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Abstract

Startle eyeblink modification was measured during a continuous performance test (CPT) with either clearly focused

stimuli or visually degraded stimuli to measure the effects of early perceptual processing demands on startle mod-

ification. A startling noise was presented either 120, 240, or 1200 ms following target and nontarget CPTstimuli. In the

degraded stimulus CPT, startle inhibition at 240 ms was greater following targets than nontargets and was as great

during targets at 240 ms as at 120 ms, whereas in the clearly focused CPT, inhibition declined significantly from 120 to

240 ms. The results indicate that maximum prepulse inhibition is extended in time when the task involves discrim-

ination of degraded visual stimuli and when early perceptual processing demands are high. At 1200 ms, targets and

nontargets produced nondifferential inhibition during both CPTs, suggesting that modality-specific attention occurred

equally for the two tasks.

Descriptors: Startle eyeblink modification, Prepulse inhibition, Degraded stimulus, Continuous performance test

Startle eyeblink is an automatic reflexive response; however, the

magnitude of the startle reflex can be reliably and predictably

inhibited if the lead interval between the onset of a preceding

neutral lead stimulus (prepulse) and the startle-eliciting stimulus

is relatively short (between 15 and 400 ms). This significant in-

hibition in blink magnitude is termed prepulse inhibition (PPI;

for reviews, see Blumenthal, 1999; Filion Dawson, & Schell,

1998). PPI has been argued to ‘‘protect preattentive stimulus

processing allowing for finer stimulus analysis to proceed with

minimal interruption during the critical period needed for stim-

ulus recognition’’ (Graham, 1980, p. 512). It has also been con-

sidered a measure of sensorimotor gating (Braff & Geyer, 1990).

One major goal of the present study was to test whether increas-

ing the burden on early perceptual processes would extend the

time period during which protection of early processing of visual

lead stimuli endures.

PPI is modulated when participants are given a selective at-

tention task. Employing a temporal and auditory discrimination

task, several studies have shown greater PPI to attended lead

stimuli than to ignored lead stimuli (e.g., Dawson, Hazlett, Fi-

lion, Nuechterlein, & Schell, 1993; Filion, Dawson, & Schell,

1993; Hawk, Pelham, & Yartz, 2002; Jennings, Schell, Filion, &

Dawson, 1996; Schell, Dawson, Hazlett, & Filion, 1995). In all

of these studies two different lead stimuli were presented (e.g.,

high and low pitch tones), with the instruction to attend to one

type and ignore the other. Acoustic startle was elicited at short

lead intervals (typically at 60, 120, and 240 ms after onset of the

continuous tones). The consistent pattern of results obtained in

these studies showed enhanced PPI of the startle eyeblink re-

sponse during attended tones compared with ignored tones at a

lead interval of 120 ms, suggesting that PPI at this lead interval

indexes the modulation of sensorimotor gating by controlled se-

lective attentional processes. Attentional modulation of PPI was

not seen at earlier (60 ms) or later (240 ms) lead intervals.

At long lead intervals (greater than 800 ms) the magnitude of

the startle eyeblink is either inhibited or facilitated, depending on

the task, the stimulus conditions, and the attentional set of the

subject (Anthony, 1985; Filion et al., 1998). At long lead inter-

vals attention toward the modality of the startle stimulus in-

creases startle amplitude, whereas attention away from that

modality may decrease it (Putnam, 1990). The decrease in startle

amplitude at long lead intervals when attention is directed away

from the modality of the startle stimulus may occur only in tasks
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that require highly focused attention (Lipp & Neuman, 2004).

Lipp and Neuman reported that startle modification at long lead

intervals during a continuous performance test (CPT) is modal-

ity specific. Specifically, they found that the same task will result

in the facilitation of the acoustically elicited blink if acoustic

attended stimuli are used but will result in inhibition of the

acoustically elicited blink if visual attended stimuli are used.

These results are in contrast with previous results from exper-

iments using discrete trial paradigms that reported blink facil-

itation regardless of stimulus modality (Lipp, Neuman, &

McHugh, 2002).

The previous studies cited, with the exception of Lipp and

Neuman (2004), have utilized discrete trial paradigms with long

intertrial intervals (e.g., 15 s or more). However, one study

(Hazlett, Dawson, Schell, & Nuechterlein, 2001) measured star-

tle modification at both short and long lead intervals during a

CPT that utilized rapid stimulus presentation rates, which pro-

vide inherently stronger manipulations of attention (Graham &

Hackley, 1991). CPTs are rapidly paced visual discrimination

tasks (i.e., presentation of numbers or letters) that measure a

participant’s vigilance, defined as the ability to sustain focused

attention over time (Nuechterlein, 1991). Three general processes

of interest in the present context occur following each stimulus of

a continuous performance test: (1) detection of the stimulus, (2)

discrimination of the stimulus as a target or nontarget, and (3)

preparation for the detection of the next stimulus.

Hazlett et al. (2001) visually presented participants a quasi-

random series of clearly focused single digits, at a rate of one per

1.65 s. The participants were instructed to press a button fol-

lowing each 7 of a 3–7 sequence. A startle probe was presented

either early (120 ms) or late (1200ms) following the first digit of a

target sequence (i.e., ‘‘3’’) and following nontargets (‘‘4’’). Haz-

lett et al. demonstrated that significantly greater startle inhibi-

tion occurred 120 ms following target lead stimuli compared

to nontargets, indicating early selective attention. The 1200-ms

lead interval produced significant and nondifferential inhibi-

tion during both lead stimulus types. Hazlett et al. suggest

that at the long lead intervals (1200 ms), modality-specific se-

lective attention occurred as participants anticipated the next

visual CPT digit. They concluded that the startle modification

technique may be employed to index early and late stages of

attentional processing during a CPT that requires selective at-

tention. The finding of differential PPI following the target and

nontarget stimuli is consistent with the suggestion that PPI re-

flects an obligatory stage of processing that is modifiable by

controlled attentional processes (Dawson, Schell, Swerdlow, &

Filion, 1997), so that the target lead stimuli receive greater pro-

tection of their initial processing (i.e., greater PPI) than the non-

target lead stimuli.

The purpose of the present experiment was to investigate the

effect on startle modification of manipulating the difficulty of

early perceptual processes during the CPT. We hypothesized

that, if early perceptual processing to discriminate target and

nontarget stimuli was made more difficult and tookmore time to

complete, then the increased protection of these early perceptual

processes should be evident in increased inhibition of startle

lasting over a greater period of time. In particular, we increased

the burden on early perceptual processes by decreasing stimulus

discriminability and investigated the effect on both PPI and long

lead interval modification.

One previous study manipulated the stimulus discriminability

between two CPTs to measure whether task difficulty would in-

crease overall startle inhibition. Zelson and Simons (1986) pre-

sented participants with digits that were displayed for 40ms at an

interstimulus interval of 1600 ms and asked them to indicate the

presence of a target stimulus by pressing the space bar of a com-

puter keyboard. Digits were presented in two conditions, either

clear (easy) or degraded (difficult). Acoustically elicited blink

stimuli were presented either during the tasks or during 1-min

rest periods that separated easy and difficult task blocks. Blinks

elicited during the task were inhibited compared to blinks elicited

during rest. No difference was found between the two difficulty

conditions. However, the lead intervals at which the startle

probes were presented were random and therefore startle mod-

ification at early and late lead intervals could not be separately

analyzed. One purpose of the present experiment was to separate

effects of signal discriminability on early and late processes fol-

lowing visual stimuli.

In the present experiment one task involved the use of a CPT

with clearly focused visual stimuli and a target involving two

successive stimuli, similar to that utilized by Hazlett et al. (2001).

The second task was a parallel CPT with degraded stimuli, a

vigilance task that involves very subtle perceptual discrimina-

tions due to the blurring of stimuli (Nuechterlein, Parasuraman,

& Jiang, 1983). Both tasks require effortful attention, rapid dis-

crimination of targets and nontargets, and working memory for

successive trials. However, the degrading of the stimuli in the

difficult task requires greater and more sustained allocation of

attentional resources by means of increasing the burden on per-

ceptual analysis (Nuechterlein et al., 1983). The increased at-

tentional demands are evidenced by the greater performance

decrement (declining accuracy) over minutes of performing the

degraded CPTcompared to the clear CPT. Due to the fact that

stimulus discrimination requires more time when visual stimuli

are degraded, we expected the sensory gating processes involved

in PPI to be extended in time.

Our main hypotheses were that (1) PPI would be greater

and of longer duration within the PPI interval (15–400 ms) dur-

ing the degraded compared to the clearly focused CPT due

to greater burdening of early stimulus discrimination process-

es; specifically, we predicted that the usually observed reduction

in PPI from 120 to 240 ms would occur in the clear CPT but not

in the degraded CPT; (2) attentional modulation of PPI (i.e.,

greater PPI following targets than nontargets) would occur at a

later time in the degraded task than the clearly focused task, at

240 ms rather than the 120 ms lead interval where modulation

has previously been observed due to the greater time required to

identify the target stimulus; (3) greater PPI and attentional mod-

ulation of PPI would be associated with better behavioral per-

formance; and (4) greater long lead interval inhibition would be

observed at 1200 ms in the degraded stimulus task than in the

clear task.

Method

Participants

Participants were 41 volunteers from undergraduate psychology

classes at the University of Southern California who received

course credit for participation. All participants filled out a health

questionnaire in order to screen for possible confounds due to

medication use, mental illness, alcohol consumption, or smok-

ing. All participants were nonsmokers. The importance of this

fact is that nicotine has been shown to affect both physiological
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and behavioral measures of attention including PPI (Della Casa,

Höfer,Weiner, & Feldon, 1998; Zack, Belsito, Scher, Eissenberg,

& Corrigal, 2001). Further, vision and hearing levels were meas-

ured to insure that no uncorrected impairments were present.

The data of 2 participants were excluded from analysis due to

medication use or alcohol consumption. The data of 3 additional

participants were excluded because their eyeblink responses were

too small (below 2 mV during baseline probes) for reliable meas-

urement of PPI. Thus, the final sample involved 36 participants

(5 men, 31 women; mean age of 20 years).

Design

A 2 � 2 � 3 within-subjects design was employed. The three

variables consisted of task type (clear, degraded), type of lead

stimulus (target, nontarget), and lead interval (120 ms, 240 ms,

1200 ms).

Procedure

Upon arrival at the laboratory, participants were asked to read

and sign an informed consent form that provided a general de-

scription of the experiment and the physiological responses being

recorded. Participants were then seated 1 m from the blank

computer monitor in the testing room.

The experimental session consisted of two halves (a CPTwith

clearly focused stimuli and a degraded stimulus CPT) with a 20-

min break between each half. Each half consisted of four phases:

rest period, task instructions, CPT practice, and startle CPT task.

The order of the type of task (clear/degraded)was counterbalanced

across participants. After electrodes were attached for recording

skin conductance and startle eyeblink, the resting phasewas begun.

The skin conductance measures will not be reported here.

During the task instruction phase, participants were instruct-

ed towatch a series of single digits that would be presented briefly

(29 ms exposure time) and rapidly (1.65 s between digits) on the

computer monitor in front of them. They were further instructed

that their task would be to press a response button after they saw

a 0–0 sequence and to refrain from pressing the button at any

other time. Ten 0–0 sequences were shown to the participants.

Before the degraded stimulus task only, the participants were

then shown a block of 80 examples of the digits with an extended

exposure time (290 ms) and were asked to read aloud the digits

they saw on the screen to verify that they could discriminate the

degraded digits.

During the practice phase, participants were asked to practice

pressing to the second zero of the 0–0 sequences while 160 digits

were presented.

Prior to the startle-CPT phase of the experiment participants

were instructed that occasionally they would hear a brief burst of

static noise from the headphones, to which they would not need

to attend. Participantswere also given two examples of the startle

stimulus to illustrate the intensity of the stimulus and to control

for the initial effects of novelty.

CPT procedures. During each startle-CPT task (clear and

degraded), a series of single digits (0–9) were presented pseudo-

randomly one at a time with an exposure time of 29 ms and an

interstimulus interval (offset to onset) of 1.65 s. The target was

the second 0 of a 0–0 sequence. Target probability was .11. For

each half of each startle-CPT task, 20 single ‘‘0’’s, 20 target se-

quences ‘‘0–0’’ (40 stimuli), and 120 nontargets (1–9) were pre-

sented over a continuous observation period of approximately

7.5 min. Reaction time was recorded inmilliseconds to all button

presses. During the degraded stimulus CPT task, a 40% random

black/white pixel reversal was used to blur the digits, following

the procedure developed by Nuechterlein and Asarnow (1999).

During each 7.5-min half of each startle-CPTtask, there were

two startle-eliciting probes presented at each lead interval (120,

240, 1200 ms) following target and nontarget stimuli, yielding a

total of 12 probe trials during each half of the startle-CPTphase.

The amount of time between the startle-eliciting probes varied

from 13 to 36 s, with a mean interval of 24 s. To determine blink

modification effects produced by ‘‘target’’ stimuli without inter-

ference from the button press motor response, the startle-eliciting

stimulus was presented following the onset of the first digit ‘‘0’’

on three of the 0–0 sequences and on three of the ‘‘0’’ only se-

quences.

To measure the startle eyeblink amplitude unmodulated by

visual prepulses we employed the procedures of Hazlett et al.

(2001). A 2-min-long string of digits was presented before the

first 7.5-min block of eachCPTtask, between the first and second

blocks, and after the second block. During each of these strings

of digits four unpredictable long intervals 3 to 18 s in length were

introduced between the digits. During two of the longer of each

of these four long intervals, a startle stimuluswas presented in the

absence of any visual stimuli while the subject was actively at-

tending to the blank monitor in anticipation of the next CPT

stimulus. For each type of CPT (clear and degraded), the mag-

nitude of the six blinks to these probe-alone presentations served

as the baseline against which to compare the blink modification

effects produced by the target and nontarget lead stimuli.

Following the first task the participants took a 20-min break.

During the break the participants completed a short question-

naire that included questions pertaining to general demographic

information, vision and hearing impairments, family history of

neurological and psychiatric disorders, and recent use of med-

ications. The participants’ hearing and visual acuity were then

measured to verify that they were within normal levels.

Stimulus materials and apparatus. The startle-eliciting stim-

ulus was a 105-dB (A) white-noise burst 50 ms in duration with a

near instantaneous rise/fall time presented binaurally through

Telephonics TDH-50P headphones. Decibel levels were meas-

ured with a Realistic sound level meter using a Quest Electronics

earphone coupler.

Both the clearly focused CPT and the degraded stimulus

CPTconditions were administered using a Dell computer with a

15-in. SonyMultisync 151 Monitor placed directly at eye level 1

m from the subject. The computer recorded hits (correct target

detections), false alarms, and reaction times in milliseconds.

Stimulus presentation and data acquisition were controlled

through Contact Precision Instruments equipment and a com-

puter running Psylab 7 software. The raw electromyographic

(EMG) data (filtered at 20Hz high pass and 500Hz low pass) was

collected continuously throughout the session at a rate of 1000

Hz. The data were stored and exported for analysis in microvolt

values. For analysis, the EMGwas software integrated using a 20-

ms time constant. Startle response onset was detected within a

window of 20–120 ms following the startle stimulus onset and

peak activity was recorded within a window of 20–200 ms.

Recording and scoring of dependent variables. The primary

dependent variables were startle eyeblink magnitude and the

speed and accuracy of button press responses. Startle eyeblink

was measured as electromyographic activity from two miniature

AG-AgCl electrodes (4 mm in diameter) placed over the orbic-
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ularis oculi muscle of the left eye, one centered below the pupil

and the other approximately 1 cm lateral to the first. The im-

pedance of the two electrodes was measured and deemed ac-

ceptable if below 10 O. A large (8 mm) Ag-AgCl electrode was

placed behind the subjects’ left ear to serve as a ground.

The magnitude of each startle eyeblink elicited was expressed

as a percent change score from the mean response to startle alone

stimuli presented immediately preceding and immediately follow-

ing each 7.5-min half of the startle-CPTphase. Percentage change

units were computed as the measure of inhibition: [(startle during

lead stimuli – baseline startle)/baseline startle � 100%]. Percent-

age change units are preferred over difference scores (startle during

lead stimuli – baseline alone) due to the fact that difference scores

in absolute microvolt units are correlated with baseline startle

blink amplitude whereas percentage change units are not, remov-

ing the dependence on baseline startle (Jennings et al., 1996). A

positive startle eyeblink modification score indicates startle facil-

itation relative to baseline, whereas a negative startle modification

score indicates startle inhibition relative to baseline.

The means of these percent change scores were compared for

target and nontarget stimuli separately for the clearly focused

and the degraded stimulus CPT during the three lead intervals as

measures of attentional modulation. Blink inhibition following

the short lead intervals (i.e., 120, 240 ms) was compared between

clearly focused and degraded tasks to examine whether burden-

ing early perceptual processes leads to increased early protection

of processing as indexed by PPI. Blink inhibition following the

long lead interval (1200 ms) was compared between the clearly

focused and degraded CPTs to assess whether the perceptual

demands resulted in greater long lead interval inhibition due to

the need for greater continued focused selective attention in the

degraded stimulus task. In addition an estimate of effect size (d;

Cohen, 1988) was also calculated for all specific comparisons.

To measure behavioral performance across the two CPTs, the

hit rate and false alarm rate were used to calculate A0 values (i.e.,
a robust measure of sensitivity; Grier, 1971) across the two trial

blocks of the degraded stimulus CPTand of the clearly focused

CPT. A high A0 score indicates high signal/noise discrimination,

typically combining a high hit rate (few errors of omission) and

low false alarm rate (few errors of commission). Each subject’sA0

score was then transformed using the formula 2 arcsin (
p
A0) in

order to create a more normally distributed variable that is anal-

ogous to d0 (McNicol, 1972). These transformed A0 scores were
used in all subsequent data analyses to index behavioral per-

formance during the two CPTs. Finally, as a second measure of

behavioral performance sensitive to the difficulty level of the two

CPTs, reaction time for hits was examined. Analyses were per-

formed using SPSS software (SPSS, Chicago, IL).

Results

Baseline Startle

The mean startle eyeblink amplitude to the startle alone stimulus

presented during the baseline periods of the clearly focused CPT

was 88.24 mV (SD5 104.98 mV) and during the degraded stim-

ulus CPTwas 77.84 mV (SD5 76.90 mV). Mean startle eyeblink

amplitude between the two tasks did not differ significantly.

Startle Eyeblink Modification

Mean startle eyeblink modification scores are shown in Figure 1

for both the clear and the degraded CPTs, for both the target and

nontarget stimuli, and for each of the three lead intervals. A series

of t tests were conducted to verify that significant PPI had oc-

curred (means significantly different from 0) for each type of lead

stimulus at each lead interval. For both the clearly focused CPT

and degraded stimulus CPT, all t values were significant,

po.0001. Rom’s sequentially rejective method was utilized for

the control of family-wise type I error (Rom, 1990) for this and

all subsequent multiple t tests.

To test our specific a priori hypotheses about the effect of lead

stimulus type, startle eyeblink modification to the target lead

stimuli was compared with startle eyeblink modification to the

nontarget lead stimuli using paired sample t tests at each lead

interval for the clearly focused and degraded conditions sepa-

rately. Startle eyeblink modification to the target versus nontar-

get lead stimuli during the clearly focused CPTat the 120-, 240-,

and 1200-ms lead intervals did not differ significantly, nor did

startle eyeblink modification to the target versus nontarget lead

stimuli during the degraded stimulus CPTat the 120- and 1200-

ms lead intervals. However, the target lead stimulus at the 240-

ms lead interval during the degraded stimulus CPT produced

significantly greater blink inhibition than the nontarget lead

stimulus, t(35)5 2.92, po.01, d5 0.48.

The results also indicate that during the degraded stimu-

lus CPT significant inhibition occurred at 120 ms following tar-

get lead stimuli and extended without lessening to 240 ms

(Figure 1). That is, inhibition at 120 ms and 240 ms during the

target did not differ during the degraded CPT. However, during

the nontargets PPI declined from 120 to 240 ms, t(35)5 3.60,

po.001, d5 0.60. In contrast, in the clearly focused CPT inhi-

bition at the 120-ms lead interval was significantly greater than at

the 240-ms lead interval for targets and nontargets respectively,

t(35)5 3.25, po.01, d5 0.54, t(35)5 2.83, po.01, d5 0.47.

Thus, in the clear CPT significant PPI occurred at 120 ms fol-

lowing targets, but the inhibition decreased by 240 ms, whereas

this did not occur in the degraded CPT. Moreover, PPI follow-

ing the degraded target was significantly greater than that fol-

lowing the clearly focused target at the 240-ms lead interval,

t(35)5 2.13, po.05, d5 0.35, whereas PPI at 120 ms did not

differ between the two tasks.
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Figure 1. Mean startle eyeblink modification measured from baseline

at the 120-, 240-, and 1200-ms lead intervals during the clear and

degraded CPTs. PPI at the 240-ms lead interval during the degraded

target differed significantly from PPI during the degraded nontarget,

and also differed significantly from PPI at 240 ms during the clear

target.



Behavioral Performance

All of the participants performed well on both the clearly focused

and degraded conditions of the CPT based on their transformed

A0 scores. In the clear task scores ranged from 2.38 to 3.08,

M5 2.96, SD5 0.17. The degraded task scores ranged from 2.13

to 2.94, M5 2.58, SD5 0.22. The mean transformed A0 score
during the clearly focused CPTand during the degraded stimulus

CPT were significantly different, t5 9.691, df5 35, po.0001,

d5 1.60, verifying the greater difficulty of the degraded task.

Moreover, the mean reaction time during the clearly focused

CPT (M5 416.15, SD5 90.65) was significantly shorter than

during the degraded stimulus CPT (M5 544.68, SD5 105.03),

t5 12.09, df5 35, p5 .001, d5 2.015.

Relationship between Behavioral Performance and Startle

Eyeblink Modification

Pearson correlation coefficients were computed between startle

modification scores and CPT transformed A0 scores for each

task. The specific blink modification scores used in this analysis

were those at each lead interval for both the target and nontarget

lead stimulus, averaged over the two halves of each startle-CPT

task, and attentional modulation scores (target – nontarget dif-

ference scores) at each lead interval. CPT transformed A0 scores
were calculated based on overall performance across both halves

of the startle-CPT tasks. Analyses were conducted separately for

the degraded and clearly focused CPT conditions. Rom’s pro-

cedure was used to control family-wise type I errors. Two cor-

relations withA0 were significant for the degraded stimulus CPT:

(1) PPI during the target stimuli at 120 ms (r5 � .32, df5 35,

po.05) and (2) the PPI target–nontarget attentional modulation

score at 240 ms (r5 � .31, df5 35, po.05). Moreover, PPI

during the target stimulus at 120 ms was correlated with the PPI

attentional modulation score at 240ms (r5 .36, df5 35, po.05).

Therefore, participants with better performance showed greater

protection of processing target stimulus at 120 ms, during stim-

ulus detection, and greater differential detection of targets versus

nontargets at 240 ms, after target–nontarget discrimination had

occurred. None of the correlations between startle eyeblink

modification and behavioral performance scores during the

clearly focused CPT reached significance.

Discussion

The results of the startle eyeblink modification effects for the clear

CPTwith clearly focused stimulimay be summarized as follows: (1)

At the short lead intervals (120, 240ms), significant blink inhibition

was produced by the target and nontarget lead stimuli; (2) overall

inhibition was greater at 120 ms than at 240 ms following target

stimuli; (3) at the short lead intervals, the target and nontarget lead

stimuli did not produce differential amounts of blink inhibition; (4)

at the long lead interval, significant but nondifferential blink in-

hibition was produced by the target and nontarget lead stimuli.

The results of the startle eyeblink modification effects for the

degraded stimulus condition of the CPT may be summarized as

follows: (1) At the short lead intervals, significant blink inhibition

was producedby the target andnontarget lead stimuli; (2) inhibition

was as great at 240 ms as at 120 ms during target stimuli; (3) at the

short lead intervals, the 240-ms lead interval produced differential

blink inhibition between target and nontarget lead stimuli; (4) at the

long lead interval, significant but nondifferential blink inhibition

was produced by the target and nontarget lead stimuli.

The greater startle inhibition occurring 240 ms following tar-

get compared to nontarget lead stimuli during the degraded

stimulus CPTand the greater inhibition to target lead stimuli at

240 ms in the degraded task versus the clear task indicate ex-

tended inhibition and greater attentional modulation when dis-

crimination of visual stimuli required more extensive processing.

This result is consistent with the suggestion that blink inhibition

reflects an obligatory stage of processing that is modifiable by

controlled attentional processes (Dawson et al., 1997). The

present results demonstrate that the temporal parameters of

startle inhibition are flexible; that is, PPI can be extended in time

when stimulus processing so requires.

The result of these flexible processes is that the degraded tar-

get lead stimuli receive extended protection of their initial

processing (reflected in a longer duration of maximum PPI),

compared with the nontarget lead stimuli, and extended protec-

tion in contrast to the clear target. The low spatial frequency

(blurry) nature of the visual stimuli in the degraded stimulus CPT

enhanced PPI over the longer time course necessary for subjects

to discriminate between targets and nontargets, which is con-

sistent with the reaction time differences between the two tasks.

During the degraded CPT, PPI during early stimulus detec-

tion (at 120 ms lead interval) and PPI attentional modulation

during stimulus discrimination (at 240 ms) were significantly

correlated with each other and with behavioral performance

(transformed A0). Thus, participants with higher levels of PPI

during the detection process (at 120 ms) exhibited better target/

nontarget discrimination at 240 ms and showed superior signal

detection performance during the degraded CPT. Consistent

with the results of Hazlett et al. (2001), however, no significant

correlations were found between the A0 scores during the clearly
focused CPTand the level of startle eyeblink modification. Sim-

ilar toHazlett et al.’s data, transformedA0 scores during the clear
task showed a pronounced ceiling effect, with 20 of 36 subjects

making near-perfect scores, whereas there were no scores in this

range during the degraded task. This ceiling effect may have

obscured the relationship between PPI and performance that

could be seen with the degraded task.

Consistent with the results reported by Hazlett et al. (2001) at

the 1200-ms lead interval, the target and nontarget lead stimuli in

the present study produced significant but nondifferential inhibi-

tion. This finding suggests that late in the interval between visual

stimuli, participants uniformly allocated attentional resources to

the visual modality in anticipation of the next CPT stimulus. The

nondifferential inhibition at the 1200-ms lead interval suggests

that although degrading the CPT stimuli exerts an effect on early

perceptual processes and associated attentional resource alloca-

tion, later attention processes do not differ from those during the

clearly focused CPT. The results of the present study add to the

previously reported evidence that startle eyeblink modification at

long lead intervals during tasks that require focused and directed

attention (as in continuous performance tests) may be modality

specific (Hazlett et al., 2001; Lipp & Neuman, 2004). As reported

by Hazlett et al. and Lipp and Neuman, startle magnitude to

acoustic stimuli presented at long lead intervals was inhibited

when a continuous stream of visual stimuli was presented.

In contrast to the findings of Hazlett et al. (2001), the current

study did not find attentional modulation at the 120-ms lead

interval during the clearly focused CPT. The differences between

the results of Hazlett et al. and those in the present study may be

due to several procedural differences between the two studies.

Differences between the Hazlett et al. 3–7 CPTand the 0–0 CPT

444 A.J. Rissling et al.



utilized in the current experiment included (1) a 50-ms exposure

time compared to our 29-ms exposure time for stimuli; (2) stimuli

presented by a slide projector versus presented on a computer

monitor; (3) presentation of auditory distractors in Hazlett et al.;

(4) differing startle probe duration and intensity, 100-dB (A) 40-ms

duration compared to 105-dB (A) 50-ms duration; and (5) pres-

entation of startle probes only after a 3 that preceded a 7 compared

to probes after the first 0 of a 0–0 sequence aswell as after a single 0.

In particular, the shorter duration of the lead stimuli in the present

experiment (29 ms vs. 50 ms) may have delayed full identification

of the stimuli, thus delaying the time of attentionalmodulation to a

point between the 120-ms and 240-ms lead intervals.

Overall the present findings provide further evidence that star-

tle eyeblink modification can distinguish between early detection,

discrimination (target/nontarget), and later anticipatory subproc-

esses underlying continuous performance tasks. Further, the dif-

ferential findings between the clearly focused and degraded

stimulus tasks suggest that startle eyeblink modification was af-

fected by the extent of attentional allocation necessary to perform

the initial perceptual discrimination component of the tasks. The

more difficult perceptual discrimination required immediately fol-

lowing each stimulus in the degraded stimulus CPTwas evidenced

in both an increase in PPI at 240 ms and in attentional effects

(greater PPI to targets than nontargets at 240 ms).

CPTs are widely used in the study of pathological groups such

as schizophrenia.

The results of the current study have implications for

the nature of normal as well as abnormal perceptual and attent-

ional processes during vigilance tasks such as CPTs. Specifi-

cally, the argument that the degraded stimulus CPT involves

increased burdens on early visual discrimination of digits

(Nuechterlein et al., 1983) is supported by the current re-

sults, as greater startle eyeblink modification specifically occurs

during the period in which this process would be expected

to occur. Furthermore, the strength of a combined CPT

and startle eyeblink modification paradigm was shown in its

ability to detect more specifically the timing of the stage of

processing at which target and nontarget stimuli are being dis-

criminated.

Beyond its value for investigating normal perceptual and at-

tentional processes, the paradigm utilized in the current study

may be beneficial for measuring both global attentional deficits

as well as specific stages of attentional processing that are de-

ficient in schizophrenia spectrum disorders. The utility of the

paradigm for studies of vulnerability factors in schizophrenia is

strengthened by evidence that the degraded stimulus CPT detects

performance deficits equally well in symptomatic and clinically

remitted states (Nuechterlein et al., 1991).
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