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Privileged Comaunication 2 Chapman

Multivariate Analysis of Evoked Potentials
and Semantic Meaning

. ABSTRACT

{I) The Representation of Combinations of Connotative
Meaning in Brain Potentials

The effects of two kinds of experimental manipulation of
semantic meaning were studied in ECvoked Potentials (EPs), btrain
rasponses recorded from scalp monitors. Both kinds of semantic
manipulation were based on Osgood's analyses which found three
primary dimensions of coannotative meaning: Evaluation, Potency,
and Activity (E, P, and A). One kind of experinm2ntal variable was
the semantic class of the stimulus word: Hiqh (E+,P+,A+), Neutral
(fFO0,PC,AC), Low (E-,P-,A-). The other kind of experimental
variable was the semantic diamension of the semantic scale (E, P, A)
which the subject used to make semantic judgments about the
stimulus vords. These variables were experimentally coabined so
that for each trial the subject was using a designated semantic
scale to judge a specified stimulus word while brain activity was
recorded. Using multivariate procedures, both stimulus word class
and scale dimension effects on the EPs, as well as their
interaction, were analyzed.

Using EP measures, the 3 word ciliasses used in this experiment
vere about as discriminable (pairwise) as the € word classes lying
in other regions of semantic space which were previously reported.
Thus, the generality of discrimzinating connotative meaning with EP
measures has been confirmed with additional words belonging to
different regions of 0sgood's semantic space.

Common sets of classification functions were successful for
the group of 13 individuals. This finding turther supoorts the
similarity of the EZP effects in different individuals.

Simultaneons identification of word class and scale dimension
4as achieved at better than chance levels. Analyses indicated that
these two kinds of semantic effects 1L EPs did mot strongly
interact and were largely independent. Th2 semantic features of
both words and tasks appear to be ascertainaktle either
simultaneouslvy or separately and appear to Le relativelyv
independently represented in the EP.

Separate analys2s identified word class and scale dimension at
better than chance levels. The same classification functions wvere
successfully used for all subjects.

The evidence indicates that two kinds of semantic information

8 are available in EPs: (1) orocessing of tike semantic meaningy in
vords, regardless of the semantic expectancies of the subject, and

(2) semantic expectancies or judgment dimensions of the subject,
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Privileqed Coamunication 3 Chapiran

ragardless of the senantic content of the words. The first kind of
semantic information is more strongly represented in EPs than the
second kind.

The results of these analyses of the data provide additiomnal
confirmation of the findings of previous pkhases: EPs contain
information about the semantic meaning of word stimuli used +o
obtain them and that combinations of EP components show promise in
identifvying the unknown semantic character of stiauli which have
evoked particular brain responses. Our previous results which
involved the use of relatively "pure" semantic stimuli have been
successfully extended to words which are semaatically more
"complex." Instead of being defined in terms of a single
conpotative dimension, the meanings represented combinations of the
Evaluative, Potency, and Activity Dimensions. Word classes which
vere selected to be positive, negative, or neutral on all three
dinensions simultaneously were reliably discriminated by EP
analyses. We applied to the present data the results froa earlier
discriminant analvses which considered ZP jata for one semantic
dimension (E, P or A) at a time. Wde found support for the i
nossibility of using equations based on EP measures to estatblish
reference coordinates in semantic space. Thes2 might be used to
identify the semantic composition of more complex word stimuli.

(II) Representation of Numerical Meaning in Brain Potentiails

The detection of numerical information by amaeans of Fvoked
Potentials was explored by analyzing the r2spounses to visual number
syabols and a think cue (=). For both kinds of data the ten number
classes (0-9) were discriminated at significantly better than
chance levels by Discriminant Apalyses using EP component scores as
input variables. For both kinds of data, the discriminant
functions developed for a group of subjects worked equaily well for
each individual.

(III) Storage in Short-Term Memory and Brain Fesponses

An Evoked Potential component with a post-stimulus peak about
25) msec. was found to be related to storage of informatioa in
short term memoryv. This Storage Coaponent was found in an
expe.iment investiqating brain potentials in relation to an
information processing task. In replications oif this experiment at
three different light intensity levels spaced 1.0 loq unit apart,
essentially *the same component waveform and pattern of component
scores were found. The memory storage interpretation was confirmed
in a pehavioral experiment which probed short-term memory. Recall
was oredicted by the magnitude of the Storage Component.
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Multivariate Analysis of Fvoked Potentials
and Semantic Meaning

The research is discussed below in thz following parts:

{I) The Representation of Combinations of Connotative
Meaning in Brain Potentials

() Sinmultaneous Identification of Word Class and
Scale Dimension

(B) Separate Identification of Word Classes and
Scale Dimensions

(C) Reference Coordinates in Sem2ntic Space
Based on EP Analyses

(II) FEepresentation of Numerical Meaning ik Brain Potentials

(I1I) Storage in Short-Term Memory anda 3rain Pesponses

{I) The Representation of Combinations of Connotative
Meaning in Brain Potentials

Our previously reported research indicated that EPs coantain
information atout verbal, semantic meaning not dependcnt upon the
particular word stimuli. Comtinations of -omponents of these EPs
vere powerful detectors of semantic differences. Such combinations
also showed much proaise in identifying th2z unknowu semantic
circumstances under which an EP occurred. This research has
supported the feasibility of the general objective of inferring
semantic meaning from analvses of brain waves. In the first phase

3 internal semantic meaning was manipulated by carefuliy selecting
stimulus words. 1In addition to internalized representations of
semantic meaniung elicited by stimulus woris, anmother aspect of
internalized representation may relate to an individual's semantic
expectaacies. When the same word is preservted on different
occasions, a subject may be seeking differert kinds of semantic
information. That is, a subject may have various kinds of semaatic
axpectancies and, therefore, the semantic information in tane words
may be processed along various semantic dimensions. For example,
an individual might be primarily concerned with poteacy
(powerful-poverless) when a stimulus word "official" occurs, or he
might be primarily concerned with evaluation (Jood-bad)., Does the
internal representation related to the worl "official" vary for
these different semantic expectancies? Dn these different semantic
expectancies have their own internal representations?

In order to stuiy questions of this sort, we manipulated the
semantic expectancy by assiqgning various ssmantic differential
scales to the subjects at different times., The subject's task was
the semantic differential task, as used bv Osgood in developing his
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Priviieged Communricatioa 5 Chapman

semantic analysis. This task requires giving 2ach woré a semantic
differential rating on a designated scale. Different scales that
are heavily loaded on (correlated with) each of the three 0sgood
dimensions: FEvaluation (C), Potency (P), and Activity (d) were

’ used (Table I).

In contrast to the work of earlier phases waick iuvolved the
use of relatively "pure" semantic stimuli, the word stimuli used 1in
this phase were semantically "complex." Instead of teing defined in
terms of a single connotative dimension, tke meanings represented
combintions of the evaluative, potency, and activity dimensiors.
The words were selected to be highly positive, negative or neutral
o2n all three dimensions simultaneouslyv.

Thus, basically a 3 X 3 factorial design was used: three
semantic categories of words (representing high, neutral or low
connotative values on all 3 dimensions) combined with 3 kinds of
semantic diffcrential tasks (pre~disposing the subject for semantic
processing along the E, P, or A dimension). This permitted
assessing the effect of the serantic meaning evoked by thke words,
the effect of the semantic set (context, expectancy) induced by the
semantic differential task, and their interactiorn.

Svynopsis of Procedure,

During each experimeatal run, 112 words were flashed ir random
order while the subject's EEG was recordei. For each rum, there
were 59, 50, and 12 words representing the High, Neutral and Low
classes of semantic meaning lying along a 3iagonal of the Csgood
dimensions: FEvaluation, Potency, and Activity. The subject was
assigned a particular semantic scale for use during the run in
judging each word as it was vresented. The EFGs for the stinulus
words representing each semantic class werz averaged for the run to
obtain the evoked potentials (EPs) used in subsequert analyses. A
total of 30 such runs were reguired to complete the collection of
90 such averaqged EPs for each individual across all experimental
conditioans:

(1) Three semantic classes of stimulus words,

(2) Two replications

(3) 1Three semantic task dimensions, e€ach represented
bty five different scales (to control for
specific scile properties other than dominant
semant ic dimension).
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Privileged Communication 6 Chapman

TABLE I
Loadings of Semantic Differential Scales on
Evaluation: (B), Potency (P), and Activity (A) *
SCALE B P A

E Dominantly

E1 nice-awful .96 -.02 -.09
E2 sveet-sour <98 .02 -.04
E3 qgood -bad «93 «03 - -.05
BS heavenly-unheavenly .93 « 00 -.21
ES mild-harsh «92 -« 20 -,06

P Dominantly

P1 Dbig-little -.05 «81 -.28

P2 pouerful-pbwetless .16 « 75 '.18

t P3 : deep-shallow - 11 : « 69 -.32

P& strong-wveak : .08 ' « 68 ‘.13

PS long-short .02 .64 -.23

A Dominantly

: A1 fast-slov ~.18 22 .68

% A2 young-old «39 -. 42 «56
: VAB noisy-quiet -+ 39 25 +«56 .

A4 alive-dead «52 13 «55

AS knovn-unknovn «16 « 10 .48

* Aperican English semantic differential loadings reported in Osgood,
1968, Loadings shovn are for the first listel adjective of each pair.
"Good", "Powerful®, and "Past® are represented by the positive

poles of B, P, and A.
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Details cof Procedure

The research steps are summarized in the Flow Chart of
Exveriment (Table II).

Words with quantified semantic values on EF, P, and A
dimensions were selected from the available E, P, and A glossaries
(Osgood, personal communication; Heise, 1971). We selected words
which are semanticallv complex in the sense that they score high,
neutral, or low on all three 0sgood dimensions., Thus, three
semantic meaning classes were used: High (E+,P+,A+), Neutral
(ECc,PC,AC), and Low (E-,P-,A-). The words were given 1in different
random orders from run to run, so that the subjects could not
anticipate either a s2mantic class or a particular word during the
experimental runs.

Pive scales that are heavily loaded om each of Osgood's three
semantic dimensions (Evaluation, Potency, and Activity) were
selected (Osgood, 1964). Each of these 15 semantic scales (Table
I) was used with each stimulus word. This required 15 runs with
Replicate 1 and 15 runs with Replicate 2, making a total of 30 rums
for each subject. The scales were given in diffsreat random Jdrders
for each subiject.

Before each run the subject was given the assianed semaatic
scale, e.q. "nice-awful,"” which he was to use on all 112 words in
that run. The subject was asked to rate each stimulus word on the
designated semantic scale using values from +3 to -3. Tae
instructions to the subject when the scale was "nice-awiul" were:
“If the meaniny of tue word to you is more nice than awiul, then
E give a + rating, with a 1, 2, or 3 to exprass various degrees of
i niceness, On the other hand, if the meaning of the word to yvyou is
’

B

more awful than nice, give a - rating usiny 1, 2, or 3 to indicate
the degree of awiulness. If the word is perfectly neutral on that
scale, give a "zero." 1If you felt that the word was very closely
associated with one end of the scale, you might say "+3" or "-3,"
If you felt that the word was moceratelvy associated wita on€ or tae
1 other end of the scale, say "+2" or "-2.," 1If the word seemed onlv
P slightly related to one side as opposed to the other, you might sav
"1 or "-1," If you considered the scale coupletely irrelevant,
or both sides equally associated, you should say "(0." “ake each
item 3 separate and independent judgment." For each scale,
reqardless of whether it was "nice-awful,” "big-little,"
"fast-slow," or some other scale, numerical values from +3 to -3
were used. After each word was flashed the subject gave his
semantic differential rating verbally.

We have developed a computer-jeneratel display system so that
selected words can be individually presented to a subject as a
briefly flashed stimulus on a CkT. The subject sat in a dark,
sound-damped champer. The average word subtended a visual angle of
1.5 deqrees with a duration of 17 msec. Fach letter was formed by
lighting appropriate positions in a 5 bv 7 matrix. A fixation
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LISTS OF WORDS SELECTED
FOR 3 SEMANTIC CLASSES:

8 Chapman
TABLE II

PLOW CHART OF EXPERIMENT

S SEMANTIC DIFFERENTIAL
SCALES SELECTED FOR EACH OF

HIGR,NEUTRAL,LOW 3 DIMENSIONS: E, P, A
ON ALL 3 0SGOOD BASED ON OSGOOD'S ANALYSES

DIMENSIONS (E,P,A,)

WORDS FLASHED ON CRT
EEG RECORDED

EVOKED POTENTIALS COLLECTED
FOR EACH SEMANTIC WORD CLASS
RITH EACH SEMANTIC SCALE

EPs STANDARDIZED WITHIN EACH OF 13 SUBJECTS

(WEANS = 0; S.D.s = 1)

VARIMAXED PRINCIPAL COMPONENTS ANALYSIS

ON EPs OF 102 TIME POINTS,

COMPONENT SCORES COMPUTED FOR EACH EP.

SEMANTIC
WORD

CLASSES (3)

DISCRIMINANT ANRALYSES USING
COMPONENT SCORES TO CLASSIFY

EPs INTO:
SEMANTIC WORD CLASSES SENANTIC
AND SCALE DIMENSIONS SCALE
(3 x3=09) DIMENSIONS (3)
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target was vresented (0.5 sec. duration) one second before each

“ord. After each word was flashed the subject gave his semantic
differential rating (+3 to -3) toward the end of the 2.5 sec,
interval tetween cach word and the fixation stimulus zor the next
trial. This task assured that each stimulus word was perceived and
provided access to an important variable. The brain activity
following these word stimuli was averaged separately for each of
the semantic meaning classes in conjunction with each semantic
cale. A computer program controlled the timing and delivered the
stimuli and control pulses. The sequencc for each word
presentation (a trial) within each run was as follows:

(1) Fixation target on for C.5 sec.

(2) Blackout for 0.5 sec.

{3) Stimulus word rflashed (approximately 17 msec.)

(4) Blackout for 2.5 sec., during which time the
subject gave a numbker reprecsenting his semantic
judgment of the word on a designated scale.

A number of words (112) were presented in this fashion to
constitute an experimentil run. During experimental runs, tae
subject's FEG was being picked up from EE5 electrodes, ana recorded
alony with coded synchronization pulses associated with the various
semantic word classes used.

Standard Grass electrodes (silver cup shape) were attached by
bentonite CaCl paste. The analyses focusel on a scalp location
one-third of the distance from C2 to PZ (CPZ recorded monopolar to
linked earlobes). The frequency bandpass of the recording systemn
(3rass polvgraph, FM tape recorder, operational amplifiers) was C.1
to 70 Hz. Beginning with the word stimulus and lasting S10 amsec.,
EPs were averaged by a program using 102 time points (5 msec.
interval) . Each EP was based on 5C or 12 different words of the
same semantic class (S0 for High and Neutral, 12 for Low). ZEve
movements were monitored with EOG ({electrcoculogran).

Data from 13 subijects are presented here. Each subject was
given 392 runs of 112 words soread over a number of sessions.

The EP data £from the various runs were collated in a manner
and form suitable for multivariate statistical analvses. This
involved disentangling the EP data from thke random sequences,
arranging thkem in a systematic order, and formatting them for paper
tape and digital mag tape.

The data were standardized separately for each of the
subjects. Using the BMDP1S Multipass Transgeneration Prograa
{Dixon, 1975), each subiject's data at each time point were
transformed to z scores with means equal to 0 and standard
deviations equal to 1. General advantages of prepariang data for
analvsis in this wav have been described by Runmmel (1970, pr.
246-247). The specific reason for standariizing the aata within
subjests was to avoil swamping the semantic erffects by individual
iifferences in the subsequent analvses.
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The principal conponrnents analysis closely £ollowed the
proceiures which have worked well with our orevious information
processing data (Chapman, YcCrary, 3ragdon, and Chapman, in press),
With those data the principal components analysis achieved a
parsimonious representation of the data arnd the componeants were
functionally meaningful. Two general steps are involved: (1
determing the 7P components, and (2) measurinj how much of each
component is in each EP.

These stens were done by a varimaxed principal components
analysis computed bty BMDP4M Factor Analysis Proqram (Dixon, 19795).
The EP data entered into the analysis were the
intrasubject-standardized EP amplitude meisurements obtained at tae
102 successive time points for each of the EPs. The E¥)P4M Program
transformed the data matrix to a correlation aatrix. The
product-moment correlation coefficients computed for eaci pair of
time periods comprised tne 102 x 102 matrix to which priuncirgpal
component analysis wis ipplied. Unities w2re reteinad in the
diagonal. The number of components to be retained was set at the
nuaber of eigenvalues equal to or Jgreater than unity. The retained
components were rotated using the normalized varimax craiterion
(Kaiser, 1958). The analytic rotation preserves ths orthoqomnality
among the components while providing more iistinct patteras,
improving their clarity and definition. The varimaxed principal
components method has performed well in achieving maximally
parsimonious descriptions of a wide variety of data from differing
scientific areas (Thorndike and Weiss, 1970) where other methods
sometimes fail. Scores were computed for each of the original EPs
on each of the varimaxed principal components. These component
scores (factor scores, gain factors) measure the contributions of
the components to the individual EPs. These coaponent SCOLE€S were
compared for the various semantic classes of words.

Having reduced the dimensionality of the EP from 102 measures
to a much smaller number of prirncipal components, the next step wvas
evaluating the extent to which these components contained semaatic
information and, more specifically, the utility of that information
in discriminating and predicting semantic class of FPs. Tais
evaluation was accomplished by multiple discriminant analvses. The
aim of the discriminant analyses was to precdict the semantic class
menbership of the EPs on the basis of the EP measures (comgonent
scores). The resultinj discririnant functions are those which
maximally separate the semantic classes, The discriminant analvses
were done by the BYDP7M Stepwise Discriminart inalysis Progran
(Dixon, 1575). This program was applied to the component scores
derived from the principal components anaiyses. A set of linear
classification functions was computed bv choosiug the indeperdent
variables in a steowise manner. Using these functions, the
probabilities of each EZ? belouginj to each semantic class was
computed.
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f ‘ () SIMULTANEQOUS IDENTIFICATICN CF WCRD CLASS AND
' SCALZ DIMENSION

g . The basic experimental design emploved makes it possitle to

| examine two key questions involving semantically complex stimuli:

; {1) Can EP measures be used to determine simultaneously both the

! semantic class of words and the semantic iimension along which they
: vere being judged by the subject? (2) Do the semantic mearning of

‘ the words and the semantic set induced by the task interact (do EP
! measures reflect different neural events for the stimulus word

‘ classes and the task scale dimensions)?

3 For the specific purpose of answering these questions, the EP
1 data of each of the subjects were averaged to represent each of the
i 18 experimental combinations of 3 semantic classes of words X 3

i scale dimensions X 2 replicates. These EPs were standardized at
each time point (Mean = Q, S.D. = 1) separately for each subject.

: Varimaxed principal components anralysis of the combined data of ali
i 13 subjects (234 EPs X 102 time points) rasulted in retaining 10
components accounting for 94,.,3% of the total variance. The scores
for these components were used as the EP measures entered into
discriminant analvses. In each analysis, iiscriminant functions

! Wwere computed to distinquish among all 9 semantic conditiomns

! defined by the 3 semantic classes of words in combination with the
| 3 scale dimensions. The analyses were performed separatelv for the
two different replicates in order to proviie for cross-validations,
Discriminant functions were obtained which detected statistically
sigrificant differences among the groups; the probabiiities of the
value of the F approximation to Wilk's larhda were less than .0GC1
in each analysis. The usefulness of thes2 functions was evaluated
on the basis of the accuracv with which EPs could be assigned to
the proper combinations of both word class and semantic scale. The
results, combined for both of the word lists, are shown in Tatle
ILE,

Since there are 9 qgroups to which an E? could te assigned, one
out of 9 or 11.1% of the EPs would be expected to be correctly
assigned by chance. The averagqge apparent classification success
rate obtained when clasifying the EPs used *to develop the Lunctious
was 33%: 3 times better than chance.

The djackknifed cross-validation success rates estimate the
outcomes expected if the classification functions were used *o
classifv new EPs collected using the same list of words. While the
sverall average success rate shrinks ¢to 22%, it remains 2 tinmes
better than chance.

The *third part o5f Table III oresents the results ottained when
the classificatiorn functions were applied to data nct used in their
development and collected in the other replication. As amight be
expected the overall success rate is lowered. However, the 17%
accuracy is higher than the percentage correct e2xpected by chauce
and the overall chi-square test suvports this aifference as
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TABLE III

Chapman

9 Classes (3 Word Classes by 3 Scale Dimensions)

Percentage of EPs Correctly Classified

Word Classes.

AHigh Neutral Low
(E¢,P+,2¢+) (EO,PO,AD) (E-,P-,A")
Development

Scale Dimensions
Evaluation 23.1 30.8 57.7
Potency 34,7 30.8 57.0
Activity 7.7 65.4 42,3
Average 21.8 42,3 50.0

Jackknifed Cross-validation

Scale Dimensions

Evaluation Tel 15. 4 50.0
Potency 30.8 7.7 23,1
Activity 0.0 6.2 19.3
Averaqe 12.8 23.1 30.8

Other-Replicate Cross-validation

Scale Dimensions

Evaluation 19.3 Te? 15. 4
Potency 15.4 1 19.3 23.1
Activity 7.7 33,6 1.6
Average 18.1 20.5 16.7

Results combined for 2 Replicates; 13-subject group.
Each individuoal percentage based on 26 EPs.

Percentage correct expected by chance: 11.1%.

Average

37.2
38.5
38.5

38.1

28.4
20.5
21.8

22.2

18.1
19.3
18.0

17.1




Privileqed Communication 13 Ctapman

statistically reliable (p < .005).

The table reveals considerable variabiliity in accuracy with
which the 9 combinations are identified. Those coabirations which
involved the High (E+,P+,A+) class of words were detected less
accurately than others, especially vhen semantic judgments about
the words involve scales represcnting the Activity Dinension,

The use of the semantic differential task in conjunction with
the three categjories of words would be expected to predispose the
sabjects for semantic processing along the Z, P or A daimension, We
sought to assess the extent to which this would result iiu an
interaction of semantic effects which would ke represented in the
EPs and influence the outcome of classifications. The 9 group
discriminant analyses and classifications of the EPs (Taktle III)
enable us to examine this qjuestion of the interrelationship of word
classes and scale dimensions. This was statistically assessed by
cross-tabulating the nuaber of correct classifications in 3 X 3
contingency tables according to the semantic classes of the words
and the semantic dimensions of the scales. Chi-square tests of
4 independence give a aixed picture concerning independence of word
class and subjec* task dimensious in determining classification
outcomes. The i1ndependence hypothesis was rejected for the
Development data (p <.05) and the Jackknif2d Cross-Valication data
(p <.005), but was accepted for tne Cther-Replicate
Cross-Validation data (p between .10 and .25). It appears that
there is a weak interaction between word class and scalc
dimensions, and that this interaction is weak enough that for first
order approximation it is practical to treat their effects
separitely. We expect further apalysis to clarify this question.

These analvses of classificacion data indicate tnat, as
represented in the %P, the semantic processing of word stimuli and
# the szt or processiang iaposed by a semantic task do not beccne

greatly entanqled. They do not interact sufficiantlv as to greatly
influence (enhance or supress) the detectibility of one another. I

(3) SEPARATE IDENTIFICATICN CF WCRD CLASSFS AlD
SCALEZ DIMENSIONS

Since the analyses of the classifications above indicate that
the effects in EPs related to distinguishing word classes are
relatively independent of Jdistinquishing semantic scale dimensions,
separite classificatioa functions were develoned for each of these
two kinas nf semantic variables. The strateay was to compute
discriminant analvyses and develop classificat.ion functions for word
classes and scale dinensions separately by entering the same data
in both kindis of analvses but only specifving one or the other kind
of gqroup label while ignoring the other group label. The data
entering these analyses were the sime principal coaponent scores
that were used above in the simultaneons identification of word
class ani scale dimension (Tatle III). For the present purgoses,
however, the discriminant analvses were allowed to focus alone on
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Priviieged Coamunication 14 Chapran

either identification of word class or identification of scale
dimension. To the extent that these tw) kinds of ssmantic
variables have independent erffects, the separately derived
classification functions could be applied separately to the same
EPs to "simultaneously" i1dentifv both word class and scale
dimension, without loss of generality and perhaps with agreater
precision.

The results of separate identification of word classes aud
scale dimensions are summarized in Tables IV apd V. For both kinds
of analvses, separate discriminant analyses were made on the data
obtained with the two replicates and the classification percentages
averaged. For each of the discriminant analyses, discriminant
functions were computed which detected statistically siqgnificant
differences between the criterion groups. The chance probkabilities
o2f the F values computed from Wilk's lambia (U statistic) were less
than .J05 (most were less than .021). For both Tables IV and V the
jackknifed and other-list cross-validations assess the success in
applving *the classification functions to jata not used 1in their
development: data obtained under the same conditions (one case
left out) and data obtained by using the other replicate,
respectively.

Separate identification of word class (Table IVY) had an
overall development success rate of 69%, whica is to rte compared
with a chance rate of 33% (three word classes). The generality of
the classification functions is iadicated ty the jackknifed
cross-validation success rate (64%) and other-replicate
cross-validation success rate (62%) . These analvyses indicate that
word classes can be successfully identified in spite of the fact
that a wide variety of semantic scales were being used by the
subjects when these 1ata were obtained.

Separate identification of scale dimension (Taktle V) had an
average development success rate of U48%, which is to ke compared
with a2 chance rate of 33% (three scale dimensions). The generality
of these classification functions is indicated by th2 jackknifed
cross-validation (44%) , but the other-replicats cross-validation is
weak (33%). These analvses indicate that semantic scale dimensicns
can be successfully identified in spite of the fact that a wide
variety of words were the svecific stimuli for the EPs.

The identifications of word classes and semantic dimensions
wvere not equally successful. The identification of the subject's
task dimension (semantic scale) was not as robust ani did not
generalize *o the other replicatioa, The identification of the
stimulus word class (High, Neutral, or Low) was quite robust and
generalized strongly to the other replication (compare success
rates of 69% and 62%4).

In general, *he sevarate identifications of word classes and
scale diamensioas (Taoles IV and V) vere signiricantly better thaa
chance. It is to be noted that these succsss rates were obtained
1cross subjects, i.e., the same classification functions were
success fully used £o5r all 13 sub jects.
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MULTIDIMENSIONAL ANALYSIS

Analysis ignores subject task:

Semantic Class

High (E¢ ,P+,A¢)
Neutral (EO0,PO,A0)

Lov (E-,P-,A-)

OVERALL
Righ (B+,P+,A+)

Neutral (EO,PO,AOD)

Low (E-'P-,l-,

OVERALL

COMBINED RESULTS

15

TABLE

3 SEMANTI

IV

C WORD CLASSES

Chapman

AND CROSS-VALIDATION

semantic differential ratings.

Percentages of EPs Correctly Classified

Development
Replicate 1

53.8

69.2

Replicate 2
76.9

61.5

71.8

69.2

Jackknifed
Cross-Validation
Replicate 1

46.2

66.7

Replicate 2
71.8

56. 8

66.7

63.7

Bach individual percentage based on 39 EPs

Percentage correct expected by chance: 33.3%

Other-Replicate
Cross-Validation
Replicate 2

64.1

4€.2

Replicate 1
53.8

59.0

61.6
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TABLE Vv
3 SEMANTIC SCALE DIMENSIONS
Analysis ignores word class. |
Percentages of BEPs Correctly Classified
|
Scale Jackknifed Other-Replicate |
Dimension Developaent Cross-validation Cross-validation |
Replicate 1 Replicate 1 Replicate 2 i
» !
Evaluation 46,2 38.5 33.3 1
Potency 59.0 56.8 28.2 |
Activity 48.7 46.2 33.3
AVERAGE 51.3 47.0 31.6
i Replicate 2 Replicate 2 Replicate 1
; Bvaluation 43.6 43,6 28,2
|
: Potency 41.0 35.9 12.8
Activity 48.7 43.6 64,1
AVERAGE Ll 41.0 35.0
=S ===T=== S====s== IZ=S=S|E=W A
COMBINED RESULTS 47.8 48,0 33.3

Results obtained from 13-subject group.

t Bach individual percentage based sn 39 EPs.

Percentage correct expected by chance: 33.3%.
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(C) REFERENCE CCORDINATES IN SEMANTIC SPACE
BASED ON TP ANALYSES

The semantic glossary (Heise,1971) tolls us where the word
stimuli we used are normatively located in semantic space as
defined on tha basis of (Csgood's analyses. However, ve wanted to
assess, in at least a preliminary way, how the EPs in the present
experiment mijht he located ibn semantic space using information
developed from preceeding experiments on representation of semantic

I meaning in EPs.

\ previous experinent, described in a recent report,
investigated EP effects by presenting words representing six
different classes of semantic meaning lying at the positive and
negative extremes of each of the 0sgood dimensions: Evaluation,
Potency and Activity. We selected words which are relatively
“pure" in the sense that, they score high or low on one of the
dinensions and are relatively neutral on the other two. Twenty
words fron cach of the six semantic categories (E+, E-, P+, D=, A+,
and A-) were randomly assiqgned to a list. Two such lists were
constructed using different words to control for specific stimulus
ckaracteristics or properties other than connotative meaning as
well 3s providz a data base well suited for cross-validation. The
other methodological features of the cxperiment, including the
subjects' semantic differential tisks were essentially the same as
those described for this current one. A part of the analysis of
those data was directed at comparing results with still earlier
studies and, for tnose purposcs, a smaller EP data set was
extracted iqgnoring the 15 semantic scales by averaging across them.
For each of ten subjects, this resulted in FPs for six semantic
classes for each of the two lists of words. Th2 EP data were
standardized separately tfor each subject (values at each time point
brought to mean=C aai S.N.=1). The matrices of data for each
subject were adjoirved to form a 120 (EPs) bty 1C2 (time points)
input matrix for a varimaxed principal components analysis (Dixon,
1975). Eleven components exceeded the eigznvalue=1 criterion.
Together these 11 coaponents accouated for 93.9% of the variance.
The scores for tuese components were used as the EFP measures
entered into discriminant analyses.

Six liscriminant analyses were performed separately on the
data from the three semantic dimensions (Fvaluation, Potency and
Activity) for the two "pure" word lists. 1In each of these
"unidimensional"™ anilyvses, discriminant functions were computed
which detected statistically significant differences between tue
tvo polar semantic qroups. These differences were evaluated using
the values of F computed from Wilk's lambda (U statistic). Tue
chance probabilities of these F values wers less thau .05 to less
than .901.

Overall, the unidimensional analyses of the "pure" semantic
classes had an averaje apparent success of 94% and average
jackinifed cross-validation success of 37». It is to be noted taat
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this success rate was obtained across subj2cts; the sanc
classification functions were used for all ten subjects. WKhen the
same classification functions were applied to the EP data obtainmed
irom the other word list, the overall succ2ss rate was 74%. The A+
vs. A- classification functions largely contributed to the lowering
of the success rates in cross-validation.

The EP data of the present experiment were also averaged
across the 15 semantic scales and then standardized separately for
each of the 13 subjects. DBecause the previous unidiamensional
analvyses were oa bipolar groups, only the EPs obtained using the
High and Low stimulus words were included in the subsequeut
analyses. The matrices of data for each subject were adjoined
forming a 52 (E22s) { 102 (time points) input matrix. Component
scores for the 52 EPs were obtained using the component score
coefficients obtained in the Principal Components Analysis of the
127 2Ps in the previous experiments using "pure" words. The
present data using "“comnplex" words did not countribute to the
Principal Components Analysis in anv way. The classification
functions previously obtained from the six uanidimensional analvses
vere applied to the component scores for the EPs obtained with the
“"complex" semantic stimuli,

The success rates in classifving the semantically "complex"
High and Low word classes using the predictor equations of the
"pure" word classes were not far fror chance levels overall. It
was not expected that using E+ vs, E- prediction Ly itself, for
example, would do well in placing words which are hiqh or low on ?
and A dimensions as well. Greater classification successes would
be expected from combining the information from ail three types of
predictor equations (E%+ vs. ®B-; P+ vs. P-; A+ vs., A-),., However, an
important question to be answered in this ievelopuent is whether
there is any iuformation derived from the previous "pure"
discriminant functions which is applicable to the semantically
"complex" words, and more specifically if these "simple" canronical
variates woull place the "complex" 4ord classes appropriatedly in
semantic space. For example, the High word class beiny
simultaneously E+,P+,A+ belongs on a diagonal tetween E+ and P+ and
A+ axes defined by tne "pure" canaonical variates.

Each of the canonical funct ions maximally separating the
positive and negative "pure" word classes for cach dimension wvas
used, in turn, to compute coordinate valu2s on F, P, and A
canonical variate dimensions for rthe FPs obtained vith the High and
Low word classes. The mean coordinate values for the High and Low
groups were statistically significantly (reliably) difrerent from
one another in the case of all six functions (p values ranged froa
< .05 to << .0%1). In 5 out of the 6 analyses the High word class
had mean values that were more positive than those for the Low word
class. The function which produced means in the unexpected
direction was one which faired poorly in discriminating A+ and A=
groups in the earlier cross-validation.
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In summarv, we extracted the simplest set of reference
coordinates available from our earlier expsriments and used them to
provile some estimates of the pean locations of FPs to more complex
semantic stimuli. These preliminary results support further
consideration of the possibility that EP mcasures provide anL
additional approach to mapping semantic space.

(II) FEkepresentation of Nuwerical Meaning in Brain Potentials

In addition to studying connotative ®3zaning, we expanced the
scope of the research to include investigations of demotative
meaning and brain potentials. From the standpoint of experimental
definition, design, and econoay, aumber concepts hLave been selected
for reasons similar to those which led us to the use of Csgood's
analvsis as a fraazework for examining connotative @meaning. Number
coucepts provide us with orpjective, weil-12fined classes 2f peaning
(i.e., sets containing a specific quantity) wnich have a variety of
ialternative phvsical representations (i.e., stimuli). For example,
w3 norIIN, "THREE" and "three" all refer to the same nuaber
concept. These concepts also cut across most cultural boundaries
and are not depcendent on particular language groups. This research
also represents an extension of our earlizr work with numbers and
evoked potentials (Chapman et al., 1964, 19€5, 19¢6, 1969a, 1969b,
1973, 1974a, and in press). Extra-experimental reasons for
selectirq number concepts included the ubkiguity and importance of
number svyumbols in modern communicatious and transactions, and the
ctelated crucial importauce of perceiving thew correctly and
Jnderstanding their meanings precisely. MNuuber concepts are the
linchpins of high sneed man-machine-pan interactions of an
2xtremely wide variety. The analysis of tue brairn waves of the
person receiving messaqes could inform the message sender, whether
human or machkine, if the mcssages had been correctly received.,

Cur present research combires into a single experimental design
y exploration of (1) *the detection, by ameans of analysis of evoked
potentials, of numerical information decoted by visual stimuli and
({2) the transrission of such numerical ianforwmation by means of
Lrain potentials.

A set of cardinal numbers was nsed to de€fine distinct
categories of numerical meaning. Visual stimuli with various
physical properties vere used to recpresent each ot these cardinal
nuabers, for exaaple, "yw, "Iiye,6 wegyur", "FOUR", etc., 1hese
stimuli werc briefly presented visually on a conmputer controlled
CET display while the subject's LSG was recorded. The secuence of
stimali was: (1) a fixation symbol (*), (2) ¢he number symbol, (3)
the think cue svmbol (=), and (4) the speak respouse cue (NOW).
During the first two veriods, the sulbject's task was to quietly
observe the stinuli and to prepare for th2 respomse at the
remaining periods. At the third period, the subiject's task was to
think the number as clearly as possitle in synchrony with the cue
stimulus, but not *o vocalize its name at all. At the fourth
neriod, the subject's task was to speak *the numter., EPs collected
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during the second period were studied for effects related tc number
concept aod ckaracter set. ©0voked potentials collected during the
third period were used to determine whether numerical inrormation
can be transmitted by evoked potentials, without spvecch movements.
Wwithin each trial the orsets or the fixation, number symbol, think
cue, and speak cue were 1.0 sec. apart. The nunbers were
presented in random sequcnces within each run.

Data were recorded from electrodes at scalp locations CPZ, 0Z,
C3, and C4, 1In addition, alpha EEG was automaticallv scored fronm
0Z (Xropfl, Chapman & Armington, 1962) and EOG recorded fronm
electrodes located infraorbitally and on the external canthus. All
six channels of data were coaverted to digital values every S msec
for a 1007 msec epoch beginning 25 msec before the stigmuli,.
Dropping one time point at the time of the stimulus resulted in 199
time points in each Evoked Potential. On sach trial, separate EPs
were obtained to the number symbol and the think cue. FPs were
averaged separately for each of the ten numbers (0-9) presented in
each of 4 modzs (Arabic, Roman, lower case, upper case) to both
number and think cues. This resulted in 80 EPs (10 x 4 x 2). Tach
FP was the average of 5% trials (3 per run x 18 runs) oktained fronm
a number of sessions. Data from f£ive subj2cts were analyzed (4CO
EPs).

The EPs from each electrode were standardized separately for
each subject (Chapman, McCrary, Chapman, % Bragdon, 1978). The
standardization was accomplished bv transtoraing the data at each
time point to z-scores (mean=0, standard jz2viatior=1). Next, the
standardized data at each electrode were coucatenated for all five
subjects, forming separate data sets for each electrode (4C0 EPs).
Each of these data sets was submitted to 3 separate vVarimaxed
Principal Components Analysis, using the correlation matrix of the
199 time points and eigenvalues=1 criterion. Th2 resulting
components accounted for more than 90% of the variance in each data
set (Table VI). Component scores were computed for each of the EPs
1s part of the output of the Principal Components Analysis. The
component scores were used as the ZP measures in subsequent
Discriminant Analyses, that investigated the reslation of the brain
responses to the experimental distinctions.

OCne of the experimental questions is whether the ten numbers
could be discriminated by the EP responses to the nuaber syabols,
reqgardless of whether they were presented in Arabic, Roman,
lower-case, or upper-case mode. A Discriminant Analysis was given
access tc the Component Scores from electrodes at CPZ, CZ, C3, Cu4
and alpha EEG in response to the aumber svmbols and discriminant
functions were computed to assign each of the 200 EPs to one 3>f the
ten number classes. 'ising ten of these component scores, the
classification success ou the data from which they were developed
«as 33.5%. The success rate expected by chance was 10% The
sross-valilation assessed by the jackknifed procedure achieved a
success rate nf 19.,5%., This is significantly btetter than chance
(Chi-square=12,01, d£=1, p<.2201). Thus, the EPs were
siqnificantly related to the number symbnls, redardless of the four
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Table VI
Principal Components Analyses for Number Experiwent

Rach EP contained 199 time points spaced 5 msec
beqginning 25 msec before stimulus. Each analysis
based on 400 EPs (80 EPs x 5 subjects), each EP an
averaje of 5% trials. EPs standardized within
subjects separately at each electrode.

Zlectrode Components
Number Variance

CPZ 21 94,.5%
02 19 91.7
Cc3 23 93.7
(o 21 94.0

Alpha 7 96.5
EOG 6 96.9
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different modes with various physical properties. The success
rates did not varvy significantlv for tke Arabic, Roman, lower-case,
and upper-case modes (Chi-square=3.15, df=3, p>.25 . Nor did the
success rates vary sijnificantly amonqg the five subijects
(Chi-square=3.72, df=4, p>.295).

A second experimental question is whether the ten numkiers
could be discriminated by the EP responses to the think cue, which
was always an equal sign (=). 1A Discriminant Analysis was coamputed
on these equal-sign Jata in the same fashion as was done for the
number symbols. Each of the 2C0 EPs to th2 equal-sign was assigned
to one of the ten number classes according to the nuabetr that was
to be thought. Usinj eleven of the EP component scores, the
development classification success rate wvwas 35.0%. The
cross-validation assessed by the jackknifel procedure achieved a
success rate of 21.5%., This was significantly better tham the
chance rate of 10% (corrected Chi-square=28,12, df=1, p<.0C001).
This success rate for EPs to the think cus was as good as the
success rate ror EPs to the number symbols themselves. The sanme
discriminant functions performed equally w=21ll for all subjects (no
difference in success rates among subjects, Chi-square=,37, 4f=4,
p>.98).

In neither case did the discriminant functions jJjeneralize
significantly between number svymbol responses and think cue
responses (9.C% and 13.0%). The ZPs to th2 number symbols and the
think cue (=) were quite distinquishable. Assigning the 400 EPs to
these two classes was done with an accuracy or 96.5% (jackknited
success rate) by a Discriminant Analyses using 11 of the component
scores. This was significantly better than the chance rate of 50%
(corrected Chi-square=344,.10, df=1, p<.2001).
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(III) Storage in Short-Term Yemory and 3rain Responses

A critical ingredient in most, if not all, inforwation
processing by man is the temporary storage of incoming information
so that it can be related and integrated in some fashion with cther
incoming information. There is considerable behavioral evidence
that all incoming stimulus information is not 2qually availablc at
a later time (beginning with Ebbinghaus's classic studies of
learning and memory in the ninteenth century). There are a number
of factors which influence the storage and retention of stimulus
informa+ion in memory. Among these are the relevance or the
stimulus information to the person's task at the momant and the
amount of previous information being retained in a person's
short-tern memory which is apparently of limit2d capacity.
Regardless of the reasons why stiamulus information sometimes 1is aot
stored in an individual's menmory, it would he extremely useful from
a theoretical and practical standpoint to be able to determine when
stimulus information is or is not being stored in meaory.

We have described an ZP component which is tentatively
interpreted as being related to information storage (Charpaman,
1974a; Chapman, McCrary, Bragdon, and Chapman, in press). It was
found in an experiment which was investigating brain potentials in
relation to a nuaber/letter information processing task. A number
Of EP components were identified which wer2 functionally related to
various features of information processing. Among tnese 1S one
ahich appears to be quite specifically related to information
storage and which appears in the same form in replications of the
experiments in which the intensity of the stimulus was varied
across 2.0 log units. The experiment used number and letter
comparison tasks in which subjects perform2d differeat
information-processiag operations 2n different occurrences cf the
same physical stimuli (Caapmaan, 1973). On each trial, four
stimuli, two numbers and two letters, were rflashed ia random order
with an interval of 3/4 sec. For some trials, the subject
indicated whether the first or second nuaber was largjer by
appropriately moving a two-way switch, the letters being
irrelevant. For other trials, the subject compared the lietters and
indicated the alphabetic order. Since th2 nuubers and letters were
randonmly selected (1-5, A-F), the sequences of numbers and letters
were randomized, and the performance accuracy was better than 99%,
nearly every stimulus was processed appropriately by the subjects.
This task required the subject to store the letter and/or nuaber
information in his memory in order to compare it with relevant
stimulus information occurring a short while later. An FP
component was found by a Principal Compon=nts Analysis which was
associated with storaje of stimulus information. The component
scores for this "storage" componeat were r=2lativelv high for
relevant and irrelevant stimuli in the first of the intra-trial
positions and for relevant stimuli in the second position. This
was in marked con*rast to the "storage" component scores to the
remaining stimuli where it was not necessary for the subject to
store the stimulus informatioun either because it was irrelevant to
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the task or could he used immediately to compare with the umemorv of
the previous relevant stimuli. It was intzrpra2ted that the
stimulus inforaation was stored whenever it was the [irst relevant
stimulus or when the memory capacity was not teing taxed by holding
previously stored information. The loadings for this "storagje"
component reached their maxiaum at about 250 amsec. This "storage"
component is orthogonal to other ZP components founi in the sanme
experiment, such as 2320 and CNV-resolution. Furthermore, the
pattern of coamponent scores for this "storage'" component is
jifferent and nmore specifically related to information storage than
P30C, which was related to all relevant stimuli, or CKNV-resolution,
which was related to stimulus uncertainty. ©Essentially the sane
data in terms of both pattern of component scores and time-course
of component loadings have been found in replications of this
experiment at 3 different intensity levels spaced 1.0 log units
apart. This lends confidence to the potential generality of the
“storage!" component.

The waveforms of these components are very siailar in all four
sets of data, reaching their maximum about 250 msec. after the
stimulus. The coefficients of factorial similarity amxong the
vaveforms from the four data sets were high, ranging between (.35
and J.99. For the previous experiment the mpaximum was at 25?2
msec.; Lor the new data the maxima are at 250 uwsec., 25C amsec.,
and 270 msec. for high, mid, and low light inteunsities,
respectively.

The Storage Component tends to be positive for stimuli whose
information needs to he stored by the subject (Fig. 1). Thus, the
magnitude of tae Storage Component was morz poasitiva for the first
of the two relevant stimuli oresented on eaca trial (intra-trial
positions 1 or 2) than for the second relsvant stimulus
(intra-trial opositions 3 or 4). The Storage Component was ailso
relatively positive for the irrelevant stimuli when they occurred
in intra-trial position 1. Extending the storage interpretation to
this result leads to the hvypothesis that an irrelevant stimulus 1in
position 1 1s stored in memory, whereas irrelevant stimuli in
positions 2, 2, and 4 are not. Tanis may be related to short-term
memnory having a limited capacity and storage of irrelevant
informatiou interfering with processing relevant information, Tke
difference in the Storage Component scores for relevant and
irrelevant stimulli in intra-trial position 2 is evidence that this
coaponeat is not related simply to an order effect. Nor is this EP
component related to amount of processing which 1s oresumably
greatest for the comparison operations rtollowing the second
relevant stinulus, next most for the storage operations associated
with the first relevant stimulus, and least for the irrelevant
stimnli. Nor does this EP component reflect a general
relevant-irrelevant distinction. The Storage Componeant aid not
consistently distinguish between number anl letter processing, or
between number and letter stimuli. The simplest and most direct
intervretation is that this EP coaponent is related to the storage
of information in the subject's short-tera memorvy. More
specificallvy “he coanonent may reflect the process of reading
information out of a sensorvy register into short-tera menmory. Not
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onlv were the Storage Component scores related to memory storage
conditions, but also the *iming of this ®P component (wavefcras in
Fig. 1 insets) is appropriate ior information storade. The maxiaua
of thes Storage Coanponent was at 250 msec. This is an appropriate
time for storing information nceded later siuce the literature
suggests that the sensory register (icom) 1s fading about that
time.

The results demonstrate the robustness of the Storage
Component in the face of large differences in the phvsical
parameters of the stimuli. That the Storaje Coaponent represents
neural activity in the stimulus-response sequence that occurs later
than the simple processing of sensory input i1s supported by two
findings: (i) its independence of whether the stimuli are numbers
or letters and (ii) that changes in stiamulus intensity waich are
sufficient to alter markedly the overall FP have only a small
effect oa the Storage Component. Further, that the Storage
Component occurs after the simple processiug Of sensory input,
including recognition of the informational coatent of the stimulus,
is 1ndicated by the differences in responss to iden*tical phvsical
stimulili when they play differeut roles in the information
processing task.

Jur tentative interpretation that this EP compouent is related
to storage was based on considering the differential scores for the
1st and 2nd relevant stimuli within each trial. HKowever, fiuding
high Storage Coamponent scores for irrelevant stimuli in position 1
required ad hoc interpretations in order to maintaiu the storage
ilentification. Therefore, we felt that it was important to check
more directly the storaje interpretation by a behavioral expericeat
designed to assess storage in short-term meworv.

The hehavioral gxperiment used a memory probe tecaunique to
test the subjects' recall of individual stinmuli for each of the 1%
conditions in the electrophysiological experiments. Fxperimental
sessions and data collection were conducted by experimenters not
involved 1in the previous experiments and not avare of the
hypothesis being tested. The experimental procedure was tue same
1s for the collection of brain responses with the addition of
dccasional menorv probes. The primary task on each trial was to
compare the two numbers on one run of 102 trials and to compare the
two letters on a second run. Within each run of 102 trials, eight
randomly located memory probes were selectzd to test recall of a
letter and a number in each of the four intra-trial positions.
Without prior warning of when probes would occur, blank flashes
were jeliverel 3,4 aud 1 1/2 sec. after the probed stimulus arnd
the subject was asked what the last character was. These blank
flashes wecre used to mask the probed stimulus and to delay the
recall report in ordar to reduce the effects of very short-term
sensary reagister. From each subiject, one such recall prohe was
obtained for each of the 156 conditions (8 probes each in a
numter-relevant and a letter-relevant run). The percent correct
recalls from 52 subjects (29 female and 23 male colleqe students)
ife Jiven in z-score units in Fig. 1D. The pattern of cocrrect
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recalls is strikingly similar to the pattern of Storaye Comfponent
scores in Fig. 1i, 13, 1C with better memory for rel2vant stimuli
in intra-trial positions 1 arnd 2 and irrelevant stirculi :in position
1. The six correlations among the four patterns of 16 means each
in Fig. 1 ranged from .71 to .97. Three interesting reatures of
the data are common to both the Storage Corponent of the brain
responses and the subjects! short-term memory: (1) the first
relevant stimulus on a triial (intra-trial position 1 or 2) gave
higher scores than did the second relevant stimulus (positions 3 or
4) ; (2) the scores were high ror both relevant and irrelevant
stimuli in intra-trial position 1; and (3) in position 2, the
scores were higher for relevant stimuli than irrelevant stimuli.
The recall performance is plotted as a function of mean Storage
Component score (averaqed over the three intensity levels) in Fig.
2. Thus, the storage interpretation was confirmed by predicting
recall performance on the basis of the Storage Compbonent of brain
respoinses (r = .77). The accuracy of this prediction is impressive
considering that behavioral recall is not solely a function of
storage but is generally considered to be greatly influenced by
other factors including retrieval mechanisns.

One of the reasons that the Storaqge Component has not been
found in other EP research is that it mav be partially masked by a
positive peak in the EP whica often occurs slightly berfcre 250
msec. Heunce, measurement based on peaks of the averaye EP may miss
the latent Storage Coaponent that was derived by Principal
Zomporent Analvses which assess the relationships among all the
time points and decoanpose EPs into indepenient sources of
variiticn. Now that the Storage Component has been described and
its waveform is known, it may be measured bty computing coamponent
scores directly in other EP studies without doing a complete
Principal Cowmponent lnalysis.
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CONCLUSICNS

Using linear coambinations of EP component measures,
statistically sigrnificant differences wer2 found among the
pre-lefined semantic groups in all analyses. The magnitude of the
differences amonq the semantic groups in the samples is 1llustrated
by the success of these linear combinations in classifying the EPs
from which they were comouted. In tke analyses of word classes
(Table IV), the success rate was about 2 times greater than what
one would expect (on the average) if assignments were rardoam or no
true lifferences existed among the groups. It is concludec that
evoked potential coaponent measures can distinguish differences
among "complex" word classes which have besen dz2fined by zeans of
0sgcod's dimensions in seamantic space.

The results of tnese analyses of the data provide additional
confirmation of our previous findings: EPs contain information
about the semantic meaning o0f word stimuli used to obtain them and
that combinations of components show promise in identifying the
unknown semantic character of stimuli which have evoked particular
brain responses.

The results ottained in the current phase further indicate that
semantic effects in the EP continue to be detectible when the
subject 1s engaged in a semantic task consideraibly more cozplex
than only repsating the stimulus words. The added complexity of
the experimental coniitions clearlv does not ot scure the stiaulus
effects.

Cur nev findiings extend the generality of detecting semantic
word classes to three more connotative meaning classes: High,
Neutral, and Low. These were defined in teras of Osyood's E,P,E A
dizensions, being sinultaneously high, neutral, or low on all three
semantic dimensions. Some preliminarcy couputations also indicate
the possibility of using EP measures to develop reference
coordinates which can be used to specify rzlative locations in
semantic space for more complex semantic stiaguli.

In a manner which parallels our conclusiors about identifying
stimulus word class, there is some gJenerality to identifying scale
dimension. A nuaber O0f scales vere used to represent each semantic
dimension (five for each) in order to establish general
relationships to EPs, not tied to particular exemplars ot the
semantic scales. Tais parallels the use of many exeaplars of
stimulus word class 1in establishiag the generality of those FP
effects. However, identifving the scale dimension used by the
subjects is no*t as robust as identifving the semantic class Oof the
stimulus word.

These finiinags have implications f£or applications as well as a
basic understanding of the processes. Twd kinds of semantic
effects are registered in the EP anil can be us2i to tap different
aspects: (1) assessiag the vrocessing of the semantic weaunianyg 1in
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the words, rejardless of the semantic expectancies of tac subject,
and (2) assessing tne semantic expectancies of the =ubiject,
regardless of the semantic content 2f the words.

The importance of these semantic effects lies partly in that
they mav assess communication at a very high level of
anderstanding. Connotative meaning is closer to the reactive side
of information processing taan to the input side. The connotative
dimensions reflect general characteristics of the referents of the
incoming information: is it good or tad (Evaluation Dimension); 1is
it powerful or weak (Potency Dimension); is it active or passive
(Activity Dimension). Such overall assessment of incomaing
information has two i1mportant implications. One iaplication 1is
that appropriate connotative responses depend on appropriate
processing of the incoming message and thus may be used to assess
understanding at a rather high level. The other implication is
that the connotative responses oujht to be a fairly good predictor
of actual behavior in relation to the informaticn, reqgardless of
vhether such behkavior is aporopriate. For exanple, if inforamation
about an "angry lion nearby" wWwere responded to with coanotative
response€s of "good", "weak", and "vassive", then regardless of the
sourc2 of nmisunderstanding, it would be a good bet that the
receiver with such connotative responses may not behave in
appropriate wavs.

The detection of nunerical information Lty means of Evoked
Potentials was explored by analyzinj the responsss to visual number
synbols and a think cue (=). For pboth kinds of data the ten number
classes (0-9) were discriminated at significantiy better than
chance levels by Discriminant Apalvses using EP component scores as
input variables. Jackknifed cross-validation classification
success rates were approximately twice as large as expected by
chance. This probably represents tne first data relating brain
response data to numerical concepts. For toth kinds of data, the
discriminant functions developed for a group of subjects worked
equally well for eacn individual. The research has estabiished the
feasibility of identifving differences among number concepts by
analysis of brain potentials, and, thus, pznding careful
confirmation, opens the way not only to rurther studies of
numerical concepts but also to research involving the manipulation
of rnumbers.

An Bvoked Potential component with a post-stimulus peak about
250 wsec. is related to storage of information in short-terxa
memorv. This Storage Coaponent was found in an experiaent
investiqating brain potentials in relation to a nuaber/ietter
information processing task. In replications of this experiment at
three different light intensity levels spaced 1.7 log unit apart,
essentially tne same coamponent waveform ani pattern of component
scores were tound. The aemory storage interovretation was cenfiraed
in a behavioral experiaent which ornhed short-term memory. Recall
was predicted by the magnitude of the Storage Coaponent,
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Regardless of the reasons whv stimulus information sometines
is not stored in an individual's memory, it would be extremely
1seful from thceoretical, experimeatal, educational and clinrical
staudpoints to be abie to determine whether or not stimulus
information is being stored in memory. If further research
sustains the interpretation that the Storage Component of Evoked
Potentials reflects the process of storiny information in
short-teram memory, taea this brain response conponent may be used
to assess storage per se, uncontamninated by retrieval mcchanisms.
The Storage Coaponent of Zvoked Potentials nolds promise of serving
this practical function as well as providing an entry to
understanding the neural processes related to meamory.
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Abstract

An Zvokad Potential component with a post=-stimulus peak about
2€D msec. is related to storage of information in short-term
memory. This Storage Co;ponenf was found in an experiment
investigating brain potentials in relation to a.number/letter
information processing task., TIn resplications of this experiment at
three differ2nt light intensity levels spaced 1.7 log unit apart,
essentially the same componant waveform and pattern of component
scores were found., The memory storage interpretation was confirmed
in a behavioral experiment which probed short-term memory. Recall

was predicted by the magnitude of the Storage Component.
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3 critical ingredient in most human information processing is
th2 short-term storage of incoming informaticn so that it can be
integrated with other incoming information., Various kinds of
m2mOry processes with d@ifferent properties have besn proposed as
‘ra2tainers of information for various langths of time [1j, € G
sensory register, short-term store, long-term store.
Tlectrophysiological and behavioral evidence is present2d hkeres for
a neural process which is related to storage in short-ter: memory.
A latent component of electrically recorded trair responses (?%voked
Sotentials, 2Ps) with.a post-stimulus peak abcut 252 msec. was
found to be related to storage of stimulus information for later
use in number and letter comparison tasks.

The Storage Component of the ®P was discovered and tentatively
interpreted as being associated with information storage in an
experiment in which the latent components and component scorss of
the brain responses from 12 subjects ware obtained by a Varimaxed
°rincipal Components Analysis [2). The Stcrage Component, which is
th2 focus of this report, was one of eight orthogonal =P components
obtained from that analysis.

The generality of thg Storage Component and its independence
of the physical characteristics of the stimuli were tested in
further eoxperiments [3]. The same stimuli and procedures were used
-except that the intensity of all stimuli within a run of 172 trials
was ten times higher, the same, or one-=tenth as high as in %*he
original experiment (417,

"wo numbers and two letters wvere flashed individually in random
order at intervals of /8 sac. preceded.and folloved by a blank
flash, The subject's task vas to compare numerically the two

numhers on number-relevant runs, the letters being irrelavant to

3
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the task, On the other half of the runs, ths2 numbers were
irrelevant and the task was to compare alphabetically the two
letters [(S57.

The stimulus processing demanded by the task depended on a
nunber of factors, including whether: (i) number or letter stimuli
were task relevant, (ii) the number or letter class of stimulus
could be anticipated, and (iii) the character was the first or
sacond relevant stimulus of the pair to be compared. For the first
relevant stimulus in each trial, the information had to be stored
by the subject until the second relevant stimulus occurred, after
which the comparison could be made.

While the subject was performing the letter or number
comparison tasks, electrical brain activivity (¥?G) was recorded
from scalp electrodes (€ ]. %

By averaging the brain activity evoked by‘stimuli for similar
conditions, averaged Rvoked Potentials (®Ps) were obtained for %6
conditions: relevant and irre%?ant numbers and letters at four
intra-trial positions. From trial to trial the first number (or
latter) stimulus occurred in intra-trial position 1, 2 or 2, while
the second number (or letter) stimulus occurred in intra-trial
positions 2, 3, or 4. To simplify interpretations certain ®32G data
ware discarded, so the BPs for intra-trial positions 1 and 2 were
based only on the first number and letter stimuli presented within
each trial, ﬁhile the BEPs for intra=-trial pcsitions é and 4 were
based only on the second number and letter stimuli presented within
each trial. For each of the three intensity levels, EPs were
collected in the same manner and each of the thr2e sets of data was

analyzed separately [7]. Latent components and component scores
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of 2ach of the data matrices were compu;ed using varimazxed
Principal Components Aralysis [8].

In all three data sets, an 2P component emerged which was
strikingly similar to the Storage Component previously fourd [2]
with regard to both waveform and relative magnitude for the 15
conditions (Fig. 1A, 1B, 1C). The waveforms of these components
are very similar in all four sets of data, reaching their maximuam
about 25) msec. after the stimulus. The coefficients of factorial
similarity amonqg the waveforms from the four d&ta sets were high,
ranging betwveen 2.85 and 9.99. For the previous experiment the
maximum was at 259 msec.;' for the new data the maxima are at 2%7
msa2c., 257 msec., and 277 msec. for high, mii, and low light
intensities, respectively.

The Storage Component tends to be positive for stimuli whose
information needs to be §tored by the subject., Thus, the magnitude
of the Storage Component was more positive for the first of the two
relevant stiauli presented on each trial (intra-trial positions 1
or 2) than for the second relevant stimulus (intra-trial positions
3 or U)., The Storage Component was also relatively positive for
the irrelevant stimuli when they occurred ir intra-trial position
1. Pxtending the storage interpretation to this result leads to
the hypothesis that an irrelevant stimulus in position 1 is stored
in memory, whereas irrelevant stimuli in positions 2, 3, and 4 are
not. This may be related to short-ternm memory having a limited
cavacity and storage of irralevant information interfering with
processing relevant information. The difference in the Storage
Component scores for relevant and irrelevant stimuli in intra=-trial
position 2 is evidence that this component is not related simply to

an order effect., Mor is this ®P conmponent related to amount of
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processing which is presumably greatest for the comparison
operations following the second relevant stimulus, next most for
tha storage operations associated with the first relevant stimulus,
and least for the irra2levant stimuli. %or does this PP component
reflect a general relevant-irrelevant distinction [9]. The Storage
Component did not consistently distinguish between number ard
letter processing, or between numher and letter stimuli. The
simplast and most direct.interpretation is that this 2P component
is related to th2 storage of irformation in th2 subject's
short=term memory. More specifically +*he component may reflect the
process of reading information out of a sensory register into
short-term memory. Kot only were the Storage Component scores
ralated to memory storage conditions, but also the timing of this
BP component (waveforms in Fig. 1 insets) is appropriate for
information storage. The maximum of the Storage Cosponent was at
2%) msec. This is an appropriate time for storing information
n2eded later since the literature suggests tha% the sensory
ragister (icon) is fading about that time [10 1.

The results demonstrate the robustness of the Storage Component
in the face of large differences in the physical paranetérs of the
stimuli, That the Storage Component rapresents neural activity in
the stimulus~response sequence that occurs later than the simple
processing of sensory input is supported by two findings: (i) its
independence of whether the stimuli are nambers or letters and (i1)
that changes in stimulus intensity which are sufficient to alter
markedly the overall 3P have only a small effect on the Storage
Component., Purther, that the Storage Component occurs’after the
simaple processing of sensory input, including recoqnitioﬂ of the

informational content of tha stimulus, is indicated by the
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differences in response to identical physical stimuli when they

- play different roles in the information processing task. For

example, in Fig. 1 compare the component scores to relevant and
irrelavant stimuli in intra-trial position 2 and compare the
component scores to relevant stimuli in positions 1 or Z'with those
in positions 3 or 4. Along the time continuum, the Storage
Component precedes both the behavioral response and the conparisoﬁ
oparations which cannot occur until intra=-trial positions 3 or 4.
The Storage Component (maximum about 250 msec.) occurs before an ®BP
component related to alphabetic comparison (maximum at about 350
msec.) (217

our tentative interpretation that this EP component is related
to storage ‘'was based on considering the differential scores for the
1st and 2nd relevant stimuli within each trial. However, finding
high Storage Coamponent scores for irrelevant stimuli ir positioh 1
reaquired ad hoc interpretations in ord=ar to maintain the storage
ijentification., Therefore, we felt that it was important to check
more directly the storage interpretation by a behavicral experiment
designed to assess storage in shorteterm memory.

The behavioral experiment used a mem&ry probe technique to
tast the subjects' recall of.individual stimuli for each of the 16
conditions in the electrophysiological experiments. ®xperimental
s»ssions and data collection were conducted by experimenters not
involved in the previous experiments and not aware cof the
hypothesis being tested. The éxperimental procedure wvas the same
as for the collection of brain responses with the addition of
occasional memory probes. The primary task on each trial was to
compare the two numbers on one run of 102 trials and to compare the

*wo letters on a second run [11]. Within each run of 102 trials,

7
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eight randomly located memory probes wvere select2d to test recall .
of a letter and a number in each of the four intra-trial positions.
Without orior warning of when probes would occur, blank flashes
were delivered 3/4 and 1 1/2 sec. after the probed stimulus and
the subject was asked what the last character was. These blank
flashes were used to mask the probed stimulus and to delay the
r2call report in order to reduce the effects of very short-term
sensory register. Prom cach subject, one such recall probe was
obtained for each of the 16 conditions (8 probes each in a
number-relavant and a letter-relevant run), The percent correct
recalls from 52 subjects (29 female and 23 male college students)
ar2 given in z-score units in Fig. 1D [12]. The pattern of
correct recalls is strikingly similar to the pattern of Storage
Component scores in Pig. 1R, 1B, 1C with better memory for relevant
stimuli in intra-trial positions 1 and 2 and irrelevant stimuli in
position 1. The six correlations among the four patterns of 16
means each in Pig. 1 ranged from .71 to .97. Three interesting
features of the data are common to both the Storage Component of
+h2 brain responses and the subjects' short-term memory: (7) the
first relevant stimulus on a trial (intra-trial positicn 1 or 2)
gave higher scores than did the second relevant stimulus (positions
3 or 4); (2) the scores were high for both relevant and irrelevant
stimuli in intra-trial position 1; and (3) in position 2, the
scores were higher for relevant stimuli than irrelevant stimuli.
™e recall performance is plotted as a fanction of mean Storage
Component score (averaged over the three intensity levels) in Fig.
2. Thus, the storage interpretation was confirmed by predicting

recall performance on the basis of the Storage Comporent of brain

8

r2sponses (r = ,77). Tha accuracy of this prediction is impressive
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considering that behavioral gecall is not solely a function of
storage but is generally cons@dered to be arszatly influenced by
other factors including retriaval mechanisms.

One of the re2asons that the Storage Component has not been
found in other EP researéﬁ is that it may be partially masked by a
positive peak in the BP wvwhich often occurs sligktly before 259

ms2c, Hence, measurement based on peaks of the average EBP may miss

thae latent Storage Component that was derived by Principal

Component Analyses which assess the relationships among all the
time points and decompose PPs into independent sources of
variation, Now that the Storage Component has been described and
its waveform is known, it may te measured by computing component
scores directly in other BP? studies without doing a complete
Principal Coaponent Analysis.

Regardless of the reasons'vhy stimulus information sometimes
is not stored in an individual's memory, it would be extremely
us2ful from theoretical, experimental, educational and clinical
standpoints to be able to determine whether or not s*imulus
information is being stored in memory. If further research
sustains the interpretation that the Storage Component of ®voked
Potantials reflects the process of storing information ih
short-term memory, then this brain response component may be used
to assess storage per se, uncontaninaéed by retrieval mechanisnms.,
Tha Itorage Component of Bvoked Potentials holds promise of sarving
this practical function as well as providing an entry to

understanding the neural processes related t> memory.
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Figqure Legends:

Pige Ve Steraga Component of brain responsas and recall for
experimental conditions in which short-term meamory demands vary. 2?2
letter (L) or number (#) was flashed in each of the intra=trial
positions (spaced 3/4 sec.). The task (compare letters or numbers)
required short-t=rm memory for relevant stimuli (circled) in
positions 1 and 2, 3rain response and behavioral measures are in
z-score units, voté thke similarity of the pattern of the édata in
all four panels. (), (B)Y, (C): =voked Potential (7P) Storage
Components were obtained from separate varimaxed Principal
Componénts Analyses on 7Ps obtained with stimuli at three light
intensities spaced 1.9 log unit avart. Insets show the Storage
Component waveforms scaled appropriately for relevant numbers in
position 1; the fundamental time course of the component (rotated
factor loadings multiplied at each of 12 time points by standard
déviations) was multiplied by the mean Storage Compecnent score for
that condition; the 48C msec. calibration bar begins at the
stinulus flash. Storage Component waveformws peaked at 250, 25C,
27" msec. for high, mid, and low intensities, respectively. EFs
obtained from scalp electrode at CPZ (central-parietal midline)
referred to linked earlobes. (D): Mean recall by 52 subjects using
an occasional, random neaory probe ("What was the last character?")
while performing the primary task of comparing numbers or letters,

Parcent correct racall converted to equivalant z-score (probits).

Fig. 2. Behavioral recall as a function of brain response Storage
Component score, Pearson correlation coefficient is .77; linear

ragression line shown. Mean %P component scor2 is average of
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Storage ~omponent scores found at the three stimulus intensities
(fFig. 1A, 1B, ‘iC). Mean recall from 52 subjects obtained by memory
probe (Pig. 1D). Pxperimental conditions: letters (L) or numbers
(#) ; intra=-trial positions (1, 2, 3, or 4); relevant to primary

task (circled) or irrelevant (not circled).
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(Based on Conference in Konstanz, Germany, August, 1978)

HEMISPHERIC DIFFERENCES IN EVOKED POTENTIALS

TO RELEVANT AND IRRELEVANT VISUAL STIMULI

Robert M. Chapman and John W. McCrary
Uriversity of Rochester

Rochester, New York 14627

Since the eariy zays o averaging Evoked Potentials (EPs) in
man, the importance of 2-guitive variables, as well as stimulus
variables, has been recognized (e.g., Chapman and Bragdon, 1964).
Using an experimental design which involves processing number and
letter stimuli, we have been studying EP effects related to a
variety of cognitive operations (Chapman, 1365; 1966; 1969a;
1969b; 1973; 1974a; 1974b; 1977; in press; Chapman, McCrary,
Bragdon, and Chapman, in press; Chapman, McCrary, and Chapman, in
press). Most of our analyses have been for the CPZ scalp location
(recorded monopolar on the midline 1/3 of the distance from Cz to
Pz; reference was linked ear lobes). It is of interest to study
the cognitive effects at other sites, with a particular focus on
the question of hemispheric differences and parietal-occipital
differences.

A more complete description of the experimental design and
discussion of interpretations for the present chapter is given in
Chapman (1973). In that paper results are given for 12 subjects
for midline electrodes located over the central-parietal (CPZ) and
the occipital area (0z), as well as control data for EOG and alpha
EEG. The present experiment provides comparable data for 8
subjects for laterally located electrodes over parietal (P3 and
P4) and oceipital (01 and 02) areas, and permits an evaluation of
hemispheric differences in the information processing tasks. 1In
general, comparable information-processing effects were found in
both experiments. The evaluation of location differences was
facilitated by the addition of control EPs to blank flashes and
the use of additional analysis procedures, featuring Discriminant
Analyses.
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Earlier work on hemispheric specialization has been
critically reviewed by Donchin, McCarthy & Kutas (1977). A caveat
should be noted in considering hemispheric differences, or any
brain localization effects, from EP data. EP effects localized at
some scalp site do not necessarily mean that the adjacent brain
region is responsible for those processes. Because the measure is
a voltage difference in an electrical field of a conducting
medium, the orientation of the source as well as its distance are
important. Far field effects have been demonstrated for early
auditory potentials (Jewett et al., 1970). The importance of
source orientation is illustrated by scalp localizations opposite
to brain hemisphere in visual field studies (Halliday et al.,
1977). Incidentally, the same problems exist for electrical
recording within brain structures as for scalp recording. Given
this caveat, the spatial localization interpretations given in
this chapter, strictly speaking, refer to particular scalp sites
(with ear reference) and should be extended to brain localization
with great caution.

Another problem relates to the assumption that larger EP
amplitudes signify more processing. We suggest a method of
analysis here which avoids this assumption, at least in its usual
simplistic form. The method is based on Discriminant Analyses
which focus on variations of EP measures which maximally
diseriminate particular conditions. This approach does not rely
on sheer amplitude, but rather seeks combinations of amplitudes,
large or small, which most systematically covary with particular
sets of experimental conditions.

EXPERIMENTAL PROCEDURE

Two numbers and two letters were flashed individually in
random order at intervals of 3/4 sec. preceded and followed by a
blank flash. The subject's task was to compare numerically the
two numbers on number-relevant runs, the letters being irrelevant
to the task. On the other half of the runs, the numbers were
irrelevant and the task was to compare alphabetically the two
letters. By appropriately moving a momentary two-way switch at
the end of each trial, the subject indicated whether the first or
second number was larger on number-relevant runs and similarly
indicated the alphabetic order on letter-relevant runs. The
subject had a 1.5 sec. time slot following the last flash in
which to answer before the next trial started. Correct answers
produced a tone; wrong answers produced a buzz. The numbers and
letters were randomly selected (1-6, A-F) and the sequences of
numbers and letters were randomized. Nearly every stimulus was
processed appropriately by the subjects, with a performance
accuracy of better than 99%. All stimuli were flashed at the same
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spatial location by a Bina-View display equipped with a Grass
strobe (flash duration < 10 microsec.).

The stimulus processing demanded by the task depended on a
number of factors, including whether: (i) number or letter stimuli
were task relevant, (ii) the number or letter class of stimulus
could be anticipated, and (iii) the character was the first or
second relevant stimulus of the pair to be compared. For the
first relevant <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>