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. The relatlve avallabillty .of verbal and plctorral
memory representatlons‘for plctures and words was examlned
in a vlsual matchlng task w1th reactlon time (RT) as the

?? dependent variable . Unfilled retentlon 1htervals of .5, 2, -

or 8" seconds were employed to estlmate the effect of temporal

\ - n

.. parameters upon such, memory representatlons._ In Experiment

I, Ss were unaware of the format (plcture or word) of the

.

‘_jfrrst.or second-stimulush.whlle-Experlment 1T 1ncluded bloéks‘

. -
- '

“of trials in whdch the format' of the®second stimulus was
e : oo - 0 .

. known. .The results from both experiments suggest- that yishalj
X and ;erbal.memory,codes-are %?generalveg%ally available‘

o for ;ictures, whiie-the yerbal~code'is¢more available,for
WOrds:: Thus, verbal labelllng of plctures 1s-ea51er than

‘1mage generatlon for words. In addltlon tHE(v1sual code

for plctures seemrs to decrease in avallablllty more rapldly

-

than the. verbal. code w1th 1ncreas1ng delay of _the second

]

'-stlmulus, a result whlch mlght bejﬂue to a hlgher tendency

1

1 te use°verbal rather thai V1sual ehearsal 1n short- term

© i . . . s . )

memory. ‘ ’ S o
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\m terms .of the 1nformat10n that they provrde concernln,g the

| INTRODUCTION ; ... 5
P %

A con51stent flhdlng in a w1de varle.ty of nmemory task.s .

" is that pJ.ctures are more ea51ly remembered than words, The

flrst sectlon of thls thesrs w1ll g:ev1ew some of the research

demonstrat:mg th:rs effect’ in free recall recognltlon memory, ,

verbal dlscrlmlnatlon learnlng.(VDL) » and paired associate .

[

“learnlng (PAL) 'ﬁ‘heor:et’i\cal discussion of. impr'ovéd picture

'relat:.\?e ava:.labrl:.ty of 1mag1nal and, vezzb<l memory. e\odes

nemory w1ll Center on Pa1v1o s (1971) two- process explanat:ron

which stresses the differential avallablllty of verbal and

1mag:.nal memory codes= for plctures and words. Some experl—

L
ments. latlllZlng sudcess:.ve matchlng tasks will be, dlscussed

'and temporal factors affect:_ng the ava:.labll‘lty of such codes

>

A

&
4

o

@

-

The, .Present experlments attempted to explore the avallablllty

of lmaglnal and verbal niemory codes over tlme through the use

1 M o

of a su¢ceSs1ve wvisual matchlng task J.nvolvmg plctures.and

a

words and dlfferent unfllled retentlon interva s, The ~
P

ratlonale “for these experJ.ments and' ‘some general predrctrons S

|
concernmg the speed of various matches J.n this task will

e’ Il

conclude the J.ntroductn.on. - - ’ . S

| o ' 8
N ' a . .

A number, of experlments usn.ng free tecall as the

memory task have demonstrated that ObjeCtS or pictures of : ,

obj ects are recalled better than their correspondlng verbal - | -
Labels. Lleberman and Culpepper (1965) showed J,mproved recall

for both objects and their plcthr‘és as compared to their word

labels with both srmultaneous .and serlal presentatlon of the,

<
»y



stimuli. ,-Superior recall for pictures:‘of objects as compared

* to” the ‘objects names was repllcated by PalVlO Rogers, and

’

Smythe (l~968) Memory for plctures as compared to word labels

lS enhanced not only when. free recall 1s lmmedlate and ex-

'pected, as in the above studles, ‘éu, also when recall is

Jr t
u \I

< delayed (1 day) and :an1denta1 (Sampson, 1969, 1970) . Addlt"

ional support for 1mproved free:* recall of plctures regardless

o

-of instructional set was. prozviid‘ed by Paivio and Csapo (1972)

in a serles of experlments 1nvolv1ng several orlentlng tasks

. and standard free recall w1th 1nc1dental or 1ntent10ngl

1earn1ng instructions. Pa1v1o and Csapo (1969) demonstrated

improved free'rec_all of pictures with a slow presentation

. r\ate (2 items per sec.) but not with a fast presentation rate’
» * : »

(5.3, itéms per sec,) sugges'ting £hat preserntation rate may
be' an lmportant factor in obtamlng the effect Ducharme and
[

'\‘Fralsse (1965) obtalned better recall for p1ctures than their .-
.word labels with adults but the oppos:.te ‘with 7 and 8 year A

. ) old childreh lndlcatlng that there may be developm,ental limit- "~

]

fatlons to J.mpr ved free recall with plctures. However, th:Ls

apparent exc tion to - the rule of picture superiority in:-

. : , \
free recall has been questioned by the results of Cole,

-

Frankel, and Sharp (1969) who found that objeécts and pictures

.were consistently easier'tp remember than words bﬁr children

’

in all grades one through nine; Thus, in general, the
< ' - ‘ .
available evidence“supports the contention that, with free .

recall, objects and plctures are better remembered than their,

word labels. -

+

. .
.
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Wlth recognltlon memory the ev1dence also supports‘

v

1mpr.oved retentron of plctures 1n comparlson to “their word
} S

labelsr Several )nvestlgators (e g‘ Nlckerson, 198657 Standlng, N

. Conez:.o, & Haber, 1970) have demonstrated the ex1stence of
‘ an %;remely large. capac:.ty memory store for recognlzlng
plctures. The Ss of Standing et al. (1970) performed w1th

90 5% accuracy in ch0051ng the old 1tem from a pair inhoto—
0

graphs after hav1ng 1nspected 2560 photographs for 10 skc.

P4

. each, OVer a period of several days,. In recognltron memory -

!

L experiments 1nvolv1ng direct comparlsons of plctures and” mfords,

-

) recognJ,tb.on performance ~for plctures is Stlll Superlor. o

‘
i

,Shepard (1967), 1n an experlment'whlch employed 600 stlmull,

e [e}

£ound -98%, 90%, and 88% accuracy in the recognltlon of old as

&

- compared to new stimuli for plctures, ,sentences r- .and words
" . LY - .

r”espectlvely ’ Snodgrass, ,Volvov1tz, and WOlflSh (19'72)

demonstrated 1mproved recognJ.tlon of plgtures as compared to
$

words however, ‘a Zplcture and its word label presented .
NG > '
smultaneousldeld not result in hlgher recognltlon than .

v

)presentatlon of a plcture alone, suggest:.ng that Ss elther .

4

1mp1101t1y label’ plcturesf—‘!aés they are presented or that they
"attend to the plctorlal materlal alone. when exposed to both

’,\ L]
a plcture and a word. Jenkins, Neale, and -Deno (1967) used

a recognltlon task. in which Ss viewed successively presented

» stimfali and, then were asked to 1nd:n.cate whether .the test

stlmull were old- or new,- The stlmull for study and test ]
phases were elther all plcturesgor all words dependlng upon

the partlcular experlmental condition. The four conditions

-3 R B V-



. memory was . repl—icated. Enhanced recogm.tlon memory for

) word pairs on both ammedlate ‘and delayed (1 week) tests

_:words and found enhanced— recall for plctorlal stlmull as

) .
- \ '

were (see) p:.cture—“( ecognlze) plcture (PP), plcture—word

(PW) ’ wOrd-—word (WW) , and word-pw‘turé (WP). The PP condigeion i

4

"resulted in hlghest recognltn.on iollowed by PW and WW con-

‘dlthnS, Wthh were equlvalent, and flnally the WP condltlon.

'I'hus," the superiority of \‘plctures over . words in recognltlon

A

.,

plctures is, observable w1th prlmary and pre- -school chlldren o

- ‘

(Corsini, ,Jacobus,x & Leonard, 1969; Dav:.es_, 1969) J.n‘drcat;ﬂmg

s -

that the-efifect generalizes over :seirer_al age ranges.

* ' The beneffcial effect of picturesiover words is also -
Iy et -

evident in ;{IDL.. Rowe and Pa1v1o (1971) demonstrated s:Lgnlf—

'icantly better dlscrlmlnatlon of plctureg than- words, a result

r
-

,whlch .was. repllcated by Rowe (1972) and e,xtended to show that

J.t held regardless of response type (verbal or non-verbal) ; -
C~—

' ~presentatlon paradlgm, or aqe of the Ss.

Enhanced plcture memory ls' present J.n a number of
14 N
studles 1nvolv1ng PAL.. One of a serles of experlments by-

Epsteln, Roc};, and Zuckerqnan (1960) dfmonsLated that plcture

i

' palrs were more easn);learned f\han word palrs. Yarmey and

'Barker (1971) reported hlgher recall of plcture palrs than

‘suggestmg that the effect is relatlvely stable over t:.me.

'W;Lcker (1970) used colour photographs, lJ.ne draw;Lngs, and

1

compar-ed to' verbal. A series of experlments by Wollen and .

Lowry (1971) demonstrated increased recal of parred assoc:.ates

4 ¢

'when p:.ctures contalnmg both stimulus and response terms

Lo . -oN ce
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a effect/has’been clearly“demonstrated‘ih-PAL; f

1

L - : “ . - : . .
- ° - . N . \3 . .3 .
. . <. - . . o Lo .
T . . . : v t N . ‘. @ ‘5.
©o- . . . - B : -

accompanied the.noun-noun pairs. Thus, the picture-word N

De splte the con51stent superlorlty of prctures over
°words in the above tasks,'one memory task 1n which plctures v

»
. -are not, in general better. rec&lled “than the1r word labels

t

is. SErial recall, Although some 1nvestlgators (e'g. Herman,

~~~~~ . 5,
~_1eaﬁnlng with plctures, thls flndlng 1s atyplcal Pa1V1o_

and Csapo (1968) reported that w1th fast presentatlon rates
[ - ° .
(5.3 items” per sec.), word recall was better than plcture~ a

[ A

recall in, sequential memgry tasks (memory span ‘and: serlal

. learnlng), however,- there were no dlfferences w1th non-
. . s - . /‘
sequentla; ‘tasks. Slnce the fast rate ‘was suff1d1ently rapld
. . . . J ¢
to prevent implicit labelling of plctures-and word recall

- . ’ , : . : .
exceeded pict&Ze recall in sequential’tasks at;iast rates,

" " the argument is made that the verbal code is ﬂecessarj for

serihl'recall' Therefore, the apparent 1nferlor1ty of plctures
. §

in serlal verbal recall may ‘be explalnea by the verbal code%

l

belng'lesS'avallable with plotures presented at a fast rate

° a
o . . . .

‘thus resulting in‘decreased recall. N - e

4 € . .

This 1nterpretatlon was supported i an‘experiment
by del Castlllo and deenlk (1972) whlch employed famlllar

)? unfamillar forms as stlmull ~and the samé- presentatlon rates

Pa1v1o and Csapo (1969). It s .assumed . that famlll!; forms

Would more r.adlly evoke‘verbal encoding and’ hpnce they should

be more affected by the presentation rate than’ the unfam#liar

‘g . o

» . - . .
L N f - -
-~ B . v

.

. f . .

¢ f . . ! ' g N B¢ My
. . . L.

“ _:forms. -This prediction was confirmed and a further experiment ’

A

LS



&

,immediéte-memory span and serial learning} although ‘this

heriefly, the theosy contends that easily—hamed pictures and

[ .

N .
° » 4.

'demonstrated that providing Ss with additional experience

Gén
'~‘ . f . e

with thexﬁnfamiliar figures through the use of multiple'test

[ ‘-..__

'trials resulted in equivalent recall for famiiiar;andlun—

familiar figures at the slow presentation rate.: ' It was argued

' that the addltlonal experlence resglted in development of a-

f .
usable verbal codé for unfamlllar forms. The comblned ev1dence

’

suggests that lower serlal recall_ﬁor*plctures.or forms as s

compared to words may depend on the use of fast presentétion

- rates which serve to decrease the availability of the‘qerbal

.

code.

-

:In summary; the sum of the evidence cleqily ihdicates

that pictures are remembered better than words i most, if not

all,_nonsequgntlal memory tasks.' Other evidence suggests that
)

i

‘this.difference_may be reversed for sequential tasks such as

Yeversal may be rgstricted to rapid presentation rates which
1nh1b1t or prevent lmpllClt verbal labelllng of plctures.

The observed. superlorlty of plctnres over words 1n

the tasks-mentioned above has been explained by Paivio (1971)

'in'terms of a dual coding or twé-process theory of memory.

~N

-

objects-readiiy arouse both a concrete memory representation

(an image) and; to a*lesser extent, a verbal label. With
concrete (High imagery) and abstract (low imagery) words the

verbal code is equally avallable, however, the 1mag1nal code,

-

is more available f@r concrete words. It 1S'further assumed

that the verbaf/code for ea51ly named plctures is. more readlly

'



\e-

‘ avallable than the‘imaginal code for cdncrete"words.;'These
assnmptlons are based primarrly on,reactionrtgme (Rj) data’
reported by Fraisse (1964) who demqnstrated that words‘can.
be read faster than pictures—aanjbernamed} and Paivio (1963) !

who showed that the latency of image arousal is faster for

‘concrete than anstract &ords. These RT data suggest that

4

image arousal to words requlres more t;me than verbal coding

. -of words or eas1ly labelled plctures. ‘Thus, the comb;natlon
‘ of 1ma;rnal.and vergal codes make pictures eg@iest to retriege
followed b; concrete and abstract words in that order. The |
verbal and imaginal mémory systems are assumed'to_be independent
.and can te used in combination t8 allow for'additive”effects‘
x ' of the two types 6f codes. |
Evidence for'the independence of verbal and visual -
codes comes'from experiments by Bahrick and;Boucher (1968)
and Bahrick and Bahrick (1972), who demonstrated that Verbal
recall and recognltlon performance was uncorrelated w1th visual
reoognltlon performance. Nelson and Brooks (1973) found that
phonetic similarity‘depressed PAL when the stimuli werel' )
presenteéd as words but not when they were presented as plctures
- -unless Ss-were requlred to overtly nanme - the plcture stlmull.
From these data, the argument is made that_plctorlal represent—
'atipns‘qan function as memory codes independently of their
corresponding Qerbal representations. g
Supporf for the additivity assumption may be‘drawn

from a series off eiperiments by Paivio and Csapo (1972) who

_'-foﬁnd that repeating a picture as ‘a word or a word as a.
. , [N o / ) A
! iy ." , . 13



‘picture in a standa%d-freevfecall list resulted in increased

e

recall as compared ;to simply repeating a picture or a word

in their original form. Their results further suggested ‘that

~ the imaginal code has a two-fold superiority over the verbal

. code since the- single presentation of a picture doubled the

probability of recail as compared to the single'pfesentation

¢

of a word. In addition,.répeatéd presentations of a word

rd

resulted in recall equivalent to a single presentation of a

picture. The results from a number of experiments involving

»

several different types of memory tasks are interpretable
within the framework of two-process theory (e.g. Paivio &

Csapo, 1969; Paivio, Rogers, & amythe, 1968} Rowe & Paivio,

v

1972). Qi

‘A further memory task which provides information
fconcefning relative visual (imaginal) and verbal code avail-
ability over time involves the successive matching of pictures

:

or forms and their word labels with RT as the dependent
var;able. ‘For example?-Tversky (1969), déing schematic facesn.-
with well-learned nonsense names, varied the frequenby of
occurrence of the second to-be-matched (test) stimulus as a
picture or a word for a givep sesgionﬂ Thus, in a single
seséion, the‘tgst stimulus might be a- picture 7;% of the time'.
and a word 21% of tﬁe time, in which case a picture would be
‘the “expeqted"astimulus. For half of the sessibns the expected
stimulus was a word, for the.other half a picture. Tﬁe inter-

stimulus interval (ISI) was constant at 1 sec. Same-different .

,RT% were significantly faster when the second stimulus .was in

iy
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thé expected form regardleés Qf the form.of the first (mémor&f
stimulus. For gxpécted'gtimuli‘qnd with both same‘and different
responses, the fastest RTs were obtqinea with‘picture—picture
compérisoné.‘;Frqm the results,’Tversﬁy afguéd that Ss éan
encoée a given stimulus as either a picfure or aAword'deéendinq
- upon their expectation of ‘the form in whicﬁ tﬁe test stimulus
will be éresehted. nIp terms of the félati;e availébility of
,fpictorial and verbél godes, tbe résults suggest that Ss cén; . '
denerate a pictoriai code fér wérds and a verbal code for . ;
pictures and efficiently maintain these generated codes for at .
least 1 sec. Howéver, the ﬁicéorial code for pictures appeared
to be easiest to maintain since picturé;pictuié expec#ed com-
.parisons were ‘the most.rapid.. i

- Cohen (1969) investiﬁated pattern’to pattern and -
description to pgttern compérisons while ﬁanipulating‘ISI and
“the level of cbmple#ity of coloured geometric patterns @hich,
varied in the number Sf relevant stiﬁulus attributes. with
high complexity patterns (wﬁich are presumably closest to
pictures) énd same responses, the‘pattgrn to pattern matching ‘ 3“}
condition was superior to the descéiptiop to pattern condition - \
at both the shor£ (1 seé.) and’long‘(S sec.) -delays suggesting
that the vistial.code was more available than the verbal code

. \
with these particuld& stimuli for at least 5 sec. ‘=

Additioﬁai informatién on relative code a&ailability
as inferred from matching speed is available from aﬁ expgriment
by Wingfield (1968) in which Ss ﬁeard the name of a common or
rare object followed 5 sec. later by a picture of the same of
B I S ' Lo

v



"a different object. Another condition involved picture-

=

picture comparisons. Subjects were requlred to make same-

.

different judgements. Thus, there .were condltlons roughly

analogous to the word—plcture and plcture—plcture or pattern—

. pattérn condltlons of other experiments, although-it 1s ——
¢ : .

; impthant to note thal the name was presented au;ally rather
than visually. It is, however, teresting that plcture plcture
comparlsons were s1gn1f1cantly EZ::;:\E:ép word- plcture, ‘
reafflrmlng the contentlon that Eﬁ//v1sual code can be

a3

efflclently maintained for 5 sec.. “

To summarize, the experiments gsing‘successive'maﬁching
taska indicate that the visual code is more available than
the‘corresponding;vafbal code for delays up to 5 saé;' Thus,
Tversky (1969), Cohen (1972), and Wingfield (1968) all demon-

strated faster matches with pictures and patterns than w}th~

k=

word labels or descriptions. Tversky's results,alsé suggest
that code availability may be manipulated,by‘varjingrthe

frequency of occurrence of the test stimulus as a picture or-

a word. ’ g

An important aspect of the Cohen (1972) and Wingfielad
: . o0 . v

"(1968) experiments was the .fact thatﬁgs were always.aware of

the format in which the test stimulus would occur. The results
of Tvérsky (1969) showed conclusively that knowledge of the

form in which the test stimulus occurs 'is a critical,factor,

~
v

‘in that Ss encode the memory stimulus in a manner which will"

be congruent with what they axpect'the'test stimulus to be.

.

Thus, the results of'these RT experiments reflect coding

LY
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",capabilities rather than preferences since Ss were aware of
. P . .
the form in which the to-be—matched stimulus would occur

The initial experiment of.the"present investagation was con-

. N ! - . . Q:*b
cerned with the question of the relative availability of the

- / . : '

) \ ' . » ]
pictorial and verbal codes for pictures and words in a situation
N ) . A

where it is impossible to predict which code will be.the most
advantageous to maintain. Tyérskyls‘résults indicate.that P {
Ss are able to maintain one code or the 6ther; the present
'experiments sought .to discover whetner both verbaiﬁand visual
codes might be maintained together nith equal efficiency‘orer‘
time. Thus, 'in Experiment I half of the stimuli were words; .

_Qalf~pictures, Subjects never knew in advance whether the

-test stimulus would be a picture or'a word and thus there - A

.'. ‘

swwas no ,advantage in single {(verbal or Gisual) encoding&of : ~j3
the memory stimulus. In fact, it would be most advantageods '

to maintain both a verbal and an 1maginal code for the memory . e

- stimulus if p0551b1e and thus be prepared for anf type of |
comparison .“Experiment IT1 investigated the case where Ss were
forewarned of the test stimulus format and hence were proxided

with the opportunity to concentrate on the ma1ntenance<é;”a N
single code_alone. The matching task in both experiments

reéuired Ss to decide whether or not; two successively presented L
stimuli had the same name'and to indic%Fe their decision by

a key press response. The stimuli for a single trial could

be easily labelled pictures, words, or:one of each.  Comparison //}
speed was the deéendent variable of primary interest. The

rationale for estimating code availabilities centered around

- ) -



the supp051tlon that if the imaginal (plctorlal) code for.
( - a plcture,ls more readlly avallable ‘than the verhal code for

the same plcture, at a given delay, “then matchlng speed should -

) L )
«w . - - . be fac1lltated by the re presentatlon of the same plcture as

opposed to the presentatlon of the name of that plcture.f

5 Slmllarly, if the verbal code for.a word is predomlnant, RTs

*fshould be faster if the word 1s re—presented than if ‘the -
1

‘ correspondlng plcture is presented

The above loglc resgmbles.that psed'bx Posner_and his
"associates (Posner,'hoies, Eichelman, & Taylor,51969; Posner.‘
:\Ll A Keele, 1967) in their 1nvestlgatlons Posner and Keele ; .

‘(1967) compared matches of phys1cally 1dentlcal letters e.'g.'n
.- ‘ AA) with matches gt letter pairs whlchmhad the same name“%nly
R f(eig..ea) over delays of 0, .5,.and 1L5 sec. The underlyinq
vassuﬁptlon was that if physically identlcal-matches are
. faster than name matches, then a v1sual code whlch maln?ained
v N .
' the phy51cal ropertaes of the memory stlmulus is’'present at
;the time the match is made. If no dlfference in¢<a phy51cél
versus a name match exlsts, then v1sual information has nof”i'
been preserved Posner and. Keele . (1967%) found no SLgnlflcant
dlfference between physical and ndme matches w1th a 1.5 sec.
deﬁay, a flndlng répllcated by Posner et al. (1969) after a
2 sec. delay. . These flndlngs led Posner-(1970) to suggest v
:that the bisual code may ‘be highly susceptdble to decay and
" that it_exhibits little evidence of.consolidation: These

results obtalned with letter matches . may not apply to -

3 PR |

plctorlal stlmull since the use of letters might encourage

A . ~

[



." _. ' - ‘11. . ' .13.-;5;

verbal rather than®visual coding. Howevery‘the use of
o L - T ’ - "

-Vpiétqres might result in maintenance of the visual (imagindl),

) “

'CQdecfo; periods longer than 2 sec. ' This ‘suggestion was

v . , A

explored in the present ihvestigation by inclusion of deléy ’

.

B AN
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intervals of -.5,.2, and 8 sec. bétween the to-be-matched .+ . e

.- 5 ¢ ’
N .
items. .
s
. . -
.
N -
- e
5 -
. fq /
- - \ v
' . ] “ -
- . .
0 { .
. N ]
. a
' -
. . ; .
~ ° . 4
»
Py g
i % '
s , . . - .
. T : 3 :
' - .
-
¢ /
. e
—
-
“ - 1 »
N . 1,
-
. L -
. N [
N
s .
e 4 ] B
A N L] N
. - .
i . s .
' - & 1.y
AY i
.t R LN
. } R -
. -
> . ‘ - -
1 .
- - Al
A ’ @
‘
' Te
. ‘ . 1
¢ . . s I
@ .
“ 4
A » a
v ki
- N . .
. . /7 ® . [}
goow.
L SV . .
LS
> o
Y
e " . .
! ¥ , . . .
« ¢
N v
i
v-‘ -
- '
N .
e -
. .
o B ~
.
.
i 4 " -
\ . BN
¥ . . . ) . N . 4 . xR,
e . re [ B o .
' a
o f T
. L - .
& s 4 ﬁ
'
'
- a , h
w3,
I} -
' . -
1} N - \
» ~
¥ - " - .
54 . . { . "1
\ )s . . -
.
& ’ - .
. . .
y - X
N



" warm,
.

"EXPERIMENT I

""" Method

Subzects. VTHe'Ss were, 12‘undergraduate volunteers
(6 males) from Memorlal University paid $2. 00 pér session for
. partlclpatlon in the experlment. All Ss were rlght-handed
| AEEaratus The stlmull were progected onto a plaln.
white screen by a Gerbrands Model Gl171 progectlon tachisto-
;'seope. The tachistoscope 1ncluded two prOJectors and a half—

, A .
-sPlvered mirror whlch focused the slide from each projector

*

on'identical areas of the screen.n7The‘én'and’off duration of
' each slide was controlled by the loglc unit of the prOJectlon
' tachrstoscope Two keys, 15.24 cm.. apart, were used by the
Ss . for responding. A Hunter Timer, Model 1520,‘digita1_display,
indicated the RT: in msec. 3

- Experimental Design. .Thg experiment'invplyed_an‘:l

8x3xl2 factorial .desibn with 8 different stimulus comparison

. types, 3 different delay'intervals, andflé Ss. The different

comparison types are summarlzed in Table 1.

.

giggg. The experlmental stimuli con51sted of 90,
35 mm, black and whlte positive slides. One—half of the slldes
.- were pictures (line drawings) which were ea51ly—labelled (e.qg.
tree, ehdrch, bbxl; the other half were the word labels of.

the"pictures. The pictures were chosen on the basis of
'labelllng conSLStendy as 1nd1cated by the" Unlve£51ty of

9

'Western Ontarlo norms (Palvio & Csapo, unpubllshed) The

'.plctures were labelled, w1th at- least 80% accuracy by a

normative sample of Western undergraduates For 28 of the

B :h'\'i
»
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; . TABLE 1 .o
, Types of Comparlsons { Exéerimenﬁ I 3
Stimulus Stimulus Abbrévia#iod Correct
Y 2 ) e ‘Answer .
A Co . Matches.
Picture ' picture ‘I(Sa:me) ' . PP . Same . T e
Picture wWord . (1a1$el of o i C PW , - Same
:  Stimulus 1) : S B
: f . . Cv . .
Word .. Word (Same) , e WW - N Same .
7 Word ‘ Picture (label of ) WP S _ Same D
i ‘ e which is Stlmulus 1) : .
— nl
S . . Mismatches ' S ’ ' .
\ ’ ' - RN 2
- | . ‘ : ’ . . . i .. : » . t
.Picture = Picture (Different) '~~~ PP Different
Picture . Word (not the.label of°  PW Different
- _ . Stimulus 1) . '
© .. Word ' ' Word. (Different) = . WA . Different
Word - Picture (label of WP .. Different
T which is not Stimulus 1) R
\ i [ o
b i ,
q t
-8 . ’
] : y . ' . . . e -
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word: labels of the pictures the Thorndlke Lorge frequency

was A or AA, The mean frequency of\the ;emalning 17 labels

was 26 per milllon;

) R ' 3 )
Each of three testing sessions consisted@ of five blocks

’

of 24 trials for a total of 120 trials per session. “The

sequences of comparison type, delay interval (.5, 2, or 8 :

sec.), and the actual stimuli chosen were randomized within. -

- o ™~

blocks with the following restrictions. First, each block:

contained an equal number of each comparison type and delay

interval. This meant that there were also an equal number of -

-

same and different responses (12 each) W1th1n each block and

I3

hence w1thin and across seSSLOns. Secondly, the same interval

or type of comparison occurred no more than twice in. succession

and the same response (same or different) ‘no more. than three.
imes in succession. Restrictions on the random selection e

procedure over all thrge sessions 1ncluded the reqUirement ;

sthat each item occurred equally often as a. picture and-a’ word
»and that each item was used in"each'of the eight types of

comparifons and three'delay intervals.. In addition each item
o .

"occurred as both the first and second stimulus in the com-

" parisons.requiring a different response. Finally, at least

[y

10 trials intervened’between successiVe occurrences of the ~

same 1tem as either a word or a picture. T “

.

The random sequen01ng of conditions coupled w1th ‘the

above constraints resulted in each item being used either

'

- s c NN L
five or six times in the first two sessions ‘and a minimum of

C. , .
four times in the final session. Only. four items occurred N



\/' A ) . 'ﬂl7;'. ‘
foun‘times in Session 3,,the'rest five or six. The freqpency

) « B . . . . ' ’ . y .

of presentation of an item as a picture or a. word’within'a

’

S~ e

given, session reached maxrmum 1nequa11ty when an item was
AT

&;. ‘ presented four times as a plcture (or word) and tw1ce as a .
. s
word (or plcture) ThlS 1nequa11tylwas entirely unpred;ctable.

N

_Procedure. At the beginning of the first session,
each 'S was provided with pretraining in.labeilfhg the pictures
to ensure that the labels used weré identical to the word

slides._ Each picture was projected for.5 sec. and the 5

o 'lfequired-to label it. 1If the spontaneously produced label

corresponded to the experlmentally defined correct' label

,the E sa1d "correct," and prOCeeded to the next sllde If the

produced 1abel did not correspond to the- word slyde, the § 9 o
-was provided with the 'correct' label wh1ch he” repeated aloud

This procedure was continued until all slides were correctly

©

1abelled Pretraining occurred in the first session only. -

Subjects were tested 1nd1v1dually at the same tlme

T

.on three successive days. The first session lasted approxlmately
[ i 4 .

' ' 50 minutes/, the-second and third 40 mrputes each.” Upon com- g

pletion of the prétraining in the first sessiop, instructions -

»

c were given concerning the nature.of the experimental task.

: ’ 9 - . . ‘
The: S was informed that a slide of\a picture or a word would

3

°

slide Wthh could also be a picture or rd, the task belng

’)

ad the same name or

: £ A b ‘

- referred to the same thing. Several examples of correct same 1

to decide whether or not*the two slides

: and dlfferen&.responses were given. If -the two,stiﬁuli‘ ; .

Yot . o : l
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represented 1dentlcal obJects, the S was_to press, the "same".
. -
reactlon key, 1f not he was to press the "dlfferent" key. The

1nstructlons stressed rapld'but acpurate'respondlng Care was.

taken to ensure that the 1nstruct10ns ‘were clearly unders;ood,

. and they were repeated at the beglnnlng of the second .and thqu

E

sessmons. The first block of 24 tr1als in each s 5510n was
consxdered as practlce and excluded from any analysis. SubjectsJ
were told ‘that half of the slldes would be plctures and half.

words. 'For 'half of the Ss—the’rlght-hand key served ‘as the -

'~"same“ key and for the other half’the left key was the "same".

. The Ss were seated 22 m. from the screen at a..table .

on~which was placed two keys and a digital ‘display which

indichted the RT, defined as the time betWeen the onset of the

second stlmulus for a trial and the key press. The RTs'on o

the dlsplay were v1deotaped since there was 1nsuff1c1ent tlme

S

tOorecord them manually.—~

The sequence of events for a trial was controlled by

-

" the loglc un1t of- the progectlon tachlstoscope. The first sllde
was shown for 1 sec. and was fellowed by one of the three delay,

intervals durlng whlch the screen was dark At the end of thlS

1nterval the second sllde came on activating the RT counter.

the counter. "The . 1nter—tr1al 1nterval (tlme between the' ffset

: of the second sllde and the onset of the first slide of the next

l

exposed on the: screen.

trlal) was constant at 10 sec. The cllck'di the advancing slide.

°

. , 1
trays warneduthe S that the flrst slldé%%f the next trlal would

be shown in 2 sec. The room ‘'was dark except when a sllde was’

-‘. N N
o 5 ; 14 . _—

‘, The S's key. press terminated the exposure of the Sllde and stopped

e’
5

-



' given in Appendrx

" Results ‘ ] o . L A *B -, :
.Median RTs were calculated for each type of comparlson

“at -each of the- delay 1ntervals for each S The meansvof these .

T _ e " n

medlans and the percentage of errors for each condltlon are
presented in Table 2. Incorrect responses were excluded 1n
thegcalculatlon of medians., The mean error rate over Bll Ss
and all tppes of comparisons was 2.3%. ) . A.‘.

Same Responses. A 2x2x3x12 anaiysis of variance was.

.t

performed on the median RTs wltb-stlmulus 1 (plcture or wdrdf},v

stlmulus 2 (plctuge or word), delay 1nterval (.5, 2, ‘or '8 sec.),
— N o . '

and Ss (12) as the respectlve factors. The analysis of vapi~

ance summary tableifor thlS and all subsequent analyses are

The 51gn1f1cant factprs in the ana1y51s

were delay 1nterval F(2, 22) 36. 67, p<. 001 Stlmulus 1 x Stlmulus

2, F (1 11) 9 03 p<. 05, and the Stimulus 1 x Interval inter=

. actlon, F (2 22)=3.89, p<. 05. . . _ Lo h

The lnterval maln effect is attrlbutable to 1ncreasin§
2.

7 . :
RTs with 1ncrea51nghdelays.._The mean RTs were 460, 511, and

\

:544 msec. -for the .5, 2, and 8 sec. delays respectively. Thea-.

. ) S . , \
Stimulus 1 (§l) X Stimulus 2 '(S2) interaction is attributable .
to thé fact that, with a picture as the first stimulus, matqées

were slightly faster when the second stimulus was a pictureo',

- e

rather than a word (501 vs. 515 msec.) whereas the'ddfferenqe
S Ny

. was reversed w1th a word as the flrst stlmulus (527 vs. 478

Amsec.). Newman- Keuls tests among the four means ylelded ‘a
_Siénificant°d1ffereqce between WP .and WW means only.= ' ., o

]

. The result of primary_interest involved:the{§l x Delay

[y

. . 4.



" delay interval in. Experiment I. .The error percentages are.

-

b - PR YR

et

.TABLE 2 "

N

' -Mean &Ts in' msec. for each of ‘the comparison types at each -

478" .

K given,ih:barenﬁhésesf L8 ;. o
: T e .
xh Delay '

'_., v - - 2-0 8.0 ’ -}-{. )
SR . 5
Q,'t“:f -~ Same Resdgnses
o _--_“'.:: o S
. L S G ¢ R
PP N 437" 507 558 I 501,
; . (2.5) ©(1.4) C(L.9) .- (1.9)
\\ . R.. . 3 “ . J\ - .
~ WW . 439 478 516"

.1_1(3.e)

(0.7)"

466
(’2-‘3)

498

460 _
(2 l'2)

(0.9)

533
(3:0)
525
(3.2)

J/ )

511 .
(Zfl)f

7

(2.5)

%

545 -

(3.2) °

. 557

(3.9)

. 1544
(2.9)

(1.4)

515 .
(2.9) -
527 -
(3.5)
505
(2.4)

biffefent;Responéés

tav

506 .
(3.7)
524 .
(057)

510

C(2.3) -

524
(3.2) -

* 516

L (2.7)

547
- (0.9)

~ 565

| 564 ..
(0.7

(3.0).

. -A;‘,sso
+(3.2)

! 557

(r.6) .- .

575

T (L.4)

565

(2.5)

548
(3.2) .

595
(3.9)°

571 ¢
(2.3)

548

(1.9)

.545
(1.4)

541

(2.9)

556

7 (3.5)

548
(2.2) -
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- N
1

Interval -interaction. The source of this interaction lS

apparent from Figure ‘1 mhich presents the mean RTs over the
three delays as a function of whether the initial stimulus
was a picture or a-word Matching time for paigf of stimuli -

which involved anlinitial presentation of a picture (i. e.'the

" PP and PW matches) increased more rapidly between the .5 and

2 sec. delays than did RTs for matches i%volving an ,initial
‘ P2

k]

presentation of a word {(the WW-and WP matches), resulting in .

the crossover depicted(in Figure 1. 'The_increase in RT from
.5 to 2 sec;'was significant for both picture—first (PL) and
word-first le)‘matches? ,Numerically iaster RTs occurred
. with Pl than W1l matches at the'?S sec. delay unile W1l matches
' tended to be faster at the 2‘and'8'sec;.intervals. However;
thefdifferences were not signiffcant at any of the delays

. (Newman-Keuls test).

Different Responses. Different responses will be

discussed as an adjunct to the same response results. Less .
%emphasis will be placed on tneir interpretation_due tozthe
fact that mismatches probably.involve different and more
complex processes than matches (cE. Bindra, William, & Wise,
1965; Kreuger,.197§; Seymour, 1969). n é;2x3xl2 analysis of
”’variance“was executed on the median RTs uith s1l, s2, delay,
’ and Ss as the factors. ~The significant effects were’interﬁal,

Fu(2 22)=26. 55, p<.01 and the Sl x Interval 1nteraction,

F (2,22)=3.89, p<.05., The interval main effect was again

I

due to incre;sing RTs with longer delays (mean RTs 516, -

L

-

~ 555, and 571 msec. for the .5, 2, and 8 sec.. delays respectively).

7

t . - . /.-\ !
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'DELAY (sec.) |

Mean RTs .for- ﬁxperlment I saﬁe matcheé

(P1 matches) and for matches involving.

o TanOQV1ng a picture' as the first stimulus

a word as the first stlmulus (W1l. matches)
plotted as. a function of the three delay
1ntervals.
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- The source of the Sl x_Intervz;ll -interaction can be

deri_‘ved from Figure 2 which shows mean RTs plotted over

delays ag_a function of the first.stimulus being a pictire

of a word. The interaction has the same form as that noted -

- with same responses for the .5 and 2 sec. delays in that-

» 4 N . . .
mismatches involving an-initial presentation of a picture

were numerically faster at .5 sec..while Wl mismatches tended
to be faster at the 2 sec. delay. Newman-Keuls comparisons

indicated that the increase from .5 to 2 sec. was significant

)
&

for both P1 and W1 mismatches. However ,” the two types of

. mismatches did not differ significantly from each other ‘at

-

either delay. Thete was an additional re'versai at tﬂe 8 sec.’
delay with Pl mismatcheés resulting ‘in ?r‘\ore rapid RTs than W1
mismatches at this inte}'val althéugh agaip the aifference
between the ‘two types of mismatches was not siénificant |

-daccording to the Newman-Keuls’ test.

Discussion

-

The Sl x S2 interaction v'vit.h sanfe respon.ses reflected
the fact that PP matches were -not significantiy différepj:
from PW, while‘WW matches wére sitjnifié_éntly fast~er than WP.
‘Thus, it seems that both the wvisual and verbal code for a -
*picture are about equally available, while the verbal .g:ode
is more readily avaii.able thaﬁ the visﬁal code withl woxds. .
However, the results are largeiy uninformative regarding the’ \
relétive availability .of visuézl and verbal memory godes as _
a function of delay. The significant S1 x Interval 'interaction‘,

e

which emerged from both the same and different responses,’
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took a form suggesting -that availability of the reprééent—
‘ation which mediafed matches-and mismatches for a picture
as the first stimulus' decreased moze rapidly than the

corresponding representation f9r a woxrd, at least between
5 aﬂd~2Asec. delay. Og the assumption that the dominant
'form of representation\is visual for a picture and verbal
for a word, a,téntative interprefatiéh would assign a more
rapidly decreasing availability‘to the visugl than to the

" verbal code (cf. Posner, et al;, 1969). However, it is

difficult to draw any firm conclusions on the issue in the:

25,

absence of significant differences bétween the wvarious match

-

types at a given delay.
jExperimeqt IT introduced two procediral changes

designed ﬁo provide a clearer‘}ndicaﬁiog 6§ how the two

codes change in relative avgilability in the first few sec.

- following stimulus presentation. . In Experiment ‘I, Ss were

pretrained in labelling the picfures to ensure that labels

used by the Ss corresponded to .the. word slides.' This

procedure may have primed the use of the verbal code, i.e.,

2

there may have been a carfy-over to-the actual éxperimental

sessions in that §s'coﬁcentrated on labellibg the pictures

as.- they did in pretraining. This'labelling would favor the

- verbal ‘memory representation and.might act to reduce any"
advantage enjoyed by the visual code, especially since Ss
.Wwere not pretrainéd.in imaging to.the words. The .second

experiment attempted to correct for this poésiblerdefidip

t -

by includihg pretraining in imaging.

-

- . Q
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_ _ In }addi‘t.ioﬁ‘, the 'second‘experimen‘t ‘use‘d a manipulation
'simiiar to Posner et al. (196.9 Exp. III) ., who attempted to
encourage ma:.ntenance of the v:.sual code in a- su\cce551ve ‘.
‘.letter matching task through the use of pure" 1J.sts where
the 'fz.rst and second le}{'ters were always uppercase and thus’

=z

visuai ihformation’ was a reliable cue. Performance under

"pure" llSt condltlons was compared with performance under

g

.q
"muged" la.st cond,ltlons in Wthh the flrst 1etter %s once
ag-al;l ;upnpe.rcase but the s onE letter could be either upp?f .
or lower case, th;us eliiminating'visual inrormation as a ‘
reliable cue. 'Tl'éfi:'e techniqﬁe resulted in more efficient
maintenance of physical (visual) ir;formatidn fi_ag'x -pure lists
aover..the delays (0, .5,7or 1 sec.) examined. |

Thus withu sufficient eﬁcouragement, Ss may be able
to adequately maintain a visual code for sever‘al seconds
when they. are requlred to match v:.sually presented letters
(cf . Kroll et al. ’. 1970) The second experlment attempted
to repl:.cate this type of result with p:l.ctures and words by
J.nformlng Ss of the format ' (picture. or word) of the second -
stimulus, thus providing them wdth ample opportunity to ’

+

cap:.tal:.ze on- the malntenance of v1sual or verbal memory ",

representat:.ons. - -

4



' EXPERIMENT TI : ST

_Method. ' -/ . T % 3 ;

‘Subjects. The Ss were .nine undergraduates (4 males)

paid’$2;00'per session and'selected froﬁ the same pool as

Experiment I.  All Ss were rlght-handed
Experimental De51gn. The experiment involved a,.

B (

2x2x2x3x9 factorial design with type of block (mlxed of pure),

stimulus 1 (picture or word), stimulus 2 (picture or word), e

delay 1nterval ( 5, 2, or 8 'sec.), and E§s- as factors. Separate

+

.analyses were carried out for same and diffErent responses.“'

\

The different comparlson types for the pure blocks are

summarized in Table 3. .

- —

Procedure. The Ss part1C1pated in- four different

.sessions. The 1nit1a1 se551on lasted approx1mately 30 mln., :

the other sessions 45 min.- The 1n1t1al se551on 1nvolved pre—

"training in labelling pictureslin a manner similar to

Experiment I. Each of the 45 pictures were exposed for 5.

'S8C. each, and Ss were requlred to label each pictdre in order

‘A—_After the slides were viewed and 1abelled once, the procedure

to ensure correspondence of their labels Wlth the word slides.
¢ e /

4

was repeated No ‘'incorrect' labels were given the second
\,/ . ” ‘ N : - .

time through ‘ |

L)

Subjects were then shown each word and asked to try

to v1sua11ze the correspondlnq‘gicture as shown in the serles A

[ 4

of slides prev1ously v1ewed The Ss verbally indicated their

- success in imaging the pictures.: Inability to image the

~ corresponding picture for a given word resulted in the -

Q'

27.



o . TABLE .3
Types of Comparisons - Experiment II*

. .
R
‘ . ~
,
. . . /
, . . .
. :
.

Stimulus 1 . Stimmlus 2 o ' Corxrect Answer '

o n

Pui:e Word Bloéks

- Wc;r;d .+ .Worxd (Same) , Same
'P--i_'cture: ) ) ,T.Norél (le.’a;bel' of ‘ Same
- . " Stimulus 1) .
i Word L Word (Dif:fer?nf} ' - Dif.ferent ‘
. Picture - T Word (nof; the label ’ ’U‘if‘f‘erent

R s .. of Stimulus 1)

Pure Picture Blocks ' :

]

N v

Picture . Picture (Same) o Same

Word . ‘ ) Plcture (label of Wthh Same
: ' is Stimulus’ 1) .
. ~ / K . - .
’ Plcture - : Plcture (leferent) . ‘-Different
E‘ Word ‘ : Picture (label of which Different

A

. is not Stimulus 1)

*Comparisons in mixed blocks were of the same type as 1n
3 Experlment I (see Table 1). .

' -

,.,1'-"‘ '



- second slide was always a picture (pure picture bIock),. for

Lo . o 29.
immediate.re-exposure of the appropriéte picture slide. As

with thé picture slides and labelling, the whole procedure

was repeated with the word slides and imaging. - Thus;, the Ss

“"saw each word and picture slide twice for 5 sec. each and

- were required to label the pictures and image to the words.
/

/
" Subjects were given task instructions similar to

Experiment I, but including information concerning the nature

-

of -the three different types of blocks.. In the pretraining

session, Ss completed eight practice trials fof each of the

three block types. Thus, each S was ‘given & total of 24 .

practic‘e comparisons, 8 é.omparisons» (4 same—4 different) with-

v

. N
a pure word b.;{chk, 8 with a pure picture block, and 8 with{a

mixed block. ‘The stimuli used in the practice trials nevéf
4

occurred in the same pairings in the actual experimental -
sessions. Tﬁe purpose of the practice trials was to famili_arize
the 8s with the app'ai:at-us, the three different typés of blocks,

and the experimental procedure.

o=

The actual experimental sessions consisted of a total
o > ' ! . : ,
of 120 comparison trials each. For 40 consecutive trials the
N

another 40 the second’slide was invariably a- word (pure word .

block), and for a third block of 40 ‘trials the second slide

could be either a picture or a  word (mixed block) . Subject.s .

were fully in.form‘ed of the type of block with which they were
dealing. The order of presentation of the blocks w‘as. counter-
balanced over sessions and Ss. The first eight trials of each

block were considered to be practice and were excluded from



e
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the analyses. Thus,' with each bl‘ock, there were 32 trials
- per se551on for. scor:.ng purposes With 16 _same and dlfferent

‘responses per block. Wlthln the pure blocks, there were 8

P o

"of each of the 4 possible comparison types per sess1on, while

with m.ixed blocks there were 4 of, each of the 8 possible -
comparison types. Within all b,lo\c}.{s there were 10 _ instances
of one of the delays“and 11 instances of the other two for
each sessioh. Delays were balahcedsso that.over the three
sessions -ther.e was equal representat'iox{ ‘of 'each. delay with

each comparison type in each type of block.

In Experime’nt II, Ss wére- informed of incorrect *

LY
»

'responses by the onset of a "WRONG" light. The trial formation

. procedure was Ldentical to Experiment I with. mixed blocks,

but modifled for -pure blocks such that although there were

(R

not an equal number .of picturés/and words in a pure picture
" or pure word block alone, comblned across the two blocks
there were an equal number of each. Other previous ' '

‘ : . ’ . .
restrictionsyon the trJ.al formation procedure were enforced

The apparatus and all other procedural details- were 1dentlcal

kN -,

{
to Experlment I.
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Results . ' " , .
- ,\.

' Medlan RTs were computed for each type of comparison

‘ &
at ‘each delay for *\ch S.” The med:.ans were calculated v

separately for each blcck type. The mean of - these medlan’s‘

“and the percentage errors are presented in Table 4. The

. g ° M .
- incorrect responses were excluded from the calculations.

a

. The mean errcr rate over akl Ss and all types of comparisons
. [ .

o

o in Figure 3 which plots Pl ahd Wl matches over

: A
was 4%,
“ - ’ s

Same Responses. A 2x2x2x3x9 analysis of variance '

I

was executed on the medians, the respect:.ve factors belng‘ type

.

of block (mixed ‘or pwf%), Ss1, SZ, delay 1nterval, pnd Ss.

e
-

Pure block responses were faster than mn.xed block respons Sy,
F (l,,8)é53..42, p<.09l, with RTs of 477 vs’. 537 msec. respect-

ively. .The S1 main efféct, F (1,8)=19.39, p<.01, reflected

.’ faster matches overall when a picture rather than a word was -

l:he/'i.nita:.ial 'st‘imttllug (mean RTs=498 y_s_; ?lG msec;)’ while thf
main effect of sS2, F (1,8)=13.55, p<901, 'indicated that ma,tchés
were quter with a word (491 ﬁsec‘:" ) th‘ar‘x‘ with a picture (523‘
msec.) as. the second stimulus.- The effect of delay J.nterval,

F (2,16)=16.90, p< 001, mlrrored the prev1ous fJ.ndlng of in-

creased RTs with longer de‘lays (see Table ). BRI

The 51gn1f1cant 1nteract10n of S1 x Delay: Interval,

F: (2 16)=5.52, p<.05, as well as the 51 and S main effects

were qualified by the triple interaction f 81 x 82 x Delay .
Interval, F (2,16)=4.42, p<.05. This interaction is depicted

)
he/Bhree

.

delays as a function of ‘whether the test stimulus was a word

~
. . - - M
- L ‘

— N

]
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(3.0

(5.0) (4.0)

. .32,
, ; TABLE 4 . v *.-‘
Meah RTs in MEEtn for each of the.Comparison Types at each
. Delay for each Type of Block in ﬁxpefinient II'. ‘The’ error .
i)erg.enfages' are given in pa.renthé_ses._' \ . -
Same Responses !Different Responses’
Compaz ison pelays -
‘Type . 0.5 2.0 Qg}o X = 0.5 2.0. 8.0 X
. ' Mixed Blocks ' '
“ pp " 454 576 587 539 - 563 567 611 580
7 (0.0) (6.0) (0.0) (2,00  (0.0) (3.0) (3.0, .(2.0)
. WW ' 494 554 556 535 550 597 558 568 -
P (330) (3.0) (3.0) (3.0)- (0.0)- (6.0) (0.0)  (2.0)
" PW - 463 537 537 509 543 596 589 576
) “(3.0) (9.0) (3.0) (5.0) (9.0) (6.0) (0.0) (5.0)
WP 552" - 566 577 _&%5 561 -592 .569 574
(13.0) (6.0). (0.0)/(6.0) (6.'0) (6.0) (6.0) (6.0)
X 491 556 564 - 537.° 554 . ‘588 582 575
(4.0) (6.0) (1.0) (4.0) . (4.0) _(5.0) (2.0). (4.0)
. ]
Pure. Blocks
’%
. PP 401 522 538 487 518 570 - 546 545 .
S , AN i - ' y ,
. WW 412  465. 507 ~ 461- 511 "-531 514 . 519
- (0.0N, (3.0) (4.0} (2.0) . (6.0) (3.0) (4.0) (4.0)
" PW 428 451 493 458 507 549 536 531
. (1.0) (8.0)(10.0) (7.0)  (4.0). (4.0) (3.0) (4.0)
WP 456 494 557 . 502 .534 562 572 556
(7.0) (3.0) (7.0) (6.Q)  (1.0) (6.0),13.0) (3.0)
X 424. 483 524 477 §18° 553 542 538 .
. (4.0)° 13.0)

e
i
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~-.e ., FIG. 3. Mean RTs-for Pl and Wl matches for Experlment II same responses plotted as‘a”
- ~function of test stimulus (plcture or word; P2 or W2) and of. the three delay
1ntervals o .
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' or_a pict&re. The interaction‘is due to‘the‘fact'that'with ¢

a word as the second stimulus, Pl and Wl matches increased at
f - B .
roughly the same rate over the three delays, but with & picture .
/ .
as the second stimulus, Pl.matches 1ndreased much more‘rapidly
4 . '

than W1 matches, from the .5 to 2 sec. interval. ETwo separate

\

'analyses of variance on P2. and w2 matches with blocks, si,

delay, and Ss ‘as factors yielded a 51gn1f1cant Sl x Delay

a 0

}Interval interactlon for the P2 analysid only, F (2 16) 7.49,

~—

B‘ 01 suggestlng that differential rates of 1ncrease were

o

confined to these m%fches. Multiple comparlsons by the Newman—

Keuls test indlcated that while PP matches at the 2 sec. delay"”
f\
were 51gn1f1cantly longer than PP matches at the 5 sec. delay,

, 1

s‘the same comparison was not significant for WP matches. With

-the 8 sec. delay both PP and WP matches resulted in significantly

»

longer“RTs than,corresponding matches at .5 or 2 sec._ In con-
-trast w1th a word as the second st1mulus, the curves for PW ;

. and WW matches were similar over all delays, as suggestedﬁby“

» 7

the lack of a Sl X Interval 1nteraction. Thus PW matches at

-

.5 sec. were 51gn1f1cantly faster than PW matches at 2 and 8

sec.,,which did not differ from each other (Newmari-Keuls testj.
. . / ' .

An‘identical pattern existed for WW comparisons. over the .three -

delays. ~' fn Lo . .
The 'S1 x Delay Interval interaction noted above.
: 4 - ' IR} PR . ) . v
suggests that. the memory representation of a picture as the,

first stimulus disappears more rapidly than the corresponding
representation of a word.. The main difference betweenqihis
finding and the analdgous result of Experiment I is that ‘the

i

A

D . . . . '. r
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ifteraction was here restricted to the case where a picture
. o Ot “' 0 ﬁ
served. as the second stimulus. The reason for this is not

E « . ¥ A . .
entirely clear. It does not 'seem ‘attributable to the use of

. pure blocks trials, since there were no interactions involving

type oftblock in the initial 'overall analysis. . Thus the

results hpldlfor both pure and mixed blocks. . It might be

Al

noted in passing that the ihteraction shown in the left panel

of Flgure 3 seems entirely due to the longer time required

. for a WP than a PP match at the .5 sec.- delay.

©
The effects of the different pretraining procedur&

ean'be seenbby comparing the mixed block results alone with

those of Experiment I. The main differeneee between the two
. ’ . » A

sets of‘data are that PW matches tend to.be’more tapid in

the second exberimeht, wherees WP matches were slowest of all

ih both experiments. Thue pfetraihihg in iabelling the

pfqturee seeps‘to‘have resulted in humerically faster RTs

for PW over other tyges of matches, whereas pretraining {n

imaging,to the Qords haa little effect. In-generai; the

addition:of these changes to the procedures of Experiment I

did little to clarify the nature of the. result of that

experiment. Specifically, comparisons among the different

<. match types were still largely inconclusive concerning relative
. h

availabilities.. Apparently she RT method as used in the two
L 3 '
experiments does not provide a sensitive test of such questions.
/
Different Responses. A 2x2x2x3x9 analysis of variance

with block type (mixed or pure), s1,’ SZ delay, and Ss as'-

factors was carrled out on the medlan RTs. The only significant

\ e
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effects were: ‘type of block and delay 1nterval Thus, longer’

z

RTs were obtalned in mlxed as compared to- pure blocks,

F (l ,8)=32.41, px.001 and RTs 1ncreased w1thelonger delays,1”~

7 .
F (2 16)=4. 50 . p<. 05. leferent responses were, 1n general,
slower than same responses for botk mlxed and pure blocks.
v Lo
s 'O ) :‘ ' >
/ (i . ) ,
“ ' v fly
] ’ ke '
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' GENERAL DISCUSSION Lo C

q

Althoﬁgh tﬂe results of both experiments afe fqr tte

most part inconclusive,'they ao reyeal certaia'trendé con-
t.cerning the relative availability of visual and verbal codes

forApictures and words. Discussioa of relative code avaii—
_abllltles is predlcted on the assumptlon that 1f one code

is more available than another at a glven delay, then

comparlson tlme w111 be more rapid if the second stimulus

is in the form of the more available code. In-Experiment I,
-aa S1 x s2 inte;action resulted from'the fact that overall

RT for PP versus PW matches did.not differ, whereas WW matche€s
‘were significantly faster than WP. This euggested equal -

availability of both .codes for pictures but greater avail-

ability‘of the verbal code for words.. The same pattern of'

results failed to emerge in the seegpd experiment, where sl

and SZ were 51gn1f1ca%t main effects, but dld not interact.
Nqnetheless, considering each of the 12 PP-PW and WW-WP
comparisbﬁs separately (Table 45, we see_that in 11 cases

WW comparisons were faster than WP'(E$;01'by'a sign test)
while PP'exceeded PW in oﬁly 3 cases (p=.1l5 by a sign’ test).
Thete is, therefore, some justification for drawing a similar
‘conclusion as arrived at for Experiment I - naﬁely, that the
verbal code is more readily available for_werdé.hhiie both
‘are about equally available in the case of pictures.

{':. If. we apply this type ef analysis to PW.ve;eus‘WP
'¢Bmparisoﬁs abrese tﬁe two ekberimente,.we find that PW is
faster than WP in 15 d? the 18 compériéoas (p<.01). Even

¢ -
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in pure blocke all‘aix %W comparieons were faster than WP. .
Tnus the availanility of the alternate.cer for a picture
appears to be higher than the-alternate code for‘a word.

!
These results are convergent w1th labelllng 1atency data

«

dlscussed by Paivio (1971) and offer added support for thls

'partlcular aspect ‘of dual coding theory.

- .

These tentative conclu51ons regarding relative code
' ) . ) -

‘availabilities for pictures versus words must also be viewed

in the light of the apparent influence of the deiay factor.

~

Even though individual comparisons.betﬁeen different match

types at given delays weére, with one.exception,, nonsignificant,

the occurrence of a significant Si x Delay interaction with
both -same andrdifferent responsee{in,ExperimentVI,'and-with -
'sahe responses when S2 was a picture—in Experiment II,

deserves some Comment. All three‘interactions were contributed
to by a more rapid incnease in the ‘'speed of~comparisons which’
involved.pictures rather than words as first stimuli across
delays, especially between .5 and'2 sec. This §uggests that
visual memory rbpresentations.as primed by the present
experrmental sitdati&n:decrease in availability faster than

.

verbal representations, as has be reported by'other invedt~

"igators (Posner, 1970; Posner, et al.; 1969; Posner ‘& Keele,

1967). °~ °

¥

-

o Furthermore, there is some, indication from. the form

of the interactions that the visual code.for, pictures is used

as the basis for comparisons with the second stimulus after -

.5 sec. and that the verbal code is used.at longer delaysa

Y ‘ . H

N
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,ev1dence on differences between v1sual and verbal rehearsal

-~ . . -

39.]

Such a conclu51on seems reasonable in the llght of recent

0

processes, whlch suggests that there may be- no counterpart : ‘

to the well-known auditory-verbal rehearsal loop in visual

short-terﬁ memory (Shaffer & Shigfrin, 1972; Shiffrinf 1973)..-
While otﬁers have_preseﬁtedhevidenCe to the centrery (see
Dale, l§iB),-there is reason to suppose that visual rehearsal
is perhaps more difficult or at least less prevalent in tﬁe
malntesence of 1nform%310n over relatlvely short time, 1ntervals.
This could explain. why Ss.in the present experlments showed a
tendency -to rely on the verbal code’ for pictures as the basis
fer comparison over delays of 2 seconds‘or more. ¥t could ‘
also provide a reason why the verbal code for words seems

to haye—been preferred, even in pure blocks when it was known

that the second stimulus would always be a picture. . .

A}
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' APPENDIX 17- TABLE -1
’ L : : - _—
Sunuﬁaff Table for Analys;is of lariancer on Median RTé for
- ' J._, fame Responses - Experimeﬁt I .
a -
Source af MS . F
: S N .
/ ; ; . T
) Stimulus 1 (s1) - 1 997.51\§ 1.09
S1 x Subjects (Subjs.) 11 . 917.03
Stimulus 2 (S2) . 1 11218.30 3.51
S2.x Subjs. 11 3195.60
r . . '
Delay Interval (I) 2 86727. 40 136.67%*%,
I x Subjs. 22 2364.83 -
. )' !
SIx"S52 1 35815750 —- 9,03%
51 x S2 x Subjs. 11 3965.27 -
. ' ‘ . > ’ .
Sl x T v 2 4442.78 3.89% -
S1 x I x Subjs. ~22 1142, 69
X .
S2 x I 2 Y 898.59 ' 0.80
S2 x I x Subjs. - " 227 1130.01 .
7 . A ) !
S1 xs2x1 | $ 2 ©3062.44 © 2.35
S1'x S2 x I x Subjs-. T22 1301.68 .‘ -
subjs. ' 11  38568.10
B ) -
***p<, 001 - B
.‘\-. *‘E‘<-05. -°
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APPENDIX A - TABLE 2

® §

Suﬁmary Table qu'Aﬁalysis of Variance on Médian‘RTs }ofuu

Different Responses — Experiment.I

A
Source daf ‘ MS - - F »
¢ . . . : . 4 . (4
Stimulus 1 (S1) ‘ 1 ... 1332.25- - . 0396 .°°

Sl x Subjects (Subjs.) 11 - 1381.45

Stimulus 2 (S2) - £ 1 2898.03 ~2.18
S2.x Subjs. . 11 . 1332.38°
P T i ' . . l . . " . »
Delay Interval (I) ) ‘27 38877.70 26.,58**x
' I x Subjs. - "22 7 1464.16 |
S1 x S2 | 1 144.00  0.06 -
' 81 x S2 x Subjs. 11 2334.51°
sl x I : 2 4471.91 ~  13.89%
Sl x I'x Subjs.. : 22 1149.53
s2x1 - | i 2 3366.16 ~  2.65
$2 x I x Subjs. 22 1268.56
) . ) ‘ ° _ )
S1 x S2 x I . .2 . 0.09 d.00
S1 x 52 x I x Subjs. .- 22 1335.17 “
. : o ) L . -
Spbjs. L ~ .11 - 37065.00 . - oLt
! " o L« - ‘ ' . ' .
.‘ ***E<.00’l " ; ~

*p<.05

. .
T . - .o
. . .
"

. N

’ .
. .

. . v .
. . . B
.
. .
R
.
.
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. APPENDIX -A - TABLE 3 . = |
Summary Table for Analy51s of, Varlance on Medlan RTs for
Same Responses - Experlment IT
' . Source . df . Ms - F
fe A ) . . . . S
. Blocks (B) - ! 1. 193441.00 53,42k
; B x Subjects (Subjs.) 8 T, 3620.95 , .
- .+Stimulus 1 (S1) -1 " 17031.10 19.39**
. 81 x subjs. 8 878.52 S
. . [} . * " . .
Stimulus 2 -(S2) 1 57558.60 13,55%*,
.82 x Subjs. - v 8 T 4247.73 . ‘
Delay Interval (I). 2 143327.00 16.90%**
I x Subjs. le ' 8480.86 :
B x-S1° 1 +3816.94 1.76
.B x S1 x Subjs. . 3 8 2172.06
'B,x S2 1 362.94, 0.25
;B x 82 x Subjs. 8 1464.20
— . . | .
Bxr .2, . 5398.44 2.82
B x I x Subjs.' . 16 " 1911.94 ~
, Slxs2 / 1 © 504.19 0.53
... S1. % 52 x Subjs . 8 - 950.26 .
T eslxI LT e e 2 '8366.94 5.52%
‘8L x. I x Subjs. - 16 .+ 1516.90 :
os2x I ¥ 2 . 3565.06 2.00
. 82 x. I x Subjs. 16 . '1780.64 REPI
E B x Sl x S2 o 1 ., . 416.63., 0.15 _
‘B % 'S1 X S2 x Subjs. 8 v 2823.96 . .
“"BxSLxTI. "2 " 3664.34 2.69
B x S1 x I x Subjs. 16 - '1362.75 o
B xS2 xI 2. 1458.22- 0.48
B x 82 x I{ Subjs, . 16 - .3130.81° 4
81 x+S2 x T, - © 2 1°14094.90 . 4.42%
.S1 x S2 % T.x Subjs. ° 16 ¢ 3188.06 - - .
Bx Sl x82x%TI 2 446,91 0.28- .
/x/51 x 52 x I x Subjs. .16 " 1 1569.94 g
.:\. Subjs. S 8. % 58635.60 “
h ‘***E<-001 ‘ . . /‘.'\ . - . ) " . « w- . . -

**E<'Ol . o 'é
*p<.05 '
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APPENDIX®A = TABLE 4 _ - s

r : s

Suminar'y Table for Analysis of Variance'o'nr Median RTs .”for-'f .
Picture-Second (P2) Same ResponSes - Experiment II

c

/
!

Sou‘rlée: o ( aE MS - F .

Blocks (B) . . “1' . 1 . 788522.80 . . 28.96%**

'B-x Subjects (Subjs.) ‘. 8 3056.87 . . '
~ stimulus (S1) ,’ 1 11697.90 52.16%%*
Sl x Subjs. Lo g 224027 -

o

ot

Delay Interval (I).  “ . 2 '  95447.60 ~ ‘14.53%%*

T xSubjs. . " 16 - 6570.56.

"B x sl T "1 . 855.75 0.23 .
B x SL x Subjs. = . . 8. 3688- 89 '

' [y

BxT - . 2 3740.66 ., 1.10
B x I.x Subjs. - . . 16 - 3386.79, . -

0

SLx I L. L2 . 22090.70 ©  7.49%%-
S1 x I x §ubjs. s T 2047043 |

BxsSlxI ' ‘ S 27 - 2937.03 . - 1.70 v
. Bxsl xIxsujs. - 16 "71725.70

|
‘

_subjs. - - . . R U 38701.40

& ’

r

**p<. 01

PP

4



S I X Subjs. -.:' ,_"\fs .n° -‘16 - 4,
’(- . o . ‘~_\{)-‘ . , ) _-... ..-..' . ,‘.“ )

R ,,r‘: ‘ €- oy
N Blocks (B) T “jh‘l-_. 1

. ooy
Y S e
. Bx Subjects (Subjs ) - 8

e s’
’ . . L . Y.
[ . ., .

' Stlmulus 1 (Sl) ; ' '.f}g 1.

- : >

51xsubJS-_~ . 8

[ ¢ . . .
- N * . . -

Delay Interval (I% -'ui" 2

Q;_me e

B x Sl x Subjs. . ':‘? : ‘f8. '

-

I F S

"'.f;t

51444, 80

05281.00 -
. 2098.56

h

5837.37
1604, 73 ,

i

3691..08

1 3377.94

1306.77

3146.03

; s N e,
N - I ,)‘ J
’ : . . a8, S
. ' . . vt .‘-:. _.’-: \ ’
S s ,APPENDIX A - TABLE 5 a
v . . ¢ ‘& ’: ) ) K oo T o . - e
. vos e . ’ . . - 0. .o o7
'+ - Summary Table for:.Andlysis of Variance on Median RTs foy | ‘-
" vord-second (i2) Same Responses - Hyferinent 1T .
S e > el ol
° ’-‘A "
: Cane == j
Source - . . af ‘M8 FoOT
‘0. N L v . N ._,‘ ; "‘. ,~ » “ {

-b . ‘;
3.64‘

e T s el e e S / =
.U Bx I swbis..'o. . . 167 7, 1655.70 ~
, - .\. '- .. .v | ’-“ “ ) ‘,. - . - » .'a:
e Bl xT ot T L2 ' -171 31~ 0.21
81 x+I x Sgbjs. Y - ¢ "l 1757. 31Z' o
1 . \ . - L v . :
o ) ' 0o . ' 2 . . ' . .
L B x. 81 x T’ L ‘fQ; S .1174.53*’ 0.97
. , . 2 N PR s
.B x 81 % I x/gubjs,_-' - ,16> ,1209;30: 5
fsub]si S AR 7.g8.f 24182.00 .
- :. : f— ‘. ] . , . ot ,'.’ R -, - N y
e ',**f*E<-00.;|.. e s PRI SR o ' ey -
P ,I . , o ‘, 3 , .. . . - |
; SN AP S
» ’ o , * - C®
' i ‘ ' &\,\ K BT
. . 4.,\‘( . o, .
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_APPENDIX A - TABLE 6

Summary Table for Analysis of.Variance on Median RTs for

o | ‘ Y
Different Responses - Experiment IL ' :
g B o '
Blocks (B) o .1, . 74816.50. 132, 41%x
‘B X Subjects (Sub]s ) , <8 2308.63 =« ,
Stimulus 1 (S1) 1 778.24 . 0.50
' S1 x Subjs. 8 ., 1558.48 C
Stimulus: 2 (S2) 1 "12451.80 2.58
' 52 x Subjs. 8 4834.22 .
- Delay Interval (I) -2 23472.60 . 4.50%
I x Subjs. . 16 5214.13 o
x SIL IR 1 633.94 0.29
X S1 x Subjs. 8 2168.48 , _
x 82 S | 1 5766.06 3.35
X S2 x Subjs. L. 8 - 1721.53
x I . ' 2 107.%47 0.07
xIx Subjs. - 16 -1439.94 i
S1 x.82 ' ], 2103.13 1.53
S1 x S2.x Subjs. 8 1376.32 " \ A
S1 x I 2 ©2700.71  1.43
S1 x I x Subjs. CoL " 16 .+ 1892.58 o
S2 x I T 2 1888.67 1.45
S2 xI x Subjs. . 1e , '1296.16 .
x S1 x S2 1 1525.25 . 0.51
X 81 x 82 x Subjs. 8 2971.98 . o
xSl x I S 2 4644.28 . 2.21
x 81 x I x -Subjs. 16 2105.84 * . .
x 82 x,I .2 [, 1923.22 0.61 .
x 82 x I'x Subjs. 16 "3164.06 e
81 x 82 x I’ 2 355.25 - '0.38
* 81 X S2 x I x Subjs. - 16 , 940.69 .
BxsSlx S xI 2 1486.16 0.83
B x5Sl x 82 x Ix Subjs. - 16 1783.31
subjs. ' 3& 88749.60

4p< 0L 0, o ' I .















