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A bstract

AGE DIFFERENCES AND EVOKED POTENTIALS 

IN DICHOPTIC BACKWARD MASKING 

Gail C ram er 

Advisor: P ro fe sso r  Robert L . Thompson

Physiological studies of age-re la ted  changes in percep tual and cog­

nitive functioning have been unable to relate  such changes specifically  

to nerve c e ll loss, neural conduction velocity, o r EEG activation.

Thus, deficits in the elderly on a wide v arie ty  of behavioral task s have 

been attributed to slow er cen tra l nervous system  mediation.

P revious studies of v isual m asking point to the locus of m asking in 

e ith e r  cen tra l or periphera l nervous system  p ro c e sse s . Turvey (1973) 

developed a model o f visual inform ation processing through studies of 

v isual m asking which characterized  the cen tra l m echanism  as a se ries  

of feature detectors operating upon outputs o f p e riphera l system s which 

send signals at varying ra te s  determ ined by the energy ch arac te ris tic s  

of the stim uli. Masking in the peripheral system  is described  by the 

relation: ta rg e t stim ulus energy m ultiplied by the m inimum in te rs tim ­

ulus in te rval necessa ry  to escape m asking equals a constant (TE x ISIC 

= K); while central m asking can be identified by the relation: target 

stim ulus duration plus the c ritic a l in te rs tim u lus in te rv a l equals a constant 

(TD + ISIC = K). In terstim u lus in te rval (ISI) is  defined as the tim e 

from  target offset to mask onset.



Dichoptic backward m asking was investigated in Experim ent I in 30

subjects between 16 and 26 years (mean age, 19. 8 years) and 30 o lder

subjects from 60 to 81 y ears  (mean age, 67 .9  y ears). A significant

age difference (p<.001) in the ISI needed to evade m asking was found; the

old requiring 75, 77, and 79 m sec longer than the young at target durations

of 10, 20, and 30 m sec. Although the confidence in terval estim ate  was

wide, the data w ere  best described  by the relation  TD + ISI = K, indic-c
ative of m asking originating in cen tra l p ro cesses according to Turvey (1973). 

Significant differences (p = . 01) in E xperim ent I w ere  also found between 

single le tte rs , th ree  le tte r  words, and consonant tr ig ram s used as 

target stim uli, a ll paired with a pa ttern  m ask  constructed from  pieces 

of the sam e type le tte rs . The sm a lles t difference was observed between 

the young and the old in the WORD groups, the la rg e s t, in the TRIGRAM 

groups. Evidence of the im portance of the geom etric  ch a rac te ris tic s  

of the m ask  to m asking in theoretically  cen tra l p rocessing  was obtained 

from  six  young subjects who experienced litt le  o r no m asking in E x p er­

im ent I. Retesting with a new m ask constructed  from  longer line 

segm ents and different angles resu lted  in a 47% decrease  in accuracy of 

target identification when ISI = 0.

V isual evoked potential am plitude was g rea te r  and latency sh o rte r  in 

the young subjects. The significant age difference observed in Experim ent 

I was m aintained in the sum m ated evoked potential amplitude data co llec t­

ed in E xperim ent II (p<, 01). Age difference in la tencies to peak 

am plitudes were indicated by a si gnificant in teraction  between



age groups and time segm ents of the sum m ated waveform s (p<.001), 

and a significant age by m asked versu s unm asked conditions interaction 

(p<. 05). Additionally, there was an association between perceptual and 

neura l responses in the dichoptically obtained evoked potentials. Peak 

amplitudes w ere attenuated in response to stim ulus conditions which 

produced perceptual m asking. When no perceptual m asking occurred, there  

was no attenuation of evoked potential amplitude. These resu lts  were 

obtained from  both young and old subjects.

From  the foregoing resu lts  plus re su lts  from  controls using binocular 

p resen ta tions, it was concluded that both the psychophysical and evoked 

potential da ta  were consistent with c r i te r ia  fo r p ro cesses of cen tral 

orig in  as the determ inants of the differences between young and old 

subjects in dichoptic m asking.
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Introduction

T urvey (1973) proposed a concurrent-contingent m odel of v isual 

inform ation p rocessing  with the purpose of separa te ly  identifying p e r ­

iphera l and cen tra l nervous system  p ro cesses in vision through the 

use of v isual m asking experim ents.

Since its  introduction by P ieron  (1925), the term  "visual m asking" 

has been used to denote situations in which two stim uli a re  p resen ted  

successively  o r sim ultaneously; one reducing o r  elim inating the p e rcep t­

ion of the o ther. In general usage the term  ta rge t stim ulus (TS) is  used 

to denote the tes t stim ulus and the term  m asking stim ulus (MS) is used 

for the m ask which can precede (forw ard m asking), occur together 

with, o r  succeed (backward m asking) the TS. Typically the p resentation  

of the two stim uli is  separa ted  by an in terstim ulus in terval (ISI), m e a s ­

u red  from  the end of the f ir s t  stim ulus to the onset of the second. The 

tim e between the onset of one stim ulus and the onset of the next is  r e ­

fe rre d  to as stim ulus onset asynchrony (SOA). When ISI is  equal to 

zero , ta rge t duration (TD) equals SOA. If p resen ta tion  of the two s tim ­

uli is  sim ultaneous, both SOA and ISI equal zero . The use of backward 

m asking as an analytic tool was proposed by Sperling (1963) on the 

assum ption that p rocessing  took place in the in te rval between the p r e s ­

entation of the two stim uli. Two general in te rp re ta tions of the m ask ­

ing phenomena a re  named "integration in which the two stim uli a re  

thought to be in tegrated  o r sum m ated by the nervous system , and
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"in terruption" in which the a rr iv a l of the second stim ulus in te rfe re s  

with the p rocessing  of the f ir s t .

Integration theory of m asking in its  m ost econom ical form  supposes 

a lin e a r  sum m ation of TS and MS resu lting  in a response  to the ir 

sim ultaneous perception (Erikson, 1966). The in tegration in terp reta tion  

has been hypothesized by Turvey to describe  the functioning of p e riph ­

e ra l p ro cesses  which can be identified by the following c rite r ia :

(1) M asking a ris ing  in  p e rip h e ra l p ro cesses  is  energy dependent. The 

energy of the MS m ust exceed the energy of the TS for m asking to occur.

(2) Data from  m asking experim ents in which p e rip h e ra l p ro cesses  a re  

responsib le  for the observed m asking effects conform  to a m ultip lic ­

ative rela tion  between ta rg e t energy and the m inim um  in terstim ulus 

in te rva l n ecessa ry  to evade m asking (ISIC): TE x ISIC = K.

(3) Masking is not determ ined by the geom etric content of the MS.

The form ulation of the p e rip h e ra l rela tion  was f i r s t  suggested by K ins- 

bourne and W arrington (1962 a, b) in m onocular, binocular, and d i­

choptic conditions, with random  visual noise as m ask . T heir re su lts  

indicated that all m asking resu lted  from  the sam e "cen tra l"  in teraction . 

Subsequent investigation by Turvey, however, revealed  that m asking 

only o ccu rred  in th e ir studies when MS energy was g re a te r  than TS 

energy. Turvey was also unable to obtain dichoptic m asking with 

random  visual noise using equal energy stim uli except when TS was p re ­

sented  at threshold . Exam ination of o ther m asking pa ttern s led  to the
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conclusion that the m ost effective m asking stim uli w ere s im ila r  to the 

TS in geom etric configuration and located in the sam e a re a  of the 

visual field as the TS le t te rs . Additionally, his data indicated that 

m asking of cen tra l origin was described  by another rela tion , TD + ISIC 

= K.

The second widely held in terp reta tion  of the m asking phenomena is 

known as "interruption"which im plies that p rocessing  of the TS is in te r ­

rupted by the a rriv a l of the MS. Interruption theories a re  appropriate  

only to situations of backward m asking. The c ritic a l variab le  in m ask ­

ing a ris ing  centrally , according to Turvey, is  SOA, o r the tim e be­

tween onsets of the two stim uli. C entra l m asking is also c h a ra c te r­

ized  by the c rite r ia :

(1) A TS can be m asked by an MS of equal o r  low er energy.

(2) The additive rela tion : T arge t duration plus the in terstim ulus in terval 

n ecessa ry  to evade m asking equals a constant (TD + ISIC = K = SOA), 

describes the m asking function.

(3) C entra l m asking is  dependent upon s im ila rity  of the figural ch arac ­

te r is tic s  (geom etric content) of the stim uli.

Thus, if  m asking a rise s  in p e rip h e ra l p ro cesses , the two stim uli 

in te rac t in the tran sm ission  channel (the p e riphera l system ) presenting  

only one stim ulus for cen tra l identification. If m asking a rise s  centrally , 

the stim uli a re  hypothesized to a rr iv e  separa te ly  in cen tra l m echanism s 

but the p rocessing  of the f i r s t  stim ulus is  in te rrup ted  by the a rr iv a l 

of the second. The p e rip h e ra l system  as defined by Turvey includes
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the retina, the la te ra l geniculate nucleus, and those cells of the s tr ia te  

cortex which have been shown to respond to changes in stim ulus in tensity  

(Vaughn & G ross, 1969; Short, Lieb, & W ilson, 1977). The cen tra l 

m echanism  consists of a se r ie s  of decisions perfo rm ed  on fea tu res of the 

stim uli as they a re  signalled from  the periphery .

A schem atic  rep resen ta tion  (redraw n from  Turvey, 1973) of the con­

curren t-contingen t m odel in the m onocular viewing condition can be seen 

in F igu re  1, w here stim ulus input to a p a rticu la r  location on the re tin a  

is  rep resen ted  by (I). A se t of n eu ra l nets operating in p a ra lle l stages

(P^ P n) having different tim e constants (d j  dn) dependent

upon energy c h a rac te ris tic s  of the stim uli, s to re  th e ir outputs (Ojj) in 

cen tra l sto rage  (S). Data s to red  in (S) e ith er decay with tim e o r  a re  

rep laced  by succeeding output from  the periphery . Outputs of p e riphera l 

system s for the two eyes a re  s to red  in the sam e cen tra l sto rage  un its.

The cen tra l p ro cess  (C^ Cn) is  also ch arac te rized  as a se t of

nets rep resen ted  as a decision tree  w here (Cj) rep re se n ts  som e decision 

point. Any cen tra l decision is  contingent upon p e rip h e ra l output in cen tra l 

s to re s . Input can proceed to the next decision (Cj_ + 1), can term ina te  in 

a final decision (O^), o r re su lt in no decision (e). Lacking inform ation

in cen tra l s to re s , cen tra l nets can w ait by looping at the input (O i On)

allowing an upper tim e lim it exceeding that of the slow est operating  tim e 

of a p e rip h e ra l net, provided they receive  inputs fron th e ir  respec tive  

p e rip h e ra l nets sim ultaneously o r  p r io r  to the input branches from  the 

preceding nets. C en tra l nets a re  assum ed to have equal tim e constants

<°1  Dn>.

j r



Figure  1. Schem atic rep resen ta tion  (redraw n from  Turvey, 1973) of 

the concurrent-contingent m odel describ ing  the relation  between 

p e rip h e ra l and cen tra l nervous system  p ro cesses  in v isual perception:

I ................= stim ulus input

P j  P n = p e rip h e ra l nerve nets

d i ........... dn = operating tim es of p e rip h e ra l nets

S j ........... Sn = cen tra l sto rage  units

O j j . . . . . . .  = output from  p e riphera l nets

C j ...........Cn = cen tra l nets

D j...........Dn = cen tra l operating tim es

-5 -
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When p eriphera l p rocessing  tim e is  le s s  than cen tra l p rocessing  tim e, 

cen tra l p rocessing  tim e is  determ ined by the tim e constants of the indiv­

idual s tages. The m odel re ta in s  the trad itional distinction between 

cen tra l and p e rip h e ra l p ro cesses , but unites them functionally as a 

system  of p rocessing  v isual inform ation.

Such a form ulation, if  valid, can be p a rticu la rly  usefiil in develop­

m ental and c lin ical re se a rc h  w here the separa tion  of s tru c tu ra l and s e n s ­

o ry  deficits from  identification and decision m aking functions of the 

nervous system  is im portan t. A review  of p as t re se a rc h  on ag e-re la ted  

deficits in percep tual and cognitive functioning revealed  that physiological 

studies have been unable to re la te  age changes specifically  to nerve cell 

lo ss , neu ra l conduction velocity, o r  EEG activation. Such changes, 

therefore , have been widely a ttribu ted  to slow er cen tra l nervous system  

m ediation (Botwinick, 1973).

Investigations of age differences utilizing  v isual m asking studies have 

yielded confusing re su lts . In a  b inocular backward m asking study, W el- 

sandt, Zupnick, & M eyer (1973), investigated p re-recogn ition  (iconic) 

p rocessing  in seven age groups with m ean ages of 5, 10, 16, 22, 35, 

and 55 y e a rs . They p resen ted  a single le tte r , E, H, K, o r  X for 8 

m sec  as TS followed by an 8 m sec  MS. Twenty tr ia ls  a t each of seven 

ISIs (10, 25, 50, 75, 100, 125, and 150) m sec  w ere adm in istered  in 

addition to 20 tr ia ls  with sim ultaneous p resen ta tion  (SOA = 0). R esults 

w ere  com piled in te rm s of pe rcen t c o rre c t responses at each in te rval.

The authors a sse rted : (1) they w ere studying "iconic p ro ce sse s" ; the
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icon re fe rr in g  to a re tin a l im age which in any term inology is  a p e riphera l 

p ro cess , (2) the im portance of using "a cen tra lly  based m asking p a ra ­

digm" m eaning the m ask and ta rg e t occupy the sam e a re a  of the v isual 

field. Both stim uli w ere p resen ted  for a  duration of 8 m sec; the targe t 

at a lum inance of 4. 3 m L and the m ask at a lum inance of 104 m L. 

Significant differences w ere  found between the two youngest groups, the 

m iddle four, and the o ldest group. The authors attributed  the po o rer 

perform ance of the children (mean age 5 years) to lack  of experience 

in extracting  inform ation from  the icon and that of the oldest group 

(mean age 55 years) to a slow er ra te  of ex tracting  inform ation from  the 

icon. In T urvey1 s form ulation, m ask  energy exceeding that of the t a r ­

get is  one of the n e ce ssa ry  conditions for the establishm ent of m asking 

a ris in g  periphera lly . Additionally, the m ask used  by W elsandt et a l. was 

a p a tte rn  m ask  consisting of a g rid  composed of c r is s -c ro s s e d  diagonal 

black lin e s . If m asking a ris e s  cen trally , according to Turvey, the fig- 

u ra l c h a ra c te ris tic s  of the m ask a re  of u tm ost im portance; lum inance 

d ifferences have negligible effect. Thus the re su lts  of W elsandt et al. 

can say  nothing as to the orig in  of the observed  m asking effects (and 

age d ifferences indicated by them) Attention to the c r i te r ia  outlined by 

T urvey could avoid confusion as to the locus of observed  m asking in 

s im ila r  stud ies.

Kline and Szafran (1975) investigated age d ifferences using a m on­

ocu lar backw ard m asking task, in which age d ifferences in ISIs needed 

to escape m asking w ere m easu red  and attribu ted  to changes in cen tra l



(defined as re tro -ch iasm al) p rocessing  tim e lim iting  the ra te  at which 

stim uli could be "c leared  through the nervous system " (p. 307X.

W alsh (1976) used T u rvey 's  backw ard dichoptic m asking experim ents 

in which cen tra l in te rference  was found (T urvey 's experim ents V through 

IX), as a  basis for an age com parison of cen tra l p rocessing . The 

re su lts  supported T urvey 's m odel in  that m asking occu rred  with MS energy 

le s s  than TS energy, and SOA (TD + ISIC) was the variab le  which described  

escape from  m asking in both age groups, with the o lder people requiring  

a 24% longer ISI than the young to identify a m asked ta rg e t le t te r .  

Additionally, W alsh re-analyzed  the data of Kline and Szafran in te rm s 

of T urvey 's c r i te r ia  fo r identification of p e rip h e ra l and cen tra l p ro cesses  

and found that the v isual noise m ask  used by Kline and Szafran was 

always p resen ted  at an energy level of at le a s t  th ree  tim es that of the 

ta rg e t stim lu lus, and the data closely  fit the m ultip licative rela tion  be­

tween ta rge t energy and ISI. Thus, according to T urvey 's form ulation, 

the data  of Kline and Szafran gave evidence for m asking (and age diff­

erences) in p eriphera l ra th e r  than in  cen tra l p ro ce sse s .

Herzog, W illiam s, and W alsh (1976) a sse sse d  the effects of p rac tice  

ac ro ss  two age groups with m ean ages of 66. 5 y ea rs  and 18. 5 y ears  using 

a  dichoptic backward m asking paradigm  as did W alsh (1976). Five 

sep ara te  days of p rac tice  sess ions resu lted , for both groups, in re liab le  

reductions in ISIC requ ired  to escape m asking. However, the magnitude 

of reduction was the sam e fo r both groups indicating that the amount of 

p rac tice  did not reduce previously  dem onstrated  (Walsh, 1976) age diff-
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erences in the speed of cen tra l p rocessing . Since the im provem ent was 

equivalent in both age groups, the data suggest no im pairm ent in the 

adaptability of cen tra l p ro ce sse s .

E xperim ent I P a r t  A of the p resen t study was an attem pt to rep lica te  

under s im ila r  conditions W alsh’s investigation of age d ifferences in 

cen tra l perceptual p rocessing  using a dichoptic backw ard m asking paradigm .

P a r t  B fu rther exam ined the figural c h a rac te ris tic s  of the m asking 

stim ulus used  in E xperim ent I.

Experim ent II was designed to obtain v isual evoked potential co rre la te s  

of the psychophysical data gathered  in Experim ent I, again utilizing the 

dichoptic backward m asking design for stim ulus p resen tation .

- 1 0 -



G eneral Method

Subjects

Sixteen Hunter College graduate and undergraduate students se rved  

as unpaid volunteers in pilot stud ies. Subjects who served  in E xperim ents 

I and H w ere paid $3. 00 per hour for participation . The young subjects 

of E xperim ents I and II ranged in age from  16 to 26 years (mean = 19. 8 

y ears , SD = 2. 9) and the old from  60 to 81 y ears  (mean = 67. 9 y ears ,

SD = 4. 3). Twenty people over 60 years  of age w ere excluded for fa il­

u re  to recognize a v isual stim ulus (LETTER, WORD, o r TRIGRAM) 

within a maximum duration of 10 m sec  o r because they dem onstrated 

eye dominance. The procedure fo r determ ining eye dominance is 

explained in the Method section of E xperim ent I. The v isual acuity of 

all rem aining subjects, co rrec ted  with g lasses, o r  uncorrected , was 

at lea s t 20/25 as m easured  by a Snellen chart. Except for th ree  high 

school sen io rs , all young people w ere H unter College students. Vol­

un teers over age 60 w ere rec ru ite d  from  the C aring Community C enter 

of Greenwich V illage, the Lenox Hill Senior C enter, the Hunter College 

A ssociation fo r Senior citizens, and Hunter College c la sses  with an 

enrollm ent of o lder students. The m ean educational level of the o lder 

group was 15. 7 y ears  (SD = 2 .1 ). The m ean educational level of the 

younger group was 14. 9 y ears  (SD = 2. 9). See Appendix H.

A pparatus

A m odified version  of a previously  described  tachistoscope (Sperling,
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1965), placed in an e lec trica lly  shielded and sound attenuated booth was 

used for the p resentation  of stim uli. F lashes w ere p resen ted  through 

7. 6 by 7. 6 cm apertu res using GE flourescent light sou rces (F14T12/ 

DCWX). U ltra  violet tubes (GE F8T5BLB) provided dim illum ination 

between flashes (less than . lm L ) and insured  re liab le  flash durations. 

Homogeneous fields w ere m aintained with a  square  of ground glass 

covering each stim ulus apertu re . Stim uli w ere viewed through a rtif ic ia l 

pupils 3 mm in d iam eter at a d istance of 90 cm. Superim position of 

fields was m aintained with rhom boid p rism s  adjustable for in te rocu lar 

distance and convergence angle. A labora to ry  constructed stim ulus 

changer consisting of a  wheel with eleven slide  holders, controlled by a 

sw itch panel from  outside the booth, each sw itch corresponding to one 

of the eleven stim ulus positions, was added to the tes t field (T) of the 

tachistoscope. A 20 second in te rva l was n ecessa ry  for com plete random ­

ization of stim uli. A chin r e s t  with an attached m icrophone was fastened 

below the tachistoscope eye piece to help the subject m aintain fixation 

and to enable him to respond verbally  with a m inim um  of head movement. 

All lum inance m easu rem en ts w ere  taken with a  MacBeth Illum inom eter. 

The readings w ere  checked by a second o b se rv e r whose judgem ents had 

been equated with a P ritc h a rd  photom eter.

P rocedu re

Subjects w ere tested  for v isual acuity, given appropria te  instructions 

fo r each experim ent, p rac tice  tr ia ls , and 10 m inutes of dark  adaptation 

p r io r  to experim ental conditions.
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Experim ent I

Using a dichoptic backward m asking paradigm , W alsh (1976) found 

a significant age difference in the in terstim ulus in te rval n ecessa ry  to 

escape m asking (ISIC) with single le tte rs  as TS subtending a visual 

angle of 1.71 degrees ve rtica lly  by 1. 26 to 1.71 degrees horizontally, 

and a pa ttern  m ask form ed from  line segm ents subtending . 22 degrees 

in thickness by 1. 0 degrees in length placed evenly and cen tra lly  over 

the a re a  of the v isual field covered by the targe t le t te rs . His o lder 

group, 2 m ales and 9 fem ales with a m ean age of 64. 2 y ears  (range 

60 to 68 y ears), requ ired  an ISIC of 22 m sec, o r  24%, longer than the 

young at each of th ree  ta rg e t durations to escape the m asking effect. 

The younger group consisted  of 3 m ales and 10 fem ales from  18 to 23 

y ears  of age (mean age 19. 5 y ears). W alsh’s data conform ed to the 

relation , ta rg e t duration plus c ritic a l in terstim ulus in te rval equals a 

constant (TD + ISIC = K), o r  SOA, suggested by Turvey (1973) to be 

indicative of m asking at cen tra l ra th e r  than p eriphera l loci in the 

v isual system .

The re levant variab les in Experim ent I of the p resen t study w ere 

the c r it ic a l  in terstim u lus in te rvals  (ISIcs) at ta rge t durations of 

10, 20, and 30 m sec, and the ta rge t durations n ecessa ry  for ta rge t 

stim ulus recognition with ISI equal to zero  (TDc). Additionally, the 

differences in ISIC and TDC when single le t te rs , th ree  le t te r  w ords, 

o r  consonant tr ig ram s w ere used as ta rg e t stim uli , w ere examined.
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Previous re se a rc h  in cognitive p rocessing  in the e lderly  has shown 

o lder people to equal o r  su rp ass  the young in tasks which tapped prev ious­

ly  aquired " s tru c tu re "  (Kinsbourne, 1974) o r  in tasks involving concrete  

as opposed to ab strac t concepts (Arenberg, 1966). In studies of s e ­

quential blanking in which s trings of stim uli a re  p resen ted  sequentially  

in spatia lly  non-overlapping positions, M ayzner and T re sse lt  (1970) 

found that in terleav ing  of two fiv e -le tte r  words resu lted  in 91% c o rre c t 

response to words displayed in the sixth through tenth place, and 87% 

c o rre c t response to words displayed in the f ir s t  through fifth place 

(no blanking occurred). When random  le tte rs  w ere in terleaved  with a 

f iv e -le tte r  word the word was co rrec tly  repo rted  88% of the tim e while 

the le tte rs  in f i r s t  through fifth place yielded only 21, 6, 4, 8, and 

12 % c o rre c t responses respective ly . The authors concluded that not 

only geom etric  content, but word m eaning could have powerful effects 

on sequential blanking. T herefo re , it  was hypothesized that in this study 

m asking effects m ight be dim inished when the ta rg e t stim uli w ere well 

known th re e - le tte r  w ords.

Turvey (1973) used  both single le tte rs  and consonant tr ig ra m s as 

ta rg e t stim uli. In h is duration study, the m ean ISIc fo r four young 

sub jects with a le t te r  stim ulus of 10 m sec  duration and a 10 m sec 

pattern  m asking stim ulus was 33 m sec. Experim ent VII of the sam e 

study u tilized  consonant tr ig ram s as TS and a pa ttern  m ask of 50 

m sec  duration. With TDs of 10, 20, and 30 m sec pooled, the m ean 

ISIC of four young subjects was 109. 5 m sec. It was not c le a r  w hether
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the longer m ask duration o r  the trig ram s w ere responsible  for the 

greatly  increased  ISIcs . Turvey also em phasized the im portance of 

there  being s im ila rity  between the figural ch a rac te ris tic s  of the targe t 

and m ask stim uli in o rd e r  for successfu l m asking of cen tra l origin to 

occur. It was predicted  on the basis of the above findings that m asking 

would be le a s t with words as TS and g rea tes t with tr ig ram s.

Subjects

T h irty  old adults (4 m ales, 26 fem ales, 60 to 81 y e a rs , m ean age 

67. 9 years) and 30 young adults (10 m ales and 20 fem ales, 16 to 26 y e a rs , 

m ean age 19. 8 years) se rved  as subjects!* The o lder adults had a m ean 

educational level of 15. 7 y ears  (SD = 2.1). The young group had a m ean 

educational level of 14. 9 y ears  (SD = 2. 9) Subjects who norm ally  wore 

co rrec tive  lenses w ere tested  with the lenses on. P r io r  to testing, 

subjects w ere asked if  they w ere aware of any eye dominance effects 

and if  the p rescrip tion  fo r co rrec tive  lenses was the sam e for both 

eyes. If not, the subject was disqualified. Any subject who had diff­

iculty seeing e ith er the TS o r  the MS in p rac tice  sessions was also 

disqualified. Twenty o lder subjects w ere elim inated by these c r ite r ia .

All the young subjects w ere retained .

Stimulus M ateria ls

T est stim uli consisted  of the single sym m etrica l le t te rs  of the 

alphabet. A, H, I, O, M, U, V, W, X, and Y; th ree  le t te r  words 

AIM, HAM, HIT, MAT, MIX, TOW, TOY, VAT, VOW, WAX, and 

WIN; and consonant tr ig ra m s, HMT, HVT, MHT, MHV, MHX, THV,

VTW, VXT, VXW, WMX, and WVX. W elsandt, Zupnick, and
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M eyer (1973) examined th e ir group data for percentage of response 

to each le t te r  at ISIs resu lting  in perform ance both above and below 

chance level. Two separa te  ch i-square  analyses of th e ir data  w ere 

non-significant, indicating no relation  between an individual target 

le t te r  and age group. The le tte rs  used in the p resen t study w ere 1. 25 

cm black vinyl p lastic , Super Stick Brand, # 406, subtending visual 

angles of . 8 degrees v e rtica l by . 8 degrees horizontal. The thickness 

of the le tte rs  subtended . 13 degrees of visual angle. F o r the words 

and tr ig ram s, the separation  between the le tte rs  was approxim ately 

. 13 degrees. All the sym m etrica l la tte rs  of the alphabet w ere also used 

by Turvey (1973). W alsh (1976) om itted O and U because they w ere 

not form ed from  s tra ig h t lines, although he did not d iscuss the rationale  

for the decision. All stim uli w ere centered  on 7. 6 by 7. 6 cm glass 

slide p la tes. The m asking stim uli w ere the pa ttern  m asks shown in 

F igure  2, the sm all one for dingle le tte rs  (PM1), the la rg e r  one for 

words and tr ig ra m s (PM3). The m asks w ere constructed  from  pieces 

of the sam e type le tte rs  used as ta rge t stim uli cut in 2 m m  segm ents 

(subtending . 13 degrees of v isual angle), placed random ly on glass 

covering the sam e a rea  of the v isual field as that covered by the 

ta rge t le t te rs . PM1 covered an a re a  1. 5 cm by 1. 5 cm and subtended 

. 95 degrees v e rtica l by . 95 degrees horizontal. PM3 covered an a rea  

of 1. 5 cm by 4. 0 cm and subtended a v isual angle of . 95 degrees 

v e rtica l by 2. 5 degrees horizontal.
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Figure  2. PM1 (top) and PM3 (bottom) used to m ask le tte rs , words, 

and tr ig ram s in E xperim ents I and II, The le tte r  M is a sam ple of the 

s ize  and type le tte rs  used.
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P rocedu re  P a r t  A

The 30 subjects in each age group w ere fu rth er divided into WORD, 

LETTER, and TRIGRAM groups in the o rd e r in which they w ere accepted 

as subjects, a lternating  one young and one old. Six experim ental groups, 

each containing ten subjects w ere form ed. Subjects w ere assigned to 

stim uli in the following o rder: subjects 1-5 received  LETTER stim uli, 

6-10 TRIGRAM, 11-15 WORD, then WORD, TRIGRAM, LETTER, etc. 

until the 60 subjects had been assigned. Each subject received  a diff­

e ren t random  presen tation  of the LETTER, WORD, o r  TRIGRAM s tim ­

uli through an experim en ter controlled sw itch panel; each sw itch having 

a num ber corresponding to one of the eleven slide holders in the 

stim ulus changer. P resen ta tion  of stim uli in E xperim ent I was dichoptic; 

the tes t stim ulus always p resen ted  to the left eye and the m asking s tim ­

ulus always p resen ted  to the right eye. Because the stim ulus changer 

could only be attached to one field of the tachistoscope, it  was not possib le 

to p resen t the TS to e ith e r eye. W alsh always p resen ted  the TS to the 

righ t eye; Turvey used the left eye fo r som e experim ents, the right 

eye in o thers , and m entioned that in some subjects eye dominance 

could se rio u sly  affect m asking re su lts .

Each session  began with a dem onstration to the subject of the tes t 

stim ulus alone, the m ask  stim ulus alone, and both together, at varying 

in te rstim u lus in te rv a ls . The subject was in struc ted  to fixate on the 

cen ter of the always v isib le  superim posed square  fields and was told
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em phatically  of the im portance of keeping both eyes open at all tim es 

and rem aining in a position in which the two squares appeared su p e r­

im posed. He could adjust the eye piece for in te ro cu la r d istance and con­

vergence angle to in su re  p roper fixation. The residual glow from  the 

light sou rces plus the u ltra  v iolet tubes provided dim illum ination (less 

than . 1 mL) between flashes. The subject was fu rth er in structed  to 

rep o rt v e rb a lly  the nam e of the LETTER, WORD, o r  TRIGRAM if he 

could recognize it  in each flash. If not, to say  "1" if  the stim ulus 

appeared to be a single flash, o r  "2" if  it seem ed to be a double flash.

"No response" was not so lic ited  but occu rred  at le a s t once in 58 of the 

60 sub jects. M em bers of the WORD and TRIGRAM groups w ere asked 

to rep o rt any le t te rs  they saw w hether o r not such le t te r s  constituted 

the en tire  WORD o r  TRIGRAM. P ra c tic e  tr ia ls  w ere  continued until 

each subject fully com prehended what was expected of him  and was 

able to rep o rt se v e ra l c o rre c t answ ers. An approxim ate estim ate  of 

each sub jec t’s  ISIC was obtained in these p rac tice  tr ia ls  and used as 

the s ta rtin g  point fo r subsequent m easurem ent of ISIC. The ex p er­

im ental session  consisted  of th ree  conditions:

Condition (1). M easurem ent of the recognition tim e of the te s t stim ulus 

without the m ask. W alsh (1976) found a m ean le t te r  recognition 

threshold  in his o lder group of 2. 59 m sec  versu s 1. 77 m sec  for the 

young. Such b rie f  duration stim uli w ere  not possible h ere  because 

the equipm ent lim ited  the b rie fe s t possib le  duration to 3 m sec. If 

the subject could not identify a ta rge t in that duration, the duration
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was ra ised  in one m sec steps until four c o rre c t responses w ere given. 

No p re se t num ber of tr ia ls  was completed. Stim uli w ere p resen ted  on 

each tr ia l  in random  o rd er.

Condition (2). M easurem ent of the ISIc (the in te rva l at which a subject 

could identify a m asked targe t, i. e. .escape the m asking effect). This 

condition was divided into three sections consisting of 22 tr ia ls  in which 

the duration of the tes t stim ulus was held constant at 10, 20, o r  30 m sec. 

To avoid o rd e r effects, the te s t durations w ere coded into six  o rd e rs  

and random ly assigned to subjects with the constra in t that 10 sub jects,

5 young and 5 old, received  each o rd e r. The codes w ere as follows:

A = 10, 20, 30; B = 20, 30, 10; C = 30, 10, 20; D = 30, 20, 10; E =

20, 10, 30; F  = 10, 30, 20. An approxim ate estim ate  of each sub jec t’s 

ISIC was determ ined in p rac tice  sess io n s . ISI was begun at 0, 50, 100, 

o r  150 m sec  and ra ised  in 5 m sec steps until one c o rre c t response was 

given and rem ained unchanged on the following tr ia l. If the second 

response at the sam e duration was c o rrec t, the duration was low ered 

by 2 m sec. If an in co rre c t response was given at the low er duration, 

the ISI was again ra ised  by 2 ms;ec on the next tr ia l. If the response • 

was c o rre c t, the duration was low ered by 2 m sec  until an in co rrec t 

response  was given, at which tim e the duration was ra ise d  in 2 m sec  

steps until at le a s t two c o rre c t responses occurred . The ISI rem ained 

at that level until completion of the 22 tr ia ls . W alsh used a c rite rio n  

of four c o rre c t responses. Some of the o lder subjects in this study 

w ere unable to rep o rt four successive  stim uli even at durations well



above ISIs at which there  was no m asking. Fourteen (approxim ately 

20%) of the 66 tr ia ls  w ere catch tr ia ls ;  in these tr ia ls  the teat stim ulus 

was not p resented , perm itting  a response bias analysis of the data 

(Hodos, 1970). The in te r tr ia l  in te rval was always 20 seconds given the 

operating tim e of the stim ulus changer.

Condition (3). M easurem ent of the c ritic a l target duration (TDC) with 

an ISI of zero  m sec. T arge t duration was s ta r te d  at the sub jec t's  recog ­

nition threshold as determ ined in Condition (1) and ra ised  in 5 m sec 

steps until a c o rre c t response was given, then low ered by 2 m sec p e r 

tr ia l  until an in co rrec t response occurred , then ra ised  in 2 m sec steps 

until a c rite rio n  of at le a s t four c o rre c t responses was reached. The 

duration rem ained at that level until the completion of 33 tr ia ls . Seven 

of the 33 tr ia ls  (approxim ately 20%) w ere catch tr ia ls  as in Condition (2). 

Thus 99 tr ia ls  from  each subject w ere available fo r analysis. As in 

Condition (2), the in te r tr ia l  in te rval was always 20 seconds.

A m easu re  of response bias o r  subject c rite rio n  was obtained through 

the use of a non -param etric  index (Hodos, 1970) for use in detection 

and recognition experim ents when the rigorous specifications of a 

signal-detection  analysis a re  not p rac ticab le . The m ethod is based on 

the geom etry of the unit square  and m akes no assum ptions about the 

s ta tis tic a l p ro p erties  of senso ry  events associated  with the presentation  

of signal and non-signal conditions. P e rcen t bias is  e ith e r plus o r  m inus; 

plus indicating a conservative c rite rio n , m inus, a g re a te r  tendency 

tow ards r isk .
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R esults and D iscussion

A fixed effects analysis of variance on subject groups (age) x con­

ditions (WORD, LETTER, TRIGRAM) yielded a highly significant difference 

between the young and the old groups (F = 23. 53, df, 1, 54, p< . 001) and 

a significant difference between WORD, LETTER, and TRIGRAM con­

ditions (F  = 4. 99, df, 2, 54, p = . 01). The sum m ary  appears in Table 1. 

The in terac tion  between age groups and WORD, LETTER, and TRIGRAM 

groups was not significant.

F igure  3 shows the rela tionship  between age, ta rg e t stim ulus content, 

and ISIc with ta rg e t duration pooled. W alsh (1976) repo rted  an age diff­

erence of approxim ately 22 m sec between young and old at each of 

th ree  ta rg e t durations. With those durations pooled, the difference was 

23. 8 m sec . The difference between the groups in the LETTER condition 

of the p resen t study was 71. 5 m sec, alm ost th ree  tim es that reported  

by W alsh. The m ean age of W alsh 's o lder subjects was 64. 2 y ea rs , 

com pared to 67. 9 y ea rs  h e re . W hether o r  not a  difference of alm ost 

four y ears  in that age range could account for the observed difference 

needs fu rth er study. It is  m ore likely  that stim ulus c h a ra c te ris tic s  

w ere involved. W alsh p resen ted  his stim uli at . 06 footcandles of 

illum ination which is  im possible to convert to m L (4. 3 m L used here) 

without knowing the coefficient of tran sm ission  o r  reflectance. A 

rep resen ta tiv e  reflectance of one te s t p late  used in the M acBeth Illum - 

inom eter is  . 8, which would re su lt in a lum inance of 4. 8 m L with 

a reading of . 06 footcandles. T his com pares favorably with the



Table 1

Analysis of V ariance Sum m ary Table

Source df MS F

Subject Groups 
(Age)

1 89, 250.9 23. 53 p<i

Conditions 
(WORD, LETTER, 
TRIGRAM)

2 18, 941.6 4 .99 p =

Groups x
Conditions

2 3, 729.2 .98

Within 54 3, 793.4

59
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F igure  3. Relationship between age, stim ulus content, and ISI withc
ta rg e t duration pooled.

-2 5 -



M
E

A
N

 
IS

I.
. 

M
S

E
C

200

1 0 0

OLD

TRIGRAML E T T E RW O R D

-2 6 -



lum inance used in the p resen t study, but, of course, is  pure  speculation. 

W alsh also used a 5 second in te r tr ia l in te rval as opposed to 20 seconds 

here . This should not affect m asking unless the longer in terval had an 

adverse  effect on attention o r  fixation variab les re la ted  to individual 

sub jects. Table 2 com pares sev era l stim ulus p a ram ete rs  used in 

com parable experim ents by Turvey (1973), W alsh (1976) and the p resen t 

study.

Data from  the W alsh study obtained with single le t te r  ta rge t stim uli 

and a pa ttern  m ask of equal o r le s s  energy conform ed alm ost exactly to 

the additive ru le  indicative of cen tra l m asking. His younger group when 

viewing a ta rge t stim ulus of 10 m sec with a m ask of 10 m sec  showed an 

ISIC of 64. 5 m sec; with a TS of 20 m sec, an ISIC of 54. 7 m sec; and with 

a 30 m sec  TS, an ISIC of 45. 6 m sec. Thus, in the form ulation TD +

ISIC = K, the constant equalled approxim ately 75 m sec and the c ritic a l 

ta rg e t duration (TDc), which should equal SOA, was 70. 2 m sec. R esults 

from  W alsh’s o lder group revealed  the sam e lin ea r decrease  in ISIc over 

the 10, 20, and 30 m sec  TDs; the group requiring  about 22 m sec long­

e r  in every condition than did the young. The TDC for the o lder group 

was 94 m sec. The ta rg e t duration data from  E xperim ent I, P a r t  A of 

this study a re  shown in Table 3. T here  was a consistent decrease  

(except in the LETTER group) in m ean ISIC with an in c rease  in targe t

duration. The m ean decrease  in ISI from  10 to 20 to 30 m sec  TDc

was 5. 79 m sec; le s s  than the 10 m sec predicted  by the theory  and
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T able 2

Com parison of Stimulus P a ra m e te rs  in Com parable E xperim ents by Turvey, Walsh and C ram er

Turvey (1973) W alsh (1976) C ram er

L e tte r  size
(V ertical)

.67  degrees 1.71 degrees . 8 degrees

( Horizontal) .36 degrees 1. 26 to 1. 71 
degrees

. 8 degrees

L e tte r  stroke  width .13 degrees .22 degrees . 13 degrees

Num ber of le tte rs  used 11 9 11

D istance between le tte rs  
(T rig ram s)

.40  degrees W alsh used only 
single le tte rs

. 13 degrees

Sequence of TS le tte rs counter-balanced blocks 
of different o rd ers

random random

Line length of m ask strokes no inform ation given 1. 0 degrees .13 degrees
" width " " " .13 degrees .22 degrees .13 degrees

Luminance of TS and MS at 
10 m sec  duration

4 footlam berts 
(4. 3 mL)

. 06 footcandles 
(illum inance)

4. 3 mL



T able  3

ISIC Data Relative To C entra l and P e rip h e ra l Rules

Young

Age Groups with Stimuli Pooled - Stimulus Groups with Age Pooled

TD

10
20
30

Mean ISI. SD TD + ISI, TD,

52. 16 
47. 57 
39.10

34.27
55.09
43.02

62.16 
67.57 
69.10

42. 50

TE x ISIC

521.00
951.40

1173.00

L  ° ldcoi

10
20
30

128.43
124.67
118.30

82.80
82.31
79.18

138.43
144.67
148.30

116.27
1284.30 
2493.40 
3549.00

WORD
10
20
30

55.05
54.05 
51.45

64.07
67.11
62.27

65.05
74.05 
81.45

57.6
550.50

1081.00
1543.50

LETTER
10
20
30

84.05
93.95
81.80

75.36
81.88
73.27

94.05
113.95
111.80

75.05
840.50

1879.00
2454.00

TRIGRAM
10
20
30

130.85
111.85
102.85

86.46 
88.97 
79.15

140.85 
131. 85
132.85

105.50
1308.50 
2237.00
3085.50



substantiated  by W alsh. Columns 3 and 5 of Table 3 p re sen t the 

ta rg e t duration data within the fram ew ork of the cen tra l re la tion  (TD 

+ ISIC = K) and the p e rip h e ra l rela tion  (TE x ISIC = K). It is obvious 

that the data a re  reasonably  approxim ated by the cen tra l ru le , w hereas 

there  is  a severe  m isfit to the periphera l re la tion . Since the m odel 

p red ic ts  the cen tra l rela tion  to be a lin e a r  function with a  slope of -1,

(TD + ISIC = K) i. e . , ISIC = K + (-1) (TD), and the p e rip h e ra l rela tion  

(TE x ISIc = K) (in this case, TD = TE), in a log transfo rm ation  to also 

be a lin e a r  function with a slope of -1, i. e . ,  log ISIc = log K + (-1) log (TD), 

a lin e a r  reg re ss io n  analysis was perfo rm ed  on ISIcs of all 60 subjects 

at TDs of 10, 20, and 30 m sec . The data of all subjects was pooled 

since the m odel m akes no predictions as to age differences o r  d ifferences 

in ta rg e t s tim u li. The only re levant experim ental question was w hether 

o r  not the observed m asking was taking place in cen tra l o r  p e rip h e ra l 

p ro c e sse s . To te s t the hypothesis that the data fall within acceptable 

lim its  of a lin e a r  function with a slope of -1, the reg re ss io n  coefficient
A

(b) was computed for both cen tra l and p e rip h e ra l re la tio n s . E r ro r  

te rm s w ere computed from  the sum s of squares taken from  the analysis 

of variance  sum m arized  in Table 1. A s im ila r  analysis was computed 

in log form  to te s t the p erip h e ra l ru le . A non-significant t s ta tis tic
A

supports the hypothesis: (b)= -1. In the case  of the cEntral ru le , tjg  =

. 6317 ns. (in terval estim ate  = -0 . 5458 + 1.193). In the case  of the 

p e rip h e ra l ru le, t u g  = 2.81 (p c . 01) (in terval estim ate  = 0.1257 + .5161). 

Although the in terval estim ate  for the cen tra l re la tion  is  wide, the
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cen tra l ru le  as defined by Turvey is  s ta tis tica lly  supported by the ISIC 

and ta rg e t duration data. The p erip h e ra l re la tion  is not.

Column 4 of Table 3 p resen ts  the c ritic a l ta rg e t duration data (TDC). 

The values theoretically  should equal the constant produced by TD + ISIC 

= K = SO A). In all groups the TDs w ere consistently  low er by 25 to 

30 m sec  than predicted  by the m odel. This observation and the fact 

that ISIcs at 20 and 30 m sec  ta rg e t durations decreased  by approxim ately 

4 m sec le s s  than expected can possib ly  be explained by a s im ila r  phen­

om ena to that described  by P u rce ll, Stewart, and Dem ber (1969) r e ­

lated  to the B roca-S u lzer effect. Specifically, when exposure duration 

in c re a ses  and in tensity  is  held constant, a stim ulus consisting of black 

lines on a white ground m ay p a rtia lly  m ask itse lf .' The white surround 

becom es b rig h te r and degrades the contours of the figure. Turvey 

(Bcperiments V and VII) explained som e of his re su lts  in this context.

The argum ent seem s quite applicable to these  data: at in c reased  ta rge t 

durations of 20 and 30 m sec, during m easurem ent of ISIC, lum inance 

was held constant and m ore  m asking than was expected occu rred . In 

m easurem ent of TDC, ISI was held at zero  m sec, and in m ost cases,

TD was in creased  beyond the duration w here the brigh tness effect was 

operative, resu lting  in c r itic a l ta rg e t durations low er than SO As.

F igure  4 p resen ts  m ean ISIC as a function of ta rg e t duration for 

young and old groups. The functions a re  seen  to be l in e a r  and alm ost 

exactly  p a ra lle l, with a d ifference between the groups at 10 m sec TD 

= 75.1 m sec; at 20 m sec TD= 77.1 m sec; and at 30 m sec  TD = 79.2
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F ig u re  4. Mean ISIc as a  function of ta rg e t durations of 10, 20, and 

30 m sec  for young and old subjects
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m sec . Thus, with ta rg e t durations averaged over WORD, LETTER, 

and TRIGRAM groups, the age difference is  approxim ately 50 m sec 

g re a te r  than that repo rted  by W alsh.

A possib le  explanation o ther than the B roca-S u lzer effect for som e 

of the inexact ISIC data is  that five of the 10 young subjects from  the 

WORD group and two from  the TRIGRAM group experienced little  o r 

no m asking, insuring  an ISIc of v irtua lly  zero . F u rth e r  examination 

of the pa ttern  m ask (PM3) suggested that it resem bled  random  visual 

noise alm ost as m uch as it did the targe t le t te r s .  Although Kinsbourne 

and W arrington (1962 b) repo rted  dichoptic m asking with random  visual 

noise, Turvey (1973) was unable to do so except with TS p resen ted  at 

th reshold . P a r t  B of E xperim ent I was a follow-up control study 

undertaken to determ ine w hether o r not the figural c h a rac te ris tic s  of 

PM3 w ere causally  re la ted  to the sm all amount of m asking observed in 

seven young subjects in P a r t  A. F igure  5 shows random  visual noise 

as used by Turvey and Kinsbourne and W arrington (top), PM3 (center), 

and the New PM 3 (bottom).

P rocedu re  P a r t  B

F ive control conditions w ere as follows:

Condition (a). Twenty tr ia ls  using WORD o r TRIGRAM as TS and the 

o rig inal PM3 as m ask, with ISI = zero  m sec, as a  rep lication  of 

Condition (2) P a r t  A. The lum inance of both the TS and MS was 4. 3 

m L as m easu red  through the a rtif ic ia l pupils and focusing p rism s.
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F igu re  5. Random v isual noise (top), PM3 (center), and the New PM3 

(bottom). The line segm ents of the New PM3 subtended . 13 degrees of 

visual angle in thickness by .19 to .51 degrees in length. The overall 

m ask  subtended . 95 degrees vertica lly  by 2. 80 degrees horizontally.
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Condition (b). Twenty tr ia ls  using WORD o r TRIGRAM as TS, PM3 

as m ask, ISI = zero  m sec, but with m ask lum inance ra ised  to 38 mL 

as m easu red  through the pupils and p rism s, o r  190 m L without them. 

T his was done because if  m asking w ere  taking place in the p e riphera l 

system  as defined by Turvey, ra is in g  the lum inance of the m ask  would 

in c rease  the m asking effect.

Condition (c). Twenty tr ia ls  with WORD o r TRIGRAM as TS p resen ted  

sim ultaneously  with PM3, i , e . , SOA = zero  m sec . Both w ere p resen ted  

a t a  lum inance of 4. 3 m L as m easu red  through the pupils and p r ism s .

The reason  for this condition was that if  the o rig inal PM3 w ere capable 

of causing m asking in these sub jects, i t  would do so under conditions of 

sim ultaneous presentation, of TS and MS.

Condition (d). Twenty tr ia ls  with WORD o r  TRIGRAM as TS and the 

New PM3 as m ask  with ISI = zero  m sec, and both TS and MS p resen ted  

at a  lum inance of 4. 3 m L,

Condition (e). M easurem ent of ISIC using the New PM3 as m ask . ISI 

was ra ised  from  zero  in 10 m sec  steps until a c o rre c t response  was 

given. On the following tr ia l  the duration was not changed. If a  second 

c o rre c t response  was given, the duration was low ered 2 m sec  p e r  tr ia l  

un til an in co rre c t response  occu rred . It was then ra ise d  by 2 m sec 

p e r tr ia l  until a c rite rio n  of four c o rre c t responses was reached .

Unlike P a r t  A, no p re se t num ber of tr ia ls  was com pleted.

F igu re  6 shows percen t c o rre c t response  in the four conditions
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F igu re  6. P e rce n t c o rre c t response  in four conditions of P a r t  B, 

Experim ent I.

(a) The o rig ina l PM3 as m ask, TS = 10 m sec, MS = 10 m sec, ISI =0 m sec,

(b) The o rig inal PM3 as m ask with its  lum inance ra ise d  to 38 mL as 

m easu red  through a rtif ic ia l pupils and focusing p r ism s . O ther 

conditions sam e as in (a).

(c) SOA = 0 m sec . O ther conditions sam e as in (a).

(d) The New PM3 as m ask. O ther conditions sam e as in (a).
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of P a r t  B. Condition (a) was essen tia lly  a rep lication  of Condition (2),

P a r t  A, in which these  subjects w ere  able to identify a  m asked (with PM3) 

ta rg e t of 10 m sec  duration with an ISI of zero  m sec. In Condition (a) of 

P art B, the m ean percen t c o rre c t identification of the six  subjects was 

84%, again with a 10m sec ta rge t, a 10 m sec  m ask, and an ISI = 0, with 

PM3 as m ask. Raising the lum inance of the m ask  (Condition (b)) decreased  

the percentage of c o rre c t responses by 1%. If  m asking w ere  originating 

in the p e rip h e ra l system  as defined by Turvey, in c reased  lum inance of the 

m ask would in c rease  the m asking effect. In Condition (c) with SOA = 

zero  m sec, pe rcen t c o rre c t response  decreased  by 21%, showing that 

the o rig inal PM3 had som e m asking capability  in these sub jects. Use 

of the New PM3 in Condition (d) decreased  the p e rcen t of c o rre c t responses 

by 47. 5%. Only one sub ject did not experience a g re a te r  degree of 

m asking with the New PM 3. Lack of m asking in that one case  m ay have 

been caused by eye dominance effects which developed during the 

experim ent. H erzog et a l. (1976) repo rted  se v e ra l instances of this 

occurring  in sub jects who did not show dominance effects when given a 

p re -ex p erim en ta l eye dominance te s t. The m ean ISIC of the group 

with the New PM3 as m ask  was 82.6 m sec  (SOA = 92.6 m sec). The 

m ean SOA of these  sam e subjects in Condition (2) of P a r t  A was 10 

m sec .

T urvey’s explanation fo r fa ilu re  to obtain dichoptic m asking with 

random  visual noise, was that v isual noise, because of its  unstruc tu red
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nature , was behaving like  a homogeneous flash  of light. It is  w ell known 

that form s cannot bjp m asked by light (Kahneman, 1968). Turvey m ain­

tains that the g re a te r  the s im ila rity  between targe t and m ask, the g re a te r  

the probability  that m asking will occur, provided that m asking is of 

cen tra l orig in . M ayzner and T re ss e lt  (1970) suggest that inputs with 

varying geom etric  p ro p e rtie s  a re  dispatched to different co rtica l locations 

sufficiently spaced so that the inhibitory fields of the la te r  arriv ing  

stim uli do not in te rac t with excitatory  fields of e a r l ie r  inputs. Why this 

effect was evident in only a few subjects is  not c le a r . The only possib le  

explanation in te rm s of any known fac to r about these p a rticu la r  subjects 

was that they all had excellent v isual acuity  (20/15 o r b e tte r) . C e rta in ­

ly  m ost sub jects, p a rticu la rly  in the o lder group, experienced a g rea t 

deal of m asking with PM3 as m ask . T here  appears to be no estab lished  

p rocedure  fo r the construction of p a tte rn  m asks in te rm s of line lengths 

and o rien tations. A system atic  study of such p a ra m ete rs  is  recom m ended.

Table 4 gives the response  bias percentages of all subjects in the 

WORD, LETTER, and TRIGRAM groups from  P a r t  A. All subjects 

w ere conservative; the old no m ore so than the young. Young subjects 

in the WORD group showed a g rea te r  tendency towards conservative 

responses than the old ( + 90. 9 v e rsu s + 78. 2 respectively). This 

tendency was rev e rse d  in the TRIGRAM group; the old responding 

m ore  conservatively  then the young. In terestingly , in both old and 

young in the LETTER groups, the conservative bias was greatly
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T able  4

Response Bias Data for the Young and Old Group* in the WORD, LETTER, and TRIGRAM conditions

WORD LETTER TRIGRAM

Condition % Bias Condition % Bias Condition % Bias

10 m sec + 82.5 10 m sec +48.2 10 m sec +59.6

20 m sec + 100.0 20 m sec +31.1 20 m sec +70.3

30 m sec +100.0 30 m sec +33.3 30 m sec +6.0.7

TDc +81.1 TDC +46.3 TDc +56.4

X = +90. 9 X = +39.7 X = +61.8
toI

10 m sec + 87.8 10 m sec +31. 5 10 m sec +85.1

OLD 20 m sec +83.9 20 m sec +48.8 20 m sec +86.8

30 m sec +76.8 30 m sec +32.7 30 m sec +86.1

TDc +64.4 TDC +31. 5 TDC +76.0

X = +78. 2 X =, +36.1 X = +83.5



reduced indicating that an increased  tendency to guess in these groups 

m ay have contributed to the g rea te r d iscrepancies observed in the ISIC 

data in the LETTER condition.

Table 5 l is ts  WORDS, LETTERS, and TRIGRAMS in alphabetical 

o rd e r  with percen t c o rre c t response to each. The num bers in p a ren ­

theses re fe r  to the rank of percen t c o rre c t responses to each stim ulus 

for young and old sub jects. T here appeared to be no o rderly  relation  

between le tte r  p reference  and age, supporting the findings of W elsandt 

et al. (1973) which indicated that no system atic  re la tion  between age 

and le tte r  p reference  existed. A Spearm an rank o rd e r co rre la tion  

coefficient computed on the ranks of the single le tte rs  yielded an r  

of . 518 which was not significant. C orrela tion  coefficients computed 

separa te ly  for the WORD and TRIGRAM groups w ere also non-signif­

icant, again suggesting no rela tion  between age groups and ease  of 

recognition of p a rticu la r WORDS o r TRIGRAMS. The le t te r  A, with 

69% c o rre c t response, and the words AIM and VOW, both with 86% 

c o rre c t response ranked f ir s t  with the younger group, w hereas the 

le t te r  O and the word TOY ranked f ir s t  with the o lder sub jects, with 

59% and 69% c o rre c t respectively .

The num ber of p a rtia l rep o rts  of le tte rs  appearing in the f ir s t  position 

in WORDS o r TRIGRAMS was 233, 28% of the tim es the le t te r  appeared 

in that position; 169, o r 18% in the second position; and 162, o r  27% in 

the th ird  position.
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Table  5

P ercen t C o rrec t Response to Each LETTER, WORD, o r  TRIGRAM

Num bers in P a ren th eses  Indicate Rank of Each Stimulus for Young and Old

LETTER WORD TRIGRAM

% C o rrec t % C o rrec t % C o rrec t % C o rrec t % C o rrec t % C o rrec t
Old Young Old Young Old Young

A 45 (3) 69 (1) AIM 49 (4) 86 (2) HMT 20 (7) 59 (3)

H 38 (8) 60 (3) HAM 42 (8) 77 (10) HVT 37 (1) 61 (2)

I 37 (10) 28 (U ) HIT 40 (9) 79 (7) MHT 26 (2) 57 (6)

M 45 (2) 64 (2) MAT 46 (5) 74 (11) MHV 23 (4) 54 (9)

O 59 (1) 52 (5) MIX 35 (11) 81 (3) MHX 26 (3) 53 (10)

T 41 (6) 48 (9) TOW 39 (10) 81 (5) THV 14 (10) 66 (1)

U 40 (7) 40 (10) TOY 69 (1) 78 (9) VTW 22 (5) 58 (4)

V 44 (5) 50 (7) VAT 43 (7) 80 (6) VXT 16 (9) 58 (5)

W 45 (4) 50 (6) VOW 51 (3) 86 (1) VXW 11 (U ) 56 (8)

X 37 (9) 53 (4) WAX 52 (2) 78 (8) WMX 21 (6) 57 (7)

Y 27 (11) 49 (8) WIN 44 (6) 81 (4) WVX 18 (8) 53 (11)



Table 6 lis ts  the single le tte rs  again alphabetically, and gives the 

num ber of c o rre c t responses to each from  both young and old when the 

le t te r  appeared in firs t, second, o r  th ird  position in a WORD o r  TRI­

GRAM which was not recognized in its  en tire ty . T hese le tte rs  and 

positions rep re se n t p a rtia l c o rre c t responses. The num bers in p a ren ­

theses re fe r  to the num ber of WORDS o r TRIGRAMS in which the le tte rs  

appeared in that position. The le tte rs  w ere ranked, a fte r dividing the 

num ber of rep o rts  by the num ber of tim es the le tte r  appeared, and 

sep ara te  co rre la tion  coefficients w ere computed for each position. F o r 

the le t te r  in position 1, the co rre la tion  was not significant, indicating 

no o rd e rly  group p refe rence  for a p a rticu la r le tte r . F o r position 2, 

r  = . 71 (p<. 05) one-ta iled  (N = 8), with the le tte rs  M and A being r e ­

ported  m ost frequently in both groups. In position 3, r  = . 93 (p<. 05) 

one-ta iled  (N = 5). In th ird  position the le t te r  T was the m ost frequently 

repo rted  in both groups with W a close second.

The p a rtia l rep o rt data a re  of in te re s t in te rm s of Sperling 's (1960) 

investigations of sh o rt te rm  m em ory. In a 50 m sec presen ta tion  of a 

f iv e -le tte r  a rra y , there  was alm ost com plete rec a ll of le tte rs  appear­

ing in the f ir s t  position and le ss  than 50% re c a ll of le tte rs  appearing in 

the fifth position. Sperling in te rp re ted  this as supporting a theory of 

sequential (se ria l) p rocessing  of the iconic im age. The p resen t data, 

however, support a m odel of p a ra lle l p rocessing  since the percentage 

of le tte rs  repo rted  in th ird  position was approxim ately equal to the
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Table  6

Num ber and P e rcen t of P a r t ia l  R eports of Each L e tte r  and its  Position  in WORD o r TRIGRAM

N um bers in P a ren th eses IncUcate Total Num ber of WORDS o r TRIGRAMS in which L e tte r  A ppeared in that Position

Position  1 Position  2 Position  3

Old Young Old Young Old Young

Num ber of % Num ber of % 
R eports R eports

Num ber of % Num ber of % 
R eports R eports

Num ber of % Num ber of % 
R eports R eports

A (1) 8 6 0 0 (4) 14 12 12 10 (0) — *

H (4) 29 24 12 10 (3) 13 11 11 9 (0) - - - -

I (0) - - - - (4) 12 10 1 1 (0) - - - -

M (4) 32 27 23 19 (2) 18 13 15 13 (2) 8 6 3 3

O (0) - - - - (3) 6 5 6 5 (0) - - - -

T (3) 15 13 8 5 (1) 10 8 4 3 (6) 49 41 24 20

U (0) - - - - (0) - - - - (0) - - - -

V (5) 41 34 26 22 (2) 18 3 - - (2) 19 16 9 8.5

W (4) 22 18 17 14 (0) - - - - (4) 10 33 7 B

X (0) - - - - (2) - - - - (2) 22 18 11 9

(0) - - - - (0) - - - - (0) - - - -

T otals 147 18 86 10 105 11 64 7



percentage of those reported  in f ir s t  position. Turvey (1973), isolating 

cen tra l p ro cesses  in a m onocular study found that a t longer PM3 duration 

(25-500 m sec) subjects repo rted  the f ir s t  le t te r  of a tr ig ram  m ore often 

than the other two. Subjects often comm ented that they did not have 

tim e to read  the th ird  le tte r . At PM3 durations of 10 m sec o r  le s s , 

however, e r ro rs  w ere m ore  evenly d istribu ted  ac ro ss  positions. The 

m odel is  of value in that it  can support both the concepts of s e r ia l  and 

p a ra lle l p rocessing  at d ifferent stages in the flow of inform ation.
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Experim ent II

Recent development of com puters capable of sto ring  and adding r e ­

cu rren t e lec trica l signals generated by presentation  of ex ternal stim uli has 

m ade possib le  the detection of co rtica l evoked potentials with scalp  e lec ­

trodes. Signals unrela ted  to the stim ulus (noise) tend to average out as 

true  signals a re  sum m ed with stim ulus repetition . It is  generally  assum ed 

that the averaged evoked potential obtained from  the scalp  rep re sen ts  the 

sum m ated activity  of a la rg e  num ber of co rtica l cells ; the response of 

these cells dependent upon stim ulus and subjective v ariab les . One s tim ­

ulus variab le  relevan t to the p resen t study is stim ulus intensity; in c reases  

in in tensity  a re  known to produce m ore complex waveform s with g rea te r  

am plitudes and sh o rte r  la tenc ies . E x trem ely  in tense stim ulation, however, 

can reduce am plitude to the noise level (P e rry  & C hilders, 1969). In 

te rm s of the concurrent-contingent model, g re a te r  stim ulus energy in ­

c re a se s  the speed of p e riphera l p rocessing  which would therefo re  shorten  

the latency of the cen tra l response. P e r ry  and C hilders (1969) have also 

studied the relationship  between evoked potentials and the m aintenance 

of scotopic levels of adaptation. O ver 100 flashes of brigh t light at the 

ra te  of four flashes p e r  second produced only . 5 log units of light adapt­

ation. Thus in the typical experim ental situation, v isual stim ulation 

could not ra is e  the total adaptation level significantly  toward the photopic 

range. Rate of stim ulation in studies of v isual evoked potentials is  

usually  on flash  p e r second o r  le s s . R ates of m ore  than th ree  p e r second 

re su lt in response  overlap; the e a r lie s t  components of responses to 

rapid ly  p resen ted  stim uli can be seen  at 5 to 10 m sec  which is  fa s te r
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than the tran sm ission  tim e from  recep to r to cortex , showing that the 

ea rly  components a re  actually ta ils  of the previous response. Slow 

ra te s  of stim ulation tend to in c rease  between subject variab ility , and 

in som e cases have been shown to in crease  am plitudes of both positive 

and negative peaks. Rate of stim ulation in the p resen t study was ex­

trem ely  slow; each flash p a ir  occurring  only once every 10 seconds. 

Fem ales have been repo rted  to give visual evoked responses with la rg e r  

am plitudes and sh o rte r  la tencies than m ales (P e rry  & C hilders, 1969). 

Evidence from  studies of eye dominance has not been conclusive, although 

som e have repo rted  la rg e r  evoked responses from  the righ t occiput 

than from  the le ft. L a rg e r  evoked responses o ccu rred  in the righ t 

hem isphere of som e subjects who partic ipa ted  in binocular p ilot studies 

for the p resen t investigation (Appendix I). No differences in response  

from  the two hem ispheres was observed in dichoptic studies (Experim ent 

II). Habituation can be controlled, p a rticu la rly  with naive subjects, 

with sh o rt b reaks in the experim ental session . F igu re  7 shows v isual 

evoked potentials recorded  from  different co rtica l locations (Kinney,

1977). D ifferent e lectrode placem ent can affect am plitudes and la tencies 

of the various components.

A ttem pts to identify un iversa l components of the v isual evoked 

potential (VEP) have not been successfu l (Kinney, 1977), T here  a re  

se v e ra l m orphologic descrip tions in common usage which can be help­

ful . p a rticu la rly  in identifying ea rly  components ( le s s  than 100 m sec) 

of the V E P, Ciganek (1961 a, b , ) identified a p rim a ry  complex with 

waves I, n , and III a t 40, 53, and 75 m sec, and a  secondary  complex
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F igu re  7. V isual evoked potentials reco rded  from  different co rtica l 

s ite s  (Kinney, 1977),

-5 0 -
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Eight VECPs to the same stimulus recorded from 
different cortical locations.
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form ed by waves IV, V, VI, and VII a t 95, 115, 130, and 190 m sec.

G astaut and Regis (1964) described  a v isual potential having the sam e 

m orphologic c h a rac te ris tic s  as C iganek's but have enum erated the waves 

II, in, IV, Va, Vb, Vc, and VI which correspond  to the I -V II  c lassifica tion  

of Ciganek. Gastaut and Regis found only 20% of subjects to p resen t a 

photic potential com plete from  the I-VI wave, but the IV-VI waves w ere 

p resen t in every visually  evoked potential.

Vaughn (1969) suggested a method of separa te ly  identifying and 

analyzing the senso ry  and m otor elem ents of senso rim o to r sequences, 

and the cen tra l c o rre la te s  of percep tual and cognitive p ro cesses  in 

human subjects. The term  "event re la ted  potentials" (ERP) was proposed 

to define the c lass of potentials having stab le  tim e rela tionsh ips to definite 

stim ulus events. The general c lass  (ERP) was fu rth e r categorized  into 

(I) senso ry  evoked potentials (H) m otor potentials (ID) long-latency 

potentials re la ted  to complex psychological v a riab le s , (IV) the steady 

potential sh ifts , and (V) e x tra -c ra n ia l po ten tia ls. M ore than one c lass 

is  generally  p resen t in any experim ental situation, thus the tem poral, 

spatia l, and m orphological fea tu res of the ERP a s s is t  in its  c h a ra c te r­

ization. A standard  form at for defining varia tions in am plitude, la tenc ies 

of peaks, and p resen ce  o r  absence of components found under different 

experim ental conditions was proposed. It consisted  of sin abbreviated  

designation of (1) e lectrode placem ent (2) component po larity  (3) component 

peak delay (latency) in m sec  and (4) component am plitude in uV m easured  

from  the baseline . Thus a v isual potential could be denoted as O j/C z :

P (33, 1. 2); N(80, 4. 5); P(120, 7. 2); N(175, 2. 4); P(230, 16. 1). O j ind ic-
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ating active electrode over occipital a re a  and Cz a vertex  re fe ren ce .

Of p a rtic u la r  relevance to the p resen t study is a recen t in c rease  in 

the investigation of evoked responses to pa tterned  stim u li. Spehlman 

(1965) found v isual evoked potentials to blank stim uli to be consistently  

low er in am plitude and sh o rte r  in latency than those in response  to 

patterned  stim uli. John, H errington, and Sutton (1967) exam ined the 

re la tion  between the percep tual content of a stim ulus and the evoked 

potential by m anipulating s ize  and orientation  of geom etric fo rm s. Spec­

ifically , they investigated the responses to (1) a blank v isual field v e rsu s 

a field  containing a geom etric  shape, (2) one shape v e rsu s  a different 

shape of equal a rea , (3) two identical shapes of d ifferent a re a , (4) the 

w ords "square" and "c irc le "  p rin ted  with capital le t te r s  equated for 

a re a  w ere com pared. W aveforms elicited  by a blank field differed 

from  those in response  to a geom etric form ; d ifferent shapes of equal a re a  

e licited  d ifferent responses; s im ila r  shapes of different a re a  elicited  

s im ila r  responses; d ifferent words equated fo r le t te r  a re a  evoked diff­

e ren t resp o n ses. D ifferent responses e licited  by stim u li of d ifferent shape 

but equal a rea  could not reasonably  be a ttribu ted  to differences in the 

amount of physical energy, thus they w ere thought to be caused by the 

stim ulation  of d ifferent re tin a l c e lls . However, la rg e  s ize  d ifferences in 

form s of the sam e shape produced s im ila r  responses in sp ite  of the 

re tin a l a re a  stim ulated . The authors concluded that the evoked potential 

d ifferences w ere  m ore  re la ted  to shape than to s ize  of the stim ulus e l­

em ents and appeared to dem onstrate  a  physiological c o rre la te  of p e r -



ceptual, ra th e r  than sen so ry  p ro ce sse s .

H a rte r  and White (1968) repo rted  decreased am plitudes in both positive 

and negative peaks when stim uli w ere p rog ressive ly  b lu rred . Reitveld, 

T ordo ir, Hagenouw, L ubbers, and Spoor (1967) found that am plitude and 

la tenc ies , p a rticu la rly  of the second la rg e  component, in creased  with 

the p resen ta tion  of pa tterned  stim uli; the amount dependent upon the s ize  

of the stim ulus p a tte rn . White (1969) using four stim ulus pa tte rn s , in ­

cluding a checkerboard, a  horizontal grating, a se t of concentric c irc le s , 

and a se t of rad ia l lines found the checkerboard pa ttern s consisting of 

check s izes  subtending 10 degrees of v isual a rc  resu lted  in the la rg e s t 

am plitude evoked potentials from  all subjects tested . The waveform s 

showed consistent negativity a t about 100 m sec  and m arked  positiv ity  at 

180 m sec . Isolation of the contribution of contour from  the p a tte rn  was 

achieved through the in sertion  of a  m inus 10 diopter concave lens in 

front of the su b jec t's  eyes and subtracting  v ia  the com puter the sam e 

num ber of responses from  a ll w aveform s. The rem aining tra c e  was 

thought to rep re se n t the contribution of contour to the final average.

What rem ained was a  diphasic wave, negative at 100 m sec  and positive 

a t 150 to 160 m sec  following stim ulation. The degree of c la rity  of the 

im age was found to be d irec tly  re la ted  to the am plitude of the wave.

Arm ington, Corwin, and M arsa tta  (1971) found la rg e r  response  

am plitude to checks than to s tr ip e s  of in term ediate  spa tia l frequencies. 

M oskowitz, Arm ington, and T im berlake (1974) used  a m onocular study
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of a lternating  stim uli with herringbone p a tte rn s  to investigate the effects 

of sharp  v e rsu s rounded off c o rn e rs . Response am plitude was found to 

be g rea te s t when stim uli had 90 degree co rn e rs , le a s t fo r 135 degree 

c o rn e rs , and in term ediate  for 45 degree c o rn e rs . C urves and rounded 

p a tte rn s  evoked la rg e r  amplitude responses than did 180 degree p a tte rn s . 

L atencies to sharp  co rn e rs  w ere sh o rte r  than la tenc ies to rounded and 

s tra ig h t p a tte rn s .

V isual evoked potentials in rela tion  to aging w ere studied by Schen- 

kenberg (1970). He reco rded  responses to flashes of ligh t from  frontal, 

occip ital, and cen tra l s ite s , in subjects aged 5 to 77 y ea rs  and found the 

cum ulative am plitude to d ecrease  by m ore  than half from  the youngest 

to the o ldest age groups. The subjects w ere divided into eight age groups 

with 20 subjects in each group. The displayed averages consisted  of a 

m ean of 20 sub jects. The g rea te s t d ecreases  w ere found in the ea rly  

components (20-100: mfirec) and in the 200-300 m sec  range . L atencies 

to peaks beyond 100 m sec  often increased  by 20 m sec  o r  m o re . This la s t  

re s u lt  was also repo rted  by S traum anis, Shagass, and Schwartz (1965), 

and by Dustm an and Beck (1969). Shagass (1968, 1972), however, repo rted  

increasing  am plitudes and la tenc ies with age, favoring the conclusion that 

cen tra l m echanism s w ere  involved as w ell as p e rip h era l, since involve­

m ent of only p erip h e ra l m echanism s would not lead  to sim ultaneous in ­

c re a se s  in both latency and am plitude (Diamond, 1964). A sim ple 

p e rip h e ra l p ro cess  should yield a d ecrease  in la tency  w ith an in c rease  in

-5 5 -



amplitude.

Response to pa ired  stim uli (Shagass, 1968) was shown to be sm a lle r  

in am plitude to the second of a p a ir  than to the f irs t, and with increasing  

age the latency to recovery  of a  full amplitude response  to the second 

stim ulus was longer. Shagass (1972, pp. 87-106) a ttribu ted  this effect 

to a lo ss  of inhibition in neural function with age.

Bergam ini, Bergam asco, Mombelli, and Gandiglio (1965) have shown 

that pupil d iam eter can influence averaged evoked potential am plitudes 

and latencies. It is  well known that pupillary d iam eter d ecreases  with 

age (Leopold, 1965), This constriction is partia lly  controlled  in the 

p resen t study with the use of a rtif ic ia l pupils, which equalize re tina l 

illum inance in all subjects.

E xperim ent II was designed to obtain visual evoked potential c o r re l­

a tes of the psychophysical data gathered in E xperim ent I. The c ritic a l 

in te rstim u lus in terval between the m asking flash  and the te s t flash  as 

determ ined  in Experim ent I was used as the basis for stim ulus p re se n t­

ation conditions in Experim ent II. In tervals which w ere w ell beyond 

the m asking threshold  for all subjects w ere also used. Data of in te re s t 

w ere the la tencies of peak am plitudes following stim ulus p resen tation  

at in te rvals  in which percep tual m asking occu rred  and at longer in te rvals  

in which no percep tual m asking occu rred .

Data on the am plitudes, la tencies, and shapes of evoked waveform s 

in response  to binocular presen tation  of stim ulus m a te ria ls  used in 

E xperim ent I as distinguished from  the dichoptic p resen ta tion  of stim ulus
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m a te r ia ls  used  in E xperim ents I and n ,  w ere obtained in p re lim in ary  

p ilo t studies on 16 H unter College graduate and undergraduate students 

4 m ales , 12 fem ales, with a  m ean age of 25.1 y ears  (range 19-38). A ll 

had 20/20 vision as m easu red  by a Snellen ch art with o r  without c o rre c t­

ive len se s . The exact p rocedure  and all tra c e s  a re  shown in Appendix I. 

In general, the re su lts  showed an excellent signal to noise ra tio , and 

s im ila r  tra c e s  w ere obtained from  le f t and righ t hem ispheres, with som e 

showing a sligh t in c re ase  in am plitude from  the righ t. B inocular p re se n t­

ation was used  in this p re lim in a ry  work because it  allows p erip h e ra l 

(retinal) in te rac tions between stim u li to occur, w hereas the dichoptic 

p resen ta tion  used in E xperim ent n  does not.

F ig u re  8 shows the re la tion  between m ean am plitude and m ean latency 

from  six  young subjects in conditions of b inocular p resen ta tion  of p a ired  

flashes of ligh t with in te rstim u lus in te rv a ls  of 50 and 200 m sec , and 

p a ired  inform ational (patterned  with the tr ig ra m  TYU + PM3) with the 

sam e in te rstim u lus in te rv a ls . C om parisons of one v e rsu s two blank 

flashes, and com parisons of blank w ith patterned  flashes w ere  in ag ree ­

m ent with existing lite ra tu re  in  that la tenc ies to blank flashes w ere 

sh o r te r  and am plitudes low er than those to the pa tterned  stim uli.

Subjects

The subjects w ere all drawn from  those of E xperim ent I. T hree

young m en (22 to 26 y e a rs , m ean age 24,0  y ears), seven young women

(18 to 26 y e a rs , m ean age 22.2 y ears), and ten o lder women (65 to 78

y e a rs , m ean age 70.1 y ears) pa rtic ipa ted . Both the young and old 

groups included th ree  sub jects from  each of the LETTER, and TRIGRAM
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Figure  8. Mean am plitudes and la tencies of P-N  components of evoked 

potentials in conditions of binocularly p resen ted  pa ired  blank flashes 

and pa ired  inform ational flashes with ISIs of 50 and 200 m sec. The 

inform ational condition consisted of the trig ram  TYU and the appropriate  

pattern  m ask (PM3).
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groups, and four from  each of the WORD groups (two of the young men 

had been WORD subjects and one had been a LETTER subject. T here  

w ere no m ale  TRIGRAM sub jects). All subjects showed m asking in E xper­

im ent I.

Apparatus

The equipm ent described  in the General Method section  was again 

utilized  fo r the p resen ta tion  of stim u li. In addition, G rass gold cup 

e lectrodes w ere placed on the scalp  of each sub ject 2. 5 cm  above the 

inion, and 2. 5 cm  to the left of the m idline fo r le ft hem isphere re c o rd ­

ing and 2. 5 cm  to the r ig h t of the m idline for righ t hem isphere  re c o rd ­

ing. Both w ere re fe rre d  to v e rtex  and grounded to ip s ila te ra l m astoid  

bones. Signals w ere fed into G rass Model P 5 1 1 E /E F /F  AC p ream p lifie rs  

se t to pass  frequencies between .1  and 100 Hz (half am plitude points) and 

w ere  averaged by a  d igital PDP 8/1 m in i-com puter using the Lab 8 

Advanced A verager p ro g ram s LB-1117C-PB and U18 C -PB . A veraged 

w aveform s w ere  photographed w ith a  Tektronix  O scilloscope C am era,

Model C-27, using P o laro id  Type 47 film . PM1 and PM3 (F igure 2) w ere 

used  to m ask  WORD,TjETTER, and TRIGRAM stim u li. The New PM 3 

was not used as these potentials w ere  to be c o rre la te s  of the psychophysical 

data obtained in E xperim ent I.

P rocedu re

Following electrode attachm ent, each subject was in stru c ted  to 

rem ain  physically  m otionless and to try  ju s t as ha rd  to identify the 

LETTER, WORD/ o r  TRIGRAM as he did in E xperim ent I but to om it
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the verba l response, since overt vocalization could contam inate the 

visual evoked potentials with m uscle potentials.

Condition (1). Noise control averages consisted of m easurem ent of 

basic  EEG activ ity  in which stim uli w ere p resen ted  but viewing was 

blocked w ith  black m asking tape covering the a rtif ic ia l pupils. These 

data w ere taken on nine of the young subjects and on five of the o lder 

sub jects. A 40 w att overhead lam p rem ained on in the booth. Subjects 

w ere in structed  to silen tly  count backw ards by sevens from  500 to -3 .

P ilo t studies (Appendix I) had shown excellent signal to noise ra tio s  in 

s im ila rly  reco rded  averages. Noise control data w ere taken in 

E xperim ent n  only if  the subject was thought able to to le ra te  an ex tra  

fifteen m inutes in the experim ental situation before the m ain conditions 

w ere  in itiated .

Condition (2). Evoked potentials w ere reco rded  w ith a ta rge t duration 

of 10 m sec, a m ask  duration of 10 m sec, and an ISI of zero  m sec; con­

ditions which resu lted  in percep tual m asking fo r the sub jects used h e r^

Both ta rg e t and m ask w ere p resen ted  at a lum inance of 4. 3 mL as m easured  

through the eye piece p rism s and a rtif ic ia l pupils.

Condition (3). With ta rg e t duration at 10 m sec, m ask  duration at 10 

m sec, ISI was in creased  to 150 m sec  fo r the young subjects; 250 m sec  

fo r the o lder sub jects. T hese conditions resu lted  in no perceptual 

m asking. In a ll conditions of Experim ent II the in te r tr ia l in te rva l was 

reduced to 10 seconds, necessita ting  a m odification of com plete random ­

ization of stim u li on any given tr ia l .  A succeeding stim ulus could not
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be m ore  than five steps away from  its  p red ecesso r, sis opposed to any of 

the eleven possib ilities  available in Experim ent I. Both ta rg e t and m ask 

w ere p resen ted  at a lum inance of 4. 3 m L as m easu red  through p rism s 

and a rtif ic ia l pupils.

R esults and D iscussion

F igures 9 and 10 show individusd traces  from  th ree  young sind th ree  

o lder subjects with averaged waveform s from  the m asked sind unmsisked 

conditions superim posed. The overa ll amplitude can be seen to be le s s  in 

the m asked condition (2). Except for subject ODL, the positive peak at 

approxim ately 200 m sec (P2) is  p a rticu la rly  attenuated. A fter onset of the 

m ask in unm asked condition (3), in which no perceptual m asking occurred , 

the waveform s w ere fla tte r  in all cases than when percep tual m asking occ­

u rred , indicating no sep arta te  neura l response  to the m ask.

Sum m arizing the individual traces , F igu re  11 plots the m edian am pli­

tude and latency of P -N  components for old and young groups in m asked 

and unm asked conditions. Except fo r the range below 130 m sec  in the 

young and above 350 m sec  in the old, percep tual m asking resu lted  in evoked 

potential amplitude attenuation in both groups. In the m asked condition (2) 

the point of highest amplitude for the young people occu rred  at a latency 

of 130 m sec and for the o lder subjects at 295 m sec, although a peak of nearly  

the sam e amplitude was seen at 140 m sec. Both functions w ere c h a ra c te r­

ized by two prom inent peaks of high amplitude; the two separa ted  by 75 m sec 

in the younger group and by 150 m sec  in the o ld er group. Since stim ulus on­

se t was identical fo r both groups in the m asked condition, it can be ru led  

out as a causal factor in the observed difference. The data imply that
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F igure  9. Evoked responses from  th ree  young subjects in m asked 

condition (2) and unm asked condition (3) superim posed for each subject. 

V ertica l lines indicate stim ulus onset. Negativity is  downward, 

m  = m asked, um = unm asked.
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F igure  10. Evoked responses from  th ree  o lder subjects in m asked 

condition (2) and unm asked condition (3) superim posed for each subject. 

V ertica l lines indicate stim ulus onset. Negativity is  downward, 

m = m asked, um = unmasked.
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Figure  11. Median amplitude and latency of P-N  components of evoked 

potentials for young and old subject groups in m asked and unm asked 

conditions.
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although only one stim ulus was perceived , there  was a  sep ara te  neura l 

response  to each of the two stim uli, and that the la tenc ies of these 

responses w ere longer fo r the old than for the young; by 15 m sec  to the 

f ir s t ,  by 100 m sec  to the second,' In the unm asked condition (3), the 

function fo r the o lder group re ta ined  the two prom inent peaks with a 

m ean in c re a se  in latency of approxim ately 20 m sec  to the f i r s t  stim ulus 

and about 5 m sec  to the second accom panied by an in c re a se  of about 3,6 

uV in am plitude. The point of h ighest amplitude o ccu rred  a t 55 m sec 

a fte r m ask  onset. In con trast, the function for the younger group ex­

hibited only one high amplitude peak occurring  45 m sec  a fte r  onset of 

m ask  with an in c rease  of 6 ,6 uV in am plitude over the high point in 

condition (2). Thus the neu ra l response  o ccu rred  at 195 m sec  a fte r  onset 

of TS with apparently  no se p a ra te  response  to the m ask. It is  possib le  

that PM 3 in th is case , as fo r som e sub jects in E xperim ent I, was e lic it­

ing a  neu ra l response  s im ila r  to what would be expected from  a random  

noise p a tte rn  o r  from  a homogeneous flash  of light.

MacKay (1968) studied evoked potentials in response  to m onocular 

and dichop tic  m asking using random  v isual noise  and blank fields as 

s tim u li. P ercep tually , the noise field  could be blanked (masked) by 

the blank field  in the m onocular c o n d i t io n  up to an in te rstim u lus in te r -  

a l of 10 to 20 m sec  depending on the re la tiv e  brigh tness of the two s tim ­

u li. Dichoptically, however, the blank field was supp ressed  by the noise 

field  "over se v e ra l tens of m sec  and se v e ra l log u n its" . U sing b ipolar 

horizontal e lectrode  p lacem ent to the le ft of the m idline, MacKay found



the evoked response  to dichoptic stim ulation m arkedly  resem bled  the 

random  noise trace  reco rded  m onocularly. T here  was no evidence of 

the p resence  of the blank flash . The response  to the blank flash, when 

reco rded  singly had a strik ing ly  d ifferent m orphology. In th is case , the 

percep tual and evoked responses w ere found to coincide. MacKay sug­

gested  that w hatever "sw itching" m echanism s a re  responsib le  fo r the 

observed  suppression , th e ir  loci m ust be m ore  p e rip h e ra l than those of 

the p a tte rn  specific component of the evoked potential, and fu rther, that 

the neu ra l m echanism s which re su lt in the evoked responses to blank and 

to pa tterned  stim uli a re  independent/

The b inocular p ilo t conditions obtained in the p resen t study (Appendix 

I) support this view of independent m echanism s governing the e le c tro - 

physiological responses to blank and to pa tterned  stim u li. B inocular 

evoked responses to single blank flashes showed essen tia lly  the sam e 

m orphology as the m onocular responses to blanks p resen ted  by MacKay.

A s the in te rstim u lus in te rv a l was lengthened the one prom inent peak 

becam e two, a  re su lt which concurs with o ther re s e a rc h  (Wicke, Donchin,

& L indsley, 1964). T he addition of pa ttern , however, in the binocular 

condition did not change the shape of the waveform , i t  m ere ly  in creased  

am plitudes and la tencies of prom inent peaks, a  re su lt  which can be in te r ­

p re ted  as showing both cen tra l and p erip h e ra l involvem ent (Diamond, 1964). 

Thus the "independent " m echanism s suggested by MacKay could be 

p e rip h e ra l and cen tra l components of the v isual sy stem  as d iscussed  by 

T urvey  (1973)/
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The relationship  between percep tual judgem ent and electrophysiological 

response  is  not yet c lea rly  established . Schiller and C horover (1966) r e ­

ported  no changes in v isual evoked potentials accompanying b righ tness 

reduction in m etacon trast. They concluded that the evoked potential 

was not always co rre la ted  with a ltera tions in subjective b righ tness. Vaughn 

and S ilvers tein (1968) found attenuation of evoked potential amplitude 

accompanying brigh tness reduction when s tim u li w ere p resen ted  foveally 

but not with parafoveal stim ulation. They attribu ted  the re su lts  of Schiller 

and C horover to s tra y  light impinging on the re tin a  resu lting  from  p a ra ­

foveal stim ulation. The attenuation repo rted  by Vaughn and S ilverste in  

occu rred  about 200 m sec  a fte r p resen ta tion  of the in itia l stim ulus.

Lehman and Fender (1967) found visual evoked responses w ere reduced 

in am plitude if  a flashing ta rge t was s tru c tu red  (dots, c ro ss , o r  grid) in­

stead  of uniform ly illum inated and that the evoked potential am plitude was 

decreased  if  the o ther eye viewed a stead ily  illum inated ra th e r  than a dark  

field. The observed  effects w ere a ttribu ted  to in c reased  com plexity of 

the display absorbing m ore  co rtica l capacity; leaving le s s  to partic ipa te  

in the evoked response .

Changes in the visual evoked response  to backw ard m asking of le t te rs  

by le t te rs , g rids of dots by each o ther and by le t te rs , and le t te r s  by 

g rids, using equal energy stim uli w ere studied by A ndreassi, De Simone, 

and M ellers (1976). F igu re  12 reproduces tra c e s  from  th ree  conditions 

of th e ir  experim ent. In conditions B and C backw ard m asking occu rred  

in percep tual rep o rts ; the evoked response  in the 200 m sec  range was 

attenuated. No perceptual m asking o ccu rred  in Condition A. Note the
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F ig u re  12. Evoked responses from  A ndreassi e t a l. (1976). In condition 

A percep tual m asking did not occur. In conditions B and C backw ard 

percep tua l m asking did occur.
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s im ila rity  in latency, waveshape, and am plitude reduction p a rticu la rly  

in functions for the young group shown in F igu re  11 rep resen ting  the 

m asked and unm asked conditions of E xperim ent II in the p resen t study, 

A ndreassi e t a l. a lso found that backw ard m asking o ccu rred  w ith like 

stim u li accom panied by significant d ecreases  in amplitude of the evoked 

potential.* C onversely, backward m asking did not occur with unlike 

stim u li no r did a decrease  in evoked potential am plitude,1. In a previous 

study, (A ndreassi et al. ,1971) found that p resen ta tion  of equal in tensity  

stim uli p resen ted  sequentially  resu lted  in m asking but no evoked potential 

changes o ccu rred ,' They attribu ted  this to the possib ility  that b ra in  a reas  

o ther than the v isual cortex  w ere involved in the m asking effect. Such 

an in te rp re ta tion  is  consisten t with T urvey’s (1973) d iscussion  of cen tra l 

and p e rip h e ra l fac to rs, in which "cen tra l"  m ay well re fe r  to p rocessing  

a re a s  beyond the s tr ia te  cortex.

F igu res 13 and 14 rep re se n t m edian amplitude as a function of evoked 

potential component in conditions (2) and (3) respec tive ly . The components 

w ere  derived  from  the m ost positive and the m ost negative values within 

each 100 m sec  of the w aveform . All four functions w ere predom inantly  

negative. The only positive  point in condition (2) o ccu rred  in the young­

e r  group in the 200- 300 m sec  ran g e ,1 The function fo r the o ld er group 

showed increasing  positiv ity  through the 300-400 m sec  range.'' Fender 

and Santoro (1977) d escribe  com puterized analysis and display techniques 

used to identify the orig ins of v isually  evoked scalp  po ten tia ls. Contour 

m apping algorithm s display the tim e behavior of equipotential scalp  s u r ­

faces during v isual stim ulation .' Using a v e rtex  re fe ren ce , tra c e s  from
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F ig u re  13. Median am plitude as a function of evoked potential com ponents. 

Each N -P  peak re p re se n ts  the m ean of the m ost negative and the m ost 

positive values of ten subjects within each 100 m sec tim e segm ent in the 

m asked condition (2).
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F igure  14. Median am plitude as a function of evoked potential com ponents. 

Each N -P  peak rep re se n ts  the m ean of the m ost positive and the m ost 

negative values of ten sub jects within 100 m sec tim e segm ents in the 

unm asked condition (3).
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42 scalp  locations w ere shown. The distribution of scalp potentials 120 

m sec  a fte r a flash  event shows two la rg e  negative a re a s  over the occipital 

regions with a positive c re s t  a t the m idline. At 170 m sec the righ t hem i­

sphere  becam e increasing ly  positive, while the le ft hem isphere becam e 

m ore  negative. At 180 m sec, e le c trica l activity  was increasing ly  influenced 

by o ther fac to rs (concurrent auditory stim uli, e tc . )

A s im ila r  map (Remond, 1965) shows activity from  the occipital a re a  

in response  to b inocularly  viewed flashes to be p rim a rily  negative to 

approxim ately 80 m sec, positive until about 200 m sec, with sm a lle r  a reas  

of negativity occurring  a t about 200 and 260 m sec . A fter 285 m sec  the 

a re a  becam e alm ost com pletely negative.

When com parison of waveform s is  difficult because of v a riab ility  in 

am plitude components o r  va riab ility  in th e ir la tenc ies , i t  has been suggest­

ed (P e rry  & C hilders, 1969) that sum m ation of the waveform s is  a p re fe r ­

able m ethod of analysis. The sum m ated waveform s a re  divided into tim e 

segm ents which a re  then analyzed using trad itional s ta tis tic a l techniques.

Table 7 shows re su lts  of analysis of variance  on subject groups x 

conditions (m asked, unm asked) x tim e segm ents (50-225 m sec, 225-450 

m sec). The individual data point values in the two segm ents w ere  sum m ed. 

AH s ta tis tic a l computations in Experim ent II w ere perfo rm ed  on the 

d igitalized data from  the com puter p rin t-o u t ononly the le ft hem isphere 

responses.

Significant d ifferences in sum m ated evoked potential amplitude w ere 

found between the old and the young groups (F = 11. 77, df, 1, 18, p< . 01),
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T able 7

Analysis of V ariance Sum m ary Table

Source df MS F

Age Groups 1 1212.90 11.77 p<. 01

Conditions
(m asked, unmasked) 1 176.13 5.25 n A • o cn

T im e Segments
(50-225, 225-450 m sec) 1 683.86 6. 51 p<. 05

Age Groups x Conditions 1 169.95 5.06 p<. 05

Age G roups x T im e Segments 1 1723.29 16.42 p<.001

Conditions x T im e Segments 1 343.20 8.70 P<. 01

Age Groups x Conditions x 
T im e Segments 1 2.14

Subjects/A ge Groups 18 103.07

Conditions x S/G roups 18 33. 52

Tim e Segments x S/Groups 18 164.97

Conditions x T im e Segments 
x S/Groups 18

~ W

39.43
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between sum m ated am plitude in the m asked and unm asked conditions 

(F = 5/25, df, 1, 18, p< /05), and in the in te rac tion  between conditions 

and subject groups within conditions (F = 5/06, df, 1, 18, p < /0 5 ) /  Diff­

erences in am plitudes in the tim e segm ents also proved to be sign ifican t 

(F = 6/51, df, 1, 18, p< /05) as was the in terac tion  between subject groups 

and tim e segm ents (F = 16/42, df, 1, 18, pC.OOl). Finally, the in te r ­

action between conditions and tim e segm ents also showed significance 

(F = 8/70, df, 1, 18, p <. 01).

The age difference observed in E xperim ent I (p</001) was m aintained 

in the group difference in sum m ated am plitude of evoked response  (p</01) 

in Experim ent n. Additionally, the highly significant sub ject groups x 

tim e segm ents in terac tion  (p</001) and the in te rac tion  of groups x conditions 

(p</05) seen in Table 7 indicates latency  d ifferences to peak am plitudes 

between the young and the o ld /

A d ecrease  in cum ulative am plitude of evoked response  from  the 

e lderly  p a rticu la rly  in the 200-300 m sec  range has been rep o rted  p re ­

viously by Schenkenberg (1970), S traum anis, Shagass, and Schwartz (1965), 

and by Dustm an and Beck (1969)/ Shagass has also found the response  to 

the second of a  stim ulus p a ir  to be sm a lle r  than the f i r s t .  Shipley and 

Hyson (1977) have repo rted  increasing  am plitude attenuation in response  to 

an increasing  num ber of sequentially  p resen ted  s tim u li. A p a ir  of flash ­

ing ligh ts was in creased  to th ree , four, e tc . up to ten, resu lting  in a 

continuous d ecrease  in overa ll am plitude of the w aveform s.

F igu re  15 shows the m ean sum m ated am plitude as a  function of tim e

segm ents fo r young and old groups averaged  over both conditions. It is
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F igu re  15. The m ean sum m ated amplitude as a function of tim e segm ents 

50-225 m sec and 225-450 m sec  for both young and old groups averaged 

over m asked and unm asked conditions.
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c le a r  that the g rea te s t amplitude o ccu rred  fo r the young people in the 

f i r s t  half of the average and decreased  sharp ly  in the second segm ent.

In co n trast the o lder group showed an in c rease  in  am plitude in the second 

half of the to tal w aveform .1

F igure  16 re p re se n ts  the m ean sum m ated am plitude as a function of tim e 

segm ents for the m asked and unm asked conditions with data from  subject 

groups pooled.1, A m uch g re a te r  difference in am plitude from  f i r s t  to 

second half of the w aveform  is  seen in the m asked condition. However, 

am plitude in the unm asked condition, co n tra ry  to expectation, also showed 

a decrease  in the la te r  segm ents.

F igu re  17 shows the sub ject groups x conditions x tim e segm ents 

in te rac tion .'

The age difference in E xperim ent I was in the c ritic a l in te rstim u lus 

in te rv a l n ecessa ry  to escape the m asking effect. If m asking in this case  

can be assum ed to be of cen tra l o rig in , i t  is  tem pting to a scrib e  the 

evoked potential d ifferences to slow er cen tra l n e rv o u s system  p rocessing  

in the e lderly ; but th is is  not n e c e ssa rily  the case.'1 In T u rv ey 's  con- 

cu rren t-con tingen t m odel, cen tra l p ro cessin g  is  dependent (contingent) 

upon input from  the periphery .4 If th is input is  delayed because of s tru c tu ra l 

lim ita tions in the aging v isu a l system , cen tra l p ro cessin g  w ill begin at 

a  la te r  tim e in  o lder sub jects than in  younger ones viewing equivalent 

s tim u li. T h ere fo re  longer la tenc ies to peak am plitudes could o r  could 

not indicate  slow er cen tra l mediation.^

It is  w ell known that opacities in the v itreous body reduce  the amount 

of ligh t reaching  the rec ep to rs  of o lder subjects (Weale, 1963). T ra n s -
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F ig u re  16. The m ean sum m ated am plitude as a function of tim e segm ents 

50-225 m sec and 225-450 m sec fo r m asked and unm asked conditions 

averaged over sub jects.
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F ig u re  17. Subject g roups x C onditions x T im e  Segm ents in te ra c tio n .
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parency of the lens is dim inished by accumulation of in ert tissue  (Leopold 

1965), and w ater loss leads to shrunken fibers. These changes in te rfe re  

with the transm ission  and refraction  of light, ra is ing  the absolute th resh ­

old for vision. Said and Weale (1959) showed that with increasing  age the 

lens becom es m ore opaque particu la rly  with rela tion  to sho rt wavelengths. 

The u ltra  violet tubes used in this experim ent to m aintain ionization of the 

flourescent lam ps added a slight lavender tinge to the stim ulus light. B irren , 

C asperson, and Botwinick (1958), using a white light source, found that 

only one th ird  of the light reaching the re tin a  of a twenty y ear old subject 

would a rriv e  at the re tin a  of a person aged sixty. E rikson, Hamlin, and 

B rie tm eyer (1970) m easured  the tim e requ ired  to identify a target (a gap 

in a Landolt ring). With constant illum ination and target size, and with 

the use of a rtific ia l pupils, a group of subjects 50-55 years of age took 

200 m sec to achieve the sam e level of perform ance as subjects 30-35 

y ears  of age reached in 20 m sec. S im ilar re su lts  w ere repo rted  by Abel

(1972) and Reading (1972), These re se a rc h e rs  explain the ir re su lts  

at lea s t partially , in te rm s of the amount of light reaching the re tina .

In a second experim ent, E rikson et al. (1970) adjusted the tim e and 

in tensity  values so that the total energy of each combination of p re sen t­

ation tim e and stim ulus intensity was held constant. The tim e intensity 

rec ip roc ity  rela tionship  broke down at about 146 m sec in all age groups 

but the slope of the decay function for the oldest group was le s s  than for 

the young. The authors suggested that the o lder people could trade  tim e 

for intensity  for longer periods than the young people.

T urvey 's conceptualization of the visual system  and his development
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of the concurrent-contingent m odel provide a fram ew ork in which apparen t­

ly d iscrepan t findings in both psychophysical and physiological a re a s  can be 

re-exam ined  from  a different perspec tive  and perhaps be found not so 

d iscrepan t a fte r  a ll. The data of K insbourne and W arrington (1962 a, b) 

described  by the authors as indicative of a "cen tra l"  in terac tion  being the 

basis  of all m asking phenomena, becam e the departu re  point fo r T urvey 's 

subsequent re-defin ition  of "periphera l"  p ro cesses  which allow the tra n s ­

m ission  of inform ation through a s e r ie s  of recodings from  rec ep to r to 

cortex  and include the cells of the s tr ia te  cortex  which respond to stim ulus 

in tensity . T u rvey 's  experim ents give am ple evidence that m asking observed 

m onoptically and dichoptically is  not n e ce ssa rily  a ttribu tab le  to the sam e 

p ro cess . In sho rt, the p e rip h e ra l system  is  energy dependent; the cen tra l 

system  is tim e and content dependent. If MS energy is  g re a te r  than TS 

energy, the m ask  w ill overtake the ta rg e t in m onocular o r  binocular p re se n t­

ation, in te rac t with i t  in the p e rip h e ra l system , and deposit one stim ulus 

d ifferent from  e ith e r of the orig inal two in cen tra l s to re s . T his type of 

in terac tion  has typically been described  by the "in tegration" theory  of v isual 

m asking. If MS and TS a re  of equal energy, m asking can only occur if  the 

tim e in te rv a l between onsets of the two stim u li (SOA) is  sh o rt enough fo r the 

second a rriv in g  stim ulus to in te rru p t the p rocessing  of the f i r s t  and if  its  

geom etric  content can rep lace  o r  sufficiently  degrade the content of the f i r s t  

so that i t  w ill not be perceived . W alsh 's (1976) r e -  analysis of the Kline 

and Szafran (1976) data on age differences in "cen tra l"  p ro cess in g  pointed 

out the sam e m isunderstanding evidenced by K insbourne and W arrington.

What w ere  rep o rted  as age differences in cen tra l p ro cess in g  w e re , by
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T urvey’s definition and c r ite r ia , a p e riphera l effect. The W elsandt et al.

(1973) investigation of age differences in iconic processing  s im ila rly  con­

founded the energy, tim e, and content v a riab les .

R esults of experim ent I of the p resen t study support the concurren t- 

contingent m odel in that:

(1) M asking was obtained with equal energy TS and MS.

(2) The different pa ttern  m asks resu lted  in different amounts of m asking 

in the sam e subjects.

(3) The data conform , although with wide confidence in te rvals , to the ru le  TD 

+ ISIC = K o r  SOA, suggested by Turvey to indicate m asking of cen tra l orig in .

E xperim ent II was undertaken for the purpose of obtaining v isual evoked 

potential c o rre la te s  of percep tual m asking obtained in E xperim ent I.

R esults showed;

(1) Significant age differences (p<. 01) w ere obtained in the sum m ated 

am plit ude m easu re .

(2) P ercep tua l m asking was accompanied in both groups by amplitude a tten ­

uation from  130 m sec to 450 m s’ec  in the younger group, and from  the onset of 

TS to 350 m sec  in the o lder group. S im ilar attenuation of evoked potential am p­

litude has been rep o rted  by Vaughn and S ilverste in  (1968) whose re su lts  w ere 

obtained during m etacon trast suppression  with no spa tia l overlap of TS and

MS, and by A ndreassi et a l. (1976) using stim uli with p a rtia l overlap .

In the p re se n t study the m ask  occupied the sam e spa tia l a re a  as the t a r ­

get. Since stim ulus p resen ta tion  was dichoptic, and the psychophysical r e ­

su lts  conform  to a cen tra l form ulation as defined by Turvey, an explanation



of m asking in te rm s of an "in terrup tion" hypothesis is  applicable to the 

data. The a rr iv a l of the second stim ulus in te rfe red  with the p ro c e ss ­

ing of the f i r s t  resu lting  in an attenuation of evoked potential amplitude. 

A ndreassi et a l. (1976) using sequential stim uli with som e sp a tia l 

overlap, explain the effect at le a s t pa rtia lly , in te rm s of the activ ity  of 

excita tory  fields produced in the v isual cortex  by the a rr iv a l of early  

stim uli being dim inished by inhibitory  action produced by la te r  arriv ing  

stim uli. This of course  is  a neu ra l concom m itant of the "in terruption" 

hypothesis of percep tual m asking. Apparently, record ing  with scalp 

e lectrodes is  too g ross a m easu re  to a sse ss  the affects of spa tia l o v e r­

lap o r  non-overlap of sequentially  p resen ted  stim uli since the evoked 

potential re su lts  of the p resen t study concur with those of both Vaughn 

and S ilverste in  (1968) and A ndreassi et a l. (1976) who used com plete 'o r 

p a rtia l overlap of TS and MS.

(3) At ISI s too long to produce percep tual m asking, evoked potential 

amplitude was not attenuated. The averaged waveform s for the o lder 

group re ta ined  the two prom inent peaks of high amplitude observed in the 

m asked condition. The ISI for the group was 250 m sec, apparently  long 

enough to elim inate any in terac tion  of excita tory  and inhibitory  fields gen­

e ra ted  by the two stim u li. In con trast, only one peak of high amplitude 

(positive at about 200 m sec) o ccu rred  in the younger group. ‘Although no 

percep tual m asking occu rred  with an ISI of 150 m sec, i t  appears that any 

inhibitory  co rtica l activ ity  caused by the pa ttern  m ask  at that in te rval was 

not strong  enough to in te rfe re  with excita tory  activ ity  produced by the 

ta rg e t stim ulus.
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Evoked potential c o rre la te s  of m asking studies in which MS energy 

g rea tly  exceeds that of TS energy, (exem plified by Wicke, Donchin, & 

L indsley, 1964) conform to an "in tegration" theory  of m asking. At b rie f  

ISIs there  appears to be only one neu ra l response  to th e  combined stim uli. 

As the in te rval is  lengthened, a  sep a ra te  response  to each stim ulus is  

c lea rly  observed in the w aveform . R esu lts of p ilo t work (Appendix I) in the 

p resen t study in which MS was of g re a te r  energy than TS, support this 

in te rp re ta tion . The sam e kinds of c r i te r ia , therefo re , appear to affect 

both psychophysical and evoked potential re s u lts :  energy ch a rac te ris tic s  

of TS and MS (periphera l in te rac tion  in T u rv ey 's  term inology), and SOA, 

o r  tim e differences between onsets of the two stim uli, and geom etric 

content of TS and MS, corresponding to cen tra l in terac tions as defined 

by Turvey.
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Appendix I

Appendix I rep resen ts  pilot control data on evoked responses to 

binocular viewing of single flashes of light, double flashes of light at 

ISIs of 50 and 200 m sec, and double flashes with the le tte rs  TYU as 

TS and PM3 as MS at ISIs of 50 and 200 m sec.

Method

Subjects

Sixteen Hunter College graduate and undergraduate students, 4 m ales 

12 fem ales (mean age 25. 1 y ears , range 19 to 38 years) served  as 

subjects. All w ere unpaid volunteers. All had 20/20 vision as m easured  

by a Snellen chart with o r without co rrec tive  lenses.

Apparatus and Stimulus M aterials

The apparatus was the sam e as that described in the G eneral Method 

section, except that the stim ulus changer was not used. Inform ational 

stim uli consisted of the black le tte rs  TYU 1. 25 cm tall subtending . 8 

degrees of v isual angle vertica lly  by . 8 degrees horizontally . The thick­

ness of the le tte r  s trokes subtended . 13 degrees and the separation  be­

tween the le tte rs  was approxim ately . 13 degrees. A pattern  m ask (PM3) 

shown in F igure  2 was constructed from  identical le tte rs  cut in 2 mm 

segm ents, subtending . 13 degrees of v isual angle, placed at random 

orientations on c le a r g lass. The en tire  m ask subtended . 95 degrees 

of v isual angle ve rtica lly  by 2. 1 degrees horizontally .

P rocedure

Tektronix EKG electrodes w ere attached at the active position 2. 5
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cm above the inion and 2. 5 cm to the left of the m idline for left hem i­

sphere  recording  and in the sam e position to the right of the m idline for 

righ t hem isphere recording. Both w ere referenced  at vertex  with 

Beckman s i lv e r /s i lv e r  chloride disk e lectrodes and grounded to ip si- 

la te ra l  m astoid  bones. Subjects w ere in struc ted  to fixate on a red  fix­

ation c ro ss  in the cen ter of the stim ulus apertu re , always v isib le  at a 

lum inance of le ss  than . 1 m L. All stim ulus viewing was binocular. 

Seven stim ulus conditions followed 10 m inutes of dark  adaptation.

(1) Noise control averages (basic EEG) w ere taken on all subjects 

in which stim uli w ere p resen ted  but viewing was blocked with black 

m asking tape placed over the a rtif ic ia l pupils in the tachistoscope eye 

piece. A 40 watt overhead lam p rem ained on in the booth. Subjects 

w ere in structed  to rem ain  physically m otionless and to silen tly  count 

backwards by sevens from  500 to -3.

(2) A single Slash of 10 m sec  duration p resen ted  at a lum inance of 4, 3 

mL as m easured  with a MacBeth Illum inom eter through the a rtific ia l 

pupils and focusing p rism s occu rred  at in te rvals  of 1600 m sec .

(3) A se r ie s  of pa ired  flashes was p resen ted ; th e  f i r s t  (TS) at a lum ­

inance of 4. 3 m L and a duration of 10 m sec, the second (MS), a fte r 

an ISI of 50 m sec at a lum inance of 38 mL and with a duration of 20 

m sec . The in te r tr ia l  in te rval in all conditions was 1600 m sec .

(4) Condition (3) was repeated  with the ISI in c reased  to 200 m sec.

(5) The le tte rs  TYU w ere presen ted  as TS and PM3 as MS a fte r an ISI
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of 50 m sec. D urations and lum inances of flashes rem ained the sam e as 

in conditions (2) and (3).

(6) Condition (5) was repeated  with the ISI increased  to 200 m sec.

(7) Conditions (5) and (6) w ere repeated  on the sam e subjects a fte r an 

in te rva l of at le a s t two days and up to four weeks.

R esults

All individual trac es  a re  shown in F igures A through K. An excellent 

signal to noise ra tio  was obtained in condition (1) showing that the evoked 

potentials recorded  in conditions (2) through (7) w ere a re su lt of stim ulus 

presen tation  with a m inim um  of contam ination from  spontaneous brain  

activity.

The left column of F igure  A shows evoked responses to single flashes 

appearing once every  1600 m sec  at a lum inance of 4. 3 mL contained a 

single positive going component at a latency of approxim ately 135 m sec. 

At a lum inance of 9 m L, Wicke, Donchin and L indsley (1964) p resen ted  

single flashes m onocularly in a c irc u la r  stim ulus subtending a v isual 

angle of 2 degrees. The flashes w ere of 10 m sec  duration produced 

irre g u la r ly  by the subject approxim ately every  2000 m sec . The f irs t  

prom inent positive going component appeared at a latency of 110 to 

120 m sec . As lum inance was increased , the latency of this component 

was found to decrease . Vaughn, Costa, and G llden (1966) repo rted  

v isual evoked responses to binocularly  p resen ted  flashes at sev e ra l levels 

of in tensity  from  . 5 to 5. 5 log m L. Latencies of the f ir s t  positive peak
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ranged from  about 75 m sec  at 5. 5 log m L to 140 m sec  at . 5 log m L. The 

low est in tensity  was approxim ately equivalent to the one used  in this study.

The addition of a second flash of g re a te r  energy at an in terval of 50 

m sec  in condition (3) shortened the latency of the f ir s t  component by 

about 35 m sec . A second positive going peak appeared at about 215 

m sec. When the ISI (F igure B) was increased  to 200 m sec, the f irs t  

component appeared at a latency midway between that of the single flash 

and the f ir s t  component of the double flash with an in te rval of 50 m sec. 

Donchin, Wicke and L indsley (1963) studied the m asking capabilities of 

pa ired  blank flashes using a 10 m sec  tes t flash with a lum inance of . 25 

m L and a blanking flash with a lum inance of 260 m L. Resulting evoked 

potentials to pa ired  flashes w ere c lassified  into th ree  groups:

(1) Those having no perceptual in teraction: at ISIs of 200 m sec  o r  m ore, 

each stim ulus was perceived  separa te ly  and the potentials did not o v e r­

lap.

(2) Those showing percep tual in teraction: at ISIs of 40 to 100 m sec, 

apparent brigh tness of the te s t flash  was enhanced by the presentation  

of the second flash, accom panied by overlapping evoked potentials.

(3) P ercep tual blanking: perception of the„first flash  was elim inated

by the appearance of the second. The waveform  suggested displacem ent

of the response to the f i r s t  flash  by that of the second.

The re su lts  of condition (4) (F igure B) of the p resen t study, in which

the ISI was 200 m sec concur with c lassifica tion  (1) above. In condition (3)

(F igure  A, right), with an ISI of 50 m sec, separa tion  also occu rred .

The d ifferences between these waveform s and the ones described  in
-98 -



classifica tion  (2) above a re  probably a re su lt of the la rge  differences in 

lum inances used in the two stud ies. The m ask used by Donchin et al. 

(1963) was m ore than 100 tim es as bright as the ta rge t flash.

The addition of le tte rs  and pattern  m ask to the blank flashes (con­

ditions (5) and (6),(F igu res J  and K) a ltered  the evoked potentials in a 

way which also concurs with rep o rts  from  Reitveld, T o irdo ir, Lubbers, 

and Spoor (1967) and with Spehlman (1965) in that am plitudes w ere 

g re a te r  and la tencies longer when the flashes contained pattern .
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Figure  A. The left column shows averaged evoked responses from  six 

subjects to binocular viewing of 10 m sec flashes occurring  every 1600 

m sec at a luminance of 4. 3 m L. The right column shows averaged 

responses from six  subjects to binocular viewing of paired flashes with 

a target duration of 10 m sec, a m ask duration of 20 m sec, and an ISI 

of 50 m sec. The targe t luminance was 4. 3 mL, the m ask luminance 

was 38 m L. The sm all trace  above each waveform rep resen ts  the noise 

control condition (basic EEG) for that subject. V ertica l lines indicate 

stim ulus onset. The calibration m ark e r indicates 10 uV unless o th e r­

w ise specified. Negativity is downward.
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F igure  B. Averaged evoked responses from  six  subjects to paired 

flashes of 10 and 20 m sec duration with an ISI of 200 m sec. The 

targe t luminance was 4. 3 mL, the m ask  luminance was 38 m L.

V ertica l lines indicate stim ulus onset. The calibration  m ark e r indicates 

10 uV unless otherw ise specified. Negativity is downward.
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F igure  C. Subject D. L. (top left) Left hem isphere responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions (top left) seven days la te r .
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Figure  D. Subject J .M . (top left) Left hem isphere responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions seven days la te r .
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Figure  E. Subject M. O 'C. (top left) Left hem isphere responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions 10 days la te r .
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Figure  F . Subject P . C. (top left) Left hem isphere  responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions seven days la te r .
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F igure  G. Subject G. A. (top left) Left hem isphere responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions seven days la te r .
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Figure  H. Subject M. B. (top right) Left hem isphere responses to 

conditions (1), (5), and (6). (top right) Right hem isphere responses 

to conditions (1), (5), and (6). (bottom) Repeat of left hem isphere 

conditions five days la te r .
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F igu re  J . The averaged evoked responses from  six subjects to 

binocular viewing of paired  inform ational stim uli with the le tte rs  TYU 

as TS and PM3 as m ask. The ISI was 50 m sec  (condition 5).
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F igu re  K. The averaged evoked responses from  six  subjects to 

binocular viewing of paired  inform ational stim uli with the l e tte rs  

TYU as TS and PM3 as m ask. The ISI was 200 m sec  (condition 6).
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T able A

P erso n a l Data on O lder Subjects in the WORD Group

Subject Sex Age Y ears of School Occupation Mean ISIC for 3 TDs

F . D'O. Fem ale 65 15 W aitress 11 m sec

F . L. >f 65 12 R etired  S ecre tary 88.6 "

L . Z. It 78 16 Employment
M anager

22a 0"

P . B It 70 16 R etired
L ib ra rian

38.3 "

I. M. Male 68 16 R etired  Whole­
sa le  G rocer 139.0 "

G. B. Fem ale 71 14 R etired  E ditor 48.3 "

M. P . II 69 16 R etired  S ecre tary 129.0 "

R.*W. II 62 14 S ecre tary 33.3 "

H. S. It 69 18 R etired  Health 
Educator 10.0 "

J .  A. Male 66 17 R etired  Music 
T eacher 175.0 "



T able  B

P erso n a l Data on O lder Subjects in the LETTER Group

Subject Sex Age Y ears of School Occupation Mean ISI for 3 TDs c

G .  G . Fem ale 64 16 N urse 33.6 m sec

D. Y. Male 70 16 R etired  Window 
D esigner 183.3 "

F . L . Fem ale 69 16 R etired
Bookeeper 203.0 "

D. L . n 65 16 A dm inis t r  ative 
S ecre tary 11.0 "

S. H. tt 69 18 R etired  Language 
T eacher 62.6 "

S. M. m 62 12 R etired  Switch­
board  O perator 166.0 "

K .  C . it 74 15 R etired  F u r 
Sales 160.0 "

E .  K .
ii 63 12 Housewife 171.0 "

H. S. tt 60 16 Photographer 19.0 "

A. P . H. tt 73 20 + Psychoanalyst 21.3 "



T able  C

P erso n a l Data on O lder Subjects in th TRIGRAM Group

Subject Sex Age Y ears of School Occupation Mean ISIC for 3 TDs

A. C. Male 61 15 R etired  C lerk 165.0 "

F . a Fem ale 78 16 R etired  N urse 190.0 "

M. C. tt 67 13 A dm inistrative 
A sst. CUNY 218.0 "

E. R. II 63 20 R etired  T eacher 170.0 "

H. W. 11 72 20 + R etired  Chem ist 220.0 "

A. N. 11 67 18 R etired  S ecre ta ry 210.0 "

E. S. 11 69 18 R etired  T eacher 105.0 "

S. H. 11 67 15 T eacher 29.0  "

J. s. 11 70 15 R etired  Dental 
Hygeinist 220.0 "

L. K. 11 69 12 R etired  Civil 
Servant 110.0 "



Appendix E l

-1 2 4 -



Evoked P o ten tia ls from  all Subjects in Experim ent II

The left column of F igures L and M show the averaged responses 

from  the left hem isphere of ten young subjects to 60 stim ulus p re sen t­

ations in m asked condition (2) with both ta rge t and m ask presen ted  at 

a duration of 10 m sec with an ISI of zero  m sec, and at a lum inance of 

4. 3 m L. The cen ter trace  of each trip le t rep re sen ts  the waveform; the 

upper and low er traces show the 95% confidence lim its of each data 

point on the waveform . The single trace  above each trip le t rep resen ts  

the response of that subject to the basic EEG (noise control) condition.

The right column shows responses from  the right hem ispheres of 

the sam e subjects in the sam e conditions. They a re  alm ost identical 

to the traces  obtained from  the left hem isphere.

F igures N and O show responses of ten o lder subjects to the sam e 

conditions rep resen ted  in F igures L and M by the young sub jects. 

W aveforms from  the left hem isphere a re  shown in the le ft column and 

those from  the right hem isphere in the right column.

F igures P through S show the averaged responses from  the ten young 

and ten o lder subjects to the unm asked condition (3) in which ISI =150 

m sec for the young and 250 m sec for the o lder sub jects. Both target 

and m ask  w ere p resen ted  for 10 m sec at a lum inance of 4. 3 m L. Again, 

responses from  the left hem isphere a re  shown in the left column and those 

from  the right hem isphere a re  shown at the right.

V ertica l lines indicate stim ulus onset. Negativity is downward.
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Figure  L. The left column shows the averaged responses from  the left 

hem isphere of young subjects 1 through 5 to 60 stim ulus presen tations 

in the m asked condition (2) (TS = 10, MS = 10, ISI = 0 m sec). The lum ­

inance of both TS and MS was 4. 3 m L. The cen ter trace  of each trip le t 

rep re sen ts  the waveform ; the upper and low er traces  rep re sen t the 95% 

confidence lim its for each data point in the waveform . The single trace- 

above each tr ip le t rep re sen ts  the response to the noise control condition 

from  that subject. The righ t column shows the responses from  the right 

hem isphere of each subject in the sam e condition averaged at the sam e 

tim e as the trace  from  the left hem isphere. V ertica l lines indicate 

stim ulus onset. N egativity is  downward. Stimulus viewing was dichoptic.

-1 2 6 -



.w
_  ♦ • m 4  **» ♦ • • * <***** 1 ^ » /♦« #* • *

-  //v .

y p f i  v : -
YPF3

o  •• v x > .
• .v /v - .V

✓ A

’« •

*•• rI s '+ S '+ . ' .u j
—T  V  *•• /•*I * ••—• .•
Y IB l

»V  • /  •✓"••. /•  :  ✓ .H **•-,
/  ••* /■ v~ ’-.I H I  * . * * M

••-•* ; v/ - V /

•»* _/-% •—
—*.•

V **•

V *

«l

. /*-.* .. 
V* V*
V - '

Y I B 3 '

ICO
msec

••• j  . ••
-T V .-*  •* .* •••
■ v v i - y

rYisr

• .  V I 10 uV
,* *• \  • ** •• • • 1 • # • • «,. «* ♦ „  * • M •S • • . .M. *•  ̂ • * * ***» • #*1 • . • « • ,<

*.•-••• * /* l' /•«

.v~w-

71E3

v'*x
♦

/ *

• v ' A  /  *  / .
/*

' ■ " V /  V'*. . / / • • . / , *
*0 ' J * y  m P  +*« / ' /  yX '  '» /  v  •• V  /y

V  V /v  V
• •*' I  — ^

J""
1 —1 v

/V v
^ /  s."',',

, - S ;
. y

'/v .
r  «•

"/
» <

1

• *• y,,"," / v  »

/^ /r < r O
YJB3

YJT31
* r* '

'/', -v • /  
/ ' •  /  '

y y

V
1 I I ?  I  I  I  ■ * ■  i  ■

i I A  I § M i  ■ ! 4  I m  1 i !■ ■ ■ ■ 1 ^  ■ I » ■ ■■■-  4 1 1 1 * * "   '" * ■ » ^  ■ > 1 ♦ * * -

N ‘ a  1 .. > v  ; { : ; •
Y - K K L  p z  | j Y E X 3  * fYKL3

-1 2 7 -



F igure  M. A continuation of F igure  L showing the responses of young 

subjects 6 through 10 to the sam e conditions as described  in F igure  L.
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F ig u re  N. The evoked re sp o n ses  of o ld e r su b jec ts  11 through  15 to

the s tim u lu s  conditions re p re se n te d  in F ig u re s  L and M.
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F ig u re  O. The evoked re sp o n se s  of o ld e r su b jec ts  16 through 20 to

the stim u lus conditions re p re se n te d  in F ig u re s  L, M, and N.
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Figure  P . The left column shows the averaged responses from  the left 

hem isphere of young subjects 1 through 5 to 60 stim ulus presentations 

in the unm asked condition (3) (TS = 10, MS = 10, ISI = 150 .m sec). The 

lum inance of both TS and MS was 4. 3 m L. The right column rep re sen ts  

responses from  the righ t hem isphere to the sa m e  condition averaged at 

the sam e tim e as the trace  from  the left hem isphere. V ertica l lines 

indicate stim ulus onset. N egativity is  downward. Stimulus viewing 

was di chop tic.
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Figure  Q. A continuation of F igure  P showing the averaged responses 

of young subjects 6 through 10 to the sam e conditions rep resen ted  in 

F igure  P .
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F igu re  R. The left column shows responses from  the left hem isphere 

of o lder subjects 11 through 15 in the unm asked condition (3) (TS = 10, 

MS = 10, ISI = 250 m sec). The righ t column rep resen ts  responses from  

the right hem isphere to the sam e condition averaged at the same, tim e 

as those from  the left. V ertica l lines indicate stim ulus onset. 

Negativity is  downward. Stimulus viewing was dichoptic.
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F igure  S. A continuation of F igure  R showing responses from  o lder 

subjects 16 through 20 to the sam e conditions as those rep resen ted  in 

F igure  R.
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