
384 Electroencephalography and clinical Neurophysiologv. 1989.12: 384-294 
Elsevier Scientific Publishers Ireland. Ltd. 

EEG 03717 

P300 latency variability in normal elderly: effects of paradigm 
and measurement technique 

George Fein and Bruce Turetsky 
Uniuersitv of California San Francisco, CA (U.S.A.)  and San Francisco VA Medical Center, San Francisco, CA ( U  S A , )  

(Accepted for publication: 12 November 1988) 

Summary The discrepancy in the literature concerning the sensitivity of delayed P300 latency in dementia revolves around I ,i' 

variability of P300 latency in normal elderly. Previous studies. whch have produced conflicting results. have utilized different P: '0 
paradigms and different methods for measuring P300 latency. We demonstrate that the reported differences in the variability of P; I O  

latency in normal elderly are likely to have resulted from these differences in paradigm and measurement method. We gather d 
auditory P300 data from a sample of 50 normal elderly using both a 3-tone RT paradigm and a 2-tone oddball paradigm ; I : . < I  
measured P300 latency using both peak-picking on the average EP and a single-trial template-fitting procedure. P300 late1 \ 

variability was increased for the 3-tone paradigm compared to the auditory oddball paradigm, and for the template-fitting meth, LI 
compared to peak-picking. The increased P300 latency variability when the template-fitting method was employed reiulted, in p., 
from the template-fitting procedure focussing on random noise when the signal-to-noise ratio was low. Increased variability of P?' 
latency in the 3-tone paradigm resulted from 13 subjects who had a very long-latency positive component (often in addition to :I 

earlier, smaller component) in this paradigm that met the scoring criteria for P300, but that was not seen in the oddball paradigm. \if 
speculate that for the 3-tone task, some subjects may adopt a strategy involving 2 stages of stimulus processing, which results in i"e 

generation of 2 positive components. obscuring group differences in P300 latency. These results raise questions concerning the use. 11 

clinical studies designed to yield diagnostic measures, of complicated paradigms in which subjects might adopt varying procea., g 
stratepes. 
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There is universal agreement that P300 latency 
is delayed in dementia. However, the clinical util- 
ity of delayed P300 latency as a diagnostic marker 
for dementia depends upon its sensitivity and 
specificity. A discrepancy exists in the literature 
concerning the sensitivity of P300 latency delay in 
dementia and revolves around the variability of 
P300 latency in normal elderly. 

Most studies have demonstrated low variabilstt 
of P300 latency. These studies began with Goodin 
et al.'s (1978a, b) investigation of P300 in di.- 
mented and non-demented groups, using a simple 
auditory oddball paradigm. In the oddball par I-  

digm, frequent standard tones at one frequent\ 
and infrequent target tones at another frequent\ 
are presented, and the subject is instructed ' t i  

count the target tones. Goodin et al. (1978b) found 
that 20 out of 25 demented patients who h . d  
identifiable P3 components had a P3 latency whiih 
exceeded the normal value for the patient's age h t  

mented patients with other neurological dise;i,e 
had a P300 latency which met these criteria. 'I tie 
normal comparison data consisted of an age re- 
gression line developed from 40 subjects, 1 S - 5  
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more than 2 S.D.s, while only 1 of 25 non-tjc- 
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years of age. The normal subject age regression 
had a slope of 1.64 msec/year and a standard 
emir about the regression line of 21 msec. In their 
noimative group. Goodin et al. only had 12 sub- 
jects over 45 years of age. For those subjects, the 
S.D.  of P300 latency was 26.5 msec. Since the 
Goodin et al. papers, there have been a number of 
otller studies which examined P300 recorded dur- 
ing the simple oddball task in normal and de- 
mented older subject groups. P300 latency for 
nc .rmal control subjects from these studies is pre- 
sented in Table I .  The standard deviation of P300 
Idtrncy varies between 32 and 43 msec across 
these studies. In all of these studies, P300 latency 
n:is measured from the average EP for the target 
c( mdi tion. 

Much higher variability of P300 latency was 
found by Pfefferbaum et al. (1984a). They used 
auditory and visual choice reaction time (RT) 
paradigms. each of which had 3 classes of stimuli: 
1 requent standards, infrequent targets, and infre- 
quent non-targets. Subjects were instructed to 
quickly press a button whenever an infrequent 
I arget occurred. These tasks provided the oppor- 
:unity to study the relationship between P300 and 
RT. and to better insure that the target EPs are 
indeed associated with correct stimulus processing. 
The choice of this more complex task was partly 
in response to the general finding on the oddball 
task that demented subjects had target counts 
which were 'more in error than were the target 
counts of normal control subjects.~If one could 
exclude target trials that the subject failed to 
correctly detect. the measured P300 would be a 
more accurate measure of target detection. 

Because of their concern about possible latency 
jitter, Pfefferbaum et al. (1984a) measured P300 
latency for each subject using a template-fitting 
procedure applied to single EP trials. An age 
regression line fitted to their auditory P300 latency 
data yielded a standard error of 70 msec. This was 
about twice the variability reported in the normal 
P300 latency data reviewed above. In their com- 
panion paper (Pfefferbaum et al. 1984b), they 
applied the same procedures to demented and 
other patient groups. They found that only about 
40% of the demented subjects had P300 latencies 
more than 2 S.D. removed from the control group. 

They interpreted their results as evidence that. 
because of its relatively high variability in normal 
elderly, P300 latency had limited sensitivity and 
little clinical utility in the diagnosis of dementia. 

It is also possible, however, that the different 
paradigm and analysis methods used by Pfeffer- 
baum et al. (1984a, b) might have accounted for 
the increased P300 latency variability they found 
in normal elderly. Below, we report the results of a 
direct test of the hypothesis that increased vari- 
ability of P300 latency in normal elderly results 
from using a 3-tone RT paradigm vs. a 2-tone 
oddball paradigm and from using single-trial 
latency adjustment procedures vs. peak-picking on 
the average EP. We gathered auditory P300 data 
from a sample of normal elderly using both P300 
paradigms. We measured P300 latency using both 
peak-picking on the average wave form and 
single-trial template-fitting techniques. 

Methods 

Subjects 
Healthy elderly subjects. aged 63-71, were re- 

cruited from the community and studied in a 
protocol which included neuropsychological and 
electrophysiological assessments. Candidates were 
screened by telephone to verify graduation from 
high school and fluency in English, and to gather 
medical and psychiatric history data. They were 
rejected from the study if a history of diabetes, 
severe hypertension, drug abuse, psychiatric diag- 
nosis requiring hospitalization, head injury, al- 
coholism or heavy, prolonged alcohol consump- 
tion, or epilepsy was reported. Of the approxi- 
mately 300 candidates interviewed, 76 were 
selected for initial testing. 

Subjects were screened using the Vocabulary, 
Comprehension, Block Design, Object Assembly. 
and Digit Span subtesrs of the Wechsler Adult 
Intelligence Scale - Revised (WAIS-R) (Wechsler 
1981). Scores from these tests were used to ap- 
proximate Verbal, Performance, and Full Scale IQ 
scores. Eight subjects with Verbal, Performance, 
or Full Scale scaled IQ scores below 90 were not 
included in the study. An additional 12 subjects 
who met the screening criteria withdrew from the 
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study before cognitive testing. Pattern reversal 
evoked potential data on the remaining 56 sub- 
jects were presented previously (Fein and Brown 
1987). Complete data on the 2 auditory P300 
protocols were not collected for 6 additional sub- 
jects due to technician error or equipment 
malfunction. The data analyzed below were from 
a total of 50 subjects (22 females, 28 males), age 
64-70, whose Verbal and Performance IQs ranged 
between 94-150 and 91-137, respectively. 

E R P procedures 
In each 

trial, an auditory tone of 1000 Hz or 2000 Hz was 
presented. The inter-trial interval randomly vaned 
between 1.5 and 1.6 sec. The tones were presented 
binaurally through earphones with a duration of 
40 msec and intensity of 50 dB. The 1000 Hz 
standard tone was presented on 80% of the trials 
and the 2000 Hz infrequent target was presented 
on the other 20% of the trials. Subjects were 
instructed to count the infrequent targets. 

Data were recorded from Fz, Cz, Pz and Oz 
referenced to linked ears. EOG and EEG were 
monitored such that horizontal eye movement 
greater than 1.4" of visual angle, eye blinks, or 
A/D converter saturation ( + / - 125 pV) resulted 
in trial rejection. Each channel of EEG was sam- 
pled every 4 msec, from 40 msec pre stimulus to 
960 msec post stimulus on each trial. Stimuli were 
presented until 30 target and 80 standard trials 
without artifact were collected. 

In each trial an 
auditory tone of 500 Hz, 1000 Hz or 2000 Hz, 
with the same duration and intensity as in the 
oddball paradigm, was presented. The relative 
probabilities of the 3 tones were 0.70 for the loo0 
Hz tone, and 0.15 for each of the other two. The 
2000 Hz tone was designated as the target for 26 
of the subjects reported here and the 500 Hz tone 
for the other 24. Subjects were instructed to re- 
spond to target stimuli by lifting the index finger 
of their right hand. Trials were rejected if the 
subject responded incorrectly, or for eye move- 
ments or EEG artifact as in the oddball paradigm. 
Data were collected until there were a minimum 
of 30 artifact-free trials with correct responses in 

Two-tone auditory oddball paradigm. 

Three-tone auditory paradigm. 
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the target and rare non-target conditions and 80 
such trials for the standard tone. 

P300 latency measurement 
P300 latency was measured using both a com- 

puter assisted peak-piclung procedure and a 
single-trial template-fitting procedure. The com- 
puter assisted peak-piclung procedure was mod- 
eled after procedures used in the studies listed in 

Table I and was applied to the vertex (Cz) recorcl- 
ings. The procedure picked the latency of the 
maximum amplitude between 250 and 800 msec 
post stimulus of the average EP to the target tone. 
with the following restrictions: (1) the peak ampli- 
tude was larger at Cz or Pz compared to Fz, ( 2 )  
the peak occurred at approximately the same 
latency at each recording site, and (3) the peak 
was absent or only minimally present in the aver- 
age EP to the standard tone. 

The automated single-trial template-fitting pro- 
cedure was designed to replicate Pfefferbaum ct 
al. (1984a, b). The single-trial data frgm the P L  
recording site for the target condition' were first 
reduced to an 8 msec sampling rate and then 
filtered using the same 3.5 Hz low pass digit,il 
filter as used by Pfefferbaum et al. (1984a). \ 
template was then constructed from the positk e 
half cycle of a 2.0 Hz sine wave. The covariance 
between the data and template was then calcu- 
lated with the template first centered at 280 msrc 
and then repositioned in 8 msec increments acrobs 
the trial, until it was centered at 800 msec. The 
latency of maximum covariance within each tnd 
was selected as the single-trial P300 latency. The 
median latency across all single trials was selected 
as the P300 latency for the individual. 

TABLE I 

P300 oddball target latency in older subjects. 

Study N Age range P300 latency 

- (years) Mean S.D. 

Syndulko et al. 1982 25 46-85 368 32.1 
Brown et aI. 1983 24 46-80 342 40.5 
Polich et al. 1985 36 46-86 354 35.0 
St. Clair et al. 1985 23 51-72 342 43.0 
Gordon et al. 1986 20 61-89 361 39.8 
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T h s  template-fitting procedure, as employed 
by Pfefferbaum et al. (1984a), used a different 
electrode (Pz rather than Cz) and a different sam- 
pling interval (8 msec rather than 4 msec) than the 
peak-picking method of Goodin et al. (1978a). To 
examine the possibility that the greater variability 
in the Pfefferbaum et al. (1984a) study was an 
artifactual result of these sampling and electrode 
differences, we recomputed the template-fitted 
P300 latency for each subject using the single-trial 
data recorded at Cz with a 4 msec sampling inter- 
val. 

Results 

Paradigm effect 
Target P300 mean latency and standard devia- 

tion for each experimental paradigm are presented 
in Table 11, separately for the peak-picking (ap- 
plied to Cz data at a 4 msec sampling rate as per 
Goodin et al. 1978) and the single-trial template 
method (applied to Pz data at an 8 msec sampling 
rate as per Pfefferbaum et al. 1984) of measuring 
P300 latency. The P300 latencies for the 2 para- 
digms were compared with repeated measures 
ANOVA; the variabilities of P300 latency for the 
2 paradigms were compared using a chi-squared 
test for compound symmetry of the variance-co- 
variance matrix’ (Morrison 1976). P300 latency 
mean and variance were both greater for-the 3-tone 
paradigm, independent of the method of latency 
measurement (F (1, 49) = 23.15, P < 0.001; x2 
(1) = 67.61, P < 0.001, respectively for the peak- 
picking method; F (1, 49) = 11.29, P < 0.01; x2 
(1) = 15.65, P < 0.001, respectively for the tem- 
plate-fitting method). These results were indepen- 
dent of whether the 3-tone target was 500 Hz or 

TABLE I1 

P300 latency. Total sample (N = 50) 

Paradigm Method of measurement 

Peak-picking Template-fitting 

Mean S.D. Mean S.D. 

Oddball 329 40 368 78 
3-Tone target 433 152 442 141 
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3-TONE TARGET P300 LATENCY 
Fig. 1. Scatterplot of target P300 latency for the oddball task 
versus the 3-tone task. using the peak-picking method to 
choose P300 latency. This plot illustrates the bimodal distribu- 
tion of P300 latency for the h o n e  task. Thirty-seven subjects 
(74%) have highly correlated target P300 latencies for the 2 
paradigms whle 13 subjects (26%) have very long-latency 
3-tone target P300s. For these 13 SUbJeCtS. the oddball P3OO 

latency is not increased relative to the other subjects. 

2000 Hz. The mean P300 latencies for the differ- 
ent target frequencies, using the peak-picking 
method, were 440 msec (163 S.D.) and 425 msec 
(141 S.D.) for the 2000 Hz and 500 Hz tones, 
respectively. These small differences in mean and 
variability of P300 latency were not statistically 
significant (F  (1, 48) = 0.12, P = 0.728 for 
latency; F (25, 23) = 1.34, P > 0.10 for variance). 

Fig. 1 displays the scatter plot of P300 latency 
for the oddball and 3-tone paradigms, using the 
peak-picking measure. P300 latencies to the 3-tone 
paradigm target were bimodal while P300 laten- 
cies to the oddball target were not. For 37 subjects 
(74%). the target P300 latencies for the 2 para- 
digms were comparable, while the remaining 13 
subjects had much longer target P300 latencies 
(i.e ... greater than 500 msec) in the 3-tone para- 
digm. A similar bimodal distribution was seen 
when results for the template-fitting procedure 
were examined. and these same 13 outliers could 
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Fig. 2. The grand average target and standard wave forms at the parietal midline electrode (Pz) are presented separately for the 37 
subjects with 'normal' 3-tone P300 latencies (top) and the 13 SUbJeCtS with 'delayed' 3-tone P300 latencies (bottom). The SUbJeCtS 

with 'delayed' 3-tone P300 latencies appear to have an additional small positive component roughly comparable in latency to the 
P300 of the other subjects. 

he readily identified. The group of 13 outliers 
consisted of 7 females and 6 males. This sex 
distribution was not significantly different from 
that of the rest of the sample (x2  (1) = 0.26. 
P = 0.612). There were also no differences in either 
the age distribution or the IQ scores of this sub- 
group compared to the other subjects. 

Fig. 2 presents the EP wave forms at the Pz 
electrode, averaged across subjects separately for 
the 13 outliers and the 37 non-outliers. A large 
Iong-latency positive component was readily ap- 
parent in the grand average EP for the 13 outliers, 
as was the complete absence of a comparable peak 
in the remaining subjects' grand averaged data. 

The individual subject EPs for the 13 outliers 
often evidenced an earlier peak in the range of 300 
msec, in addition to the larger long-latency posi- 
tive component. We identified this earlier compo- 
nent in 9 of the 13 outliers (Fig. 3). While this 
component failed to meet the strict scoring criteria 
for the P300, in many cases it resembled, in form 
and latency, the P300 component recorded from 
the oddball paradigm. 

One of the anonymous reviewers of this 
manuscript commented that there seemed to be a 
great deal of a ringing in the individual subject 
wave forms presented in Fig. 3. To follow up on 
this observation, we computed power in the a 
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band for each subject's average evoked potential, 
separately for each condition and paradigm. The 
1.7 outliers had significantly higher a power than 
the other 37 subjects (F (1, 48) = 13.36. P = 
0 n007). However, this difference was not specific 
t(,  the 3-tone target condition, but was present in 
all conditions for both paradigms. There were no 
significant interaction effects for a power (group 

condition: F (1. 48) = 0.96, P = 0.33: group X 

p.iradigm: F (1. 48) = 1.69, P = 0.20; group X 

c.ondition X paradigm: F (1, 48) = 0.12, P = 0.73). 
Table IIlA presents the mean and standard 

Lieviation of P300 latency when the 13 P300 latency 
Catliers were excluded from the analysis. With the 
utliers removed, the variability of P300 latency 

I or  the 2 paradigms was virtually identical, regard- 
ISSS of measurement method. Mean P300 latency 

a z s o s b  0 7 5 0 1  b sb 0 7 b N b  0 7 ! k N  

Fig. 3. Individual target wave forms for the 13 subjects with 
'delayed' 3-tone P300 latencies. Nine of 13 subjects have 
another earlier positive component (see arrows) in response to 
the 3-tone target, that is smaller. but comparable, in form and 

latency to their oddball P300. 

389 

TABLE 111 

P300 latency. 

Paradigm Method of measurement 

Peak-picking Template-fitting 

Mean S.D. Mean S.D. 

A Excluding I3  subjecls with large lare posirioe componenr (N = 37) 
Oddball 329 41 310 16 
3-Tone target 350 46 370 1 2  

B With %tone larger larenc, recordedfor 9 of 13 outlier7 (h' = 46) 
(peak picking measuremenrs on!)) 

Paradigm Mean S.D. 

Oddball 328 40 
3-Tone target 343 45 

remained significantly longer for the 3-tone para- 
digm when the peak-picking method was em- 
ployed (F (1, 36) = 10.01, P < 0.01). Males and 
females were similar in t h s  regard. With the out- 
liers excluded, the mean peak-picked P300 latency 
(S.D.) for males was 325 (44) msec for the oddball 
paradigm and 355 (48) msec for the 3-tone para- 
digm. The comparable measures for females were 
336 (35) msec and 342 (43) msec. While no signifi- 
cant main effect of sex on P300 latency was ob- 
served. there was a trend towards a sex x paradigm 
interaction (F (1, 35) = 3.75, P = 0.061). with 
females having relatively longer latencies in the 
oddball paradigm and relatively shorter latencies 
in the 3-tone paradigm. When the scores of 9 of 
the 13 excluded subjects were recoded to reflect 
the latency of the earlier of their 2 components 
and reincorporated into the analysis (n = 46) 
(Table IIIB), the peak-picked results remained 
comparable to when the outliers were removed 
from the analysis. The trend for a sex X paradigm 
interaction also remained unchanged. 

Measurement method effect 
For the entire sample of 50 subjects, the effect 

of the method that was employed to measure P300 
latency depended upon which paradigm was being 
considered. For the oddball paradigm, mean P300 
latency and inter-subject variability were both 
greater for the template-fitting method (F  (1, 49) 
= 13.81, P < 0.001; x 2  (I) = 22.11, P < 0.001, re- 
spectively) (Table 11). There were no differences 
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TABLE IV 

Template-fitted P300 latency. Total sample (N = 50). 

Paradigm Electrode 

Pz (8 msec sampling rate) CZ (4 m a  sampling rate) 

Mean S.D. Mean S.D. 

r 

Oddball 368 78 390 102 0.70 
3-Tone target 442 141 500 146 0.83 

between the 2 methods in the 3-tone paradigm. 
This lack of an effect is not surprising when we 
consider that the very large late positive compo- 
nent, when present, was reliably selected as the 
P300 by both methods, and that this markedly 
increased both the mean and the variability of the 
measurements for the sample as a whole. When 
the analysis was restricted to the data from the 37 
non-outlier subjects, mean latency and variability 
were both increased significantly by the template- 
fitting method, regardless of the paradigm (F 
(1, 36) = 10.55, P < 0.01; x 2  (1) = 13.73, P < 
0.001, respectively for oddball paradigm; F (1, 36) 
= 2.87, P < 0.1; x 2  (1) = 7.63, P < 0.01, respec- 
tively for 3-tone paradigm) (Table IIIA). 

Table IV compares the template-fitted latency 
measurements computed from 8 msec resolution 
Pz data with such measurements computed from 4 
msec resolution Cz (vertex) data. While the 2 
measurements are highly correlated, the P300 
latency mean and variability are both greater for 
the Cz data. Tlus is in spite of the fact that the 8 
msec sampling interval used by Pfefferbaum et al. 
(1984a) would be expected to increase the variabil- 
ity of latency measurements. Analysis of Pz data 
attenuates the increase in P300 latency mean and 
variance which results from using template-fitting 
measurements. 

There is a potential problem which must be 
considered whenever at tempting to analyze single- 
trial evoked potential data using template-fitting 
methods. To the degree that the power of the 
evoked response signal compared to the power of 
the background EEG (i.e., the SNR) is small, the 
template-fitting method is more apt to fit the 
template to randomly occumng EEG noise than 
to the underlying evoked potential signal. This 
would result in the template-fitting procedure 

selecting random time points in the epoch of 
interest as the P300 latency and would increast 
inter-subject variability and shift the median 
single-trial latency towards the midpoint of the 
analysis epoch. In our data, where the analysis 
epoch ranged from 280 to 800 msec, if the tem- 
plate were fitted to noise, median P300 latencv 
would be shifted toward 540 msec, resulting in an 
increase in P300 latency. In order to evaluate 
whether the template-fitting P300 latencies were 
affected by the SNR of the data, we estimated the 
SNR for each subject’s 280-800 msec post-stimu- 
Ius epoch, separately for the oddball target and 
the 3-tone target, as follows: 

XJ, = EEG recorded at time t = 1, 2,. , . , T on tr ial  
j = 1, 2, ..., J 

average evoked potential: 

noise power: 

signal power: 
. T  

1 = 1  

signal-to-noise ratio: 

We have previously shown that SNR is a highly 
reproducible measure for an individual subject in 
a given experimental paradigm (Turetsky et al. 
1988a). For the data reported here, the SNR relia- 
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Fig. 4. Scatterplots depicting the relationship between P300 
iatency and signal-to-noise ratio (SNR) for the oddball para- 
digm are presented separately for peak-picking and single-trial 
iemplate-fitting P300 measurements. For the single-trial tem- 
plate-fitting method only, the P300 latency was negatively 
correlated w i e  the SNR. This is consistent with an interpre- 
tation that, for subjects with low SNR, the single-trial tem- 
plate-fitting measurement focussed on random noise rather 
than EP signal. To the degree that the P300 latency measure- 
ment reflected noise rather than signal, i t  would be biased 
towards the middle of the measurement interval. Since the 
measurement interval was from 280 to 960 msec, this bias of 
the template-fitting procedure resulted in an increase in the 

mean P300 latency. 

bility was computed from the estimated SNRs for 
data gathered under the 2 paradigms and was 
0.75. There was an inverse correlation between 
SNR and the template-fitted measure of P300 
latency (Spearman r = -0.50, P < 0.01) (Fig. 4A). 
No such relationship existed between SNR and 
the peak-picked latency measure (Fig. 4B). Dif- 
ferences in the latency and variability of the tem- 
plate-fitted measure from the Cz and Pz electrodes 
may have arisen because of differences in the 

signal-to-noise ratio (SNR) of the data recorded at 
these 2 sites. Mean SNR for the 3-tone target data 
was 0.256 at the Cz electrode and 0.314 at the Pz 
electrode. These findings support the contention 
that, when the single-trial template-fitting proce- 
dure was employed, P300 latency and variability 
were artificially inflated by data from subjects 
with low SNR. 

Discussion 

The purpose of this study was to determine 
whether differing experimental paradigms and/or 
differing EP analysis techniques were the oper- 
ative factors underlying the discrepancy in the 
literature concerning the variability of P300 latency 
in normal elderly. Our results demonstrate strong 
effects of paradigm and analysis technique on the 
variability of P300 latency. Both the paradigm and 
the analysis method whch have yielded greater 
variability of P300 latency in the literature also 
resulted in greater variability in our single sample 
of normal elderly subjects. We found P300 latency 
variability comparable to that reported by Pfeffer- 
baum et al. (1984a) when we used the 3-tone 
paradigm and single-trial template-fitting mea- 
surements. In contrast, we found P300 latency 
variability comparable to that reported by Goodin 
et al. (1978b) and others (see Table I) when we 
used the auditory oddball paradigm and peak- 
picking measurement methods. The larger vari- 
ance of P300 latency in the 3-tone compared to 
the oddball paradigm occurred because of the 
presence of a large amplitude longer latency 
(mean=634 msec) positive component in the 3- 
tone paradigm in 13 of the 50 subjects. The larger 
variance of P300 latency measured by template- 
fitting compared to peak-picking was present 
throughout the data. 

The differences we found could not be ex- 
plained by variables such as the recording elec- 
trode or sampling interval used for data acquisi- 
tion, or by differences in the tonal frequency of 
the targets for the 2 paradigms. We cannot rule 
out the possibility that differences arose because 
the target tones had slightly different probabilities 
of Occurrence in the 2 paradigms (0.20 vs. 0.15). 
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However, previous reports of the effect of stimu- 
lus probability on P300 have primarily emphasized 
the increase in amplitude that occurs with decreas- 
ing stimulus probability, rather than changes in 
latency (Tueting et al. 1971; Duncan-Johnson and 
Donchin 1977). A decrease in stimulus probability 
has been associated with an increase in P300 
latency (Duncan-Johnson and Donchin 1982; 
Brookhuis et al. 1983), but this effect was not seen 
for a simple auditory oddball paradigm in which 
target frequency varied between 0.05 and 0.20 
(Polich 1986). In any case, it is difficult to imagine 
that a relatively slight difference in stimulus prob- 
ability could produce the dramatic differences in 
mean and variance of P300 latency that we 
observed. Thus, the greater variance of P300 
latency reported by Pfefferbaum et al. (1984a) was 
likely due to the 3-tone paradigm and the tem- 
plate-fitting analysis method that they used. On 
the basis of these results, we conclude that the 
variance of P300 latency in normal elderly is low 
enough when the auditory oddball paradigm is 
employed and when peak-piclung measurement is 
used. to justify further exploration of P300 latency 
in the diagnosis of dementia. The lack of any 
significant difference in P300 latency between 
males and females also argues for using the same 
norms for both sexes when exploring this ques- 
tion. 

As mentioned above, the increased variance of 
P300 latency in the 3-tone paradigm resulted from 
the presence of a large amplitude, long-latency 
positive component in the 3-tone target wave forms 
of 13 subjects. This component met the scoring 
criteria for P300 and overshadowed a possible 
earlier P300 component (evident in 9 of the 13 
subjects) according to either peak-picking or 
single-trial template-fitting procedures. We can 
only speculate about the reasons for this atypical 
response. The 13 outliers were no different with 
respect to sex, age, or IQ distribution. Their aver- 
age evoked potentials did have greater a power 
than did those of other subjects. However, the 
greater a power was not specific to the 3-tone 
target condition, but was present in all conditions 
on both paradigms. It is impossible to determine 
whether the higher a power is a stable characteris- 
tic of these subjects since we did not record the 
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resting EEG. It is possible that the greater a 
power would not have been present during the 
resting EEG, but rather may be indicative of a 
difference in stimulus processing during the evoked 
potential paradigms. 

Johnson and Donchn (1985) have noted that 
an additional late positive component, similar in 
appearance and behavior to the earlier P300 wave, 
may be elicited by a single stimulus. This later 
component occurs approximately 300 msec after 
the typical P300 and is commonly seen in response 
to feedback stimuli. However, it may be elicited 
by any type of stimulus, as task complexity and 
processing demands increase. Johnson and 
Donchin (1985) argue that this late component 
represents a second P300, perhaps arising from a 
2-stage process for evaluating and classifying the 
initial stimulus. Such an explanation would be 
consistent with the difference between the oddball 
and 3-tone paradigms. In the oddball paradigm, a 
subject only has to detect deviation from the 
standard tone. For the 3-tone task, one might 
adopt a strategy involving 2 stages of stimulus 
processing, wherein a tone is first classified a. 
standard or non-standard (i.e., deviance detection) 
and then further classified as infrequent target 01 

infrequent non-target. If this hypothesized model 
is true, it may explain why some of our subject. 
appear to have more than one positive componen; 
between 250 and 500 msec. In this context. our  
data suggest that about 25% of normal elderh 
may adopt a 2-stage classification strategy for the 
3-tone paradigm. In our recent work using a 3-ton2 
P300 paradigm with a much more difficult targer 
discrimination, 5 of 22 young adults also showed 
evidence of both earlier and later positive compo- 
nents. However, in the young subjects, in no cas: 
was the later component larger than the mor- 
typical earlier P300. 

There is some indirect evidence to support our  
tentative hypothesis that those subjects edubitins 
both an earlier and a later positive componen: 
adopted a 2-stage strategy for evaluating and clav 
sifying stimuli during the 3-tone paradigm. If, f c l r  

these subjects, the earlier component reflects on11 
the simple process of deviance detection, then we 
might expect the latency of this component to be 
earlier than the latency of P300 for the rest of t h t  
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sample. for whom the P300 is presumably an 
expression of the joint processes of deviance de- 
tection and stimulus classification. Ths is analo- 
~ O U \  IO  the expectation of an earlier P300 in an 
, & h i l l  paradigm compared to a 3-tone paradigm. 
For I).:: 9 subjects in whom we could identify both 
d n  e;,ilier and a later positive component, the 
latenil of the earlier peak was 315 msec (S.D. 27 
nisec. I compared to a latency on the single P300 of 
_ I  250 msec (S.D. 46 msec) for the rest of the sample 
( ( 1  44) = 4.75, P = 0.035). 

Ti:sse results raise questions concerning the use 
of a 3-tone auditory paradigm in clinical studies 
desipned to yield diagnostic measures. Pfeffer- 
hauin et al. (1984a) originally selected the 3-tOne 
pariiiligm with the hope that the greater task diffi- 
cult. of the 3-tone paradigm in comparison to the 
odcl'i~all paradigm would produce greater P300 
latrxy differences between normal and demented 
sub ects. Our findings, though, suggest that with 
thc more complex 3-tone paradigm. there is more 
int:r-subject variability in the EP response to 
tar rlrt stimuli amongst normals. The increased 
variability of the EP response to target stimuli 
mL.y obscure group differences in P300 latency 
th . ; t  might be observed with less complex para- 
di ;ms. 

4 s  regards the effect of measurement technique 
o! P300 latency- and its variability, our results 
dL,monstrate that the SNR of the data mast be 
t;;ken into account when analyzing single-trial EP 
d.ita. Otherwise, one cannot know the degree to 
v hich the resultant measurements reflect signal 
\ m u s  noise. In the data we analyzed, there was 
hoth an increase in P300 latency with the tem- 
plate-fitting procedure, and a significant negative 
i orrelation between t h s  template-fitted P300 
latency and SNR. These results are consistent with 
the template selecting random time points when 
the SNR was low, and randomly increasing the 
median latency, biasing it towards the midpoint of 
the measurement interval (540 msec). Hence, the 
lower the SNR, the more likely it was that the 
chosen P300 latency represented noise rather than 
signal. In their recent paper, Mocks et al. (1988) 
illustrated this problem in a series of simulations 
using single-trial template-fitting procedures. Ap- 
propriate statistical methods for analysis of 
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single-trial EP data were unavailable at the time of 
the Pfefferbaum et al. (1984a, b) papers and are 
just now beginning to appear in print. Our labora- 
tory has initially focussed on developing methods 
for tracking EP signals which change slowly over 
trials (Raz et al. 1988a, b; Turetsky et al. 1988a. 
b). Even in this work. however, when the signal- 
to-noise ratio is low (e.g.. 0.2 or less), we are 
unable to detect a simulated signal which changes 
over trials by either 50% in amplitude or 10 sam- 
pling units in latency. If the SNR can be increased 
by methods such as spatial averagng, major ad- 
vances in analysis of changes in the EP signal over 
trials witlun an experimental session may be forth- 
coming. In any case, methods which explicitly 
take into account the signal-to-noise ratio are now 
available (see our work referenced above, and 
Gasser et al. 1983; Mijcks et al. 1984, 1988; 
Molenaar and Roelofs 1987; Pham et al. 1987) 
and should be routinely used in analysis of single- 
trial EP data. 

The authors wsish to express their appreciation to Ms. Fiona 
Brown and Ms. Linda Davenport for their assistance in con- 
ducting ths study. and to the anonymous reviewers for their 
many helpful suggestions regarding revision of the manuscript. 
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