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Auditory evoked potentials as a function of
sleep deprivation

JOHN HARSH*

Department of Psychology, Southern Station Box 9371,
University of Southern Mississippi, Hattiesburg, MS 39406-9371, USA

PIETRO BADIA

Department of Psychology, Bowling Green University,
Bowling Green OH 43403, USA

Event-related brain potentials (ER Ps) were studied in subijects deprived of sleep over a 48-h test period
to assess the effects of different durations of continuous wakefulness on ERP components and to
determine whether changes in the ERP components were related to changes in performance. Forty
subjects were randomly assigned to either an experimental (sleep deprived) group (n=30) or a control
(not sleep deprived) group (n=10). For the experimental subjects, ERP and performance measures
were obtained’in four-h test blocks throughout the 48-h period. Performance was assessed using the
Walter Reed performance assessment battery. The control subjects were tested at the same times
except during designated sleep periods. Both performance and evoked potential measures showed
systematic changes over the experimental test period in association with sleep deprivation, time of day,
and repeated testing. The latency of the N2 component of the evoked potential covaried with
throughput measures on the performance assessment battery across the 12 four-h test blocks of the
experiment. These data suggest that ERPs reflect central processes that change across the sleep
deprivation period and that ERP measures might be useful in assessment and prediction of

performance degradation under adverse conditions such as sleep loss. :

Keywords: Evoked potentials; Sleep deprivation; Performance; Tracking; Monitoring.

1. Introduction

More than ever before, machines exceed human ability to process and respond to
information in complex stimulus environments. These machines, however, require
surveillance by alert human monitors and increases in technological sophistiation have
resulted in greater demands on the human operators of human—machine systems in civilian
and military work settings. Because of the greater demand on human monitors, there is a
greater need to understand the factors that affect their performance. There is 2
correspondingly greater need for assessing and predicting changes in performance readiness,
particularly under conditions such as sleep loss, fatigue, and boredom, that are common in
many work environments.

Researchers have studied a variety of measures in their efforts to monitor performance
readiness. Peripheral psychophysiological measures have included blood and urine
composition, heart rate, galvanic skin response, electromyography, and others. It has been a
concern for some time, however, that inferences based on peripheral measures will be of
limited value in predicting and understanding performance changes (e.g., Malmo 1959).
That is, it is likely these measures deal with physiological systems too distant from the

*To whom reprint requests should be sent.



80 J. Harsh and P. Badia

central processes underlying readiness. The purpose of this study was to assess the usefulness
in this regard of event-related brain potentials (ERPs). ER P measures are considered to be
more closely related to central processes.

Event-related potentials consist of postive- and negative-going waveforms, often
referred to as components, that are evoked by discrete stimulus events. They can be
recorded using scalp electrodes. A distinction is usually made between ‘exogenous’ and
‘endogenous’ components, Exogenous components are viewed as obligatory, short-latency
(< 100 ms) responses whose amplitude, latency, and scalp distribution are determined by
the physical properties of the eliciting stimulus. Endogenous components are viewed as
nonobligatory longer-latency (> 100 ms) components whose characteristics are determined
by the psychological properties of the eliciting stimulus. The components of interest in the
present experiment have latencies close to or exceeding 100 ms and are refereed to as P1, N1,
P2, N2, and P3 (see Hillyard and Hansen 1986). The neuroanatomical orgins of these
components are unclear; however, the relationship between the components and a host of
independent variables of interest to human performance researchers suggests that they
reflect central states and processes such as attention (see Hillyard and Hansen 1986) and
information processing (see Donchin et al. 1986).

The goal of our research was to examine whether ERP variables provide a reliable and
practical way of predicting performance changes resulting from adverse environmental,
task, and field conditions. In addition to being closely related to central processes, ERP
measures can be obtained rapidly, inexpensively, and with minimal intrusion. As a first step
towards our goal, we focused on identifying fundamental relationships between ERP
measures, different levels of sleep deprivation, and performance on a variety of tasks. Sleep
deprivation was chosen as a laboratory manipulation because (1) it has been intensively
researched; (2) itis an important, yet simple variable to quantify and vary systematically; (3)
it enters into relationships with many other variables; and (4) it has high inherent interest in
military and civilian work settings.

Two main questions were addressed. The first concerned the effects of sleep deprivation
on event-related potentials. Previous studies have shown that ERP variables differentiate
awake, sleepy, and sleep states (e.g., Fruhstorfer and Bergstrom 1969, Hakkinen and
Fruhstorfer 1967, Weitzman and Kremen 1965, Williams er al. 1962) and also normal and
pathologically sleepy individuals (e.g., Broughton ef al. 1982). It has been established that
sleep deprivation alters evoked potentials (e.g., Gauthier and Gottesman 1983, Pecke et al.
1980, Pressman et al. 1982). ERP measures were obtained only at the end of the sleep
deprivation period in the latter studies, however, and information about the time course of
the evoked potential changes was not provided. In the present experiment, evoked
potentials were measured every four hours over a 48-h test period during which half of the
subjects were deprived of sleep while the other half were not.

The second question of the present experiment focused on the relationship between
changes in the characteristics of ERPs and changes in performance. Performance was
assessed using the Walter Reed performance assessment battery (Thome et al. 1985) which
was designed to investigate performance change across time, treatment conditions, etc. The
battery was not intended as a diagnostic instrument or to reflect specific neuropsychological
processes, but to sample a broad range of behavioral functioning.

2. Methods

2.1. Subjects
Subjects were 40 male undergraduates between the ages of 18 and 25. Each subject was
examined by a physician prior to the experiment. None of the potential subjects were

2
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excluded for medical reasons and all subjects reported being in good health. None of the
subjects reported using prescription or nonprescription drugs at the time of the experiment.
Twenty subjects were recruited and tested at the University of Southern Mississippi and 20
were recruited and tested at Bowling Green State University. All subjects were fully
informed concerning details of the research project. Subjects were told that they were free to
terminate their participation at any time. To encourage subjects to complete the
experiment, they were paid for each day of their participation and told they would receive a
$30 bonus for full-term participation. All subjects completed the experiment and were each
paid $120.

2.2. Apparatus and recording procedures

2.2.1. Recording of evoked potentials

Evoked potentials were elicited using an ‘odd ball’ task which involved asking subjects to
count the least probable of two regularly occurring stimuli. Auditory stimuli were
presented in Bernoulli series of low-pitched (1000 Hz; p =0-80) and high-pitched (1500 Hz;
p=0-20) 0-5-5 tones (65 dB), that were spaced 1-1s apart and delivered binaurally through
earphones. The subjects were instructed to count the number of high-pitched tones. The
subjects were also asked to ‘tap your foot’ upon hearing a high-pitched tone. The purpose of
the latter instructions was to allow the experimenter to determine that the subject was
attending to the tones.

The odd ball task was either presented alone or concurrently with an ‘easy’ or a ‘hard’
version of a tracking task developed in the laboratory. The tracking task was implemented
on a microprocessor and involved the subject manipulating a control stick to keep a cursor
cither on a moving target (‘chase’) or away from a moving target (‘run’). The chase and run
modes alternated unpredictably and the speed of the target was varied to make the task ‘easy’
or ‘hard’. ) :

Event-related potentials were recorded to the presentation of the less probable (high-
pitched) tone. The recording epoch extended from the onset of the tone for a period of
800 ms. A trial was defined as the period during which tone presentations continued until
data from 35 contamination-free (see below) recording epochs were obtained.

The ERPs were recorded for four consecutive trials during each 4-h test block. During
the first two trials, the oddball task alone was presented (ERP only). During the last two
trials the oddball task was superimposed over the easy and hard versions (in random order)
of the tracking task (ERP/tracking). i

The ERPs were recorded from Cz-A1 with silver/silver chloride electrodes and with
impedance values less than 10 K ohms. Signal averaging was performed by an Apple II plus
microprocessor equipped with an RC Electronic Computerscope signal averager. The ERP
signals were amplified by a Grass Model 7P122 low-level DC amplifier (TC 0-8, sensitivity
at 0-05, high pass filter at 35). When movement or other sources of contamination during a
tone presentation resulted in voltages above an adjustable threshold (the threshold level was
set at the lowest possible value for each subject), the data from that presentation were
rejected.

Visual analysis was used to identify components (P1, N1, P2, N2, P3) of the evoked
responses. The latency of each component was obtained by finding the time from stimulus
onset to the peak of the waveform. Baseline to peak amplitudes were obtained for each
component. Peak-to-peak amplitudes were also calculated by finding the voltage difference
between P1-N1, N1-P2, P2-N2, and N2-P3.
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2.2.2. Behavioral measures

The Walter Reed performance assessment battery (Thorne et al. 1985) is a computer
controlled multi-task array. The version of the performance assessment battery (PAB) used
in this study consisted of several tasks including visual search and recognition (MAST 6);
syllogistic reasoning (LOGICALY); short-term memory recall (PROBE-MEM); mental
addition and subtraction (SERIAL ADD/SUB); spatial memory (MATRIX 2); and
visual/motor coordination (WILKINSON). Completion of the battery required about
25 min.

Although reaction time and accuracy of performance are traditional measures used in
sleep deprivation research, theoretically, either of these measures alone may be insufficient to
describe performance decrements during sleep deprivation. For example, the subject may
choose to work at a slower rate in order to increase accuracy, or to increase speed and
thereby sacrificing accuracy. Because of this tradeoff between speed and accuracy, these two
measures were combined into a third measure called ‘throughput’ (see Thorne ef al. 1983).
Throughput is 2 measure which gives the rate of successes per unit of time. Throughput is
derived numerically by calculating per cent correct and dividing by the mean reaction time,
and multiplying by a constant.

2.3. Procedure

Twenty subjects were tested at each of the laboratories in groups of four on the same
days of the week (Wednesday through Sunday) during five consecutive weeks. The subjects
were asked to report to the laboratory at 2200 h on Day 1 (Wednesday) and were given final
release from the laboratory at no later than 1330h on Day 5 (Sunday). The subjects slept in
the laboratory Wednesday and Thursday night from approximately 2300 h to 0700 h to
ensure equal initial levels of sleep and also for adaptation to laboratory conditions. They
received practice sessions with the behavioral tasks from 2200 to 2300 h on both nights.
During the first two days subjects were free to leave the laboratory during the daytime to
attend classes etc. The experiment proper began at 0700 on Day 3 (Friday). Data collection
began at 0800 h and proceeded in four-h blocks. During each four-h block, the subjects
rotated among four test stations. Data were collected using PAB at one test station. Evoked
potential measures were obtained at a separate test station. The remaining stations were used
to collect data on other performance tasks (data from these tasks will be reported elsewhere).
Testing at each station required from 30—45min. The order of the different tests varied
across subjects but did not vary across test blocks. All test orders were equally represented in
each group of subjects.

The experimental subjects (n=230) remained awake from 0700h Friday until the
conclusion of the experiment on Sunday. The control subjects (n=10) were permitted to
sleep during each of the test nights (Friday and Saturday night) from 2400 h to 0700 h with
the exception of an awakening at 0400h (25-30 min) for the recording of ERPs.

The subjects spent approximately three of each 4-h block in testing. During their free
time they were permitted to read, study, play video games, etc., but were not allowed to
leave the laboratory area. Meals were provided and snacks and beverages were available
during free periods. Caffeinated beverages and smoking were permirtted but only at levels
the subjects described as normal before they began the experiment.

3. Results

3.1. ERP measures
Evoked potentials were scored following visual inspection of the overall waveform to
identify the location of the components referred to as P1, N1, P2, N2, and P3. Measures of
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Figure 1. P300 amplitude (in microvolts) for the Experimental and Control groups for each time of day on both
test days.

the components for the first two trials (no concurrent tasks; ERP only) of each test session
were then averaged together. Similarly, the measures of the components from trials three
and four (concurrent tracking task; ERP/tracking) were averaged together. The recordings
from three of the subjects (two experimental and one control subject) were contaminated by
excessive artifact and were unscorable.

Analysis of the changes in the amplitude of the P3 component suggested that both sleep
deprivation and repeated testing were determining factors. Figure 1 illustrates data obtained
from ERP Only trials. A sleep deprivation effect is indicated by the lower amplictudes for the
Experimental group relative to the Control group on Day 2 (sleep deprivation) but not Day
1 (no sleep deprivation). This observation was supported by a group (2) by days (2) by time
of day (5) analysis of variance which yielded a group by day interaction, F(1, 35)=6-87,
p<0:05. The Geisser-Greenhouse conservative Ftest (Kirk 1982) was used here and in other
analyses with repeated measures. An effect of repeated testing is suggested by the
observation that P3 amplitudes of both the Experimental and Control group dropped
sharply across test blocks on the first day of testing.

Event-related potential latencies were also affected by the test conditions. Figure 2
presents latency data obtained from the experimental subjects for each of the components
(P1, N1, P2, N2, P3) across the 12 four-h test blocks for the ERP Only trials (no concurrent
task) as well as the ER P/tracking trials (concurrent task). Inspection of these data reveal that
latencies of the later components (P2, N2, and P3) increased across test blocks and that the
increases were more pronounced when ERPs were obtained while subjects were
performing the tracking task (left side of figure 2). P3 latencies under these conditions
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Figure 2. Mean latency (in ms) for each test block for each ERP component for the Experimental group.

remained between 320 and 340 ms through all of the first test day (first six test blocks) and
most of the second. There was a 30 ms increase in latencies, however, during the last two test
blocks of the 48-h session. A day (2) by block (6) analysis of variance revealed a significant
effect of days, F(1,27)=13-06, p<0-01; blocks, F(5,135)=4-43, p<001; and a day by
block interaction, F(5, 135) =283, p <0-05. The interaction effect can be attributed to the
sharp increase in latencies during the last two test blocks of day 2. The Controbgroup mean
latencies (not shown) remained between 320 and 340 ms across all test blocks.

A sleep deprivation effect is more apparent in the N2 latencies. It can be seen that N2
latencies for the Experimental group were relatively stable during the first four test blocks

6
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(223 ms on three of the four blocks) of the first day, and then increased approximately 20 ms
over the last two test blocks. The same pattern is evident for Day 2 except, in addition to
generally longer latencies, there is a 30 ms increase during the last two test blocks. This
pattern suggests both a sleep deprivation effect and a time-of-day effect. The same pattern
was not seen in the control group data (not shown). The latencies for the control group were
stable (usually between 240 and 250 ms) until the very last test block of Day 2 at which time
the mean increased approximately 15ms. A day (2) x block (6) analysis of variance of
Experimental group N2 latencies revealed a significant day effect F(1,27) =74-75, p <0-:001,
confirming the longer latencies on Day 2; and a significant block effect, F(5, 135} =11-18,
p <0-001, confirming the time-of-day effect. Statistical analysis of the N2 latencies obtained
from the Control group provided no evidence of systematic latency changes.

3.2. Behavioral measures

3.2.2. Performance Assessment Battery (PAB)

In the analysis of the throughput measure for the performance tests of the PAB, a
predeprivation baseline was established for each subject by finding the mean of the first four
test blocks. Statistical analysis was then performed on the percentage change from baseline
of the scores from each test block. Percentage change values for each of the tasks for each of
the 12 test blocks for the Experimental group only are shown in figure 3.

Consistent with the expected deprivation effect there was, on the average, a2 marked
deterioration of performance for five of the six tasks (all except the MASTS), especially
toward the end of the second day of deprivation. For the same five tasks, performance was
poorest during the last block of sleep deprivation (hours 44-48) with performance
decrements ranging from 15% to 35% below baseline.

PERFORMANCE ASSESSMENT BATTERY
TIME OF DAY

0800 2400 (600 0800 1600 0800 2400 0800 2400 1600 0800
1600 = 0BOO 2400 0800 2400 1600 O0B00 {600 0800 2400
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Figure 3. Mean throughput (percentage change from baseline) for each of the tasks of the Walter Reed
performance assessment battery across the 12 4-hr test blocks. Experimental group only.
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It is apparent from figure 3, that responding on the five tasks was related to time of day.
The lowest level of performance on both days tended to occur during the late night (0400
0800) and early morning (0800-1200) hours. There was also a tendency for peak
performance to occur during the evening hours (2000-2400) on the first day and the early
afternoon hours (1200-1600) on the second day.

An cxception to the above was performance on the MAST6 task. Although there
appeared to be a time-of-day effect consistent wich that seen for the other tasks, performance
on Day 2 was higher rather than lower than on Day 1. The unexpected increase in
performance on Day 2 was found for both the Experimental and Control groups.

A Day (2) by block (6) analysis of variance of the throughput measure for each of the
tasks for the Experimental group supported the observations made above with significant or
marginally-significant day effects for all except the MAST6 [Logical - F(1,29)=3-51,
p=007, Probe-Mem-—F(1,29)=15-47, p=0-01; Matrix 2-F(1,29)=6-20, p=0-02;
Add/Sub-F(1,29)=14.72, p=0-01; Wilkinson - F(1,29) =58:31, p=0-01] due to lower
performance on the second day and significant block effects for all but the Probe-Mem task
[Logical - F(1,145) =262, p=005; Matrix 2-F(1,145)=3-69, p=0-01, Add/Sub-
F(1,145)=5-17, p=0-01; Wilkinson—F(1,145)=13-15, p=0-01] indicating performance
changes across time of day. Post hoc tests revealed that significant day by block interactions
for the Logical task, F(1,145) =2-99, p <0-03, and Wilkinson task, F(1, 145)=2.73, p <0-05,
can be attributed to an increase in performance from the 2000-2400 h to the 04000800 h test
block on one of the days and a decrcase on the other. For the Probe-Mem task, the
interaction effect F(1, 145)=4-06, p <0-01. was due to performance increasing during the
three test blocks from 1200 h to 2400 h on the first day and decreasing during these same test
blocks on the second day.

A group (2) by day (2) by block (4) analysis of variance of throughput was used to
compare the performance on the PAB of the experimental subjects with the control
subjects. Only blocks 1 through 4 of Days 1 and 2 were used in the analysis because the
control group subjects slept during blocks five and six. Of interest in this analysis was
whether a single night of sleep deprivation would result in the Experimental group showing
lower daytime performance relative to a Control group which was repeatedly tested but
aliowed to sleep. A groups X days interaction was found for the Logical task,
F(1,38)=14-07, p<0:001, the Wilkinson task, F(1, 38) =20-23, p <0-0001, and the Add/Sub
task, F(1,38)=23-56, p <0-07. Additional analyses showed that, for these three tasks, the
performance of the groups differed on the second day but not the first. No significant effects
were found on the remaining tasks.

3.3. Correspondence between the ERP and behavioral measures

The foregoing analyses showed changes in the ERP and performance measures in
association with sleep deprivation and time of day. To assess whether the ERP and
behavioral measures changed similarly as a function of sleep deprivation and time of day,
changes in the 12 block means for the throughput measures of the PAB (data from the
MAST6 were excluded) were studied in relation to changes in the 12 block means for each
of the ERP components using correlation coefficients. Table 1 presents the results of the
analyses using the ERP components of the ERP/tracking trials. Although no corrections
were made for conducting multiple comparisons, several patterns can be observed. First, the
statistically significant correlations involve the later components (P2, N2, P3) as opposed to
the earlier ones (P1 and N1). Second, the signs of the coefficients are negative for all of the
latency measures. This suggests longer evoked potential latencies are associated with lower
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Figure 4. N2 latency and throughput measures for the Wilkinson, Matrix, and Serial tasks of the PAB. The
scores are expressed as standard scores with a mean of 50 and a standard deviation of 10.

levels of performance. Finally, higher P3 amplitudes are significantly related to higher levels
of performance for each of the tasks.

A pictorial representation of the evoked potential/performance relationship is presented
in figure 4. The latency of N2 and the throughput measures on the Wilkinson, Matrix, and
Add/Sub tasks of the PAB were converted to standard scores and then plotted on the same
scale {figure 4). The standard score formula was:

where

Z;=standard score

Z;=raw score (a block mean)

X =mean of raw scores (mean of block means)
s=standard deviation of raw scores (block means)

The figure shows quite clearly the extent of correspondence between N2 latency and
performance; longer N2 latencies are associated with lower performance.

9
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Table 1. Correlation coefficients describing the relationship between the 12 block means for the ERP
components (latency and amplitude) and the 12 block means (% from baseline) for the PAB tasks.

Absolute amplitudes

P1 N1 p2 N2 P3
Matrix =010 =016 —042 0-04 068
Wilk -0-09 -—008 —0-54 0-09 0-65
Probe 0-19 047 —0-25 006 0-69
Serial 0-20 020 —042 =010 0-70
Logic 0-29 0-3¢ —019 —-0-16 0-63

Peak-to-peak amplitudes

PINt N1P2 P2N2 N2P3

Matrix —013 —0-40 —0:51 0-59
Wilk -0-09 —0-45 —063 0-59
Probe 0-36 0-05 —0-25 053
Serial 0-24 —0-21 - 0-66 0-53
Logic 0-36 0-08 —-032 0-39
Latencies

P1 N1 P2 N2 P3
Matrix -027 —-062 —-062 —08 —067
Wilk -023 —-032 —061 —-08 -—0358
Probe —-032 -022 —-046 —-058 .—-077
Serial -040 -05t —~054 -—-08 —080
Logic -042 —051 —034 —-063 —-083

Note: All italicized values have p <0-05 (df=10).
ERP data are from the ERPftracking trials.

4. Discussion

4.1. Event-related potentials and sleep loss

Several changes in evoked potentials were observed across the 48-h testing period of the
present experiment. These included decreases in the amplitide of the P3 component and
increased in the latency of P2, N2, and P3. The findings are generally in accordance with the
existing literature. Other investigators have found increased latency and amplitude changes
of ERP components in association with sleep loss and/or excessive sleepiness (e.g.,
Broughton et al. 1982, Peeke et al. 1980, Pressman et al. 1982). It should be noted that the
pattern of changes described here does not exactly replicate that described by others. The
increase in P3 latency with sleep loss, for example, has not been previously described. Also,
changes in the N1 component described by others (e.g., Peeke et al. 1980, Gauthier and
Gottesman 1983) were not found here. These differences may in large part be due to
procedural differences (cf., Pressman ef al. 1982).

A time-of-day effect was apparent in the measures of N2 latency, P3 amplitude, and to a
lesser extent, the measures of other components. There was a strong tendency for P3
amplitudes to decrease and N2 latencies to increase during the night-time andfor morning
test blocks on both test days. Changes in the opposite direction tended to occur during the
afternoon and early evening hours. Diurnal variation in ERPs has been described in several
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studies (e.g., Kerkhof 1982, Wesensten et al. 1989). As with the sleep loss effects, the pattern
of ERP changes with time of day has varied from study to study — perhaps as a result of
procedural factors.

An important finding of the present study was that, in general, the evoked potentials
obtained while subjects performed the tracking task were more sensitive to the test
conditions than the ER Ps recorded without the tracking task. That is, as sleep deprivation
increased the changes observed with the ER Pjtracking trials tended to parallel more closely
the changes observed in performance. Researchers have shown in other contexts that
evoked potential measures are more sensitive to environmental and task manipulations
when subjects are concurrently performing two or more tasks (e.g., Kramer et al. 1981). The
present findings suggest that a concurrent-task paradigm be used in future studies of the
relationship between ERPs and performance degradation.

The present findings also suggest using a more extended sleep loss period in future
continuous wakefulness studies involving evoked potential measures. That is, for most of
the measures, it was apparent from inspection of the data that the greatest changes occurred
in the last four to eight hours of the 48-h test period. Thus, even more dramatic ERP
changes and greater ERP/performance correspondence may have been observed if subjects
had been deprived of sleep for an additional 24 hours.

It is important to note that although several of the changes observed were
unambiguously related to sleep deprivation, not all changes observes in evoked potentials
could be attributed to sleep loss. That is, control subjects who were allowed to sleep, showed
changes across the test conditions which were similar, but usually smaller, to those seen with
experimental subjects. One possible explanation is that control subjects may have
experienced some sleep loss due to sleep disruption when awakened for testing purposes.
Although the control subjects were permitted sleep, their sleep was interrupted at 0400 h for
recording of evoked potentials. There were no apparent effects of this disruption, however,
on the performance measures of the control subjects.

It is also possible the ERP changes were, in part, due to habituation resulting from
repeated testing. For example, although sleep-deprived subjects had lower P3 amplitudes
than the control subjects, it was apparent that reductions in amplitudes began on the first day
(no sleep loss) for both groups. A ‘repeated testing’ effect on P3 amplitudes has been more
clearly shown in Wesensten et al. (1989).

4.2. Performance and sleep loss

As in earlier studies, the present study found that sleep loss resulted in performance
degradation. This was evident with all of the PAB tasks used in the present experiment with
the exception of the MAST6 task. There was also evidence of a strong time-of-day effect on
performance across the two days and nights of the experiment. Generally, performance was
lower during the night and morning tests on both Day 1 and Day 2. Further, there was a
tendency for performance to be higher in the afternoon and early evening tests. We should
note the performance trough occurred during the 0400h testing block. Others have
reported similar findings. It is difficult to attribute the marked performance decrement to
any one factor since body temperature, sleepiness, and other circadian factors may be
involved (cf., Rutenfranz et al. 1972).

There was no clear evidence that any of the tasks were more or less sensitive to sleep
deprivation. Although the amount of change at a given time period may have been greater
for one task than another, the time point at which changes began to appear was typically the
same from task to task (cf., Thorne et al. 1983).
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4.3. Correspondence between ERPs and performance

The systematic correspondence between certain ERP components and performance
measures may hold promise for predicting performance degradation. Finding that the
changes in performance across the 12 test blocks were related to changes in evoked potentials
across the test blocks (i.e., both co-vary with sleep deprivation) suggest that knowledge of
evoked potentials can be used to make predictions about performance. For example, it was
found that during the 48-h test period, relatively long N2 latencies, whether due to sleep
deprivation, circadian rhythms, or other factors, could be used to predict relatively low
performance. The findings regarding the N2 component were surprising. This component
of the wave form appeared to be a better predictor of performance than did P3. Others have
also investigated the relationship of the N2 component to the P3 component (Michalewski
et al. 1986). These researchers found a strong co-varying relationship between N2 and P3
components with N2 accounting for 61 % of the variance of the P3 latency. They also report
that the highest correlation between peak latency and reaction time was found for N2: the
next highest was P3.

The evoked response/performance relationship should be interpreted cautiously. Other
factors which degrade performance may not systematically affect ERP measures. It is
important that relationships between ERPs and performance degradation be explored
under other conditions of stress.
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