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Symmetry versus Asymmetry in Paired-Associate Learning:

A Test of the Dual Coding Theory

Thé éUal coding theory of imagery (Paivio, 1975) holds that there
are two independent coding processes: Imaginal processes and verbal
processes. Imaginal prdcesses, in effect, present information "all
at once' ‘to the orgaﬁism;_ Verbal processes, according to the dual
coding theory, are characterized by a sequential mode of organization.
Sequentially organized infprmation is processed temporally by the
organism, with meaning contingent upon the order of proéeSsing. The
proposed thesis seeks to tesf the validity of Paifio's.dual coding

theory of imagery through the pairedeassoéiate learning paradigm.

The Dual Coding Theory -
Paivio considers images to be analogue representations of per-

ceptual information. The image is not a static entity but, rather,
a dynamic process. Without the contribution of dynamic¢ imaginal
pfocesses; verbal thinkiﬁg‘would be less flexible and creative. The
imagery system processes nonverbal information s;ored in the form of
images.. The verbal Sysfem, though, is specialized to handle abstract
linguistic units which by their very nature are discrete and sequen-
tially arranged. According'to’Paivio,‘verbal units are only in-
directly and arbitrarily related to veridical entities, whereas images
can be said to mirror them. Images, then resemble perceptual objects;
words only symbolize them.

. The major dimension chosen by Paivio to differeﬁtiate‘imaginal
and verbal processes is a temporal one. Information units contained

in the image are simultaneously available to the organism for perusal



and retrieval, even though retrieval itselfkmay‘pro;eed serially
because of the nature of the other systems that operate on the image.
For example, the information contained in an image of a room is
"available all at once, but‘one, nevertheless, describes and lists its
contents in a serial manner. When one describes the contents of his
living room, he usually begins by describing the items to the left
ofzthe room's entrance and then proceeds in a clockwise manner to
describe the rest of the room. Such a procedure could convince one
that imagéry possesses a,sequeﬁtial structure. Yet, as Paivio péints
out, if'the.sémé person is asked what is on the right as he enters the
room, he will answer promptly and correctly. To Paivio, this indicates
that the laydUt of the room is available simultaneously in memory. He
regards the usual left to right processing as simply a descriptive
habit common in our culture.

‘Paivio feels that information processing approaches to perception
and memory are a recent expression of the organization distinctions of
the dual coding theory. A major distinction in the information
processing paradigm is between parallel and serial processing systems.
These systems are subdivided into the spatially and operationally
‘parallel processing systems and the serial and sequential processing
systems. Spatially parallel processing is essentially characterized
by simu1taneify oflfunctioning. Paivio presents the visual system as
an example, because'simultaneously given information can be processed
over a large area of.fhe retina.. The defining property of operationally
ﬁarallel‘systems is independence of operations rafher than simultaneity.

In other words, processing can be successive, but the functioning of



‘any'element in the system is not contingent on the result Qf_the
functioning of another. Serial processing is very similar to opera-
tionally parallel processing in that elements are activated one after
another, free from any StructUral depen&ence between them. In this
mode of processing, information units must‘flow through one at a time,
but the order of flow is.not subject to constraints‘within the system. '
Sequential processing, howevér, is not only successive; but the specific
order is produced and determined by constraints within fhe system.

Paivio defines the imagery system as a parallel processing system
which“Can‘fun¢tion-in‘both thé spatial and operational.modes. The
verbal system, though, is primarily sequential But can also function in
an operationaily parallel mode. Paivio feels thaf the imagery system
can not function directly as a sequentiai processor, whereas the verbal
system can not’funcfion directly as a spatial processor.

Paivio's distinction is illustrate&, again, by the living room
example. The»information was simultaneouély available and free from
sequential hindrances, thus, it was both operationally and spatially
parallel. The sequential presentation of the ihformation reflects
motor and verbal mediation instead of an intrinsic sequential organiza-
tion of the image. Verbal processes, Paivio adds, can be operationally
parallel since one can substitute words of the same grammatical class
into a particular grammatical frame. The substitutions will not be
sequentially hindered in any strong sense. The word eventually used'
i$<détermined, instead, by semantic considerations.

In an €arlier study, Paivio (1971) éompared visual'and imaginal

processes by having subjects generate images of the letters of the



alphabet read in forward and backward.directions. The sequential nature
of the aiphabet détermines the order for the generation of the images

of the specific letters but does not dictate the shape of, nor the

order in which, one describes the characte?istics of a particular let-
ter. In other words, fhe order of the letters demands that the image of
:an'A precede the image of a B, but the 1iﬁes and angles of an A or a

B are available in the image simultaneously;

-Paivio (1975) puf several other impliCations‘of his theory to
empificai test. He reasoned that‘imagery would be ;ncreasingly favored
‘over purely verbal thought as an associative mechanism, if subjects
are asked to memorize_aniincreasing number of words. This should occur
because, theoretically, imagery is free from the sequential constraints
that characterize verbal processes and, therefore, would be more
conducive to the rapid encoding ofldiscrete units into synchronously
organized structure. The sequential constraints'fhat do characterize
linguistic processes should inc}eaSingly inhibit thésencoding of words
into higher-order structures as the number of words to be memorized
increases. As Paivio said, "Things can be joined togethéer in a variety .
of ways to form a meaningful image,‘but words do not enjoy a similar
degree of freedom in sentences" (Paivio, 1975, p. 153),

Paivio (1975) tested his predictions by showing subjects two, three,
or four unrelated nouns and asking them to produce either an image or
a sentence that would interconnect the mouns or their imaged referents
~in a meaningful way. He also instructed the subjects to reveal their
cognitive prdcesses‘by writing the interconnected sentences or drawing

pictures of the images. Paivio employed the time it took a subject to



begin writing or drawing as a sign of the speed of the imaginal and
verbal-encoaingi

It should be noted that Paivio used both concrete and abstract
nouns. He reasoned that‘concrete nouns would more readily elicit
images because unambiguoﬁs'réferents would be immediately available
for those -words. The word ''chair'' elicits an image more readily than
the word ”justice;” Abstract nouns like '"justice' do not directly
refer to sensory objects.: They are abstract concepts that represeht
ideas instead of perceptual.objects. Consequently, abstract nouns do
not readily elicit images.

Paivio's (1975) results supported his prediction to a large extent.
As the number of WOrds increased, the imagery subjects responded faster‘
than the verbal subjécts to concrete words. With abstract words, as
the number of words increased, the difference in response latencies
between the imagery and verbal subjects decreased, although the imagery
subjects were never faster than the verbal subjects regardless of the
number of words. The verbal subjects were faster in interconnecting
abstract words in a sentence than were the imagery subjects in joining'
together the same_abétract words in an image. Yet, the response
latencies of the verbal and imagery subjects were‘less différgnt as
the number of items to be joined together increased. Paivio inter—
prefed these results as indicating that verbal encoding is more sequen-
tially constrained than ihaginal encoding. With more items in a set,
verbal encoding is more hindered than imaginal encoding since there are
more sequential contingencies to deal with in the former.

In earlier'research; Begg and Paivio (1969) examined concrete and



abstract sentences which underwent either lexical or seméntic trans-
formations. They felt that a concrete sentence such as "The fat boy
kicked tne girl'" can be imaginally represented as an action picture
in which the meaning of the entire sentence is summarized'as a single
organized unit or complexiimage. On the other hand, the information
contained in an abstract sentence such as '"The proposition was illogi-
cal" depends on the sequentially organized verbal units and can be
imaged only with great difficulty. From these determinations, Begg
and Paivie deduced that the most effiéiently coded, stored, and
retrieved aspects of a concrete sentence will be those related to the
‘sentenee as a whole unit; such as its meaning. In abstract sentences,
though, the specific words and not the meaning will be relatively
better remembered.

Begg and Paivio ?ested their hypothesis by presenting abstract
‘and concrete sentences to subjects and then'changing the sentences
semantically_dr in wording. The results supported their hypbtheSis.
Semantic changes in concrete sentences were recognized better than the
lexical changes. Conversely, lexical changes in abstract sentences
were recognized better than the semantic changes. The results sup-
ported the notion that meaning and the words used to convey meaning
are more closely intertwined in abstract sentences than in concrete
sentences. Concrete sentences represent a perceptual_arrangement or
event which has a meaning that is not only linguistic.

Further support_for'the dual‘coding theory was obtained by
Segal (Note 1). Subjects were presented two, three, Qr‘four items

either as line drawings of objects or as their verbal labels. Segal



predicted, as would‘Paivid, that the latency of verbal encoding of
the items would increase more steeply with an increase in set size
than would imaginal encoding. The dual coding theory would also
predict, concerning the effeét of_pictures versus words, that pic-
tures would have a more difect access to the imagery system, and
imaginal encoding would be faster with pictures than words.

The prediction for verbal encdding of piétures relative to words
depends upon one's theoretical orientation coﬁcerning the mechanism
that genérates verbal descripfibn, If one feels that a purely verbal
associative mechanism generates a sentence that integrates spatial
items, then verbal encoding latencies should be faster for words than
for pictures because the words have direct access to the verbal systém.
If one assumes, as does Pylyshyn (1973), that the organized descriptive
representation is in some kind of abstract propositioﬁal form that is
neutral with respect to input modality, then the encoding time should
be the same for pictorial and verbal presentations except for the initial
time it takes to identify the items perceptually. A third possibility
is that a concrete seﬁtence describes perceptual iﬁformation after it
has been orgaﬁized and represented in the imagery system. From this it

~follows that pictures would have the advantage over words even in
sentence generation, especially so, when the number of items inydlved'
is large.

After being presented the line drawings or the wordé, Ségal's
subjects were asked to generate either meaningful sentences or meaning-
ful images th;t would integrate the items of a set. When they had the

image or sentence, subjects pressed a key and then wrote or drew on a



piece of paper the sentence or picture that repreéented the image.

Segal found that verbal -encoding latencies increased much more steeply
‘than imaginal coding 1afencies with more items in the set. This result
held for the picture labels as well as for thé‘picturgvitems. Also,
encoding latencies were faster for pictures than for words, especially
for more items. This was expected for'imaginal encoding, But the similar
result for verbal encoding‘suggests that the pictures activatedvthe
processes necessary for producing a descriptive sentence more effi-
ciently than did words.

Pylyshyn might argue that the pictures simply haVe_the advantage
in terms of initial scanning or reading time and that the organization
and generation of the sentence 1is guided by an abstract propositional
system which is neutral with respect to input modality. Paivio would
reply that if Pylyshyn was correct then one would expect the same
advaﬁtage'for pictures even when only two items were involved. The
results shoﬁed that this was not the case. With two items in a set,
‘words were processed slightly more quickly than pictures. The data,
in other words, are congruent with. the interpretation that encoding into
meaningful structures is more efficient with pictures as opposed to
words. Thus, the simultaneously available pictures have direct access
to an imagery system that changes them into Synchronously‘integrated
schemas; the verbal proceéses‘required to»produce déscriptive sentences
are then activated. The differences beétween latencies. for pidtures»
and words seem to be due to processes that organize three or four units
into information structures that generate linguistic descriptions. With

more items in a set, words have an increasing disadvantage, for the



images must be generated indirectly and sequentially from the separate
items, retained in that form, and then transformed into imaginary

scenes before sentences can be produced.

Imagery and Paired-Associate Learning

The studies of Paivio (1975), Paivio and Begg (1969), and Segal
(Note 1) supported the notion.that there are distinct differences
befween imagiﬁai and verbal encoding. The duél coding theory holds
that these differences are ﬁore than trivial in that the two processes
constitute distinct yet interdependent'trains of information coding.
Languagebis‘more than a'lexiéon and syntax, and'imagery is not merely
an epiphenomenon of an abstract core of meaning. Since much ofhlanguage
refers to cohcrete_entities, it is enriched by fhe imaginal concomitants
of many words. In return, language gives order and logical direction
to imagery. Yet, the essence of the dual coding theory is that images
are different from words. Images contain information that is simul-

taneously available. Wofds convey information that is contingent upon
order of processing. From this primary distinction, one can deduce
that imagihal associafions in paired-associate learning are synchronic
whereas purély verbai'associatiOns are sequential in nature. Paivio
has found support for this notion in the area of pairéd—associate

. learning.

Asch and Ebenholtz (1962)vtheorized that associations are always
symmetrical, i.e., the association formed is bidirectional. ""House'
elicits "tree" with thé same ease that ''tree' elicits ”house.”"Yét,
Paivio (1975) feels their vieW is incorrect when one examines.purely

verbal associations<that.have'been formed under conditions Qf
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unidirectional associative experience. Verbal associations are
sequentially constrained in contrast with imaginal associations that
are synchronously organized; This distinction lies at the core of
the dual coding theory, and the.paired—associate.task‘provides a very
adequate means for its empirical test.

A specific prediction generateé by the dua1 coding theory is that’
image-mediated paired-associate recall, which is assumed to accompany
picture and concrete noun-pairs, should be symmetrical regardless of
which member of the pair is used as the retrieVa1<cue. It is assumed,
though, that picture and concrete noun-pairs elicit images that tie the
paired items together. On the other hand, for pairs of abstract words,
forward recall should be easier than backward recall, since the asso-
ciations of abstract pairs are mediated by sequentially organized verbal
processes. |

Smythe (Note 2) tested these prédictions. In his experiment, sub-
jects were presented lists of pairs consisting of pictures, concrete
words, or abstract words as items. With either the left-hand or righte
hand item used as the retrieval cue, recall was subsequently tested
by having the subjects respond'verbally with the‘appropriate_associate.
In accordance with the symmetry hypothesis, differences in recall
symmetry occurred as a function of pair type. Picture and concrete
noun-pairs produced symmetrical backward and forward recall. ‘Abstract
noun-pairs resulted in higher forward than backward recall. These
differences,'though,‘were quite small. Smythe measured the latency of
a subjeét‘s correct response as an additional dependent measure and

found it to be more sensitive than recall measures to differences in
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_associative directionality.

Other studies, though, have failed to unequivocally support
Paivio's hypothesis. Wollen and Lowry (1971) found that there was
virtuaily no difference between forward and backward recall when the
imagery rating of noun-pairs was varied. Low-imagery ndun—fairs
resulted in symmetrical recall as did the high-imagery noun-pairs.
Mondani and Battig (1973) found that when subjects were presented
unmixed lists comprised Qf only abstract or only'éoncrete‘noun—pairs,
there were no significant forward—backward recall differences between
concrete and abstract pairs. But, when subjects were presented
mixed lists, significant differences in forward-backward recall
resulted. In mixed lists, according to Mondani and Battig, subjects
employed appropriate mnemonic strategies. As a fesult, abstract
noun-pairs were‘recalled more efficiently in a forward rather than
backward direction, while the recall of concrete noun-pairs was asym-
metrical. These results sdpported Paivio's hypothesis.

Mondani and Battig atfributed'the nonsignificant differences
between concrete and abstract pairs within unmixed liéts‘to the sub-
jects‘ meager usage of the appropriate (imagery and verbal) strategies
in unmixed liSts.‘ Subjects in their study were instructed prior to
their learning two unmixed and one mixed lists in the use of imaginal
and verbal nmemonics. They were allowed to use those strategies or
any others they conéi&ered effective in learning the pairs. Apparently,
in unmixed lists, the subjects used inappropriate mnemonics. When
subjects, though, were tested'for uncued recall, they recalledumany

concrete pairs from the unmixed lists in a reverse direction. In
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other words, subjects recalled the pair "house-book' as '"book-house,'
for example. Because of this result, Mondani and Battig felt that
there was evidence from both types of lists showing.that associative
symmetry holds for concrete pairs processed by imagery.

Mondani and Battigléttributed the contrary results obtéined in
the Wollen'and_Lowry (1971) study -to the fact that Wollen and Lowry's
subjects learned oniy a concrete or abstract list but not both. Mondani
and Battig .speculated thét many subjects use the same mnemonic strategy
(usually imagery) in learning abstract or concrete pairs from an unmixed
list. Whenjthg pairs are the same within a list, i.e., all concrete
or all abstraét, subjeéts fail to use the appropriate mnemonic strategy.
A subject, in learning a list of abstract péirs, may attempt to image
all of them. Mondani and Battig feel that experience with both types
of pairs within a single list leads to an increased use of differentiated
imaginal and'verbal strategies for concrete and abstract pairs. The
symmetrical recall of 1ow-imaéery noun-pairs‘iﬁ Wollen and Lowry's
experiment was presumably due, according to Mondani and Battig, fd the
sﬁbjectsF‘use‘of imaginal strategies in learning abstract pairs. The
Wolleh and Lowry subjects, hbwever, were not instructed to use imaginal
or verbal mnemonics.. The subjects were not instructed in the use of
any mnemonic; they were just presented noun-pairs and, in addition,
pictures which corresponded with the pairs. For example, accompanying
the noun—pair.“tablé-gun” was a picture of a gun and table. It was most
‘likely this procedure ana not inappropriate mnemonics that led to the
symmetrical recall of low-imagery noun-pairs, since pictures would be

processed, presumably, in the nonverbal imaginal code. And if pictures
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did accompany the low-imagery noun-pairs, then the noun-pairs could
not have been very abstraét. It would be impossible to present a
picture of.the noun-pair 'theory-idea."

The findings of Smyfhe (Note 2),‘Wollen and Lowry (1971), and
Mondani and Battig (1973) did not unequivocally support Paivio's
hypothesis. The present thesis was designed to produce more decisive
evidence for the asymmetry hypothesis which is an integral implica-
tion of the dual coding theory. The dual coding theory emphasizes the
differences between ihéginal and verbal processes in terms of the
associations the two processés produce. Imaginal associations contain
synchronously organized information with the associated items available
simultaneously. Verbal associations, free from aﬁy imaginal mediation{
are sequential in regards to their intrinsic structure. |

This thesis, then, used Paivio's dual coding interpretation of
imagery as a theoretical base and the paired-associate task as its
experimentél paradigm. Subjects were presented abstract and concrete
noun-pairs undér either imagery or rote-memory instructions. The
subjects were tested for forward and backward recall in the study-
test method of paired;associéte learning. It was hoped that the pre-
sent experiment would brovide a more direct test of the asymmetry
hypothesis than the aforementioned studiesi.'The imagery and rote-
memory instructions were used to provide control for mnemonics used
by the subjects. In addition, mixed lists of abstract and_concrete
noun-pairs were presented in order to prevent the unmixed list con-

founding of the Wollen and Lowry and Mondani and Battig studies.
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Predictions

In terms of specific predictions, the dualrcéding theory leads
one to expect an overall main effect for concrete versus abstract
noun-pairs. Concrete noun-pairs should be recalled more frequently
and faster than abstract nounfpairs. Also, imagery instructions
should lead to more frequent and fa§ter recall than the rote-memory
instructions.. BOth of these prediqfions have been sﬁppbrted many
times in the 1iteraturé, (e.g., Paivio & Foth, 1970); In addition,
the left-hand members of each pair should evoke a greater number of
correct recalls and faster iatencies than the right-hand members.
There is usually a forward bias in paired-associate learning but no
backward bias due to the left-to-right scanning and reading habits
common in our culture.

It was predicted that instrcutions would interact with the con-
creteness rating of the noun-pairs. In the recall of concrete noun-
paiis, imagery instruétions should lead fo far greater correct recall
and faster latencies than rote-memory instructions, The difference,
though, between the instructions éhould be negligible in the recall
of abstract noun-pairs. This was expected because, theoretically, the
imagery instructions subjects should have great difficulty in imaging
abstract noun-pairs, so any mnemonic advantage they have over tﬁe rote-
memorizers should be lost in fhe recall of abstract noun-pairs.

Concerning the. main hypothesis, it was predicted that for the
imagery instructions subjects, forward and backward correct-recall-
frequency -and respbnse latency will be equivalent, indicating associ-
ative symmetry. There should be an advantage for forward recall over

backward recall for the rote-memory subjects. That is, for the
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rdte—memorizers, ieft—hand cues should lead to greater correct recall
and shorter latencies than the right-hand cues. This amounts to an
interaction between instructions and cue direction. In terms of an
interaction between concreteness and cue direction, left-hand members
and concrete words should evoke greater recall and shorter iatencies
than right—hand members and abstract words. Yet, more importantly,
concrete noun-pairs should display more associative symmetry than
abstract noun-pairs. The difference between left and right-hand members
for concrete noun-pairs should be very small, while the difference
between left and right—hand members for4abstfact pairs should be large.
For ébstract noun-pairs, the left-hand members should evoke larger-
torrect—recall—frequencies aﬁd,shorter latencies than fhe right-hand
members.

Finally, a three-way interaction between instructions, concrete-
ness and-cue direction was predicted. Figure 1 depicts the predicted
interaction. Rote instructions, abstract noun-pairs, and right-hand
members should yield a smaller number correctly recalled aﬁd longer
latencies than imagery instructions, concrete noun-pairs, and left-
hand members. The difference between left and right-hand members
for imagery instructions and concrete.pairs should be small, while
the difference between left and right-hand members for rote-memory
instructions and abstract pairs should be large. This amounted to
the prediction that rote-memorized abstract noun-pairs would show far
less associative symmetry than imaged concrete noun-pairs. In gddi—
tion, it was predicted that rote-memorized concrete pairs would show

less symmetry than imaged abstract pairs. The reasoning behind this
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Figure 1
Predicted Interaction between Instructions,

Concreteness, and Cue Direction
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4prediction,holds that the instructions will override the inherent
differences betweeﬁ noun-pair types. An abstract noun-pair united
in an image should display more associative symmetry than a concrete
pair memorized by rote.
Method'

Subjects

Tﬁere were 88 subjegts in the present experiment. All the sub-
jects, 34 males and 54 females, were students in an introductory
psychology course at tBe‘Univérsity bf Nebraska at Omaha. Subjects
were eitﬁer called{by the experimenter or enlisted themselves through
a signup sheet. All subjects received extra credit towards their
final grade‘by pa?ticipating in the experiment.
Materials |

Sixteen noun-pairs were constructed from words taken from. Paivio,
Yuille, and Madigan's (1968) 1list of 929 nouns that were rated by
subjects for imagéry,'concreteness, and meaningfulness. Eight noun-
paifs were composed of words rated high in concreteness and imagery;
the remaining noun-pairs were composedcﬂ?words rated low in concrete-
ness- and imagery. Both the concreté and abstract noun-pairs were
equated for meaningfulness. The mean imagery and concreteness ratings
differed significantly for abstract and concrete nouns, t(15) = 4.49,
p < .01, and t(15) = 4.27, p < .01. The mean meaningfulness ratings,
though did not sighificantly,differ for_the'abstract and concrete words,
t _(15) = .64, p > .01. Both the abstract and concrete wofds-included
'8 words of AA frequency and 8 words of A frequency in English print

(Thorndike § Lorge, 1944).
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The pairs randomly constructed from the concrete nouns were:

automobile-breast, factory—garden,'pipe—beast, mother-nail, rock-

string, flag-tower, body-newspaper, and girl-building. The abstract

noun-pairs were: necessity-soul, effort-position, evidence-style,

chance—duty,-améunt—theory, safety—moral; answer-justice, aﬁd quality-
knowledge. |
Design

The présent expériment utilized a miXed design with two between-
group and one within-group variables. All 'subjects were presented
the same abstract and concrete noun-pairs. Half of the subjects were
instructed to image the pairs; the others were told to rote-memorize
the pairs. Of the imagers, upon recall,”half of'the'subjects received
the right member offéach pair as the recall cue, and the other half
received the left member. The rote-memory subjects were also divided
into right-cue and left-cue conditions. In 511, there were four groups
in the present experiment: imagery-right recall (IR), imagery-left
recall (IL), roté~right recall (RR), and rote-left recall (RL).
Procedure

Subjects were réndomly.assigned to the four groups. Each subject
was run individually and received appropriate instructions before
the beginning of the experiment (see Appendices A and B for instruc-
tions). Each sﬁbject was then shown four practice pairs and recall
cues. After éll questions had been énswered,_the experiment began.

The nouﬁ—pairs were randomly separated into two sets of 8 pairs
each. Pretests had revealed that subjects-correctly recalled approxi-

mately half of the pairs from an 8 pair set. With a 16 pair set, only
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a fraction of the itgms were correctly recalied.'.The 8'pair sets
offered the optimal amount of variance -for the manipulations of the
present experiment to take effect,

Each subject was presented first one set of 8 noun—pairs and
then.the recall cues for that set. Immediafely after the recall for
the initial set was completed, the second set of noun-pairs was
presented. The order of the noun-pairs and recall cues was individu-
ally randoﬁiied for each éubject.

The pairs were presented at the rate of one every 6.5 seconds.
There was a .75 sec. projector slide change time between successive
presentations of noun-pairs. In recall, subjects were permitted up to
6 seconds to recall the correct word. This was timed with a stop-
watch. The pairs and cues were shown on a wall with a Kodak Ektagraphic
Model AF-2 slide projector. Subjects were seated approximately five
feet from the wall.

Results

The means of the proportion of items correctly recalled under
the imagery and rote-memory instructions, respectively; were .61 and
.45. The mean propoftion'of‘concrete pairs correctly recalled was
.74, and the mean proportion for abstract pairs was .33. Left recall
cues yielded a mean prOpoftion of items correctly recalled of .50;
right recali cues resuited in a mean proportion of .56. An analysis
of variance revealed significant effects for instructionSQ F(1,84) =
17.23, p < .001, concreteness, F(1,84) = 269.58, p < .001, and the
interaction of instructions and concreteness, F(1,84) = 6.46, p < .05,

These results supported the predictions that imaging subjects would
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perform better than rote-memorizing subjects, concrete noun-pairs
would result in easier recall than abstract noun-pairs, and that the
instructions would interact with concreteness. The significant
interaction, depicted graphically in FiguréOZ, revealed that the
difference in recall performance between imagers and rote-memorizers
was greater with concrete than with abstract noun-pairs.

Contrary to the predictions, though, there was not a.éignificant
effect for the direction bf'fecall cues, F(1,84) = 2.76, 2_5 .05. In
addition, this nonsignificant effect was in a direction opposite of
the one predicted since it was predicted that right recall cues would
result in poorer recall than left recall cues. The interaction
between instructions and recall direction (left vs. right) was also
nonsignificant, F(1,84) = 1.85,'E_> .05, as was the interaction between
recall direction and concreteness, F(1,84) = .12, p > .05. Not only
was the intg?action between instructions and recall diregtion non-
significant, in addition, the rote-memory subjects actual}y performed
slightly better in right recall rather than left recall. It was
predicted that an asymmetry in favor of left cue (forward) recall
‘would exist for rote?memorizing subjects. It was also predicted that
a similar asymmetry Qould exist for abstract as opposed to concrete
noun-pairs. Neither predigtion'was borne out by the results. -Also,
the three-way interaction between insfruétioﬁs, concreteness, and
recall direction was nonsignificant, F(1,84) = 2.26, p > .05, This
result failed to support the hypothesis that imaged concrete pairs
would sho@ the most symmetry whiie rote-memorized abstract pairs would

show the least.
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TABLE 1
Mean Latencies in Seconds for Different Noun-Pair Types, Mnemonic

Instructions, and Recall Cues in Paired-Associate Task

Pair Type Instrugtioné. Left Cue Right Cue

Concrete Imagery 2.25 2.38
Rote 3,90 2.89

Abstract . Imagery 4,82 4,69
Rote 5.12 4.88

Table 1 presents the mean response latencies for correct recall
in the paired-associate task. A failure to correctly recall was re-
corded as 6 seconds. Overall mean latencies, not recorded above,,
were 2.55 for concrete pairs and 4.88 for abstract pair§, 3.54 for
imagers and 4.02 for rote-memorizers, and 4.02 for left cue recall as
opposed to 3.71 for right cue recall. An analysis of variance showed
imagery instrucfions to lead to significantly faster recall than rote-
memory instructions, F(1,84) ='15'03"E.< .001. Concrete noun-pairs
were recalled significantly faster than abstract noun-pairs, F(1,84) =
268,22, E.< .001. There was a significant interaction between
instructions and concreteness, F(1,84) =:11.31, p < .01. This inter-
action is depicted in Eigure 3. In addition, a thrée—way interaction
between instructions, concreteness, and recall direction was fouﬁd

d
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significant, 511,84) = 4.25, p < .05. All of the abové effects were
congruent with the'prediCtions and §he proportioh correct measure
except for the three-way interaction_Shown in Figure 4. A three-way
interaction was predicted with rote-memorized abstract pairs to show
the greatest difference (and therefore 1argest asymmetry) béfween
left cue and right cue recall. The graph shows that rote-memorized
concrete pairs produced the gfeatest asymmetry while it had been‘pre~
dicted that_foté—memorized abstract pairs would. Also, the asymmetry
'favors fight cue recall over left cue recall, whereas it has been
predicted that thé-resulting asymmetry would favor left over‘right
recall. The graph shows, though, imaged abstract noun-pairs recalled
relatively symmetrically compared to rote-memorized concrete pairs--
and relative symmetfy for the recall of imaged concrete pairs; These
specific findings within the-ihtéraétion.support‘the predictions.
Contrary to-the predictions, there was a nonsignificant main
effect  for recall cue direction, 5(1,84)'= 3.39, p > .DS. The difference
between the means showed right recall to be'faster than left recall.
Although this difference was nonsignificant, it had been prediéted that
left recall would be faster than right recall, Instructions and
recall,diréétion failed toisignificantly interact, Eﬁ1,84).= 3.42,
p > .05. As in analyses of'the proportion'cqrreét.measure, this non-
significant interaction showed aSymmetry'for rote—memofized noun-
pairs--but in a diréction opposite of the one predicted. Under rote-
memory iﬁstrUctions, fight cues led to faster recall than left cues.
It had been predicted .that rote~memory‘instructions would lead to

faster left as opposed to right'recall.
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Concreteness and recall direction also failed to significantly
interact, F(1,84) = 1.18, p > .05. It had been predicted that symmetry
would hold for concrete but not for abstract noun-pairs. The results
did not support,tﬁis prediction.

Discussion

‘The results of the present experiment did not support Paivio's
hypothesis of associative asymmetry. His hypothesis holds that imaged
aﬁd concrete noun-pairs will‘display symmetry while ere-mémorized
and abstract noun-pairs will not. The hypothesis is derived from
the dual céding theory of imagery which states that imagery is defined
by synchronic processing whereas ‘linguistic ﬁrocesses_involve sequen-
tial processing. All except one of the crucial interactions thought
to directly test Paivio's hypothesis were nonsignificant; The one
significant interaction was significant in the wrong direction. On-
the basis of the face value of the results, one would have to question
the validity of Paivio's hypothesis.

There were, perhaps, certain artifactg of the instructions and
experimental design in this experiment that could have confounded a
valid test of the associative asymmetry hypothesis. Paivio (1971)
stated his hypothesis as such: "To the extent that associations
involve visual imagery, they will be symmetrical; to the extent that
they involve the verbal symbolic system they will tend to be directed,
with the degree of directional asymmetry depending on the relative
asymmetry of associative experience involving two or more events"

(p. 278). Because of the left to right reading disposition in our

culture, one expects the left term of an abstract noun-pair to elicit
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the right term in recall more readily than the right term eliciting
the left.  Yet, in the presené experiment, subjects were allowed in
the rote-memory condition to repeat noun-pairs to themselves in both
directions. This could have'neutraliied the inhérent asymmetry of
the abstract and fote—memorized'noun-pairs.

AFigure 5 éhows'a graph of the nonsigniticant interaction between
instructions and recall cues for the measure of proportion correct.
The imaged ﬁpun-paifs show almost perfeqt symmetry while the rote-
‘memorized noun-pairs favor'backWard recall over forward recall. Since
the interaction, itself, was nonsignificant, all one can do is
speculate; yet, the backward asymmetry could have been attributed to
the subjects' overpractice of the noun—pairs in a reverse direction.
The point is that the asymmetry Paivio refers to for imageless noun-
pairs can bé in either direction. The direction the asymmetry takes
may well depend on the conditions governing the learning of the noun-
péirs.

It is plausible that the reverse rehearsal might have_oancelled
out the predicted forward asymmetry. It is also plausible, though,
on the basis of the results, to challenge Paivio's associative asym-
metry hypothesis. The results supported Asch and Ebenholﬁz's (1962)
proposal that ""When an association is formed between two distinct
térms, a ahd'b, it is established simultaneohsly and with equal .
strength between b and a" (p. 136). In the present expefiment, the
effect for cue direction was nonsignificant for both measures.

Paivio's dual coding theory can be chéllenged since a hypothesis

derived from his theory failed to acquire support. Pylyshyn (1973)
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proposed that there is an underiying ébstraﬁt propositional system
rather than separate imaginal and verbal codes; He feels-th;t imagery
is epiphenomenal rather than emergent in its role in thinking and
memory. Paivio's view that imagery is emergent is to avgreat extent
related to his assumption that imaginal thinking is defined by
parallel processing. Linguisfic.thinking, then, is defined by sequen-
tiél, order-contingent processing. ‘The overall significant effects
for imagery instructibns and concreteness support the view that'imagery
is emergent. But, Paivio's leap from emergence<to parallel processing
was not supported by the results. The interactions which tested the
parallel-sequential processing assumption did not support Paivio's
ﬁotions.

Other studies, e.g., Wollen and Lowry (1971) and Mondani and
Battig (1973), failed to conclusively support Paivio's hypothesis
of associdtive asymmetry. Paivio feels that one reason for the_negative
studies could be that simulatneous visual presentation of the noun-
pairs could result in the subjects storing visualfspatial copies of
the pairs. Thus, visually stored abstract nbun—pairs would also be
prqcessed in the imagery system and demonstrate symmetry iﬁ paired-
associate tasks. But, how does that relate to the experiments that
supported Paivio's theory, if, in fact, the conditions in those studies
were similar to those in the negafive studies? What prevented those
subjects from succumbing to the visual-spatial storage of abstract
noun-pairs? In addition, carrying Paivio's argument a little further,
if abstract pairs can be visualiy stored, so can concrete pairs.

Therefore, there is really no such thing as'the parallel processing
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imaginal system but only the parallel perceptual processing of stored
percépts. Paivio's argument can not stand on iogiéal grounds alone,
It may be that the paired-associate paradigm does not provide
a clear test of the associative asymmetry hypothésis. An effort was
made in the present experiment to institute adequate controls on
mnemonic instructions and the composition of the list of noun-pairs
preéented fo the subjects. An effor£<was made to cancel out the
"surprise effect'" (Wollen § Allison, 1968) which results from an
unexpected shift from forward learning to backward recall. A '"'surprise
effect" would confound the true differences between imaginal and verbal.
associations. Also, a mixed list of abstract and concrete pairs was
used to prevent any confounding arising from the use of unmixed lists.
There are, perhaps, even more subtle confounding conditions in the
pairéd—associate task which few researchers take notice of, The dif-
ferences between studies supporting Paivio's hypofhesis and those
studies nonsupportive of Paivio may have been due to the variablg con-
ditions governing paired-associate learning. The number of pairs
presented, the nature and types of instructions uSed, and the number
of study trials allowed are all potentiai variables influencing any
test of the_asymmetry hypothesié in the paired-associaté paradigm.
Paivio (1971) feels that meaningfulnesé is a variable that needs
to bé more fully explored. In the present experiment, meaningfulneSs
was held constant while concreteness and imagery were varied, Highly
meaningful abstract noun-pairs might have been integrated into
associative compounds, thereby nullifying the predicted asymmetry.

The pair '"theory-justice'" might have been stored by subjects as the
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phrase "a theory af justice." - A pair integrated into a meaningful
phrase could show symmetry in subsequent recall. .Future research
should aim at SYstematically Varying-meaningfulﬁess and examining
its effects on symmetry and asymmetry.

The strong effects fdr concreteness and imagery instructidns in
the present experiment support the notion that imagery is an emergeht
cognitive construct. The dual coding. theory pfovides a simple and
parsimonious explanation of these results. Pairs rated high in imagery
or processed by imagery are stored in both the imagery and verbal
systems. Therefore, in recall, there are two ¢odes to call upon for
retrieval. The storage redundancy explainé the relatiVé'greater
recall for imagery noun-pairs compared to purely verbal noun-pairs.

The nonsignificant interactions between imagery and.recall direction

do not support Paivio's claim that imagery is essentially characterized
by parallel processing while verbal processes are not. Yet, Pylyshyn's
motion of an abstract propositional system was, also, not sﬁpported by
the reéults. His theory does not explain the'strong effects for
imagery when meaningfulness is held constant. The conclusion of the
present theéis is that imagery is a useful scientific construct.
Paivio's treatment, though, of imagery in his dual coding theory calls
for theoretical refinement and elucidation“ovér and above the parallel

processing versus sequential processing dichotomy,
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APPENDIX A

Instructions for Imagery Subjects

You are about to participate in a psychology experiment that was
~designed to examine certain aspects of memory. You will be presented
word—pairs, like ruler-watch or apple-table for example, which you
will have an opportunity to briefly study. After you have studied the
word-pairs, you will fhen be tested for recall. ‘In recall, one of
the two words.which made up a pair will be shown to you, and your job
is to tell me the other word of the pair. For instance, if I had shown
you the pair ruler-watch, then, in testing recall I would display ruler
or watch alone and you would tell me the word that goes with it,

" In this experiment I am requesting that you memorize the words in

a certain way. I would like you to use visual imagery. Visual imagery.
simply refers to those ”picﬁures" in your head. Right now, try to
picture your living room at ﬁome. Do you have it? You see, that'a all
an image is. In memorizing the pair ruler-watch you could pictufe a
watch wrapped around a ruler or a ruler with a'watch built into it, and
maﬁy other things. Most psychology research on memory has indicated
that making visual‘”piétures” is one‘of‘the best ways to memorize.
Warning--some of the pairs you will be presented may be very difficult
to produce images for. Don't let that bother you: Simply try youi best
to form some image. This experiment has nothing to do with your grades
or intelligenpe. Just relax and try your best.

You will have an opportunity to practice with a few word-pairs.
You will then be presented 8 word-pairs and, following that, a test for

recall. After that, you will be given another 8 word—pairs and another
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test for recall. Remember, you will have a few seconds to memorize
each pair (roughly 6 seconds). In recall, you will have about 6
seconds to recall each pair,

A slide-projector will be used to display each pair on the screen,
Each pair will be displayed for the same amount of time. You can study
each pair until the next pair is shown. In recall, time is up--right
when the next recall cue is displayed. Try a few pracfice pairs. If
you have any questions whatsoever, please ask me now, before the experi-

ment begins.
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APPENDIX B

- Instructions for RoteéMemory Subjects

You are about to participate in a psychology experiment that was
designed to examine certain_aspeets'of’memory. You will be presented
word-pairs, like ruler-watch or apple-table for example, which you will
have an oppprtﬁnit&~to briefly study. After you have studied the word-
pairs, you will then be tested for recall. In recall, one of the two
words wﬁiéh made up a pair will be shown to you, and your job is to
tell me the other word of the pair. For instance, if I had shown you
the pair ruler-watch, then, in testing recall I would display ruler or
watch alone and you would tell me the word that goes with it.

In this experiment I am requesting that you memorize the words in

a certain way. I would like you to use rote-memorization. Rote-
memorization.simply refers to a certain way of memorizing that involves
~repeating a word to yourself over and over again. In memorizing the
pair ruler-watch you would repeat ruler-watch to yourself maybe five
times, or, switch the order around and say watch-ruler a few times.
Most psychology research on memory has'indicetedvthat'rote—memorization
is one of the best ways to memorize. Werning——some of the word-pairs
may be difficult to memorize. Don't let that,bother you.‘ Simply try
your best to rote-memorize. This experiment_has nothing to do with
your grades or intelligence. Just relax and try your best.

You will have‘an.opportunity to practiee with a few word-pairs.
You will then be presented'S word—pairs‘and, following fhat, a test
for recall. After that, you will be given another 8 word-pairs and

another test for recall. Remember, you will have a few seconds to
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memorize each pair (roughly 6 seconds)., In recall, you will have
about 6 seconds to recall each pair.

A slide-projector will be used to display each pair on the wall,
Each pair will be disﬁlayed for the same amount of time. You can study
each pair until the next pair‘is shown. 1In recall, time is up--right
when the next recall cue is displayed. Try a few practice pairs. If
you have any question whatsoever,_please ask me now, before the experi-

ment begins.
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