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Abstract

Event-related potentials (ERPs) were recorded from normal subjects for the purpose of evaluating measurement
consistency among six laboratories located in different cities within the United States. At each laboratory location 15
male subjects were tested using a simple auditory stimulus discrimination task and identical electrophysiological
equipment and recording methods. Assessment of the N1, P2, N2, and P3(00) potentials from both the target and
standard stimuli resulted in no reliable differences among laboratories for component amplitudes, latencies, and
scalp distributions. Quantitative evaluation of overall waveform and specific component morphology yielded good to
excellent agreement across laboratories. The findings suggest that large-scale inter-laboratory human electrophysio-
logical studies are feasible and may prove of value when using ERPs to evaluate cognitive function in humans.
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L Introduction Because the P3 component is thought to reflect
the neural activity associated with attentional and

When an auditory ‘oddball’ paradigm is used memory mechanisms [3,4], it has proven quite
o elicit the P3(00) event-related brain potential useful in the assessment of psychiatric and neuro-
RP), subjects are required to discriminate be- logic disorders (e.g., Refs. 5-8). In particular,
tveen stimuli that vary on some dimension. This some reports have found that P3 amplitude from
Sefl(m?dure produces robust P3 components with individuals who have a positive family history for
. dtive ease and good consistency in a wide alcoholism may be smaller than that from unaf-
ariety of normal and clinical populations [1,2]. fected controi subjects—a finding that suggests
that this ERP component may be beneficial in

— the identification of the genetic predisposition for
Corresponding author. Fax: +1 (619) 5546393. alcoholism (cf. Refs. 9-13; for a review see Ref.
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14). Thus, the P3 component is being used to
guide the search for the underlying genetic fac-
tors that contribute to alcoholism.

As part of a large scale, multi-laboratory study
in which the P3 and other ERPs are being em-
ployed to identify phenotypic markers for alco-
holism (Consortium on the Genetics of Alco-
holism or COGA), six ERP laboratories have
been established in different locations throughout
the United States. The COGA laboratories were
designed to acquire 19 channels of electroen-
cephalographic (EEG) data using a variety of
ERP paradigms. Each laboratory was built using
the same amplifiers, computer system, and soft-
ware so that EEG and ERP data from large
numbers of subjects could be obtained in an
identical fashion from different areas of the
country. The present study was designed to assess
the consistency of the ERP data collected using
an auditory stimulus discrimination task in differ-
ent laboratories.

A number of studies have reported reasonable
to high intra-subject reliability and inter-subject
associations between the P3 and other ERP com-
ponent measures derived from auditory stimuli
[15-21]. However, considerable individual vari-
ability for P3 measures has been observed from
factors such as recency of food consumption,
season of the year, skull thickness, body tempera-
ture, cognitive capability, personality, age, and
sex among other variables (e.g., Refs. 22-29).
Hence, it is important to determine whether or
not ERP recordings of subjects drawn from the
same population (young adult males) at different
laboratory locations produce similar component
measures despite such contributions to ERP vari-
ation.

2. Methods
2.1. Subjects

A total of 90 young adult males (mean age =
226y, S.D.=1.8y) from each of the six laborato-
ries (n = 15/laboratory) located in California
(CA), Connecticut (CT), Iowa (1A), Indiana (IN),
Missouri (MO), and New York (NY) serv‘ed as

subjects and received pecuniary remuneration for
their participation. All subjects reported normy
hearing, no personal or familial psychiatric
neurologic problems, and were screened for alg,.
hol and drug use, by means of a self-report que.
tionnaire. Of the 90 subjects, 9 were left-handeg
(10%)—indicating that a normative sample wyg
obtained for this variable.

2.2. Recording conditions and procedure

EEG activity was recorded at 19 electroge
sites [30] using an electrode-cap, referred to the
nose with a forehead ground, and impedance
maintained at 5 kQ or less. Electro-ocular (EOG)
activity was monitored by two electrodes placed
at the outer canthus and above the left eye. The
filter bandpass was 0.02-50 Hz (3 dB down, 6 dB
octave/slope). The EEG was digitized at 39
ms / point for 1500 ms, with a 187 ms prestimulus
baseline. The same computer was used to average
the ERP data on-line, control stimulus presenta- |
tion, and perform artifact rejection. Trials on |
which the EEG or EOG exceed +73.3 uV were
rejected automatically.

ERPs were elicited with 400 auditory stimuli
presented binaurally and consisting of 600 Hz
and 1600 Hz tones presented at 60 dB SPL (10
ms 1/f, 60 ms plateau), with an inter-stimulus
interval of 1.5 s. The target tone occurred ran-
domly with a probability of 0.125. Half the sub-
jects had the 600 Hz tone as the target, and half
had the 1600 Hz tone as the target. Presentation
of stimuli was concluded when 25 target and 75
standard artifact-free stimulus presentations were
acquired. Subjects were instructed to press a key
pad with their forefinger as rapidly as possible
whenever a target tone was detected and to 1¢-
frain from responding when the standard tone
was presented.

3. Results

All analyses of variance employed Greetr
house—Geisser corrections to the degrees of free
dom (df) to adjust for violations of the spherici®
assumption inherent in repeated measures 4
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Ggns [31]. Only the probablhty values from the was reasonably consistent across laboratory loca-

«rrected df are reported here. tions (CA = 403 ms, S.E.=9.0 ms; CT = 373 ms,

S.E.=6.0 ms; JA =362 ms, S.E.=11.1 ms; IN=

31. Behavioral data 354 ms, S.E.=8.4 ms; MO =411 ms, SE.=7.1

ms; and NY = 385 ms, S.E. = 9.2 ms) and also did

Task performance was virtually perfect with not differ among laboratories, F(5,84) =13, P>
fewer than 2% of the target trials missed across 0.25.

subjects and laboratory locations (CA=13%,CT
=0.0%, IA = 0.0%, IN = 2.4%, MO = 0.5%, and 3.2. Component identification
NY =3.2%). Error rate did not differ among

ljboratory locations, F(5,84) = 1.2, P > 0.25. Waveforms for both targets and standards were
Mean reaction time (RT, S.E.=standard error) analyzed at The Scripps Research Institute labo-
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Fig. 3. Grand average event-related potentials from the target and standard stimuli for the midline electrode sites from each
laboratory location (n = 15). Note that despite relatively minor overall morphological variation among the different laboratory sites,
the individual components evidence considerable consistency across laboratories (see Figs. 4, 5, and 7).

ratory through the use of computer-assisted scor-
ing. Amplitudes and latencies of the N1, P2, N2,
and P3 components at each electrode site were
identified by locating the most negative or posi-
tive component within the latency windows of
75-125, 100-200, 140-300, and 275-400 ms, re-
spectively. Amplitude was measured relative to
lhe prestimulus baseline, with peak latency de-
fined as the time point of maximum positive or
negative amplitude within the latency window.
The ERP data were analyzed after signal averag-
g as described above, with no other filtering or
Smoothing algorithms applied.

The grand average (N =90) ERP waveforms
for the target and standard stimuli at each elec-
trode position are illustrated in Fig. 1. The mean
amplitudes and latencies (+2 standard errors)

for the N1, P2, N2 and the P3 components are
presented in Fig. 2. As is apparent from these
figures, clear and robust ERP components were
obtained at all electrode sites. .

3.3. Inter-laboratory differences

The grand average ERPs from each laboratory
location (n =15) for the target and standard
waveforms for Fz, Cz, and Pz electrode sites are
illustrated in Fig. 3. The mean amplitude and
latency (+1 standard error) for the N1, P2, N2,
(Cz electrode) and P3 (Pz electrode) component
values obtained from the six laboratory locations
are presented in Fig. 4.

A two-factor mixed design (laboratory location
X electrode) analysis of variance was performed

Fi_g~ 2-. Mean (+2 standard errors) amplitudes and latencies for the N1, P2, N2 and P3 components from the target and standard
;‘mull for all subjects. These data are presented to illustrate the quantitative information derived from analysis of the individual
RPs that were used to construct Fig. 1.
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Fig. 4. Mean (+ 1 standard error) amplitude and latencies for the N1, P2, N2 (Cz electrode) and P3 (Pz electrode) components a2

function of laboratory location.

on the amplitude and latency data from the Fz,
Cz, and Pz electrodes for each component elicited
by the target and standard stimuli. Laboratory
location (df =5, 84) did not affect P3 amplitude
or latency for either the target or standard stimuli
(P > 0.15 in all cases), nor did laboratory location
interact (df = 10, 168) with electrode position for
any of these measures (P> 0.05 in all cases).
Similarly, laboratory location did not affect the
amplitudes or latencies of the N1, P2, or N2

components for either the target or standard
»

stimuli (P > 0.10 in all cases), nor did laboratory
location interact with electrode position (P> 0.20
in all cases). Thus, no statistically reliable differ-
ences among laboratory locations were obtain.cd
for any of the components measured at the mid-
line electrode sites.

Similar analyses (laboratory location X
electrode) were performed on the amplitude and
latency data from the remaining 16 electrodes
(Fpl, Fp2, F3, F4, F7, F8, C3, C4, P3, P4, T7, T8
P7, P8, O1, O2) for the P3 and NI, P2,
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components (the results from each laboratory for or latency from any of these components for the
hese electrode sites are not illustrated). Except target or standard stimuli (P > 0.05 in all cases).
jor N1 latency from the target stimuli (P <0.05, In addition, none of the interactions between
4ith no specific laboratory location effects found laboratory location and electrode (df = 75, 1260)
using Newman-Keuls post-hoc comparisons), were significant for either the amplitude or la-
' whoratory location (df =5, 84) again demon- tency data from the target or standard stimuli for
grated no significant main effects for amplitude all components (P > 0.05 in all cases). Hence, it

TARGETS STANDARDS

MEAN

SD

;’i 51- Mean and standard deviation (S.D.) correlation values at each electrode site from_the target and s_tandard stimuli for the

Wav:f aboratory comparisons of the a_verage ER? wavefo'rms. T‘hese values were .obtamed by corre}atmg the grand average

“andOTmS frf)rn each laboratory location on a point-by-point basis across .laboratones thereby producing the overall mean and
ard deviation correlational values for each electrode (see text for details).
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Fig. 6. P3 amplitude and latency values (Pz electrode) from all
subjects recorded at each laboratory location (N = 90). Note
that each laboratory demonstrated similar inter-subject ampli-
tude and latency variability, since data points from each
laboratory location occur over the range of possible amplitude
and latency values.

is reasonable to conclude that the few inter-
laboratory differences observed for these elec-
trode sites were more spurious than real.

3.4. Inter-laboratory agreement

Waveform consistency. As might be expected from
the waveform data illustrated in Fig. 3, the vari-
ous laboratory locations produced very similar
ERPs across subjects with some inter-laboratory
variation observed for various portions of the
waveforms. Consistency of overall waveform mor-
phology among laboratory locations was assessed
by computing the Pearson product-moment cor-
relation coefficients for the voltage values (N =
336 points) of the grand average waveforms from

each laboratory at a given electrode between al
possible pairs of laboratory locations (e.g., CA v
CT, CA vs. IA, etc.) for a total of 15 correlatio,lg
from each electrode. It should be noted €XPresgly
that the correlations were computed using thé
waveform voltage values from the grand averages
for each of the six laboratories. Although pgy ,
typical application, this procedure Provides 4,
appropriate and direct method of quantifying
waveform agreement among laboratories,

The size of the correlations ranged from ()
to 0.80 and, given the large number of points
were all highly significant (P < 0.001). The Mean
of the 15 correlation coefficients obtaineq from
all of the laboratory location comparisons they
was computed for each electrode to obtain 4
general index of the amount of agreement among
laboratories at a specific scalp site. The mean ang
standard deviation (S.D.) for the correlation val-
ues from each electrode site for the target ang
standard stimuli are illustrated in Fig. 5. The
overall correlation across laboratory locations was
somewhat variable among electrode positions and
decreased appreciably from the anterior to poste-
rior electrode sites (top) for ERPs from both the
target (mean correlation = 0.38) and standard
(mean correlation = 0.57) stimuli. However, as in-
dicated by the distribution of the standard devia-
tion values for the mean correlations (bottom),
the inter-laboratory variability of the correlations
was relatively small across electrode sites for both
the target (mean S.D. = 0.23) and standard (mean
S.D. = 0.28) stimulus waveforms. Thus, the inter-
laboratory agreement for overall waveform mor-
phology was moderate to good and consistent in
its scalp variation among laboratory locations.

To determine whether some of this variability
might be caused by outlier values from a specific
laboratory location, each component’s amplitude
and latency from each electrode site were plotted

Fig. 7. Mean correlation values at each electrode site from the target and standard stimuli for the inter-laboratory comparisons of
the N1, P2, N2, and P3 components. These values were obtained by correlating the component values from the average waveforms
on a point-by-point basis across laboratories thereby producing the overall mean and standard deviation correlational values for

each electrode (see text for details).
rl
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against each other in the form of a scattergram
(cf. Refs. 20 and 27), with each laboratory’s data
portrayed by a different symbol. To illustrate this
procedure, the P3 data from the target stimuli at
the Pz electrode site are presented in Fig. 6.
When the N1, P2, N2, and P3 components from
all of the electrode sites for both the target and
standard stimuli were assessed in the same man-
ner, the six different laboratories produced com-
ponent values that were similarly variable across
subjects. Given this outcome, the inter-subject
component variation contributing to the patterns
of inter-laboratory waveform correlations was
consistently variable across laboratories.

Component consistency. To assess the degree of
inter-laboratory agreement for the N1, P2, N2,
and P3 components, the correlational procedures
used to quantify the overall waveform morpholog-
ical consistency were applied to just the voltage
values that defined each component. These volt-
age values were based on the latency windows
used to identify each component for the target
and standard stimuli (N1: 75-125; P2: 100-200;
N2: 140-300; P3: 275-400 ms). Hence, the de-
gree of consistency among laboratory locations
for each specific component was computed by
calculating the correlations using the voltage val-
ues within each component latency window.

The mean correlations from each electrode for
each component are presented in Fig. 7. Note
that the scale for the Pearson r values ranges
from 0.40 to 1.0 and is appreciably higher than
the overall waveform correlations, since the de-
gree of inter-laboratory consistency for specific
components was generally quite strong across
electrodes (N1 mean correlation: target = 0.84,
standard = 0.82; P2 mean correlation: target =
0:79, standard = 0.89; N2 mean correlation: tar-
get = 0.94, standard = 0.97; P3 mean correlation:
target = 0.96, standard = 0.83). Further, the P3
component from the target stimuli demonstrated
almost perfect inter-laboratory consistency across
all electrode locations. Because P3 measurements
are the primary dependent variable in many basic
and applied ERP studies, the high- degree of
consistency among the ERPs obtained from dif-
ferent laboratories is encouraging.

4, Discussion

The present study assessed the degree of ERp
consistency with an auditory oddball paradig,
from six different laboratories using identicy)
equipment, software, and methodology. Virtyy,
no statistically reliable differences among labora.
tories for the amplitude or latency of the indiyig.
ual ERP components were obtained. Moreoye;

moderate to good consistency among laboratorje |

for overall waveform morphology was found, wiy,
excellent consistency obtained for the P3 comp.
nent. Although there was some variability in scal
distribution patterns for the inter-laboratoy
waveform correlations, these effects were reason'.
ably uniform, lacking any conspicuous amplitude
and latency outlier values. However, despite the
high degree of consistency observed among labo-
ratory locations, considerable variation in ERP
component values was obtained (see Fig. 6), such
that the lack of significant differences among the
laboratory locations may have occurred because
the relatively large sample sizes employed (n = 15
in each group) were still not sufficient to detect a
Type 11 error.

The present findings indicate that individual
variation in ERP mieasures can restrict somewhat
the morphological agreement for the ERP wave-
forms from different samples, even though good
to high intra-subject temporal reliability of ERP
component measures from auditory stimuli have
been reported [15-18,20,21]. This outcome may
result from the influence of intra- and extra-sub-
ject factors that conspire to affect waveform mor
phology variation (cf. Refs. 22-29).

In contrast to the inter-laboratory variabilit
observed for overall waveform morphology, ther
was generally good agreement observed among
laboratories across electrode sites (see Fig. 7
The inter-laboratory consistency was especiall
strong for the P3 component from the targel
stimuli. Because the P3 has been found to ¥
sensitive for the assessment of psychiatric ?i_nd
neurologic disorders (e.g., cf. Refs. 5-8), the high
degree of consistency observed in the presett
study supports the utility of multi-laboratory daté
acquisition projects and implies that ERPS are $
generalizable neuroelectric measurement (&
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s, it is not unreasonable to conclude that
lti-laboratory ERP recordings are feasible and
qy prove highly useful in the assessment of
qental processes related to normal and clinical
qudies of cognitive function.
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