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The detection of numerical information by means of Evoked
Potentials was explored , and tentatively conf ir~ned, by analyz ing the
responses to visual number symbols and a $thinkV cue ( ) .  For both
semantic and numerical meanings, the discriminant functions developed
for a group of subjects worked equally well for each individual.

An Evoked Potential component with a post—stimulus peak about
250 asec. was found to be related to storage of information in
short—term memory. In a behavioral experiment which probed short—term
memory, recall was predicted by the magnitude of the Storage Component.
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Pr iv i l eged  C o m m u n i c a t i o n  2 C h a p m a n

M u l t i v a r i a t e  Ana ly s i s  of E v o k e d Po ten t i a l s
and S em a n t i c  ~e an in g

ABSTRACT

( I )  The r~e p re se nt at ion  of Comb inations of Connotative
Meaning in brain Potentials

Th e  effects of two kinds of experiment al manipulat ion of
semantic meaning were studied in Evoked Potentials (EPs ) , brain
responses recorded from scalp monitors. Both kinds of semantic
manipula t ion were based on Osgood ’s analyse s which found three
prim ary dimensions of connotative meaning: Evaluation , Potency,
and Activ ity (E, P, and A). One kind of cxpe rimental variable was
the semantic cla ss of the stimulus word: High (E+ ,P+ ,A+ ), Neutra l
(FO ,PC ,A C ) ,  Low ( E — , P — , A — ) .  The o ther  k in d  of e x p e r i m e n t a l
variable was the sesantic dimension of the semantic scale ( i . , P, A)

• which the sub-ject used to make semantic judgments about the
stimulus words. These variables were e xperimenta lly combined so
that for each trial the subject ~as using a designated semantic
scale to judge a specified stimulus word while brain activity was
recorded. Using multivariate procedures, both stimu lus word class
and scale dimension effects on the EPs, as well as their
interaction , were analyzed.

Using EP a~easures , the 3 word classes used in this experiment
were about as discriminable (paitwise) as the ~ word classes l ying
in other reqions of semantic space which were previously reported.
T h us, the generality of d iscrininating connotative me anhri q with EP
measure s has been  confirmed with additional words belonging to
different regions of Osgood’s semantic space.

Common sets of classification functions we re successful  for
the group of 13 in d i vi d u a l s .  This finding further supports the
similarity of the EP effects in different individuals.

Simultane)Ils identification of word class and scale dimension
ias achieved at better than chanc~ levels. Analys e s indicated that
these two kinds of sem~intic effects in EPs did riot strongly
interact and were largely indepe ndent. The scmantic features of
both wo r~Is and tasks appear to be ascertainatle eithersimultaneously or separately and appea r to te relati vely
independentl y re pre ser4ted in the EP.

Sepa rate analyses identified word class and scale •Iimension it
better than chance levels. The same cjas~ification f unctions were
successfully used for all subjects..

• The evilence indicates that two kinds of semantic information
• are availabl e in EPs: (1) orocessinq ot tk.e se m an t i c  mc~an i n 1  in

woris , regarlless of t~~ sema n ’~ic expc~ctancies of the s~ cjtCt , ani
(2) semantic expectancies r jud gment dimens ion s of the su~~ject ,
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Privileged Conmun ic~ t i o n  3 Cna~ man

regardless of t h e  s em a n t i c  con ten t  of the words . The first kin d  of
semantic information is more strongly repre sented in El’s t h a n  the
second k i n d .

The resul ts  of these analyse s of the d a t a  provide ad d i t i o n a l
confirmation of the findings of previous phases: EPs contain
information about the semantic meaning of word s t imu l i  ise d to

• 
• 

obtain them and that comminations of EP com ponents sho w promise in
id eutifvinq the unknow n semantic cha racter of stinuui which have
evok ed particular brain responses. Our previou s results which
involved the use of re lat ively “pure” semantic stimuli have been
successfully extended to words which  are semant ically more

• “complex. ” Instead of being defined in terms of a single
connotative dime nsion , the meanin gs represented combinations of the
E v a l u a t i v e , Po tency ,  and Activity Dime n sions. Word classes which
were selected to he positive , negative, or neutral. on all three
dimensions simultaneously were re l iab ly  discriminated by EP
anal yses. We applied to tne present data t h e  resu l t s  f r o m  earl ier
di s c r im i n ant ana ly se s  wh i c n  cons idered EP d a t a  f o r  one semant ic
dimension (! , ~ or A) a t  a time. We found support for the
possibility of using equations based on EP measures to establish
reference coordinates in semantic space . Thes~ m ight be used to
identify the semantic com position of more complex word stimuli.

(II) Representation of Numerical Meaning in Brain Potentials

Th e de tec t ion  of numerica l informa tion by means of Fvoked
Pot€ntials was explored by analyzing the re sponses to visual num ber
symbols and a think cue (= ) .  For both  k inds  of data  the ten number
classes (0—9) were discriminated at significantly be tter than
chance leve ls by Discriminant Analyses using EP component scores as
input variables. For both kinds of data, the discrimir~mut
functions developed for a group of subjects worked equally well for
each individ ual.

(III) Storage in Short-tmerm ~1emor y and Brain Fesponses

An Evoked Potential component with a post—stimulus peak about
253 asec. was f o u n d  to be related to storage of information in
shore term memory . This Storage Commonent was found in an
expe~.iaent investigating brain potentials in re lation to an
in forma tion processing task. In replications of this expEriment at
three different light intensity levels spaced 1.0 log unit apart ,
essentially the same component waveform and pattern of cosronent
scores were found. The memor y stora ge intarprc tation was confirmed
in a beha vioral exneriment which probed short—term memory. Recall
was oredicted by t e  magnitud e of the Storage Component.
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, Mu l t i v a r i a t e  Ana lys i s  of Fvok ed Po ten t i a l s
• and Semantic Meaning

The research is discussed below in the followiaq parts :

(I) The Representation of Comb inations of Connotative
Meanin g in Brain Potentials

(A) Simultaneous Identification of Word Class and
Scale Dimens ion

(B) Separate Identification of Word Cla~.ses and
Scale Dimensions

(C) Reference Coordina tes in Sen~ ntic Space
Based on EP An al yses

(II) Representation of Numerical Neaninq in Brain Potentials

(III) Storage in Short—Term Memor y and  3rain Pesponses

(I) The Re presentation of Combinat ions of Connotative
Meaning in Brain Potentials

Our previously reported research indica ted that EPi contain
information ahout verbal , semantic meaning not dependent. upon the
particular word stimuli. Combinations of :ompone r.ts of these EPs
were powe rful detectors or semantic differences . 5ucb combinations
also show ed muc h promise in i den t i f y i n g  th~ unknown sem antic
circums tances under which an EP occurred. This research has
supported the feasibility of the gene ra l ob jective of ir.ferrinq
sema ntic meaning from analyses of brain waves. In the first phase
internal semantic weaning was ma nipu lated by ca refully ~~lecting
stimulus words. In addition to ir~terna1ized representations of
sem antic meaning elicited by stimulus word s, ano ther aspect of
inte rnalized representation may relate to an individual’ s seman t ic

• expectancies. When the same word is pre sented on lifterent
occasion s, a sublect m ay be seeking different kinds of semantic
informa tion. That. is, a subject may ha ve various kinds of semantic
expec tancies and , therefore, the semantic informat ion in the words
ma y be orocessed along various semantic dimensions. For example ,
an individua l m ight be ~rimarily concern ed with potency
(powerful— powerless) whe n a stimulus word “official” occurs , or he
m i g h t  be primarily concerned with evaluation (gO3~—bad). Does the
internal representation related to ‘he word “official” vary for
these different semantic expectancies? Do these different semantic

~~ expectancie s have their own internal representations?

In order to study questions of this sort , w e mani pula te d the
seman tic expectancy by assiqninq various se mantic differential

• scales to the subjects at different times. The subject’s task as
the semantic differential task , as used by Osgood in developinq his
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Privileged Commux ~icatioa 5 Chapm an

sem antic analysis. This task requires giving each word a semantic
differential rating on a desi~ z.ated scale. Different scales tha t
are heavily loaded on (correlated with) each of the three Osgood
dimensions: Evalu ation (2), Potency (P) , and Activity (A) were
used (Table I).

In  cont ras t  to  t h e  w ork  of ea r l ie r  pha ses waich invo lved  t h e
use of re latively “pure ” seman ti c stimuli, the word stimuli used in
this phase were semant ically “com plex.” Instead of beir .g defined in
terms of a sm ile connotative dimension , the meaninqs represented
conhintions of the evaluative , potency, and activity dimensions.
!‘he words were selected to be highly positive , negative or neutral
on all three dimensions simultan eously.

Thus , basically a 3 X 3 factorial design was used: three
semantic categories of words (representing high , neu tral or low
conno ta t ive values on all 3 d imensions) com b ine d ~ith 3 kinds of
semantic differential tasks (~ re—iisposinq the subject for semantic
processing along the E, 2, or A dimension). This permitted
assessing the effect of the semantic meanin g evoked by the words ,
the effect of the semantic set (context , expectancy) induced by the
sema nti c di f fere ntial tas k, and their interaction .

Synopsis of Procedure.

During each experi mental ru m , 112 words were flashed in random
order while the subject’ s EE3 was recorded. For each run , there
were SO , 50, and 12 words representing the Hiqh , beu tral and Low
classes of semantic meaning lying along a diagona l of the Osgood
dimensions: Evaluation , Potency, and Activity. The subject was
assigned a particular semantic scale for use durini the run in
judqinq each word as it ~as presented. The E~Gs for the stimulus
wor .is representing each semantic class were averaged for the run to
obtain the evoke d potentials (EPs) used in subsequent analyses. A
total of 30 such runs were required to comple te the collection of
90 such averaged EPs for each individua l across alt experimental
condit ions:

(1) Three semantic classes of stimulus words ,
• (2) Two replications

(3) Three semantic task dimensions , each represented
by five different scales (to control for
specific scale properties other than dominant
semant ic dimension) .

ThIS PAGA IS BEST QUALITY PBACTICARI4
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Privileged Communication 6 Chapman

TABLE I

Loadings of Semantic Differential Scales on
Evalu ation (E), Potency (P), and ~.ctivity (A) *

SCALE Z P A
E Dominantly

El nice—awful .96 — .02 —.09

E2 sweet—sour .94 .02 — .04

E3 qood —bad .93 .03 • — .05

E4 heavenly—unhea ven].y .93 .00 — .21

ES mild—harsh .92 -.20 -.06

P Dominantly

P1 big—little -.05 .81 -.24

P2 powerful—powerless .16 .75 .18

P3 deep—shallow —.11 .69 — .32

P4 strong—weak .04 .68 .13

P5 long—short .02 .64 -.23

A Dominantly

• Al fast—slow — .14 .22 .64

A2 young—old .39 -.42 .56

A3 noisy—quiet —.39 .25 .56

A4 alive—dead .52 .13 .55

AS known—unknown .16 .10 .48

• 
* America n English semantic differential loadings reported in Osgood,• 1964. Loadings shown are for the first listei adjective of each pair.

~Cood N , ~PoverfulN, and “Past
e are represented by th. positive

• poles of !, P, and A.
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D e t a i l s  of Procedure

m h c  research  steos are  s u mo a r i z e d  in t h e  Flow C h a r t  of
E x o e r in e n t  ( T a b l e  II)

Words with quantified semantic values on E , P , and A
dimensions were selected f r o m  the available E, 2, and A ylossaries
(Osgood, personal co~n m u n i c a tiom ; ~eise, 1971) . We selected words
w h i c h  a re  se m a n t i c a L l y  complex  in the sense that they score high ,
n e u t r a l , or low on all t h r ee  Osgood d im e nsi ons. Thus , th r ee
seman *ic meaning classes were used: High (E s ,P+ ,A + )  , Neutral
(E O ,PC ,A C ) ,  a nd Low ( E — , P— , A— ) . The words were  g iven  in d i f f e r e n t
ran dom orders from run to run , so tha t the sub jec t s  could not
anticipa te either a semantic class or a particular word during the
experimental runs.

• Five scales that are heavily loaded on each of Osgood ’s three
semantic dimensions (Evaluation , Potenc y, and Activity) were
selected (Osgood , 19~~ ). Each of these 15 semantic scales (Table
I) was used witn each stimulus word . This required 15 run s with
Replicate 1 and 15 runs with E€plicate 2, makin q a total of 30 runs
for each subject . The scales were given in diff erent random orders
for each sub ject.

Before each run the subject was given the assigned semantic
3cale, e.q. hm n ice~ a w f u l , ~c w h i c h he wa s t o use on al l  112 wo r ds in
t h a t  r u n .  The s ub jec t  was  asked to ra te  each s t i m u l u s  word  on the
d e s i g n a t e d  s e man t i c  scale us ing  va lues  f r o m  +3  to — 3 .  The
i n s t r u c t ions  to the subj ec t  whe n the  scale was  “ n i c e — a w ~~u l”  we re :
“I f  t h e  m e a n i n i  of t.ie w ord  to you is m ore  nice t h a n  a w f u l , then
gi v e  a + r a t i ng ,  w i t h  a 1 , 2 , or 3 to express various degrees of
niceness .  On th~ o the r  h a n d , if the  m e a n i n g  of the  word to you is
m o r e  a w f u l  th aa  nice , gi ve a - r a t i ng  us ing  1, 2 , or 3 to i n d i c a t e
the  degree  of a w f u l n e s s .  If t h e  word  is perfectly neutral on that
scale , qive a “zero. “ If you  f e l t  t h a t th~ word was very closely
associated wit h one end of the scale , you m i gn t  say  “+ 3” or “— 3. ”
If you fe lt thit the 4ord was moaeratelv associated wita one or the
other end of the scale , say “+2” or “—2. ” If the word seemed only
slightly related to one side as opposed to the otaer , you night say
“+ 1” or “— 1.” If you considered the scale completely irrelevant ,
or both sides equally associated , you should say “C.” ~!ak e each
item a se p ara te  ai~d in dep enden t  j u d g m e n ’ .” For  each scale ,
regar3less of whether it was “nice—aw ful ,” “big—l ittle ,”
“f ast-slow ,” or some othe r sca le, numerica l value s from +3 t o  —3
were used. After each word was flashed the subject gave his
semantic differential rating verbally .

We have developed a computer— genera ted display system so that
selected words can be individuall y presented to a subject as a
briefly flashed s t i m u l u s  on a Cf~T. The sub ject sat in a dark ,
sound—dam ped cha~ oer. The average word subtended a visual angle of
1.5 degrees wit h a duration of 17 asec. Fach lette r wa~ formed by

j  tijhtinq appropriate positions i n  a 5 by 7 matrix . .‘~ fixation
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T ABLE II

PL OW CHART OF EXPERI MENT

LISTS OF W OR DS SELECTED 5 SEMA NTIC DIFFERENTIAL
FOR 3 SEMANTIC CLASSES: SCAL ES SELECTED FOR EACH OF

UIGH,NEUTR AL,L OV 3 DIMENSIONS: E, P1 A
ON ALL 3 OSGOOD BASED ON OSGOOD’S ANALYSE S

DIMENSIONS (E,P,A ,)

WORDS FLASHED ON CR?
BEG RECO RDED

SUBJECT GIVES SEMANT IC DIFFERENTI AL

EVOKED POTENTIALS COLLECTE D
FOR EACH SEMANTIC W ORD CLA SS

WITH EACH SEMANTIC SCALE

BPs STA NDARDIZE D WI THIN EA CH OF 1 3 SU BJ ECTS
(MEANS 0; S.D.s 1)

VARI NAXED PRINCIPAL COMPONENT S ANALY SIS
ON BPs OF 102 TIME POINTS,

COM PONENT SCORES COMPUTED FOR EACH EP.

DIS RININ A NT ANALY SES USING
COMPONENT SCOPES TO CLAS S IFY

BPS INTO:

SEMA NTIC SEMANTIC W ORD CLAS SES SEMANTI C
W O RD AND SCALE DIMEN SIONS SCALE

LA SSES (3) (3 x 3 9) DIMENSIONS (3)

• ~~~~~~ • • . . • •~~~~~~~~ __• - • -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



t~r i v il eqcd  C o n m u n i c a t i o n  9 C h a p m a n

t a r g e t  was  p r e s e n te d  ( 3 . 5  sec. d u r a t i o n )  one  second b e f or e  each
w or d .  A f t e r  each  w o r d  w a s  f l a s h e d  t~~e s u bj e c t  g av e  h is  s e nan t i c
d i f f e r e n t i a l r a t i n q  ( + 3  to — 3 )  t o w a r d  t h e  can  of t h e  2 .5  sec .
i n t e rv a l  betwee n ‘:ach w o r d  and  the  f ix a t i o n  s t imu l u s  t o r  t h e  n ex t
t r i a l .  This  t a sk  assured t h a t  each s t i m u l u s  word  was  perce ived  and
p r o v i d e d  access to  an  in p o r t an t  v a r i a b le .  The b r a i n  a c t i v i t y
f o l l o w i ng these word s t i m u l i  was av e r a g e d  s e p a r a te ly  f o r  each  of
t h e  sc r n a n ’i c  m e a n i n g  classes in  c o nj u n c t i o n  wi th  each s e m a n t i c
scale . A c o m p u t e r  p r o g r a m  c o n t r o l l e d  t h e  t i m i n g  and d e l i v e re d  the
s t i m u l i  an d c o nt r o l  pu lses. The seq uence f o r  e a ch  word
orese n ta t ion  (a t r i a L )  w i t h i n  eacn r u n  was as f o l l o w s :

( 1 )  F i x a t i o n  t a rge t  on fo r  0 . 5  sec.
( 2 )  B l a c k o u t  for  0 . 5  sec.
(3) Stimulus word flashed (approxima tely 17 asec.)
(Li ) B l a c k o u t  f o r  2.5 sec., during which time the

subject gave a numb er representing his semantic
ludgm ent of the word on a designated scale.

A number of words (112) were presented in this fashion to
c o n s t i t u t e  an experimen tal run. During e~ periwenta l runs , the
s u b j ect ’ s ~EG wa s b e i n g  p i cked  u p  f r o m  EF~ electrodes, and recorded
a l o ng  w i t h coded sy n c h r o n i z a t io n  pulse s assoc i a ted  w i t h  the  va r ious
semantic word classes used .

Standard ~rass electrodes (silver cup ssape) were attached by
hentonite Cad paste. The  analyses foc usci on a scalp Location
one—third of the distance from CZ to PZ (CPZ recorded mono pol a r to
l i n k e d  e a r l o b e s) .  The frequency bandpa ss of the re-~~ r d i ng  system
( rass polygraph , F.~ tape recorder , operational amplifiers) was C .1
to 70 Hz. Beginnin g with the wor’~ stimulus and lasting 510 asec.,
EPs were averaged by a program using 1~~2 time poi lits (5 nsec.
interval) . Each EP was based on 50 or 12 different words of the
same semantic class (5) for Hiqh and Neutr al , 12 for Low) . Eve
movements were monit re1 with Ef~G (electrooculogran) .

Data from 13 subiects arc presented here . Each subject was
given 30 runs of 112 word s soread over a number of sessions.

The E P da ta  f r o m  t he  various runs were collated in a manner
and form suitable for multivaria te statistical analyses. This
involved disenta ngling the EP data from the random sequences ,
arranginq the m in a systematic order , and formatting them for paper
tape and digital r~aq tape.

The  data were standardized separa ’ely for each of the
• sub-jects. Using the B~’1D71S ‘lultipass Transgene ration Program

(DixOn , 1975) , each subject ’s data at each time point were
trans f o r m ed to z scores w i t h  mea ns eaua 1. to 0 and s~ and ir ~
deviations equal to 1. General advantages of prc pari ng Ja v a f o c

• analysis in this wa y have been described b” p u m m e l (197), ~p.
2~46—247). The specific reason for standariizir~i th e  ~ata .ithin
suble: t s  was to avoi I s~: a m p i a g  t he  senant ic effects by m div i~ ua 1
d i f f e r e n c e s  in  t h e  sub seq ien t  analyses.
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P r i v i l eg e  C o . a m u n i c a t i on  1) C I ’ a p m a n

The n r in c i p a l  c o m p o n e n t s  a n a l y s is c l o s ely  lo l l o4 e d  the
p r o c e du r e s wh i c h  h a v e  w o r k e d  w e l l  w i t h  our r r e v i o u s  i n t o r m a t i o n
p r oc e s s i ng  dat a ( C h a m m a r ~, ~cC r a r y ,  3 r a g d o n , a nd C h a p m a n , in  n re ss) .

• 

- 
W i t h  those  d a t a  the p r in c ip a l  co m p o n e n t s  a n a ly s i s  a c h i e v e d  a
p a r s i m o n i o u s  r e p r e s e n tat i o n  of the  d a t a  and  th~ cor n p o n e i ~ts we r e
f u n c t i o n a l ly  m e a n i n g f u l .  Two ge n er a l  s teps  are i n v o l v e d :  ( 1 )

• d e t e r m i n g  t h e  ~P c omp o n e n t s , a n d  (2)  m e a s u r i n j  h o w  m u c h  of each
co m p o n e n t  is in each EP .

These stc~~s we r~ d one by a v a r i m a x e d  p r i n c i p a l  c o m p o n e n t s
a n a ly s i s  c o m p u t e d  by  B~1 DP 4 ~1 Fac to r  A n a l y s i s P r o gr a m  ( D i x o n , 1975) .
The ~ P d a t a  en te red i n t o  t h e  a n a l y s i s  w e r e  t h e
in t r a s u bj e c t — s t a n d a r d i z e d  EP a m p l i t u d e  m e a s u r e m e n t s  ob t a i n e d  at th e
102 successive t i m e  points  fo r  each of the El’s. The ~~JP4M Progra m
t r a n s f o r m e d  t h e  da t a  m a t r i x  to a corre l a ti o n  & a t r i x .  The
p r o d u c t — m o m e n t  c o r r e l a t i o n  c o eff i c i e n t s  c o m p u t e d  fo r  e~~~i. p a i r of
t ime  per iod s compr ised  tu e  102 x 102 m a t r i x  to w h i c h  pr~~t .ciçal
c o mp o n e n t  ana lys i s  wa s  app l ied . U n i t i e s  w e r e  re t a i n e d  in the
di ag o n a l .  The n u m b e r  of c o m p o n en t s  to be r e t a i n ea  was  stt . a t the
n u m b e r  of e igen v a lu e s  e q u a l  to or gr ea t e r  tha n u n i t y .  The r e t a i n e d
c om p o n e n t s  were r o t a t ed  usin g t h e  a o r m a l i ? e d  v a r i m a x  cr i t e r i o n
( k a iser , 19 5A) . The a n a l y t i c  r o t a t i on  p r e s e rv e s the  o r t h o g o n a l i ty
a mon g t h e  c o m p o n e n t s  w h i l e  p r o v i d i n g  more  d i s t i nc t p a t t e rn s ,
im p r o v i n g  t h e i r  c l a r i t y  and d e f i n i t i o n .  The  v a r i a i a x e d  p r iL c ip a l
c om p o n e n t s  m e t h o d  has p e r f o r m e d  well  in a c h i e vi ng m a x i m a l l y
pa rsim on i ou s  d e sc r i p t i o a s  of a w i d e  v a r i e t y of d a a  f r o m  d i f f e r i n g
s c i e n t i f i c  areas ( T h o r n d i k e  a n d  Weiss , 1970)  w h e r e  o the r m e t h o d s
so m e t i m e s  f a i l .  Scores were  c o m p u t e d  f o r  each  of t h e  o r i g i n a l  EP s
on each of  the  v a r i m a x e d  p r i n c ip a l  c o m p o n e n t s .  These c om p o n e n t
scores ( f a c t o r  scores , ga i n f ac to r s )  m e a s u r e  th e  c o n t r ib u t i o n s  of
t h e  c o mp o n e n t s  to t h e  i n d i v i d u a l  EPs . These c o m p o n en t  scores were
con p a r e a  for  t h e  v a r i o u s  s em a n t i c  classes of wor d s .

Ha v i n g  r e duced  the  d im en s i o n a l i ty  of t h e  E P  f r o m  102 n e a s u r e s
to a muc h s m a l l e r  n u m b e r  ot  p r i r .c i pa l  c o m p o n e n t s , t h e  n e x t  s tep  was
e va l u a t i n g  the  e x t e n t  t o  w h i c h  these c o m p o n e n t s  c o n t a i n e d  s~~m a at i c
i n f o r m a t i o n  and , m ore  s pe ci f i c a l l y ,  the  u t i l i t y  of t h a t  i n f o r m a t i o r
in disc r i m i n a t i n g  a n d  p r e d i c t i ng  s e m an t i c  class of FPs .  T h i s
ev a lu a t i o r w a s  accomp l i shed  by mu l t i p l e  d i s c r i m i n a n t  a n a l y s e s .  Th~a i m  of the d i s c r it n i n an t  a n a l y s e s  was to p r e d i c t  the  s e m an t i c  class
m e m b e r s h i p  of t h e  FPs on the bas i s  of t he  EP measu res  ( c o m p o n e n t
sco res)  . The r e su  It in ~ isc r in in a n t  f u n c t io n s  a re  those  w h i c h
m a x i m a l l y  s epa ra t e  the s e m a n t i c  classes. T h e  d i s c r i m i n a n t  a n a ly s e s
w e r e  d o n e  by t h e  B~1D~’7M S t e pw i s e D i s c t i m i n i n t  ~n a ly s i s  P r o g r a m
( D i x o n , 1 975) . T h i s  p r o g r a m  was a p p l i e d  t n  the  com ~ one ct  sco r es
d e r i ved  f r o m  the  p r in c i pa l c o m p o n e n t s  a n a L y s e s. A set of li near
classi f i c a t i on  f u n c t i o n s wa s conpu ~ ed by ch o o s i n g  t h e  i n d e p en d e n t
v a r iab l e s  in a s teowi . s e m a n n e r .  U s i n g  thes e fu n c t i o n s , t h e
pr o b a b i l i t i e s  of each ~? be l o n g i n g  to each  sc ean t i c  c lass  ~as
c o mp u t e d .

uAL1T’~
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P r i v i l eqe d  C o m m u n i c a t i o n  11 C h a p m a n

(\) SIIULTANEOU S IDENT FICATICN CF WC~~D CLASS AND
ScALE DIMENSION

The basic e x p e r i m e n t a l  d~ siga e mp l oy e d  makes  it possible to
e x a m i n e  t w o  key ques t ions  i n v o l v i ng  se m a n t i c a l l y  comp le x s t imu l i :
( 1 )  C a n  EP measures  be used to determine simultaneously both t he
s em a n t i c  class of  w o r d s  a n d  the  seman t i c  d i m e nsion a l o n g  which  the y
were  b e ing  j u d g e d  by t h e  sub jec t ? (2 )  Do t h e  s e m a n t i c  m e a n i n g  of
t h e  word s and  t he  s eman t i c  set induced  by t h e  task in t e rac t  (do EP
m e a s u r e s  re f lec t  d i f f e r e n t  neura l e ve n t s  f o r  the s t i m u l us word
classes and the task scale d i m e n s i o ns ) ?

For the  spec i f i c  purpose  of a n s wer i n g  these  çues tions ,  t he  EP
d a t a  of each of the  sub jec t s  were  averaged  to re p resent  each of the
18 e x p e r im e n t a l  c o m b i n a t i o n s  of 3 se m a n t i c  classes of words  K 3
s cale d imens ions  X 2 r ep l ica tes .  These EP s were s t an d a r d iz e d  at
each t i m e  point  ( M e a n  = 3 , S.D. = 1) separately for each s u b j e c t .
Variinaxed principa l components analysis of the combined data of ali
13 subjects (2314 EPs X 132 time points) resulted in retaining 10
components accounting for 9L&.3?~ of the total variance . The scores
for these components were used as the EP measures entered into
d i s c r i m i n a n t  ana ly ses .  In  each a n a ly s i s , d i s c r im i n a n t  f u n c t io n s
were  c o m p u t e d  to d i s t i n g u i s h  amon g  all 9 semant i c  c o n d i t i on s
defined by the 3 semantic classes of word s i n  combination with the
3 scale d imens ions .  The ana lyses  were  n e r f o r m e d s e p a r at e ly  f o r  th e
two different replicates in orde r to provi3&. for cross-validations .
Discriminant functions were oLtai~ied which detected statistically
s i in i f i c a n t  d i f f e r e n c e s  a m o n g  the  g r o u p s ;  th e  pr obab i l i t i e s  of the
v a l ue of the F a p p r o x i m a t i o n  to W i l k ’s lan h d a  w e r e  less t h a n  . C O 1
in each a n a ly s i s .  The u s e f u ln e s s  of these functions was evaluat ed
on the  basis  of the  accuracy  w i t h  wh ic h EP s could be ass igned  to
the prope r combination s of b oth  word ClaSS and semantic scale. The
r es u l ts , comb i n e d  f o r  b o t h  of the wo rd l is ts, a re shown  it. Tab le
I I I .

Since there are 9 groups to which art E? could be assigned , one
out of 9 or 11 .1% of the EPs would he e xpe c ted to be correctly
assigned by chance . The average apparent classification success
rate obtained when clasifying the EPs used ~o develop the functions
w a s  33 %:  3 t ine s  be t t e r  t h a n  chance.

The j ac~ k n i f e d  c r o s s - v a l i d a t i o n  success ra tes  e s t im a t e  the
ou t comes  e xp e c t e d  if the  c l a s s i f i c a t i on  f un c t i o n s  w er e  used to

• classify new EPs collected using the same list of words. while the
overall average SUCC~~SS r a t e  shrinks to 22~~, it rem ains 2 times
better than chance .

The th ir d  part of Table Ill oresents the results obtained when
the classification functions were aopiied to data not us~~ in their
developm e nt and  collected in t h e  o t h e r  r e p l i c a t i o n .  As mi~~h t  be

• expected the ove rall success rate is lowered. However , tue 17~a c cu r a cy  i~ hj ~~h e~ t h a n  t h e  p er c e nt a g e  correc t e x p e c t e d  by ch au c~• a n d  t r .e ov e r a l l  c h i — s q  n a t e  test  ~u~ p o r t s  t h i s  e i f f e r en c e  as

THIS ?A~E IS BES T QUALI TY PPAC~ICABL~
FROM COPY F 1SI~F4D 1’O D~Q ~~~~~~~~~~

• ---- • - - -  • •  ___1l1



F- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- • • • - -
~
-- -- -— .. •-

~

••  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~ 

_ _ _ _ _ _ _ _ _

Privileged Communication 12 Cha pma n

TABLE III

9 Classes (3 WDrd Classes by 3 Scale Dimensions)

Percen tage 3f BPS Correct ly Classified

Word Classes.

• nigh Neutral Lov
(E+ ,P+ ,A+ ) (EO ,P0,A0) (E— ,P ,A )  A verage

Developme nt

Scale Dimensions
Ev aluation 23.1 30.8 57.7 37.2

Pote nc y 34.7 30.8 50.0 38.5

Acti vity 7.7 65.4 42.3 38.5

Av erage 21.8 142.3 50.0 • 38.1

Jackknifed Cross-Validation

Scale Dimensions
Evalua tion 7.7 15.4 50.0 24.4

Potency 30.8 7.7 23.1 20.5

Activity 0.0 46.2 19.3 21.8

Avera ge 12.8 23.1 30.8 22.2

Other—Rep lica te cross—V alidation

Scale Dimensions
Ev aluation 19.3 7.7 15.4 14.1

Potenc y 15.4 19.3 23.1 19.3

• 
. A ctLvity 7.7 34.6 11.6 18.0

Average 14. 1 20.5 16.7 17.1

Results combined for 2 Replicates; 13-subjec t group.

Each individual percentage based on 26 BPs.

Percen tage correc t expected by chance: 11.1%.
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statistically relianic (~ < .J03) .

The table reveals consj i~ rab1e va:iahiii~ y in accuracy with
which the 9 combinations are identified . Those combinations w h i c h
involved the High (E+,P+ ,A+ ) class of word s were detecte 1 less
a c c u r a t e ly  t h a n  o thers , especi al ly w h e n  s e m an t i c  1ud ~~ments  about
t h e  w ord s  involv e scales r ep r e s en t i n g  t h e  A c t i v i t y  D i m e n s i o n .

~ ne use of the  se m a n t i c  d i f f e r en t i a l task  in conlunctior i with
the th ree ca tegories of words wo uld be expected to predispose the
subject s for semant ic processing alor~ th~ E , I’ or A dimension. We
sought to assess the extent to wLich this wou ld re-suit in alL
interaction of semantic effects which would be re~ resentcd in the
EPs a n d  ir a f l u cn c e  the outcome of classification s. The 9 group
dj s crj mj n a n t  a n a ly s e s and classifications of the EPs (Table Ill)
e n ab le  us to exami ne this luestion of the interrelationship of word
classe s and scale dimensions. This was stati~ticaily assessed by
cross—tabulatin g the number of correct classifications in 3 K 3
contingency tables according to the semantic classes of the word s
and the semantic dimensions of the scales. Chi—square tests of
inden~ndeuce give a mixed picture concerning independence of word

• class and sublec 4 tas~z dimensions in determining classification
outcomes. The independence hypothesis was rejected for the
D e v e l op m en t  dat a (p < . 0 5 )  a n d  the J a c k k n i f ~ d C r o s s — V a l i c a t i o n  da t a
( p  < .0 0 5 )  , b u t  was  accepted fo r  tn e  Ct h e r — R e p l i c a t e
Cross—Validation data (p between . 10 and .25) . It  appears  t h a t
ther e is a w e a k  i n t e r ac t i on  b e t w e e n  word class and scale
dimensions , an 3  t ha t  t h i s  i n t e r a c t ion is weak enough that for first
ordcr app roximat ion it Is practical to treat their effects
separately. ~e expect further analysis to clarify this question.

These ana ~.yse s of classification data indicate tnat , as
re presented in the ‘~t’, the semantic processing of word stimuli and
the s~ t or processing impose d by a semantic task do not become
qreatly entangled. The’~ do not  i n t e r a c t  s uf f i : i~~n t l v  as to greatly
i n f l u en c e  ( e n h a n c e  or supress) the detectibilitv of one another.

(3) S~~PA~~A T E  I0Z~iTIF~cgTICN CF W C fl D CLASSFS A N D
SCALE DIMENSIONS

Since the analyse s of the classifications above Indicate that
the effects in EPS related to distinguishing word classes are
relatively independent )L distinguishing semantic scale dimensions ,
separate classification functions were deveio~ed for each of the se
two kinds of semantic variables. The strate~~ was to compute
d i s c r im i a a n t  an a ly s es  and  deve lop classificaL.on functions for word
classes and scale dinensions separately by enterin’l the sane data
in both kind s of anaLyses but only specifying one or the other kind
of group label while i~inorimi the othe r group labcl . The data
entering these analyse s were the same princip al component scores
that ~~re used above in the simultaneous id .~ntification f word

~iass an i scalu dim elt3i0z1 (Table Ill). F r  tte present Purposes ,
• h o w e v e r , the d i s c r i m i n a n t  analyses were allowed to focus a l o n e  ) f l
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either identification of word class or identification of scale
dimensi~,a. To the extent that these twO kinds of se m a n t i c• variables ha ve indeme nlent effects , the semarately derived
classification functions could he applied se parately to the same
!Ps to “simultaneousl y ” identity both word class and scale
dimension , wit~ out loss of generality and Perhaps with greater
precision.

The results of separate identification of word classes and
scale dim ensions are summarized in Tables IV and V. For both kinds
of analyses, 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 whic h detected statistically significant
differe nces between the criterion groups. The chance probabilities
of the F values computed from Wilk ’s lamb da (U statistic) were less
than .305 (most were less than .0)1). For both Tables IV and V the
lackknifed and other—list cross— validation s a ssess tue success in

• applying the classification functions to data not used in their
development: data obtained under the same conditions (one case
left out) and data obtained by using the othe r re p l ica te ,
respec tively.

Separate identification of word class (Table IV) had an
overall development success rate of 69~~, whic u is to be compared
wi th a chance rate of 33% (three word classes). The ge nerality of
the classif ication functions is indicated by the lackknifc-d
cross-v alidat ion success rate (64~) an d othe r—re plicate
cross- validation success rate (62%) . These analyses indicate that
word classes can be successfully identified in spite of the fact
that a wide variet •y of semantic scales were being used by the
subjects when these lata were obtained.

Separate identification of scale dimension (Table ~ had an
av er age development success rate of ~48I, wh ich is to be compared
with a chance rate of 33~ (three scale dimensions). The generality
of these classification functions is indicated by th~ jackknited
cr oss-validation ( L4 L4~~) , but  t h e  o t h e r — r e p l i c a t e  c r o s s — v a l i d a t i o n  is
w e a k  ( 3 3 % ) . These a naly s e s  i nd ica t e  t h a t  s em a n t i c  scale d im e nsi cn s
can be s u c c e s s f u l ly  i d e n t i f i e d  in sm i te  of the  f a c t  tha t a wid e
variety of words were the soecjfic stimuli for the EPs.

• The i d e n t i f i c a t i o n s  of word  classes and  s e m an t i c  d i m en s i o n s
w e r e  no t  e q u a l ly  successfu l .  The i d en t i f i c a t i o n  of the su~~1ect ’s
task dimension (semantic scale) was not as robust and did not
generalize to the othe r replication . The identifica tion of the
stimulus word class (Hign , ~leutral , or Low) was quite robust and
generalized stronqlv to the other replication (compare success
ra tes of 69’~ and ~2%).

¶ In general, 4he semarate identifications of word classes and
scale di~ensioas (Tioles IV and V) were significantly better than
chance. It is to  be noted tha t these success ri tes were oLtained
across sublects , i.e., the same classification functions were
successfully used f r  all 13 sub jects.

?HIS PAGE IS BEST QUALITY FRACTICW4
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TABLE IV

3 SEMANTI C WORD CLA SSES
• 

- MULTIDIME NSIONAL ANALYSIS AND CROSS-V ALIDATIO~

Analysis ignores subject ta sk: se ma ntic differential ratings.

Percentages of EPs Correc tly Classified

Semantic Class Jackknifed Other Replicate
Development Cross- Vali dation cross—Validation

• Replicate 1 Replicate 1 Repl icate 2

Hig h (E+ ,P+,A+) • 53.8 46.2 64. 1

• Neu tral (E0,PO, A0) 69.2 66.7

Low (E— ,P— ,A— ) 76.9 . 69.2 82.0

OV ER AL L 66.7 60.7 64.1

Replicate 2 Replica te 2 Replicate 1

High (!+,P+,A+) 76.9 71.8 53.8

Neutral (E0,PO,A0) 61.5 56.4 56.4

Lov (E— ,P— ,A--) 76.9 71.8 66.7

OVERALL 71.8 66.7 59.0

=~~ = = = = = = = = = =  =u ====uz=*====z

C O E B I N E D  R E S U L T S  6 9 . 2  6 3 . 7  6 1, 6

Each individu al percentage based on 39 EPS

Percentage correc t expected by chance: 33.3%
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TABL E V

• 3 SEMANTIC SCALE DIMEN SION S
• Analysis ignore s word class.

• Percentages of R P m Corr ectly Classified

Scale Jackkaifed Other—Replicate
Dimension Develo pment Cross—Valid ation Cross-Validation

Replicate I R eplica te 1 Replicate 2

Evaluation 46.2 38.5 33.3

Potenc y 59.0 56.4 28.2

Act ivity 48.7 46.2 33.3

AVE RAGE 51.3 47.0 31.6

• Repl icate 2 Replicate 2 Replicate 1

Evaluation 43.6 *3.6 28.2

Potenc y 41.D 35.9 12.8

Activity 48.7 *3.~ 64.1

AVE RAGE 44.4 41.0 35.0

z a z z z~~~zz

COMB INED R ESULTS 47.8 44.0 33. 3

Results obtain .d from 13-subject gromp.

Each individui l percentag• based 3D 39 EPs.

Per ceatage correct expected by chance: 33.3~.
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• (C)  R E F E R E N C E  C C O R D I N A T E ~ I~J S~~1A N T I C  Sj ? ACE
~‘~SED (N TP INALYSIS

• The semantic glossary (Hcise ,1971) tclls us where the word
stimuli we use d are normatively located u semantic space as
d e f i n ed  on th~ basi s of Csqood ’s analyses .  H o w e v e r , w e w a n t e d  to
asses s, in at least a preliminary way, how the El’s in the present
experiment mig~ t he located in sem antic space using information
developed from preceedinq experiments on representation oi semantic
meanin g in El’s.

!t previou s experim ent , described in a recent report ,
investiqatel El’ effect s by pre senting words representing six
different classes of semantic meaning lyinq at the positive and
negative extremes of each of the Osgood dimen sions: Evaluation ,
Potency and Activit y . We selected words waich are relatively
“pur e” in the sense that , they score high or low on one of the
dimensions and are relati vely z~eutral on the other two. Twenty
words from cacL of the six semantic categories (El , E— , P4, l ’— , A+ ,
an d  A—) were random ly assigned to a list. Two such lists were
constructed usin ; different words to control tor specific stimulus
cbaracter istics or propertie s other tha n connotative meaning as
we ll as pro vid~ a data base well suited for cross—validation. The
other met hodologica l features of the experiment , including the
subjects ’ semantic differentia l tasks were essentially the same as
those described for this current one. A part of the analysis of
those dat a ~as d irected at comparing results wi th still earlier
studies and , for tno~e purposes , a sm aller PP data set was
extracted ignoring the 15 semantic scales by averaging across them .
For each of ten subjects, tais resulted in EPs for six semantic
classes for each of the two lists of word s. Th~ EP data were
standirdize l separately for each sublect (values at each time point

• b r o u g h t  to m e ar ~=~ ani S.t). 1). The mat r ices ot data for each
sublect were adjoined to form a 120 (EPs) b y 1C2 (time points)
input m atrix for a varim axed principal componen ts analysis (‘)ixon ,
1975). Eleven components exceeded the eiqa mm value=1 criterion.

• rogether these 1 1 com ponen fs accouated for 93.9% of the variance-.
The score s for t~ ese components were used as the PP measures
entered into discriminant analyses.

Six discriminant analyses were performed separately on the
data from the rhree semantic dimensions (Pvaluation , Potency and

• Ac tivity) for the two “ pure” word lists. In each of these
“unxiiuensionai” anaLyses , discriminant fu!ictions vere computed
which detected statistically significant differences between the
two p Lar semantic qroups. These differences we re evaluated using

• the value s of P computed f r m  Wilk’s lambda (U statistic). The
chance probabilities of these F values were less than .C5 to less
than .)C1.

Cverall, the  unidim ensional analyses of t h e  “ ?ur c ” s em a n t i c
classes had an averaic apparent success of 9~~ an d  average
1ack~ nife 1 cross—va li~ 3tion succcss of d7~ . It is to he noted t iat
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t h i s  success r a t e  was  ob t a ined  acros s s u b j e c t s ;  th~ sa m e
classirication f unctions were used for all ten subjects. Wh en the
same classification functions we re applied to the El’ d a t a  o b t a i n e d
from the other word list , the overall success rate was 714%. ~Ih e  A +
vs. A— classification functions largely contributed to the lowerin g
of the success rates in cross- validation.

T he El’ d a t a  of th e  presen t ex per ime nt we re also aver aged
across the 15 semantic scales and then standard ized separately for
each of the 13 subjects. 3eca use the previous unidimensional
analyses were on bipolar group s, only the El’s obt ained using the
High and Low stimulus words were included in the subsequent
analyses. The matrice s of data for each subject were adloined
forming a 52 (Z?s) ~ 102 (time points) input matrix. Componen t
scores for the 52 EPs were obtained using the component score
coefficients obtai ned in the Principal Components Analysis of the
12D TPs in the previ us experiments using “ pure ” words. The
present data using “complex ” words did not contribute to the
Principal Compoaent~ ~na1ysis in m v  way. The classification
functions previously obtained from the six unidimensional analyses
were applied to tne component scores for the El’s obtain~ d with the
“com ole x ” semantic stimuli.

The success rates in classifying the semantically “com p lex”
High and Low word classes using the pred ictor equations of the
“pure” word classes were not far from chance levels overall. It
was not expected that using E~ vs. E— prediction b y  i tse lf , for
exampl e, would do well in placing words which are high or low on ?
and A Jiiaensions as veil. Greater classification successes would
be expect ed from combining the information from all three types of
pred ic tor equations (P4 vs. 

~~—; P+ vs. P—; Al vs. A—). However , an
important question to be answere d in this developm ent is whether
there is any information derived from the pre vious “pure ”
discriminant functions wh ich is applicable to the semantically
“complex ” words , and more specifically if the se “simple ” canr onical
variates would place t he  “co mp lex ” word classes appropriatedly in
semantic space. For example , the High word class beinj
simulta neously ~‘+ ,P+ ,A+ belongs on a diagonal betwee n E+ and P+ and
A +  axes defined by tne “ pure” ca n.lonicai variates.

Each of the canonical funct ions maximally separatin g the
positive and negative “pure ” word classes for cach dimension was
used , in turn, to compute coordinate va lues on “ , P , a n d  A
canonical variate dimensions for i~he EPs obtained with the High and
Lo w word classes. The mean coordina t*~ values for the High and Lov

• groups we re statistically significantly (reliably) ~ifzercr.t from
one ano ther in the case of all six functions (p values ranqed from
< .05 to << .0 11) .  In 5 o u t  ot the 6 analyses he- Higmi wora class
had mean values that were more positive thin those for the Low word
class. The f u n c t i o n  w h i c h  produced means in the unexpected

• direction was one which faired poorl y in ~iscriminatintj A+ and .\—
qroups in the earlier cross—validation .
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I n  sunna r v , w~ ~vtracted the simplest set of reference
co or~ inates available f r o m  our earlie r exp~ rimrnt s and used the n to

• prov ile some estjmat~~s of the ircan location s of !Ps to  m or e  comple x
sem antic st imuli. Tnt-se preliminary re sul~ s support further
consideration of the possi bility that EP measures provice an
additional approach to na rping semantic spice.

(II) ~epresentation of Nunerica l ~eaning in grain Potentials

In addit ion to studying connotative m~ m n i n q , we expanded the
scope of the research to include investigations ot denotative
meanin g and brain potentials. F rom the standpoint of experimental
definition, design , 1n~1 economy, ~iumber concepts have been selec ted
for reasons sim ilar to those which led us to the use of Csqood ’s
analysis as a fram ework for examining connotative meaning. Number
concepts provide us with onjective, weil—~~ fi:&€d classes oi. meaning
(i.e., Sets containing a specific quantity) wnich have a variety of
alternative ph ysical representat ions (i.e., stimuli). For example ,
“3” , “III” , “TI~~~E” and “three ” au refer to the same nu~jbt.rconcept. These concepts also cut ?cross most cultural boundaries
and are not de oe ndent on particular languag e groups . This resea rch
also represents an extension of our carlia r work with numle rs a n d
evoked potentials (Chapman et al., 19~ L4 , 19(5 , 1’~66, 19t9a , 19~ 9b ,
1973 , 1 °7L4a, and in press). Lxt ra—exper m ental reasons for
selectipq number concepts included the ubiquity and importance of
number symbols i i i  m o d e r n  c om a u n i c a t i on s  ar .u t r an s a c t i o n s , and the
related cruc ia l tmpor~ ance of pe rceivin g thena correctly and
•‘nderstanding their mea nin~js prec_sely. Snube r concepts are the
linchpins of hig h soeed man- m achine— ran ia’eractions of an
extremel y wide variety . The an~ilysis of the brain waves of the
person receiving messa le s could inform the me ssage sonder , whether
huma n or machine , if tb e mcs3aqes h i d  been correctly received.

C u r  pre sent  research  comn ires into a sing~~- experime ntal design
exploration of (1) the detection , by ~cans of ri na l ysi s of evoked
po’cntials, of nume rical inf rmation dcco t~~d by v isual stimuli arJ
(2) the trans~ ission of such numerical inforuation by means of
brain potentials.

~ set of cardinal numbers was u sed to derine distinct
categories of numerica l aeaninq. Visua l stimil i with various
physical properties were use d to rcpresent each ol. these cardina l
nu m b ers, for exam p l e , “ ti ” , “ V ” , “ t o u r ” , “FUUZ~” , etc . These

• stimul i were briefly rre~ ented visually on a co~~p u t er  co n t r o ll e d
• :F-r lisplay while tae soblect’ s !:~; was recorded. !he se:uenci-~ of

stimil i was: (1) a fixation symt~oI. ~*) 
, (2) the num ber symbol, (3)

the thLn k cue symbol (=) , ~n I ( 4 )  tne speak response cue (N(~~).
3urinq t h e  f i r st  t w o  o cr i od s , th~ ~l.I l 1ec~~’s task was to qijet ly
observe the s~ i~ uli and to p r e p a r e  for the re spon~~ at t h e

• rema ining perio~ s. t t he  t h L t d  p er i o d , t h e  su b j e c t ’ s t a sk  was  to
~ hink the nu m b e r as cleirly is possU Ic in  syn :~. r o n v  w i t h  t h e  c~ie
stimul us , but i ot ~o vocalize its name at all. At tn~ fourth
i er i d , t h e  su b i ~ cr ’  3 t isk was to speak thir nu i~ er. El’s collected
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during the second per iod  were s t u d i e d  f o r  e f f e c t s  r e l a t e d  to  n u m b e r
concept and character set. ~voked potentials collected during the

• t h i rd  pt riod were used to determine whether numerical information
can be t r a n s m i t t e d  by evoked po t en t i a l s, w i t h o u t  socech mo vements .
within each trial the oi sets or the fixation , number symbol , think
cue , and speak cue were 1.3 sec. apart. The numbers were
presented in r a n d o m  sequences w i t h i n  each r u n .

Data were recorded from electrodes at scalp locations CPZ, 02,
3, and C4. In a d d i t i o n , alpha EEG was automatically scored from

OZ (~c rop t l , C h a p m a n  & Arm inqt on , 1962) and E0t recorded from
electrodes located infraorbitally and on the external canthus. UI
six channels of data were converted to diaital value s every 5 nsec
for a 100~ msec epoch be~ irininq 25 msec before the stimuli.
Droppinq one time point at the tine of the stimulus resulted in 199
t in e  p o in t s  in each Evoked Potential. On each trial, separate El’s
were obtained to the number symbol and the think cue. Fl’s were
averaged separately for each of the ten numbers (0—9) presented in
each of 4 modes (Arabic , Roman , low er case , uppe r  case) to both
number and think cues. This resulted in 80 El’s (1) x 4 x 2). ~ach
El’ was the average of 54 trials (3 per r u n  x 18 runs) oLtained from
a number of sessions. Data from five sublects were analyzed (4 0 0
El’s).

The El’s f r o m  each e lec t rode were standardized separately for
each subj ec t  ( C h a p m a n , M cC ra r y ,  Cna p m a n ,  & R r a q d o n ,  1976) . The
s t a n d a r d i z a t i o n  was accomp l i she d  by t r a n s f o r m i n g the d a t a  at each
time point to z—score s (aean=O , standard d~~viation~~1) . Next , t h e
standardized lita at each electrode were concatenated for all five
sublects , forming separate data sets f o r  each e l ec t rode  (L4CO El’s)
Each of  t hese data set s was su~ ruitte d to a sepa ra te Varinaxed
Principal Components ~tnalysis, u sing the correlation matrix of the
199 tim e points and eiqenvalues= 1 criterion . ‘ihe resulting
componen ts accounted for more than 90~ of the variance in each data
set (Table VI). Component scores were compute d for each of the El’s
as p a r t  of the o u t p u t  of the P r i n c i p a l  C o m p o n e n t s  Ana lys i s .  The
component scores were used as the i~P measures in subsequen t
Discriminant Analyses , that rnvestiga tei the re la tion of the brain
respon ses to the experimental distinctions.

One of the  e x p e r i m e n t a l  quest ions is w h e t h e r  th e  t E n  n u m b e r s
could be discriminated ny the El’ response s to the  n u m b e r  symbols ,
regardless of whether they were presented in Arabic , R o m an ,
lover—case , or uoper—case mode. A Discrim inant Analysi s was given
access to the Component Scores from e lec t rodes  at CPL , CZ , C3 , C 14
and alpha EEC in response to the number symbols and d i s c r im i n a n t
functions werc c o mp u t e d to assign each of the 2u)0 El’s to one f tne
ten numbe r classes. !Jsiag ten of tnese component scores , the
classification success Oa the  d a t a  f r o m  which they were develope d

~as 33.5~ . The success rat~ expected by chance was 10~ . The
• cross- validation assessed by the jackknifed procedur e achieved a

success rat e of 19.5~ . This is si:jnificantlv b e t t e r  t h in  chance
c :hi_s~ ua re=1n .01 , If~~1 , p<.))31). Thus , the E l ’s  were
significan tlv related to the number symi ols, regardles s of the four
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P r i v i leg e d  C o m m u n i c a t i o n  22 C h a p m a n

d i f f e r e n t  modes w i t h  v a r i o u s  physical properties. The success
ra tes d id  not  v a r y  s i gn i f i c an t ly for  t h e  Arabic , Ronan , lower- case ,
and upper—cas e modes (Chi—squa re=3.15 , df=3 , p>.25) . Nor dLd the
success rates vary siiniricantlv am ong the r i ve  sublec t s
(Chi—square=3.70 , df=4, p>.25).

A second ex p e r i m e n t a l  question is whethe r the ten numhers
could be d i s c r i m i n a t e d  by the  El’ responses to  the  think cue , ~hicbwas always an equal sign (). A ~iscrim inant Analysis was computedon these e q u a l - s i g n  d a t a  in the same fashion as was done for the
number symbols . Each of the 2C0 El’s to the equal—sign was assigned
to one of the ten number classes according to the number that was
to be thought. Using eleven of the El’ component scores , the
ievelopment classification success rate was 35.0%. The
cross—validation assessed by the j a c k kn i fE ’~ procedure  ac h i e v e d  a
success rate of 21.5~. This was significantly hatter than the
chance ra te of 10% (corrected Ch i—sguare=2 8.12 , df=1 , p (.0001).
rhis success rate for El’s to the think cue was a s good as t h e
success rate for El’s to the number symbols themselves. The same
d i s c r it u i n a n t  f u n c t i o n s  p e r f o r m e d  equa l ly we l l  f o r  all sub-je cts  (no
difference in success rates among sublects , Chi—square= .37, lf=L1 ,
p>.98)

In nei t her case d i d  the d i s c r im i n a n t  f u n c t i o n s  ge n e r a l i z e
s ign i f i c a n t ly  be tween  number symbol responses and think cue
resp onses (9 .C~ and 13.Y ~) .  Th e 2?s to the number symbols and the
think cue (=) we re q u i t e  d i s t i n g u i s h a b l e .  A s s i g n i n g  t h e  1430 EPs to
these two classes was done w i t h  an accuracy  oi 96.5~ ( -j ac )~kn i t ed
success r a t e )  by a Discriminant Analyse s using 11 of the component
scores. This was significantly better than the chance  r at e  of 53%
(corrected Chi—squ are=3L4 L4 . 13 , df= 1 , p<.~~OOl )
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(III) St )raqe in Short—Term lemory ~nd 3 m m  t~eSp~ nses

A critical ingredient in most , if not all , infor .ation
process ing  by man is the temporar y storage of i n c o m i n g  i n f o r m a t i o n
so that it can be related and integra ted in some fashion with nther
i n c o m i ng  i n f o r m a t ion.  Th er e  is c o n s i d e r a b l e  b eh a v i o r a l  e v i d e n c e
that all i n c o m i n g  s t i m u l u s  i nfo r m a t i o n  is no t  e q u a l l y  av a i l a b l e  at
a later tine (beginning with Ebbiughaus ’s classic studies of
learning and memory in the ninteenth century) . There are a number
of f a c t o r s  which  i n f lu e n c e  the  storage and retention of stimulus
information in m e m o r y .  Am ong  th ese are the  r e l e v a n c e  of the
stimulus information to the person ’s ta sk at the noment and the
amount of previous information being retained in a person ’s
s h o r t - t e r m m e m o r y  w h i c h is apparently of limited capacity.
Rega rdless of the reasons w h y  s ti .nu lus  i n f o r m a t i o n  s o m e t i m e s  is not
stored in an individual ’s memory, it would he e x t r e m e l y  u s e fu l  f r o m
a theore t i ca l  and  p r a c t i c a l  s t an dp o i n t  to  be able to determ ine whe n
s t i m u l u s  i n f o rm a t i o n  is or is not be ing s tore3 in m e m o r y .

~e have described an El’ component whi:h is tentatively
interpreted as bein q related to information storage (Chapman ,
1974a; Chapman , ~1cCrary, Braqdon , and Chapm an , in press) . I t  was
found in an experiment which was investigating b r a i n  p ot en t i a ls  in
relation to a number/letter information processing task. A number
of El’ comp onen t s  were  i d e n t i f i e d  w h i c h  were f u n c t i o n a l l y  r el a t ed  to
v a r i ou s  f e a t u r e s  of i n f o r m a t i o n  process ing .  A m o n g  tn e s e  is one
ihich appears to be quite specifically rela ted to information
storage and which appears in the same form in replications ot the
experiments in whic~ the intensity of the stimulus was varied
across 2.0 log units. The  e x p e r i m e n t  used number and letter
compariso n tasks in which subjects performed d i f f L r e u t
i n f o rm a t i o n - p r o ce s s i a ~ o p e r a t i o n s  on different occurrences of the
same physical stimuli (Chapman , 1973). On ~ach trial, four
s t i mu li , two n u m b er s  a n d  two  let t e r s , we re f l a s h e d  in r a n d o m  cr ie r
with an interval of 3/4 sec. For some trials , tue sub j ec t
indica ted whether the first or second number was lar;er by
appr priately moving a two—way switc h , the le tters being
irrele vant. ~or other trials , the subjec’ compared the letters and
indicated the alphabetic order. Since the numbers and  l e t t e r s  wer e
ra n d o m l y  selected ( 1 — 6 , A—F) , the sequences of n u m b e r s  and l e tt e r s
were randomized , and the performance accuracy was better than 99%,
n e a r ly  e v er y  s t i m u lu s  was  processed a p p r op r i a t e l y  by t h e  sub jec t s .
T h i s t a s k  r e qu i r e d  the  s u ble c t  to s to re  t h e  l e t t e r  a n d/ o r  n u m b e r
i n f o r m a t i o n  in h i s  m e m o r y  in o rde r  to comp a re i t  w i t h  r e l e v a n t

• stimulus information occurring a short while later. An FP
component was found by a Principa l Comp one nts Analysi s which was
associa ted w i t h  stoma ~ e of stimulus information. The com~Ionen t
scor es f o r  t h i s  “st oraqe ” comp on€nt were relatively high for
r e l e v a n t  an d  i r re l e v a n t  s t i m u l i  in t h e  f i rst  of t h e  i i i t r a — t r i a l
p o s i t i o n s  and  fo r  r e l e v a n t  s t imu l i  i n  t h e  secon s p o si t i n .  This
was in ~arker1 contrast to tne “storage ” component scores to t h e
ccmaiainq stimuli where i t  was  not  nece ssa ry  ~or the ~u b ~~~ct to
store the stim~ lus j n f o r m a ’ ion  ~ i th e r  b e c a u s e  i t  w a s  i r u c l e v a n t  to
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t h e  task or c o u ld  he use.! iimediately to compare with t1t~~ ncaiorv of
t h e  p r e v i ou s  r~ le v a n t  s t imu l i .  I t  was in t r  r p r e  ted t n a t  t h e
s t i m u l u s  in f or o a  t~ on was stored ~hcncver it was t ne L i E St  t elev .ant
stimulus or w h e n  t h e  neiory capacity was not b e i n g  t.a xe d i y  h o l d i n g
previousl y storc~ infornation . The loadinqs for t h i s  “ sto ra~~e”
compone nt reachod their m aximum at about 250 msec. T r i s  “ s to r a g e ”
component is orthogona l to other P coinpone n ts f o u n d  in the  same
experiment , such as ~‘330 a~~d CNV—resolutior .. ~urthernore , tbep a t t e r n  of  comooncu t scores for this “storage ” compon ent is
different and nome specifically related to information storage tha n
P300, which was related to all relevant stimul i , or C~ V—reso lution ,
w h i c h  was  r e l a ted  t’) stimulus uncertainty . Essentially the same
data in term s of both pat tern of com ponent scores a n d  t i m e— c o u r s e
of c o m p o n e n t  l oad ings  h a v e  been found in replications of this
experiment at 3 different in te n si t y  le vels spaced  1.0 loj u n i t s
apart. This lends confidence to the potential generality of the
“s t o r ag e ” c o m p o n e n t .

The  wa v ef ~ mn s  of these components are very similar in all f o u r
sets of data , reachinq their maxi m um about 250 msec. after the
stimulus. The coeffic ients of factoria l simila rity among the
waveform s from the four data sets were high , ranging between C.3~a n d  3.9~ . For the previous expe riment the ma xim um was at 25D
msec.; for the new dat a the m axima are at 25C irscc., 25C aisec.,
and 270 m sec. f o r  h i gh , m i d , and l ow  l igh t  i n t e n s i t i e s,
respectivclv .

The 5toraqe Component tQnus to be positive for stiia uli whose
informa tion nccds to he stored by t~ e sublect (Fi~. 1). Thus , them aqnitude of the Storage Compon ent was more p )sitive tot t~~e f i r s t
of the two relEvant sti~ ’ili presented on eacn trial (intta—t rial
positions 1 or 2) than for th~ second relevant stimulus
( i n t r a - t r i al  D o s i t i on s  3 or 4) . The S to rage  C o m p o n e n t  ~as a lso
relativel y positive for he irre levant stimuli when they occurred
in in tra—~~rial position 1. Extend ing the storaqe irt crpr etati or~ to
this result IcaL; to the hypothesis that an irrelevant stim ulus in
p o s i t i o n 1 is St ore .I in ~iemor y, where as irrelevant stimuli in
positions 2, 3 , and 4 are not. Tuj~ may ne related to s~ o:t—t cmmm e m o r y  h a v i ~~q a li m i t e d  c ap a c i ty  and  st o r a g e  of i r r e l e v a n t
i n f o r m a t i o c ~ i n t~~r f e r i a q  w i t h  processing r~ ievant irltorndtioo. The
difference in the S tor a g e  C o m p o n e n t  scores f o r  r e l e v an t  and
i r r e l e v a n t  s t i m u l i  in in t r a — t r i a l p o s i t i o n  2 i s  cv i i en c e  t h a t  t h i s
compone nt is not . r e l a t e d  s i mp l y  t o  an o rde r  e f f e c t . ~o m is this ‘

~ ?
• comp .ner .t relate- i to a mount of processing w!~ ich i s  o r e s u m an i  y

greatest ~or the co;~parison operations followin g the second
r e l e v a n t  st L n u l u s , ne x t most for the storage .perations asso~ iat’i
w i t h  t h e  f i rs t  r e l e v a n t  stj ~~U l U s , a nd l eas t  for  t h e  ~r r e i ( v a n t

• s t ii u li .  N o r  does  t h i s  F P  c o m p o n e n t  re f le c t  .i 4c- c’~r a l
r e l e v a n t — i r r e l e v a n t  d i s t i n c t i o n .  T a e  S t o r a g e  C o m p o n e n t  n i d  n ot
~onsist .~ntly distin guish be’ ween num b~ r aul lette r t rocess~ nq, or

• b et4ern number a n d  l2~ ter stinuli. The  si~nples~ an~ most direct
int eror c t a t ~~or~ is th a t t:~is ~P compo nent is :- ‘lat~ to tn~ stoma i ’~
of inforoa tion in  t~ o s~i oj ec t  ‘s s~ o r t — t ~~r m n e m o r v  • I c r ’ .
;p~ ci fi’~allv t hr  CO o n~~nt :u~~v t et lect  t h ~ n r ~ :c ss f
i n t o r m a  t i on  ou t  of a sen s or y  re q  is ter  in t o  s h o r f — t ’  mm :a i~~orv. No~
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Fig. 1 Sto rage Component of EPa from CPZ and recall for experimenta l
conditions in which short-term memory demands va ry . Insets
show the Storage Component wave forms sca led appropriqtely for
relevant numbers in position 1.
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o n ly  we re the Storage Component scor es re!3 ted to ne m o r y  s to rage
co n d i t i on s , h ut  also t~ e ‘i m i z i q of t h i s  E? c o mp o n e nt  (w a v e i c r a s  in
F ig .  1 i n set s )  is ap p r o p r i a t e  Lor i n f o r m a t i o n  sto ra u~~. Th ~ m a x i m u n
of the  S t o r a g e  C o u p o n e n t  .•a s at 253 msec .  Th is  is an  a p p r o p r i a t e
t i me f o r  s t o r i n g  i n f o rm a t i o n  needed late r s ince  the  l i t e r a t u r e
su q q e s t s  t h a t  t h e  sensory  r egi s te r  ( i con )  is f a d i n g  about  t h a t
t i m e .

T h e  r e s u l t s  d e m o n s t r a t e  t h e  r obus t ness of tht S t o r a g c
T o m p o n e r t  in t h e  f ace  of l a rg e  d i ff e r e n c e s  in t h e  p hy s i c a l
p a r am e t er s  of t h e  s t i m u l i .  Tha t  the Stor a ~~c C o m p o n e n t  r ep resen t s
n e u r a l  a c t i v i ty  in the  s t i m u l u s — r e s p o n s e  s equ ence  t h a t  occur s  la ter
t h a n t h e  s imple  process ing  of sensory  i n p u t  is s u p p o r t e d  by t w o
f i n d i n g s :  ( i )  i t s  independen ce of w h e t h e r  t h e  s t i m uli  a re  n u m b e r s
or l e t t e r s  and ( i i )  t h a t  c ha n ge s  in s t i m ulu s  i n t e n s i t y  w h i c h  are
su f f i c i e n t  to a lt e r m a r k e d l y  th e  overa l l ~‘P have  o n ly  a s m a l l
e f t e ct on t h e  3 t o r a g ~ C o m p o n e n t .  F u r t h e r , th a t  the  S to rage

o m p o n e n t  occurs  a f t e r  t•h e s im p l e  proce s s iny  or sen s o r y  i n p u t ,
i n c lu d i ng  reco gn it ion of the  i n f o r m a t i o n a l c on t e n t . of t h e  s t imu l u s ,
is i n d i cat e d  by the  l i f fe r en c e s  in response  to identical physical
stimuli when t h e y  p l ay  d i f f e r en t  roles in t h e  i n f o rn a t i o n
p rocess inq  t a sk .

D u r  t e n t a t i v e  i n te r p r e t a t i o n  t h a t  t h i s  E P c o mp o n e n t  is r e l a t e d
to s tor age was based on cons ide r ing  the  d i f f e r e n t i a l  scores fo r  tac
1st a n d  2n d  r~ le v an t  s t im u l i  w i t h i n  each t r i a l .  F~ow e ve r , f in d i n g
h i gh  S tora ge  C om p o n e n t .  scores fo r  i r r e l e v a n t  s t i m u l i  in pos i t ion  1
r e q u i r e d  ad hoc in t e r p r e t a t i o n s  in o rd e r  to  m a i n t a i n  t h e  st o r a ge
ile n t i f i c a t i o n .  T b e r e f o r e , we f e l t  t h a t  i t  was  im p o r t a n t  to  check
m o re  d i r e c t ly  t h e  s to r a g e  ir . t e rp r e t a t i o n  ~ y a b e h a v i o r a l  e x p e r i m e n t
d e s i g ne d  to assess sto r a g e  in  s h o r t - t e rn  m e m o r y .

The b e h a v i o r a l  e x p e r i m e n t  used a m e m o r y  probe t e c n l L i q u €  to
test  t h e  sub lec t s ’ r eca l l  of i n d i v id ua l s t imu l i  f o r  each of the  16
c o n d i t i o n s  in t h e  c i ect r o p h ys i o l og i c a l  e x p e r i men t s .  F x p e r i m e n t a l.
sess ions an d  d a t a  c o l l e c t i o n  w e r e  cond uc t~ 5 b y  e x p e r im e n t e r s  not
i n v o l v e d  in tL~ p r e v i o u s  ex p e r i m e n t s  a n d  no t  a w a r e  of t h e
h y p o t h esis L € - i n q  t e s t ed .  The ex p e r i m e n ta l p rocedur e  was t a~ sa m e
as  f o r  the  c ol l e c t i o n  of brain responses w i t h  t h e  a da i t i o n  of
oc cas i o n a l  m e m o r y  probes.  The p r i m a r y  task  on each t r i a l  was  to
c o mp a r e  the two  n u m b e r s  on one r u n  of 102 t r i a l s  and to compare  the
P w o  l e t t e r s  on a second r un .  W i t h i n  e ach  r u n  of 10? t r i a l s , e i g h t
ra n d o m l y  located m e m o r y  probes were  s e le ct e d  to t~~st r ec a ll of a
l e t t e r  a n d  a n u m b e r  in each ci th e  f o u r  i n t r a — t r i a l .  pos i t ions .
h’ it h o u t  p r i o r  w a r n i n g  of whe n probes  wou l d  occur , b la nk f l a sh e s
w e re  i c lj v er e l  3/4 and  1 1,’2 sec. a f t e r  t h e  probed  s t i m u l u s  an d
t h e s u bl e c t  wa s  asked  w h a t  t h e  last ch a r a c t e r  was .  The se b l a n k

• f l a s he s  we re use d to mask  t he  probe d s t im u l u s  and  to d e l a y  the
r e c a l l  r ep o r t  in ord~~r to reduce the  e f f e c t s  or v er y  s h o r t — t e r m
se n s or y  r e l i st er .  F ro m each snhlect , one suc h recal l  probe was

• ob~ a in e d  f o r  r i c a  of th e  1~ c o n ii ti ~~r.s ( S p robe s each in  a
n u m b e r — i  e l evar . r a nd a le tt ~~r — r c i c v n  n t  r u n )  • The r~~r c c n  t cor r ect
r e c al l s  f r o m  52 s l Ih 1o ct .~ ( 2 9  : t ma l e  a n d  23 male  college s t u d en t s )
ir e  l i v e n  ~ fl z— s : o r e  u n i t  s in  Fi :; . 1D. The p a t t e r n  of co r r e ct
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reca l l s  is str i ~~ir ~gl v s im i l a r  to the  p a t t t L n  of S t o r ag e  C o m p o n e n t
scores in r ig .  1.~, 1~i , 10 w i t h  b e t t e r  m e m o r y  f o r  rel~~v a n t  s t im u l i
i n i n t r a — t r i a l  p o s i t L o n s  1 and 2 a n d  i r r e le v a n t  st i~t u l i  ~n p o s i t i on
1. Th e s ix  c o r r e l a t ion s  a m o n g  th e  f o u r  pa~ te m s  of 1~ m e a n s  each
in F ig .  1 ran ged  f r o m  .71  to .97. Th ree i l i t e r e st i n q  f e a t ur e s  of
t h e  d a t a  are c o m m o n  to  b o t h  the  S to r ag e  Co f t ’po ne n t  of t h e  b r a i n
responses and t h e  sub lec t s ’ s h o r t — t e r m  m e m o r y :  ( 1 )  the  f i r s t
r e l e v a n t  s t i m u l u s  on a t r ia l  ( i n t r a — t r i a l  po si t ion 1 or 2) q a v e
h igher  scores t h a n  did th e  second re le v a n t  s t i m u l u s  ( p o s i t i o n s  3 or
L4) ; (2) the scores were h i g h  fo r  both r e l e v a n t  and  i r r e l e v a n t
~ t i m u ’i in i n t r a — t r i a l  p os i t i o n  1; a n d  (3) in position 2 , the
scores were h iqhe :  fo r  r e l e v a n t  s t imu l i  t h 3 n  i r r e l e v a n t  s t im u l i .
The r e ca l l  p e r f o r m a n c e  is p lo t t ed  as a f u n c t i o n  of mean  S to rag e
C o m p o n e n t  score ( a v e r ag e d  over  the  t h r e e  in t e n s i t y  le vels)  in Fi~~.2. T h u s , the storage interpretation was  c o n f i r m e d  by p r ed i c t i n g
recal l  p e r f o r m a n c e  on the  basis  of the Storage Component ot b r a in
r esp onses  (r  = .77) . The a c c ur a c y  of t h i s  p r e d i c t i on  is i m p r e s s i v e
c o n s id e r i n g  t h a t  b e h a v i o r a l  recall  is not  sole ly  a f u n c t i o n  of
storage hu t is g en e r a l l y  considered to be or e a t ly  i n f l u e n ce d  b y
other factors including L-etrieval mechanisms.

3ne of the  reasons t h a t  the  S torage  C o m p o n e n t  h as  not been
fo u n d  in o t h e r  EP r esearch  is t h a t  i t  m a y  be p a r t i a l l y  m a s k e d  by a
positive peak in th e  EP wh ich  o ft en  occurs s l ig h t ly  beicre 250
msec. Hence , measurement ba sed on peaks of the average EP may miss
the laten t Storage Com ponen t that was derived ~~y Principal
T3m po~~~nt Analyses which assess the  r e l a t i o n s h i p s  a m o n g  a l l  the
t i m e po in ts and deco~n pose EPs i n t o  i n d e m e n i e n t  sources  of
v a r i a t i o n .  Now t h a t  t he  S t o r ag e  C o m p o n e n t  has been d e s c r i b ed  a n d
i t s  w a v e f o r m  is k n o w n , i t  m a y  be m easured  b y  c o m p u t i n g  co~ po r i ent
scores d i r e c t ly  in o t h e r  EP s tud ies  w i t h o u t  do ing  a c o m p l e t e
Princi pal Component .~nalysis.
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n J s i a ~1 l in e a r  c o m b i n a t i o n s  of EP c o m p o n e n t  mr ~asures ,
• statistically significant differences vera found amon~; thep re-~ c f i n e d  se m a n t i c  g r o u p s  in all ana ly ses .  Th e m a g n i t u d e  of the

differenc es a m o n q  t he  s e m a n t i c  qr o u p s  i n  t h e  sample s is i l l u s t r a t e d
b y  the  success of these  l i nea r  c om b i n a t i o n s  in classifying the EPs
f r o m w h i c h  t h ey  were com o ’ited. In  t h e  a n a l y se s of w o r d  classes
(T able  I V )  , the ’  success r at e  was a b ou t  2 t i m e s  gr e at e r  t h a n  w h a t
one  w o u l d  expec t  (on th e  avera ge ) if assignments were ran dom or no
t r u e  i i f f er e n c es  ex i s ted  a m o n g  the  groups .  I t  is c o n c l u d ee  t h a t
evoke d  po t e n t ia l  compo n en t measures can distinguish differences
among “ c o m p l e x ” word  classes w h i c h  h a v e  b e e r .  d~~f i n ed by  n ea n s of
c’sqood ’s dimensions in senantic space.

The results of tuese analyse s of the data provide additiona l
confirmat ion of our previous findings: EPs contain information
about the semantic meanin g of word stimuli used to obtain them and
that combinations of components show p r o m i s e  in identif yinq the
unk nown semantic ctaaracte r of stimuli which have evoked particular
brain resmonses.

The results obtained in the current ph3 se  f u r t h e r i n d i c a te  t h a t
s e m a n t i c  e f f e c t s  in t h e  EP c o n t i n u e  to be de t e c t i b le  v r . e n  t he
sub l e c t  is en g a q e d  in a semantic task consideribly more complex
than only repeating the stimulus words. T h e  added c o mp l e x i t y  of
the experimental coniltions clearly doe s not o~.sc ure the stiaulus
effects.

C u r  n e w  f i n l i n g s  e x t en d  the  g e n e r a l i ty  of det e c t i n g  s e m a n t i c
w o r d  classes to th ree  m ore  conn o t a t ive  m e a n i n g  classes:  H i g h ,
N e u t r a l , and L o w .  These w e r e  d e f i n e d  in t e r m s  of Osgood ’s E , P , & A
di m ens ions , b e i n g  s imu l t a n e o u s l y  h igh , n e u t r a l ,  or low on a l l  th ree
s e m a n t i c  d i m e n s i o n s .  Some p r e l im i n a ry  c o mp u t a t i o n s  also indicate
t he  p oss ib i l i ty  of u s i n g  EP me asures  to d e v e l o p  r e f e r e n c e
coordinates which can be used to s p e c i f y  r~~l a t i v ~ l o c a t i o n s  in
s em a n t i c  space f o r  more  c o m p l e x  s em a n t i c  s t imu l i .

I n  a m a n n e r  w h i c h  pa r a l le ls  our conclusior . s a b o u t  i d e n t i f y i n g
s t i m u l u s  word  class , t h e re  is some gene rality to i d e n t i f y i n g  scale
dimension. A number of  scales were  used to represent each semant ic

• dimension (five for each) in order to establish ge neral
relationships t o  EPs , not tied to particular exemp lars ot the
semantic scales. This pa rallels the use of m any exemplars of

• stimulus word class in e st a b l i s h ia g  the  q en er a l i t”  of thosc -  PP
effects. However , ilenti fving ~~e scale dim e nsion used hy the

• su b l e ct s  is not  as r~ h us t  as i d en t i f y i n g  t h e  s em a n t i c  class of toe
stimulus word.

These tindinc s have iaplica t~~ou s f~~r ~ prl~ cations as well as a
basic und erstanding : the processes. T w o  k i n d s of semantic
e f f EC t s a r e  r e ; i a t e r ed  i~& the EP m l  can ~‘e usc i to tan different
asp~cts: (1) a zsessimq the uroc essing o~ the s e m a n~ i c n e a n  ing  in
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the word s, reg~~riiess of the semantic cxnectancies of tac. sublect ,
and (2) ussessin ; tne semantic expectancie s of the ~ub1ec~• regardless of t h e  se m a n t ic  co nt e n t  of  the  w o r d s .

Tne importance of these semantic effects lies partly in that
• they may assess communication at a ver y high level of

understandin g . Connotative meaning is closer so toe reactive side
of information processing than to the input side. The connotative
d im e n s i o n s  r e f le c t  g e n e r a l  cha r ac te r i s t i c s  of t h e  r e f e r e n t s  of t h e
i n c om i ng  in f o r m a  t ion:  is it good or b ad ( E v a l u a t i o n  D i m e n s i o n )  ; is
i t  p o w e r f u l  or weak (Po t ency  D i m en s i o n )  ; is i t  a c t i v e  or passive
( A c t i v i t y  D i m e n s i o n ) .  Such o ver a l l  a s sessment  of i n c o m i n g
i n f o r m a t ion has  t w o  im p o r t a n t  imp l i ca t i ons .  One implication is
that appropriate connotative responses depend on appropriate
processing of the incoming messa ge m d  thus 2d~~ be used to assess
understanding at a rather high level. The othe r implication is
that the connotative responses ought to be a fairly good predictor
of actual behavior in relation to t h e  i n f o r m a t i o n , r egard less  of
whether such behavior is apmropriate . For exa nipic , if information
about an “angry lion nearby ” were responded to with connotative
responses of “good” , “weak” , and “uassive ” , then reqardless of the
sourc e of misunderst anding, it would be a good bet that the
receiver with such connotative response s m ay not be}’ave in
appr opriate wa ys.

The detection of sumerical information by means of Evoked
P o t e n t  ials  was e xp l o r e d  by a n a l y z in ; the  ra sponse s to v i sua l  n u m b e r
symbol s and a think cue (= ) .  For noth kinds of data the ten numbe r
classes (0—9) w er e  d i s c r im i n a t e d  a t  s i g n i f i c a n tly  better than
chance levels b y  D i scr i mi n a n t  A n a ly s e s  u s i n g  F? component scores as
input variables. Jackknifed cross—validation classification
success ra tes  w e r e  ap p r o x i m a t e ly  twice  as la rge as e x p e c t e d  by
chance. This  p r o b a b l y  represents tue first data relatinq brain
response data to numerica l concepts. For both kinds of data , the
discriminant functions developed for a qrou p of sublects worked
egually well for eaca individual. The resea rch has established the
f e a s i b i l i ty  of i d e n t i fy i n g  d i f f e r e n c e s  a m o n g  n u m b e r  concep t s  b y
analysis of brain potentials, and , thus , pe nding careful
confirmation , opens the way not only to tuither st’idies of
numerical concepts but also to resea rch involvin g the  m a n i p u l a t i o n
of num bers.

~n Evoked Potential component with a post-stimulus peak about
25~i msec. is related to storage of informa t ion in short—t err
m em or y . This  S t o r a g e  C om p o n e n t  was founi in an experimcx~t

• investigating brain potentials j~ re lation to a n u m b e r / l e t t e r
informa tion processing task. In replications of this experiment at
three different light intensity levels spaced 1.) log unit apart ,
essent ially the sane component waveform ant patt.~.mni of componen t
scores we re f o u n  1. T h e  m e m o r y  storage j f l t t  r u r ~-t a t i on  u a s  ccn f i r n ~ed
in a behavioral experiment which m e d  short—ter n memor y . Recall

• was predicted ~v the magnitu de of the Storage Comp onent .
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~eqardless of the reasons w h y  s t im u l u s  information someti~~~s
is not stored in an individual’ s memory, it wouid he extremel y

~asefu l from $h00ret1.cal, experimenta l, educationa l and clinical
standpoints to be able to determine whether or not sti~ ulu s
information is being stored in memory. If further research
sustains the interpretation that the Storage Comm on ut of Evoked
Patent ials reflects the process of storing infornation in
short- term memory, t~em this brain response com ponent m a y  be used
to assess storage per se, uncontaminat ed I~y retrieva l incchanismn s.
The Storage Component of voked Potentials molds promu isc. of serving
this practical function as well as providing an entry to
understanding the neural processes related to memor y .
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~hstract 
-

km ~voked Potential com ponent with a post-stimulus peak about

25~) msec. is related to storage of information in s ho r t — t e rm

memory. This Storage Componen t was found in an ~xperim,nt

investigatinq brain potentials in relation to a .num ber/letter

informa tion processing task, In rep lications of this experiment at

three differ~nt light intensity levels spaced 1.~ log unit apart ,

essentially the same component waveform and pattern of component

scores were found . The memory storage interpretation was confirmed

in a behavioral experiment which probed short—term memory. ~ecall

was predicted by the magnitude of the Storage Component~

— -
;*.

_. T _ 4~ 
•

IL - —-—---- - -  . - — - --~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -
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~ critical ingredient in most human informat ion processing is

the short—term storage of incomir.g information so tha t it can be

integrated with other incoming informa~ ion. Various kinds of

memor y processes with differ~nt properties have been proposed as

re tainers of information for various lengths of time (1], e.g.

sensory register, short—term store, long-term store.

~‘lec trophysiological and - behavioral evidence is presented here for

a neura l  process which  is related to stora. qe in s h o r t — t e rm  m em o r y .

k latent component of electrically recorded brain responses (~ vok ed

• 0oten tials , SPs) with -a post—stimulus pea k about 25~ usec. was

found to be related to storage of stimulus information for later

use in number an d, letter compariso n tasks.

“he Storage Component of the ‘P was dis:overed and tentatively

interpreted as being associated with information storage in an

experimen t in which the latent components and com ponent scores of

the brain resoonses from 12 subjects were obtained by a Varimaxed

Principal Components Analysis t21. The ~toraqe Component , which is

the focus of this report , was one of eight orthogonal ~P com oonen ts

obta ined  f rom that  analysis.

‘she generality of the Storage Component and its inde pendence

of the ohysica l characteristics of the  s t i m u l i  were tested in

further ex periments (3). ‘~he same stimuli and proced u res we re used

•exceot that the intensity of all stimuli within a run of 1f2 trials

was ten ti•es higher , the sa me , or one— tenth as high as in the

ort inal experiment (‘4).

~wo num bers and two letters were flashed individually in random

ori~~r at in terva ls  of 3/1k sec. preceded and fol lowed  by a b l ank

flash. -T he subject’s task was to compare numerically the two

n u i ~~er s on n u m b e r — r e l e v a n t  runs , t h e  let ters be ing  i r r e lev a n t  to 

—~~~~~- • - -~~~~~~~ — . -~~~~ - ~~~~ -~~~~~
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the task, On the oth er half of the runs, tha numbe rs were

i r r e l evan t  an d the task was to compare alphabetically the two

letters (5).

“~he stimulus processing demanded by the task depended on a

num ber of factors, including whether : (i) number or letter stimuli

were t a sk  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 comoared. For the first

relevan t stimulus in each trial, the information had to be stored

by t h e  subj ect  un t i l  t h e  second re levan t  s t i m u l u s  occurred , a f t e r

which the comparison could be made.

While the subject was performing the letter or numbe r

com pa rison tasks , electrical brain activivit y (“G) was recorded

f rom scalp electrodes (6 ) .

By averaging the brain activity evoked by stimuli for similar

conditions, averaged evo ked Potentials (“Ps) were obt ained for 16
e.

conditions: relevant and 
~
.r re lAv-ant numbers and letters at four

in-tra~ trial positions. Prom trial to trial the first number (or

letter) stimulus occurred in intra—trial position 1 , 2 or 3, while

the second number (or letter) stimulus occurred in intra—trial .

• positions 2, 3, or ‘4. To simplify interpretations certain ~‘~ G data

ware discarded , so the !Ps for intra—tria l. positions I and 2 were

based only on the first number and letter stimuli presented within

each trial , while the BPs for intra—trial positIons 3 and $4 wer e

based only on the second number and letter stimuli presented wit hin

each trial. For each of the three intensity levels, 2Ps were

collected in the same manner and each of the three sets of data was

analyzed separately (7). Latent components and component scores 

-—-- - - • - ~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~--~~~~~ - -- - --~ -• - -- 
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of each of the data matrices were computed  us ing  va r ima xed

Princi pa l Components Analysis (8).

In all three data sets, an !P com pon ent emerged which was

striki ngly similar to the 3torage Component previously found (2)

with regard to both waveform and relative magnitude for the 16

conditions (Fig. IA , 1B , IC). The waveforms of these components

are very similar in aU. four sets of data , reaching their maximum

about 253 msec. after the stimulus. The coefficients of factorial

similari ty among the waveforms from the four data sets were high ,

rangin g between ~.85 and 0.99. For the previous experime nt the

maximu m was at 25) asec.; for the new data the maxima are at 25~
msac., 25” esec., and 27f~ msec. for high, mid , and low light

in tensi ties, respectively.

“he Storage Component tends to be positive for stimuli whose

informa tion needs to be stored by the subject. ‘~hus, the magni tude

of the  Storage Component  was more positive for the first of the two

releva nt stimuli 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 posit ive for

the irrelevant stimuli when they occurred in intra—trial position

1~ ?x tendinq the storage interpreta tion to this result leads to

the hypo thesis that an irrelevant stimulu s in position 1 is stored

in memory, whereas i rrelevant stimuli in positions 2 , 3 , and ‘4 are

not. This may be related to short—ter m memory havi ng a limited

canacity and storage of irrele vant information interfering with

processin g relevant information. ~‘he difference in the Storage

Component scores for relevant and irrelevant stimuli in intra—trial

F position 2 is evidence that this component is not related simply to

an order affect. ~or is this ~P componen t related to amount of

•• -~~~~~~~~~~~~~~~~~~~~~~ • • •. _ _~~~~~~~~ _ • _ _ _~~~ • __~~ _ _ _ _~ _~~~~~i~~~ _ 
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processing which is presumably greatest for the comparison

operations following the second relevant stimulus , nex t most for

the storage operations associated wit h the first relevant stimul us,

and least for the irrelevant stimuli. ‘icr does this !P component

reflect a general releva nt— irrelevant distinction (91. The Storage

Component did not consistently distinguish betwee n number and

letter processing , or between number and letter stimuli. The

simple st and most direct interpretation is that this ~P componen t

is related to the storage of information in the subject’s

short—term memory. ~ore speci fically ~he component may reflect the

process of reading information out of a sensory register into

short-term memory. Not only were the Storage Component scores

related to memory storage conditions, but also the timing of this

!P component (waveforms in Fig. I insets) is appropriate for

informa tion storage. The maximum of the Storage Component was at

2c) msec. This is an appropriate time for storIng information

needed later since the literature suggests that the sensory

register (icon) is fading about that time [10 )~

The results demonstrate the robustness of the Storage Component

in the face of large differences in the physical parameters of the

stimuli. That the Storage Component represents neural activity in

the stisulus-resoonse sequence that occurs later than the simple

processing of sensory in put is supported by two findings: (i) its

inde pendence of whether the stimuli are numbers or letters a’~4 (ii )

t ha t  changes in s t imulus  intensity which are suff ic ient  to a l te r

markedly the overall ~P have only a small effect on the storage

Component. Further , that the Storage Component occurs after the

• sim ple processing of sensory input , including recognition of the

informa tiona l content of the stimulus , is indicated by the

_____ - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L _~~~ ____________________
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~1ifferences 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

irrelevant stimuli in intra—trial position 2 and compare the

componen t scores to relevant stimuli in positions I or 2 with those

in positions 3 or 4. ~lonq the time continuum , the Storage

Component precedes both the behavioral response and the comparison

operations which cannot occur until intra—trial positions 3 or 4.

Th e Storage Component (maximum about 250 msec.) occurs before an B?

componen t related to alphabetic compariso n (maximum at about 350

asec.) (2). 
-

Our tentative interpretation that this 22 component is related

to storage was based on considering the differentia l scores for the

1st and 2nd relevant stimuli withi n each trial. Ho wever , finding

high Storage Component scores for irrelevant stimuli in position 1

required ad hoc interpretations in order to maintain the storage

identification. - Therefore , we felt that it was important to check

more directly the storage interpretation by a behavioral experiment

designed to assess storage in short—term mem ory~

The behavioral experimen t used a memorr probe technique to

t~ s-t the subjects ’ recall of individual stimuli for each of the 16

conditions in the electrophysioloqical experiments. ~xperiiental

sessions and da ta collectio~ were conducted by experimenters not

involved i~ the previous experiments and not aware of the

hypothesis being tested. ~‘he experimenta l procedure was the same

as for the collection of brain responses with the addition of

occasional memory probes. ‘~he primary ta sk on each trial was to

compare the two numbers on one run of 102 trials and to compare the

~wo le tters on a second run [11). Within each run of 102 trials,

_ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _ _  _ _ _ _ _ _  -
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eight randomly located memory probes were selected to test recall

of a letter and a number in each of the four intra—trial posit~.ons.

Without orior warning of when probes would occur , b lank flash es

were delivered 3/4 and 1 1/2  sec. after the probed stimulus and

the subject was asked wha t the last character was, These blank

flashes were used to mask the probed stimulus and to delay the

recall repor t in order to reduce the effects of very short—term

sensory register. From each subject, one such recall prob, was

obtained for each of the 16 cond itions (8 probes each in a

num ber—relevant and a letter—relevant run) • The percent correct

recalls from 52 subjects (29 female and 23 male college students)

are given in z—score units in Fig. t~ [12 ]. ~he pa ttern of

correct recalls is strikingly similar to the pattern of Storage

Component scores in Fig. 11 , 19, IC 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 Fig. 1 ranged from .71 to •97, Three in teresting

features of the data are- commo n to bot h the Stora ge Component of

*he brain responses and the subjects’ short— tern memory: ( 1)  the

first relevant stimulus on a trial (intra—trial position I or 2)

gave higher scores than did the second relevant stimulus (positions

3 or 14); (2) the scores were high for both relevant and irrelevant

stimuli in intra—tria l. position 1; and (3) in position 2 , the

scores ware higher for relevant stimuli than irrelevant stimuli.

The recall performance is plotted as a function of mean Storage

Com ponent score (averaged over the three intensit y levels) in Fig.

2. Thus , th’3 storage i n t e r p r e t ation w a s  c o n f i r m e d  by predicting

recall nerforiance on the basis of the storage Component of brain

responses (r = . 77) . Th~~ accuracy of this prediction is impressive
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considering that behavioral recall is not solely a function of

storage but is generally considered to be greatly influenced by

other factors including retrieval mechanisms.

One of the reasons that the Storage Component has not been

found in other !P research is that it may be partially masked by a

positive pea k in the ~P which often occurs slightly before 25’)

esec. 1~ence, measurement based on peaks of the average 2P may miss

the latent Storage Component that was derived by Principal

Component Analyses which assess the relationships among all the

time points and decompose BPs into indepe ndent sources of

variation. ~ow that the Storage Component has been described and

its waveform is known , it may be measured by computing component

scores directly in other !D studies without doing a complete

Princi pal Componen t Analysis.

Regardless of the reasons why stimulus in formation sometime s

is not stored in an individual’s memory, it would be extremely

useful from theoretical, experimen tal, ed uca t ional an d clinical

standpoints to be able to determine whether or not stimulus

i n f o r m a t i o n  is being stored in memory .  f f u r t h e r  research

sustains the interpretation that the Storage Component of !vo ked

Potentials reflects the process of storing information in

short—term memory , then this brain respon se component may be used

to assess storage per se , uncon taminated by retrieval mechanisms.

The ~toraqe Component of !voked Potentials holds promise of serving

this practical function as well as providing an entry to

un dersta nding the neura l processes related to memory .

~
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Figure  Legends:

~iq .  1. Storage C o mp on e n t  of brain  responses  an d recall fo r

ex o e r im e n t al  conditions in which sh o r t — t er m  m e m o r y  d em a n d s  va ry3  )

letter (I.) or number  (*) was  f lashed in each of the  i n t r a— t r i a l

posit ions (spaced 3/4 sec.) .  The task ( c o m p a r e  l e t t e r s  or num ber s )

requi red  s h o r t — t e r m  memory  for  r e l e v a n t  s t i m u l i  (ci rcled) in

pos i t ion s  1 and 2. Bra in  response and b e h a v i o r al  measures  are  in

z-score uni ts .  ~1ote th e  s im i l a r i ty  of t h e  o at t e r n  of the d a ta  in

al l  fou r  panels. (L)  , (B) , (C) : “yoked P o ten t i a l  (“P) s to rage

C3 t u p on e nt s  were ob ta ined  f r o m  se para te  v a r in a x e d  Principal

C omp o n e n t s  Ana lyses  on “P S obta ined w i t h  stimu l i  at three li gh t

intensities spaced 1.3 log unit aoart. !nsets show the Storage

Component waveform s scaled appropriately for rele vant numbers in

position 1; the fundamental time course of the component (rotated

factor loadings multiplied at each of 1~ 2 time points by standard

deviations) was multiplied by the mean Storage  Componen t  score fo r

t h a t  condi t ion ;  the  48C nsec. cali bra t ion  bar begins at  t h e

stinulus flash. Storage Component wavefor’~s peaked at 25C , 25t’ ,

27” tnsec. for high , mid , and  lo w in tensi t ies, respectively, !Ps

obta ined  f r o m  scalp electrode at CPZ ( ce nt r a l — p a r i e t a l  r n i d l in e)

r efe r r ed  to l inked earlobes. ( D ) ;  N ean  recall b y 52 su bjects usin g

an occasional, r a n d o m  mee o ry  probe (“Wha t  was t he  la~ t cha rac te r?”)

whi le  p er f o rm i n g  t h e  pri mary  task of cont ar ing  n u m b e r s  or l e t te rs .

Percent correct recall converted to e q u i v a len t  z— score (prob i t s~

Fig. ~. Behavior a l reca] .l as a func t ion  of b r a i n  response S torage

Component score. Pearson correlation coefficient is .7’: l inear

r eg r e s s ion  line shown. ‘~ean !P conoonent score is averaae of
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!torage Component  scores found a t the three st imulu s in tensi ties

(~‘ig. 11, ‘B , iC) . ~ean recall f r o m  ~2 subjects obtained by memory

probe  (F ig .  I D ) .  “x p e r im en t a l  cond i t ions : l et t~ rs (L) or n u m b e r s

( *) ; i n t r a — trial  positions (1 , 2 , 3 , or ~) ; r e l e v a n t  to p r i m a r y

task  (ci rcled) or i r r e levan t  (not  circled)~

~ 
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Applications and Problems. New York: Plenum Press, in press.

(3ased on Conference in 1(onstanz, Germany, August , 1978)

HEMISPHERIC DIFFERENCES IN EVOKED POTENTIALS

TO R EL EVAN T AND IRRELEVAM! VISUAL STIMULI

Rubert M. Chapman and John W. McCrary

Uriversity of Rochester

Rochester , New York 9627

Since the earl7 ~~ys ot *v~raging Evoked Potentials (EPs) in
man, the importance of ~c iiitive variables , as we].]. as stimulus
variables, has been recognized (e.g., Chapman and Bragdon , 196U .
Using an experimental design which involves proces sing number and
letter stimuli , we have been studying EP effects related to a
variety of cognitive operations (Chapman , 1965; 1966 ; 1969a;
196gb; 1973; 19714a; 197Ub; 1977; in press; Chapman , MeCrary,
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 (Om), 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
P~) and occipital (01 and 02) areas, and permits an evaluation ofhemispheric differences in the information processing tasks . In
general , comparable information—processing effects were found in
both experiments. The evaluation of location differences was
facilitated by the addition of control BPs to blank flashes and
the use of additional analysis procedures , featuring Discriminant
Analyses .

- -4



- 

2

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 , st rictly 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
discriminate particular conditions. This approach does not rely
on sheer amplitude, but rather seeks combinations of amplitudes,
large or small , which most systematically covai’y with particular
sets of experimental conditions.

EXPERIMENTAL PROCEDURE

Two numbers and two letters were flashed individually in
random order at intervals of 3R sec. preceded and followed by a
blank flash. The subject’s task was to compare numerically the
two numbers on number-relevan t 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 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 ( EEG) was recorded
from scalp electrodes at P3 , P~ , 01 , and 02 (referenced to linked
ear lobes) . Frequency band—pass was 0.3 to 70 Hz; 102 samples at
5 macc . intervals were obtained beginning 30 macc. before each
stimulus . The data were collected from eight right-handed
subjects (5 male , 3 female) over a series of six sessions each.

By averaging the brain activity evoked by stimuli for similar
conditions , separate averaged Evoked Potentials (EPs ) were
obtained for 16 information—processing conditions: relevant and
irrelevant numbers and letters at four intra—trial positions .
From trial to trial the first number (or letter) stimulus occurred
in intra—trial position 1 , 2 or 3, while the second number (or
letter) stimulus occurred in intra—trial positions 2 , 3, or 14. To
simplify interpretations certain EEG data were discarded , so the
EPs for intra—trial positions 1 and 2 were based only on the first
number and letter stimuli presented within each trial, while the
EPs for intra—trial positions 3 and 14 were based only on the
second number and letter stimuli presented within each trial .

Even the irrelevant stimuli in this experiment must be
processed to a certain extent to determine that they are
irrelevant. The subject cannot anticipate whether the stimulus
will be a letter or a number , and hence relevant or irrelevant,
except in intra—trial position 14. To provide a control with even
less processing by subjects , runs were added in which only blank
flashes occurred. The blank flashes were provided by the same
Bins-View device and appeared as an illuminated rectangle. The
trials for those runs had the same temporal structure as the
letter—number trials: blank flashes at the 14 intra—trial
positions, preceded and followed by a blank flash, all spaced
3/ 14—sec . apart .

Each run contained 102 trials, each with four intra-trial
positions. Each subject was given 10 number—relevant, 10
letter—relevan t , and 14 blank runs spaced over a number of
sessions. Averaging across all runs, the EPs for each subject
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were based on the EEG responses to 272 to 510 stimuli. This
yielded 20 EPs for each subject: relevant and irrelevant numbers
and letters and blanks for each of the lj intra—trial positions.
For each electrode, the data set consisted of 160 EPs (20 x 8
subjects).

EP Measures

The EPs were measured in the manner described in Chapman
(1973) in order to facilitate comparison with the midline results
reported there. For each EP, five measures were obtained : mean
amplitude over 1480 msec., amplitude at 0 msec., and amplitude at
105 mmc c .,  225 mmcc ., and 315 mmcc . The most global measure was
mean amplitude over 1480 msec. relative to a baseline obtained at 0
mmcc . (tim e of stimulus ; the baseline was the average of 14 time
points before and 3 after the stimulus). The amplitude at 105
mmcc., 225 msec., and 315 msec . were similarly measured relative
to the same baseline at 0 mmcc . These measures index the
amplitude at specified points within the EPs without the necessity

•4 — LU? (~~~~~E~~ ~P5 O~)—. ~~~41 ~€M~~~€~~ ~~~~~~
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Fig . 1. Sample Evoked Potentials from one subject.
Monopolar recording from left and right parietal (P3, P14) and
occipital (01 ,02) scalp locations (referenced to linked ear
lobes) . Vertical lines 100 mmcc. apart.
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of identifying particular peaks. The amplitude at 0 mmcc . was
measured relative to an arbitrary voltage level across the entire
trial of 14 intra—trial positions. The amplitude at 0 msec.
indexes INV activity.

RESULTS

Fig. 1 illustrates some of the EPs for one of the subjects.
For this figure, the EPs were averaged across numbers and letters
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0 2 L 2
Ui 

~~~~~~~~ 
L)~~

ri
L — .... — — 

-a - - ..
~~~ ~~~-o

O j  ~~~~C 1 4
INTRA-TRIAL POSITION INTRA-TRIAL POSITION

Pig1Tl *iu~ CakTaluTv ~~ Ui’,u vi. ~,a~ ii Ci. Z) : 
~~~~~~~~ Cii itur , ~ Ltni. vs . ~~~iu Ci. U:

P.cii. ,~~ ~iMTliU I’ $~I~~i•i~ I I  ~~11ViN?l Pisci*.ups ~ i.*vi~~ 
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Fig. 2. Mean amplitude over 1480 mmcc. from left and right
parieta]. electrodes for 20 experimental conditions with
varying information processing demands. Number (I),
letter (I..), and blank ( box) visual stimuli. Relevant
(circled symbols and solid lines) and irrelevant (not
(circled symbols and dashed lines). Information processing
characteristics associated with intra—trial positions are
su arized below the abscissa . Data are means from 8 subjects.
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and intra—trial positions, in order to illustrate the hemispheric
differences for relevant, irrelevant, and blank stimuli. In this
case, the EPs from the left are larger than those from the right,
and this hemispheric difference is greater for relevant and
irrelevant stimuli than for blank stimuli. Drawing conclusions
from the data of one subject may be misleading. To assess those
effects which have more generality , the data for all eight
subjects have been examined as a set.

RIGHT PARETAL.
P4

6

2

4

INTRA-TRIAL POSITION

~~sn~~ j ,s Cuuj,s, o~ Ljryia vi. ~~sii (is  1):

Psucsu,~ ~u*,u~ IP Syip.,.ii us ~~uvau,.

I I

Fig. 3. Amplitude at 0 mseo. relative to an arbitrary
voltage level which was the same for all responses. This
measure indexes CNV . Other specification as for Fig. 2.
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EP Measures for Experimental Conditions

The results for mean amplitude over 1480 mmcc . are quite
similar from left and right electrodes (P3 and P14 shown in Fig . 2 )
and are similar to those previously obtained from midlin.
electrodes at CPZ and Oz (Chapman , 1973, Figs . 3.6 & 3 . 7 ) .  The
most striking result is the difference between relevant and
irrelevant stimuli , regardless of whether numbers or letters were
involved. There is also an interaction between relevance and
intra—trial position. In addition , the EPs to the blank flashes
are considerably smaller than the responses to the number and
letter stimuli. However , the EPs to the irrelevant numbe~s and
letters in intra—trial position I$ , where there is 100S prestimulus
certainty of stimulus class, approach the low amplitudes obtained
to the blank flash controls.

Although there appear to be differences between the results
for P3 and P24 , the similarities dominate comparisons . The results
for 01 and 02 (not shown ) are also quite similar .

The amplitude at 0 mmcc . showed a d i f fe rent  pattern of
relations to the experimental conditions (Fig. 3) which was
similar to midline data previously reported (Chapman , 1973, Fig.
3.12). There were essentially no differences between relevant and
irrelevant conditions at intra—trial positions 1 and 3. At these
positions, there was a 50—50 chance of a letter or number
occurring and therefore a 50—50 chance of the stimulus being
relevant or irrelevant . However , the prestimu lus certainty of a
letter or number occurring in intra—trial positions 2 and 14 was
biased (67% and 100%, respectively). At positions 2 and 14 there
was a difference in amplitude at the time of the stimulus for
relevant and irrelevant stimuli . At intra—trial position 14 , where
there was 100% certainty prior to the presentation of the
stimulus , the amplitude at 0 mmcc . was more negat~.ve when the
stimulus was to be relevant than when it was to be i rrelevant .
This resul t is in agreement with the CNV l i tera ture , in whi ch a
negative potential is found in anticipation of an wi mper at ive N
(relevant) stimulus. The results at the other electrode sites for
this measure were similar (P3 , 01 , 02 not shown). Hemispheric
differences were not prominent.

The other EP measures , amplitudes at 105 mmcc., 225 mmcc . and
315 macc., showed major effects similar to those previously
reported for midline electrodes (Chapman , 1973). Hemispheric
differences were not pronounced. The measure which showed the
most pronounced hemispheric differences was the amplitude at 315
isec . (Fig. ii). The pattern of data at 315 mmcc. suggests there
may be differential hemispheric and brain area representation of
various information processing conditions. The most obvious of
these is a differential interaction of stimulus relevance and
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TABLE I

Discrimination of Experimental Conditions Using EP Measures
from Both Sides, Left Side , and Right Side.

Groups Chance Both Left Right
Sides Side Side

Information Processing
16: number or letter 6.25% 28.1% 28.1% 20.3%
X relevant or irrelevant (6L. , 1R) (SP ,30) (3P ,30)
I 14 intra—trial positions

Information Processing
9: relevant or irrelevant 12.0% 53.1% 51 .9% 146. 9%
X 14 intra—trial positions (5L.,3R) (3P ,20) (5P,20)
& blanks

Relevan ce
3: relevant , irrelevant , 36.0% 85 .0% 81.9% 76.9%

and blanks (5L ,3R) (2P,20) (5P,20)

Stimuli, physical
3: numbers , letters , 36.0% 70 .6% 71.2% 63 . 1%

and blanks (6L ,2R) (~4P , 14O) (3P ,30)

Individua l Subjects
8: subject 12.5% 96.9% 92.5% 914.14%

(2L,8R) (5P ,50) (5P ,50)

Entries are jackknifed classification success rates (maximum
for 10 or less variates) from Stepwise Discriminant Analyses
(BMDP7M). All were significantly better than chance. The values
of Chi-square (1 df), corrected for discontinuity, ranged from
140.7 to 1033.7 (p << .0001). Below each percentage , the number of
left and right variates ( I.. & B) or number of parietal and
occipital variates (P & 0) used in the classification functions
are given in parentheses . The response measures were standardized
separately for each of the subjects before performing the
Discriminant Analyses except for the individual subject ’ s
analyses. Each subject’ s data for each measure were transformed
to z scores with mean equal to 0 and stan . dcv. equal to 1. This
procedure has been found useful in reducing the effect of
individual differences upon subsequent analyses which focus on the
effect of experimental conditions (Chapman , McCrary, Chapman &
Bragdon , 1978). The general conclusions reached with the
subject—standardized measures are the same as those obtained with
the raw measures; the main differences are improved rates of’
classification success when irrelevant subject differences have
been removed. 
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discriminating the 16 information processing conditions , the
measures from the left  side alone (P 3, 01) achieved the same
classification success as when measures from both left and right
sides were available (28.1%). A lower classification success rate
(20.3%) was obtained when measures from the right side alone (P14,
02) were used . These results indicate that measures from both
left and right sides carry information about the information
processing conditions, but that the left—side measures carry more
such information than those from the right side. The fact that
the left side alone does as well, or nearly as well, am when both
sides could contribute to the classification equations indicates
that the measures from the right side are largely redundant with
those from the left side. The single most important variate of
the ten available from ea -h side was the Mean Amplitude Over 1480
mmcc . from the parietal mite (P3 for left side alone , P 14 for right
side alone).

Essentially the same pattern of results was obtained for
additional groupings of the experimental conditions (Table I). In
order to provide comparisons which included the blank control
flashes, the information processing design was simplified by
ignoring whether the stimuli were letters or numbers . When
dimcrirniriating the blanks and the resulting 8 information
processing conditions (relevant or irrelevant stimuli x 14
intra—trial positions), the single best measure was again found to
be the Mean Amplitude Over 1480 mmcc . from P3. The first four
measures selected for inclusion in the discrimination were from
the left hemisphere. The final set of variables selected included
five from the left and three from the right and accurately
classified (jackknifed) 53.1% of the cases. Restricting selection
of variates to the left side reduced the classification accuracy
only slightly. Selecting variates only from the right produced a
somewhat larger reduction (Table I).

Various kinds of functicns may be assessed in a similar
manner by using appropriate classification groups. For example ,
the side more related to stimulus relevance, regardless of
stimulus or intra—trial position , was assessed by Dimoriminant
Analyses using three groups: relevant , irrelevant , and blanks
(Table I). The results suggest that the left—side EPs carry more
information concerning stimulus relevance (81.9%), but that
right-side EPs also do a good job in discriminating relevance
( 7 6 . 9 % ) .

Which side was more related to the different physical stimuli
was assessed by discriminating three groups: numbers, letters, and
blanks (regardless of relevance or intra—trial position). The
results indicate that the variates from the left side are more
related to differences among the visual stimuli (Table I). The
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mingle most important variate was the amplitude at 315 mmcc . from
the left occipital area (01 ) .

It is possible to use this Discriminant Analysis technique to
assess which is more related to individua l differences. For this
purpose the groups were the eight individual subjects. For these
analyses the raw measures, before subject standardization , were
used . Classification functions were computed which classified
each EP case to one of the subjects , regardless of the
experimental conditions (relevant and irrelevant numbers and
letters, and blanks, in four intra—trial positions). When
measures from both sides were available , 96.9% of the EP cases
were correctly classified to the individual subject by
discriminant functions using two left variates and eight right
variates. Measures from the left side alone did not do as well as
measures from the right side alone (92.5% and 914 . 14% ,
respectively). This evidence suggests that the right side is more
closely related to individual differences.

In general, the result.m indicate that measures over both
hemispheres do a reasonably good job of discriminating various
experimental conditions and individuals. The classification
accuracy ~.s well above chance in every instance. When
discriminating information processing characteristics, variates
from the left hemisphere are consistently selected first and often
for inclusion in the disariminant equations. Although the
differences are not statistically reliable , accuracy is
consistently reduced when only variates from the right hemisphere
are used in the discrimination. This consistency suggests that
measures from the left side are more related to various
informatic:’ processing distinctions than measures from the right
side. Measures from the right side appear to be more related to
individual differences.

CONCLUSIONS

In a number-letter information processing experiment ,
comparing laterally recorded EPm with each other , and comparing
the lateral EPs with previously reported midline EPs, the
similarities are more striking than the differences. However,
rather subtle hemispheric differences which are reasonably
consistent have been found . The assessment of theme lateral
effects was facilitated by the use of control stimuli (blank
flashes) and by particular kinds of Multiple Discriminant
Analyses. These have provide4 evidence that some kinds of
processes are more strongly related to the left side, while other
processes are not. Information processing, including stimulus
differences, was more discriminated by EP measures from the left
side. Individual differences were more related to the right side.
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ABSTRA CT

The effects of two kinds of experimental manipulation of
semantic meaning were studied in Evoked Potentials ( 5 P m ) ,  brain
responses recorded from sca.lp monitors . Both kinds of semantic
manipulation were based on Osgood ’s rating analyses which
described three primary dimensions of connotative meaning:
Eval uation , Potency , and Activity (E, P, and A). One kind of
experimental variable was the semantic clams of the stimulus word
(5+ , E— , 2+, 2— , A+, A— ). The other kind of experimental variable
was the semantic dimension of the rating scale (5, 2, A) which the
subject used to make semantic judgments about the stimulus words.
These variables were experimentally combined in that for each
trial the subject used a designated semantic scale to judge a
specified stimulus word while brain activity was recorded. Using
mui.tivariate procedures, both stimulus word class and scale
dimension effects on the 5Pm were found. Individual subject
analyses demonstrated the generality of the results by showing
successful discrimination of word classes and scale dimensions for
each of the ten subjects analyzed separately.

Supported in part by NIH Research Grant 5 ROl 5101593 and the
Advanced Research Project s Agency ( Contract N 000114 — 77— C—00 37) .
The author thanks John W. McCrary and John A. Chapman for their
collaboration in this research and Janice K. Martin for her
ass istance .



r

INTRODUCTION

Although a relatively young field, the study of language and
evoked potentials is gaining momentum and sophistication (for
rev iew: Chapman , 1976; Chapman , in press, a). The work in this
field is particularly difficult since linguistic problems as well
as problems inherent in EP research need to be considered. A
central problem involves distinguishing language effects per me
from other effects, such as lower order sensory and motor ef fects,
as well, as higher order effects such as general states and
cognitive processe s . One strategy is to systematically relate EP
effects to intra—linguistic variation within the conceptual
framework provided by one of the well—delineated subfie].ds in
linguistics

In order to investigate brain responses related to semantic
meaning , we extended the technique of averaging the EEG to
averaging 5Pm across a number of words belonging to the same
semantic class ( Chapman , 197kb ; Chapman , Bragdon , Chapman , and
McCrary, 1977). With the aid of a quantified theory of
connotative semantic meaning , we found brain activity from the
human scalp which is related to semantic meaning. In order to
control commonl y confo unding variables , the subject’ s task was
held constant, the presentation sequences were randomized , and the
semantic classes were represented by a relatively large number of
different words in two lists. With regard to the specificity of
the linguistic effects, six different semantic classes were
distinguished .

We specified and controlled internal semantic meaning using
the conceptions and materials provided by Osgood ’s analyses of
semantic meaning ( Miron and Osgood , 1966; Osgood , 197 1; Osgood ,
May, and Miron , 1975). Those analyses indicate that the
connotative meaning of a word may be represented by its position
in a space spanned by three semantic dimensions : Evaluation ,

P Potency, and Activity (5 , P, and A ) .  We selected words (Heise ,
1971) which are relatively “pure” in the sense that they score
high or low on one of the dimensions and are relatively neutral on
the other two. Thus, we used six semantic meaning classes (E+ ,
5— , P+ , 2— , A+ , A— ) representing the positive and negative
extremes of the Evaluation , Potency, and Activity dimensions.

The degree of specificity of language effects found in EPs
depends on the dimensiona.lity of the EP measures themselves
(Chapman , in press , b ) .  It is helpful to use EP measures which
can focus on linguistic parts of EPs . Two possible techniques
are: (1) to use the difference between EPs with and without the
particular linguistic processing; and (2 )  to use multivariate
statistical analyses which take into accoun t all of the time
points within the 5Pm as well as their relationships . Thus , the
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dimensionality of the interpretations of linguistic specificity is
limited by the dimensionality of the EP measures and the
dimensionality of the experimental design.

In this paper new data relating EP effects to the semantic
dimension of the subjects’ task (semantic differential) are given
after briefly reviewing Osgood’s analysis of connotative meaning
and our previous results relating EP effects to connotative
classes of stimulus words .

Osgood ’s Analysis of Connotative Meaning

The work of Osgood and his associates is an exemplar of the
psychophysics of semantic meaning (e.g. Osgood , 1952; Osgood ,
1971). Their work has led to the idea that connotative meaning
space can be reasonably spanned by three dimensions . Thus , any
connotative semantic meaning may be specified by three numbers
which represent the amount of three components “in” the stimulus
( usually a word) .

Their analysi5 used semantic differential measures of
meaning. The basic measure in the semantic differential technique
is obtained by collecting from the subject a match between a
stimulus word and a 7—point scale, defined by a pair of polar
terms (e.g., good—bad). These matches were made between a large
number of words and a large number of polar terms (adjective
pairs ) .  A multivariate analysis applied to these data showed a
large portion of the total variance in judgments of verbal meaning
could be accounted for in terms of three underlying orthogonal
factors which have been called Eval uative , Potency, and Activity
(E,P,A). Some of the semantic differential scales dominantly
loaded on the E, F, and A semantic dimensions are schematically
depicted in Figure 1.

These semantic differential techniques have been applied to
23 different language/culture groups around the world . Althoug h
the words were different and translated words may occupy different
positions in the three—dimensional connotative meaning space, the
analyses repeatedly derived the same 5, P, and A dimensions for
spanning those meaning spaces. These cross—cultural analyses as a
whole suggest that human beings share a common framework within
which they allocate concepts in terms of their semantic meanings.
This comm unality overrides gross differences in both language and
culture.

This quantitative system does not deal with denotative meaning
per me which would appear to hav e man y more dimensions. Rather
it deals with connotative (affective) aspects of semantic meaning.
In color measur emen t , trictiromatic specification says lIttle about

L - - - - _ _ _ _
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Figure 1. The Evaluation (E) ,  Potency (2) , and Activity (A)
structure of connotative meaning. Some of the
semantic differentia l scales dominantly loaded
on 5, 2, and A. Based on Osgood (1.964).

spatial patterns although the same visual stimuli involve both
spatial and color aspects. Similarly, tn —connotative
specification of semantic meaning says little about denotative
meaning.

There is available , then , Osgood’s well—defined ,
objectively—measured , widely—tested , fundamental analysis of
semantic meaning. It enables one to work within a domain which is
explicitly delimited, which has dimensions that are quantified ,
and which readily lands itself to objective replIcation .
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Evoked Potentials and Connotative Meaning

When a stimulus word is presented , it evokes a number of
neural processes, some of which are concerned with meaning . The
detection of semantic meaning in EPs permits a more direct
examination of language and its neurophysiological processes, and
this opens new areas of research and application. Our data are
encouraging in that significant effects related to Osgood’ S
semantic dimensions have been shown (Chapman , 197kb; Chapman,
Bragdon, Chapman , and McCrary , 1977; Chapman, McCrary,
Chapman, and Bragdon , in press). Other work has also indicated
effects (Begleiter, Gross and Kiss in , 1967; Begleiter, Gross ,
Projesz and Kissin , 1969; Begleiter and Platz , 1969) .

For our research we selected words on the basis of Osgood’s
Eval uative , Potency and Activity dimensions of connotative meaning
(Heise, 1971). Six semantic meaning classes (E+ , E— , 2+ , F— , A+ ,
A—) representing the positive and negative extremes of each of the
three dimensions were used . Twenty words from each of the six
semantic classes were randomly assigned to a list . Two such lists
were constructed with different words, except for the P- category
where the same words were used . The words belonging to these
semantic meaning classes were visually presented and the average
EPs for these classes were analyzed . The physical parameters of
the stimuli (various spatial characteristics) vary from one word
to the next but the physical parameters tend toward the same
average for the various groups of words ( Chapman , McCrary,
Chapman , and Bragdon , in press) . Using two lists provided an
additional control . While the background EEG is averaged to
obtain EPs , the physical characteristics of the words are averaged
to control for their effects and the meanings of the words are
averaged to provide a common core of connotative meaning . The
words within each list were given in different random orders from
run to run , so that the subjects could not anticipate either a
semantic class or a particular word . Thus, differences in the EPs
to these semantic categories can be associated with post—stimulus
processing of semantic information , with the comparison of
responses to the two lists helping establish the reliability and
generality of the effects . Because the brain responses to be
compared were derived from semantic categories which are randomly
interspersed , it is difficult to attribute the obtained
differences to anything other than semantic processing or effects
arising from semantic processing.

In our initial research on semantic meaning (Chapman , 197kb;
Chapman , Bragdon , Chapman , and McCrary, 1977) we used a
scoring template approach to compare EPs to word classes from
opposite ends of Osgood ’s dimensions. For the scoring template
for the Evaluative dimension, the average EP ( from CPZ) for 5—
words was subtracted from that of E+ words, averaged over three
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subjects on two word lists. This scoring template was then used
to measure each EP by computing the Pearson product—moment
correlation coefficient using the 102 corresponding time points of
the scoring template and the EP. This yielded a single measure
for each EP reflecting its similarity to the scoring template.
Using this measure significant differences were found between EPa
for 5+ and E— word classes. (The EP template measures were
z—transformed (aro—tanti) before applying t—tests for correlated
measures) . The t values for all 12 subjects were in the predicted
direction, i.e., positive. For the three subjects involved in the
development of the scoring template, 81% of their EP5 were
correctly classified into E+ or E— word classes on the basis of
the relative magnitudes of their correlations with the E template.
A somewhat smaller, but significant , success rate was obtained for
the nine subjects in the independent cross—validation group . P
(Potency) and A (Activity) templates derived in the same way had
somewhat lower success rates in discriminating 2+ from F— and As.
from A— word classes, respectively. The relative strengths of the
EP effects found for the 5, P, and A dimensions might be expected
from Osgood’s analysis. Evaluation has been found to be the most
pervasive aspect of connotative meaning , followed by the Potency
and then the Activity dimensions. The use of a scoring template
to measure 5Pm for semantic effects was an exploratory technique.

Encouraged by these template results we have continued our
research on semantic meaning and EPs with the aid of mu.ltivariate
statistical techniques (Chapman, 1976; Chapman, McCrary, Chapman
and Bragdon, in press; Chapman, in press, a, b). One of the
problems was coping with the large individual differences in EP
waveforms. These overall waveform differences, while not the
semantic effects of interest, were relatively stable
characteristics of each individual subject. This problem was
solved by standardizing the EPs for each subject separately
(transforming to z-scores at each time point) be fore proceeding
with the analysis. A var ima.xed principal components analysis was
computed on. the standardized EPa from a group of 10 subjects in
order to obtain component scores. These 52 component scores were
used in a multiple diacrim inant analysis to develop classification
functions for the six semantic word classes . The success rates in
classifying EP5 to the semantic classes were significantly better
than chance. Classification functions were developed separately
for the EP data from each list of words and the results
cross—validated by several procedures: (i) jackknifed
(one—left—out procedure), (ii) other word list, and (iii) new
subject.

When the EPa were classified to word classes from opposite
ends of each semantic dimension separately (E+ vs. E— , Ps. vs. P— ,
A~s vs. A— ), the average apparent success rate was 97% and the
jackknifed cross—validation success rate was 90% (chance was 50%).
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When the sam e classification functions were applied to the EP data
obtained from the other word list, the overall sucess rate was
73%.

Multidimensional analyses considered the EP data for all three
semantic dimensions at once, in which case six semantic classes
were discriminated from each other (5+ , E— , 2+, 2— , A-s., A— ). The
classification rates were significantly better than chance.
Overall, the jackknited success rates (where each 5? is left out
of the development set and then classified) were k2% for List 1
and k3% for List 2 data, some 2.5 time better than chance ( 1 6 . 7 % ) .
The other—list cross—validations averaged UO% . Thus combinations
of components of these EPs were powerful detectors of semantic
differences.

It is to be noted that all of the above success rates were
obtained across subjects. That is , the same classification
functions were used for all ten subjects. This is evidence that
not only can EP effects be found that relate to connotative
semantic meaning but these EP effects tend to be the same in
different individuals.

A further test of the generalizability of the findings was
mad e by applying the classification functions to a new subjec t ,
one not used in developing the analysis. After standardizing his
EPs and using component scoring and discriminant functions
developed from the separate group of 10 subjects, k2% of the new
subject’s EPa were correctly classified into the six semantic
classes , essentially the same rate as the jackknifed accuracy of
the group of 10 subjects and significantly better than chance
(16 .7% ) .

SEMANTIC—DIFFERENTIAL SCALES AND SEMANTIC WORD CLASSES

In the results s~~~arized above, the subject’s task was simply
to repeat each word aloud after it was flashed . It was of
interest, for several reasons, to change to a semantic—
differential judgment task, one in which the subject makes
a judgment about each word on a designated bipolar adjective
scale. This was the task that Osgood used to develop his semantic
data and quantitative information about the loadings of various
scal es on Osgood’s dimensions is available. This made it possible
to select judgment scales that strongly represented each of the E,
2 , and A semantic dimensions.

In our previous research internalized representation of
semantic meaning was manipulated by carefully selecting stimulus
words . Another aspect of internalized representation may relate
to an individual’s semantic expectancies. When the same word is

- -

~

-- ~~~~~~~
-.
~

- .. -
~~----—— - —~-~~~- - - - - -- - -



presented on different occasions, a subject may be seeking
different kinds of semantic information . That is , a subject may
have various kinds of semantic expectancies and , consequently, the
semantic information in the words may be processed along various
semantic dimensions. For example , an individual might be

• primarily concerned with potency (powerful—powerless) when a
stimulus word “official” occur s or he might be primarily concerned
with evaluation (good—bad ) . Do the Evoked Potentials related to
the word “official” vary for these different semantic
expectancies? Do these different semantic expectancies have their
own EP effects?

In order to study questions of this sort, we manipulated the
semantic expectancy by assigning various semantic differential
scales to the subjects at different times ( Table I ) .  The
subj ect’ s task was the semantic differential task , as used by
Osgood in developing his semantic analysis .

A further reason to change the subject’s task from repeating
the word to giving a numerical judgment (+3 to -3) was as an
additional control for speech effects.  The same vocalizations
wer e made to all word classes, as well as for all scale
dimensions.

Thus, this research studied two kinds of experimental
manipulation of semantic meaning : word class of the stimulus word
(E+ , 5— , 2+ , P— , A+ , A — ) ,  and scale dimension (E , F , A) which the
subj ect used to make semantic differential judgments about the
stimulus words (Fig. 2). Five bipolar scales that were heavily
loaded on (correlated with) each of Osgood’ s semantic dimensions
(E, P, and A; see Table I) were selected (Osgood , 196k). Each of
these 15 scales was used with each stimulus word . Thus, the
effects of two kinds of experimental manipulation of semantic
meaning were studied : ( 1)  the semantic class of the stimulus word ,
and (2) the dimension of the semantic scal e (E , 2 , A) which the
subjec t used to make semantic—differential judgments about the
stimulus words. These variables were experimentally combined in
that for each trial the subject used a designated semantic scale
to judge a specified stimulus word . Separate analyses identified
wor d class and scale dimension effects in the EPa at better than
chance levels.

Synopsis of Procedure

During each experimental run , 120 words were flashed in random
order while the subject’s EEC was recorded . For each run , there
were 20 words representing each of six classes of semantic meaning
lying at the positive and negative extremes of each of the Osgood
dimensions: Evaluation, Potency, and Activity . The subject was

— -—-• - A
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Table I

Loadings of Semantic Differential Scales on
Evaluation ( E ) ,  Potency (2), and Activity (A) *

SCALE E P A

E Dominantly

El nice—awful .96 — .02 — .09

52 sweet—sour .9k .02 .~..Ok

53 good—bad .93 .03 - .05

5k heavenly—unheavenly .93 .00 — .21

ES mild—harsh .92 - .20 - .06

P Dominantly

21 big—li t t le  — .05 .81 — .24

22 powerful—powerless .16 .75 .1 8

23 deep— shallow — .11 .69 — .32

24 strong—weak .04 .68 .13

25 long—short .02 .64 - .23

A Dominantly

Al fast—slow — .14 .22 .64

£2 young—old .39 - . L~2 .56

A3 noisy—quiet - .39 .25 .56

£4 alive—dead .52 .13 .55

A5 1aiown—un~c~own .16 .10 .48

* American English 3emantic differential loadings reported in
Osgood , 1964. Loadings shown are for the first listed adjective
of each pair. “Good” , “Powerful” , and “Fast” are represented
by the positive poles of E , F , and A.
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assigned a particular semantic scale for use during the run in
judging each word as it was presented . The EEG5 for the 20
stimulus words representing each semantic class were averaged for
the run to obtain the evoked potentials (EPa) used in subsequent
analyses. A total of 30 such runs was required to complete the
collection of 180 such averaged EPa for each individual across all
experimental conditions:

(1) Six semantic classes of stimulus words,
(2 ) Two different lists of words (to control for

specific stimulus characteristics or properties
other than connotative meaning) ,

(3 )  Three semantic task dimensions , each represented
by five different scales (to control for
specific scale properties other than dominant
semantic dimension).

METHOD

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

The six semantic categories were represented by the same word
lists used previously ( Chapman , 197kb; Chapman , Bragdon , Chapm an ,
and McCrary, 1977; Cha pman , McCrary , Chapman , and Bragdori , in
press). The words within each list were given in different random
orders from run to run , so that the subjects could not anticipate
the semantic class of the stimulus words during the experiment .

Five scales that are heavily loaded on each of Osgood ’ s three
semantic dimensions ( Eval uation , Potency, arid Act ivi ty)  were
selected ( Osgood , 1964). Each of these 15 semantic scales (Table
I) was used with each stimulus word . This required 15 runs with
List 1 and 15 runs with List 2 , making a total of 30 runs for each
subject. The scales were given in different random orders for
each st.bject.

Before each run the subject was assigned a semantic scale,
e.g. “nice—awful , ” which he was to use on aL]. 120 words in that
run. The subject was asked to rate each stimulus word on the
designated semantic scale using values fr om +3 to —3.  The
instructions to the subject when the scale was “nice—awful ” wer e:
If the meaning of the word to you is more nice than awful , then
give a + rating , wi th a 1 , 2 , or 3 to express various degrees of

— niceness. On the other hand , if the meaning of the word to you is
more awful than nice , give a — rating using 1 , 2, or 3 to indicate
the degree of awfulness. If the word is perfectly neutral on that
scale , give a “ zero .” For each scale , regardless of whether it was
“nice— awful , ” “big—l i t t le ,” “fast— slow , ” or some other scale,



- ________

Table II

FLOW CHART OF EXPERIMENT

2 LISTS OF WORDS SELECTED 5 SEMANTIC DIFFERENTIAL
FOR 6 SEMANTIC CLASSES: SCALES SELECTED FOR EACH OF

3 DIMENSIONS: E , P , A
BASED ON OSGOOD’S BASED ON OSGOOD’S ANALYSES

3-DIMENSIONAL ANALYSIS
--

~~~~~~~~~~~~~~~~~~~~~~

WOR DS FLASHED ON CRT
EEC RECORDED

SUE4IECT GIVES SEMANTIC DIFFERENT IAL

EVOKED POTENT IALS (N = 2O ) COLLECTED
FOR EACH SEMANTIC WORD CLASS

WITH EACH SEMANTIC SCALE
--

~~~~~

---
VABIMAXED PRINCIPAL COMPONENTS ANALYSIS

ON EPa OF 102 TIME POINTS ,
COMPONENT SCORES COMPUTED FOR EACH EP .

DISCRB1INANT ANA LYSES USING
COMPONENT SCO RE S TO CLASSIFY

EPs INTO:

SEMANTIC SEMANTIC
WORD SCALE

CLASSES (6)  DIMENSIONS (3)
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numerical values f rom +3 to —3 were used. After each word was
flashed the subject gave his semantic differential rating aloud.

A computer-generated display system presented each word as a
briefly flashed stimulus on a CRT (Fig. 3 ) .  The subject sat in a
dark, sound—damped chamber . The averag e word subtended a visual
angle of 1.5 degrees with a duration of 17 mzec . Each letter was
form ed by light ing appropriate positions in a 5 by 7 matrix . A
fixation target was presented (0.5 sec. duration) one second
before each word . Aft er each word was flashed the subj ect gave
his semantic differential rat.ing (+3 to —3 ) toward the end of the
2.5 sec . interval between each word and the fixation stimulus for

Figure 3

Diagram of Single Trial.

STDtULUS TYPE: F IX. WORD (1 of 6 classes:
~ E+,E- ,P+,P-,A+,A-)

DISPLAY (CRT): 

r I____
DABX

TIME (SEC.):  

~~ 
2.5

EVOKED POTENTIAL :
(510 mc.)

GOOD +3

Semantic
VOCA L RESPONSE : Rating

I-
BAD -3

(1 of 3 Scale
Dtm.nsions)
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the next trial. This task assured that each stimulus word was
perceived and provided access to a behavioral neasure. The brain
activity following these word stimuli was averaged separately for
each of the semantic meaning classes in conjunction with each
semantic scale. The sequence for each word presentation (a trial)
within each run was as follows:

(1) Fixation target on for 0.5 sec .
(2 )  Blackout for 0.5 sec.
(3) Stimulus word flashed (approximately 17 insec.)
(14 ) Blackout for 2.5 sec., during which time the

subject gave a number representing his semantic
j udgment of the word on a designated scale.

An experimental run consisted of 120 words presented in this
fashion.

During experimental runs, the subject’s ERG was picked up
from standard Grass electrodes (silver cup shape) which were
attached by bentonite CaCl paste. The data reported here were
recorded from a scalp location one—third of the distance from CZ
to PZ (CPZ recorded monopolar to linked earlobes). The frequency
bandpass of the recording system (Grass polygraph, FM tape
recorder, operational amplifiers) was 0.1 to 70 Hz. Beginning
with the word stimulus and lasting 510 msec., EPa were averaged by
a program using 102 time points (5 macc . interval). Each EP was
based on 20 different words of the same semantic class. Eye
movements were monitored with EOG (electrooculogram) .

Data from 10 subjects are presented here. Each subject was
given 30 runs of 120 words (20 words in each of 6 semantic meaning
classes) spread over a number of sessions. For each subject half
of the runs used List 1 (each run with one of 15 semantic scales)
and the other half used List 2 (each run with one of the 15
semantic scales) randomly interspersed . The EPa used in these
analyses were averages across 20 words (N=20).

RESULTS

The Evoked Potentials for the six semantic classes had
different average waveforms. For Figure 14 the EP data were
standardized separately for each ol’ the ten subjects and then
averaged.

Individual analyses have been done for each of the ten
subjects. The generality of the results is demonstrated by
sucessful discriminations of word classes and scal e dimensions for
each subject. The various steps in the data analyses are
su arized in Table II. The first step was to obtain measurements

— --4- -
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+ RCTIVITY

- POTENCT 
_ _ _ _ _ _ _ _

+ FOTENC’I
’

- RCTIVITY 
~~ ia

— EV~LU~TIVE
Figure 4. Average Evoked Pot ent ials (EP a) for aix semantic classes
after standardization . The semantic word classes are based on
Osgood ’s Evaluation , Potency, and Ac tivity dimensions which define
a th ree-dimensiona l connotative meaning space , represented schema-
tica l ly here. The EPs cover 510 mccc (102 time points X 5 macc)
along the horizonta l , beginning at the time the words were flashed .
The vertica l axes for the EPs are in standard units (z scores).
For the Standardized Potentials each subject ’s data at each time
point were transformed to z scores (means—O and standard deviation’.
I). Aver ages includ e data for  two word lists and ten subjects.
Monopolar recordings (bandpass: 0.1 to 70 Hz) from a sca lp location
1/3 of the distance from Cz to Pz. Positive is up. 

~~~~~~~~~~~~~~~



- . -~~~~~~~ ____________

16

of components of the brain potentials by use of a varimaxed
principal components analysis. The next step was to assess the
extent to which these components contained semantic information
related to (1) the semantic categories of the word stimuli and (2)
the semantic dimensions represented by the task scale.
Discriminant analyses were used to develop classification
functions relating the component measures to these types of
semantic groups.

The principal components analysis closely followed the
procedures used previously (Chapman, 197Z4a ; Chapman , McCrary ,
Bragdon , and Chapman, in press). Two general steps are involved :
(1) determing the EP components, and (2) measuring how much of
each component is in each EP. These steps were done by a
var imaxed principal components analysis computed by BMDP4M Factor
Analysis Program (Dixon, 1975). The EP data entered into the
analysis were the EP amplitude measurements obtained at the 102
successive time points for each of the EPa . The BMDPLtM Program
transformed the data matrix to a correlation matrix . The
product—moment correlation coefficients computed for each pair of
time points comprised the 102 x 102 matrix to which principal
component analysis was applied . Unities were retained in the
diagonal. The number of components to be retained was set at the
number of eigenvalues equal to or greater than unity. The
retained components were rotated using the normalized varimax
criterion (Kaiser , 1958). Scores were computed for each of the
original EPs on each of the varimaxed principal components . These
component scores (factor scores) measure the contributions of the
components to the individual EPs. These component scores were
compared for the various semantic classes of words .

Having reduced the dimensionality of the EP from 102 measures
to a much ~~aller number of principal components, the next step
was evaluating the extent to which these components contained
semantic information and , more specifically, the utility of that
information in discriminating and predicting semantic class of
EPa . This evaluation was accomplished by multiple discriminant
analyses. The aim of the discriminant analyses was to predict the
semantic class membership of the EPa on the basis of the EP
measures ( component scores) . The discriminant analyses were done
by the BMDP71I Stepwise Discr iminant Analysis Program ( Dixon ,
1975). This program was applied to the component scores derived
from the principal components analyses. A set or linear
classification functions was computed by choosing the independent
variables in a 3tepwise manner. Using these functions, the
probabilities of each EP belonging to each semantic class were
computed .

Two separate multiple discriminant analyses, one for each word
list, were performed on each subject’s EP data to determine the

- - ---—----— .—-- -
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ability of the EP component measures to discriminate simultaneously
among all six of the semantic classes of stimulus words. The
success rates of classifying EPs into the appropriate semantic
classes were averaged for the two word lists and are presented
in Table III.

The overall success rate (pooling lists and subjects) in
classifying EPs involved in the computation of the discrim inant
analyses and classification functions was 143.5 percent. The
success was well beyond the chance level of 16.7 percent. These
results were cross—validated by two procedures: (1) jackknifed
cross—validation and (2 ) oth€ r—list cross—validation . The
jackknifed procedure assesses the classification success when BPs
are left out of the development set one at a time and the
discriminant functions so developed are used to classify the EPa
as they are left out. This technique is used to estimate the
success which would be expected in classifying other, additional
EPs obtained using the development list. An overall success rate
of 31.0 percent was obtained with this procedure. In the
other..list cross-validation, the classification rules developed
for EPa obtained with one word list are used to classify EPa
collected with the other list of word stimuli. This provides a
further check on generalizabi].ity of the discriminant functions
and tests their likely success rate in classifying other,
additional. EPa obtained using a different set of words. As shown
in Table III, the overall accuracy in classifying such other-List
EPa was 26.8 percent for these ten subjects.

Since all six semantic classes of stimuli were represented
simultaneously in these analyses , the success rate expected by
chance was 16.7 percent. The success rates were all well beyond
this chance level (chi—squares in Table III).

In addition to semantic class of the stimulus words , the
semantic dimension of the subjects’ task was investigated . The
average HP data for E, P, and A semantic differential tasks are
shown in Figure 5 as Standardized Potentials. An additional
discriminant analysis was performed for each of the ten subjects
to evaluate the extent to which the EP component measures also
contain information about the semantic nature of the subject’ s
task (Table III, 3 Scale Dimensions). The specific aim of the
analysis was to determine whether functions of these EP components
could be developed to differentiate among EPa according to the
semantic dimension of the scale being used by the subject to make
jud gments about the stimuli being presented . The overall success
rate of these functions in ccrrectly classifying the EPa used in
their development was 147. 14 percent.  This rate of success was
better than the chance rate of 33 .3 percent. The jackknifed
cross—validation, using the one—left—out procedure de~cr1bed
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Table III

Percentages of EPa Correctly Classified

6 Semantic Groups of Words
3 Semantic Dimensions of Scales

2 Word Lists

6 Semantic Groups
Multi-Dimensional Analysis 3 Scale Dimensions

Develop— Cross—Validation Develop— Jackknifed
Subject merit Jack— Other ment Cross—

knifed List Validation

A 46.1 31.6 30.6 514.14 50.6

B 36.1 28.9 23.3 147.8 141.7

C 57.2 38.14 30.0 147.2 147.2

D 38.14 28.14 23.9 145.0 38.9

B 35.6 24.14 28.9 143.3 140.6

F 39.14 31.7 13.8 147.2 1414 . 14

G 140.5 32.2 27.2 146.1 42.2

H 143.3 30.6 25.6 ~45.0 142.8

I 148.9 30.0 37.7 ~18.9 146. 1

J 149.14 33.14 32.8 48.9 14J4~4

OVERALL. 143.5 3 1.0 26.8 147 , 14 143.9

CHANCE
EXPECTATION 16.7 16.7 16.7 33.3 33.3

CHI—SQUARE 931.2 263.2 131.8 159.4 89.8
d f : 1

Each individual percentage based on 180 BPs.

All values of Chi—squar e corrected for discontinuity.

Chi—square (df:1 , p~ .001) = 10.8

- —- -.— — .~~,m - J



SCALE STPNOR~OIZEO POTENTIRLSE Dominantly ~io
El nice—c w ?ul
E2 sweet-sour
E3 good—bad
£4 heavenly—

unheavenly

ES mild-harsh

P Dominantly

P 1 big—li t ’tle

P2 power?ul-
power less

P3 deep-shal low
Pt  t — k
P5 long—short

A Dom i nan t ly
Al fa s t - s low
A2 young-old

A 3 no i sy — quiet
A4 o l iv e - d e e d
A S known—unknown

Figure 5. Standardized Evoked Potentials (from CPZ) for semantic
differentia l task scales which are dominantly loaded on Evaluation
(B) ,  Potency (P) , a rid Activity (A) semantic dimensions . Data
averaged acroes stimulus word classes , two word lists , and ten
subjects. See Figure 4 legend for information about Standardized
Potentials. The vertica l scale is indicated by the peak-to—pe a k
amp litud e of 0.26 s-score units for the response to H scales.
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previously, resulted in the correct identiL.~ation of the semanticdimension of the task scale of 143.9 percent of the EPa . This is
an indication of the likely success to be obtained in classifying
other, additional BPs obtained with the subjects while using these
semantic differential scales . The chi—square statistics indicate
that these rates of correct classifications are well beyond chance
expectations.

The individual analyses (Table III) indicate that HP data
from each of the subjects could be used individually to
discriminate successfully among semantic word groups (stimuli) and
among semantic scale dimensions (tasks). The success rates varied
little among the ten subjects and lend further concrete support to
the ubiquitous nature of semantic effects in EPa. These
individual analyses corroborate that the successful
classifications found in group analyses are not due to a few
exceptional subj ects.

The identifications of stimulus word classes and task
semantic dimensions wer e not all equally successful. Generally ,
the A+ class of words ( words connoting high activity) is a less
distinct word class than the others , and the Activity scale
dimension is less distinct than the Evaluation and Potency scale
dimensions. This may be due to the tertiary role that the A
dimension plays in semantic—differential j udgments . Osgood and
others have generally found that the E and P dimensions are more
distinct and account for considera~ly more variance in semantic
differential j udgments than the A dimension. Table I shows that
the A scales have lower loadings on their dominant dimension and
higher loadings on their non—dominant dimensions than do the H or
P scales . In a similar vein , the averag e values for the word

• classes on their respective dominant dimensions (Heise , 1971) were
only +1.0 and —0.8 for the A+ and A— word classes, whereas they
were +2.0 and — 1.3 for the E+ and B— classes and +1.9 and -0.6 for
the P+ and P— classes. These semantic quantifications derived
from behavioral measurements are consonant with our classification
rates derived from brain response measures.

Are different ER components involved in the two kinds of
semantic processes studied: (i)  semantic dimension of judgement
scale and (ii ) connotative meaning of stimulus words? Or are
these similar phenomena in terms of their EP effects? Three
discrim inant analyses were available for each subject: one
discriminating among the three task scale dimensions and two ( one
for each word list) differentiating among the six semantic classes
of word stimuli. The first EP component to enter each of these
discriminations was noted for each subject and frequency counts
were made of how often the HP component entered (1) was the sam e
for the two stimulus word class discriminations and (2) was the
same for the task scale dimension discrimination and either or

L ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ _
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both of the word class discriminations (Fig. 6) .  In 140% of the
pairs of stimulus word discriminations , the first HP components
were identical. However, the first component entering the
discrimination of task scale dimensions matched those entering
either of the stimulus word discriminations only once out of 20
possible matches. The difference is statistically reliable
(Fisher ’s exact probability=.03). The first two HP components
entering each discriminant analysis were also compared. They were
identical, on 50% of the possible occasions for the two word lists
(discriminating semantic word classes). The first two scale
components matched those in either of the word list analyses 15%
of the possible times (6 out of 140). These differences in

r?M UL~US

\4~~D C.L.AcSES

L~~~1 
L,s-r 2

332. 1+0%
rn5e.c.

5%

TASi.
Sc.~~. DIM~~sI

oAj~~~
I89 r~se~

Figure 6. Ove rlap among first HP components
to enter each of three kinds of discriminant
ana lyses and mean latencies of maximt~ loadings
of first EP co~~onents to enter.
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frequencies of matches are statistically reliable (corrected
chi—square~7.l43, df= 1 , p<.01). Thus, EP components contributing
most to distinguishing among stimulus word classes are seldom
those which contribute most to distinguishing task scale
dimensions .

In a different approach to the same question, the EP
latencies which correlated maximally (maximum loading) with the
first EP component entering each of the discriminations were
tabulated. The mean latencies for the separate word list
analyses, 332 msec. and 311 msec., did not differ significantly
(t:.62, df=9). The mean of such latencies for the first
components entered in discriminating task scale dimensions was 189
msec., which differed reliably from the mean latency for the
stimulus word class discriminations (t:3.15, df:9, p<.02). Thus,
the EP time points which correlate maximally with the components
most important to distinguishing task scal e dimensions are

• significantly earlier than the time points most important to
discriminating stimulus word classes ( Fig . 6 ) .

DISCUSSION

These findings suggest that internal representations of
meaning can be assessed by analyzing electrical brain responses.
Can these findings be attributed to variables other than
connotative meaning? Since the semantic classes were presented
randomly, the obtained differences cannot be attributed to any
pre—stimulus variables, e.g., expectancy, arousal, attention , etc .
Since the subject’ s task ( perceive word and form a semantic rating
on a designated scale) was constant, the obtained differences do
not relate to general post—stimulus variables, e.g., differential
information processing , response preparation , uncertainty
resolution , etc. It is not likely that the EP differences are
related to different muscle activity since (i) the numerical
ratings were spo~cen after the 510 msec . EP interval and (ii ) the
same ni.~ erical responses were given to various semantic classes .
Analyses of the BOG data show that eye movements do not explain
the HP effects. Since many different words were the stimuli for
each semantic class and the EP results generalized across two such
lists of words, it does not seem likely that the results are due
to the physical differences in the visual stimuli. The same
aspect of the experimental design guards against interpretations
based on surface linguistic features . Finally, distinguishing six
semantic classes indicates a degree of specificity which generally
taxes interpretations in terms of variables other than connotative
meaning .

Previous research investigated EP effects associated with the
same six semantic classes of words when the subjects ’s task was 
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merely to repeat each word after it was flashed (Chapman , 19714;
1976; in press, a; Chapman , Bragdon , Chapman and McCrary, 1977;
Chapman , McCrary , Chapman and Bragdon , in press) .  In the
present experiment the subject’s task was to give semantic
differential ratings of each word on semantic scales predominantly
loaded on one of three semantic dimensions . Does the increased
task complexity prevent discriminating the word class by brain
response measures? Does the use of different scales, loaded on
different semantic dimensions , in terfere with identifying the word
class of stimulus words? Do the various semantic expectancies
engendered by prior assignment of semantic scales interfere with
identifying the stimulus word classes?

The present results indicate that semantic effects of stimulus
words continue to be detectible in EPs when the subject is engaged
in a semantic task considerably more complex than only repeating
the stimulus words . The added complexity of the experimental
conditions clearly does not obscure the semantic word effects.

In addition , the results provide evidence that EP effects may
also be used to discriminate among semantic expectancies, sets or
contexts ( E , P and A scale tasks) regardless of the semantic
location of the stimulus words (E+, H— , P+, F— , A+, A— ). Semantic
judgements were elicited from the subjects using 15 scales
selected to represent the E, F, and A dimensions. The subjects’
internal semantic events were manipulated by the subjects’ task
which is set prior to delivering the stimulus word. In this sense ,
the task provides a semantic context or expectancy within which the
stimulus word is to be evaluated . We are not using semantic
expectancy here to mean the subjects ’ expectancy of a
particular stimulus word or word class ( which were randomized),
but rather to mean the subjects ’ previously established
context (delineated by dominant dimension of semantic
scale) which the subject expects to apply to flashed stimulus
words . The task scale dimension variable was manipulated in this
experimental design independently of the stimulus word class. It
was not previously 1ciown whether the task scale dimensions would
have distinctive effects in EPa and , if so, whether these effects
would interact with those associated with stimulus word class.
The present results indicate that the semantic context established
by various scales does have its own EP effects, which do not
appear to interact with detection of stimulus word class.

In a manner which parallels our conclusions about identifying
stimulus word class, there is some generality to identifying task
scale dimension. A number of semantic dIfferential scales were
used to represent each semantic dimension (five adjective pairs
fcr each) in order to establish general relationships to EPa , not
tied to particular exemplars of the semantic scales. This

~ 
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parallels the use of many exemplars of stimulus word class in
establishing the generality of those EP effects.

The scale dimensions could be identified by separate analyses
of each individual’s data (Table III). The success of these
analyses supports the universality of the EP effects across
individuals.

Analyses of the EP components involved in the discriminations
indicate that the components reflecting the greatest
differences among task seal? dimensions are different from the
HP components which discriminate maximally among semantic classes
of stimulus words. The maximal representation of effects in the
BPs occurs significantly earlier for the task scales than for the
stimulus words. These findings support the conclusion that these
are different kinds of semantic effects.  Moreover , the earlier
maxima.]. representation in the EPa of the task scales fits the
interpretation of a semantic expectancy established by the
semantic differential scale assigned to the subject before the
stimulus words are flashed. These data lead to the hypothesis that ,
following the presentation of each stimulus word , a process relating
to the semantic differential scale used to judge the word occurs
before the connotative meaning of the stimulus word is fully
developed .

In general , the research provides evidence that two kinds of
semantic variables can be independently and simultaneously
identified in EPa: (1) the semantic class of stimulus words and
(2 )  the semantic dimension of semantic—differential scales being
used to judge stimulus words . These findings have important
implications for applicatIons as well as a basic understanding of
the processes. In this experiment , two kinds of semantic effects
were registered in the EP and could be used to assess different
semantic aspects: (1) the processing of the semantic meaning in
stimulus words , regardless of the semantic expectancies of the
subject , and (2) the semantic expectancies of the subject ,
regardless of the semantic content of stimulus words.
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