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oo ABSTRACT - ° S

*
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K s : N ‘

.
. ’

. . The Jpurpose of the reported research was to .i‘r.west.i'gate the
~ <

-1 . L o . . . ’
or,gar\lzatlonal processes that .detevrmme how words and puctures-are)

1 .
Tcoded into complex memory structures and the effects of t‘hese FY

. -
. h . b

processes dn mcudental recall The research was motivated by theo-

retnca] con51derat|ons from Palyno s (l969 lg?l-)jtwo process theory-

l' -
Tm theory’ suggests memory processung is'a product of the interplay

between verbal’ and nom)_erbal' coding systems. Involvement of these.

1

. - s .
.

codes is operat'quaHy -re<lad£ed to t-he 'rmage-aroi;sal properties of

v . ’ . |
the?st.imuli, i.e. ,' the probability of.nanverbal coding increases from
abstract to ‘concrete nouns £0 “;icturaz. Mor?over the orgapizational_
procesdes are presumed ,.to 'dif'fe.r fér the two systems. The vérbal

‘system is assumed to be an ordered system in which linguistic. units

' e
A -
LA . . ’ , . . .

are organjzed by grammar din a sequentially constrained manner; whereas

@

. . ) " A A - .. i
the nonverbal system is seen ,as relat-ively. unconstrained- and con- _

- . S
i + . . IS A

~ o sequently organizes referent images synchronously., The three exf i -
* ’ i 4 TR ,

ments présented all used the same paradigm. In the first tfnofxperi'—w
. . . . ! -

ments 'sets of 2,3, or %4 high or low imagery nouns were presenfied for

.
.
LY

encoding as images or sentences. “Experjmenf 3 used pictures and their

[
¢

task, free recall was ’t\ested; in Experiments 2 and 3 cued recal] was

tested. N ‘ ' .

. A . P
.. .

[}

LY

The encodihg tatency d'ata repl, icated-'previou"s 'resear'ch inthat
. /7

concrete nouns were more .rapldly encoded as l{nages than abstract

nouns (ExpierumentKI and 2), and that lmage COdmg of® pictures was X

-
-

N - -
L]
. AN
o [ ¢

labels. - The latency of encoding was"".r‘neasured. Following the ericodiﬁg \

-

5




should increase more dranatically-than'image time as set size is

\kﬂ“fésteT\than for th% ir noun )abels (Experlment 3) wA noteble departure =
\

N ) .
ﬁWomfpre ious flndlngs that‘rerbal encod(ng of 5|ngle nouns or noun - L
pairs was.unaﬁfected by stimulus imagéry was obtanned. When set sjze . :

. . . ’ lw‘, . . * ) o
. 1, . . - N . . . ,
gzceeded a pair, verbal encoding of’concrete nouns was, faster than for - f
L]

ebstract nouns. This suggested that |magéry was invoived g senten e .
encodbhg Consustent wnth this |nterpretat|on, verbal encodtng

»

1atencves were found to be faster for pictures than for the;r labe!s
Y

‘ Differences in organlzatlonal-processes for encodnng sentences

- / s . . [}

and images were revealed as'increases in set size were presumed to .o .
, . [y . . " - . - a

-

increase the degree of’'sequential constrafnt on encoding. Assuming

that sentence encoding is a sequential process and imqgeﬂencbdiﬁ@ a
. | & . :

synchroneus procesé, the predictign w%s‘that sentence encodirfg time .
- ' . '/. .

. : \ v . -~
increased. Consistenf‘with this prediction, in-all cases the slope

»

of the verbal laténcy funct:dq'was sngnufucantly steeper than tqi

image Functlon.

! . . -
T Incidental recall predictions were based on the dual coding and
N . 4 - - -

4mage c?ganlzatlon hypqthesns Duél cbding allowed the pféchtion ‘
iz - b .

. that condltlons that facnlltate ~the actlvatton cf two- codes (1mage .

-,

instructions and high lmagery nouns)bshould produce better re;al]

o

- than s»ngle encoding condituons. In general the results supported theSe

'Exgprument 3 * The free and cued recall data, from Experlment 3 was

>

predictions. In Experlment 1 recall was hetter for 1magery encoded
than verbally.encoded nouns, and more hvghlimagery than low imagery
f T~
nouns were recalled - only a noun imagery effect was obtaqned in
' -

K

-

"also found:to, be generally consistent:with the dual coding hypothesis.

-




'Y

" this hypothesis . -ob,tained in the proportion’ of a set recall .data.

* . . " - <

¥

as condjtions.:that were constructed to produc!dua I coding produced
better recall than single coding <conditions. The imdge organization .
hypothesis suggests that images.are more integréted verbal structures,

. .
- 3 °

«Cénsequeritly it was expected that the, recall. advéntage of ;'magery

) . N

3ondi"tion's would ingrease directly with set size. No.support for ’
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The purpose of this dissertation was to study the organizational
e ©

[
‘processes that determine how words and pvcture9 are encoded into -+

(&)

~higher- order COgnlt:verstructures, and the effects of these processes
a fea)

" on subsequent memory performance. To dateoresearch has been prlmarlly

[ o]

concerned with the effects of organ1zatlon on memory performance. .
y : B e ‘ .
From this research two consistent findings have emerged: (1)} recall

1 . .
[ - - <

and recognition are §enerally better for word lists that are presumed o,
) . : R
“» .
to‘be organized in accord. with experimenter-defined;aésocianive or .

&
o v ¢ 0

conéeptual relatlong, as compared to memoryafor Whlch no. apparent . °

horganizational stgategy is. neadlly avanaable' and (2) output qrgaﬂlza: o

~ M v . u g
tyon as 1nﬁexed by mea$ures such as Intertria] Repetitidns (Bousfleké
B o r_. * ° % o—

'& Bou9F4e1d 1966) is generally gréater for conceptaa&ly or assocra-" .
~4\ 3

- J'u ¥

*?vvely related word’ I:sts thanlfor'”unrelated“ words WhL]e research P

|4 =% : E

has Suggestea that thealocus of ‘the’ effect bf orgqnlzaglon on. menory .

o rlS at storage (Tulvung, 1964 , 1968? ot retrjeval (Slamecka, 1968, °

o

Py

" -

‘1969) llftle.resedrch lf'aay, has centered'én Jetermining the nature - -

- o . a
~ B . ) ° o

" of the organlzatlonal process ?tself ‘For all inténts and purposes,
) o . M

ot "o C <q « ’ . : .
on the orgaanationa] proeess has‘ﬁts Qrigin at the encoding stage of

-~ ° e o oF : Y < ]

unfdrmatlon procesalng, S e., when the Stlmulus lnformatlon isctrans- e

“u
5 - Q R v ‘.

formed for storage in a pew format. dt |s this %tage.ln the lnfdr— o P

)

L of - “ ¢
“ mation pro;essnng/flow that thlSofheS|s ‘is ,conterned about. . o




3

: g o 3
T ) . °
f){. . v : - R 0 } A ¢
.'\‘ ’ " . - e )
e . When faced with a sftuation that requires the'nbyel.organjza%ion
, o - ) » > > .. . . ) ..
‘e [y - . ‘
of information, the subject must make use of existing memory strucgtures
! A} . : )
* and apply this ''knowledge'- tg .encode new higher-order cognitive .
. . . . Q) ) o

- structures. That is, the subject must use what he al?eagy,knows about’

4 .
" Iy
' . -

‘the just presented ''new' information, and thenointegfape‘the old with

R ° . v
.. . . - . LT

N o . . f " P

the new to create a new organization. The present -research was an

° ) . . - . . C . .0 © .a,. . '
° attempt to investigate the process qf organization at encoding. It

- b r " A . .
was motivated by theoretical considerations of Paivio's (1969, 1971)

d -

o

dual coding approach “to ﬁeqorm. Dual coding deals explicitly with

o - . .

" the .nature qf encoding and orggnizational°processes. It assumes that

] -

“ memory processirfg is the product of an interaction betweén-distinct

¢ o

verbal and nonverbal (imeginal) representational systems. These
o ‘ - ~ 8: - . B A .

“systems are presumed to encode and orgardize stimulus infarmation in

v . . o 3 ' i A N N

different ways.’- The'main purpose of this thesis was. to investigate -
e ' . T ,

the effects of these postulated. organizafional differences on $timulus

°x . “ .4 . 2 ? ".0 c ! o ° . ' '
. encdding.’ T e .
' v % ¢ o Fo

Three expernments areupresented in the- thesns* all used the

%

° -
c

same experimental paradigm. In the ?srst two Studles,-SUbJectS were

% o
gesented'w"ith s‘ets,,o‘f; ‘two, three or four nouns rated high or low on
@ < - o . ‘ . o )
?mage-a?busihggcapacity ébd'aéked to €ncdde the nouns into compound
. > Lo o e c
° images or meaningful sentences.. The third study-involved 3§ts°of\

> picturés as well“as words as §§imuli. The time meeded to encode a

° © o ¢ : o
. ‘ o - w : . .
. stimulus set was used as an index of encoding processes. °The encpding
.4 ” " v v
¢ - . = 5 »

~ latencies comprise the major emphasis of this-dissertation. Following

T .
> . )
9 ° < e " <

enccdlng, however, thersubJedtéHWere éléb askeduto recéil the material®

o .
o =

‘In fhe~f+rst exper:ment free verbal recall was assessed whereas in

o
L] P “ Y . " 0 ° .




the last two studies either free or cued recall was measureH;_ The -
4 . . Q * - . .
. . . < ’ -
variables of. interest in the present resgaréh were Stimulus fmagery : <.

. (low and high imagery nouns, or pictures), instryctional strategy,

\d
5

and the size of the stimulus set.

‘ -

Predictions concerning the outcome of the exper}mSnts were made | o

on the basis of duallcoding'theory as well as previous research,-

basis -of the ° .

Predictions about encoding latency were made on the
ol . P

¢ . . . "~ N ¢ N
theory. Predictions ‘concerning recall ‘are based on -gengralizations
. . - . * +
¢ ' . - - R
from prior research that concerned differential performance as a - s
- 3 . - - - ) \/ . S !
function of the image-arousing capagity of the stimulus materjal and

W ! - Ly
. o , v

instructional strategy. 3 . T e

- Y

. : I ) .
Although the theoretical and empirical emphases of the thesis are '

“ 0 o o <

cast in the context of memory functioning, the' research has ‘more o

.
general implications pertaining to understanding the processes involved

o

o in thinking. Memory is esséntial to thagght imasmuch as th¥nking
: } . ST w
L’ L*T_flgarly requires |Pforvatlon progessnng in memory. A:more fqmplete~ .

discussion 6f the relevance oF»the-present.reseénch to thought processes

o

I

-

P

will now be described in hore)detail in order to esta

is provided latér in the thesis.
=

-3

™y

*

* prediction of encoding and recall performance’
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THEORET ! CAL" CONS4 DERATIONS
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"

v . / .
"-assumptions_ from the dual coding approac%, and their empirical

g

o The theoretical approgéh that éufdgd the present in&gstigations

o
o

‘This section will be concerned with a brief discussion of

L5

tests.

Only the assumptions relevant to the present investigation will be .

blish a basis for




© treatedt Discussion‘of theoretical alternativés to dual coding will =

™ ¢ B

- -

* appear later in the thesis with reference to thé obtained data. .

' . - .

“ . : A

. The Dual Coding Approach . .

. The dua) coding approach (Paivio, 1969, i971) suggests that

1nemory:processing is the product of the interplay between imaginal

“n ‘/. £l .
and verbal representational systems. - Imagery hege is not. limited to

v . M 7 .
visual imagery but refers in"a larger sense to nonverbal processing
ull

[y

in other modé]ixiegﬁ such as auditory, kinesthetic, haptic, olfactory,

! etc.\‘According_to Paivio, the two representational systems are seen

-
~

asesindependent in that the same stimfilus event can be coded in dif-

ferent formads: as. a verbal/representation in the verbal system and/dg

*
L 4

as an image irr the nonverbal system. The twossystems are further

P .

‘postulated to be interconnected or interfaced in the sense that the °

v two systems jcommunicate' with each other. This interface can be under-

- &

< stood by the obse!?%tibn that it is possible ‘to output the Yerbal
. I3 A »
deséripfion of a nonverbal image, as is the case when déscribing from
- - 1 . y

. L B

memory the ents of a rooﬁ: The room description task typicdlly'

2

calls up from the expedience of visual imagery.’ The interconnettedness
further illu§$rated by the ability to génerate images

the verbal description, a process widely experienced when reading

T — F

é novel de¥cribing Environméntal events or objeé&s. ' , '.ﬁ\\<
. The inyo1?emeﬁt of‘tﬁese twovcognifistfysteMB hag bgén theorgh ‘%\
to0 tic§1r7;;;d'ekperiméntal]y linked in part, ta-the abstractnéss:cqﬁcretg- -
‘ nesg of the stimulus ev;nt.‘ The verbal system is specialized for
R .

tion, storage, and retrieval of abstract relations, .

. encoding, organiza

hel N -

i - e .
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lnnformatlonal units. ("mental wordﬁ%) thJ

-

o
r . - e
L)

-~ T .'\‘ R RUCTEEIPE S "‘b

‘ R A
at -
classes,alanU|st|c ‘units, qnd addubiona!lY’4t.4sﬁ?he verbal cognitive

- . [N xs

structures that underly the generat;Qp pf apeech Verbal cognitive

N v D " L

‘ stru¢tures age presumed to, |nvolve screte sequent'ally arranged
. 9

-
-

t are only indirec ly related

to thungs, In COhtrast, the 1magery sy tem is viewed as an §nalog /

system (e.g., Arnheim, ISQ?; Attneave, 1972; Cooper, 1975; Cooper

& o : iy . . ’
& Shepard, 1973; Paivio, 19%4a, 1974b) which represents and processes

relativefy concrete information concerning objects and events.

While the systems. tﬁeoretically specialized in ways stated

above, it should be nbted that the verbal system is capable of dgaiihg ‘

. . . < '\
with both ‘concrete and abstract stimulus information. The imagery
' L e . C. . .
system, however, deats primagily with concrete stimulus information
although in"some cases abstract information may be represented by

imagery, but these imaginal pFocesses are dqnsi&erably~less available.

To summarize, two codes are available for concrete materials, but with

»

increasing abstractness the verbal mode of representation is favored.-

Empirical evidence for the assumption of verbal and imaginal

code independence has been obtained by many invesfigators and in

various paradigms. .This evidence need on19 be briefly .and selectively

.

discussed here as it has been treated in detail elsewhere (see Paivio,

1975a) . o ’ )

At the neurdpsychological 1evel,'memory perforhanCe»of patients
, . . re

hé&ing'undefgoﬁe,tﬁe}apeutic surgical separatlonfof'the'cerebra]

» T

hemlspheres (e. g., Gazzéngia, 1970 Sperry, 1973) or les:ons located

in one’h hem:sphere (Mllner & Teuber; 1968) suggest that llngusstic

(verbal) ptoce55|ng is lateralized .in. one hem{sphere, whereas nonverbd]



LY -
ok : :
. N o 6
L ~ ) ) ’r »
- ) . ‘.l: A} ’ ‘J- Q‘
. v \ : o . Sorne—
processﬁng;ocedrs predominantly in the other, .Lateralizatlon effects o
n )‘,' e - "‘- o ;- ‘v.: ) ) ) .o
‘J ) cbﬁsistent‘with dual Codiné‘have alsoqbeenfobtﬁined in studies,in
,O‘ 2 - N . N j.
. o ~ . - g
LS . whlch vefbal .and nonverbal” meterlals wene selectlvely presented to the N
P .. : .o . gi ; P -
- .
L rnght or left hemlsbheres (Knmura 19]3) end when rmagery |nstructaohs
X T
« . ~have been used (Seamon 8 Gazzanlga, 1973) . Thus the evudence from .

y ;”‘ . ,,_ 0 > O LS

. yarlous sources converge ‘to, suggest that verbal and |maginalfprocesses

4
. ~ K ]

T i are |ndependent‘in the senseuthat they seem to be localnzed in dls— v
L : . . ."’:'
tinct’areas of~the b;awn N o - T

+ . + ~ L b
) L) * o "
- Studies u5|ng=the.$ele§t|ve |nterferEnCe~parad|gm (e q., Brooks,

‘- 1967, 1968 ;- Segal & Gordon, 1968 Segal & Fusella, 1370; PeTlegruno,

Snegel, 5 Dhawan,?$975) also provide -Support for the independence -
: s . ¢ ‘
- ;assumption. Memori %nd perceptual éroeessing have been fognd to
L5 : S
, selectively inge?fere with one another im sueh a way that- the inter-

ference is greater when both processes are Sssumed to involve the same -
" * 4
sensory channel, than when dlffe}ent channels are involved. For ?
examp]e, Brooks (1968) found that readlng (a visual process) Interfered

J
more wuth visual memory for prose. pasgages conveying spatial re]atuons
t . "
.while listening interfe?ed relatively more with verbal memony;? ?rese

—

results suggest that interference with verbal and nonverbal memdry

preeessing is modality specific. “Atwood (1971) extended this Iine‘of

- . ’. .
. 1]

‘research by demonstrating that the recall of high imagery phrases.was

more impaired by a viSually pre;gnted perceptuel task than'by'an

audntory task, whereas -for- low 1magery phrases the reverse occured
Baddeley, Grant, Wright and ThOmson (1973) fatled to- repllcate Atwood.s

results. However Klee and Eysenck (1973) found that the.xecall'

* 1
) _advantage of hlgh imagery over. low imagery sentences was-reduced more ’




‘;V.:‘.“ f;z,
) ¢ ¥ - . ) ' »
. i a a” ‘)“ ‘-, - ° <4 ~ & *

under vfsuhL than verbal lnterference conditions. In general the

£
® > -
. ‘-}.d,?m

© o results from tQﬁ spiectlve lnterference studies lndlcate that the™

distinct perceptugl mnémon?c channels are independent in the sense R

' that memory processing caq,go on in one channel while cancurrent
s .
perceptual processing i% ocpunqng in the other, but effncuent per-- 2

L RN -

PR

et s : :
ceptual and memory processing cannot occur’ within the same channel:
AR i ' -

€«

Furthermore, the evidence fs completelynconsisfent with dual coding

\ . I

‘in suggesting two ‘distinct memori'processing systems, verbal and non- 4

. _ verbal, ' . . .

Further evidence for the independence of cbdes has been obtaindd

in tasks designed to look at the‘effect of item repetitions op recall - .

(e.g., Paivie & Csapé, 1973): PréVjous-reseafch suggested-the repe-

tition paradigm coyld be used to ihduﬁe differentiél encoding of the

i JIgR

same stimulus 7yeht (e.q., Ggrtman-& Johnson, 1972 Glanzer & Duarte,
1971: Madigan, 1969; Theios, '1972) . Paivio and tsapb reasoned ihat

w9 »

if the coding of a repetlt:on of a stimulus event is in a'dlfferent >

. , symbolic modaltty (verbal and vmaginal, or vice versa) additive eﬁfects ;

- - b

- on recall should be obtalned whereas nonaddltlve effect should be

- : -
:
N [+ P

ﬁound if the repetltlon is coded in the same manner ‘as the orlgﬁﬁaL‘

stimules event. 1In this context, adﬁltive effects on recall wgre’

rl , v - .

aisuméd to provide direct evidence qfiindependence of memo}f ;ode§, .
whereas nonadditive effects suégesk code interdepéhdence:‘ . '

The resﬁlt; of sever;! incide;fajqaﬁd intentional free'réEZEl R
v E St;dies }6 which dual coding was manipu{atéd by the néture of'the :

stlmulus event (words or plcture) or -by orlentlng tasks theoretlcal1y .

linked to the two.codes (imaging or proaounc#ng) were fully“consis;ent




t
’

with preéictions: Additive recall effects were found under massed’
presentatibn'(o—lag) only'in conditions where dual coding was induced;

nonadd|t|ve effects were obtained when the repetltion was pre5umed tg'

T
r

be coded in the same symbollc system as its tnatlal encodlng. The
Paivio and Csapo study therefore provides strong evidence for the

dual coding assumption of code independence.

.
.

fOther 1nv¢§;igaf0rs have, on the basis of their ﬁemor; data,
"suggested the- independence of imaéery and verﬁal processes (e.g.,
',B.ahrick'&'Bahrick, 1971; Rowe, 1972: Nelson & Brooks, 1973; .
Snodgrass, Wasser, Finkelstein.5 Goldberg, 1974).. Inferences of the
same. nature h;vé been made from sentenée memo;; studies (e.g., Begg,
1971; Begg & Paivio, 1969) in thch memory for wording of high imaéery,
concrete senténces has been shown to be forgotten indepeAdently'of~
meﬁory foremeaning.
" As mentioned ‘above, wgile dual coding presumes the codes to.
~EL independent, it further assumes that the codinb systems are inter-:
faced, i.é;, in}erconnected. The essté%tion of interconnectedness
ihplies that imaées can be encoded frém word stimuli and thét verbal
descrupt|ons can be geng;at}d frbm lmages of eourse imagery pro-
cesses are relatlvely more.dl ect‘ln the case o% concréete nouns which
have objective referents, thgn'fOr abstract nouns whi;h may‘be only
indirectly relé;ediio an object oé event. FEmpirical evid;nce*bearing
on the interEonnectednessnqssdmptiéq comes from studies'in which the
@Ime to generate images or. verbal as;ociatés to-ihdiv{hgal concrete -
";nd abstract words fé.g.; Ernést“& Paivio, 1971; Paivio, 1966) or wérd
péirs (e.qg., Cbima;!&'Paivio, 1970; Pafvio &€ Foth, 1970; Yuille &

ey,

)

o
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Paivio, 1967) was measured. These studies-havd consistent]yaghOWn ‘
that the two kinds of associates occur equally quickly to concrete

' nouns, but images are formed more slowly than verbal associates to.

abstract nouns. No differences between abstract and concrete nouns
have "been found 6n verbal associative reaction time._ Taken together,
the data suggest that imaging to abstract words involves an extra

mental transformation as compared to imaging to concrete words or
A} - ' . .
forming verbal associates to either concrete or abstract nouns.

More central to the purposes of the present investigation are
the postulated theoretical differences in organizational processes.

that characterize verbal and nonverbal systems. According to dual

7

ceding theory the verbal system is conceived of as an ordered system

in which linguistic units are organized into higher-order sequential

: ’
structures. The encoded verbal representation is postulated to be

Y

constrained in a sequential or successive manner by the rules of
. )

grammar. This type of sequential constraint has been called by others
syntagmatic .con$traint (e.g., Jenkins, 195%;'Saporta, 1955). The
verbal representation ié presumed to be organized sequentially in

the sense that the orderliness imposed by grammatical rul:s does not

&
°

. \ - + 3 3 ’ 3 3 .
permit free patterning of elements within the cognitive structure.

-

Such constraint on verbaffgggnitive structures is reflected in mean=
b -

o

ingful- linguistic ohtput. .“Far example, speech is a temporal process
- in that the acoustic signal and verbgl output-‘are sequenced, but also
because the syntax ghat gives linguistic units their meaning invo]ves

sequential structure. There is fl%k?bi]ity in the ordéniﬁg of verbal

v

output only to the exterft. that permissible grammatical transformations

< >

- .

»



o

can be used to say the same thing in'a different wéy, or‘in the sense

- that synonyms may be substituted (paradigmatic relations; cf.  Saussure, -

1959): Note, however, that the information communicated’ in the

temporal sequence is dependent, to a great extent, on the verbal con-

-

tgxt.in which it is embedded. In this fundamental‘sense the verba]

.- system must .be viewed ds a sequential processing system: . =~ -
- In contrasi,—the imagery sys®em #s assumed to be relatively

‘ - -
uncopstrained by grammatical rules and canequgntly'organizes referent

‘ P

images into higher-order cognitive structures in such a manner

the tepresentation is of a spatial:or synchronous nature (cf.,PaTGﬁo,

~

1 7Sb) 1t is the freedom from Sequentlal constraint that character-

"izes |magery as a dynamnc and transformable process as opposed to the

e 3

v Igss transformable verbal process. Other |nvestigators as well have

alsg charactesrized imagery as a dynamic and transformable process o

(e.g., Berlyne, 1965; _Hebb, 1968; Piaget & Inhelder, 1966). In

o \

addition to the re!atlve freedom from sequentlal constraint a further -
functlona!//haracter:stIc of synchronous organizatlon is that the '
informational units W|th|h fhe cognitive structure are simultaneously -
available for retrieval, although retrieval itself may be serial due

. ) .
to limitations of the output system. Thus, in comparison to the se&-

- <

. . quential verbal system the |mage+y system can be a parallel’ proigssorv " 2
in the opet?tional~as wel)-aQ spa{:al sense (Cft Nei§sep,.1367)_ . .
To illustrate the above outljned organizational differermce
betweén verbal_ipd imaginal fepresentaﬁional systems cons?de}

!
the task of describing from memory the contents of a room. Typ-

i"lly, peopie report that they scan their imaée and proceed to



o t A4 2,0

@ .

,'de%@ribe zhe cogtents of the room from left to right. However, if you

-

ask the“pe;§0n°to_s{art‘describing at the right or center of anywhere

else in their image the responses” appear-to come equally quickly and
P

a

efficiently. Thetkrght tb left order“of report -usually found, seems
ARG :

v

. only to reflect a well over I::;:yyx habit rather than any directional

constraint in the system. The fact that retrieval can effectively

begiﬁ‘at any point in the image suggests that the.image is free of
sequential constraint, +1in addition®he observation that respbnding'
I3 . - ('. . -
appears to be equally rapid aq‘ efficient no matter where access to.
. . e

-

tie image is made, suggests that the components of the image are
’ = .

simyltaneously availabte. The illustratjgn of the imaged room can

be contrasted with an analogous verbal task cutgﬂfg; Paivio (1975b,

pi 149) . The task is one of recstlngra famllnar short poem. The -
task is easily performed nf the recitation beglns at the begunn|ngvg}

the poem, but becomes awkward if the person is asked to recite the

e -

poem b@ckwardsl or starting“rom the middle. The point 6F5th§svlast
- ' . : . S
exaﬁp}e is to suggegt that the organization of a retrieval from the

- - . -
verbal system is constraired to an extgnt mpt characteristic of the

’

imagery systeé. To summarize “the theoretical organizatiorfal diff-

N - . . 2 .

erences between verbal and nonverbal systems: the verbal system is

characterized as a sequential processing system in which the organiza-
. P
tion of higher-order linguistic units is éequ‘ti'ally*gonstrained by
P o l ) ¥
the- rule® of .grammar. The imagery system.is characterized as a

L]

parallel processing system in which referent images are organized

into higher-order cognitive structures that aré relatively free from

o
e '

[4
.the sequential constraint of grammar.

“

- 11

L]
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One implication of the above analyghs is that ima

y should be

particularly beneficial in nonsequential memory tasks tha} require
. L 9

s&ngﬁronous organiiatién, whereas verbal-processes should superior
in sequentiaj memory tasks. Paiyio and:Csapo (1969) compared memo\y

_ for pictures, hidh imagery nouns, and abhstract nouns in

learning, memory sban (sequential tasks) free recall and recognition
0

(nonsequentTal) tasks. The rate of successive presentation of

et ".:’ - o . " ) o

stimulus items was also manipulated to experimentally control the

“

avéilability of dual coding. The rationale behind the rate variable

© ©

was that words could be read faster than objects could be named.

P

Therefore at a sufficiently fast rate of presentation subjects could -

-

read a word (verbally code) but not have tipe to Jlabel a picture

(imaginal code). At a slower rate-dual coding was possible.  Thus
o B -
’ ' - -~

in the Paivio ana Csapo:study the availability of memor :cédes was

varied by the type of stimuli (picture vs. concrete vs

bs%ract noyns)
aqd by the rate of prééentétion. . : :
. S . .
The specific prédictions from theory were }ha;\if.the fast rate
" memory for p;cfures shoU]Q suffer relatidé:to”WOrds in henpf; épan
" and serial }earning tasks, whigs ;equire memory for érdérJ P{ctures,

’

however, should not suffer at the fast rate in'nongeqﬁentié] free

reca¥ -and recognition tasks since the verbal labels presumably can

-~
o

_be retrizved to designate the contents of the imaéery'system. At the

slow rate of presentétiog. where dual coding of pigtures and conéregg

nouns .éan occur, memory for pictures should be better than memory for

words, and qoncrete nouns should be remembered better than abstract.

This pattern of results was expected in free recall, recoghigign:and

? .
1)




lpected between concretg'and abstracQ nouns on any tas
© r ™

. -
©

serial’ learning tasks because dual codnng, in general enhances the
o N PR G

probablllty of retrleval Furthermore no dlffquspes would be ex‘

4 ‘ “ i

,'af the fest
rate since only the verbal code'should be involved. n the other

o 1Y ° . - [ . N v

- hand, a similar pictureiﬁord difference. at the slow_rate uould not

- SQO

be expected in memory span snnce the task involves® ordered recall from

- -

2

' short-term,memorv. The results.of the” Panvto and Csapo (1969) study

fully conflrmed the expectatlons from theory and strongly 5uggested
that onformat:dn stored in the verbal and |mag|nal system is organized
in very dlfferent ways. o o

Other studies inyolving comparisons of memory for nonverbal
i . . 4o -

3 . ° »

o
(4

L3 . P L . . ERR ) .
environment -sounds (e.g., train whistles, telephone, ett.) and their

l

-

verb§1 labels in sequentﬁa] and nonsequéntialvnknory tasks have been

S 2

'generally 90n§|stent wnth predlcttons from the dual codlpg theory

(Paiviof Ph{!?gchalk, & Rowe, 1975; Philipchalk-&'Rowe, 1971; Rowe,

o -
4

S

s

1%74), These studies found memory for ‘sounds sto be inferior to their?®

< \

“verbal labels ihﬂsequentralimemOEy_ta§k§ but rot in free recatl.

Comprebhensive discussion of these studies and o?hers, some of which

'Y ) . ] ) g -
found data discpepant with dual coding (e;g., Ne]son Broz;} & N -
Borden 1973 Snodgrass & Antoney 1974) W|1l not be attempted hege :

as detalled treatment agpears elsewhere (Pa1v40 1975b).

Thegpalred-aﬁsoc!ate Learnlng paradngmjalso allows For-a-test .

N .
" o " . . . »
. - . - ’

of the synchronous-Seouentielidrganizatiohal distinction:of imaginal
and verEal codes. In this par!.lgm the - d|st|nct|on relates to the -
: ' ¢ [ » :‘ :

issue of aSSOC|at|ve dlrectionality Predictions from°theory are

o

. durect.c tf the imagery system organizes ihformatioi synchronously



0

an
.

. s B - . . . -5 &
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‘(}n ;h:oﬁehatiohalfy?pata1féltﬁahherf’cf. Neissgr, 1967ﬂ thén'recail

v

. o .
of’the response term‘Df’a pafr of concrétegnpuns or p|c£ures(9|ven
P

- B
. 04

the strmulus as-a cue should be- equally as effect1ve aSJrecall of the B

’ L - o

- .- c & v

*varrney and “Q‘Neulol (1969)

i
:
\

o R
stlmulus gnven “the rgsponse as a Cue 1.é., assoctatfve,éymmetry. 2,0

[ v
< o

On the other hand |f verbally codedolnfosmatlon ;s Sequentxally

e

constralned, asronatlve asymmet#y Shou]d be observeﬁ wlth response

| g§ < L°,~ Tﬁ«? o . c
. recall exceedlng,stlmul neca%f S IR s S e -
e . . Ses o - _' - < S e
Smythe (49]07 tested the abev@ predlctvons in a series of seven
b, . b} I LR . . _.‘, .
studles. In‘general‘ recall of concrete;egncreteanoun ﬁalrs and>
« - °:.'4 e ._- . [

poctuﬁe &alrs was symmetrlcal eu, stlmuqu and response pgur ,

- o . s -, )

membéﬁs=wefe equally;good retsiéval cuéb, whereaskin the case“of e
:. - - . T .0 & -y -
abstract«abstract ganﬁs forward recall exceeded backward recal% ‘:ﬁ:
L] c <, OOC L

These dataghfe conifstent Wk{h the Flnd:ngs ofcan eérL4er studm.by 2

& ¢

. Smythe s recall reSults wera further

2 o -

Supported Jn the same study, by tSe ftnding that the fatency of

’rgcall gf concrete pa?rs was - sxpmgtrlcal wnth?respect to cue type

o L - ¢ s

- 4 t e« O c

wh|1e asymﬁetry favorung forward recal] was°fobndcfor abstract palrs.-

- [N
&) -
I [

tn samalar Experjments Mondani and Ba&t%g (1973) repllcated the-:

E >

pects Qf the Smythe studtes.,‘:°;}5 ' o “:_ :1‘ ,-

eﬁsentlal

ln a Fecent serles of exper|ments usung a vgreety of ;eeal1 a s

> -
o o wuz

proced%ifs Begg (19?2 1973) tgsted qp lrportant %mpilcatlon of
-

synchronous sequentlaT d}StlnCFIQn.

suggestgd that comgpund
4 - e N s o

|mages “Eould be tntegrated in: bhe sense’ that multiple cqmponehts of -

. - .»,. Y

nnformatlpn are unti;zeﬁ in memaryb whereas the same was .not’ frue

‘ for verEal structures.ﬂ°He reasoried” that aocomponndanmage fakes up

“ > - : v T A

nc more stofage space aﬁ memdry than any of its separated Qomponents,

Ny
-
[y
4
1

o

&

N

co
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and further that each COmponent c0uld redlntegrate the whole when ¢

o o @
© [ e

° s o provided as a r%tn?evaW cué. Verbal representattons ‘on the other

- ;‘,, N

i

e ” (R . <

. °”hand becng?sequemtlally organlzed requlre more mémorycspace in the‘

K “
Rty » N < ° E < U <

oy 4

o
. -

-y
- o

»~
was that if glven the word ""door' to’ lmage st does not reqque any

Qo e
T e édditional memory’space to -{image a sQuare,door.' Thus thevima§ecof the ©
. ) phrase ”square door“ exemplrfues a songle memory unot. On the othé?

. * hand, the abstract phrase ”basnc‘tr‘th“ does not’ readlly Jendjltself

L . - _

: . to slmllar rntegrabron: fnstead more storage space tS’requlred

I O ln support of the storageJspaceﬁhypothe5153 Begg found that o
'h;% i SubJeCt; could’ }ree sec;ll pr;portlonaily halF _as many abStract words )
>;° from abst:aCt adjectlve noun phrases or llsts of 'Biv1duaI words .
c : s s e ]

@ than was found ln the COchete phrase or lndwvzdual word condltuons

< L

. ) *Ihus. concrete phrases funct|oned as IF they~were unltary |n memory

M L] T
v " -
-~ J P . B

“and absffact phrases Functnoned ]|ke sepanated lanU|st|c uths

< K
c v « Cl

o, " Begg (1972} also found that presentatlon of the adJectlve ér .the noun

g & . . . ’

© as a=retr|egal cue lncreasedpprdportlonate recall relatjve to free-

@
[} . . ® .

recall only/w1th the concPete phrase -The 5uggestion from these

. 3 po® e - 19 - : B * v -
n g . IS > i 5 : . s

results is that dmages'and concrete phraseg are ‘integratéd so that 7.
SRR s . o P : . T

redi'ntegratiop was ‘made possible. In the abstract sehuential case,

[} n 3 ¢ “

0 the components %éhaVe as’ cohtlgﬁlty cueg whAch -have been shown .to -be .

. 3,=|neffect|ve caes for recall QBregman 1968).  In another study, /:)u
) R . °

Beggf(1973) found further support”for 1mageny unrtuzaﬁlon by - de

~ “

. stratnng that cued recall exceeded free recalf when hngh lmagery
. » o
WOrd palrs were stored as lntegrated lmages (cf? Bower 1970) but not

. ' J . .
‘o . - a o . v © !
5 . . s
Q - - o '
a , R N

;sense_that each,dlscfete verbal item IS presumed tb occupy a separate °
. <

- - - v
> 'storage space. The rationale %ehlnd Begg g storage space, dedudtlon T

<

©
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. when the‘referents were imaged separately.’ ; - -
v - « R 08

°;” The research SUmmarlzed thus far»suggests that imaginal and -

verbal repreSentatlonal systems Brganlge informatuon differently. o
. a L)

s - s
N
Su % s 2 o

:Moreéven,.the evidence is consistent with theoretical aSSUmptipns

s
«
’ . R 2

‘ * from dual coding suggesting that complex information is stofed in the
. L4 - - Q .

» . nonverbal System in the-f&rm of hjgheriorder synchrongusly organized

2 [+

. o - v

) cT . Canltlve struc;ures,awhereas representatlon in the verbal system is

~ o
- o

- sequentlally cohstrarned ;

. . while the evidence is cénsistent;wifh dnal“coding"theory .
A 2 2 @ . -

L 4 D . © .
.regarding the organization of stored information, little consideration

- s o

. . ,has been given to the nature of the organizational process.at'encoaing.
- . v . e = -4
g . @ ° o - . ¢
LOne study involving the Brown-Peterson paradigm provuded tentative
/s "o -
evvdence of dlfferences at.this information processing stage ISegal

2 ! L

QlNeill; & Paivto 1971) Segal et al: suggested that-if organlga-‘

. 3 - . ’ ¢ - I3 . e Ca s - i
0 tional dlfferences exist that dlStlngunsh Jmaglnal and verbal codes
. - 3
“ L at encodlng, then conditions that faculltate synchronousrorganlzatlon .
] - ‘o .
. R . .
,sh0uld result in better recall of COqcrete than abstract nouns

<

-

& ©
o However» in conditions that facilitate sequentlalporganlzatlpn, no «

v

‘recall ﬁtfferences should be found because the verbal code is

4
o

equaPly available to both innds ‘of stlmul// They reasoned that

'sipul taneous presentation of all the etements of a wordftriad woufd

N < ) . -

encourage synchronous organizatFon, whereas successive presentation .

of triad elementé would encourage sequential organizatién. These

- ,I.

i modes of pfesentation were factornally crossed w.th noun eonqreteness

and rate of presentation (cf Pa1vno &.Csapo, 1869) Ae.predicted, L

< .,

jregard1ess of rate, simultaneous presentatlon_faC|lltated the reeall.

. C oy
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S . -
° ‘ - o &

y o of concrete more than abstract words. dﬂoreqver, under successive pre-*
’ . V4 .

sentation conditions no recall differences as a function of concrete-

) . ness were found. The results of this study suggest, that recall
N ° o /t o ' N o * '00
. differences were attributable at least partly to the theoretically
. . . i ,

« predicted organizational differences at encoding.

The ‘interpretation of the Segaf, t l.’study as well as other

i . <

0 - —_ .
studies using memory performance data to make inferences concerning

o .~ ) h - .
‘difference in encoding processes, suffer from a confounding of #input N

processes with storage and retrieval proéjgses. ‘The suggestion here

-~ -

is, that what.might be cbnsidered to be organizational effects at

¢

1 input might be the product of épecific retrieval strategies. In .
N g . -

: light‘og Fillenbaum's (1970) criticism of the use of memorial -
.8 ‘ -

techniques to draw inferences about .the nature of.the representation,
"~ what apparebtly is needéd is a test of dual coding theory's organiza-

tional distinction thaf does nqt‘sdlély‘depend upon recall measures.-

\ . . . . a .
. -The use of encoding latencies in-the present investigation provided

-4

such a test. “ : . .

[3 S

Rationale For The Present lInvestigation
; As mentioned above, the present series of investigations was

R ' Z -~ .
primarily concerned with.the efficiency df encoding-multiple units

L 1

L

of inifrmation intS compound images -and sentences; and sééondarily,.'
with the effect.of such encoding on incidential recall. The research
can -be viewed as an extgnsion of earlier experiments which required

s subjects to generate images or verbal associates to individual words

or word pairs (e.g., Ernest &'Paiviq, 1971; Paivio, 1966; Yuille &

.
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Paivio,.1§67). The above mentioned earlier research'was designed to

-
e

demonstrate the .independence of verbal and imaginal codes, whereas in

&

the present studies, larger groupings of words as well as pictures

were used in order to increase'organizatiohal and memory. demands, .

thereby revealing differences in the way complex information is encoded ¢

and processed in the verbal -and imagery systems. - ' .
As-mentioned eér]ier, predictions concerning encoding latency

were based upon prior research and theoretically based assumptions - -
B . ¢ 0y

concerning, the organization of information in the verbal. and.nonverbal-
systems. Earlier research permitted the strong prediction that the

latency for generating -images would be generally less for stimuli that

5

N -, . L . ; . ) . Q
have more direct access to referential images (pictures and concrete”
nouns), whereas sentence latencies would be littie affected by stimulus .
@

concreteness-abstractness. . ) o~

o

>

The above effects were expected to be’qualified by set siz? in ways

‘sﬁgéested by the postulated organization;l di.fferences between imaginal

and verbal processes. Vi5ual‘1magery/involves synchronous organization
of object images in memory, resulting .in a unitized compound analogous -

to a visual scene, whereas verbal processes retain the sequential pattern-

. &

ing that is reflected grammatical language (Paivio, 1972a, 1972b).
Synchronous Qqrganization implies that imagery encoding isorelatﬁvgly
: \ i S, = .

free from the sequential constraint impased by grammar on verbal
encoding. Simply put, things-can be -joined together in a variety of

- , -

£ ’wéy; to form a meaningful image, but words do-nbt enjoy this .freedom.

in their formation into sentences. The organ}zational distinction has
. - : ‘e : )
“implications regarding the time neéded to encode (encoding efficiency)
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©

and memory capacity that .are crucial to the present -investigation.
Eacoding efficiency shouldipe directly. related to the degree of se-
'quenpia1 constraint involved in"generating an orgaﬁized cognitive

structure. As the ggnera;ign-o? compound_image}y of the type .required

in the present task‘invo1veé,:at most, minimal seduential constraints, .

.thefenéoding of separate units fioto higher order structures should be

+

relatively unaffected by the number %f items in the set. On the
_ ' . « S
other harid, the generation of a-meaningful sentence involves a high

‘degree of sequential constraint that should increasingly hinder the

-

encoding -of items. into higher-order verbal structures as set size

increases, Tﬁerqfore,the‘specific'brediction is that verbal encoding
time should iq;réasé more dramatically ihan image time as set size
is inqreasedt .
Detailed predictions of memory effects will be didcussed in the
; N

'mcontext of the experiments, Some general .predictions can, however,

be made. Previous research (e.é., Paivio 8'Csapo,~1973; Paivio &«
Foth, 1970) sQQgested that reéal[ would be generally higher for

pictures than for cdhcrete words, and in turn, the recall of concrete

o

nouns would be highér 'thi for abstract nouns.
¢

A S EXPERIMENT 4

-
-
3

This study inyolved a comparison of high imagery, concrete noun

.

and low imagery, abstract nouns in ordér to determine if encoding

processes were in ling with suggestions from dual coding theory.

, ~

Fo‘"owing the encoding task described earlier, memory for the

y, L -




. items of the stimulus list was tested by free recall.
) ' - ) ' ', . =

The specific predictions regard@ng encoding latency were that

. -

imaéery encoding latencies would be affected by the concreteness of .

the stimulus items,' i.e., loﬁger latency.would Be'associated with

. e - . * .

aBstract nouns rather than concrete nouns, whereas verbal encoding o
latencies would be unaffected by concreteness. Secondly, and mqre“

importantly for the purposes of the present investigation, encoding

2)

2rsb

latencies should increase more steeply thﬁ set

ize under sentence
. . .

(verbal) ‘than under image instructions. - o Sy

. Free'recall predictions were based upon g!% Storage space cor-
I

rollary of the differential erganization hypotbesis (Begg, }972, 1973). -

The storage space notion suggests that imagery coded-information is more

)

) . ' T L. . .
integrated than verballiy coded information. ,If this were the case one .

would expect that the superiority of imagery over verbal conditions

. -
‘ M - -
-

should increase directly with set size.'.Therefore, the preeictions,
'were'that as.£he set size increaSeé, fhe recall superiority of.concrete
over- abstract nouns and of {magery over verbal engoding eqnditienS‘WOuld
increase’ . o oL ‘ . .

» <

g ' _ " MgTHOD v

Design and Materials . : - - o

=

The experiment was a 2 x 3 x 2 x 10 factorial design with repeated

observations on the last factor. The design involves two levels of
. . : .
word imagery (high vs. low), three levels of set size (2, 3 and 4 -~ -

- .

word/set), two types of encoding instructions (imagery vs. verbal) and

»

ten test trjals.

. ° »

» -
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Table 1

-9

Abstract and concrete nouns lists used in Experiment %

” Concrete Nouns

BODY
BREAST
BUILDING
CIRCEE
. CORNER
| DRESS .
. FLESH.
 GENTLEMAN
- GIRL

HOTEL

Abstract N;uns
ADVICE
AMOUNT
. ATTITUDE
CHANCE |
CUSTOM
- DEED
DUTY
 TEFFORT
EVENT

B H10DE

™
&

JOURNAL ~
LETTER
LiP

. MACH INE
MOTHEQ
OFFICER
PERSON
PROFESSOR
ROCK *

SHADOW

" HONOUR 4

HOPE
HOUR
INTEREST
LENGT@;
MAQOR[%Y_
METHOD
MIND
NECESSITY

OCCAS ION

SKIN

SQUARE -

STRING

STUDENT

VILLAGE-
 FACTORY
- TEACHER

P

HALL

’

INDUSTRY

WOMAN

QUALITY - -

SPIRIT
STYLE -

THEORY

v

~ THOUGHT |

<

BROUBLE- -
ANSWER -
CoST -

. » QENELOPMENT

DIRECTION

ENGINE
NAIL

oLy S
BAR '

L 1BRARY -«

FLOOD

P IPE

TOWER IR
AUTOMOB ILE

SLAVE -

o

EVIDENCE

EXPRESS ION o

. FREEDOM

H1STORY .
JUSTICE - ' .
KNOWL EDGE R

LAW 3 “' 5
MORAL,

POSITION o .

s

SOUL




Procedure

%
Forty high imagery (1_range =-5.60-- 6.83) and 40 low imaéery
words (2.13 - 3.83) were selected from the Paivio, Yuglle and Madigan,
(1968) norms. The word lists were matched for Thorndike-lorge fre-.
quency,, but Kucera-Francis (1967) freqdencyfavored'the abstract list"

i.e., the abstract nouns were of higher frequqncy. The lists were

also matched for verbal associative meaningfulness. The stimulus lists

are presented in Table 1. From this pool of 80 nouns, six lists of

items were selected randomly to comprise the set size conditions.

-

Homogeneous lists of 20, 30 or 40 concrete and abstract nouns were

»
constructed. Ten word-sets made up a list, i.e., ten pairs, triad®
3 )
or four-tuples. The individual word sets were typed on 5 x 8 inch

I'd

index cards for presentation to subjects. Three‘raqﬁomizatibns of

items of a list were used.
’

Latency measures were recorded by a Hunter Model 120 clock counter c

which was started by a.Gerbrands Model 730 Voice-acfi&ated relay and

'

stopped by the subject's key press.

Subjects .

-The subjects were 108 Untver51ty of Western Ontarlo introductory

o

ps&chol y students. Nine subjects were assigned randomly in order of
appearance ‘at the laboratory, to each of 12 experimental coﬁQntlons.

-

The experiment involved two phases, an encoding phase and an in-

cidental free recall phase. All subjects were tested individually.

En;ghing: Upon being seated in the laboratory, the subject was

read a set of encoding instructions (imagery or verbal) which explained

< 2
that the purpose of the experiment was to determine how long it takes
0




<

fo generate sentences (or images) to sets of words. The imagery
By

instructions stressed that the subject should form meaningful com-

pound (interactive) images of objects that could stand for the nouns

. presented to them on the index cards.  The verbal instructions asked
>

-
«

the subject to make up a meaningful sentence that included alil the -

°

nouns presented to them (the text of all the instructions is presented

in Appendix A.1). The instructions further stressed that encodimg

should be done as qufEkly as possible. Following the instructions,
the subject was given three sets (trials) to practice the'fnstructed‘

encoding strategy. ’

Next, ten test tridls were administered. . A test tr]al was’started
- [+)

by the presentation of a stimulus card. As the étimulus cards were
:J
exposed manually by the experimenter, the trial number was spoken
. - b -
, aloud, ‘thereby activating the voice key which in. turp started the

clockcounter. Once a sentence or image had been formed the subject’

.

responded -by deprésging a geieéraph key whith stopped the clockcounter.
~% . o
The stimulus card was EPen;removed from view and the subject immediate-
L : ” .

ly drew a picture of the image or‘wrote a sentence that reflected
the encoded structure (cf. Paivio & Foth, 1970). Up to twenty-five
9 ' ] "

»7

“« seconds was allowed for drawing or writing.

o

Incidental Free Recall: F;?lowing the completion of the entire

encoding task, i.e., after all stimulus cards werFrpresented, subjects
were unexpectedly requested to free reca11,~in writiné; as many of

the presented words as could be remembered. Three minutes were allowed
A . a
s for recall, after which time the subjects were asked whether a memory .

. -14 z

¢ 3 test had been antf&ipéted. No subject reported that recall had beén

C

e




l - .

14 - .

L 5. . ©

expe€ted. Subjects in the verbal encoding conditions were additionally

asked if they had experignced any merital imagery prior to the genera- i

tion of a sentence. ’ .

RESULTS

Encoding Task

Table 2 presents the mean encoding latencies for all experibental

»

conditions, collapsed over trials.

Analysis of encoding latencies as a fuhction of noun imagery, set
size, encoding instructions, and triéls.showed no maf&/effect or any
interactions (p» .10) involving trials. é?bnificant main effects were

obtained for noun imagery,:setvsize, and encoding instructions. High

¢

imagery nouns were encoded faster than low imagery nouns, min F (1,146)

= 86.27, p <.001. Encoding latencies increased directly with set

size, min F (2,146) = 21.66, p<.001,-all possible set size comparisons

»

being significant by Scheffe a posteriori analysis (p <.01). The
. Ll

instruction main effect showed the verbal encoding was generally faster
g 2

than imaginal encodipg, min F (1,150) = 6.15, p <.025.
_— _ rd

The main effects were qualified by tﬁotsignificaﬁt'intgnqg:ibns.
Figure 1-shows the ipteractioﬁquxween noun imagery x ericoding in-
structiong, min F (1,15Q) fa24.8hi E_<.601. The Scﬂbffé~ana|ysis "
" indicated that low imagery nouns took logggr to encqqz into images th;n
into sentences, f_(1,96) = 53 82, p <.001 but. no difference as a
function of type of encoding instruction was f;und‘for high imagery

nouns, Scheffe E_( 1,96) = 6.01, p<.10. One‘additional éjgnificann

effect emerged. Overall it took 1§nger to encode sentences of low

o
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: 4 ..
Table 2 B
. : .
Mean encoding latency (in seconds) as-a function of encoding

¥ instrucu&s, noun imagery'and set size o~
‘ e
Encoding Stimulus t ", " set $Size -
instructions Type ' 2 3 o 4
. . High ) 3.77 5.0 © 5.79
v Jmagery : o .
Low o 12.38 L~ 13,77 14.56
L] . "" A . :
: ‘ High e 3.70 '5.99 9.76
Verbal . N ‘
o , Low 3.87 9.20 13.30 ,
- ',
‘ »
» .
, #
\
&
:a ’ .
4 - i
. ‘ b v
. ’ .
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Figure 1: Mean verbal and imagery encoding latency in seconds as

. a function of high and low imagery noun sets.
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~imagéery nouns than high imagery nouns; Scheffe F (1,196) = .13.60,
* p<.0l. In light of the results of previous research (e.g., Yuille
- : - - : ” 0’ b rFi
& Paivio, 1967) demonstrating a nonsignificant verbal ehcoding

latency . diffgrence between concrete and abstract noun pairs, it is
. A - . -

. " reasonable to suggest that the obtained verbal %ncoding:effect can

4
be attributed to differenses at set sizes: exceedipng a pair. |In’the

"absenée of a.three-way intefraction of encoding instruction with

+

- - . ’ . e
. ~noun -imagery and set size, inspection of ‘the overall pattern of

results of the present study'sgems to be generally consistent wit
' . S e ( - . - o
the above interpretation. L -’ . "

FiguFe 2 presents the significant encod

-

ing ihstruction-» set "

)

—

size interaction, min F (2,150) = 6.645 p<.005. A Scheffé analysis

indicated that imaginal encoding time did not differ significantly

*

as a -funttion of set size. In the case of verbal encoding, however,

increases in the size of the set were accompaniéd‘by significant

increases in the time qeeded<to encode (p <.01; by Scheffé). - This

iqteractioﬁ is generally consistenf with‘predictions from the .

differential organization hypothesis. . ,
° - = - ° -

Ipcidentad. Recatll ) ’ : = . . ”

. / . . . )
Three measures pf recall were analysed: (1) the total propo{Eion

of items correEtly‘recal]ed, (2) the number of‘sets recalled, and

£3) the mean proportion of a set reca]lé%,'conditioﬁal?zé3~hpdh the

number of recalled sets. Inthe first and third analysis thq_éffect

4

of set size is confounded with |l is¢t length, consequentPy main effects
. \d ) o :
of set size are uninterpretable. Howeverw\the crucial predictions .

involved interactions with- set size, .-and there are interpretable.

- . v -
o R ’ - . "
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The total proportion of.items correctly recalléd was ahalysed as® >

Ze

a fun%tfon of noun’‘imagery,”set Size and encoding inétruct*ons. Table

~3 presents the. mean propbrtlon af items correc;ed recalled\ Ana1y5|§ .
2 N - < " ) } =
of varlance ‘showed” that - high |magery nouns were recal1ed better than

<

Ulow imagery noduns, F (2,96) = 95.63, E_<3OOT. _Recall decreased wnth

.l
c

>
©

inoreases in set size, F (2,96} =:6619,'E_€-0¥- A Scheffe analysls

~ <

revealed that the set size main effect was due solely to dlfferences .
between noun sets of size 2 and_h, LF (2,96) = 1?.11, E_<.Ol. +Lastly,

-
- o -
4 I3 3

regardless of noun imagery, imaginally encoded words were better re-’

calied than“verbally encoded words, F (1,96) = 9.10, p <.05. .

Since the |tems in the encodlng task were presented to the subJect

in sets, .and since the lnstructlonsfrequlred unltnzatlon of-the presented

o

grOupJngs, it was possible to analyﬁe recall,ln-termz of the number of
P ::;' . < . -

sets recalled, A set was.considered recalled if one.of the nominally .
< - . 3 b r
t

presented items of. a group appeared in the subjects recalT‘protoco]

bkcf. Cohen, 1963)." Table h.preséﬁts the mean numbercef sets reéa}led
- - %

El

for all cohditions. Ana]ys;s of. Varlaﬂee showed that more sets of

<
<

high imagery than- low |magery nouns were recalléd F (1 196) = 18 00 i

/
“a

< .00]1 In addition, imaginally. encoded sets were recalled better

N

than verbally encoded groupings (1—96) 22. 32 p'< 001
5 . 4 g
The efficiéncy of retrieval from a set was analysed in terms of -

the mean proportion of items recalled from a set, conditionalized on

. [

/ the number of sets recalled. This dependent measure was abtained

for each subject by the following formula (cf. Cohen, 1966)

3
-
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N o
E{\coding Stimulus Set Siz;'
Instructions Type -2 3 4
. »+ . High .68 .65 .57
Imagery - - ’ .
. Low 43 L4 .29
P i ‘

‘ "High .64 .53 .50
Ve rbal ‘ : :
a . Low .32 .34 .31

-, ﬁ

.

Table "3’

_ . . .
Mean proportion of items correctly’ free recalled for

o

v.

all experimental condi tsions

30



v . : Table 4

R L . N ' . ’ 5
Mean  number of sets recalled for all experimental conditions ,
) ’
[ ‘,‘!
Encoding . stimulus ’ Set Size
Instructions Type . 2 ‘ 3. ' b
. " High T.7.89° ©o8.22 L 7.k
<, Imagery s . ' /-
Low- 5.89 ) 6.89 6.56
a B ‘ . .
~ High, . 6.56 o 76.33 6.1
Verbal . '

low - 4.22 . 5.67 © 5.89




[ . a

/7 Mean proportion of set ,
recalled (efficiency of = 1
retrieval) .

(mean number of items/set not recalled)
- ’ ‘a " o N

¢  set size - 1

-

-
a

This index answers the question, given tﬁgt,one word qof a set was
recalled, what'percentage of the remaining words of a set were recalled?

C . . . T e / .
Please note that this index is only normalized for set size compari-
sons, consequently inferences regarding différences in recall efficiency

o

as a function of noun imagery and erncoding instructions would only be

warranted if interactions of these factors occur with set size.
Yy » s .
a An analysis of variarice revealed that a .greater proportion of items

“

were recalled from high imagery than from low,imagéry noun:Sefs, F (1,96)

= 79.37, p <.001. Furthef, the mean proportion of jtems of q'sef

correctly recalled decreased as set size increased, f_(2,96) =‘ﬂ.36,

“~

p <.05. Scheffé a posteriori analysis showed.s{gnificant (p <.05)

~

recall differences for al] set size comparisons. No interactions were

°

obtained with this dependent measure.

wh

The use of the subject-paced encoding task in the present investi-’
gation brings with it a problem regarding the interpretation of the
recall data; namely; that the length of the retention interval varies

with experimental conditions. More specifically, combinations of ex-

’

perimental conditions that-correlate with short enc5ding latencies

produce .short rétention intervals, and conversely. Thus the possiBilitY

exists that some portion of the recall effects can be attributed to

- .

the differénces in retention interval or some combination of the effects

of the interval and experimental variables.
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If differences in refention interval alone exert an influence to
alter the recall performance then such an effect would be expected to
be significant}y‘appgrent in the ;ecall of the last few items of the @

i stimulus lists. An analysis of variance was perfo?med on the total re-

call data for the last six items of the lists. So as not to have dichot-’

omous data adjacent

sitions were cbmbined, producing three
’ " q

[ ! 0
levels of the serial position factor. if differences in retention interval

¢

alone coﬁtribute significantly to recall performance, then interactions

of serial pésition and the experimental variables shoulgd bezobtained.

The anafysis revealed only two significant main effects: noun imagery,

F (1,96) =-29.76, p < .001, and serial position, F (2,192) = 5.01, p <.05.
The noun imagéry effect suggested that more high than low imagery nouns
" were recalled. No significant interactions were obtained. An analysis

of variance was also performed removing the last six items from the
. ) .

w

o

N
overall total recall. Results comparable to the original overall analysis

P

were obtained, thus on the basis of these analyses, it appears that.any:

¢

differences attributable to retention interval alone failed to produce

~

differeﬁtial recall effects. _
. 3 [ J + .
\ ’ .
One other potentliial problem inherent in the subject-paced task is

that stimulus éxposure time varies directly with encoding latency.
Typically longer stimulus exposure has been shown to exert a'positive
effect on memor;: "To determine if exposure time influenced recall iﬁ ;he
present reseérch, gé analysls of .covariance was performed on the recall
data with encoding latency as the coVariéte. Ne qualification 6f any

of tHe existing results Were justified by this analysis and similar

analyses in the remaining two experiments. .




‘. DISCUSSION

This discussion. deals in tyrn with three issues, the efficiency
4
of encoding multiple word units igto higher-qrder imaginal and verbal

[

cognitive structures, the rol 5f noun imééery in the speed of.,verbal

encoding, a%d inciden}al recall as it related to the differential

organization'and ?ua{ coding hypotheses. .
The result; are quite clear ré@aéding the‘efficien;y of s

encoding muitiple.WOQd uﬁits into imag%nal and verbal cognitive

structures. The study replicated and extended the findings of pre- ,

vious research in that complex verbal aﬁd imaginal éncodings were

formed equally quickly to sets of cqngfete nouns, but it took longer

to generate compound images than sentences to abstract nouns (Figure

1). These results support the view that imaginal and verbal associates

-

are equai!y available to concrete words that have objective referents,
but not to abstract nouns which fack such referen;s.' The present
findings exteﬁd previous oné;,lhowever, in regard to ;hé gffect’ofa
noun-contretenesson verbal encoding. Typically, verbal associations
occur equally quickly to concrete and abstract words or word pairs.

#
This pattern held in the present study for nouﬁ~pair5, which require
only a min{malﬂdegree or relational organization, but 2ubjects took
significantly fbngek to generate’ a meaningful sentence from abstracf
than concrete nounsqwsen greqfer orga;{iétional demands were'imposea

by 1arger set sizes. This suggests that complex linguistic structures

are more readily generated with concrete'than with abstract nouns.

.
°

One possible explanation for this difference is that sentence generation

=
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“was, facilitated hy imagery in the case of concrete nouns; that is
: ’ . ) . - ]
a complex image was first formed integrating the noun reférents into

a synchronously organized coénitive structure, and a sentence was then

2

generated to describe the image. Abstract nouns, on the other handt,

L3

must depend upon sequentially constrained verbal'processes at all

(S
stages of sentence processing. Consistent with this intgrpretation,

25 of 8 possible 27 subjects reported that Yinvoluntary' imagery was
often used as a basis of sentence generation. No subjects reported
a similar experience in the abstract noun condition. ‘Thus the

verbal coding task may ref1ecp in part; the interconnectedness of the

system. A possible alternative interpretation is that semantic

selection restrictions or lexical complexity (cf. Kintsch, 1372) is

a

greater for abstract than concréte nouns, with the result that it

)

requires more time to encode sentences containing the former. The, .

data do not allow for a decision between these--two alternative hypo-

.

)

theses, but regardless o% which interpretation is favored, this

finding is interesting in its own right énd deserves further study.

The eFfeﬁts of the encoding instructions on encoding speed were

as prédicted on the basis of the differential orgah{gatién hjpothesis.
Figure 2 shows that increasing the number ofvnoﬁﬂg'iﬁ a sef-from

two to four increased the time fof sentenceigéneratipn:(derbé].;ﬁcoding),

whereas no significant change was found in the latency of image v

a

encoding. It is not surprising that the analysis of variance pe?formed
on the latency data indicated a nonsignificant increasing trend for
Eed . N .

image time as a function of set size. Such an increase would be

expected on the basis of the set size manipulation alone. The failure

- - - - - 14



to obtain a significant change in image latency can reasonably be
attributed to the moderate power of overall between subjects analysiss

or the conservativeness of Scheffé a posteriori tests. Despite the

‘ ©

absence of a significant change in image latency the results are in

complete-agreement with predictions from dual coding theory (see

’

earlier section of introduction, “Ratigna?e for the present investi-

gation'') 4n that verbal encoding time increased more dramatically with

set size than did image time." These results are.consistent with the
way linguistic units and nonverbal images are presumed to be organized

into higher-order cognitive structures. Specifically, the increase

<

in sentence generation time with set size reflects the increasing se-
¢

quential constraints that verbal encoding entails. Such constraint
presumably involves temporal and syntactic component; temporal, because

speech (including inner speech) is a temporal prqéess; syntactic,

>

1 ! . & .
because English grammatical rules do not permit free ordefring within

the temparal stream of speech or'thOUth.» Conversely, the image
"latency function strongly suggests-that the generation of compound )

. j
imalges is relatively free from such sequential constraint. This is

3

consistent with the view that-imaginal un\ts are organized syngchronously

’

inFO higher-or&er mémory struéture.

It could be argued alternatively that subjects simply adopted
different response criteria for verbal a:d‘imaginal enco&ingi Spe:
cifically, they may have been more stringent in what they ac;epted as

a meaningfu) sentence than as a meaningful image. This hypothesis

£

will be discussed later in the thesis.




- that information in synchronously organized images.takes up less

[N

“ [ ] ;
In regard to the incidental memory task, the general effectiveness

v

of imagery was indicated by the finding that total recall was gener-

ally better for items encoded imaginally.than thosé encoded verbally,

"~ regardless of noun concreteness. In addition, high imagery, concrete )

nouns were better reca]led than low imagery, abstract neuns. Similar

results were found in the analysis of the number of sets recalled,

@

o

i.e., set recall was higher for concrete than fer abstract nouns,
and for imaginally encoded than verbally encoded noun groups. The

r

results are generélly consistent with a dualt coding bypothesfs

s o
v

(e.g., Paivio & Csapo, 1973) which maintains that high imagery cen-
dit'bons are effettivezin.memory bécauseathéy increase:the probability
that both imaginal and verba; processes W11 be involved in inform;—
tion retrieval. Concrete words have a highe} prébability than abstract
words of being imaginally and verbally coded; imagery. instructions
further increase the probabiligy oi;dual coding. "Thus congrete—word; 2
coded in two ways have a higher probabilify of recail fhah singly

Eoded abstract Qords. The dual coding notion will again be discussed

in relation to empirical Findings in Experiment 3.

The image organization hypothesis (Begg,-19]2, 19731 suggests
‘ ’

""storage space'' than sequentially organized verbal information in

the sense that images can be more effectively accessed and integrateg

- c

in memory.+ The expectation from this hypothesis was that the

advantage of fmagery\fonditions woul d increase directly with set size.

This expectation was not supported by the.total recald or seﬁ'reéal]

€

37
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data, inasmuch as both types of recall decreased equally for all

conditiens as set size increased. Similarly the broportion of a

- %
'sep recalled data, a measure of the jintegrity of the encoded repre-
-sentation and consequently a more difeét test of the storage spaéé

. :
" notion, failed to support the ”Storage.space” hypdthesis. Imagery
conditions and set size failed to intéract in the predicted manner.
This sugéqsts that image and verbal instructionﬁ apparently resulted
in.equally integrated cognitive structures. Perhaps one reason for
the failure to confirm any aspect of the storage space hypothesig
can be attributed to the uncontrolled arousal of imagery in the verbal
h{gh imagery noun conditions. Imagery in these conﬁitgons.éouid have
‘wiped out any effects due to organizationgl differences. One suggestion
might be to extend the present study to include cued recall, a test of
aé%ociative recafl, ina;much as cued recall appéars to bé particularly-
sensitive to the degree of integratiom of memory stchtures'(Begg,
1972, 1973). This expgrimental extention will be considered in
Experiment 2 in order to provide a stronger test of the hypothesis.
%XP£RIMENT 2

This experiment was designed as a replication and extention af
the .previous experiment. It was a reﬂlicétioniin that concrete and
abstract words were again used in the encoding task. ?It was an extention
in that the meméry testing phase of the previous design now igﬁludéd é
comparison’ of incidental free and cued recall. Cued recall was added to
provide a stronger test of Begg's storage space hypothesis.

w

Two methodological changes were made in Experiment 2. The con-

38
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founding of4set size and list Iengfh was reﬁoved. tastly, the éA“
co;ing in;truct;;%s were changéd;to put moné emphasis on -the meaniég:
ful integrafion-df images and the éﬁammaticality of sentence encodings.
Peedictions regarding encodiné latencies were identical to ggose *
.y , . & ’
of Expérfmént 1. However, with the inclusion of a cued recall test
the ‘memory prediEXion; changed somewhat. ~ -

On the basis of dual coding theory and'the results of Experiment 1,

it was again expected that more high imagery words would ‘be recalled

-

than low imagery words; tﬁat more words would be recalled from imagqry

o
Pl

encoded sets than verbally coded.sets, and thét, overall, recall would

»

vary inversely with set size. o ,
s

Begg's research (Begg, 1972, 1973; reviewed earlier) and the storage

*

space- hypothesis suggested that the above effects would be qualified by

. . »
the interaction of imagery conditions with set size and type of recall.
” - P L]
Thg rationale for these predictions was that if imagery ‘and verbal cog-
7 : ) . . - .
nitive structures differ with regard to .the degree of unitization in

such a manner that{?magery results in greater integration of a memory

structure than verbal coding, then the conseqﬁence of- integration, namely

redintegration7via cueing, should be greatér for imagery than verbal con-

ditions. Further, the superiority of images over verbal conditioss should :
increase with«set size. Specifically it was expectéd that cued recail

would becomt increasingly supertor to free recall as-a function .of in-
creases in set size fdr im;gery engoding conditions, whereas thebéame
should not hol? for verbal encoding conditions. Noun imagery should
‘similarly interact with set size and type d¥ recall task (freé vs. cued

récall task). .That is, the advantage of éued‘recall over free recéll

—

3
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shauld be greater for hidh imagery, concrete nouns than for low imagery,

abstract nouns, and this difference should increase directly with set

\ B . ¢
' 4

size.

METHOD

s |

*

Design and Materials

The experiment was.a 2 x 3 x-2 x 2 factorial design involving two

levels of noun imagéfy (high vs. low), three Jevels of -set size (2, 3

. , . _
and 4 word/sets), two typé§ of encoding instructiops (image vs. verbal)

* and two types of recall f@Sk (free recall vs. cued recall).
. Fortyheight high imagery, (l_ra#ﬁé = 5.60 - 6.83) and 48 low imagery

~

(2.13 - 3.83) nouns wexg select&d from the Paivio, Yuille and Madigan
. ! LS
(1968) norms. The high-and low imagery lists were chosen so that they

were matched for KGcerag>?ances frequency and verbal associative meap-

14 .
ingfulness. *The stimulus lists are presented in Table 5. Lists homo-

geneous with respect to nount imagery were systematfcally constructed

LN B
»

to comprise the various set size tonditions. (. ' 4

'

All lists contained a total of 48 wdrds. Thus, there were 24 noun

pairs, 16 triads and 12 four-tuples.

The foltowing 1ist construction procedure was used as a control
¢ ot <
L I e
device for the cued recall portion of the experiment: first, the 48

Fi

items of  the word lfsts were randomly paired to comprise the set?size
,2 conditions. Then 16 of these 2k pairs were randomlyﬂselecteﬁ to be

. ‘ >

used as intact units in the construction of triads. The remaining 16
: ' : . '

items (of the 48) were randomly inserted into the middle position‘of -

the maintained pairs to make up the set size 3 conditions. Lastly; to
. ‘ i

- *

i ‘

L]
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. . s c
- ¢ °-

/4_ make up~Fhe set size 4 cgﬁditions, 12 of the 16 triads weﬁe‘raﬁfomly
. . . . »
. selected to be maintained for elaboration into fourﬁtup$es. The
remaining 12 Jtemsdﬁere then intluded . randomly iﬁ t he Lhird‘position"
~in the 12 hainteined triads. Suzh pro;edures were needed to control
for differentialcp?ombt effecti:enéss in the cued recall éertignlof

1
-

_this &xperiment. i . ’ ;’
. o » .
As in Experiment 1, the stimulus sets were typ€d on index cards
fof presentation to the subjects. Two different randomizations of

* . ] -

items of a list were uS?ﬁ¢\~The equlpmeﬁz‘and technical-design were
q - . B

identikcal to Experiment ™. o ' ' 8

Subjects ' e " oo

L]

- o The subjects were 192 University of western Ontario introductory
psychology students. Eight subjects were aésigned at random, in order

.of appearance at the laboratory, to each of the 24 erperimenta} con-

- v e

ditions. - . = At -

- } -

Procedure ‘ ’ : . ‘ P
As in Eiperi}ent lf\a!l sétjects were individually tested on the
encoding and iﬁeideqtal.free and cued recall phases of the experiment.
A " ,

Encodingt, The procedere for the encoding phase of this experiment
&> Y

was identical to Experiment. 1 in every respect except that thé'éhcoding

>

o . . ' . ) X ! .
Instructions were,  changed to emphasize the. interactike nature of images,

L3 . -

.and grammaticality of sentences. The text of the revised instructions’

. ' ~\.)

Incudental Free and Cued Recall: Follownng cqmpletlon Jf the en

appears in Appendix A.2. *~

codlng task subgegts were unexpecé!dly asked to recall as many of the

.

words\they had been presented as could be remembered. For half of the

3

- oo . 1




sdbjects, written free recall was requested. Thé remaining 3ijectéf
@ : s
were given cued recall tests. In the cued recall conditiohs, a. sheet.

of paper containing the prompts was provided to each subject for
written recall. Half of the prompts Were the first items of the

no@inally presented"stihulus sets, whereas the remaining half were

- 'the last items of the sets.. Because -of the set copstruction procedures

“

£

described earlier, the cues were the same nominal items for all set

size conditions thus provid?ng a control for differences in prompt . -

effectiveness. - - . -

. 4 i

As in Experiment 1, following the three minute recalliperiod,

@ -

subjects vere ésked whether a memory test had been aq}icipated. Again

‘no subject reported that recall ‘had been expected. . Subjects in the >

- -

verbal encoding conditions were additionally asked at that time, if

they'recalled'gxberiencing‘menta].imagery priér to sentence formation.

+ ol - - ’ 4 - v
. RESULTS ) .

Encoding Task L’ - .
R * . .

Table 6 presents the mean encoding latencies for all conditions.

Two' types of analysis’of variance was performed on the ¢ncoding ~ i’

<

> - M .

-latency data. Analysis of encoding latencies as a function of noun
imagery, set size and ericoding instructions was performed, indicating . /
that Q{gh imagery nouns were encoded faster than low fhagery nouns,

-

min F £1,268) = 1&&;27;,E_<.Op1, and that latency. increaséd directly -

-

with set size, min F (2,258) = 91.75, p <.001. These results are .:
in" complete agreement with those of Experiment 1 except that in the
brésegt exgeriment no main effect was obtained for{?nétfuctions,

5




* Abstract and

Concrete Nouns

&

BODY

w
I3

BOA&D
SQUARE
STUDENT
CHIN 
BLOOD
SKiIN

CORNER

" PROFESSOR _

OFFICER

SEAT

L4

SLAVE

Abstract Nouns

EXPLANATION

THEORY
© FREEDOM
ATTITUDE

SATIRE
GRAVITY

" *HONOUR

- DEED

DIRECT ION.

ECONCMY

]l.F' ;

/

FACTORY
FLESH
BAR

* HOTEL
MONEY
ARMY

. PIPE
LI BRARY
BOX
GOLD
ROCK
PERéON
ADVICE
QUALITY
"EXPRESS ION
ANSWER
_JUSTICE,
MORAL
, SouL
HOPE
DUTY
METHOD

\ .

. 43
concrete, noun lists used in Experiment 2
VILLAGE ENGINE
: . -
BUILDING SHADOW
MOTHER s%RQNQ -
TOWER ARTIST
MACH I NE NAIL
GIRL DRESS -
TEACHER LiP
JOURNAL BREAST
GENTLEMAN AUTOMOB I LE
INDUSTRY HALL
LETTER :WOMAN
FLOOD c:REgE
- ~
HIDE - o EGO )EVIDENCE
CHANCE AMOUNT LENGTH
NECESSITY IMMUNITY . COST :
“MAJORITY VIOLATION STYLE
TROUBLE EFFORT " CUSTOM
HOUR .u‘ POSTION LAW
MIRACLE SPIRIT - PERCEPTION 5
h DEVELOPMENT' . KNOWLEDGE LEGISLATION
.DISCIPLINE bGCASION" ] o
HISTOR;” d ‘EVENTQ
, -
7’ .




a

Ly

" . Table 6 ,
- Mean encoding latemrcy (in seconds) as a function of encoding
instructions, noun imagery apd set s.ize .
Encoding ‘ Stimulus Set Size
Instructions Type, 2 3 ]
H$ gh 3.00 4.58 7.04 \
Imagery i .
Low 8.39 . 13.35 18.48
< , ,
High: 2°51 6.21 10. 64
- Verbal Low .24 11.95 (9.88
' <
~ 4
AN '
- '\'6‘
- r“'




7 : .
F <.10. v T

L} > “ .
These main effects were qualified by interactions. Figure 3 il-

lustrates the interaction between noun imagery and encoding instruc-
tions, min F (1,230) = 7.46, p <.01. - The Scheffé tests indicated . ’

low “imager? noun sets took longer to encode’ than high imagery sets

under both sentence and image instructions.” Unlike Experiment 1,

the difference between image and verbal encoding of high and low

'imggery nouns failed to reach significance (§T>.05).. The interaction

’

of noun imagery and encoding instructions can therefore be attributed

to the fact that the image latency difference between high and low

imagery nouns s greater than the verbal encoding times for the:
X

same nouns, . a difference in the slope. Allowing for the S s

above disparity between the present experiment and Experigent 1,

\

the overall pattern of results obtained in the two exbgriments are
in general,“the.same.- ‘
An additional intéractiqﬁ of noua imagery x set size, Tiﬂ.ﬁ.
(2,256) = 11.87,.2_'<:001, c;n be seen in Figure 4. 'The shape of
the interaction demonstra}es that the relative difficulty of eqapding
high and low imagery nouns increased éireé;ly'wifh set size. Mo;eover,ﬂ
the interaction Sugges:s:that the gncoding 1atency'fun;tion increased -
more steeply éor low imagery poun sets as a function of set §izé than
for high imagery nouh sets. All pdgsible Scheffé a poéteriori compafiw
sons proved to be significant (p <.05) éxtept the compa?isonlbetween.
‘set sizes 2 and 3 fo} high imag;fykaoun conditions; f.(2,480i = 9.10,

. & . . . - . . )
p >.10. This interaction réflects the increase in difficulty of

»

- »
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increase in.image time (found in this experiment) as set Size increased.

encoding low imagery sets as sentences or images, as well as a general

a

These results are generally in agreement with prior research.

As in Experiment 1, the predicted interéc;ion of encoding fnstruc-
tions x ;et size occurred, min F (2,237) = 6.42, p <.005. This inter-
action is depicted in Figure 5. The Scheffe tests suggest;d that image v

and verbal encoding latencies .increased a8 a function of set size but

verbal encoding time was more effected by the increase im set size than

was image encoding time. MWhile the interpretation of this interaction

~

is the same in both Experiments 1 and 2, one difference in the results

»

of the presént study sHBuld be noted. Image encoding latency increased

with set size in this experiment, whereas in the previous study this

increase was not significant. The result of the second experiment is

-

probably more realistic as the amount of time needed to read the stimulus

card should increase with set size if only because of the increased
3 .

- -

number of stimulus items.- Despije this difference between studies,

the form of the interaction is geﬁerally as predicted from the dif-
7/

ferential organization hypothesis. ‘ N

1

1ﬁ;idental Eﬁiﬁiénd Cued Rel¥all -

Two.analyses were performed on the recall data£ the first involved .
tﬁe total proportion of fteﬁs correctly recalled %ér all experimental ‘
conditions. The-second analysis was in terms of proportion of set }{
free recalled. ' | -

The total recall dafé was investigated by a 2 x 3 x 2 x 2 analysis
of variance. The anglysis invol;ed two levels of noun imagery (high

Ve
vs. low), three levels of set size (2, 3 and’L), two types of encoding s

{nstructiéns (imagery vs. verbal) and twd types of recall test (free

7

/
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vs. cued recall).» Table 7 presents the mean total proportion correctly

recalled for-all experimental conditions.

. The ahalysi§ revealed that more high.imagery than low imagery
nouns were)reéa}(g%, E:k1,168) =~18h.89, p <.001, and that recall
decreased as a function of set size, F (2,168) = hf3h? E_<.Oé. Schef fe.

a posteriori analysis suggested this latter effect was due only to

an overall decrease in recall from set #ze 2 to 4 (p <.05). .

-~

Several significant #Mteractions were obtained. Figure 6 illusc’

-
4

trates a significant noun imagery x recall type interaction, F (1,168)
= 13.16,‘E_<.001.' The S&heffé a pbsteriorilanalvsis indicated (p <.05)
that cued recall was facilitéfed relative to free recall in the case
of high imagery ﬁoyn sets; but not for low imagery nouns. This-
interagtion is consistent with the storage space’hypothesjs and repli-
‘cates Begg (4971) in principlie. 'However, an interaction of encoding
{nstructions X récal! type was also found to be significant, f»(],léh)
© = 3.#7, p <.05. Figure 7 dep&cts.this interéction;— Inspection of the
ﬁigufé_leads tb the obvious iﬁferpretation that cued recall ekceeded‘
frée recall oqu when the nouns were cod;d verbal]y.‘

.

‘These two interactions were qualified by a three-way interac}ign

" jnvolving noun.imagery, encoding instructions, and recall type,
- F (1,168) = 5.76, R <.01. This interaction”is shown in Fiéure 8.

A posteriori tests indicated that cued recall was facilitated relative

to free recall” only when high imagery nouns were gncoded verbally.
The fact that image coding of high ‘imagery nouns did not likewise

facilitate cugd recall is inconsistent with the differeﬁtial oréaniza-

tion hypothesis of dual coding theory. Such an increase in cued recall -

-,

would be expected if the imagery code was truly integrated in memory.
A .

”

.
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Table 7 .

<

Mean proportion of items correctly re‘calle‘d for a]l' experimen\ta] .

conditions

¢ N
. " . ’
»
Encoding Stimulus Set Size - ,
Instructions & Type "2 3 b

e Free Cued Free Cued Free Cued

High .49 .54 - .52° .43, .bo" 50

Imagery . - ) ‘
Low .24 .30 .25 08 7 .18 21
- : . ' . . ]
High .37 ‘770 .39 .51 4h .56
Verbal . ‘ ‘ .
Low .26 .22 . .26 .14 - .20 20
ra { . V 2, j
) B
»
. “
- A
b S . ] ‘ .
« * - )
. .
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Set size also interacted with recall type ff2,368) = 6.52, p <.01.

This interaction suggests that the pattern of results as a function of

- N -

recall type was different for set size 3 than for set sizes 2 and 4.

-

Pl

The inconsistency of set size 3 is proSébly spurious. T

As indicated in Exp;r}menﬁﬂdq the Bubject-paced task produced
' L)

-

differences in retention interval which ﬂjght have influenced the re-

v - )V °‘ _..n' 17 .
call performance data and consequently qualify the conclusiéns to be
- . , _/___/\ . /

‘reached. To evaluate this ﬁjbsibility: an analy%rs‘of variance was
N *

¢

’ N L - «
performed.on the free recall data for the last six items of the Ftimulus

tests. As in Experimeﬁﬂ 1. pairs of adjacént serial positions were

-
.

combined to avoid dichotomous data. The cued recall data was not

.

similarly analysed as the cues themselves were part of the stimulus
~ . .
s/ 1 by L]

Jist. ThéLana]§sis revealed "that more high than low 4magerynnoun§ were
" recalled, F (1,84) = 14.93, p‘c.OOT,”that‘ recall.was superior for ver-
- 2 A ( )

batly code'd than imagery coded sets, F ¢1,84) = L. L, é_<.0§, and that
’ . » >
recall varied as a function of serial position, F (2,168) = 7.61,

p <.01. No significant interactions weré obtained.. An ‘additional

. ’ . L)
analysis of variance was performed removing ;he last few i}ems from the
h ,

dv.era!l total free ap.d _cued ;ecall data. The results of the angl'ysis
w¢re.identica} to those obtained in the original analysis wiﬁr’the
exeeption that an additional main ef%éct 6f recall tydé was.obtained.
indicating that cued recall exceeded free recall, F (1,468) = 6.28,

p <.01. Thus on the basi§ of these analyses it appears that any dif-

e, . -
ferences in r%tention interval, alone, Failed to produce differential

4

. ) “ . .
recall effects. . //”"

A 2/x 3 x 2 analysis of variance ihvolving noun imagery, set size

.

’

and encoding instructions was conductyg on the mean proﬁortion of a set
, s L
' -

- e di

-
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. Table. 8
- Mean proportion of 9’;et correctly free recalled- -
. . | i /
. for all experimental conditions
/ Ay
. . ; ’ .Set size
Encoding Stimulus 2 ) 3 4
Instructions . Type.
- " Hi.gh .75 .64 47
0lmagery
i 3 Low .33 .25 .22
Hi gh .83 .73 .67
Verbal
Low . .49 4y .37
L
. ot
\ . -
. )
rrehy Y
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recal led, conditiqnali}e& upon_tﬁe‘nUmber'of sets recalted. Table.8

presents the mean recall_data. lA'g}eater proportion 9f‘the'elements '
were recalled from concrete than abstract noun sets,'s_(],bﬁ) = 83.98,
p <.001. Secondly, reca{l\decreaséd with increases in set s}ze, .
F (2,84) = 8.06, p <.001. Andylastly, contrary to-the free reca]l_
}eSUIts of Expérimént 1, a greater prsportion of verbally‘than ima-

ginally encoded sets was recalled, F (1,84) = 13.31,"p <.001. No inter-

actions were obtained with this dependent measure.

DISCUSSION ' ) :
. The encoding latency data from Experiment 2 replicate in principle
those of the first experiment. In general it took longer to encode

abstract- than concrete nouns into verbal end imaginal cognitive struc-

tures, and furthermore the difference increased directly with set size.

- " - .

The obtained interactions of noun imagery with encoding instructiohs

oy

+and noun imagery with set size attest to the relative difficulty of
encoding abstraci nouné«aS'images, pre5uma§]y becausé such nouns lack

direct access to referential- imagery.

Exbériment 2. also replicates the preVIOuS'SEgdy by showing that it

3

took ionger to generate a meaningful sentence from sets of abstract

than concrete nouns. Again this suggests that complex linguistic

3

] : -
structures are more readily generated with concrete than with abstract

nouns. Since printed frequency and mearingfulness were controlled

i

- “Eetween concrete)aqd abstract noun lists, interpretation of this finding

in terms of phrely verbal processes is considerably weakened. The

suggestion from Experiment 1 that concrete nouns in the verbal condi-

- tions were encoded first imaginally and then the image was described

- - »

1 /7




-

- . L 4 ‘. ,

by sentences was again supported by subject reports; all of the 48

[N . " v .

;subjeéts maintained'that'jmagery‘occurred on a !‘'good proportion“ of

the test trials. While the subject reports are.ﬁot considered strong
evidence, they are suggestive that imaginal processiqg and, consequently
dual coding was involved. Further empiriEa; ;;sting is needéd to
_ewvaluate the dual coding explanations of ih}s effect; Experiment 3 is
in’part addressed to this issue. o . | . ¢

- . " -
Predictions from the differential organization hypothesis were again

'5upportgd by the feplication of the encoding instruction1by(set size

‘/,,4-—‘..\ .

interaction effect’on the lateﬁcy data. The formation of sentences
was increasingly hindered by increases in set size whereas, images were
less affected by set size. " This finding further supports the position

that image.encqging is relatively free from sequential constraint; T

whereas the effects of linguistic constraint on encoding were demon-
strated by the verbal latencies. The ‘latengy results of Experiments 1

B ‘ \‘ \
and 2 taken together strongly support the differential organizatjon

hypothesis from dual coding theory.

o

-

The picture is not as conceptually clear with regard to recall. The
3 o . ! ’ . ’
results of the analyses of both total recall and proportionate redall

'S

are generally inconsistent with theory and previous research. Certain
o, R
aspects of the both tybes of recall data agree with previous findings

in demonstrating that more high imagery than low imagery nours were re-
‘ > -
called. Also it was found, that cued recall_of’high imagery poun sets -

exceeded free recall, whereas no significant cuéd recall facilitation

. " .
was, found in the case\bf low imagery nouns. This finding is -consistent

with Begg's (1972) data in yhioh cued recall of adjective and noun

»

¥
phrases exceeded free recall-when the stimulus unit was rated high



F 3
»

w iMagery, bup not.when the unit was rated Yow. The two additional inter-

/ H
actions of encoding ‘instructions by recall type and the three-way inter-

action involving these two factors as well as stimulus imagery are:
L) 2 o
inconsistent with previous findings. The present data indicated that

cued recall exceeded free recall only when high imagery noun sets were
~ - L ] . '
encoded by sentences. These findings suggest that concrete information
I4 - [ 2

‘encoded verbally was more integraked in memory than the same stimulus

»

information encoded as interactive images. The fact that verbal ,

’

encoding apparently resulted.in a more integrated cognitive structure_
than imaée encoding is inconsistent with all preyvious research (e.g.,

dire;tly, Begg, 197;, 1973; and in_pr1ncipél Bower,\]970; Bow?r and

©

- Winzenz, 1570). No further interpretation éf these data will be at-

b

tempted here, as Experiment 3 wa's in"part deisgned to evaluate the
. . : ‘
y {

reliability of the !ata. Therefore, discussion of this anomalous -resu\t,

P

will be postponed until additional data are presented. -

L ] -~
|

- ' EXPERIMENT 3

*
-

This experiment was addressed te two questions: (1) are the

-
. v
¢ ?

* y ‘ 3 . - ' - u- - - - .
'results obtained in. the first two experiments regarding organizational

r

di fferences general izable as wel! to pictorial stimuli, and (2) s

-~ . ¥

there-evidence to suggest that imaginal processing has g role in
. i R

sentence encoding of concrete information? Experiment 3}3;@ a

[~

. ;0 . .
theoretically motivated extension of the first two(exaeriments dealing
» - - ‘vr
with encoding and recall of concrete and abstract nouns in that it ’

. . ~

N
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lower end, respectively.” This dimension operat\xnally defines the
W

relative availability of imaginal amd verbal pro

3
. -

Predictions regarding encoding latency were

. _ ' \

previous two experiments and from the dual coding theory. In general
y1d inc}qase with

have more

-

» . . ‘
two experiments have demonstrated an inverse relationsh

imégery and sentence ep;odiﬁg lapgncies, it was predicteyd that,
b - )
overall, pictures would be encoded more rapidly than wordg.

. .

tmaginal encoding shoudld be faster than sentence encoding\
. T~

of the effects of’linguisfic constraints on sentence generd

.

-

I1f the results obtained in the previous experiments

“

organizational differences are generalizable to complex pictd

3 o

stimuli, then image encoding lltency should be less affected ¥

verbal encoding time by increasing organizational demands via

. v ] : . 9y
in set size. That is, increases in set size shpuld-increasingly

hd

hinder sentence encodi&g relative to image encodyfgg again bedeusR

greater sequential constraint in the case of verbal encoding.

T The imagery ipterpretation of  the concreig-abstract gentencl
L encoding effects ob;aihed ig‘the first two studies can also be
evaluated by'éhe present experiment.t The imagery hypothesis suggest;
, S % . :

)

60



2

@

that. concrete nouns are enco&pd intd sentences faster than abstract .

4
1

N . - - LY “ -
nouns because images are first generated to relate the noun referents

+ and then sentences are encoded describing the image. If this imagery

1

interpretation is at all plausible,‘the encoding of pictures should

be increasingly favored over words with increases in the size of a set.
Fur;her,Jthis e\ffect should be qhalified by encoding instructions in
such a way that’in the case of imagery instructions, pictures should

be encoded faster than words at all set sizes. This bicture-word

‘ difference was predicted by dual coding because pictures are assumed

ks

to have more direct access to referential imagery than concrete nouns.

r .

Thus ar extra procLssing step is presumed to be involved in imaging
- - A .

. . N . )-
» to nouns as opposed to.pictures. 'In the case of verbal encoding e -

. ~

'instfbctions however, no difference should be found be tween picturesf’

4 e . 0 .
and words at set .size 2, but for the remaining set size conditions Lo
. .
. 4 .y

pictures should be encoded increasingly faster than nouns.” The ra-- . .
tionale behind the set size 2 prediction stems from previous research

showing no differences in similar situations, the suggestion being

+

/"" v
that at set size 2 organizational demands are mihfmay. Thus the spe-

i pe L LI A 4 e . .. .
. cific predictton is an interaction of encoding instructiorisy g%t size, .

and item type. .

‘.

> b With regard to recall, the use of pictures and words in

- -

6

a\ - ' ’
‘\ combination with verbal and imaginal encoding.instructions allows for

the evaluation ©f dual coding effects on memory. :How this is

achieved can te understood by further consideration of the task. In

- ' ] .
. the case of verbal (sentence) encoding of pictures, what is presumed

’

~ ¥

to be éncoded in memory is an imaginal cons;ruction,‘gederated‘

o




‘ehcoded directly as & verba

must be ¢considered as a source that might attentuate the predicted d

‘when verbal and non-verbal codes are stored, as is presuﬁably the - .

_instructions and item tyﬁe was‘predicted.(image to words plus verbal

-

directly by the pictoriaknature of the stimu]us,,;ogether with a
verbal construction generated to meet the instructional set require- o

v

merits. Thus, dual coding is achieved. Similarly dual coding can be -

)

4 v » -
assumed in the case of nouns encoded as images, in that the pouns are

| representation and indirectly as an
&

1]

_integrated image as a result.of the instructions. "In the case of

imagery to picturfes and sentence encoding to neuns, single coding can .

-

. R . ' . 4
be inferred. Of course, regardless of instructions, the persistent

, .

problem of subjects implicitly labeling pictures and imaging to nouns

o

.
e il s . -
.

. Y - <

effects. »
Predictions concerning the effects of encoding instructions

a;d i'tem type on récall were made on the basis of “dual Codiﬁg theory.

Predictions invo!viné these image;; conditions in conjunction with ;

recall type (cued vs free) and set size wér; concerned with the

integrity of the representatioh and were derived from the storage

space hypothesis. ) )
The du;l coding approach suggests that information codéd in

two ways, imaginally and ve;ba}ly, should be remembered better than L ]

if that s;me information is coded i? either of the coding sysféﬁs

abo e, 'The premise is that two coées are better than one for rgQalL;

case if only a single codeg was §tored. Th; general predictlon,” then,

is that dual codjing conditions should produce greater total recall

than . single coding conditions, i.e., an interaction of .encoding

« ).




to pictures) (image to pictures plus verbal to words). Nbo main effect

§howing pictures to be better recalled than words.should be expected :
. \ : ‘ » . n /
due to this factor combination with encoding instructions. On the other
vovl - 2 . ; :
hand, an effect,of'encoding instructions might be expected on the basis

of Paivio and Csapo's (1973) finding that-in free recall the image code
appears. to be'@qemonicélly stroﬁger than the vetbal code.,

* The sgyorage s;)ace hypo.thesis implies that imaginally encodediig-
f6rmatioﬁ is integrated to a greatér degrge than verbally gncoded {n- .

formation. Such a Qifferedae of reprqséniational integrity should be

5ppérent in total recall differences between free. and cudd ‘recall. That
- B .

-is, imagery instructions should enhance cued recgll relative to free

recall more so than for verbal instrucfionsi FurtheF this recall dif-

©

H) ) . . a
ference should increase directly with set size, as increasing set size

N e 2 . ¥ 3 .
presumably increases organizationalvdgmands.

E
Another set of predictions also concerns the integrity of the

- -

2
representation. As in two previous experiments the proportion of set

free recalled, conditionalized on the number of sets recalled was used

‘as a measure of integration, The R:iiz:szn§ from the storage space

o F
hypothesis were as in previous experiments, i.e., the advantage of
*
imagery conditions shauld increase with set size.

ot Mffnoo *
, . | {

Design and Materials
Lesign and Materia’s

-

.The experimental design was a 2 x 3 x 2 x 2 factorial design with

words and pictures as levels of stimulus type, three levels of set size

(2, 3 and 4), dimaginal and verbal encoding instructions, and free and
» - “ .

cued recall tasks. .
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-+

Forty-eight highly familiar pictures (line drawings) and their,
J . B
3

J 1
most common concrete nmoun labels were randomly chosen from unpublished

picture norms as stimulus materials_ (provided bylPaivio). Stimhlu§‘
list construction and randomization procedures were the same as those
in Experiment 2. TFhe stimulus lists are presented in Table 9.

Subjects ,

The subjects were 192 University of Western Ontario introduc-

[

tory psychology students. Eight subjects were assigned at random,

in order of appearance at the IaBoratory, to each of the 24 experimental

conditions. * -, .

Procedure

-

The experimental procedures’for the encoding and incidental free‘

-

-and cued recall tasks were identical to Experiment 2, except that

the prompts in cued recall were always pictures in the picture
conditions and words in the word conditior®. Following the memory
test, subjects in the picture conditions were provided a sheet of = .

paper containing all the pictures ‘and théy were asked to f;;el each

“picture. Subjects gave a different label than was used.in the word

conditions less than 1% of the time. The text of the task instructions

are provided in Appendix A.3,




Table 9

Pictures and their most common labels .used in Experiment 3
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RESULTS

Encoding Task

»

Table 10 presents the mean encoding latencies for all experimental

Y -
®

conditions. A 2 x 3 x 2 x 2 analysis of variance was performed on the

1

encoding latency data. The analysis involved a word vs. picture com-
‘ L

parison, saq‘size (2, 37 and 4), image and verbal encodin%JinstructiOns,

-

.

and 2 Tevels of list randomization.
The r;Su]tS of the analysis were in every respect as predictéd from
prior“ésearch and the dual coding approach. Significant maiq.eff;ét?
wére obtained for item type, set size, and encoding instructions. Pic~
tures weré encoded more rapidly than their verbal label;, Elg_f_(l?ZSZ)
= 27.49, p <.001, imagery encoding instructions resulted in faster
encoding than verbal (sentence) instructions, Elﬂ_[_(1,263$ - 197.17,
p <.001, and latency‘increaséd directly with set size min F (2,225) =
©243.69, p <.001. All pairwise Scheffe comparisons over set si;e wére‘
significant (p <.01). ' ‘
The main eFTects,Qere qualified by ghe three predicted interactions.
Encoding instrugtions interacted with set size, Eiﬂ_f_(Z,ZéS) =~87,h1,‘,:
’ p <.001. The Scheffe tests indicated that, ijLq‘both.image and verbal ..
" encoding latencies increased directly with sét size, imagery ianeased"
¥

at a slower rate than verbal coding. Thus image encoding speed

]

was increasingly favored over verbal coding when the size of the set .

exceeded two. No difference between instruetions was foundzit set
size 2. This interaction is in agreement with predictions from theory
and suggests \that verbal and imaginal! representations are organized

in a differgnt manner during encoding. Item type interacted




- !

Table 10 |

.
.

instxuctions, noun imagery, and set size

+

Mean encoding latency (in seconds) as a function of encoding

) .
En'éoding Stiriiulus Set Size
. instructions Type 2 3 4 ;
) . Word & 2.48 3.63 5.40
. o Imaggr‘y_ - .
.e; Picture 2.01 2.93 4 .43
; s
" - t .
Word 4 2.31 6.06 11.80 °
Verbal RN ' ‘
Picture 2.47 , 4.89 9.97
19 ) L
» : -
s -
*
. [ v *
- ¢
A4 o
.
A ' -
.




v t

* ) ‘ -
. » 1 b L - ~ R
b ¢ ' ’ ~
i w7
- : k]
. A} \’ e
he ' . ' * .
. . ) Y -
: . * . e — » + - ‘ R 1
) 12 L_’ 4 ! .
‘ . | fv-woao‘
- - o .. ) A
: . - . ‘ - - ’ . -
. LN Lt i -If . - / -
s ",, N ‘.
. 10 V-PICTURE '
"
©
. s 9 -
v @] -
. ’ LU
v V3
. v
. c 8 . .
- , . ; a .
. . ) N
. . o .
= 7.
£
. [
> n
A - . ) .
‘o 6 . .
= i D
: 5 ~ HH-WORD. ‘
o - P .
A
2. 5 . o
w * . a ,
- . i IM-PICTURE
. =z -
. . = b R
) . ¢ .
L 3 ~ . . N . » e A}
. R 3 Lo - .
] 1
] i [ y . A
- L4 ~
Yy o . 2 :
b : .
* . 3 .
. - - ’- g
.. te s B .

u - - e sm;;ze (Items/Set) _ e T
" Figure 9:° Meaq verbal .and imagery encodlng Iatency fof plctures
' . ) and w0rds aes‘ a functnon of the number o“F nouns in a set..

-
°
1.
.
- -
»




(4
¥

*»

6165, E:Q.OOS, indicating that the encoding latency for worde wd

*a pair.' The form of this .interaction is perfectly consistent with
. ' . « . ! ,

L 3 . S " 69
* F ’ s
S
k"-i . - - P
in a similar manner with set size, min F (2,258) = 7.51, p <.01,
N , - = o o )
demonstrating.that the advantage in sbégd of entoding of pictures . 8
? A ' . ’ .

. - . N - ., - )
over words increased as a function of set size. Scheffe pairwise

a
]

comparisons indicated that the encoding latencies for words and pic-

tures did not differ for set size 2; E_(i,?68) = <1.0 whereas for

set sizes 3, F (2,168) = 16.28, p <.01,and 4, F (2946B) ="36.66, p <.00T
A - < ‘ .

. . LT s ¢ .
word—pﬁfture fatency differences were significant,

. J

The thrée-way interaction of ttem type x set size x encoding- . -
q . ‘ - -~

instructions gualifiéd the above two interactions, min F {2,256) = 3.37.

» -

This- interaction is illustrated in‘Figure 9. Additional two-way

P

analyses of variance treating imagery and verbal encoding instructions
¥

_separately were performed in order *t® determine the nature of the v
' N . . . ) R
3

interaction.. dn the image_instructibn condition, a picture-word main

effect suggested that pictures were encoded faster than words for all
.o R . , . . ' N s ¢ .

set sizes, F (1,90) = 31.52, p <.DO}. In the case of verbal instruction,"

—_— . ' .

.

pictures overall were a]gd\encdded more rapjdly than words, E}(l,§0) ="

17.415 p, <.00t:+ However, in the case of verb 1" instructions  (but not
o . S e L * » " s “.
imagery instructions) item type interacted with set size, F (2,90) =

-

pictures dlé‘%?t differ for %et slze 2 but words took increasingly

ldbnger than pictures to encode into seot;nces'when set sias exceeded

v

predictions based upon th® hypothesis that imaginal processes are .
N, L. s . :
Ynvolved.in sentence encoding. 4 . Coe v
— - o G . -4 .
- . ] N N ) . . - -
”’ . ' .t . -
a 7
. . "_-t,:, 1°
- '14 . N "' -
£ ’, - .
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Incidental ‘Free "and-Cued Recall
9 . . .
" fRecall performance was analyzed in two ways, as in the previous

. experiments. One analysis involved the total proportion‘of i tems

&

“correctly recalled in both the free apnd cued situations. The second

-
»

analysis involyed the proportion of a®set recalled, conditionalized
. ‘ ‘ . . R ~ -
upon the number of sets recalled, for free recall only. I

Ay

The recall data was subjected to a'2 x 3 x 2 x 2, analysis Qf

»
>

variance, ;{he analysis invblved two levels of stimulus information.
fwords\vs. picture;), three levels oé set size‘(ZZﬁg an h);“iwo
céding.instructioos ({maginal vs. verbal) and recall~type (free vs.
cued) . The mean total p;oportionate re&all for akl ccndi}ions iz

presented in Table 11. The analysis tevealed that cued recall per-

formance Yenerally exceeded free recall,“F (1,168) = 112.08, p <.001.

»

Several interactions were also obtained. Item type .interacted with

encoding instructions, F (1,168) = 12.90, p «001, in the predicted

manner. This interaction is presented in Figure 100 A Scheffe

test indicated that recall was lower for verbally coded word sets

(single coding) than image cgded word sets (dual coding), F (1,168) =
. N '

12.50, p <.05. In the case of pictures however, single and dual

coding conditions did not diffqr 9ignifica5tly (p >.10), although the
pattern of results was in the direction fbﬁbring «dual coding over
single coading. This latter effect of hictures méy be attributable

- .’ - .
to the mnemonic superiority of -imagery over verbal coding. Such an
unté?ﬁ?eta&ton is suggeg;;p by the Paivio and Csapo (1973) study.

The encoding instruction's x item type interaction was qualified
- . L]

. e ‘ N

Pre

.
# ' -
.




Table 11

Mean préportion of items correctly retallTe)d' for_ql]‘v

] -, <& - - A
experimental conditions -1
. . ‘
. -
» - .
Encoding "Stimulus s Set Size
Instructions Type 3 4 -
) Recall Type
Free . Cued Free Cued Free Cued
Word 46 .79 ;52 .7h .50 " .68
, Imagery : “
Picture’ .50 .67 .51 .59 .48 .55
> .
Word by 68 41 .58 43 5k
Verbal ‘ -
Picturé ’.142' .80 '1'5-, .77 Lhb-.69
» ' .
’ . 1 . - ;
‘b' 'A'
> »
’ P [
L]
»
Ql. \‘
e : '
1/4/' ‘
t 5



sentence*encoding:to pictures produced signific;ntly higher recall '_ 9;
‘.i than sgsfle;codiné conditions, i.e., én interagtigp'q? it;; tXE; . . t.
;na encoding ‘instructions, F (vl,‘2‘8'.) = 17.96, p <.0(;1. . l/‘
. , »
Furthér,;yhen-word éonditiohs‘were analyzed it was found that .
‘gued recall ;igni?icantly é%ceeaeq free [ecail only in dual coding ‘.

A ; , . - - o - - -" . i
“ -» B L
. . -~ 2
‘ . SR »
. . - R 2 v

-
> A -
Ry

w

by a significant interaction-invofving these two factors and recall
« type, 5_11,168) = 12.53, p <.001. Yhis three-way interaction is

. N\ , : - .
illustrated in Figure 11. Several two-way analysis of variance,. -

, treating free recall, cued recall, words and pictures separately were

»

used to determine 'the nature of the intefaction. The results of these

o .

. . .
two-way analyses indicated that the superiority of the dual coding R
’ .

. A9
(verbalizing to pictures and imagery to words). observed in the -item
.\ . . 3
type x encodling instructions interaction wére due solely to diffeqences

in cued recall. Specifically, when free recall was analyzed separately,

" recall was not faciNitated by dual coding conditions, F (1,28) = <1.0.

- . ~
« However, consistent with prior research 'suggesting the imagery code -

h °

-is mnemonically stronger than the verbal code, image instructions
. »

produced higher free recall performance than did verbal instructions,
. 7 .
. Y
F (1,28) = 7.65, p <.005. The separateanalysis of cued recall
indicated consistent dual coding effects in that imagery to words and

condjtiqns-ahq'wﬁéh Verba)' ¢oding was- involved. This is evidenced
by‘a main,effect’b? recall tiga;.g'(1,28) = Sh:6f,jp,<,001, in the Qﬁ)
fabsqﬂpe\of an interaction betweén encoding fn§tructiops and recall ’
‘A . LS LI

- type, F (1,28) = 2.80,-E_>f10. When'piqture.oondftions wqré &ﬁa{yzed, .
“. I . ".'T b . . ) ‘, -‘4.'

o~
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a main effect of recall type was obtaln;% F (1,28) = 47.23, p <.001,

Jndicating that cued,rpcall gxceeded free recall; however, this main

effect was quglified ban interaction of encoding instructian yigh

regallhtask, f_(1f28) =‘l1.13, é <.005. This interaction ;uggested

that when pictdres were encoded aslmenta] images (sinéle coding)

no’significant performance difference between free and cued recall
. was obtalned Scheffe F (1, 28) 6 05, p >.10, but wheh pictures

- .
were coded verbally (dual codjng) cued ;;call egceeded free recall,
Schéfﬁé F (1,28) = 9.8, p <.10. The overall three*wa; interaction,

. -
"+ therefore, providgi evidence for dual coding processes in memory.

. » ) The interaction of encoding instructions x set size x.recall:

type that was predfcted from. the étorage’space hypothesis| was not

‘

significant. Set size did, however, Interact with recall tYSéLv, e

' F Y2,168) =.3.6h 5/025 . The Sche?#e A ﬁosterlorl comﬁarlSons

v

revealed that free/recall perﬁormence “did not change as a function
i v

was signfiﬂﬁpnt between set sizes 2 and 4, 5_42,168) = 12.00, p <.10.

’ c ) .
Thus, no conclusive support in terms of total recall was found for
the storage spacg hypothesis. LA | ) ‘

'

.

Analyses of variance similar to these”in the previous expagiment

»

) oW . . . . . . -
were performed to determine if differences in refention interval
. Bad - - ~ s

produced by'ghe subfect-paced encoding pask exerted influeqce on the

.

.total recall pérformance. As in ﬁhq previous exbbrimept an analysis

of variance'was performed on the free recaltl data for the last six

.

ite&s of the stimulus, 1ists. The analysis-revealéd that free recall

of set size whereas cued recal] resulted in an overall decrease, which
. ~




Table 12
- . Mean proportion of set correbtly free recalled for

: .all experimental conditions « .

N . 4 L]
’ ' ¢ R .

.  Encoding Stimulus ’ + Set Size .
. Instructions Type 2 8. . . b

. ‘ e o =~,-,',.": »/‘ N \Né)r'd i ; ‘77 ; ‘59 ‘59 .
wriri T Imagery ) .

Picture .73 . - .52 7 .50 -

i

L] ’ ' - ) . ] : : ® 4 . L)
‘ Word .77, . .57 W59 "
B Verbal n . o .
Picture .70 64 . .62
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v

) of the last six items -decreased with increases”in set size only \

between set sizes 2 and L4, F (2,84) = 38.54, p <.001, and recall’
~. s -;— _-— 3 /

- N . LY
varied with serial position, F (2,168) = 4.12, P_‘.’OS. Serial po-

sition also intéracted with set size, F (4,168) = 3.42, p <.05. This

~
L) ‘¢ .

interaction is solely attributable to the middle serial positibn for
the égz.size 4 condition which unexplainably produced.inordinately

. b

low recall relative to the other conditions. Therefore, the ﬁntgr- ¢

e

!

PO . R . R R N 4 - PR A -
-action #ces' not ‘sdggest rany regular decrement in recall for the set

stze 4 condition relative to ghe,othg} éet size conditions. An
P .

1 A » 4

additiona].anélysisoof variance was performed 'dn the recall,data from

all conditions (including cued recall) wjth the last six items remved
. »° ' ) , Lt . '
from calculation. -No differences in the type and,pattern of significant
Q. ‘l‘\‘ - . ’

"- . . 3 . - ) \0
effects between this analysis and the original overall analysis were
R ] »

o

~ . - . ' ~ ‘ ' . ' P = }
found. ‘Taking both analyses into consideration and the nature of the

’ t 3 L : c. B
set ;izerx serial poijtionﬁinteraction, it is reasonable to suggest
3 . . . i t. j -

. . ) ~ . Tl S .
that as in the previous twq.Efpernments,_dlfferences in retention

&

’

interval-plone FaiLuﬁgphualjfy thé‘gkisting.recall conclusion5:
n - LINCR Y _- ’
e DISCUSSION ‘ -

- LT

at
»
-

This discus§36n deals ip turn with three issues® (1) the effi-

»

f

ciety 'of encceding mdl;iplﬁ’word and picture units into'highgr-érder

verbal and'imaginal cognitive structures, (2) the role of'iﬁagéry in
< . ‘o )
verbal eﬁcod1hg,‘and 43) free and cued recall results as they relate -

to dual coding and differential organization hypotheses. o .
' 4
- : ] / " ! - . -
The resul;s of the encoding portion of this éxperiment:are quite

) C e . , ,
clear regarding the efficiency (speed) of encoding word apd picture
'd A 3

-~ , .
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sets as imaginal and verbal cognitive structures.. In every instance
23

the pattern of results is exactly as predicted from the dual coding

and differential organization hypothesis in that pictures, which

presumably have more direct access to imaginal processes, were

e%éoded more rapidly than their verbal labels when subjects were
* instructed to encode by imagéry. 0n the other hand, the encoding
latency for pictures and words did not diffe;‘at set size 2 when

sentence instructions were given, Qg;/uhen/fhe set size exceeded LS

T

e

2, pictures again resutted in faster latencies. -This is consistent
with the resﬁ]ts of Experiments 1 and 2 in suggesting that when
minigal relational organi%afion is required in encoding (as is the
case Qith a pair of w?rds) ﬁa\gifferences should be found in the

: ' ’ latency of encoding concrete and‘abstract noun sets or picture and

1

word sets. However, increasing the organizationall demands by in-

. - . .

/ creasing set size revealged differences in organizat

t encoding.

The picture-word difference for verbal encodinglincreases -

¥

the plausibility of the imagery interpretation of concrete- N

" abstract di\fference dnder verbal encoding condittons in Experiment 1

and 2, 'be., that a complex image was -first formed to the concrete -

L4
+ ‘

words and then a sentence ‘was genér}ted to deséfibe the image. (This

. -

interpretation will be discussed further below, in the Genprgl Dis-

.

) cussion section.) On the other ‘hand.it might be alternatively argued : s
‘ that pictures simply can be scanned and/orzrecognized faster than
words and one need not consider an imagery interpretation. |f this were

1 .

) . - A -
. the casé, however, it would be expected that the same advantage would

be apparent at set size 2. This was not the case, as, the verbal .

- . ]




encoding latency for pictures and words did not differ slg?ifiﬁantly.'
Additionally,.empirica1 evidence from aapthe; study (e.g., Ernest,

1972) determined that recognition time was greater for pictures than for
their verbal labels. Consequently differencéi\in recognition time

ajone cannot reasonably account for the pictur;EVg::\;ﬁcoding latency

differences.

-

Organizational differences between verbal and imaginal codgs ate

further suggested by the finding that verbal encoding latency ingreased
. - I'd

more steeply with set size than did image encoding latency. This ®
finding is alwaf:;ZZGStent with the dual coding theory in that the

verbal encoding is presumed to be sequentially constrained to a grexter

degree than imagery encoding. |f sentence encoding of concreté stimulus

-
»

material involves ;wo.componenté, ‘imagery and verbal, as was suggested
above, then the increase in sentence generafT@n time with set size

primarily reflects the sequential component of sentence encoding.

Conversely, the relatively flatter function for image latency suggests .

-

strongly that encoding into compound images is relative free from such

grammatical constraiints. ‘This is consistent with the view thatiﬁmaginal

units can be organized synchronously into highef~order memory structures.

With regard to the recall data, thé'tétal recall analysis re-
sulted in an interaction of item type by encoding instructions by
recall type. Thi§ intefaction is generally consistent with a qual
“Coding approach to memor;‘coding. The fiﬁdi;g that no dualucoding

effect was apparent in inciderrtal, free recall conditions can be at-

tributed to the mnemonic Superiority_of\gnggery. I f iﬁage?y is the

79



"'stronger'' code in this task, as previous rgsults indicate (e.q.,

Paivio, 1975c; Paivio & Csapo, 1973), then any dual codjng.effgct

might be expected to be attenuated. Dual coding effects, however,
- . ? ’
were quite dramatic in the case of incidental cued-recall in that dual
N ~

coding (image to wdrds and verbal to pictures) always exceéded’single/
coding. One additional aspect of this fhréé—wéy fhteraction that must
be accounted for is the finding that cued recafl exceeded free ‘recall

for dual c?ding and verbal coding or words {single coding) conditions,

but not when pictures were(?gg;;ed as image§ (single coding). It

-

‘ , C e
would,be premature to conclude that ghis finding suggests that%the

verbal code is more integrated than the image code, since much evidepce

- - .~ ’
to the contrary has been found (Beqg, 1972, 1973). A better inter-

r

.
. -

pretdtion might be that ‘dual coding increases the availabiﬁity of

memory structures and that presentation of a cue increases the likeli-

4 L

hood of accessing at least one of the available structures. Cghe .

results are then consistent with the dual codin§ hypothesis. However,

- ’

verbal eacoding of concrete noun sets also facilitated cued recall

re{gtive to free recall. This effect can be recoriciled with the dual
coging interprettation byofol!owing the suggestion from the latency
findings of this éxperiment as well as Experiments 1 and 2. The
Iatenc{es and subjective reporis both indicated that iméggry was
in@olvea on ;pne occasions in the encoding of'concrete words into .
_verbal &$tructures, i.e., a compound image Was-generated, then a ver-
bal descriptﬁon was encod;d gnd reported. ~ It might be that at [easi
part of the. time dual codin-g took place wher\1l concrete word's were to

be encoded verbally. If this were the QLse, it would be.expected that

> - - . I .




- ) )
b -

cued recall would be facilitatid by such dual coding relative to single L.
» - . ' .

- C \ . . -

coding of pictures as images.~ . f . .

- -

3

Wit regard tbﬁiis storage spaceghypothesis, the data are gen-

, - Y

‘eﬁally not consistentcwith predictions in that it was expected that

; imagery instructions should have enhanged cued recall relative to .

free recall more than verbal instructions,and this recall difference
should have increased directly with set size (j.e,,” interactions of

_‘_" -v ne )
encoding instructions x recamtybe and encoding instructions x set -
. , -

size x.recall type)._ These interactions.failed to appear. Ihe

present experiment disagrees with Beg¢'s findiggs, sugges%ing instead

that verbal and imaginal‘cognitivé sgrucfures are integrated to the

- P

. ‘ T |
. same extent, but the integrative (organig@tional) processes are

o 4
~

.

qqi}itatively different in fpat verbal cognitive structures appear :

to be sequentially constrained at encoding to-a degtee not Eharacterj, b
L “h Lo O - ‘an :
[

istic of images. - 1t is unclear at thenpresént time why the recall . .
. " ) “ ) ’ N ) A .
.~ results of the present study concerning organization differ from
- . . - .’; = ‘ - ‘ )
) . previous research. - No attempt will be made at fhis pbint to reconcile

. ’ N

~

these differéncgs. - ' ; ’ . ' - ’

B
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'
GENERAE 0LSCUSSION-
L
|

.Encodidg .- ,

The primary purpose of the present series of experiments was

to invesfiﬁ@te the empirical consequences of dual coding theory for
. » - . - S
encoding. Two Vssues were Invesikgﬁied. The first dealt with the
T . ’

efficiency (speed) of encoding. The second concerned differences
: ’ [ « . N
between verbal and imaginal ordanizational processes at encoding.

The results are quite clear regarding Spe speed of encoding
multiple word and picture units into imaginal and verbal cognitive:

L]

structures. The research re}licated and extemnded the findings of N

previous research (e.g.,/frnéé[t‘x::\kaiv:i.o2 1971; Paivio, 1966; Yuille

& Paivio, 1967). As in the earlier research, verbal and imaginal
. “ . . »

encodirrgs were formed equally guickly to sets of concrete nouns, but

it took longer to encode compound interactive images than sentences

<

4

to abstract nouns.” This supports the view that imaginal and verbal
N . -

cognitive structures are equally available to concrete nouns that

have objéctihé“referents but not to abstract words which lack such

-

referents. The theo;eticaf extension of these effects to pictures

.

and words was also found to be in complete agreement with theory in

. v - P

that Rictu;gs,*which presumably-have more direct ac;ess to the imagery
'systemi,wére encodéd more rapidly than their verbal labels into com-
pounq imasgé. Also as predicted, verbal .encoding time for pairs of
Eictunbé and words did not differ significantly, ;Eesuﬁ551yibegﬁqse
sequential con;téaints a;e minimal when on}é two iteﬁs dre involved:
The extention of the encoding ggskqto include larQZr-groﬁﬁqngs

of stimuli'pFoduced one notable difference betweerr the present findings

82
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° ~
" . . . .

L ) . o , -
and previous research. This differefce concerns the effects ofc ' C e

!, 'Y :

y on verbal encoding, Typically, verbal associates ;;,;
- have been found Eq deeur equally quickly to concrete and abstract Touns -
1 & ) ’

or noun pairs ie.g.,/Ernest & Paivio, 1971; Yuille & Paivio,.1967). g

-

' stimulus imager

This pattern held in two of the: present experiments (1 and g)‘forﬁ
- . ® . .

noun pairs. The present invdstigation indicated ‘that when .the set
. . v v .
size exceeded a pair, subjects took signifiEant1y fonger o construct

=~ -

a meaningful sentence from abstract.than from concrete nouns. All things °

. ' ..
- being equal, this result would be unexpected if it is assumed that sen-

-

tence generation to concrete and.abstract words #as mediated entirely

2]

*

. . ‘ )
. by the verbal system:s The latency data from

.

xperiments Ilcand 2 sug-

.o gested that imagery might-facilitate the generation of complex lipguis--
. L] . © N »

tic structuyres in the.case of concrete nouns. Additionally, subjects

- “

« retrospective reports were found to-be consistent with“the interpretation.* .~
,ax . . ‘ N ,
4 Possibly sentences were generated more quickly fo concrete than

L]

.

o=

abstract mouns Qécause an image ‘was first formed integrating the noun

v o

referents and then a sentence was constructed describing the image.

-

Abstract words on the other hand, “having less direct access to
. images, must rely more heavily on the sedﬁantiall¥kconstrained ver- )

" bal propps§ﬂ It is this differential dependence upon the sequentialz °

s

verbal process that presymably produced the verﬁal encdding latency

. . _ ) .
- ' differences betwe@n concréte and abstract nouns. - In Experiment 3, -
L) ] B

N
/ - - -

pictures and words were used to <est the plausibility of the imagery

. - ~

hypothesis. If the hypothesis that sentence encoding,?as pre-

‘

ceded by image encoding is at all plausible, it fol]ows that sentence
4

. - generation would be easier’ fo pictures than words, particularly’
- : o 4

t li ' .

- . §




- -

A ‘ - ‘ A . - -
Y . L AR . .

with larger set sizes (>2). If one assumed, on ;he other hand, that
f — v - R -

Sentence generation is mediated entirely by verbal mechanisms, them—__

ve¥bal encoding !atéﬁcy should be genérakty faster for words <than for

-

pictures because the forlmér have more direct access to the verbal

t
- - .

system. | The results were consistent with the imagery interpreté!iop

-

inlthan$ggrbal encoding latenéﬁgs were genegSlly faster for pictures

than for worgs when set size exceeded two. These results are as

“

predicted from dual coding theory.. They suggest further that the
imagery system maybe eignificahtly involved in the generation of

sentences? and méy even underly verbal processing when the stimulus

- -

information is concrete. . -7
. o
Predigtions from the differential organization hypothesis were

repeatediy confirmed by other aspects of the encoding latency data
inoqll three aof the present investigations. Recall that the dif-
// o ’ .

ferential organization hypothesis predicts that verbal encoding time

. - » ‘

should increase more. dramatically than image time as set size is
. p k ¥

increased. The verbal (sentenck) -encoding latency function was

e v

-- .

consistently found to increase re steeply with increases in set -

A

size than did the image encoding function. No differences related

to instrugtions were found at set size 2, and‘therefo;e the inter-

wr

actions can be attributed to processes occurring when three or four

words (or pictures) were to be encoded. These resutts are’in perfect

+

. . - R
accord with.the postulated organizational differences between ve a1

and imaginal coding systems in that the encoding of a péir of stimulus
. ? " © : :

v i

items (concrete words, abstract words, or pictuﬁe%) involves only a

minimal degree of relational organization. Thét is, there is a great

“ -

Ly

o’



) ) ‘ } ‘ ] - LY

deal-of flexibility jin the wdy two events can be related'and it should
\N - .
be .equally easy to repreSent the relation as an |mage ‘or as a

~
a~

sequeqtially organized verbal;cognitiye,structure.» However, with more

items in a set, imagery was.increasingly favored (in terms of latency)

as an encodinhg process, presumably because the relative f;eedam from | ¥
S

sequential coﬁétraint5 that theoretically characterizes imaginal - o -

” o

N\ proc;sses permitted rapid encoding of the elements. into synchronously-

% 5 - -
organized cogﬁftive structures. On the other hand, the sequential

. . , . .
constraints associated with verbal processes increasingly hindered -

the encoding of -the elements into higher-order structures as set

3 » .‘ &
L. . D, . [ ]
gize increased.

’ The interaction of encoding instrhciions X set size obtained

in the latency data of all three experlments could be alternatively

- N n-
-t

attr|butable to deC|S|on processes at encoding rather Lhan to differ-

ences in organizational processes., More specifically, .perhaps tﬁz

. +

instructions failed to set equivalent decision criteria for deciding
‘whether the. gererated sentence or image was acceptable. ‘It might be
that no exact criteria exists for ‘deciding whether an image is meaning- -

. [
, ful and interactive whereas.the same is not true in determining
] ' - ) .
whether a linguistic sequeqiizis a sentence. |f this was indeed the

® . case then increases in set s¥ze shoul d compound the decigion process.

Under these conditions pErhaps subjects in the imagery ihstructed
conditions adopted increasingly lax dgcns:on criteria with increasing o,

set size, whlle in verbar condltions less of a crnterlon shift would

°

be expected. Thus with increases in set size and a shifting decision

v

criterion, image latencies would be relatively unaffected when compared"




. =

. s > . . ,
d\ o with the sentence conditions. The exigting latency data do not allow
‘ . - ‘ - . < ' \‘% '_ - . . ’ e
- ' for a choice between the above’decgsion explanation and the differeng
. < [ s 7 Vr o~ ra
" tial organization hypotl"ue‘sis.I L -

. B . . °

a Two theoretical ‘alternatives to dual coding-remaiijf-i:/fon- .
- , - . . e » . "
" sidered in light of the:p}esent\data.j»The first s the Teversof
processfng approach. This approach is eon5|dered to be a theory of
4] . R A -

]
.

memory performance rather than édtreory of representation. -No '

\ 4

“ commitmdnt is made regarding the nature of the representation. In-

",

éteadtﬁis approach re]etes memor§ performance to the levei or depth

to which#a given, stimylus event is processed following its presenta-
- . . L}

tion. Basica]lf.theée approaches advocate two levels of prodessing,-'
i qadeep and superfiEial (Crafk ;3 Lockhart, 1972"Hyde & Jenkins, 1973;. . .

-\

_Walsh.& Jeniins, 1973) corresponding to semantic and nonsemantic

£
- . e T -

¢ -’Z processing, respectlvely .This type of theory is similar to dual .

coding inasmuch as both po§tulate memory perfonmance dlfferences as
-, a function of depth of procéssihg. Dual d%ding disfinguishgs the
representational level (superficial) from the deeper referential and

. . .
associative levéls of processing.The representational level deals
Y .‘\, . . P - - N .
If the decision explanation is at all viable. then it mtght be con-
ceivable to observe deterioration in the apparent integrity (quality)
of the subjects' picture reproduct:on of their-imaginal cognitive
- " structure. In order to evaluate this alternatlve explanation, two
productions from all subJects in the imagery conditions of Experument
e 2 and Experlment 3 were randomly chosen and rated (5 point scale) for
o ‘their integrity. Two psychology graduate students served as ''expert'’

. . . raters. An analysis of variance was performed on the rating data wnth
stimulus type, set size and rater as factors. No statistically sngﬁl-
ficant effects were obtaiped for either experrments indicating that the

o raters did not obsérve any deterioration in Guality of the subjects
drawnngs However, the” Interater reliability coefficients were low, ¢
- 46 apd” ‘b4 for Experiments 2 and 3 irespectively. The magnitude qf
theSe caefficients reflects the difficulty of trylng to understand what
the subjects had inttially attempted to illustrate in thekr pictures.
This kimd of information is admltggdly weak and consequently ne |nferences
o should -be, made from the data. FurtHer experimental work is indicated.

.
»

b



: i A
With the registration of the stimulus infbrmatioq<?: memory. The - . %

< 4 . - - . .
deeper referential and associative levels deal with the semantic
g ' : “ ~ - ’ ’
elaboration of the .representation. (Fér further'glaboration of the

. » . R - .
dual coding levels i%e Paivio, 1971, Chap. 3). The Craik, Lockhart

_and Jenkins approach differs .in important ways from the\processing

levels invobved in dual coding in that the levels approach includes.:y

- . N

no commitment to representational or fumctional differences between*

+

‘memory codes at any depth, whereas such a distinction is mqintatned

at every prqocessing level in the dual coding approach. ‘A second

\ »
difference between approaches concerns where the emphasis is placed

im explaining memory effects. The depth hypothesis attributes
. .
memary differences to the hypothetical depth variable, in that seman-

tic (deep) processing is related to higher memory per formance than

superficial processing; wher%as, dual coding;aftributeslfhe effects

to the number 'of codes activated and the functional distinctions

L4

be tween verbal and_imaginal processing systems. Still further, the °n:

. '

depth variable is not_necessarfly assumed to be based in real time, -
i.e., a short proceSsing time does not necessarily indicate that only
§upenficial processing has occurred. Instead the depth variable is

related to the langUage'user's experience with the information and
‘ - . ' ' . -
can be experimentally manipulated by well known variables such as

bl
word frequency or familiarity. Thus the more familiar a persom is
with the stimulus information the more quickly deeper processiné will
- .- )
occur. Since the concrete and abstract word 1ists were equated {or

frequency and the pictures were all highly familiar it is difficult

" Id

-

to determiﬁg’how latency differences between item types could be

L 2




)

predicted by the Jeve!§ model. - The levels approach, therefotre, does

not appear at present to have the Eababklity_o‘!predicting\The ob-

-tained results. - T A L B
~ ) Yo ) \ . . N
The common code approaches are the second typé of curreht theo-

retical alrerfative to- dual coding. This class of theories differs

o

-

& é Ld & . ’ -« . . . "
f;jj?dual,c ding in the assﬁaalion that both verbal and nonverbal

ifformation are represented- in the same format in long term memory.
~

R .
This representation is postulated to be abstract, and neutral with
respecg\Tq the nature of the stimulus informatioﬁ as well bs,sensbry

jnput modality. These approaches, while computer based in nature,
. N ' £

have a lbgical ﬁ}edecessé?‘ﬁn the literature of psycﬂgaqu. Osgood's
(1957) mediational formulation is probably the earliest version of

a common code approach. While Osgood's gpﬁroa&ﬁ; like du cbding;”

- \

recognized that the representation 9§ multidimensional, the nature
) - ‘
of the stored information was seen as abstrac® aEA neutral with

respect to the nature of input (e.qg., linguistic or pictorial).

Regcent cognitive appféaches that fall into the common code

‘

. ¥ .
class suggest abstract descriptions or propositions &% a form of the

representation (e.g., Anderson &>Bower, 19735 Chase & Clark, %972;

R .
Pylyshyn, 1973; Rumelhart, Lindsay & Norman, 1972). The above

theories differ from each other in many nontrivial WayS (see Anderson
& Bower, 1973) however, they all differ from dual coding in their
» . .

insistence that verbal and nonYerbal information is represented in a

A -

-

ﬂ‘ commoh format. Further they- di ffer from dual coding-as to the im-

. . . . !

,pértancé of:stimulus imageryﬂ a variable directly derived from dual

coding. The Anderson and Bower model,.HAH ﬂy"lample, attributes

. . . . ) » . .
- h - ’ 3 J
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[ % ‘ ‘
imagery effects to differences in the-encoding of access relations}

N

i.e., concrete word lists are presumed to lead to a greater degree -

-

. of elaboration than abstract. More specifically, unser high imagerf

3 i
conditions, subjects are assumed to génerate '‘auxiliary propositions"

EY L @

intergonnecting the. elements of the representation. These elaborated

propositions benefit memory by increa g -the accessibility (retriev-

°

ability) of the memory'stfucture.' The modef, HAM2 is not articulafed
in such a way as to make explicit predictions for encoding; at least
in the present context. Consequentl¢, no speculations will Pé made

' ’ L]
from HAM's existing general structure. Of course the HAM del could

Al

easily be modified to explain the obtained Eé&ency results if it is
further assumed that verbal ané imaginal insérudtions require difFefe;t
amount &f process}ng ti&e and that pictures, concrete nouns, and ‘
abstracé nouns differ in some basic way, such as lexical éomplexiny
(Cﬁ.‘KintSth, 1972) . ance the presént form of HAM i's iqadequate to
predict the‘bvérall,pattern of ¥he latency data an& since.dual Eodinq
theory can,'the laéter tﬁeoretical position is faQored,-at leas£ iq
this situation. ' -
It should be mentioned that recent:modelst;other'than HAM, have

‘attemptéd to reconcile the differerces betweeg}dual coding and common
codé'thgorfes. For exampfe, Collins ahd,Quillian (1972) also, suggest

-

that imagery is a by-product, generated from the abstract propo§iti6nal‘ L]

5

’ -
T , -
]

_ HAM'has been singled out here for discussion for two basic reasons

* (1) Pt is one of the only extant models that explicitly 'deals with
imagery related effects, and.{2) it is fairly representative of the
common code models. -

*



base‘}'Jorgensen and Kintsch (1973) distinguishhbe&uaen‘prohosiljons

and images and gg further to suggest that fhei are iqdependent classes

-
-

s of repré%entaﬁions.
‘ \ -

Recall .

4

The present investigation was also concernsﬁ with differences in

) - -
. the amount of information retained following encoding. [n general,
b |

some aspects of the incidental recall results can be explained by

dual coding. Other-aspects of recall are explained by a combination

1 <

of dual coding and the assumption that the two codes have different

a . fn
. y

orgaﬂizational.properties. :

Dual coding’ effects wng suggested by the total recall r®sults

- - » .
of Experiment 1 and 2. Consistent wi'th dual coding wé‘e the findings
. )

that more concrete than abstract nouns were recalled, and that more

. . -~

'magery encoded than verbally encoded words were free reca\léd Sup-
ilar results from Experiment 1 were obtalned in the analysns of the

X
number of sets recalled, 'i.e., set recall was higher for concrete

“than-fbr abstract nouns and for imaginally encoded than, verbally
A e?eoded,hqun groups Experiment 3.provided Etronger support for dual

at ~ -

cod1n§a§1ng dn;éect n}arﬁpdlation of encoding instructioris with pictures

AL DN

and words as stlmu1?‘ *“.E%ﬂ?f recall data demonstrated that dual
coding conditions always requ{;é in greater tgtal recall than did
single coding. '%he frée recall data om this. same expgrihgnt, however,
failed to show dual coding éuperiority. This failure might be‘atﬁri;

butable to the mnemonic superiority of the image code, which may have
overridden dual coding effects (cf. Paivio G,Csapo,;1973). "Apar{ from

the uncertainty of the free recall ‘data, the results are génerally
- ’

’

' L




[ o ‘ ’ . \\ .
~ v ! . . . .
) consistent with a dual coding hypothesis®yhich maintains that high

. - . * - - ! . 13
imagery conditions are effective in memqry because they increase the
]

probability that both imaginal and verbal procé’%esbwill be -involved in

information retrieval. ﬁanrete nouns have a greater probability of "’
: : s \
dual coding than abstract nouns; instructions to gncode words by

imagery further increase the probability of dual coding. In a similar
7 . Q
L 3

manner verbal encoding of picture stimuli increases the probability
. -

of dual coding. Thus dual coding condition¥ result in a greater pro-
bability of recall than would be the case for single coding conditions.
Differences in memory organization can be inferred from other

aspects of the recall data. The differential organization hypothesis

(Begg, 1972) suggests that information in synchronously organized

/

images takes up less ''storage space'' than sequentially.,organized ver-

bal information. The set size manipulation was intended to test the.
1 ,\-—‘ "
storage space notion directly in that imcreasing the size of the

» @ , .
" grouping should reveal recall differences that were related to memory

capacity. The specific expectation was that imagery conditions ]
. - - \\\/" ’
(h‘gh imagery words or image encoding ingtructions) would not show as

"rapid a decrement in free recall as would low imagery nouns or ver-
X ,

" bally encoded sets as set size was increased. This expectation was
9 -
generally not supported by the total recagl] or proportion of a set
' ’

recalled data iw any of the present studies.

Further predicfions from the storage space hypothesis concerned

the differential egfects of imagery conditions, set size, and recall

©

type (free vs, cued). _Cued recall appears to be particularly sensi-

-

tive to Ghe degree of integration and therefore performance differences

'S

.
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‘between free and cued recall should be directly related to’the amount

t

of integration-in the memory structure. That is, cued recall should o

_exceed free recall by a gregter ‘amount when the memory structure is

1
more integrated than would be the case when the representation is

. .
integrated to a lesser degree. Experiments 2 and 3 provided a

5 - . -
comparison of incidental free and cued recall. Analysis of Experi-
. ' - 4

~ .
ment 2 failed jo produce resulits consistent with-.ghe integration

»

notion.‘Howeve'r, in"Experiment 3, when word stimuli were considered «
v s f .
separately, the results supported differential integration. In Figure

. A - . .
1! it can be seen that greater facilitation of cued recall relative

N 2
to free recall was obtained when the nouns were encoded imaginally . )

than verbally. These results are consistent with the Begg data. On.

-

the other hand, when picture recall was treated separa&ely, exactly

the opposite results yere obtained, i.e., verbal encbding of pictures'

resulted in'a greater increment of cued recall relative to free

recall than did imagery encoding of pictures. Thus the overall pattern

& . Q

of results seem more appropriately interpretable in terms of dual Iz

»

coding without the differential integration assumption.
L.

More. Gene¢dl Implications ‘ | -

o It can be suggested that the results of the present investiga-
tion have more“general implications regarding the nature of thought
processes. Thinkiné clearly involves the encoding of stimulus infor-

mation, its organization and storage in memory and retrieval of that

w ! ~

information for use in performing a task. Bourne, Ekstrand, and

* Dominowsk i (1971) assert that the key tO understanding thinking is
“ . -

~NC

<

KN




N ’ ¥ '
to understand the nature of the organlzatlonal progessed that underly

<

-behavior. Therefdre, it fgérows that knowledge about the ‘Focesses

by which complex stimulus information is organized and the, new:

A
HS A

organization encoded, is potentially _useful in understanding_ thought
!
processes. . v ¢

q o
<] -

Using dual ching theory as a conceptual framework for the

“
<

investigation of thought processes, as has been suggested by Paivio
. ' ‘

(1975b), several specu!ations‘can be made about these processes orp
) ; ;
the basis of the present data. Ffrst,othe data suggest that imaginal

thinking s highly efficient in terms pf speed;of encodinyg an{
Aflexib{lity 6f proceseing.; Complex information (multi;le 1Drd or

) o} _. °
picture unite). up to some as jet;unsqﬁﬁiﬁed‘number, can be @ncoﬁedl
and organfzed q;ickly into'vi5ual images that:ﬁunction as units : )
in memory storage. Vetbal pr;;esse§4appea; ééfbe generally slower

-

presumably because of the involvement of sequential constraints at =
’ 5, N
encoding; whereas, images on the other hand appéar\ito be°felatively
=3
FrﬁF from similar constraints. Addat nally, memory seems to be

.

’;nhancedigren nonvembal: processes areassumed to be invo]ved. Thus

* ~
< imaginal thinking can be seen as more efficient than verbal thought =
. : . .
in the sense that comcrete informationale units can be encoded more
< z

4 s s

rapidly withoyt any compensatory memory loss wher th%.information is
. ¢’ @ '

later to bg-retrieved‘ This at least eppears to be the case whén

memory for order information is not essential to the task. ¢

Secondly, the latency data‘allow fer the speculatian that

imagéry processes may be involved in-verbal thought. The &ata on

sentence generation to concrete nouns and pictures demonstrates the-

ke

2
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4 4

plausibility of tﬁg'quvé speculation. - Thejsdggestion may even be
S . ) B ) J‘
made that imagery ip. some cases sgyﬁbrts verbal thinking, i.e., it ..
’ ; . , .o
LY .
acts as a base frdm which logical verbal thought may be derived. At -

< L}

. the very feaé‘ the data indicate thai there'is a considerable amount
v3 . \ - - V
of interplay-between verbal and “imaginal thdught processe$.. For a . :

©

more detailed discussion of jj;} coding .theory's relation to thinking
. = °

" [
the reader is directed to Pafvi

[
Conclusions

o {(1975b)5- - o

o

: . PR B I N ""- R 4 R o
Five conclusions emerge from the present investigation.  First,
“ -, : -

2 " ) ve 8 . ' ) T H
: the latency data provided gupport 'fpr the dudl coding theoretical
“ . 2 & * N . & ) ° .
predictions cancerning verbal and imaginal processes. Increases in

2w e '
3

;l : ’ <L . ) .- .
,the number of: words or ﬁTctures b a set refulted in a greater increase

&

o - . [od . -

in sentence generation thap imgge generation’ time, suggesting that
-~ N ! N . ‘

¢ e
b ~

. verbal“eaneifﬁs are sequentidlly constrained by brammar‘to a degree
.3+~ not characteristic of synchronoys!y=orgaﬁized images. Second, the

n
. - *

sentences were more easily generated from concrete than fronf abstract
- w R | -

= i ] «

A

nguns, and frbm pictures than from words, suggesting t at the spéed of

verbal é%coding i infli€nced by %heAavailability of referential imagery J

as part of the representdtion'oF_concrete nouns.  Third, the latenc
- o A Y

L} .
- o

‘J < $s ) . " .
» results attest to the relative speed and flexibility of imaginal . -
> ] . - . " _ - .
thought. Fourth, mecall data were consistent with dual coding pre-
N A . e '
dictioms concerning the effect of-verbal and imagery coriditions on
" » & g ) -

memory retrieval, and lastly, predictiohs from the stoféiafﬁpacg hy-

- ‘ o - ',5 - ° A ‘,
pothesig of imager organization generally failed to be supported. - -
< » / 4 < < ? +
- , - o . e ‘2 ) * . . P -
c L 4 ° M <
3 ) - ; »
» R ° - s .
& & % r ‘
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.. - APPENDIX A.1

o
- .
L) . ~ . -
2

The purpose of this experiment is to determine how quickly

. people can make up sentences (mental images) t@ groups o'?'words. This

Il &

information is r{eeded so that future research can be more tightly
4 ’ .
controlled. #& . -~ r . T
In this experiment | will display a number of - index cards to
‘'you. One at a t.i_me-‘l will place them directly'in front of you. for ‘
' you to see, On each card will be brint‘ed 2/3/4 nouns. Your task will N
be to genéyate a'rne'_an,ingful sentencg (an interactive mental image)
Do containing: . ?
N ’ for verbal conditions: the words on the card. The nouns on
e 4 : the card can appear in the sentence in ’
T ) ’ -a ordér ou \‘Jish. i
N P ? b4 - - .
' ' for'image conditions: mental pictures, i.e., mental images of - /
’ ’ i + -
‘. ‘ - objects that stand for each of the nouns. -
For‘ example, if | present to you a card with the word:... .
o ﬁ for set size 2: CAT - DOG - ’ >
. ' [
. for set size 3: . CAT - DOG -~ CHURCH . oo
. - - . ‘ .
_ for set size k: CAT - DOG,- CHURCH - HOUSE
* you could easily make up a sentence (mental image) combining the nouhs .
(image objects). T - .- .
*~  For example a possible sentence (image) could be:
. for verbal set size 2 condition: The DOG chased the CAT.
.- — ' . * -~
. 'Y for verbal set siz\é 3 condition: The DOG chased the CAT .toward 7 -
’ 3 Y o . . =z
. . ‘ ¢ " the CHURCH. i .
$
. _ A - i AR
€ é ’




P

for verbal set size 4 condition: The DOG chases the CAT,toward

. , -
the CHURCH next to -the HOUSE.

4
-

for'image set size 2 condition: A DOG chasing a_EKT.

for image set size 3 condition: A DOG chasing a CAT toward a

CHURCH.

3
~

‘for 'image set size 4 condition: A DOG chasing a CAT toward a

s
~—

X CHURCH with a HOUSE beside it.

"For image cdhdition add: Remember that the images are to

objects in the imagg are in

[

be interactive, that is the pictured

. o - i r'd
an active relationship with one another.
“ . r’ 4

. For image abstract conditions only add: Some words do not

readily bring to mind imaées of objects. These words can be called

’ . v
abstract nouns. In this part of the experiment you will be presented

with words that are difficult to generate images-to. You should then

‘ruse an image of an objeﬁf th3t could more or less directly remind you

of the presented words. For example, if a word presepted was ''LIBERTY"
.

you might generate an image of the Sfatue of Liberty or something

else that would remind you of LIBERTY. Likewise when seﬁeﬁal of this

<

« type of abstract words are predented, you should combine these types

of images into a compound interactive image.
‘ - e 7 [
e
In “the experiment t will-present to.yoy -ten cards, one at a ¢
5 : . e o

time. Upon-the presentation of a card | will say a number from one

to ten to let you know how far along we are in the experimedt. When

-

L pres%ng the card'you should as.quickly as possiblq,generaté your

e '}
sentence (image). When the sentence (image) is completely formed, -
\ v .

1
s

X
[V



Q

o

(S

a -
. v [ . c .
.+ ,After .you press the key, pick up the pencil sitting in front,
= A - \ 6 °© ? : o
i of you #nd quickly write down the sentence you have just generated- 2
(rotighly draw.a picture of the image you have just generated). < \’\) - ©
N . o »
Drawing quality is NOT important. Let me remind°¥u to do your . .
’ . - £
writing (drawing) as quickly as possible as you will be given only o
' . - . - N ‘ [ o ﬂ\“-
a small -amount of time. - s
= -3 . <& ¢
- e ;
Now to make surt you understand the task when the card is pre-
s , -] . ) : =

sented: - . * . R 4 ° . T .
B . B i . . ) o ~ ?

B 1. look at the card. o « o ° ,

"' . . ; i
2. generate your sentence (image):as, quickly as possible. Lt
v B ) R , - <« v N o
< . - " - < S .
3. pre‘ss ‘the tglegraph key when yQu have completely generated " .
“ L’f’: ;.'a * ’ - 2
B ‘,‘ “ . . -
R - . o - o &y ¢ . ° . : o
e . your sentgnce (image). e ] .. o
. o ° £ - . v .e L
; h. writg down .(draw) thé seritence (image). & S
0 s . " o * e o . 2 ‘ﬂ, - .
o Do you have any questions? : - e C : :
ot - 2 p o . . e
- g o R “ o c;’: N 5 .Co . « Q0 - © .ot . .
b Now‘toamake’sure you ‘understand~the protedure, l'q going to give
C”Q. e b T 4 i f . ' ’ u""”, o ) > 2 M ‘ )
you ‘somé ap"ractice. (‘I '11" present several cards one at actime andeyou . °
A g b . -" o = i\ ¢ i ‘\: - < n ‘;) : . ,_“ o qe‘-a .

[ i IS - . - € oo < o J
~.“are to proceed inp the way | have' just -instructed you:. o O ¢
ot o ° . 7 . 5 3 4 3 o ° ’ L

: ™ N : ) . K 5 € o L ¢ N 'H
: A g e ,:V .
¢ . < ¢« e, » i b:’ £ o, o
: - o ’ o & » . " “ ov o v L
? ¢ ‘ . « - ' ® ::L ’ ] o 7
L, Fa 3 v [ R A . " .o* ¢ s ' 4 </‘ 5 e . ‘e v
o v i . ° L6 ° - R .
. , / ;
o . . - , o < . < ”
2 * s g & : . R B
o P . ) S ° e o ¢ % &
B - -‘ [} e o 5 & . ° ’:l v , n'_' 3
) b “ ~ h ) e ¢, e
L7 e ~ - ’ “ [ [} .ﬁ ,
. 3 ” ¢ : ? r T e © ? e
’ v . . ‘ ) ~é’ . P ¥

. v L% * - - »
i - >
_‘ ° - -
: a T, 97
» 0 3
: @
v b ‘ s . v, G‘. P
press the telegraph key in front of you. This wnll‘&s.t.op, the mer ‘

and allow me to determine how long it took’ you® to coﬁple‘te“ the task.

Gl
»

‘Leg me suggest that you keep your 'hand on ‘the telegraph key so that

- <

“I am able to obtain an accurate timeing.



, -APPEMDIX A.2

The purpose of this experiment is to determine how quickly
- T

people can make up meaningful sentences’ (menta! images) to groups of

words. This information is needed so that future research can be

<

cmore Lféhtlﬁ=coﬁtrolled. R ‘

c

‘

In the experiment | ‘will display a number of index cards to ydu.
o - c

ol

_One at a time I"will blace-them directly in'front of you for you to
> ~ ’ ' 2 C a . o .

<

see. Op.each cardowill be 'printed 2/3/4 nouns. Your task will be to

= - . b - . . ! . ° . e .
" make up a meaningful sentence (interactive mental image) containjng...

" L}
- < =

for verbal conditions: the words vn the card. The nouns that

-

L]

appear-bnithefcard can appear.in any

order you wish. LT e
. < .- ksl

méntal pictures, i.e., menta} images

» , . ° N o Y. ’ ' -
K of.'objects that stand for each of the
N - ; 3 . ® o

o Fl ” -] o ) & \..r‘ o . ¢

«o .7 .omouns. . o= e ¥

x - ‘i- . ‘ .. . ’

For example, i I present 59 you.a card wuth the=word§...

Ty
2

oo g
) < o

for set size 2 condrtlon:o CAT -oDOG . . ‘.{

< .'a

° N o

for® set, size 34§4pd|t|on:" JLAT - DQG - CHURCH

for set size £9condotson: cAt - BOG - cuuncH < HOUSE

o -
o - 5 . A ) © 2

< 3 . - . . ‘. ° . o ¢ o
yOu code easily make up a meannngfulSenegnce Unteracfrve mental
. o a “ o 4

‘ulmagei combintng the nouns (tmaged obg@cfh).y For‘exampﬂe«a possible

- N - : ) . < o
L -

SEntence {image) *coutd bg ce. o T T e

e, < . @ o
Y u b B

o

o foraverbal set s:ze 2 cond tion: The DOG chased the CAT

&
for verbal set sizeq; conditioh ‘The DOG chased the’, CAT tqward

- 5 .
N Y

the “CHURCH.




" for verbal set sizeué:cohditienszhe DOG chased the CAT toward

. -

) *

. _ s the GHURCH next to the HOUSE. )

-t e Y .""
for image set size Z condition: A DOG chasing a CAY.

R . . W
for image 'set size 3 condition: ‘A DOG chasing a CAT toward a

o

Q B
o . : CHURCH. : L e
! B v

~

- -for image set size'ﬂ'condition:; A DOG chasing a CAT towerd a

‘s

o v - - CHURCK with a HOUSE beside it.

.
M

N

o . i .
Jor image conditioh&: Please—rememberqthat_the'images you make

1 2

up‘are tao be. lnteractuve, ‘that is, the pictured ObJeCtS in the image

] N at

a 1

are to be in an actuve relatnonshlp unutnng each other cNote that thns .

o % ° =3

is qhe case in the example I just gave you. '

N
for, verbal.conditions: Pledse remember that the sentences you

b

‘g'make up are tocbe meaningful. Note that this is the case ‘in the 'i -

. . : )} : L ~ 3
example | gave you. Y . o ‘s ) . ;
) . ' . . “a v ) ’ (‘,
0 © For image abstract cond;tlons only . Some words do not readilyU ¢’

LAY

~ %
o bﬁlng to mipd, |mages of obJectsa These mords can be oalled abstract
AGUNS . In thjs pagt of the experiment you w:]l be—presented wnth words
. . .
“that are difficult to mgke up lmages to: oYou shoUldothen”u%e an image

“of an obJect that could more oy less dlrectIyaremlnd you of the pre-

< 'oc

Q

[+]
sented words. For examp}e if a word presented was~“LJBERTY” you“

3
“ w

mlght generate an |hage oF “the. Statue of leery, or somethnng ‘else that v

-] u
would remfnd y0u of EIBERTY leewise when several pf thls type of o
% ¢’ v e &£ ©
_® abstract words are pre%ented you should combine these types of lmages
.  .into a compo%nd anteractlve image.. . | .Ll f Aﬁ .t o

S, 8 % . 4 * 2
o
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- . - ' A > . . - .. v‘ -
. ' N . '
‘ e * . f
. ) . D . . LTt
o fn the experiment | will present t6 you 24/16/12 cards one at.

R . - oL : Y T - - 2
v ‘ a time. Upon the présentation of a card | will say & number €rom one

to.ten.to let you know how far along we are.in.the experiment. When

+

- . . < . -
1 present the card you sheuld as quickly as possible gtnerate your

¢

 sentence {interactive image). When ;he_sentence'(image)‘is completely

N - -
- ¥

formed press the telegraph key.in front of you. This will stop‘the
timer and allow me to determine-ﬁow long it tqek'yod to complete the

' task. Let ne suggest that you keep yodr'hand pn'the Ieleéraph Rey
. . - . L . K

- . . @

so tfat | am able to obtain an abcurate‘timing .
After you press the key, pick up-the pencnl 51tt|ng in frop
. "of you and qunckly " wrlte doﬁahthe sentence ‘you have just generated

(roughly draw a.picture of the |mage you have Just,gener ed, drawing

. quality is NOT imporfaﬁt). Legfgé/:emﬁhd=you,fo»do'your writing"

Vi

(drawing) as quickly as possible as you will be given onlyea amall

amoune &f time. - . - . , ’
. - © © ¢ A 4 .-
Now fo make sure you understand the task - when the card is’
- « \ " ¢ “ ‘
e, " presented: - ’
‘ - - oL . ‘4
' o . look at the card. - - - ’ ° . '
4 ‘ = ‘ " < ) - . -’ ’ o
2. generatelyour sentenee (image) as quickly as possible.
. . . o e N ° ¢ o

<< 3. press the telegraph‘key‘whenrybu have completely genErated'

; ; ' your meaningful sentence (interactive imagej
. o L, write downu(draw) the senterce (image)- .
o < ¢ hd : ° \r.‘_ ! )
° Do yol ‘have any queswlons? SO

e ! -
“Now to make sure you understand the procedure 4'm-going to give
v v o

you some %ractlce. i1 present several Cards one at a time and you

4

- ‘ o

,are to proceed in the way | have just'instructed you. 0

o
. 4] . .
» . - o] . B B [




'~.u pebple can make up meaningful setences (mental images) to include

. “A\Q r ° * - ,“ . * i . Le v
! ~ "_.\ ! -, ) . ng st - \; .
» v Y N . ! ™
e [ ?g .'.‘
- . Ao ' <N ‘ . ' . .
. . . APPENDIX A.3 .
. R .
a The p-uﬁose of this experiment is to determine how qunckly
. . a" ot

!

groups of wérd% (pictures) that | will present to you. | need this
‘ 3

. . ' ' -3
-information so that future research thaty,! am-planning will be more
+ -

_tightl§ controlled.

-

The’ instructions are quite simple. In’'the experiment | will
. . Y .

display to you a number of index cards. | will place\them one at a

time directly in fromt of you se that there will.be né)difficulty for

L

you té see them. On each card you will find 2/3/4 nouns (plctures)

-

The nouns (pictures) are all onés that you are hlghly famnllar wjth

"so that you will havé no difficylty recogh}éing them. As the card

«

<
0s. Your job is to make-up a

is pgesented, to. you, your task
P§ : .

meaningful...setence (intera ental image) containing...

for verbal-word conditions: The nouns printed on that card. -

The nouns can appear in any order

P »

’ ’ , - in the sentence: not necessarily

the order presented on the card.

-

- for image-word conditions: mental images, .i.e., mental pictures

) ) . ' of objects that représent the words
- - . W .
’ ‘ -~ on the fgrd.

-
. €

for-verbal-picture condjtions: The name for each of the object

' i The

° pictures presented on the card.

A ~ -
K . ' - 7. names for the objects ¢an appear in
] R
- - any order in the sentence; not neces-
) : . , '

.

“
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- N Y v“\
4 . , \ :; \ - o \E‘ .
el A N * L 4
- -« - ! N \_JL :U' Pas
- - .
\ ] » - - ‘ ) - . 4 ‘<’,“.o ,‘. ‘1)
v, - , L S S o ¢
g sdrily therorder ’brgsa‘nted on the
’ ! : " P A . . R B N , ‘vv .
A L - car\d. “ T N \ .
n ¥ . A e
" for image picture ‘conditions:, mental images, i.e., ntal pic-
v ) e R k “. g . - *
- - ) , ‘ tures of obj\ects or similar objects
c o .. a3 - .
L . , to those presgnted on the card.
s '

{  for example, if | present tq you a card with the wosrds (pic-
R Y N . :

tures)... ’ «

” for set size 2 condition: KING - TOWER’
S AR <

for set 'size 3 condition: KING ~ TOMER - PIE

for set size b condition: KING - TOWER - PIE - CANDLE

-

you could easHy make up a meanlngful sentence (mteractlve image)

¥

contanning the words {mental images of the’ ObJeCtS) For example:

for set size 2 verbal condition: .'The KIN® kicked the TOWER.

for set size 2 ir_nage eondi,tion: - A KING kickifg a TOWER.

for set size 3 verbal condition: ,.The KING threw a PIE at the

-

TOWER. » .
for set size '3 image conditioh: A KING  throwing a PIE at
~ . a TOWER. :

for set size _11 verbal con&-it_ion‘ The KfNG used the llght from.

» s T . I the CANDLE 'to throw a PIE at

E]

\ ' ©+ . the TOMWER.

\ -

for set size 4 image 'conditio-n: « A KING using the llght frOm a

o : . CANDLE to- throw a PIE at a

-

. TOWER.



L}

Eof |mage cbhdutnons add . Notice what'l‘ﬁeaniby inferactive

-
t-“. . PR O ' Q

image is that‘;he menta}ly pictuned obJects 1n the Lmége are ln ‘an

" S I -~ ™ .
active relatrondhxp’wuth one-another. Note that thns is the cése in™
[N . - . ' )

the example Idesf:géyé590u. S
N . AT .
- - ot By o’ s ' .
For verbal conditions add:: Piease rémémber that the sentences
e + . ol . O L4 “

\‘a»

2 (A . - ) » .
you make up are to be meaningfuil. Note that thls is the case in the.
’ [ o :" . oo 2’ ‘ ) ‘s-’.
example | just gave you DR ST T .
T o+ " .

The entare expernment will con51§t oP me: presentlng to you

. 24/16/12 cards. Therefore you wnll have to make up, 24/16/12 sentences

(images). 4 qi1l pFesent ‘the cards one at'a tlme., Upon the presenta-

. 2
tiod of a card you should as quickly gﬁ_ggssi%le make up your sentence
(image). When the sentence (image) is c%?ﬁlete]yAFormed | want .you to’

! P = . - . . ' "
press down the {elegraph key in front. of you. “Your key‘pféss will

stop the ‘clock and allow me to determine how lpng,it‘took,you to com-

plete the task. Let me suggest you rest your hand on the telegraph

PR

key so that | get an eccurate estimate of the time taken.

.

There is only phe.additional thing for yodfto do;fafter‘you

‘presg the.telegrapg key inaicating the.sentehce (image):is;formed,‘
theﬁ immediately write eqwn (rough?y draw) on the blank‘e;een in front

of on the sentence (imZée) you haQe juéf‘mede ep: i

, For image conditiens add: Drawing quality is ;BT Impo}tant[

Do your writing (drawing) as quickly as you can as you will be given

. only a small amount of time.

.
L]

»  Now to make sure you understand thé steps let me review:

-




Py ”
&
L
+
[}
i > -
. 1 {
“.
¥ r
e v DN P
-~ Al 9 . ~ e A »
L4 < oY A 5 m" e, 3 4 ¢
¢ v e oot . o » LY
. . 8 “ .
[N PLE N ¥ e g o i ¥ el
o, T LY e N

. s . v ag LI “, -

- L ‘e T - q"*‘.q

~r e 4 . . Si .
v de - w e . X Y
~ L] -~ » v

4 o~ % Ear

o ) .
1 . . ’.,l" R -
f N -’&—""_-r
“‘ Ty ‘
4 " . .

» ‘ when a card is presented: - "y
;' s (1). Look at the card ) 3 ‘. ¢

i ST e
(2) Make up your sentence (image) as quigkly as you can. Let

Al '“"3 N v .
"me remind you that the sentence (image) pust be as meaning-

r

ful as possible. ' ‘ﬂ

N

(3) Press the telegraph key.

f?(h) Quickly write down (draw) the sentence (image).

- .

-

Do you have any questions? . .

Before we begin, 1'd like to make sure you understand the task

so |'m going to give you some practice. |'ll present several card§/f

one at a time and youﬂéhould do what you have just beenfinstructed.
'l.,

i . .

- J . .
. » 2 .'.

o
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