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The relationship of current manual preference (pheno-

typic handedness) and family history of handedness (genotypic 

handedness) to memory for imageable stimuli was studied. 

The purpose of the study was to test the hypothesis that 

genotypic handedness was related to lessened cerebral 

lateralization of Paivio's (1969) dual memory systems. 

The structure of memory was not at issue, but the 

mediation of storage and retrieval in memory has been explained 

with reference to verbal or imaginal processes. Verbal medi-

ation theories and supporting data were reviewed along with 

imaginal theories and supporting data for these latter 

theories. Paivio's (1969) dual coding and processing theory 

was considered a conceptual bridge between the competing 

positions. 

Paivio's dual systems were considered to be lateralized 

and the relationship of mediation of memory to the degree of 

cerebral lateralization was studied. Evidence suggesting 

that these two systems were lateralized to the left and 

right cerebral hemispheres was reviewed. Sherman, Kulhavy, 

and Burn's (1976) assertion that phenotypic left handers 

were less well lateralized for the imaginal coding and 



processing system was examined in light of evidence which 

suggested that genotypic handedness, as measured by subjects' 

family histories of left-handedness, was associated with 

lessened lateralization of other functions. Additionally, 

the evidence suggested that sex of subjects may also have 

been associated with lessened lateralization of various 

functions. It was hypothesized that persons with a left 

genotype would perform less well on the recall of imageable 

stimuli in four memory tasks. 

Eighty community college students were classified for 

both genotypic and phenotypic handedness. They were given 

four memory tasks all of which included imageable stimuli. 

Assuming that poor relative performance on imageable stimuli 

indicated lessened lateralization of the dual systems, the 

findings supported neither my contention, nor Sherman et al's. 

The findings were equivocal. Two tasks (immediate and delayed 

free recall) showed no effects of the handedness variables. 

Two tasks (cued recall and recognition) showed results 

opposite one another. In cued recall, students congruent for 

genotypic and phenotypic handedness were superior to their 

incongruent peers. In recognition the opposite result held. 

Cued and delayed free recall also showed females to be 

superior to males in the recall and recognition of imageable 

stimuli. 

These results were discussed in terms of the plausible 

explanations for the lack of consistent findings. A number 



of tentative conclusions were drawn. First, the interaction 

of phenotypic and genotypic handedness may have been res-

ponsible for differences among individuals in the recall of 

imageable stimuli and, hence, lateralization of the dual 

systems. Second, this interaction was influenced by a 

literary, academic environment which was structured for 

phenotypic right handers. Third, females, contrary to other 

reports, may not be less well lateralized for various func-

tions, but culturally programmed not to use the functions in 

question. On tasks which demand the continual use of such 

functions, it was concluded that females perform well. 

Finally, it was concluded that the assumption that recall of 

imageable stimuli indexes cerebral lateralization may be 

in error. 

Replication as well as extension of these findings to 

other tasks were concluded to be necessary in order to 

support the conclusions and interpretations. Replication of 

the differing results from task to task was considered 

extraordinarily important. Such replication would have an 

impace the asusmption that recall of imageable stimuli 

indexes degree of lateralization of the dual coding and 

processing systems. 
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GENOTYPIC HANDEDNESS, MEMORY, AND 

CEREBRAL LATERALIZATION 

The structure of thought and the anatomy of the brain 

have each constituted major fields of investigation. How 

the two relate has been one of the most intriguing questions 

addressed by science. Memory, a form of thought, has been 

operationalized. The anatomy of the brain has been approached 

by identifying structures in the brain such as the cerebral 

hemispheres. The interrelationship question has been studied 

by attempting to identify forms of thought with brain struc-

tures. The relationship of memory to the cerebral hemispheres 

has been studied as one aspect of the interrelationship 

question. 

Memory has been studied by determining if and how 

material learned sometime in the past has become available 

in the present. One has remembered if and only if informa-

tion to which one has been exposed was subsequently 

reproduced. 

The structure of memory has not been at issue in recent 

times. Theorists tended to agree that memory consisted of 

three stages through which information passed. These were 

called sensory short-term memory, short-term memory, and 

long-term memory. While the schematic structure of memory 

has generated little controversy, the mediation of storage 



and retrieval has been continually at issue. The term media-

tion has referred to how knowledge is stored and retrieved, 

to the form in which knowledge is stored, and to the loss 

of quality in stored information as time in storage progressed. 

The mediation of memory has been viewed as either an 

imaginal or verbal process. The form of stored or retrieved 

information has been described as either mental images or 

verbal units. Likewise, explanations of storage and retrieval 

have referred to the use of verbal or imaginal strategies. 

Verbal Mediation Theories 

Verbal mediation theories have viewed information as 

encoded as words or linguistic units, e.g., propositions 

relating events, semantic networks, etc. Likewise, informa-

tion has been said to be retrieved from memory as linguistic 

units or according to propositional rules. Finally, the 

content of memory consisted of units in verbal form. 

Historically, mental events, including both verbal and 

imaginal constructs, were used to explain memory (Holt, 1965). 

The ascendance of verbal theories began with two events. 

These were Ebbinghaus' (1913) seminal studies on memory and 

the movement to banish mental events as explanatory constructs 

(Holt, 1965). Ebbinghaus was concerned with the retention of 

material over time. His, perhaps fortuitous, choice of 

verbal materials may well have given impetus to verbal 

theories as the foundation of memory research. According 

to Holt (1965), the second historical reason for the 



ascendance of verbal theories had to do with the exile of 

mental imagery from the American psychological scene. The 

events associated with this banishment were the discovery of 

imageless thought by Kulpe (cited in Watson, 1963) and the 

rise of behaviorism. Watson (1924) may have given further 

momentum to verbal mediation theories by suggesting subvocal 

speech as a plausible mechanism for thought. For those who 

concurred with Watson, behavior was stored or retrieved. 

Further, this behavior must have been subvocal speech. 

Studies of verbal mediation have focused on constructs 

such as meaningfulness in the form, for example, of Noble's 

(1952) m or natural language mediators (NLM's) (Underwood 

& Schulz, 1960). Such studies have attempted to identify 

verbal mediators, manipulate them experimentally, or study 

their effects. 

Meaningfulness has been a central notion of verbal 

mediation theory. There have been a number of attempts to 

operationalize the construct all of which have defined mean-

ingfulness by the frequency of associations to the unit 

scaled. This approach distinguished definitions of meaning-

fulness from others which defined meaning in affective 

terms (e.g., Osgood, Suci, & Tannenbaum, 1957). 

Glaz (1928) and Hull (1933) scaled meaningfulness by 

computing the percentage of subjects who reported an 

association to an item. Noble (1952) was responsible for 

the most widely used scaling of meaningfulness. Noble used 



paralogs (nonsense words) , words with a low frequency of 

use, and words with a high frequency of use. These verbal 

units, called dissyllables, were presented to subjects who 

were asked to list words each dissyllable brought to mind. 

Noble then computed m for each dissyllable as the mean 

number of responses elicited. Mandler (1956) and Noble, 

Stockwell, and Pryor (1957) used Noble's procedure to cal-

culate m for nonsense syllables. The m variable referred 

to frequency of associates and has been calculated for each 

verbal unit by measuring either (a) the percentage of persons 

who reported an association to the unit or (b) the average 

number of associations subjects reported having to a verbal 

unit. 

Underwood and Schulz (1960) equated meaningfulness with 

frequency of exposure to stimuli or prior verbal history. 

Holding that meaningfulness most strongly affected storage 

in memory, these workers reviewed evidence indicating that 

the order in which verbal units were emitted in free recall 

situations was directly related to the frequency with which 

the units were experienced. They also reported four experi-

ments whose outcomes were predictable on the basis of 

subjects' prior histories of experience with the units. 

Reasoning that if they were able to make predictions on the 

basis of knowledge of subjects' verbal histories, they 

concluded that verbal histories must mediate verbal learning 

and memory. Goss and Nodine (1964) presented evidence of 



powerful effects of meaningfulness values of response members 

of paired associates in a cued recall task. 

Glanzer (1962) and Bousefield (1961) presented related 

interpretations. Glanzer's grapnel theory proposed that 

verbal learning and memory were more readily explained in 

terms of subjects' customary speech units than they were 

with reference to m. Glanzer held that subjects more easily 

retrieved information which has been presented in a form 

similar to the subjects' customary speech units. Bousefield 

proposed that in situations such as semantic generalization 

and verbal learning the important notion was the representa-

tional response, i.e., the immediate, implicit, or observable 

emission of the stimulus word itself. Bousefield might have 

said, for example, that in serial verbal learning, the stimu-

lus word "pen" evoked the implicit response "pen." Moreover 

associations to this implicit response occurred in Botisefield' s 

interpretation. For example, an association to the implicit 

response "pen" might have been "ink" and may have acted as a 

mediator of storage or recall. Although Bousefield and 

Glanzer tended to reject m as an explanatory construct in 

mediation, both construed mediation in verbal, associative 

terms. 

Braun and Heymann (1958) provided an example of how 

verbal theorists drew conclusions from their observations. 

They used two serial lists, one high and one low in m. When 

subjects interacted with these materials, the high m list was 



learned more rapidly than the low m list. The effects of 

m were significant over several presentation rates and inter-

trial intervals. It was concluded that m was a powerful 

facilitator of serial learning. Kimble and Dufort (1955) 

found similar results in paired associate learning. Such 

data suggested that a verbal construct was a powerful 

mediator of verbal learning. It was a short step to the 

position that a verbal process mediated storage and recall. 

Verbal theorists also drew evidence from studies on 

instructional sets and rate of learning or ease of recall. 

For example, Schwartz (1969) found that instructions to use 

verbal mediators increased their repiorted use, but facilitated 

performance only when recall time was unlimited. 

Another line of evidence for a verbal mediation position 

involved natural language mediators. NLM's were inferred 

from reports of strategies used in verbal learning and memory 

studies (Adams & Montague, 1967; Bugelski, 1962; Martin, 

Boersma, & Cox, 1965). In these studies, some subjects 

reported using strategies akin to mnemonics. Such mnemonics 

were called NLM's. Montague and Keiss (1968) found a high 

probability that NLM evocation was associated with facili-

tated acquisition and recall of trigram pairs. Verbal 

theorists concluded that mediation, as represented in NLM 

studies, was a largely verbal affair. 

There are many studies of experimental manipulations of 

verbal mediators such as Bower and Clark (1969) and Jensen 



(1965). Bower and Clark manipulated verbal mediators by 

instructing subjects to construct meaningful stories woven 

around items to be remembered in one or more serial lists. 

Yoked controls were given study and rehearsal instructions. 

For both groups, immediate recall was perfect, but tests of 

longer term recall showed that the narrative group recalled 

six or seven times as much as their yoked controls. These 

results did not support a simple associative position. They 

were consistent with a verbal interpretation. 

Verbal theorists claimed that increments in recall 

produced by increments in meaningfulness supported a verbal 

position. However, studies of this claim have produced 

paradoxical results. Lindley's (1963) study was an example 

of this equivocation. Using trigrams of high, medium, and 

low m, Lindley attempted to increase the meaningfulness of 

these stimuli by adding cues which rendered each stimulus a 

complete word. He found that these additional cues inter-

fered with recall of high m items, but facilitated recall of 

low m items. 

Mediated transfer experirents were direct attempts to 

study verbal mediation. Here subjects learned three sets of 

paired associates. The first and third sets had an over-

lapping member with the second. Any savings in the acquisi-

tion of the third set was attributed to the mediating 

associations of the middle set. The basic mediated transfer 

paradigm was A-B, B-C, A-C where the A, B, and C terms 
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represented stimulus and response members of paired associ-

ates. In this paradigm, the A and C terms of the AC pairs 

have both been previously associated with the B terms. 

These associations, A-B and B-C were termed mediating 

associations for the A-C pairs. Subjects were exposed to 

two sets of lists, one containing mediating associations and 

the other not so chained. A-C list performances allowed for 

comparisons of savings produced by the mediating associations 

in the learning of the A-C lists. There are several examples 

of such studies (Russel & Storms, 1955; Williams & Levin, 

1968). 

The foregoing review has not been exhaustive. Instead, 

it has been a representative sample of research stemming from 

a verbal associative position. The review demonstrated that 

explanations of mediation in terms of purely verbal associa-

tions were inadequate. More recent work has abandoned the 

associative portion of the verbal mediation position in 

favor of theories which stressed concepts such as organization 

of material. For example, Anderson and Bower (1973) insisted 

that memory storage consisted of subject-predicate proposi-

tions. These theorists held that incoming information was 

reduced to or rendered compatible with such propositions. 

Information was not so much retrieved from memory as 

reconstructed from these propositions which were themselves 

retrieved. Anderson and Bower (1973) reported a series of 

experiments in which predictions from their theory were 

tested against computerized performance data. 



Postman's (1975) work was another example of the 

abandonment of the verbal associative mediation position. 

Postman held that lexical complexity of words was importantly 

associated with memory. Similarly, Norman (1976) said that 

incoming information was reduced to propositions which were 

stored in hierarchical semantic networks. 

All these theorists stepped away from an associative 

explanation of mediation. However, they all held to a 

verbal explanation. 

The Imagery Theory 

Explanations of the mediation of storage and retrieval 

in terms of imagery predated the verbal position. More 

recently, mental imagery has been described as a visuospatial 

process (Paivio, 1971) and mental images were viewed as 

mental pictures of the things/information remembered. Such 

mental images were distinguished from other kinds of images 

having little to do with memory. In Richardson's (1969) 

taxonomy, memory images were distinguished from visual after-

images, or eidetic images. Likewise in Horowitz' (1970) 

taxonomy memory images were distinguished from other mental 

images such as hypnogogic phenomena or hallucinations. 

Discussions of imaginal mediation have referred to a mental 

picture of the object, event, or information. 

Historically, the ancient Greek scholars as exemplified 

by Plato, Aristotle, and Democrites were described as 

imaginal mediation theorists (Holt, 1965; Paivio, 1971; 

VJatson, 1963) . Imagery was thought to be a central factor 
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in memory during the Middle Ages (e.g., Thomas Aguinas, 

cited in Watson, 1963; Giordano Bruno, cited in Paivio, 

1971). Finally, during the "Age of Enlightenment" the 

British Empiricists and Scottish Associationists Hobbs, 

Locke, Berkely, Hume, and J. S. Mill were all described as 

imagery theorists (Watson, 1963). For these philosophers, 

what was stored and retrieved were mental images. 

According to Watson (1963), Wundt's scientific/ 

experimental psychology was the study of mental events. Thus, 

early experimental psychology held imagery as central in the 

study of memory. In the first half of this centruy, few. 

psychologists were imagery theorists. Gestalt psychologists 

used mental imagery in their formulations (Watson, 1963). 

Bartlett (1931) used mental imagery as a central notion in 

his work on memory. Tolman's (1948) cognitive maps were 

suggestive of mental imagery. 

Although the mental imagery position had a long history, 

it had little in the way of an experimental heritage. Still, 

the imaginal position stood as a competitor to the verbal 

mediation position. Recent work in the psychology of memory 

and cognition had turned to experimental investigation of 

imagery. It has lead to a new viewpoint. 

Dual Factor Theory 

Paivio's (1969, 1971) dual coding and processing systems 

theory has been viewed as a bridge between the verbal and 

imaginal positions. It has been possible to view verbal or 
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imaginal mediation theorists as arguing for their positions 

to the exclusion of the other. In contrast, Paivio's theory-

allowed for two systems, one verbal and the other imaginal, 

in mediation. 

The two systems were called dual coding and processing 

systems and were presumed to be interconnected so that acti-

vity in one system was able to arouse activity in the other 

(Paivio, 1969). The verbal system was specialized for verbal, 

sequential information. The imaginal system was specialized 

for visuospatial information (Paivio, 1969) . Finally, 

stimuli with different characteristics aroused different 

levels of activity in the two systems. Thus, words aroused 

maximum activity in the verbal system and minimal activity 

in the imaginal system. Objects aroused maximum activity in 

the imaginal system and minimal activity in the verbal system. 

In this theory, it was possible to conceive of the dual 

systems as either separately or conjointly mediating storage 

and retrieval. It was equally possible to construe informa-

tion as verbal, imaginal or conjoint. 

There appeared to be much data consistent with dual 

coding and processing theory. These studies were comparisons 

of recall for different types of items which varied along 

a dimension of imageability or comparisons of imaginal versus 

verbal mediating instructions. An additional approach com-

pared items of varying imageability with items of known 

verbal mediator values. These data were well summarized by 
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Paivio (1969, 1971, 1974), Bower (1972), Tulving and Madigan 

(1970) , and Postman (1975). 

In general, a stimulus was termed highly imageable when 

a subject was readily able to form a mental picture of the 

stimulus. Paivio, Yuille, and Madigan's (1968) study of 

concreteness, imageability, and m values of nouns served as 

an example of operationalization of imageability. Subjects 

rated nouns for the ease with which they could visualize the 

nouns. Ratings were averaged over each noun and the averages 

constituted an index of noun imageability. Subjects also 

rated noun concreteness. The imageability and concreteness 

ratings correlated with one another, but not perfectly. 

Imagery ratings and concreteness ratings apparently tapped 

different aspects of words. With regard to objects, imagery 

researchers assumed the object itself was most highly image-

able, a picture of the object next, and the name of the 

object was least imageable. 

The hierarchy of recall of items in a list was usually, 

in descending order of recall, an actual object, a picture 

of an object, the name of an object, and the name of an 

abstract concept (Nelson & Brooks, 1973? Paivio & Begg, 

1974? Paivio & Csapo, 1973? Wicker, 1970? Wicker & Everston, 

1972? Yarmey & Barker, 1971). Paivio & Csapo (1973) 

compared free recall of pictures and words under several 

sets of instructions of subjects. They found that recall 

of pictures was consistently higher than recall of words. 
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By having subjects perform different encoding tasks, Paivio 

and Csapo also found that recall for pictures was superior to 

recall for words under all conditions except where subjects 

drew pictures of, i.e., imaged words. Paivio and Csapo 

concluded that the imaginal and verbal coding systems were 

independent and additive. 

Nelson and Brooks (1973), studying the paired associate 

learning of word-word pairs versus picture-word pairs, found 

that pictures served as superior cues for recall. This 

result held even when subjects were instructed to overtly 

name each picture before anticipating its associate. Nelson 

and Brooks concluded that pictorial representations functioned 

as effective memory codes independently of their correspond-

ing verbal representations. 

The dual coding explanation of these and other results 

involved the assumptoin that objects and pictures were 

implicitly labeled and that both an imaginal and verbal 

representation of the object or picture was encoded in memory, 

For imageable words, both a verbal and an imaginal engram 

were stored. However, for nonimageable words, only a verbal 

engram was stored. In theory, the superiority of objects 

over pictures over imageable over nonimageable words was 

due to the ability of objects, pictures and imageable words 

to stimulate activity in both the imaginal and verbal memory 

systems while the abstract words stimulated activity only 

in the verbal memory system. 
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Paivio (1969, 1971) has summarized a host of data which 

indicated that higher imageability of the stimulus members 

of paired associates lead to superior recall of the response 

members. These effects appeared independent of associative 

frequency, m, and others which had been cited as important 

in paired associate learning. For example, Paivio, Yuille, 

and Smythe (1966) found strong effects of imagery, especially 

on the stimulus side of pairs, when m was held constant. 

In addition, Paivio and Yuille (1967) varied imagery and m 

over equivalent ranges and found imagery to have much stronger 

effects on recall of paired associates than did m. Smythe 

and Paivio (1968) varied imagery over three levels of m and 

varied m over three levels of imagery and found strong 

effects of imagery on recall, but only very weak effects of 

m. Paivio (1967) found that partialling out variance 

attributable to imagery greatly reduced the relationship 

between m and recall in paired associate learning. There 

was no reduction of the relationship of imagery to recall 

when the variance attributed to m was removed. 

Studies have also demonstrated that recall was greater 

when noun-adjective pairs were presented with nouns in the 

stimulus position and that this position effect was due to 

stimulus imageability (DiVesta & Ross, 1971; Kusyzyn & 

Paivio, 1966; Lockhart, 1969; Paivio, 1963; Peterson, 1971; 

Yuille, Paivio, & Lambert, 1969). In these studies, it 

appeared that the stimulus properties of words mediated the 

position effect. 
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These studies indicated that the effects of imagery 

were more potent than and independent of the effects of m. 

Word imagery also appeared to have more potent effects on 

recall than word frequency (f) (Paivio & Smythe, 1971), and 

number of word meanings (Peterson & McGee, 1974). Finally, 

Schnorr and Atkinson (1969) demonstrated that imagery induc-

ing instructions had more potent effects than rote repetition 

instructions on the paired associate learning of nouns. 

Postman (1975) suggested that lexical complexity had 

more explanatory power than imagery. Both studies on this 

assertion (Kinstch, 1972; Richardson, 1975) suggested that 

imagery was independent of lexical complexity. Richardson's 

study suggested that when imageability and concreteness were 

controlled, the effects of lexical complexity were reduced. 

Studies which demonstrated selective interference 

between type of auxiliary distracting task and type of 

mnemonic strategy suggested for use further supported a dual 

coding theory. Atwood (1971) showed that irrelevant verbal 

stimulation interfered more with verbal learning by means of 

verbal strategies than did irrelevant visual stimulation. 

These interference effects were reversed with verbal 

learning by means of induced imaginal strategies. Bower 

(1972) showed that the recall of verbal information was 

disrupted most readily by simultaneous verbal activity while 

concurrent visuospatial activity most readily disrupted the 

recall of spatial information. 
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These studies indicated that interference was greatest 

where the interference task was performed in the same modality 

used in mnemonic strategy. It appeared that there were two 

distinct processing systems which seemed to have limited 

functional capacities. 

In summary, the dual coding and processing theory was 

considered a conceptual bridge between the verbal and 

imaginal mediation theories. The evidence for dual factor 

theory was corroborated by a converging line of neuropsycho-

logical evidence. 

Lateralization of Hemispheric Functions 

Although the ancient Egyptians recognized that the 

cerebral hemispheres were anatomically different (Beaumont, 

1974), it was not until Broca's (1865) writings on aphasia 

that the notion of different functions for each hemisphere 

took root. Broca observed that aphasic defects followed 

left temporal lobe lesions but not right temporal lesions. 

This observation suggested that language was localized in 

the left hemisphere. Others looked for the cortical repre-

sentations of other behavioral functions such as vision, 

audition, and intelligence. The search for one-to-one 

correspondences between behaviors and cortical loci has 

continued to the present day and has been the subject of 

lively debate between those for and against localization. 

The negative position was probably most clearly stated in 

the notions of mass action and equipotentiality proposed by 
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Lashley (1929). The positive position appeared to be less 

clearly associated with the work of any one scientist 

although Penfield's (Penfield & Roberts, 1959) interpreta-

tions of his observations tended toward localization. 

What was at issue in the debate was the notion of one-

to-one correspondence between cortical locus and behavior. 

Opposed to this was the idea of size of intact cortex and 

resulting function. The latter position disregarded any 

association between the anatomy of the brain and behavior. 

Current thinking on brain-behavior relationships tended 

to reject the above issue and focused on lateralization of 

function between the two hemispheres. The distinction 

between localization and lateralization of function was a 

subtle and important one. Localization of function implied 

a one-to-one correspondence. Lateralization of function 

implied a degree of association between a behavior and a 

hemisphere. Functions are said to be lateralized in either 

hemisphere when the functions are represented in one to a 

greater degree than the other. 

The methodology in this area encompassed studies of 

patients with either left or right hemisphere lesions, 

research with commisurtomy patients, visual half field (VHF), 

and dichotic listening studies of normal subjects. There 

was little consensus as to what functions were predominantly 

right or left hemispheric. However, there was one area of 

agreement which placed verbal, sequential functions in the 

left hemisphere and visuospatial functions in the right. 



18 

Split brain studies used the few patients who had the 

corpus callosum surgically sectioned and exposed them to 

experimental manipulations which limited input to one hemi-

sphere. Under these conditions, patients behaved as if they 

had two separate brains and the relative functions of the 

hemispheres were specifiable. Gazzaniga (1970) interpreted 

these data as showing that the right hemisphere processed 

highly imageable, but not abstract stimuli. Levy-Agresti and 

Sperry (1968) used split brain subjects. They showed that 

patients with right hemisphere damage could not build three 

dimensional objects from drawings and did best on items 

which were more verbal in nature. Patients without such 

damage did best on items which yielded themselves to 

perceptual-spatial analysis. 

Levy, Nebes, and Sperry (1971) asked commisurotomy 

patients to arrange letters into sensible words after they 

had been given plastic letters in either of their hidden 

hands. They could arrange the letters into sensible words, 

but could neither say nor write these words. They could, 

however, draw pictures of the objects the words represented. 

This finding suggested that subjects with stimulated right 

hemispheres tended to respond visuospatially, but not 

verbally. 

Levy, Trevarthen, and Sperry (1972) again found that 

the right hemisphere was specialized for visuospatial 

processing. They used chimeric stimuli in studying the 
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capacities of the hemispheres. Their chimeric stimuli were 

different halves of faces, patterns, or objects presented in 

each of the visual fields. When this technique was used, 

the patients did not perceive a half-stimulus, but experienced 

a hallucinated completion of that stimulus. Levy et al.'s 

(197 2) chimeric stimuli presented different inputs to either 

hemisphere simultaneously. In a task where patients matched 

chimeric with complete stimuli, Levy et al. (1972) were able 

to tell which hemisphere dominated on the task. Most often, 

the right hemisphere dominated in visuospatial tasks. Using 

the same procedure, but a task which required matches of 

chimeric stimuli with words that rhymed with the stimuli, 

Levy and Trevarthen (1976) found that the left hemisphere 

predominated most often. They concluded that the left 

hemisphere predominated for verbal processing. 

Lesion and lobectomy studies provided another line of 

evidence for specialization of hemispheric functioning. If 

an individual lost or became deficient in a function 

following a lesion to one hemisphere only, the implication 

was that the function was lateralized to the injured hemi-

sphere. Kimura (1963) studied patients with temporal 

lesions and found that patients with right temporal lesions 

did worse on the recall of nonverbal materials such as dot 

patterns. Milner (1968) found severe deficits in retention 

of visually perceived material in patients with right 

temporal excisions. 
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Hecaen and Angelergues (1962) studied facial recognition 

in patients with hemispheric lesions. They found this 

function deficient in patients with right hemisphere lesions. 

Warrington and James' (1967) studies confirmed Hecaen and 

Angelergues1 observations. These studies suggested that 

facial recognition, a visuospatial function, was lateralized 

in the right hemisphere. Milner's studies of patients with 

temporal lobectomies (Milner, 1967, 1968; Milner & Teuber, 

1968) suggested that, over several different tasks, defici-

encies on tasks requiring visuospatial information processing 

were observed in patients with right temporal excisions. In 

these same studies, deficiencies on tasks demanding verbal 

processing were seen in patients with left temporal excisions. 

Reitan (1955) studied patients with right hemisphere, 

left hemisphere, or diffuse lesions who were comparable for 

mean age and education. Reitan found that patients with 

left hemisphere lesions did worse on verbal than on perform-

ance subtests. Patients with right sided lesions showed 

just the opposite. These results were confirmed by several 

other groups of workers (Balthazar & Morrison, 1961; 

Doehring, Reitan, & Klove, 1961; Klove, 1959; Reed & Reitan, 

1963; Reitan, 1959; Reitan & Fitzhugh, 1971). Similar 

results were obtained when the WAIS was used (Fields & 

Whitmyre, 1969; Satz, 1966; Simpson & Vega, 1971; Zimmerman, 

Whitmyre, & Fields, 1970). 

Visual half field studies provided another line of 

evidence of right hemispheric predominance in utilizing 
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visuospatial information. They supported the notion of 

left hemisphere predominance for verbal information. The 

VHF studies information has been presented to normal 

subjects in either visual half field at speeds too fast to 

cross the cerebral commissures. Thus, information has been 

presented to only one hemisphere and differences in the 

kinds of information processed by the hemispheres consti-

tuted evidence for lateralization of processing. 

Studies demonstrated that words and letters were better 

recognized in the right visual half field (Heron, 1957; 

Mishkin & Forgays, 1954; Orbach, 1953; Terrace, 1959). 

Kimura (1966) found a left VHF superiority for dot enumera-

tion. Other studies found a left VHF superiority for 

visuospatial functions (Braine, 1968; Durenford & Kimura, 

1971; Levy, 1973). 

Rizzolatti, Umilta, and Berlucci (1971) found reaction 

times for facial recognition faster in the left VHF and 

better recognition of previously learned letters in the 

right VHF. Geffen, Bradshaw, and Wallace (1971) found that 

memory for faces was superior when stimuli were presented 

in the left VHF. Seaman and Gazzaniga (1973) found that 

memory probes presented to the left VHF produced better 

recognition for concrete nouns whereas probes to the right 

VHF produced better recognition of abstract nouns. 

In summary, these lines of evidence all suggested that 

the right hemisphere was specialized for processing 
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visuospatial information while the left hemisphere was 

specialized for processing verbal information. They gave 

support to the notion that Paivio's verbal system was 

lateralized to the left cerebral hemisphere while the 

imaginal coding and processing system was lateralized to the 

right. 

Handedness and Lateralization 

The relationship between handedness and cerebral 

lateralization has been a question since Broca1s observation 

of left hemisphere language dominance in right-handed 

persons. Some have proposed that the lateralization of 

various functions was different for left- and right-handed 

subjects, proposing further that there was incomplete 

lateralization of function in left-handed persons. 

Given that a strong, but imperfect, correlation between 

handedness and cerebral dominance for language has been 

demonstrated (Goodglass & Quadfasel, 1954; Subirana, 1969; 

Zangwill, 1960, 1967), researchers have studied this 

relationship by means of the Wada test (Wada & Rasmussen, 

1960). In the Wada test, sodium amytal has been injected 

into patients' left or right carotid arteries. When this 

substance reached a cerebral hemisphere, it inactivated that 

hemisphere. Levy (1974) suggested that left-handed subjects 

experienced fewer and less severe aphasic deficits when 

either hemisphere was deactivated. Evidence such as this 

indicated greater bilaterality of language representation in 

left-handed subjects. 
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Researchers have also studied handedness, site of 

lesion, and probability of aphasic deficit. Hecaen and 

Ajuriaguerra (1964) and Hecaen and Sauget (1971) found that 

left-handers became aphasic more freuqently than right-handers 

with a lesion to either hemisphere. They also found the 

frequency of complete recovery from aphasia higher in the 

former than in the latter. 

In dichotic listening studies, different pieces of 

information were presented to each ear simultaneously. 

Better performance on information presented to one ear has 

been taken as evidence for contralateral cerebral dominance 

for the information presented. Equality of performance or 

reduction of differences between ears have both been taken 

as indices of lessened lateralization of function. Studies 

have shown lessened inter-ear differences in left-handed 

subjects (Curry, 1967; Dee, 1971; Staz, Achenbach, Pattishal, 

& Fennell, 1965; Zurif & Bryden, 1969). It was concluded 

that left-handed subjects displayed lessened lateralization 

of verbal function. 

There have been several studies of the processing of 

imageable or nonimageable material by left- and right-handed 

persons. There are two lines of this evidence. The first 

used intelli-ence tests and compared handedness groups on 

items thought to be imageable or nonimageable. The second 

compared handedness groups on processing imageable or 

nonimageable stimuli. 
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Levy (1969) used left- and right-handed graduate 

students and tested them on the WAIS. She found no signifi-

cant differences between the groups on full scale IQ scores, 

but did find that, on the average, left-handed subjects had 

larger verbal versus performance discrepancies in favor of 

verbal IQ scores. Levy concluded that left-handed subjects 

were less lateralized than right-handed subejcts. Miller 

(1971) replicated levy (1969) but Briggs, Nebes, and 

Kinsbourne (1976) failed to replicate these findings in a 

less select sample. Dimond and Beaumont (1972a, 1972b, 

1973) studied processing of abstract and imageable materials 

in left- and right-handed subjects. They concluded that 

left-handed subjects showed lessened lateralization. 

All of the above suggested (a) Paivio's dual coding 

and processing systems might have been lateralized by 

hemisphere and (b) left-handed subjects were incompletely 

lateralized for linguistic processes. Putting these notions 

together, one might have suspected that there existed inter-

actions between handedness, as it reflected cerebral 

lateralization, and the dual systems. So far there has been 

but one direct test. 

Sherman, Kulhavy, and Burns (1976) predicted and tested 

such an interaction hypothesis by having subjects learn lists 

of low and high imagery nouns under various conditions of 

visual and tactile interference. Sherman et al. (197 6) 
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assessed handedness with a 45-item questionnaire they adapted 

from Hull (1936) and Oldfield (1971). According to Sherman, 

Kulhavy, and Britzing (1976), the questionnaire was highly 

reliable and internally consistent. Scores on this device 

and performance of fine and gross motor activities taken 60 

to 90 days postassessment correlated at r = .96. This 

correlation suggested that the device had high validity. 

Sherman et al. (1976) found that right-handed subjects 

showed superiority in recall of high imagery words but that 

total recall did not differ between right- and left-handed 

subjects. They concluded that incomplete lateralization was 

most often the case in left-handers. They also concluded 

that verbal functions, most often lateralized to the left 

hemisphere, were represented in both hemispheres in left-

handed subjects at the expense of visuospatial functions. 

On the basis of the foregoing evidence, left-handed 

persons appeared to possess greater bilaterality of linguistic 

functions including Paivio's verbal coding system. However, 

because an individual's current behavior has resulted from 

the interaction of his heredity and environment, it has not 

been clear whether the individual's genetic predisposition 

for left-handedness, environmental influences, or some inter-

action of the two has been associated with lessened laterali-

zation. An assessment of an individual's current manual 

preference would not have allowed one to separate the effects 

of environment from the effects of heredity. Sherman et al.'s 
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(1976) results may have been due to genetic predisposition, 

environmental factors, or the interaction of the two. 

In this context, it may have been helpful to distinguish 

between an individual's genetic endowment, his genotype and 

the individual's physical or behavioral characteristics, 

his phenotype. Clearly, individuals whose phenotypic 

handedness and genotypic handedness are congruent with one 

another have existed. Individuals with incongruent genetic 

predispositions and current manual preferences probably also 

have existed. These latter individuals may have come to 

express handedness behavior which opposed genetic predis-

position through exposure to environments which demanded 

the use of the opposite hand, cultures which exerted pressures 

to use the opposite hand, anatomical deficits, brain injury, 

or other factors. The issue has been which factor, pheno-

typic or genotypic handedness has been associated with lessened 

lateralization of the dual coding systems. One way of 

separating the effects of genotypic handedness has been to 

study the relationship of family history of handedness and 

lessened lateralization. 

Family History of Left-Handedness and Lateralization . 

Hecaen and Sauget (1971) found that left-handed persons 

with a positive family history of left-handedness showed 

evidence of lessened lateralization of linguistic function 

as demonstrated by recovery from aphasia. Luria (1947) 

found that right handed persons with a negative family 
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history of left-handedness had lower recovery rates from 

aphasia when compared to right handed persons with a family 

history positive for left-handedness. 

Zurif and Bryden (1969) found a higher proportion of 

left-handedness persons with a positive family history of 

left-handedness with right hemisphere dominance for language. 

They concluded that such people were both more variable 

regarding site of hemisphere dominance as well as showing 

lessened lateralization of linguistic functions. Lishman 

and McMeekan (1977) also found strong associations between 

lessened lateralization for language and positive family 

history in left handed persons. However, other studies 

found directly opposite results (Curry, 1967; Satz, Achenbach, 

& Fennel, 1967). 

Visual half-field studies suggested that a positive 

family history was associated with lessened lateralization 

of linguistic functions among left-handers (Gilbert, 1977; 

Harmey & Malone, 1976; Hines & Staz, 1971). Other VHF studies 

(McKeever, VanDeventer, & Suberi, 1973) suggested that a 

positive family history was associated with indices of 

increased lateralization in left-handed subjects. At least 

one study (Hines & Satz, 1971) found reduced VHF assymmetries 

in right handed subjects with a positive family history of 

left-handedness. 

Differences in assessments may have been responsible 

for the inconsistent data. The 12 studies addressing this 
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question were categorized with regard to the relationship 

between indices of lessened lateralization and family history 

of left handedness. Five showed a positive relationship, 

four showed no relationship and three showed genotypic left 

handedness related to increased lateralization of linguistic 

function. 

The 12 studies were also examined for the number of 

activities tapped in assessing phenotypic handedness. Of the 

10 studies sampling seven or more activities, four showed a 

positive relationship, three showed no relationship, and two 

showed a reverse relationship. Where the number of activities 

tapped was not reported, one study showed a positive rela-

tionship. Where less than seven activities were assessed, 

one study showed no relationship and one study showed a 

reverse relationship. The majority of positive results 

occurred in studies where more phenotypic handedness activities 

were assessed. 

When analyzed in this way, these studies suggested that 

those with genotypic left handedness were less well lateralized 

for linguistic functions. This conclusion was supported 

by the similarity of results in Hines and Satz' (1971) 

study to Luria's (1947) observations on recovery from aphasia. 

Other studies seemed to implicate both sex of subject 

and genotypic left-handedness in determining degree of later-

alization (McGlone, 1978, McKeever & VanDeventer, 1977). 

Still others show an association only between sex and lessened 
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Table 1 

Relationship of Lateralization to Genotypic Handedness in 
Studies with Different Phenotypic Handedness Assessments 

Relationship 
Number of Activities Assessed 

Seven or more Not Reported Six or Less 

Lessened 

Lishman & 
McMeekan (1977) 

Gilbert (1977) 

Satz et al. 
(1965) 

Zurif & Bryden 
(1969) 

Hecaen & 
Sauget (1971) 

No 
Relation 

Newcomb & 
Ratcliff (1973) 

Briggs & Nebes 
(1976) 

Lake & Bryden 
(1976) 

Warrington & 
Pratt (1973) 

Greater 

McKeever et al, 
(1973) 

Satz et al. 
(1967) 

Bryden (1965) 

lateralization (Harmey & Malone, 1976; Lake & Bryden, 1976? 

Rizzolatti & Buchtel, 1977). 

None of these studies indicated which of these factors 

was responsible for lessened lateralization of the dual 

systems. Sherman et al. (1976) proposed phenotypic handedness, 

However, it was just as reasonable to argue for genotypic 
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handedness. It may have been the case that only those persons 

with a genetic load for left handedness experienced diffi-

culty in coding and processing highly imageable stimuli. 

Sherman et al. (1976) claimed that phenotypic left-

handers were less lateralized for the dual systems regardless 

of genotypic handedness. On the basis of the data, it was 

possible to hold the opposite view, i.e., that genotypic 

left-handers experienced difficulty with these materials 

regardless of phenotype. The latter assertion was disagreed 

with Sherman et al.'s claim only where phenotypic and geno-

typic handedness were incongruent with one another. 

The present study investigated the influence of genotypic 

handedness on recall of imageable stimuli. In contrast with 

Sherman et al., it was claimed that persons with a positive 

family history of left-handedness would do poorly in recall 

of such stimuli. The following hypotheses were investigated. 

1. Right-handed subjects without positive family history 

of left-handedness will perform better than left-handed 

subjects with a positive family history in the immediate free, 

cued, and delayed free recall as well as recognition of image-

able stimuli. 

2. Left-handed subjects without positive family history 

of left-handedness will perform better than right-handed 

subjects with a positive family history on immediate free, 

cued, and delayed free recall as well as recognition of 

imageable stimuli. 
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Method 

Subjects 

The subjects were 80 students enrolled in two community 

colleges in the southwest (39 came from the first and 41 

from the second setting). There were 29 males and 51 females 

with an estimated age range from 18 to 45. 

Volunteers were screened for both phenotypic and geno-

typic handedness such that 20 were placed in each of the four 

experimental groups. The right-congruent group contained 

6 males and 14 females. The right-incongruent group contained 

5 males and 15 females. The left-congruent group had 10 males 

and 10 females. The left-incongruent group had 8 males and 

12 females. 

Subjects were randomly selected from screened volunteers 

for both right-congruent and incongruent groups. In the left-

congruent and incongruent groups, random assignment was not 

possible since the number of subjects selected approached the 

total number screened in each group (86.9% and 74.1% respec-

tively) . 

Apparatus and Instruments 

A cassette tape player (Sears Model No. 799.21672500), 

Telex headphones (Model No. 911) and Realistic 90 minute 

cassette tapes (Model No. 44-922) were used to present stimu-

lus materials. Instructions for each memory task as well 

as the task stimuli were recorded at the University of Texas 

Medical Branch Studio by a female announcer with 12 months 

experience. 
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Two instruments were used to classify students' 

phenotypic and genotypic handedness. Sherman et al.'s 

(1976) 45-item self-report inventory, the Laterality Assess-

ment Inventory (see Appendix A) was used to screen for 

phenotypic handedness. Students were given instructions to 

imagine themselves engaging in activities and to indicate 

which hand was used on a 5-point scale, from right hand 

always (scored 1) to left hand always (scored 5). The 

possible range of scores was from 45 to 225. Phenotypic 

right-handedness was defined as scores of 45 through 112, 

and phenotypic left-handedness as scores of 113 through 225. 

A 6-item Family History of Handedness Questionnaire 

(see Appendix B) adapted from Sherman et al. (1976) was used 

to screen for genotypic handedness. Genotypic left-handedness 

was scored when a student reported either a parent or a full 

sibling as left-handed. Genotypic right handedness was 

scored when both parents and all full siblings were reported 

to be right-handed. 

Stimulus Materials 

Four memory tasks (see Appendix C) were recorded for 

auditory presentation. These were immediate free recall, 

cued recall, recognition, and delayed free recall. 

For both free recall tasks, a list consisting of 10 

high- and 10 low-imagery adjectives were selected from 

Yuille, Paivio, and Lambert (1969). The high imagery 

adjectives selected had been rated 5.0 or greater and low 
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imagery-adjectives 3.6 or less on a 7 point scale. Stimuli 

were selected to eliminate homonymous words. 

In the cued recall task, a list of 20 nonhomonymous 

noun paired associates was selected from a list of nouns 

rated for imagery by Paivio, Yuille, and Madigan (1968). 

Ten of the 20 stimulus members had been rated high in 

imagery, 6.0 or above. The balance of the stimulus members 

as well as the response words had been rated at 3.0 or less 

for imagery. 

In the recognition task, a list of 20 nouns, half high 

(6.0 or higher) and half low (3.0 or less) on imagery 

(Paivio et al., 1968) were selected. In testing for recog-

nition, 40 other nouns were chosen from the same source on 

the basis of like imagery ratings. Overlap and homonymous 

words were avoided. 

Procedure 

A total of 377 prospective subjects were screened in 

their classrooms for both genotypic and phenotypic handedness, 

Four experimental groups were formed by selecting 20 students 

from each of the four pools created by the double classifi-

cation. The first group had both a right phenotype and a 

right genotype (henceforth, right-congruent). The second 

group had a right phenotype and a left genotype (right-

incongruent). The third had both a left genotype and 

phenotype (left-congruent). The fourth group had a left 

phenotype and a right genotype (left-incongruent). The 



34 

number of prospective subjects as well as the number of 

males and females in each pool of prospective subjects 

were calculated (see Table 2) . 

Table 2 

Frequency of Males and Females in Each 
Handedness Category 

Handedness Category Males Females Total 

Right-congruent 69 151 220 

Right incongruent 34 73 107 

Left-congruent 11 12 23 

Left-incongruent 11 16 27 

Total 125 252 

After screening, students selected as subjects were 

contacted by telephone and appointments were made for the 

experimental procedures. Each student came to the laboratory 

individually and signed a consent form at the time (see 

Appendix D). Each was seated at a table holding the tape 

player. He or she was instructed to wear the headphones and 

the experimenter wore his. The tape player was then started 

and instructions were given for setting volume and tone 

controls. Each student was allowed to adjust the player 

until numbers recorded on the tape could be heard clearly 

and comfortably. 

Table 3 shows the sequence and timing of each task. 

The recording allowed 30 minutes to intervene between the 



35 

Table 3 

Sequence and Timing of Memory Tasks 

Timing in 
Sequence Seconds 

Volume and tone adjustment 32 

Free recall 

Instructions: free recall stimulu 5 
Free recall stimuli 70 
Immediate free recall instructions 10 
Silence during task 240 
Stop instructions, pause and music 

instructions 15 
Music for relaxation 32 

Cued recall 

Instructions: paired associates 15 
Pause 5 
Paired associate stimuli 262 
Instructions: cued recall 15 
Stimuli (3 presentations): cued recall 826 
Music instructions 5 
Music for relaxation 45 

Recognition 

Instructions: recognition stimuli 10 
Recognition stimuli 60 
Instructions: recognition 20 
Recognition 150 
Music instructions 5 
Music for relaxation 70 

Delayed free recall 

Instructions: Delayed free recall 15 
Silence during task 240 

only presentation of the free recall stimuli and the instruc-

tions for delayed free recall. The tasks were recorded in 

sequence with instructions for each task. Each subject in 
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each group was presented all four tasks, stimuli, and 

instructions in the same taped sequence. 

In the immediate free recall task, words were presented 

at 3 second intervals. Subjects were then instructed to 

write all the words they could recall on lined sheets 

(29.32 X 29, 21 cm) handed to them by the experimenter (see 

Appendix E). They were given 4 minutes to respond. Subjects 

were told to relax and then listened to taped music as they 

did after each memory task. 

In cued recall, stimulus pairs were presented at 10 

second intervals. Subjects were then instructed that they 

would hear the stimulus members of the pairs and to respond 

aloud with the second member of the pair. Subjects were 

given 10 seconds to respond to each stimulus after which they 

heard the correct response on the tape. There were 3 presen-

tations of the series of 20 stimuli which were presented in 

constant order. The experimenter recorded responses on 

numbered response sheets. Correct responses were summed 

over the three presentations. 

In recognition, a list was presented with a 2-second 

interval between stimuli. The subject was told to choose 

each stimulus presented in a group of four others. They 

indicated their choices which were recorded by the experi-

menter. The groups were presented so that a 2-second 

response time intervened. 
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In delayed free recall, subjects were asked to write 

the words they had heard on the first list. They were again 

given sheets (20.32 X 29.21 cm) on which to write their 

responses. A total of 4 minutes was allowed for the task. 

Subjects were then told the experiment was over, thanked, 

and offered a future debriefing session. The experimenter 

debriefed each subject at a later date. 

Results 

Design and Data Analysis 

The design of the study conformed to a two-factor 

(Phenotype X Genotype) experiment for each task. Within 

each task, the number of imageable stimuli recalled served 

as the dependent variable measure. Statistical analyses 

used were 2 X 2 analyses of covariance with the number of 

nonimageable stimuli recalled for each task serving as the 

covariate. A 2 X 2 X 2 analysis of variance with repeated 

measures on the last factor (Phenotype X Genotype X Stimulus 

imageability) was carried out. To assess the potential 

effects of sex of subjects, 2 X 2 X 2 analyses of covariance 

(Phenotype X Genotype X Sex) with scores on imageable stimuli 

as the criterion and scores on nonimageable stimuli as the 

covariate. Because the last set of analyses conformed to an 

unequal N problem wherein cell frequencies were not propor-

tional, Overall and Spiegel's (1969) method 2 was used in 

the analysis of the data. 
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Descriptive Statistics 

Descriptive statistics for each task are presented 

separately. Preliminary analyses of the data are also 

reported separately as are the results relating to the 

hypotheses. 

Descriptive statistics for the immediate free recall 

task are presented in Table 4 and Figure 1 which show the 

Table 4 

Descriptive Statistics for the 
Immediate Free Recall Task 

Descriptive 
Statistic 

Group 

Right Left 

Congru- Incon- Congru- Incon-
ent gruent ent gruent 

Total 

Imageable stimuli 

Possible Range 0-10 0-10 0-10 0-10 0-10 
Actual Range 3-8 2-8 2-8 3-6 2-8 
M* 4.7 4. 4 4.5 4.5 4.52 
SD 2.34 1. 50 1.97 1.28 1.61 

Nonimageable stimuli 

Possible Range 0-10 0-10 0-10 0-10 0-10 
Actual 1-6 1-6 1-6 2-6 1-6 
M* 3.5 3. 5 3.3 3.3 3.44 
SD 1.34 1. 79 1.57 1.57 1.44 

r - .19 689 .49 1 
•
 0
 

01
 

.143: 
imageable X non-
imageable stimuli 

Uncorrected 
Note. The grand mean of these data is 4.52 with an 

SD of 1.61. 
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distribution of scores for highly imageable stimuli in 

immediate free recall. Figure 1 and Table 4 indicate that 

the distribution of scores on imageable stimuli is positively 

skewed. Figure 1 indicates that there is a strong floor-

effect in the task. It lacks sufficient easy items to 

discriminate at the lower end of the range (Anastasi, 1968). 

Inspection of Table 4 confirms this interpretation. 

Table 5 and Figure 2 present the descriptive statistics 

for the cued-recall task. Inspection of Table 5 and Figure 2 

Table 5 

Descriptive Statistics for the 
Cued Recall Task 

Group 
Descriptive 
Statistics 

Total 
Right Left 

Congru- Incon- Congru- Incon-
ent gruent ent gruent 

Imageable stimuli 

Possible range 0-30 0-30 0-30 0-30 0-30 
Actual range 3-28 0-29 3-28 3-17 0-29 
M* 18.65 15.45 13.80 10. 50 14.60 
SD 6.11 8.87 6.95 3. 69 6.74 

Nonimageable stimuli 

Possible range 0-30 0-30 0-30 0-30 0-30 
Actual range 0-18 0-24 0-10 0-18 0-24 
M 6.3 6.5 5.45 4. 15 5.60 
SD 4.07 6.19 4.90 2. 88 5.81 

r .69 .77 

00 
CO • . 81 .76*' 

imageable X non-
imageable stimuli 

*Uncorrected 
**p < .01 
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which show the distribution of scores on this task for 

imageable stimuli reveals neither a floor nor a ceiling 

effect. However, there is a slight positive skew evident in 

Figure 2. The skew indicates that easy items are slightly 

under-represented. However, this under-representation has 

no large effects as is evident from both Table 5 and 

Figure 2. 

Table 6 and Figure 3 show the distribution of scores 

for imageable stimuli on the recognition task. It is 

Table 6 

Descriptive Statistics for the 
Recognition Task 

Group 
Descriptive 
Statistic Right Left 

Congru- Incon- Congru- Incon-
ent gruent ent gruent 

Total 

Imageable stimuli 

Possible range 0-10 0-10 0-10 0-10 0-10 
Actual range 5-8 3-8 1-8 3-9 1-9 
M* 6.95 7.1 6.8 7.0 6.96 

Nonimageable stimuli 

Possible range 0-10 0-10 0-10 0-10 0-10 
Actual range 5-9 2-8 3-9 4-8 2-9 
M 6.75 5.8 5.45 6.3 6.08 
SD 1.21 1.53 1.14 1.40 1.40 

r .30 .46 .44 .47 .40* 
imageable X non-
imageable stimuli 

*Unadjusted 
**d < .01 
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apparent that there is a strong ceiling effect in this task. 

There are too few difficult items to discriminate at the 

upper end of the range. 

Figure 4 shows the frequency distribution of scores on 

imageable stimuli in the delayed recall task. The figure 

reveals a strong ceiling effect in this task. Table 7 and 

Figure 4 show the descriptive statistics for both imageable 

and nonimageable stimuli on this task. Both show a ceiling 

effect. 

Table 7 

Descriptive Statistics for the 
Delayed Free Recall Task 

Descriptive 
Statistic 

Group 

Right Left 

Congru- Incon- Congru- Incon-
ent gruent ent gruent 

Total 

Imageable stimuli 

Possible range 0-10 0-10 0-10 0-10 0-10 
Actual range 0-7 1-7 0-6 0-5 0-7 
M* 3.3 2.7 3.2 2.85 3.01 
SD 1.27 1.73 1.47 1.46 1.58 

Nonimageable stimuli 

Possible range 0-10 0-10 0-10 0-10 0-10 
Actual range 0-4 0-7 0-5 0-5 0-7 
M* 1.8 2.05 2.0 1.65 1.88 
SD 1.33 1.66 1.22 1.31 1.39 

r .39 .61 - .06 .31 .33*' 
imageable X non-
imageable stimuli 

*Unadjusted 
**p < .01 
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Preliminary Analyses 

Table 8 presents the overall correlations between recall 

of imageable and nonimageable stimuli in the four tasks. It 

shows that three of the four correlations are significantly 

different from zero. Only in the immediate free recall task 

does the correlation fail to achieve significance. Thus, 

the use of analysis of covariance is warranted in cued recall, 

recognition, and delayed free recall. 

Table 8 

Overall Correlations for Imageable and Nonimageable 
Stimuli in Four Memory Tasks 

Task Correlation Significance 

Immediate free recall .14 N.S. 

Cued recall .76 .01 

Recognition .40 .01 

Delayed free recall .33 .01 

Table 9 displays the F ratios generated by 2 X 2 X 2 

analyses of variance with repeated measures on the last 

factor. The analyses compared recall of imageable and 

nonimageable stimuli. The table reveals that all comparisons 

are statistically significant. More imageable than non-

imageable stimuli are recalled in each task. 

The results of 2 X 2 X 2 analyses of covariance (Pheno-

type X Genotype X Sex) reveal that there is a significant 

main effect of sex in both cued and delayed free recall. 
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Table 9 

Comparisons of Recall of Imageable and Nonimageable 
Stimuli on each Task 

Task F-ratio Significance 

Immediate free recall 18.70 .01 

Cued recall 188.26 .01 

Recognition 10.58 .01 

Delayed free recall 23.00 .01 

The F ratios for these comparisons are F(l, 71) = 5.925, 

P = .017 and F(l, 71) = 8.643, p = .004. There are no 

significant differences present in either recognition or 

immediate free recall. Therefore, 2 X 2 X 2 analyses of 

covariance are reported in the results for cued and delayed 

free recall as well as 2 X 2 analyses. 

Tests of homogeneity of within-cell regression slopes 

in each analysis of covariance yield nonsignificant results. 

There is, thus, no reason to believe that the classification 

factors and covariate interact to affect the dependent 

measures in any task. 

Inferential Statistics 

Analysis of covariance is not appropriate for immediate 

free recall. A three factor analysis of variance with repeated 

measures on the last factor, stimulu imageability, indicates 

more imageable than nonimageable items are recalled regardless 

of genotypic or phenotypic handedness. Neither variable 

significantly affects recall of imageable stimuli. 
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A 2 X 2 analysis of covariance for cued recall scores 

is shown in Table 10. There is a significant main effect 

of phenotypic handedness as well as a significant phenotype 

X genotype interaction. 

Table 10 

Analysis of Covariance: Cued Recall 

Source SS df MS F 

Phenotype (A) 183.043 1 183.043 8.135** 

Genotype (B) 11.137 1 11.137 0.495 

AB 145.856 1 145.856 6.483** 

Residual 1687.458 75 22.499 

**p .01 

A posteriori tests on adjusted cell means show that 

right-congruent students are superior to right-incongruent 

students, F(l, 75) = 5.58, p < .05. Right-congruent students 

are also superior to left-congruent, F(l, 75) = 7.44, 

p < .01. The right-incongruent and left-congruent groups 

do not differ from one another. However, both are superior 

to the left incongruent group. The F ratos for the latter 

comparisons are F(l, 75) = 9.33, p < .01 and F(l, 75) = 7.24, 

p < .01. These comparisons and Figure 5 show that the 

interaction is disordinal. 

When sex of subject is considered, a 2 X 2 X 2 analysis 

of covariance (Phenotype X Genotype X Sex) reveals that the 
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significant main effect of phenotype is no longer present. 

The phenotype X genotype interaction remains significant 

F(l, 71) = 5.925, p = .017. A posteriori comparisons of 

adjusted cell means for the phenotype X genotype interaction 

exactly replicate those of the initial analysis. 

No significant effects are present in a 2 X 2 analysis 

of covariance (Phenotype X Genotype) of the recognition data. 

When considering sex of subject as a variable, the 2 X 2 X 2 

analysis of covariance shows only a significant phenotype X 

genotype interaction, F(l, 71) = 5.368, p = .023. A 

posteriori tests indicate that there is a trend for left-

congruent students to be superior to their right-congruent 

peers, F(l, 71) = 2.915, p < .07. 

A 2 X 2 X 2 analysis of covairance of the delayed free 

recall data shows only a significant main effect of sex, 

F (1, 71) = 8.643, p = .004. The result indicates that 

females recall significantly more imageable stimuli than 

males. Finally, this result replicates that found in cued 

recall. 

Discussion 

The assertion on which the hypotheses of the present 

work are based is that genotypic left handers do poorly, 

compared to genotypic right handers, in recall of imageable 

stimuli. That genotypic left handers are less lateralized 

for specialized memory functions and recall of imageable 

stimuli indexes degree of lateralization of such functions 

are the bases of the assertion. 
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The results do not support the hypotheses. The results 

of two tasks (immediate and delayed free recall) fail to 

demonstrate any effects of the handedness variables. In 

two tasks (cued recall and recognition) there are demons-

trable effects. In cued and delayed free recall, females 

are superior to males. 

The failure to find significant effects of any variable 

in immediate free recall is most likely due to the floor 

effects in this task. In delayed free recall, however, sex 

of subject has effects and the handedness variables do not 

despite the presence of a similar floor effect. 

A plausible explanation of these puzzling findings is 

to say that immediate and delayed free recall represent two 

trials of the same task, and to argue that they are cons-

tructed in such a way that only very powerful variables may 

influence recall scores on them. Other studies (e.g., 

Sherman et al., 1976) structured free recall tasks over a 

number of trials. This procedure differs from the present 

study in as much as subjects hear the stimulus list only 

once for both the free and delayed recall tasks. Subjects 

in other studies see or hear the stimulus list a number of 

times and are then required to recall the stimuli. Thus, 

in the present study, storage may be viewed as minimal and 

only very powerful variables would be likely to show effects. 

That sex of subject is such a powerful variable in largely 

verbal, academic tasks is attested to in studies such as 
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Macoby and Jacklin (1974) which shows that females are 

superior to males in verbal tasks. Considering delayed 

free recall as the second trial of a free recall task, it 

is possible to argue that sex of subject (a powerful variable) 

had effects wehre the handedness variables did not in a 

task that produced minimal storage of information. 

In cued recall the findings fail to replicate Sherman 

et al.'s. Nonreplication may be due to the different tasks 

used in the two studies: immediate free recall in Sherman 

et al. and cued recall in this study. 

It is claimed that inferiority in the recall of imageable 

stimuli in the presence of good recall of nonimageable stimuli 

indicates that an individual has memory specialized for 

nonimageable materials represented in both cerebral hemi-

spheres at the expense of memory specialized for imageable 

stimuli by Sherman et al. and the present writer. Conversely, 

both claim that people who do well on both have memory 

specialized for imageable materials represented in one 

hemisphere and memory specialized for nonimageable materials 

in the other. It is said that the former are less lateralized 

and the latter well lateralized for these memory functions. 

The present claim is that the presence of genotypic 

left-handedness is associated with lessened lateralization 

of these functions. Sherman et al. claim that lessened 

lateralization is associated with phenotypic left-handedness. 

The results support neither contention. Instead, they 

suggest that the interaction of the factors is responsible 
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for variability in indices of lateralization. Genotypic 

handedness is an important factor, but only in association 

with phenotypic handedness. Thus, genotypic handedness is 

associated with indices of degree of lateralization of memory 

functions, but not in the way it is assumed. 

The results of cued recall indicate that the congruence 

of right phenotype and genotype produces greatest performance 

in imageable stimuli, hence greatest lateralization of memory 

function. Right-incongruent and left-congruent students do 

not differ from one another in the cued recall of imageable 

stimuli. Both, however, are superior to left-incongruent 

students. This result indicates that (a) left-incongruent 

students are lest lateralized and (b) right-incongruent and 

left-congruent students are lateralized to an intermediate 

degree. Within phenotypic handedness categories, congruent 

students are superior to incongruent students in cued recall 

of imageable stimuli. This result suggests that congruent 

subjects are more lateralized for the two memory functions 

than are their incongruent cohorts. 

The explanation of the cued recall results is complex. 

First, scores on imageable stimuli in cued recall and tasks 

like it may be indices of lateralization of specialized 

memory functions, but they are also concretizations of an 

academic, literary environment which is structured for the 

majority (i.e., phenotypic right handers). Thus, this index 

of lateralization not only taps degree of lateralization, 
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but also the extent to which persons "fit" the structure of 

the task. The task is structured for right phenotypic 

persons and not left phenotypic persons. Therefore, part 

of the differences between left and right pehnotypes is 

attributable to task structure. The differences which remain 

are attributable to degree of lateralization. This remainder 

is most clearly seen within handedness groupings and, here, 

congruent are superior to incongruent indivdiuals in recall 

of imageable stimuli. 

Thus, right-congruent subjects perform well in cued 

recall of imageable stimuli because the task is structured 

for them and because they are well-lateralized for the memory 

functions. Right-incongruent subjects perform somewhat less 

well because, although the task is structured for them, they 

are less well-lateralized for the memory functions. Left-

congruent subjects perofrm less well than right-congruent 

subjects, but equivalently to right-incongruent subjects, 

because, although the task is not structured for them, they 

are well-lateralized for the speciali-ed functions. Finally, 

left incongruent subjects perform least well because the 

task is not structured for them and they are not well-

lateralized for the specialized memory functions. 

This explanation yields readily testable predictions. 

An example of such a prediction involves performances on 

tasks which require the use of memory functions specialized 

for imageable materials but whose contents are nonverbal. 
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Predictions about such performances are that right- and 

left-congruent persons will perform well on tasks such as 

recognition of previously seen faces, tasks involving cons-

truction of two and three dimensional models (e.g., block 

design tasks) from memory, and memory for visually observed 

designs. In comparison, left- and right-incongruent persons 

will do poorly on such tasks. 

The explanation offered is consistent with studies, 

cited in the introduction, which demonstrate that congruent 

subjects are more lateralized than incongruent subjects on 

various indices of lateralization. Within handedness cate-

gories, left-congruent subjects are well-lateralized when 

compared to left-incongruent persons in VHF and dichotic 

listening studies (Bryden, 1965? Curry, 1967; McKeever et 

al., 1973; Satz et al., 1967). Other studies show that 

right-incongruent persons are less lateralized than right-

congruent persons as indexed by recovery from aphasia (Luria, 

1947) as well processing of visual material presented in 

VHF studies (Hines & Staz, 1971). 

Studies which report results inconsistent with this 

explanation are not all directly comparable to the present 

research. Studies whose subjects are patients with cerebral 

lesions and which study recovery from aphasia in persons 

with and without a family history of left handedness 

(Hecaen & Suaget, 1971: Newcomb & Ratcliff, 1973) are 

examples. Studie- such a Zurif and Bryden (1971) which use 
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normals as subjects and which show left-congruent subjects 

to be less lateralized than left-incongruent subjects on 

indices such as dichotic listening tasks are both comparable 

to and inconsistent with interpretations of current data. 

At this point, it is unclear as to just what factors are 

responsible for these inconsistencies. 

In the recognition task, the phenotype X genotype 

interaction is significant. A posteriori comparisons 

indicate that there is a trend for left-incongruent students 

to recognize more imageable stimuli than right-congruent 

student. This trend is inconsistent with the findings for 

cued recall. 

Assuming that performance on memory tasks using image-

able stimuli measures degree of lateralization of the two 

memory systems, it is reasonable to expect subjects to 

perform similarly on such stimuli in different memory tasks. 

Similar performance does not occur when the results for 

cued recall and recognition are compared. Thus, the assump-

tion that degree of laterlaization of the memory systems is 

measured by perfomrance on imageable stimuli may be in error. 

However, the findings for recognition are also not 

consistent with the studies cited in the introduction. None 

of these report findings which suggest that left-incongruent 

persons are superior to right-congruent persons on any task 

assumed to measure lateralization of any function. Within 

the left phenotype classification, there is equivocal data. 
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Some suggest that left-congruent are superior to left-

incongruent persons and some suggest the opposite. 

Two explanations of these inconsistencies are apaprent. 

The results of the recognition task may either be an anomaly 

or they indicate that memory for imageable stimuli cannot 

be used as an index of lateralization of memory functions. 

Replication of the findings for recognition would invalidate 

this assumption. Not only would it call present interpreta-

tions into question, but also interpretations offered by 

others (e.g., Sherman et al.). Considering both the incon-

sistency of the result with other data and the importance 

of the result (should it be replicated) in making inferences 

about lateralization of memory functions, perhaps it is 

wisest to attempt to replicate the result, deferring 

interpretation until that date. 

Sex differences are present in both cued and delayed 

free recall. In these two tasks, females recall/recognize 

more imageable stimuli than males. This result is not 

consistent with a host of clinical studies (Lansdell, 1961, 

1962, 1968; Lansdell & Urbach, 1965; McGlone, 1978; McGlone 

& Kertesz, 1973) as well as dichotic listening and VHF 

research (Harmey & Malone, 1976; Lake & Bryden, 1976; Levy 

& Reid, 1976; McGlone & Davidson, 1973; McKeever & Vandeventer, 

1977) all of which report lessened lateralizations of various 

functions as measured by various indices in females. 

A plausible explanation of these inconsistencies involves 

both differential abilities in males and females as well as 
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culturally determined behavior patterns which are also sex-

linked. First, females are superior to males on word 

fluency and articulation measures whereas males show superior 

spatial ability (Macoby & Jacklin, 1974). Such general 

superiority accounts for females' superiority on the verbal, 

academic tasks used in the present research. It does not 

account for their performance on delayed free and cued 

recall of imageable stimuli. These two findings suggest 

increased lateralization of this function in females. 

Second, as Unger (1979) points out, females simply are 

not expected to use visuo-spatial abilities as a function of 

culture specific training. When faced with academic tasks 

which continually require the sue of such abilities, females 

begin to use them. Thus, when females are faced with tasks 

which continually require them to employ relatively unused, 

but otherwise well lateralized, functions and where the 

tasks are also verbal, they excel. 

What is required to establish the validity of these 

explanations is to replicate the present work and extend it 

to other tasks. With regard to replication, should the 

results of cued recall be replicated using improved versions 

of the immediate and delayed free recall tasks, then the 

validity of the interpretation of the cued recall results 

will be supported. Support or nonsupport of these interpre-

tations awaits further research. In terms of extension 

to other tasks, the interpretation offered for the cued 
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recall data leads to predictions concerning nonverbal tasks 

requiring the use of mental imagery. Configuration of these 

predictions should lead to support of the interpretation. 

Replication of the results of recognition, however, 

would cast doubt on the supposition that scores on imageable 

simuli index lateralization of the systems. Such replication 

might mean, for example, that recall of imageable and 

nonimageable stimuli do not represent lateralized functions 

but, instead, simply refer to different processing capacities 

for different kinds of stimuli. 

With regard to the effects of sex, it is reasonable to 

predict that feamles will not be superior to males on 

nonverbal tasks. They will, however, equal male performances 

if the tasks are such as to demand continual use of the 

imagery system over trials. Additionally, females will 

equal males during the initial trials of verbal tasks which 

are mediated by the imagery system and which demand continued 

use of the system. They will surpass males as trials on 

such tasks progress. 

At this point, it is appropriate to conclude that geno-

typic handedness is importantly associated with lateralization 

of memory functions, but not in the way claimed. Within 

phenotypic handedness classifications, it is congruence of 

the two factors which is responsible for greater lateralization 

of functions. The effects of phenotypic handedness are a 

function of both the interaction of phenotype and genotype as 

well as environmentally produced biasing factors. 
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It is also appropriate to say that this conclusion is 

tentative. It depends not only on replication of and exten-

sion of the results of cued recall, but also recognition. 

If the latter task is replicated, the conclusion drawn on 

the basis of the results of cued recall will be invalidated. 

In such a case, alternative interpretations will have to be 

sought. 

Finally, females may be well-lateralized for the dual 

systems. It may be that although they are well lateralized 

for memory functions, they do not readily employ one such 

memory function because of culturally determined behavior 

patterns. When placed in situations which demand the con-

tinued use of this function, they begin to use it. 
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Appendix A 

Example questions from the Laterality Assessment Inventory 
of Sherman et. al. 19 76 

RA = Right Hand Always 

RM = Right Hand Most of the Time 

B = Both Hands Equally Often 

LM = Left :>H&nd Most of the Time 

LA = Left Hand Always 

X = Do not Know Which Hand 

With Which. Hand Do You; 

1. Draw RA RM B LM LA X 

2. Write RA RM B LM LA X 

3. Remove 
cards 

! the top card of a deck of RA RM B LM LA X 

4. Use a bottle opener RA RM B LM LA X 

5. Throw a baseball RA RM B LM LA X 

6. Use a hammer RA RM B LM LA X 

7. Use a toothbrush RA RM B LM LA X 

8. Use a screwdriver RA RM B LM LA X 

9. Use a tennis racket RA RM B LM LA X 

10. Use scissors RA RM B LM LA X 

11. Hold a . match when striking it RA RM B LM LA X 

12. Stir a , liquid or semi-solid RA RM B LM LA X 

13. Carry your books or book bag RA RM B LM LA X 



Appendix A—Continued 62 

1 4 . Pick up the salt or pepper 
shaker 

RA RM B L M LA X 

1 5 . Use an eraser on paper RA RM B LM LA X 

1 6 . Pour 
from 

a large volume of liquid 
a pitcher 

RA RM B LM LA X 

1 7 . Tear paper from a tablet RA RM B LM LA X 

1 8 . Turn page of a book RA RM B LM LA X 

1 9 . Turn the door knob RA RM B LM LA X 

2 0 . Wind a watch RA RM B LM LA X 

2 1 . Screw a jar top RA RM B LM LA X 

2 2 . Prefer to carry a suitcase RA RM B LM LA X 

2 3 . Remove an object from a high shelf RA RM B LM LA X 

2 4 . Comb your hair RA RM B LM LA X 
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Appendix B 

Family History of Handedness Questionnaire 

Name; Phone: 

INSTRUCTIONS; Please circle any one or more of the following 

family members who you believe to be left handed. 

1. Natural mother 

2. Step mother 

3. Natural father 

4. Step father 

5. Natural brother or sister 

6. Step brother or sister 
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Appendix C 

1. Adjectives used in the Free Recall List and their 

imagery ratings. 

Adjective Imagery Rating 

beautiful 6.41 

wayward 2.35 

young 5.67 

possible 2.35 

simple 3.13 

cold 5.88 

special 3.41 

golden 5.83 

proper 2.57 

half 3.57 

dark 5.63 

fast 5.73 

awkward 3.51 

low 3.40 

rich 6.00 

fixed 3.14 

wild 5.67 

ho t 5.84 

hearty 3.14 

strong 5.80 
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2. Nouns used in the cued recall list presented as noun 

pairs (imagery ratings in parentheses) 

abdomen (6.00) - misconception (2.30) 

mastery (2.77) - unbeliever (2.60) 

instance (2.00) - hint (1.75) 

bird (6.67) - truth (2.73) 

lemon (6.83) - necessity (3.00) 

address (2.97) - surtax (1.63) 

dawn (6.37) - permission (2.87) 

flask (6.50) - reminder (2.83) 

hankering (2.23) - concept (1.93) 

blandness (2.83) - unification (2.77) 

elephant (6.83) - attitude (2.77) 

kiss (6.80) - franchise (2.90) 

elaboration (2.63) - criterion (1.83) 

incident (1.67) - unit (2.87) 

gem (6.40) - chance (1.52) 

context (2.13) - event (2.90) 

harp (6.60) - method (2.63) 

explanation (1.75) - comparison (1.761 

fallacy (2.30) - occasion (2.53) 

army (,6.53) - disposition (1.95) 
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3. Groups of Nouns used in the Recognition 

Group 1: moment (2.50) 

origin (2.30) 

figment (2.30 

clemency (2.90) 

simile (2.90) 

Group 3: maiden (6.10) 

animal (6.10) 

body (6.40) 

clock (6.50) 

leopard (6.77) 

Group 5: ship (6.67) 

street (6.57) 

basement (6.03) 

flag (6.60) 

bottle (6.57) 

Group 2: diamond (6.67) 

flesh (6.63) 

poster (6.33) 

apple (6.73) 

wheat (6.40) 

Group 4: suppression (2.83) 

debacle (2.10) 

exclusion (2.80) 

banality (2.03) 

belief (2.73) 

Group 6: democracy (2.47) 

kine (2.00) 

unreality (2.10) 

fault (2.83) 

competence (2.97) 

Group 7: emporium (2.93) Group 8: string (6.20) 

answer (2.77) 

theory (2.57) 

position (2.97) 

thought (2.77) 

Group 9: arbiter (2.33) 

essence (2.33) 

intellect (2.93) 

magnitude (2.50) 

afterlife (2.40) 

arrow (6.57) 

fire (6.70) 

peach (6.60) 

pole (6.10) 

Group 10: forehead (6.27) 

dust (6.03) 

home (6.50) 

yacht (6.77) 

rattle (6.30) 
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Group 11: idea (2.20) 

gist (1.97) 

irony (2.83) 

knowledge (2.97) 

deduction (2.67) 

Group 13: student (6.27) 

beaver (6.50) 

oven (6.40) 

office (6.23) 

water (6.60) 

Group 15: functionary 
(2.67) 

interim (1.97) 

disparity (2.70) 

ability (2.67) 

excuse (2.77) 

Group 17: engine (6.33) Group 18: 

table (6.50) 

doctor (6.40) 

pencil (6.37) 

ocean (6.77) 

Group 19: outcome (2.40) Group 2 0: 

situation 

tendency (2.20) 

adage (2.77) 

proxy (2.70) 

Group 12: newspaper (6.57) 

microscope (6.51) 

pipe (6.43) 

corn (6.47) 

geese (6.53) 

Group 14: supplication (2.80) 

fact (2.20) 

replacement (2.20) 

equity (2.23) 

ingratitude (2.93) 

Group 16: rating (2.60 

disclosure (2.17) 

allegory (2.13) 

exactitude (2.23) 

comparison (2.93) 

valley (6.57) 

baby (6.70) 

mast (6.43) 

village (6.50) 

insect (6.10) 

golf (6.70) 

infant (6.33) 

university (6.53) 

kettle (6.23) 

lemonade (6.50) 
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4. Nouns used in Recognition Task 

68 

Nouns Imagery Rating 

figment 2.30 

wheat 6.40 

maiden 6.10 

debacle 2.10 

ship 6.67 

kine 2.00 

theory 2.57 

peach 6.60 

magnitude 2.50 

rattle 6.30 

idea 2.20 

newspaper 6.57 

oven 6.40 

ingratitude 2.93 

ability 2.67 

rating 2.60 

table 6.50 

village 6.50 

proxy 2.70 

university 6.40 
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Appendix D 

INFORMED CONSENT 

NAME OF SUBJECT: 

1. I hereby give consent to Laurence P. Perotti and H.J. 
Aronson, Ph.D. to respectively perform and supervise the 
following investigational procedure: 

To present four memory tasks to which I will respond. 

2. I have been offered a clear explanation of the nature and 
purpose of the procedure-at a later date. I understand that 
there are no appropriate alternative procedures that would 
be advantageous to me and understand that there are no risks/ 
discomforts which might arise from this procedure. I 
understand that the benefits to be derived from this procedure 
will be e x p l a i n e d clearly to me at a later date if I so choose. 
I understand that the procedure is investigational and that 
I may withdraw my consent and end my participation at any 
time. Understanding this, and having received this information 
and satisfactory answers to the questions I have asked, I 
voluntarily consent to the procedure outlined in Paragraph 1 
above. 

DATE 

Signed: SIGNED: 
Witness SUBJECT 

or 
S i gned: SIGNED: 

Witness Person Responsible 

Relationship 

Instructions to persons authorized to sign. If the subject is 
not competent, the person responsible shall be the legal 
guardian or legally authorized representative. If the subject 
is a minor, the person responsible is the mother or father or 
legally appointed guardian. If the subject is unable to write 
his name, the following is legally acceptable: John H. 
(His X Mark) Doe and two (2) witnesses. 
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Appendix E 

1. Example of Lined Free Recall Sheets used in Free Recall 

Tasks. 

Name; 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. _ 

10 . 

H._ 1 2-_ 

1 3 - _ 

14._ 
1 5-_ 

1 6 - _ 
1 7 - _ 
1 8 - _ 

I.9 . 

20. 

IFR DFR 
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Appendix F 

Cued Recall 

ITEM NUMBER CORRECT RESPONSE CHECK IF CORRECT 

1 Misconception 

2 Unbeliever ' 

3 Hint 

4 Truth 

5 Necessity 

6 Surtax 

7 Permission _____ 

8 Reminder 

9 Concept 

10 Unification 

11 Attitude 

12 Franchise 

13 Criterion 

14 Unit 

15 Chance 

16 Event ' 

17 Method 

18 Tendency 

19 Occasion 

20 Disposition _ _____ 
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Appendix G 

Example of Numbered Response Sheets Used in Recognition 

Name: 

Correct Response 

Figment 

Wheat 

Maiden 

Debacle 

Ship 

Kine 

Theory 

Peach 

Magnitude 

Rattle 

Idea 

Newspaper 

Oven 

Ingratitude 

Table 

Village 

Proxy 

University 

Yes No 
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