.s.) and

Fig. 4. The effects of within session variation of the intertrial interval. Base-
line condition (10 s fixed ITI), baseline minus the standard 100 ms warning
tone 3 s prior to the stimulus presentation, then variable ITI conditions and
a return to the baseline condition. The highly varible ITI condition reduced
the sensitivity index at all stimulus durations (a) and (b) the number of re-
sponse omissions per session as a function of stimulus duration for intertrial
interval. No significant effect of any manipulation was detected.

after the ITI but prior to the stimulus onset (F[4,20] = 0.91,
n.s.). Both generally average about one of each response per
trial.

4. Discussion

4.1. Main findings

The two main goals of the present experiments were (1)
to validate this task as a measure of attention in the rat by
testing whether manipulations that are known to disrupt at-
tention also disrupt performance in this task and (2) to test
whether manipulating presession water access, which should
alter motivation for reinforcement during the test sessions,
produces a specific and different pattern of performance from
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more “attention-related” manipulations. When the event rate
was increased (i.e. the ITI was decreased to 5 s) there was a
decrease in accuracy at the shortest stimulus duration. The
unaffected accuracy at the longer stimulus durations makes
it unlikely that motivation or motoric deficits can explain the
changes in performance. Omissions also increased when the
event rate was increased and omissions decreased when the
ITI was increased to 30 s (i.e. the event rate decreased). Thus,
changes in the omission rate also appear to reflect the atten-
tional demand of this task manipulation. Reducing the lumi-
nance of the stimuli also decreased accuracy and increased the
omission rate regardless of signal duration. Taken together,
these findings support the use of this task as a measure of at-
tention in the rat. All water preloading conditions increased
omissions, consistent with the expectation that this measure
can reflect changes in motivation. Perhaps the most striking
and unexpected finding was that 27 min and 24 h presession
water access produced stimulus duration-dependent deficits
in choice accuracy. The implications of the findings with wa-
ter preloads, along with the other task manipulations are dis-
cussed more thoroughly below.

Manipulating the event rate, by altering the ITI, is a factor
known to be important in human and animal attentional per-
formance (see the manipulations of event rate in McGaughy
and Sarter[27]). The rats must process signals more quickly
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in the present experiments. This dissociation indicates that
these specific parameters should not be thought of as simply
different ways to increase “cognitive load” but rather suggest
the possibility that they engage different cognitive mecha-
nisms that interact uniquely with the properties of the target
stimulus.

The water preloads produced a predictable increase in er-
rors of omission. However, one result that was unanticipated
was that subjects in the first experiment completed 20–30
trials even after given 24 h of pre-session water access. This
suggests that the extensive experience with the procedure and
perhaps secondary reinforcers may partially maintain perfor-
mance. However, an increase in errors of omission was also
observed as stimulus luminance was reduced. This suggests
that the response omissions measure may assess several pro-
cesses, the first being the incentive value of the reward. Ad-
ditionally, since animals may hesitate to respond if they fail
to observe a stimulus, increased errors of omission may also
assess enhanced susceptibility to distraction by contextual
stimuli. A previous study has shown that lesions of basal fore-
brain corticopetal cholinergic neurons increase omissions in
the five choice serial reaction time (5-CSRTT) task but the
number of omissions were further increased by decreasing
stimulus detectability and so to some extent the omission
rate reflected the effects of increasing attentional demand
[ the
o e.

ponse
a con-
s af-
f -
e and
a tions
o at-
t kely
d uce
e ce-
m typ-
i an
a ar to
t ters.
I tion-
d sions.
A o af-
f ue to
i ver, it
c mo-
l t and
m bse-
q re-
q ssion
t ment
a less
o ndi-
t data
e ences
hen the ITI is decreased leading to a decrease in pe
ance. In the present experiment, accuracy decreased
riefest signal duration when the ITI was 5 s. This find

s particularly engaging because it suggests that the
pplied by the subject interacts with the properties of
timulus. That is, the 100 ms stimuli may not be function
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In contrast to the duration-dependent effects of the
nforcement manipulations, stimulus duration-indepen
eficits were observed when stimulus luminance was red
nd the ITI was systematically varied within-session. The
nding might be interpreted in two ways. First, decrea
he luminance of the sample stimulus could have brough
timuli below the detection threshold. It is interesting t
hat the accuracy deficit increased as luminance decre
uggesting that the 9.3% luminance level was above th
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ional effort by the animal to discriminate that a pattern
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le rewards) became cost effective for the animal, even
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lus duration-independent deficits following increases in
ariability of the ITI because accuracy remains above ch
erformance and stimulus-duration dependent. In this

ncreasing the uncertainty of when the stimulus would be
ented appears to increase cognitive demands even w
elatively long duration stimulus is presented. Increasing
ncertainty appears to engage different cognitive proc

rom increasing event rate, because these two manipula
o not have similar effects across the stimulus durations t
,

38]. This latter suggestion may explain the sensitivity of
mission rate to changes in the event rate and luminanc

The water preloads also, surprisingly, decreased res
ccuracy at the shortest stimulus duration. This result is
istent with evidence in humans that altering motivation
ects sustained attention performance[42]. Bizarro and Stol
rman tested the hypothesis that the effects of nicotine
mphetamine on attention could be confounded by altera
f motivation[1]. They found that the improvements in

ention performance associated with nicotine were not li
ue to motivational factors while amphetamine did prod
ffects consistent with a loss of motivation for reinfor
ent[1]. The present study indicates that manipulations

cally thought to affect motivation (water preloading) c
ffect accuracy and produce a behavioral pattern simil

hat produced by alterations of attention-related parame
n particular, decreasing the ITI to 5 s produced a dura
ependent decrease in accuracy and an increase in omis
s stated above, decreasing the ITI is typically thought t

ect performance by increasing attentional demands d
ncreasing the rate signals must be processed. Howe
ould be argued that this manipulation also disturbs the
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uently on task performance. In other words, the rat is
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mphasize the importance of considering the consequ
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of task manipulations on response-reward relationships that
may underlie changes in task performance.

4.2. Consideration of operationalization

Bushnell [6], in his noteworthy review of the construct
validity of the many rodent attention paradigms, separated
attention into five major categories: orienting, expectancy,
stimulus differentiation, sustained attention, and parallel pro-
cessing. He classified the present task as primarily measur-
ing sustained attention. Indeed, the consistent observation
that choice accuracy decreases as a function of decreasing
duration of the stimulus and that maximizing the rate of re-
inforcement requires that the animal remained engaged and
perhaps even “vigilant” is consistent with the validity of this
classification. Furthermore, Bushnell argued that the major
problem for tests of sustained attention involves quantify-
ing and minimizing the false alarm rate”. That is, a subject
can report a high proportion of signals simply by responding
frequently. . .”. Once again, the present task also appears to
avoid the second part of this problem (minimizing the rate)
because a rat pressing at an extremely high rate but unguided
by the stimuli will produce chance performance in the choice
accuracy measure and reduce the reinforcement rate consid-
erably. Finally, since the same motor response is required for
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as well that require the orienting of the visual system to-
ward the front of the chamber to monitor a stimulus array
(e.g. [4,5,11–13,29,30,31,39]). One study has reported the
effects of different food restriction levels and prefeeding on
the performance of the 5-CSRTT[1]. Prefeeding increased
response omissions and response latency, but had no signifi-
cant effects on choice accuracy. Different level of deprivation
did not affect response omissions or accuracy. A perhaps crit-
ical difference is that in the 5-CSRTT the animals initiate a
trial with a food well nose poke. Some data using a variant of
our present task suggest that allowing the animal to initiate
the trial, but still presenting stimuli with reasonable degrees
of uncertainty, partially protects the measures of choice accu-
racy from motivational alterations[24]. This may be another
important issue requiring further study.

Another interesting question is to what degree hit, false
alarm and omissions measures in a procedure using a sin-
gle variable duration visual stimulus such as that used by
Sarter and coworkers (e.g.[3,15,27,28]) might also be dif-
ferentially influenced by manipulations that alter reinforcer
efficacy. This may be a particularly useful study for under-
standing the similarities and differences between tests that
employ single versus spatially separated distinct stimuli.

In conclusion, the present findings affirm the value of per-
forming parametric procedural manipulations as a means of
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his classification. Indeed, both errors of omission and e
f commission were affected by manipulations that wo
resumably alter the subject’s sustaining of attention.

That this task measures vigilance is not so clear. Bus
7] has argued that procedures that truly measure vigil
re a subtype of sustained attention tasks in which st
re presented very infrequently “under boring, monoton
onditions, without feedback” (p. 263). This task certa
oes not qualify in the first regard, as stimuli are prese
any times a minute at fixed intervals, and the locatio

he stimulus is only uncertain at ap= 0.5. With regard to th
econd point, our data show that 24 h of pre-session w
ccess still results in approximately twenty responses
rgues against the task being “boring” to the animal, w

s perhaps not surprising considering the limited behav
ptions available to the rats in the home cage setting. Fin

eedback in the form of reinforcers is clearly a very impor
lement in maintaining and shaping performance.

.3. Future directions

The present results raise some general validity ques
or all signal detection tasks that employ two or more s
ially distinct stimuli and that appear to require sustai
ttention for successful performance. Given the ubiqu
f use of 5-CSRTT especially, it is perhaps most impor

o carefully consider to what degree the present results
eneralize to this paradigm and other spatial detection
nferring what behavioral changes may be produced by
al/biochemical manipulations and for refining our think
bout the operationalization of cognitive constructs in
ents. If used cautiously and along with other tests that

he difficulty, complexity and sensory modality of the de
ion discriminations, tasks such as this that employ spa
istinct choices may contribute to establishing the con
ence of findings necessary to have confidence in theor

he neural underpinnings of attention.
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