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Preface

The 14 chapters in this volume are based upon presentations made to a conference held at the University of Western Ontario in June, 1981. The primary purpose of that conference was to mark the 10th anniversary of the publication of Allan Paivio’s text, Imagery and Verbal Processes, and to acknowledge the continuing contribution that Paivio is making to imagery research and theory. His landmark book has been the major publication in the field of imagery, and during the last decade Paivio’s theorizing and research have dominated the investigation of imaginal processes. The most appropriate fashion in which to honor the achievements and activities of Paivio was to hold a conference on current developments in imagery research and theory. The conference participants were 14 active researchers in the field from Canada and the United States. In addition, the conference attracted a number of observers.

The conference participants reflect, as much as his published work, on Paivio’s influence on the field of imagery research. All participants are former associates of Paivio. Twelve completed Masters and/or Ph.D. degrees in Paivio’s laboratory (over a period of 15 years) while d’Agostino was his colleague and coworker. The fact that all of these people continue to be active researchers in the imagery field is indicative of the model that Paivio has been for all of us. He continues to be a source of encouragement for all who have been privileged to work with him. Two conference participants, Desrochers and te Linde, recently completed their graduate training with Paivio, and reflect his continuing capacity to encourage and develop fine experimental psychologists.

In noting the considerable number of Paivio’s academic offspring, it is appropriate to mention that, at the conference, we learned something about Paivio’s (and hence our own) academic roots. Dan Yarmey supplied the conference with a synopsis of the history of academic advisors in Paivio’s “genealogical” tree. With thanks to Professors Thom Herrmann and Ian Lubek of the University of Guelph, a modified version of this information is provided in Table 1. Each entry indicates the thesis title, university where it was completed, and the year of completion for successive advisors. Paivio can trace a path through four generations of psychologists to Wundt’s laboratory; while the ability to trace ones roots to a founding laboratory is not too surprising in such a young discipline, the titles of the theses provide rich food for thought concerning how successive generations of researchers influence one another.

[image: ]Table 1 Geneological Tree of Paivio and his Students
The contents of this volume reflect the diverse areas in cognitive psychology in which imagery is being investigated. They also indicate the breadth of application of dual-coding theory. The problem areas range from individual differences in imagery, through memory and problem solving, to language and emotions. Paivio has always encouraged his students to be critical and demanding of theoretical developments. He has been rewarded for his encouragement in the present instance by a variety of critical, as well as supportive, comments about his model. In a number of the chapters, the reader will find proposals for the expansion and/or modification of the dual-coding position.

Although the chapters vary in approach and area of interest, there is considerable overlap of topics. The overlap that does exist is reflected in the sequencing of the chapters. The first two chapters, by Ernest and by Katz, concern the difficult topic of individual differences in imagery. Ernest proposes a new model for dealing with this research that incorporates recent insights into cortical laterality. Katz has generated an interactionist model that views imagery as one possible, adaptive method of accommodation. These two chapters form a complementary set dealing with individual differences.

A second set of chapters (Chapters 3–8) is primarily research oriented, and concerned with the role of imagery in memory and in problem solving. In Chapter 3, Madigan provides a comprehensive review of picture memory research. This is followed by the presentation of typically “tight” research by Begg, on the effect of imagery instructions on verbal learning. The next two chapters deal with the currently popular research paradigm of semantic decisions. John te Linde (Chapter 5) presents some unpublished data concerning picture/word effects in semantic decisions. The role of both bilingualism and French unilingualism in this type of task is discussed in Chapter 6 (Desrochers & Petrusic). This is the only chapter in this volume that includes a contribution from someone who has not worked with Paivio. While Petrusic did not participate in the June, 1981 conference, he is a coauthor with Desrochers. Since completing his graduate work with Paivio, Desrochers has been working at Carleton University in Petrusic’s laboratory.

The memory section of the book is completed by the chapters of d’Agostino (7) and Yarmey (8). the former looks at color memory, the latter examines self-image. The subsequent three chapters relate to the memory topic, but are distinguished by a greater concern with theoretical issues. Bleasdale (Chapter 9) discusses associative relations among words, including bilingual networks (this complements the experimental findings of Desrochers & Petrusic). Bleasdale proposes some additions to dual-coding theory, as does Clark in the following chapter (Chapter 10). Clark’s examination of representational memory is in the context of the current, heated debate about analogue vs. amodal forms of representation. Marschark (Chapter 11) completes this section with an integration of findings from a number of paradigms. He calls for a broadening of dual-coding theory to accommodate amodal codes.

The final section of the text contains three chapters which have a primary theoretical emphasis. Each of them deals directly with the success, or lack of success, of dual-coding theory. Yuille (Chapter 12) suggests that there is a crisis in imagery theories in general, and that major changes in both research strategy and theory are required. Rogers (Chapter 13) echos Yuille’s concern, emphasizing the inability of dual-coding theory to incorporate emotions as a type of code. Rogers proposes that a number of research findings demand a triple coding model (images, verbal processes, and emotions). The final contribution (Chapter 14) is by Paivio. It is appropriate that he would have the last word in such a volume, and the nature of his contribution is sufficient justification for the conference and for this book. Paivio has taken this opportunity to examine how he thinks dual-coding theory has fared in the last decade. This is the first time, since his 1971 text, that he has evaluated his model against all of the relevant evidence. His review of the variety of paradigms in which dual-coding theory has been tested provides impressive evidence of the viability of his theory. He demonstrates that dual-coding theory has no rivals in predicting and explaining research outcomes.

Many people contributed to the academic and social success of the imagery conference. There are some individuals who merit special appreciation. Ted Rowe’s musical gifts charmed us on a number of occasions, and, together with the Sheik, provided one of the highlights of the conference. Our appreciation is extended to Professor William McClelland, Department of Psychology Chairman at the University of Western Ontario, for his moral and financial support. We all thank Al and Kay Paivio for their kind hospitality. Finally, our thanks to the staff of Spencer Hall for making our conference a pleasant and trouble-free one.



1 Spatial-Imagery Ability, Sex Differences, and Hemispheric Functioning

Carole H. Ernest

DOI: 10.4324/9781315774787-1

The central theme of the research I am reporting evolved from a study that Al Paivio and I did when I was a graduate student in his lab. In that study (Paivio & Ernest, 1971) we asked the following question: Are high imagers more accurate than low imagers in their visual recognition of nonverbal stimuli such as pictures and geometric forms, particularly if these stimuli are presented to the right hemisphere of the brain? In other words, is high visual imagery ability associated with superior right hemispheric functioning?

The question was a theoretically important one for two reasons. First, Paivio’s (1971) dual-coding approach to memory and cognition distinguished two independent but interconnected symbolic processing systems, a verbal system and a nonverbal or imagery system. The verbal system was viewed as being specialized for dealing with relatively abstract information, such as language, whereas the specialization of the imagery system was processing concrete-perceptual information, such as nonverbal objects or events (see Paivio, 1978a, and this volume, for recent discussions of the assumptions underlying dual-coding theory). We viewed imagery ability as the individual differences counterpart of the imagery symbolic system. And we defined visual imagery ability primarily in terms of psychometric tests of spatial ability, tests such as the revised Minnesota Paper Form Board test (MPFB; Likert & Quasha, 1941) and Space Relations of the Differential Aptitute Test battery (Bennett, Seashore, & Wesman, 1947). Both of these tests are measures of spatial visualization, requiring individuals to manipulate two-dimensional figurai information mentally in three-dimensional space. Our choice of visualization tests to index imagery ability, as distinct from other forms of spatial functioning (see Barratt, 1953; Ekstrom, French, Harman, & Dermen, 1976; Guilford, 1967; McGee, 1979), was influenced by Barratt’s (1953) factor analytic study in which he concluded that “imagery is an important component in the solution of those tasks that involve the ‘mental’ manipulation of spatial relations” (pp. 160–161 ; more recently, see Carpenter & Just, in press).

A second reason why the question was important theoretically was because Paivio’s two symbolic systems seemed to have their counterparts in the neuropsychological literature on lateralization of brain function. Studies using braindamaged populations (e.g., Paterson & Zangwill, 1944; Penfield & Roberts, 1959; Sperry & Gazzaniga, 1967) as well as normal individuals (e.g., Kimura, 1961, 1964; Kimura & Durnford, 1974) suggested that the left hemisphere of the brain is specialized for verbal/linguistic/analytic functions whereas the special skills associated with the right hemisphere pertain to nonverbal/spatial information processing as well as global/holistic modes of analysis.

Thus, it seemed reasonable to expect that people who have enhanced spatial-imaginal skills should excel in a task that requires the visual recognition of nonverbal stimuli when such stimli are presented initially to the right hemisphere of the brain. No differences between high and low spatial-imagers might be anticipated when these stimuli are presented to the left hemisphere, that is, the verbal hemisphere. Nor indeed, we speculated, should the imagery groups differ in their recognition of verbal stimuli, such as single letters.

The program of research discussed in this chapter began with essentially the same question. But it also answered some questions I didn’t realize I was asking. This research is interpreted within a framework (or model) of hemispheric functioning for high and low spatial-imagers. In its simplest form, this framework suggests essentially two things. It suggests that although high spatial-imagers do excel in their perceptual processing of nonverbal information relative to low imagers, this superiority does not appear to be exclusive to the right hemisphere of the brain. Rather, high spatial-imagers seem to be “bilater-lized” for spatial processing. Secondly, individual differences in spatial-imagery ability must be examined within the context of sex differences. Male and female high spatials do not always behave similarly, nor do male and female low spatials. Instead, the sexes within these two ability groups appear to differ in an unexpected fashion in the “lateralization” of their verbal functions.

My intention is to discuss several unpublished studies which evolved from the question posed above; to propose and elaborate an organizational framework which seems to encompass most of the experimental findings reported here; and, finally, to speculate on what relevance the proposed framework may have to the more general cognitive functioning of high and low spatial-imagers, particularly in the areas of learning and memory.

But first, the present approach is placed in broader perspective by reviewing selectively relevant literature in three independent but interrelated areas of enquiry: imagery and perception; cognitive abilities from an information processing perspective; and individual differences in cerebral lateralization. These areas are viewed as independent because they evolved from different “motivations.” They are viewed as interrelated because all three postulate the existence of two coding or processing systems—a verbal/analytic system and a spatial/holistic system.


Three Perspectives

Imagery and Perception. The notion that imagery and perception tap similar underlying processes is explicit in Paivio’s dual-coding theory (1971, 1978a, 1978b) as well as in other theoretical and empirical statements in the literature (e.g., Brooks, 1968; Hebb, 1968; Segal & Fusella, 1970). Hebb (1968), for example, postulates three levels of cell assembly activity. The actual perception of an object, he proposes, involves the activation of first-order as well as higher-order assemblies, whereas a memory image “may consist only of second-and higher-order assemblies, without the first-order ones that would give it the completeness and vividness of perception [1968, p. 473].” And Paivio (1978b) has suggested that the representational units of the image system (“imagens”) may be viewed as perceptual isomorphs or analogs, whereas those of the verbal system (“logogens”; Morton, 1969) are assumed to be discrete entities “only arbitrarily related to perceptual information [p. 379].”

Possibly the first evidence that spatial-imagery ability and perception may be functionally related emerged unexpectedly in a study on incidental learning (Ernest & Paivio, 1971a, Expt. 2). The orienting task required written identification of briefly-exposed pictures or words; this was followed by an unexpected free recall task. Surprisingly, high imagers excelled in picture identification but not in concrete or abstract word identification. This differential pattern of imagery-picture and imagery-word effects was subsequently pursued in a series of studies employing different recognition paradigms and procedures (Ernest, 1972, 1979, 1980; Paivio & Ernest, 1971). The paradigms were recognition threshold, recognition latency, and visual half-field—all of which involved a clear speed component, either with respect to stimulus presentation or response requirements. Timed, but relatively unspeeded, paper-and-pencil tests requiring the identification of fragmented pictures and fragmented words were also used. Procedural differences included the presentation of pictures and words in heterogeneous lists, as homogeneous blocks in a within-subjects design, or as homogeneous lists in a between-subjects design, or as homogeneous lists in a between-subjects design. The sought-after differential pattern of picture/word effects emerged most unambiguously using the latter experimental design, that is, homogeneous list presentation to independent groups of high and low imagers (Ernest, 1979, Expt. 4, as well as Ernest & Paivio, 1971a, Expt. 2). The only occasion when imagery ability was not clearly associated with superior picture recognition, even under these circumstances, was in the threshold paradigm. Here, imagery differences occurred only for pictures relatively low in familiarity (Ernest, 1979, Expt. 2).

From these studies it seems reasonable to conclude that the cognitive skills involved in the solution of spatial manipulation tests—skills such as encoding and storing figurai segments and mentally constructing a complete figure or gestalt from these segments—are also involved in the identification of figurai information under speeded or reduced cue conditions. Clearly, however, the conditions for observing such a relationship are not easily determined. Stimulus mode per se seems to be less the source of inconsistency than the context within which stimuli are presented. Contexts that permit the “expected” processing strategy to be primed—“expected” meaning congruent with stimulus mode— appear to yield most unambiguously the imagery ability-picture/word effects first observed, serendipitously, in the incidental learning study. In other words, imagery ability-picture effects emerge when a nonverbal/spatial processing strategy is primed, presumably because such a strategy can be used more effectively by high than by low spatial-imagers. Imagery ability-word effects do not emerge when a verbal/linguistic processing strategy is primed, presumably because high and low imagers are comparable with respect to their competence with this strategy.

The view that context can modify one’s processing strategy is not new, of course. Indeed, context effects are of interest in their own right and have attracted the attention of many investigators in recent years (e.g., Godden & Baddeley, 1980; Stanovich & West, 1979). They represent a phenomenon that must be reckoned with—at a minimum from the perspective of choice of experimental design (see also Poulton, 1975).

Also relevant to a discussion of spatial-imagery ability and perception is evidence that high spatial-imagers can generate images to words more quickly than can low imagers (Ernest & Paivio, 1971b). This finding is compatible with evidence from recent studies contrasting high and low imagers in speed of mental comparisons (e.g., Paivio, 1978c, d). In mental comparisons tasks (Moyer, 1973), individuals are presented two words, for example, and must decide which one of the pair has more, or less, of a given attribute. Typically, the more similar are the item pairs in a given attribute, such as size, the more difficult is the decision; that is, response times are longer. This has been labeled the “symbolic distance” effect by Moyer and Bayer (1976). Paivio (1975) has assumed that performance on such tasks requires the generation of long-term memory representations of the named items via the imagery system, with these perceptual analogs then mentally contrasted with respect to the relevant attribute.

Pertinent here are those studies concerned with intrinsic or defining attributes of objects. In one study (Paivio, 1978c), for example, high and low spatial-imagers were required to decide which of two digitally-presented clock times formed the smaller angle. Both ability groups demonstrated the typical symbolic distance effect; more importantly, high imagers were significantly faster in two of three “mental clocks” experiments, although the trend was the same in all three. A similar trend emerged when the defining attribute of shape was involved and the stimuli were word pairs (Paivio, 1978d).

These findings have been confirmed in a group-administered version of the “mental clocks” task as well as a size comparisons task where the dependent measure was number correct within a specified time period. Paivio and Harsh-man (see Paivio, 1980) report significant correlations between Space Relations and the accuracy measures for both tasks. Interestingly, verbal processes, as reflected in Inference Test and (to a lesser degree) Word Fluency scores, were also significantly implicated in performance on these tasks.

This discussion of imagery ability and its relation to perceptual processing has been brief and selective. It has concentrated on imagery ability as defined by spatial manipulation tasks and has omitted some of the interesting work of others on the same topic but approached from the perspective of individual differences in visual imagery vividness (e.g., Finke, 1980; Marks, 1973, in press). Nevertheless, it has served the purpose of affirming the relationship between perception and imagery—the latter from an individual differences perspective; of inferring a relationship between strategy and ability; and of suggesting that both spatial and verbal skills may contribute to performance on tasks presented in the verbal mode (see also Ernest, 1980). Some of these points are elaborated in the following section.

Cognitive Abilities From an Information Processing Perspective. The last few years have witnessed an encouraging and exciting new development both for differential and for cognitive psychology. The information processing paradigms and theoretical frameworks emerging from cognitive psychology are providing valuable new insights into the meaning of individual variation in cognitive abilities (e.g., Carpenter & Just, in press; Carroll, 1976; Hunt, Lunneborg, & Lewis, 1975), and recognition is increasing of the importance of individual difference variables in the construction and modification of theories of cognitive functioning (e.g., Hunt, Frost, & Lunneborg, 1973; Morton & Patterson, 1980; Underwood, 1975). Cronbach (1957, 1975) must be pleased!

The abilities most commonly investigated from an information processing perspective, and which are directly relevant here, are verbal ability and, more recently, spatial ability (e.g., Carpenter & Just, in press; Cooper & Regan, in press; Hunt, 1980; Hunt et al., 1975). Just as there is more than one type of spatial ability (e.g., Guilford, 1967; see also McGee, 1979), verbal ability similarly cannot be viewed as a single ability. The most common verbal factor emerging from factor analytic studies is a “vocabulary” factor. Besides word knowledge, this factor taps reading comprehension and knowledge of the rules of one’s language (see Carroll, 1979). “Fluency” is a more difficult verbal factor to interpret. Measured by word generation-type tests, it seems to reflect “facility in calling up isolated words and unrelated ideas; facility in utilizing learned associations in… semantic memory” (Carroll, 1979, p. 21), and so on. Both of these verbal factors are relevant in the context of the present chapter.

“Vocabulary” most clearly reflects verbal ability as defined by Hunt and his associates (see Hunt et al., 1975). With the orienting view of the individual as an information processor, they have demonstrated that individuals high in verbal ability are particularly skilled in rapidly retrieving highly overlearned material from long-term memory (e.g., Posner, Boies, Eichelman, & Taylor’s, 1969, identity vs name matching task), in storing order information in short-term memory (e.g., Wickens’, 1970, release-from-PI paradigm), and in comprehending simple negative (relative to affirmative) sentences (e.g., Clark & Chase’s, 1972, sentence-picture verification task). Their sentence “comprehension” study, and particularly the sentence-picture verification task, is important to a discussion of spatial ability and its information processing correlates. In this task, individuals are presented a sentence such as “The STAR is above the PLUS.” This is followed by either +* or +* to which they must respond “true” or “false” by pressing the appropriate of two keys. The dependent measures in the Hunt et al. (1975) study were reaction times for sentence reading (or comprehension) and for verification.

One explanation of the processes underlying performance on this task emphasizes linguistic processes, suggesting that the sentences and the pictures are translated into internal representations that assume abstract propositional form (see Carpenter & Just, 1975). But this task is similar to one described by Rosenfeld (1967)—a same-different reaction time (RT) task in which a figure and a verbal description of that figure were successively presented. Rosenfeld examined different types of coding hypotheses as explanations of performance on this task. Predictions based on the hypothesis that words-are-translated-into-repre-sentations-of-objects were most strongly supported. The Clark-Chase task similarly seems to lend itself to the use of nonverbal (i.e., spatial-imaginal) encoding stragegies, as Paivio’s mental comparisons task also do.

Indeed, when MacLeod, Hunt, and Mathews (1978) examined spatial as well as verbal ability differences in the sentence-picture task, they found that spatial ability predicted RTs as well as verbal ability. Further, individuals whose data poorly fit predictions based on a linguistic model of performance proved to have significantly higher spatial ability scores than “well-fit” individuals. The two groups’ verbal ability scores did not differ. “Poorly-fit” individuals took longer in the comprehension stage of the task (i.e., the sentence-to-picture conversion stage) but less long in the verification stage.

In general, the performance of “poorly-fit” subjects was consistent with a pictorial or visual-imaginal model of sentence verification whereas “well-fit” subjects were consistent with a linguistic model. Correlational analyses further revealed that verbal ability was the best predictor of reaction times for those following a linguistic model; it was spatial visualization ability for those following a visual-imaginal model.

A follow-up study (Mathews, Hunt, & MacLeod, 1980) replicated and extended these findings in several important respects using subjects selected as high or low in spatial ability (but average in verbal ability). However, it failed to confirm clearly the MacLeod et al. (1978) conclusion that strategy choice seems to be predictable from measured abilities. That is, “well fit” and “poorly fit” groups did use a linguistic and pictorial strategy, respectively, as reflected, for example, in longer comprehension times and shorter verification times by the “poorly-fit” subjects. But the “pictorial strategy” group did not consist predominantly of high spatials. It included approximately the same proportion of high and low spatial individuals. Mathews et al. (1980) speculated that their subject sampling procedures may account for this discrepancy, that is, their requirement that all subejcts have average verbal ability scores. On the other hand, the use of over 2-year-old spatial test scores to identify high and low-spatial subjects may also have been a contributing factor. Mathews et al. (1980) point out that a median split of a concurrently-administered spatial visualization test resulted in a high-low classification of subjects which was not exactly the same as that based on the older test scores. Spatial ability differences emerged more clearly in subsequent analyses when recent test scores were used to classify individuals into high-low spatial groups. Unfortunately, however, the strategy choice-ability relationship was not directly reexamined with this new grouping.

A particularly important inclusion in the Mathews et al. (1980) study was a strategy instruction variable. Differences between high and low spatials were evident when subjects were instructed to use a pictorial strategy, but not when a linguistic strategy was required. Furthermore, all individuals, regardless of their spatial ability, acquired a linguistic strategy with ease. Low spatials, however, did have some difficulty in following instructions and adopting a pictorial strategy. This was reflected, in part, in their significantly shorter comprehension RTs, relative to high spatials, and longer verification RTs. That is, “low spatials either formed a hasty, impoverished image during the comprehension time, or … they gave up part way through the transformation [p. 545].”

The same general pattern of findings was recently reported by Sternberg and Weil (1980) using three-term series problems such as “If A is taller and B, and B is taller than C, who is tallest?”. This syllogistic reasoning task has similarly been the subject of theoretical debate with respect to the nature of the processes underlying solution times (e.g., Huttenlocher’s, 1968, spatial-imagery model vs Clark’s, 1969, linguistic model). Sternberg and Weil (1980) obtained evidence for their mixed model; that is, that both linguistic and spatial processes are involved. This was reflected in the significant and independent contributions of both verbal and spatial abilities to performance.

They also found clear evidence for an ability-strategy relationship. Their strategy measure was not based on the strategy subjects were instructed to use since, they point out, subjects do not always (for whatever reason; see Mathews et al., 1980) follow instructions. Instead, it was based on the strategy subjects actually used, as determined by a mathematical modeling procedure. Under these circumstances, verbal scores (but not spatial scores) were highly correlated with performance for those whose solution latencies fit a linguistic model; spatial (but not verbal) scores were highly correlated with performance for the spatial-model group; and both spatial and verbal scores were significantly correlated with latencies in the mixed-model group.

Two conclusions, particularly relevant to the present discussion, seem warranted. First, general models of cognitive functioning may prove to be oversim-plications of reality. Individual differences must be considered because all individuals do not approach the same task in the same way. Secondly, a relationship exists between ability and strategy. That is, “the effectiveness of a given strategy… depends on one’s pattern of abilities” (Sternberg & Weil, 1980, p. 234) and one’s choice of strategy may be predictable from a knowledge of psychometrically-tested abilities (see MacLeod et al., 1978; Mathews et al., 1980).

Individual Differences in Cerebral Lateralization. Of considerable interest over the past few years has been the question of individual and group differences in the extent to which the left and right hemispheres of the brain are specialized, respectively, for linguistic and spatial processing. Discussion has focused on whether hemispheric lateralization (particularly left hemisphere specialization for verbal functions) characterizes right-handers more than left-handers (see Hicks & Kinsbourne, 1978; Levy, 1974), good readers more than poor readers (see Kinsbourne & Hiscock, 1978; Young & Ellis, 1981), field independents more than field dependents (see Garrick, 1978; Zoccolotti & Oltman, 1978), late maturers more than early maturers (Waber, 1976), adults more than children (see Kinsbourne & Hiscock, 1977), young adults more than old adults (Borod & Goodglass, 1980), and males more than females (see Bryden, 1979; McGlone, 1980; Witelson, 1976). It is to the question of sex-related differences in brain asymmetry that we now turn.

Interest in this area has stemmed from evidence that, by adolescence, the sexes apparently differ in certain cognitive abilities. Males typically demonstrate superior spatial manipulation skills (see Harris, 1978; Maccoby & Jacklin, 1974) and females excel in linguistic tasks such as verbal fluency (Maccoby & Jacklin, 1974; see, however, Fairweather, 1976, and Macaulay, 1978). Speculation concerning the sources or determinants of these differences has led to an examination of sex differences in brain organization.

My concern here is not with sex differences in cerebral organization per se—a concern that would have to encompass a discussion of anatomical, clinical, electrophysiological, and other types of investigations (see McGlone, 1980). It is with noninvasive behavioral investigations of the question, such as those using the visual half-field (and dichotic listening) paradigms. (Note, however, that McGlone bases her conclusions primarily on the latter types of investigation, as well as clinical studies.) The findings here have recently been reviewed by Bryden (1979) and McGlone (1980). They conclude that when sex differences are found, males tend to be more lateralized for verbal and spatial functions than females. The evidence is not strong, however, and “more is known of sex differences in language representation than those in spatial representation” (McGlone, 1980, p. 226). This conclusion is consistent with the view (e.g., Levy, 1969, 1974) that bilateral representation of language interferes with spatial processing, which is presumed to be the province of the right hemisphere. Thus, the poorer spatial skills of females.

McGlone’s acknowledgment that within-sex variation may be greater than between-sex variation (see Harshman, Remington, & Krashen, 1974, cited in McGlone, 1980) suggests that other individual differences factors must be considered. Bryden (1979), for example, has suggested that males and females may use different strategies in performing so-called lateralization tasks. Certainly there is evidence from other sources that the sexes differ in their approach to the same task (e.g., Allen & Hogeland, 1978; Freedman & Rovegno, 1981; Kail, Carter, & Pellegrino, 1979; McGlone, 1981; Tapley & Bryden, 1977). Bryden (1980), and others (e.g., Kinsbourne & Hiscock, 1977; Young & Ellis, 1981), have clearly argued that asymmetries in performance on hemispheric tasks may be reflections of attention (see Kinsbourne, 1970) and strategy choices (see Bryden’s commentary in McGlone, 1980) rather than “true” differences in brain specialization. Indeed, the susceptibility of the visual half-field paradigm to such influences was demonstrated in the Paivio and Ernest (1971) study. A right visual field (RVF) effect for letter recognition did not emerge in this study when the analysis included letter data from all subjects; that is, when these stimuli were the first, second, or third lists received by different subjects. (Recall that the other two stimulus lists were pictures and geometric forms.) It was when first-list data only were analyzed—that is, when any priming or carry-over effects from other stimulus types were avoided—that the expected RVF effect for letter identification occurred (see Fig. 1.1, left panel). These considerations are pertinent, of course, to any investigation where individual or group comparisons are of interest, such as those mentioned at the beginning of this section, and including the current examination of individual differences in spatial ability.

[image: ]Fig. 1.1 First list recognition accuracy scores as a function of imagery ability, stimulus attribute, and visual field. (From Paivio and Ernest, 1971. Perception and Psychophysics, 1971, 10, 429–432. Reproduced with permission of the Psychonomic Society).
Summary. These three areas of enquiry address several issues and problems that are clearly pertinent to an investigation of the relatively simple (or simple-minded) question posed earlier. That is, are high spatial-imagers more accurate in their visual recognition of nonverbal (but not verbal) stimuli, particularly if these stimuli are presented via the left visual field to the right hemisphere of the brain. The most central issues involve the relationship among abilities (spatial and verbal), sex differences, and strategy use (imaginai and linguistic). These are addressed in the studies to follow through methodological controls (e.g., verbal ability), statistical analysis (e.g., sex differences), and post hoc analyses and/or questionnaires (e.g., strategies).


The Present Studies

Preliminary. The results of four unpublished studies will be discussed. Two studies required the identification of words (Study 1) and pictures (Study 2), and two were nonidentification or matching studies using pictures (Study 3) and random shapes (Study 4) as stimuli. The order in which these studies is presented reflects an assumed progression in the demands made on a spatial-imaginal processing system, or, conversely, an attenuation in the linguistic processing requirements of the tasks. Accordingly, spatial-imagery ability effects should be conspicuously absent in the Word study and conspicuously present in the Random Shapes study.

A common strategy was used in the selection of subjects and conduct of these studies. At least 100 (paid) Trent University undergraduates—mostly Introductory Psychology students—completed an imagery and verbal test battery on each of three occasions representing three different academic years. In each instance, high (or low) spatial-imagery ability was defined as achieving scores above (or below) the mean of the group on both Space Relations and the MPFB. Because fewer males than females volunteered, attempts to select an equal number of males and females within each spatial-imagery group were not always realized. Verbal ability, as defined by verbal fluency measures, was controlled across the Imagery-Sex groups for each experiment described. Verbal fluency scores were based either on the total number of words generated to four concrete and four abstract words (see Paivio, 1971) or on the Word Beginnings and Endings Test (Ekstrometal., 1976).

Of the 110 subjects selected for these studies (32–40 per study with some subjects participating in more than one study), three were left-handed for writing (Annett, 1970); none of these, however, reported familial sinistrality (see Zurif & Bryden, 1969). All three were low-spatial males. All subjects but three endorsed at least eight of the 12 items in Annett’s handedness questionnaire as right-handed items. No subjects reported uncorrected visual defects.

All studies were conducted using a 3-channel Harvard tachistoscope (Ger-brands Model 3-TB-1). Subjects were tested individually with each session preceded by several practice items. Stimulus presentation was unilateral—that is, either to the LVF or RVF—except for the Words study where presentation was bilateral. Standard counterbalancing procedures with respect to stimuli and visual field of presentation were carried out within each Imagery-Sex group.

All stimuli were positioned approximately 1.9 cm from central fixation and viewed from a distance of 80 cm. The letters constituting the word stimuli were 5mm high. The maximum height and/or width of the pictures was 2.5 cm; for random shapes it was approximately 3.5 cm.

Attempts to ensure central fixation prior to stimulus presentation included regular reminders to subjects throughout each testing session (see Bryden & Rainey, 1963) as well as permitting subjects to control stimulus onset through the use of a hand switch held in the dominant hand. Both accuracy data and verbal response times were collected in some studies. However, emphasis here is placed on accuracy.


Study 1: Word Identification

The only evidence bearing on the question of the lateralization of linguistic functions in high and low spatial-imagers comes from the Paivio and Ernest (1971) study where single letters were presented. High and low spatial-imagers did not differ in overall accuracy and both ability groups shown the typical RVF effect for letter identification (see Fig. 1.1, left panel). There was no interaction. Since a RVF effect for verbal material tends to be stronger for words than for single letters (see Young & Ellis, 1981), the present study allowed a more stringent examination of visual field effects for verbal stimuli in these two ability groups by using words as the linguistic material.

Twenty concrete and high-imagery words (CW) and 20 abstract and low-imagery words (AW) were selected (unpublished norms for over 2000 words; Paivio’s lab). All were 5-letter nouns and were selected in pairs such that one concrete word matched one abstract word as closely as possible in Throndike-Lorge frequency (Thorndike & Lorge, 1944), Kucera-Francis frequency (Kučera & Francis, 1967), and printed familiarity (unpublished norms; Paivio’s lab). The abstract words were randomly paired, as were their concrete word counterparts. The bilateral presentation procedure was based on that described by Schmuller and Goodman (1979) whereby a central arrow on the stimulus card dictates to subjects the required order of responding, as well as ensuring fixation. Thus, both words are to be identified but are counted as correct only if the noted order of report is honored. (A more lenient scoring procedure, ignoring order of report, did not yield substantially different results from those reported here.) In the present study, a “Don’t Know” (DK) response was permitted, thus allowing for a “WORD-DK” response, for example, or “DK-WORD.” Exposure duration was 40 ms for all subjects and only those achieving at least 25% accuracy for CW or AW identification, regardless of order of report, were included in the analysis.

The results for the 16 high and 16 low spatial-imagers (sexes equally represented) yielded a strong RVF effect for word identification and clearly no main effect for spatial-imagery ability. However, a highly significant 3-way interaction involving Ability, Sex, and Field emerged which, in turn, was qualified by a 4-way interaction that included Word Imagery (see Fig. 1.2). (It should be noted that neither of these interactions was qualified by the Order-of-Report factor, which will not be discussed at the present time.)

[image: ]Fig. 1.2 Mean correct word identifications as a function of spatial-imagery ability, sex, visual field, and word imagery (Study 1).
With respect to the 3-way interaction, a RVF effect for word identification was clearly apparent for high-spatial males (Hi-M) and low-spatial females (Lo-F). (All subjects but one, a low-spatial female, showed a RVF advantage.) The significance of the RVF effect was confirmed in separate ANOVAs of their respective data. A RVF effect was less apparent and, indeed, not significant for high-spatial females (Hi-F). It was absent completely for low-spatial males (Lo-M).

Thus, high and low spatials are comparable with respect to overall accuracy in word identification (cf. Ernest, 1979; Ernest & Paivio, 1971a), as are the sexes. However, the sexes within the ability groups do seem to differ in the “lateralization” of their linguistic functions. Male and female high-spatials are not similarly left-hemisphere lateralized for language, nor are male and female low-spatials. Indeed, low-spatial males appear to be bilateralized. (38% showed a RVF advantage and 50% a LVF advantage.) The results for high-spatial females are more ambiguous. Although the absence of a significant RVF effect suggests “bilateralization,” a RVF superiority was evident for all but one subject. Nevertheless, the left hemisphere advantage for the remaining subjects was somewhat weaker (in absolute terms) than that for high-spatial males and low-spatial females, in that order. Larger sample sizes in future should help to clarify their language-dominance status. Other evidence to be reported below, however, suggests that high-spatial females may indeed be more similar “linguistically” to low-spatial males than to the other two subject groups.1

1 For ease of discussion, the terms “lateralized” and “bilateralized” or “nonlateralized” are used throughout this chapter to refer to hemispheric specialization (or lack of it) as inferred from visual field results. It is recognized, however, as noted earlier and in the Concluding Remarks section of this chapter, that visual field effects may reflect other than “true” (i.e., neurological) differences in hemispheric specialization.

The two subject groups demonstrating significant RVF effects—high-spatial males and low-spatial females—also showed a weaker RVF effect for concrete words than for abstract words (see Fig. 1.2). This was most clearly evident for high-spatial males. A stronger RVF effect for AW than for CW is not surprising since it has been reported elsewhere in the literature (e.g., Ellis & Shepherd, 1974; Hines, 1976; Marcel & Patterson, 1978; see also Ley & Bryden, in press). However, these data suggest that a Word Imagery-Visual Field interaction may be specific to certain subject groups. High-spatial males, in particular, seem to be using right-hemispheric functions for processing concrete words, with their left hemispheres similarly efficient in concrete and abstract word identification.


Study 2: Picture Identification

The Paivio and Ernest (1971) study affirmed the superiority of high spatial-imagers in picture identification, but there was no suggestion that this superiority was exclusive to the right hemisphere of the brain (see Fig. 1.1, center panel). Indeed, ability differences were greater under RVF presentation conditions, that is, in the left hemisphere, with high imagers showing a slight bias in favor of the RVF and low imagers a bias in favor of the LVF, or right hemisphere. The present study sought to replicate this portion of that study for several reasons. The sample size was small, making an analysis of sex differences unfeasible; all stimuli were presented twice—once to each visual field—adding a potential memory component to the task (see Hardyck, Tzeng, & Wang, 1978; but see Schmuller, 1980); and the pictures used were all easily labeled. Ease of label retrieval clearly might inhibit right hemisphere involvement or, conversely, encourage left hemisphere processing of the pictures. It might also provide a potential advantage for high spatial-imagers who have been shown to be faster in picture naming than low imagers (Ernest, 1972).

In the present study (Ernest, 1982a), 20 high and 20 low spatial-imagers (8 males and 12 females in each group) were presented 32 outline drawings of pictures, once only, and for 30 ms, to the left or right visual field. The pictures were selected to vary in their verbal codability. They were selected in pairs such that the two members of a pair were matched as closely as possible on the frequency of their verbal labels (Thorndike & Lorge, 1944), picture familiarity, and labeling consistency (at least 75%); they differed, however, in the latency with which they could be be labeled (LLAT) (unpublished norms, Paivio’s lab). Short LLAT was defined as < 1.70 sec, long LLAT as > 1.75 sec.

Only a portion of the results will be mentioned here. With respect to sex differences—there were none; nor were there any interactions with gender. High spatial-imagers again significantly excelled in picture identification and a trend emerged for imagery ability and field of presentation to interact. This interaction, illustrated in Fig. 1.3, parallels precisely the trend obtained in the 1971 study. That is, the superiority of high imagers in picture processing is not exclusive to the right hemisphere of the brain; it obtains to both hemispheres with greater facilitation, in fact, occurring in the left hemisphere. Imagery ability did not interact with the verbal codability (LLAT) factor, even though this factor had a dramatic effect on performance. It seems, then, that the picture processing skills of high spatial-imagers are not exclusive to easy-to-label pictures.

[image: ]Fig. 1.3 Mean correct picture identifications as a function of spatial-imagery ability and visual field of presentation (Study 2).

Study 3: Picture Matching

This study minimized further the verbal processing component in picture recognition by eliminating the requirement of verbal identification. The task was one of picture matching or picture recognition memory. The same easy-to-label and difficult-to-label pictures were used as in the previous study and the subjects were those who had participated in the Word Identification experiment. The present study was conducted several weeks following completion of the Word study.

Exposure duration was 20 ms and presentation was to the left or right visual field. One second following stimulus presentation, an array of four pictures was presented tachistoscopically. One was the target item and the remaining three were lures that had been selected to be structurally similar to the target. The subjects’ task was to indicate verbally the location of the target item using the response system of top-left, top-right, bottom-left, or bottom-right.

Accuracy was extremely high in this study, averaging 86% for high spatials and 88% for low spatials. Clearly, there was no main effect for spatial-imagery ability. There was, however, for LLAT. That is, easy-to-label pictures were more accurately matched than difficult-to-label pictures despite the fact that labeling was not a requirement of this task. This codability effect was specific to two subject groups, however, as reflected in a significant interaction involving Ability, Sex, and LLAT and separate analyses of the four subject groups’ data. Figure 1.4 identifies these groups as high-spatial males and low-spatial females, the same groups most left-hemisphere lateralized for language in the Word Study.

[image: ]Fig. 1.4 Mean correct picture matches as a function of spatial-imagery ability, sex, and picture codability (Study 3).
The same (significant) interaction emerged when verbal response times (RT) were analyzed using subjects’ median response latencies for correctly matched pictures. Figure 1.5 shows that matching times were faster for easy-to-label (i.e., short LLAT) pictures for all four subject groups, but the inhibiting effect of difficult-to-label pictures is more apparent in the case of high-spatial males and low-spatial females.

[image: ]Fig. 1.5 Mean verbal response times for correct picture matches as a function of spatial-imagery ability, sex, and picture codability (Study 3).
Although the high-low spatial groups did not differ in accuracy, as already noted, high spatial-imagers did tend to respond more quickly (p = .07). There was no suggestion of an interaction with visual field of presentation, however. Thus, response times proved to be sensitive to spatial-imagery ability differences under circumstances of near-ceiling performance, but the picture processing capabilities of high spatial-imagers again were not exclusive to the right hemisphere of the brain.


Study 4: Random Shapes Matching

A more rigorous examination of the question concerning superior right hemispheric functioning was attempted using the random shapes generated by Vanderplas and Garvin (1959). These stimuli do not have agreed-upon verbal labels as do the pictures used in the previous two studies. But they do differ with respect to their association value (AV). Association value is defined by Vanderplas and Garvin as the percentage of subjects giving a “content” or a YES response to each shape during a 3-sec exposure. A “content” response is a one-or two-word naming response; a YES response was given if the shape reminded subjects of some object or situation but they had insufficient time to name it. Association value was varied in the present study within approximately the same range of high and low values for 6-point (low complexity), 12-point (medium complexity), and 24-point (high complexity) random shapes.

Eighteen high imagers (9 males, 9 females) and 20 low imagers (6 males, 14 females) participated. None had participated in previous studies. The shapes were presented unilaterally, for 30 ms, in a mixed sequence; that is, the Complexity factor was not blocked. Four sec later a single shape appeared for several seconds at fixation. The subject’s task was to respond SAME or DIFFERENT. The “different” items (50% of the trials) were of the same complexity as the target items, and were constructed to resemble the target. The dependent measure was the number of correct responses (SAME + DIFFERENT).

Accuracy levels were 74%, 73%, and 69% for low, medium, and high complexity shapes, respectively. Although Complexity per se was not a significant factor in recognition accuracy, Imagery Ability was (see Fig. 1.6). However, Ability was involved in interaction effects that differed for the three complexity levels.

[image: ]Fig. 1.6 Mean correct matches for random shapes of low (6-point), medium (12-point), and high (24-point) complexity as a function of spatial-imagery ability and visual field of presentation (Study 4).
Low Complexity Shapes. Spatial-imagery ability significantly predicted recognition accuracy when simple 6-point shapes were presented, but an interaction with field-of-presentation qualified this effect. Figure 1.6 clearly shows that the superiority of high imagers is specific to R VF presentation. The pattern of effects is remarkably similar to that previously reported for pictures (e.g., Paivio & Ernest, 1971, and Study 2 here). That is, high imagers show a slight “preference” for RVF-presentation (or left hemisphere reception) whereas low imagers clearly, in this instance, favor the right hemisphere for simple shapes recognition. (65% of low spatials showed a LVF advantage; 15% favored the RVF, and 20% showed no visual field preference. Percentages for high spatials were 39%, 39%, and 22%, respectively.) The discrepancy between spatial-imagery groups is again, then, particularly with respect to left hemispheric functioning. Consistent with the “picture” studies, there were no interactions with gender.

Medium Complexity Shapes. With respect to 12-point shapes, high spatial-imagery ability was again associated with significantly higher accuracy scores. But no interactions with Imagery Ability emerged. The 12-point shapes analysis was the only one in which AV had a significant (positive) effect on performance. Association value did not interact with any other factor, however.

High Complexity Shapes. The ability factor was unrelated to accuracy in the case of 24-point shapes. However, the interaction of Imagery, Sex, and Field was marginally significant (p = .06; see Fig. 1.7). Two patterns are evident here. First, high-spatial males and low-spatial females are (again) “behaving” similarly, as are high-spatial females and low-spatial males. More importantly, the sexes within the low-spatial group are noticeably different in their performance. Males tend to find complex shapes easier to match if first they access the right hemisphere, as both sexes did when the shapes were simple. (50% showed this advantage; 33% showed a left-hemisphere advantage.) The reverse is the case for females. (64% of females showed a RVF advantage, the same percentage showing a LVF advantage for 6-point shapes. 21% favored a LVF presentation for 24-point shapes.) This suggests that females may now be utilizing a different—perhaps a linguistic—processing strategy.

[image: ]Fig. 1.7 Mean correct matches of high complexity (24-point) random shapes as a function of spatial-imagery ability, sex, and visual field of presentation (Study 4)
Evidence that this may be so emerged from a correlational analysis in which Associational Fluency (FLU) scores were correlated with accuracy scores for 6-, 12-, and 24-point shapes within the male and female samples. (Recall that the sexes do not differ in fluency.) For low-spatial females, the correlations were essentially zero between FLU and LVF (or right hemisphere) performance for all three levels of complexity. For RVF (or left hemisphere) performance, however, the correlation was significant and positive only in the case of 24-point shapes. The pattern for low-spatial males was somewhat different, with a tendency towards positive correlations between FLU and LVF performance reaching significance for 24-point shapes. Thus, highly complex shapes did seem to evoke a different processing strategy in females, one which could have been verbal in nature.

It is difficult to contrast the results obtained in this study with random shapes studies reported in the literature (e.g., Dee & Fontenot, 1973; Fontenot, 1973; Hannay, 1976; Hannay, Rogers, & Durant, 1976). This is because the published studies are sometimes inconsistent with respect to differential visual field effects for simple and more complex shapes. The present results do affirm Hannay’s point, however, that subject characteristics such as spatial ability and sex differences must be considered in such studies (Hannay, 1976; Hannay, Rogers, & Durant, 1976).

The correlational analysis carried out within Imagery-Sex groups raises the broader question of differential strategy “implementation” in high- and low-spatial males and females and, importantly, whether strategies other than those associated with one’s spatial ability (particularly in the case of high spatials) may be accounting for the results obtained in this and previous studies. Such questions will be raised again in the course of presenting a framework of hemispheric functioning for high and low spatial-imagers which encompasses the data from these studies.


A Framework of Hemispheric Functioning

The question Al Paivio and I began with 10 years ago seemed relatively straightforward. The answer to that question clearly is not. My expectations in pursuing the question had not been quite so naive as to assume that because verbal ability was controlled, and because both males and females were selected as high and low spatials, that sex differences and verbal processing factors would not play some role in perceptual recognition. Our own work, as well as an examination of the learning and memory literature (see Ernest, 1977), dictated otherwise. Nevertheless, I had not anticipated the Imagery-Sex-Linguistic pattern that emerged here.

The results of the four studies are summarized in Table 1.1. The framework within which these results will be interpreted and discussed is illustrated in Fig. 1.8. This framework of hemispheric functioning postulates the existence of four distinct Imagery-Sex/Linguistic groups. The sexes within each spatial-imagery group are represented as relatively consistent with respect to spatial functions. That is, high-spatial imagers, regardless of their sex, are viewed as bilateralized for spatial functions. Low spatial-imagers, on the other hand, are viewed as right-hemisphere dominant for such functions. The sexes within, and across, the spatial-imagery groups are not consistent, however, with respect to hemispheric specialization of linguistic functions. High-spatial males and low-spatial females are most clearly left hemispheric dominant. High-spatial females are represented as “weakly” left hemisphere lateralized, and low-spatial males as most clearly bilateralized for language. The bases for this characterization will now be briefly reviewed and supplemented, where possible, by additional evidence.



Table 1.1 Summary of Significant Effects and Trends					
Study 4: Random Shape Matching

	
Effects
	
Study 1: Word Naming
	
Study 2: Picture Naming
	
Study 3: Picture Matching
	
6-Point
	
12-Point
	
24-Point

	
ABILITY
	
NOT SIGNIFICANT (NS)
	
SIGNIFICANT (SIG)
	
NS: Accuracy MARG. SIGa: Latency
	
SIG
	
SIG
	
NS

	
SEX
	
NS
	
NS
	
NS
	
NS
	
NS
	
NS

	
FIELD
	
SIG
	
NS
	
NS
	
NS
	
NS
	
NS

	
ABILITY X HELD
	
MARG SIG RVF effect stronger in Hi than Lo; see interactions below, however
	
TREND Hi—RVF trend; Lo—L VF trend. Greatest difference in RVF
	
NS
	
SIG Hi—RVF trend; Lo—strong LVF effect. Difference in RVF only
	
NS
	
NS

	
SEX X HELD
	
NS
	
NS
	
NS
	
NS
	
NS
	
NS

	
ABILITY X SEX X HELD
	
SIG Hi-M and Lo-F: RVF effect; Hi-F and Lo-M no RVF effect
	
NS
	
NS
	
NS
	
NS
	
MARG. SIG Hi-M and Lo-F: RVF better; Hi-F and Lo-M: LVF better. But interaction primarily due to sex differences in Lo group.

	
ABILITY X SEX X FIELD X WORD IMAGERY
	
SIG Hi-M and Lo-F: weaker RVF effects for CW than AW
	
NOT RELEVANT (NR)
	
NR
	
NR
	
NR
	
NR

	
CODABILITY OF NONVERBAL STIMULI (i.e., LLAT and AV)
	
NR
	
SIG
	
SIG
	
NS
	
SIG
	
NS

	
ABILITY X SEX X NR CODABILITY
	
NR
	
NS
	
SIG Hi-M and Lo-F more affected by codability factor than Hi-F and Lo-M
	
NS
	
NS
	
NS


aMARGINALLY SIGNIFICANT (p ⋜ .07).
[image: ]Fig. 1.8 Proposed framework of hemispheric functioning for males and females of high and low spatial-imagery ability.
Specialization of Linguistic Functions. The designation just described for the specialization of language functions evolved primarily from the Word Identification study. In this study a significant R VF effect for language processing emerged only for high-spatial males and low-spatial females; thus, their designation as left hemisphere dominant for language. Low-spatial males emerged most clearly as bilateralized. Their L VF and R VF performance in the Word study were essentially identical. Most difficult to designate are high-spatial females. The absence of a significant RVF effect for word identification suggests that they are not as lateralized as high-spatial males and low-spatial females. But neither are they as bilateralized as low-spatial males. Nevertheless, they do have certain linguistic behaviors in common with low-spatial males (see following), and so are viewed here as more similar in language dominance to low-spatial males than to the other two subject groups.

Thus, two “linguistic” groups that cross spatial and sex boundaries are proposed. One group is lateralized (i.e., Hi-M and Lo-F), the other is not (i.e., Hi-F and Lo-M). Some of the evidence that supports this dichotomy comes from the studies reported here. Possibly the strongest is the fact that the lateralized linguistic group shows evidence of verbally processing pictures in the Picture Matching study (see Figs. 1.4 and 1.5). Little evidence of such processing emerged for the nonlateralized group. Also, the lateralized group is consistent in its tendency to right-hemisphere (spatially?) process high-imagery/concrete words relative to low-imagery/abstract words (see Fig. 1.2). This tendency is not present in the nonlateralized linguistic group.

The Word Identification study revealed another characteristic common to the two subject groups comprising each linguistic group. The lateralized group showed no evidence of perceptual trace decay as defined by first versus second report data. The nonlateralized did; that is, the second of two words to be identified in the Word study was reported less accurately than the first, although the difference was significant only in the case of low-spatial males.

Specialization of Spatial Functions. The designation of high spatial-imagers as bilateralized for spatial processing is based on the remarkable consistency they show in their visual field performance across different types of nonverbal material. For picture identification (see Figs. 1.3 and 1.1, center panel) and random shapes recognition (see Fig. 1.6)—as well as geometric forms identification in the Paivio and Ernest (1971) study (see Fig. 1.1, right panel)—high spatials perform equally well regardless of the hemisphere initially stimulated. Although a bias favoring the R VF, or left hemisphere, emerged in several instances, it was never marked—except in its consistency. In fact, when only high spatials’ data from the random shapes study were analyzed, the R VF superiority did not emerge as significant.

Nevertheless, an attempt was made to determine the basis of this trend. Could individual differences factors other than those reflected in superior spatial visualization test scores account for it? Recall that the spatial groups did not differ in verbal fluency, the index of verbal ability most typically associated with sex differences and left-hemisphere functioning (see McGlone, 1980). Test scores were also available for the subjects tested here for a vocabulary (VOC) index of verbal ability (i.e., Advanced Vocabulary; Ekstrom et al., 1976) and for subjects’ stated preferences for verbal (V) and imaginai (I) thinking (i.e., the Individual Differences Questionnarie; Paivio, 1971). In none of the studies reported here did the two ability groups (or, indeed, the four subject groups) differ in their IDQ-V (or IDQ-I) scores. High spatial-imagers did excel in VOC in the Picture Identification and Random Shapes studies, but correlations computed across all subjects, and for overall performance, revealed the absence of any significant relationship between VOC and picture identification, or 6- and 24-point shape recognition. (Interestingly, VOC correlated significantly and positively with 12-point recognition, the only level of complexity in which AV had a positive influence on performance.)

Perhaps more relevant here are the correlations computed between verbal scores (FLU, VOC, IDQ-V) and left vs right visual field performance within the spatial ability groups; that is, correlations pertinent to whether the ability groups “used” their verbal skills differentially in performing nonverbal tasks. These correlations suggested no clear reason for the R VF bias of high spatials. This is because any significant correlations obtained, which were pertinent to enhanced R VF performance, were not consistent across the nonverbal materials demonstrating this bias or across the sexes when, indeed, male and female high spatials did not differ in performance.

At the present time, the most plausible explanation for the RVF bias seems to be a “hard-wired” rather than a strategic one. That is, it is proposed here that the left hemisphere of high spatials processes spatial information as efficiently as the right. But we know that language-production systems are localized in the left hemisphere of right-handed individuals. Because all tasks described here required some form of verbal output, it seems reasonable to infer that the readier access of left-hemispheric encodings to the left-hemisphere language-production center resulted in the tendency to “favor” RVF presentation.

Unlike high spatials, low-spatial individuals are variable in their visual field performance across different types of nonverbal material. They tend to favor L VF presentation for pictures (see Figs. 1.3 and 1.1, center panel) and for simple random shapes (see Fig. 1.6). More complex random shapes and geometric forms, on the other hand, tend to yield a RVF superiority (see Figs. 1.6 and 1.1, right panels) although (unlike high spatials) the sexes may differ (see Fig. 1.7). The performance correspondence between simple random shapes and pictures may be explained by Vanderplas and Garvin’s (1959) association-value norming study in which they report that “shapes of low complexity evoked… responses which were reflective of their resemblance to objects. Shapes of greater complexity seemed to evoke responses of greater variety of content, in the sense that they did not reflect clear resemblances of objects [p. 153].” The absence of a behavioral correspondence between simple shapes and geometric forms recognition may also be explained by Vanderplas and Garvin’s report that although some of their simpler shapes strongly resembled geometric forms, these shapes often did not evoke content or even “yes” responses from their subjects.

This more complex pattern for low spatials has led to their designation as right-hemisphere dominant for spatial functions, albeit rather limited spatial functions. That is, low spatials do seem to be capable of right-hemispheric nonverbal processing when the stimuli resemble, or are referents of, simple real-world objects. But when stimuli are structurally complex, or perhaps more abstract symbolically, a left-hemispheric “linguistic” approach seems to become more adaptive in the face of poor spatial encoding skills (i.e., low spatial ability), particularly for females. The right-to left-hemisphere strategy change may be more evident in females than in males because of females’ stronger left-hemispheric dominance for language. Correlational evidence mentioned earlier suggested that language bilateralized low-spatial males may also be linguistically processing highly complex shapes, albeit in the right hemisphere.

The results from a replication study of the simple (6-point) random shapes condition provide further insight into the type of encoding behavior engaged in by low-spatials, particularly low-spatial males. The subjects in this replication study were the same as those in the Word Identification and Picture Matching studies. As before (see Study 4), high and low spatial-imagers differed significantly in performance—particularly RVF performance—although the Ability-Field interaction was not significant. Low-spatial males performed particularly poorly in this study, as they also tended to do in the earlier Shapes study for 6-and 12-point stimuli. But a postexperimental strategies questionnaire suggested a possible source of their difficulty. Although the majority of subjects in all four Imagery-Sex groups (5 or 6 out of 8) reported using an imagery strategy in performing the 6-point shapes matching task, low-spatial subjects—and particularly males—were more likely than high spatials to endorse as their primary strategy the statement “I held a visual image of some part(s) of the first shape in my ’mind’s eye’ and then matched it with the second shape,” rather than “I held a complete visual image of the first shape….” These data, although only suggestive at this point because of small sample sizes, do associate poor performance with an inability to hold a complete image in one’s visual memory (see also Carpenter & Just, in press), even when it is relatively simple in structure. This inability seems to have less of a detrimental effect on LVF than RVF performance for low-spatial subjects.

Correspondence of the Proposed Framework to Other Abilities. One implication of the proposed framework is that enhanced or above-average performance on a psychometrically-tested ability may not reflect superior functioning in the hemisphere typically associated with that ability. Instead, it may reflect bihemi-spheric involvement in the processes underlying that ability. Evidence in the literature relevant to other aptitudes or abilities, although sparse, nevertheless seems to concur with this speculation. These other abilities are musical aptitude and verbal ability.

Until recently, it has been assumed that music perception is predominantly mediated by the right hemisphere of the brain (see Bradshaw & Nettleton, 1981, for a review). Not only has this view been modified, with “an increasing emphasis upon bihemispheric mediation of musical functions” (Bradshaw & Nettleton, 1981, p. 53), but individual differences in musical experience and aptitude have qualified notions of any unihemispheric dominance for music perception. Most relevant here is a study by Gaede, Parsons, and Bertera (1978). These investigators found that musical aptitude and musical experience or training (see Bever & Chiarello, 1974) independently influence performance, but only musical aptitude predicts ear asymmetries on two music analysis tasks. Importantly, high aptitude individuals (regardless of gender) demonstrated no hemispheric (i.e., ear) differences on either a musical chord (simultaneous?) analysis test or a musical memory test that required sequential analysis. Low musical aptitude individuals, on the other hand, demonstrated right hemispheric superiority for the chord test and left hemispheric superiority for the memory sequence test. From these findings the authors conclude that musical aptitude is more critical than musical experience in determining hemispheric superiorities (cf. Bever & Chiarello, 1974) and that musical aptitude reflects “relatively fixed and enduring hemispheric processing perferences rather than potentially modifiable, educable hemispheric strategies” (p. 369).

The general pattern of these results is remarkably in accord with present speculations. So too are results reported in Hunt et al. (1975) with respect to verbal ability, if the data are re-interpreted within the present context. Relevant here is a study (by Poltrock, cited in Hunt et al., 1975) on judgments of temporal order. Subjects differing in verbal ability were presented pairs of speech and nonspeech sounds (i.e., ba, da, ga and buzz, hiss, tone, respectively) to the left and right ears, separated by an interval of 50 ms. They wrote down which sound, of the pair, was heard first. High verbals showed no ear advantage, regardless of stimulus type and regardless of the presumably sequential (i.e., left hemisphere) processing requirements of the task. Low verbals, on the other hand, showed “the sort of advantage that would be expected given the type of stimulus” (Hunt et al., 1975, p. 208); that is, a right ear (or left hemisphere) advantage for speech stimuli and a left ear (or right hemisphere) advantage for nonspeech stimuli. Together, these two instances provide convergent support for the notion that enhanced abilities may not be hemisphere specific but may reflect a general (i.e., “whole brain”) processing attitude.


Relevance of the Proposed Framework to General Cognitive Functioning

The purpose of this final section is to examine the relevance or utility of the proposed framework by addressing the following question: What difference does it make if individuals are characterized as lateralized for spatial or verbal functions, or both, or neither? This question can be answered in general terms first by arguing that if individual differences in hemispheric functioning are found to be associated with other behavioral differences among individuals, such as those involving higher levels of cognitive functioning, then valuable insights will have been gained into possible brain-behavior relationships. Can such associations be demonstrated here? My judgment is that they can; at least, the evidence is encouraging. It is evidence that will now be discussed.

A recent review of the literature on imagery ability and cognition (Ernest, 1977) concluded with a statement of need for closer examination of the relationships) among imagery ability, verbal processing, and sex differences. This conclusion was based, in part, on results reported in the learning and memory literature. A not-uncommon finding in this literature is the fact that (a) individual differences in spatial-imagery ability sometimes yield different effects for male subjects than for female subjects, and/or that (b) the sexes within a spatial-imagery group—particularly the high spatial group—do not always “behave” similarly. The organizing framework, or model, presented here provides one possible explanation for, or correlate of, these previously puzzling findings.

In one study (Ernest & Paivio, 1971a, Expt. 1), for example, subjects were required to free recall a mixed list of pictures and concrete nouns. A significant three-way interacion involving Ability, Sex, and Stimulus Type resulted. For males, high spatial-imagers excelled in both picture and (particularly) word recall. For females, high spatial-imagers also excelled in picture recall but low imagers excelled in word recall. This facility of low-imagery females in remembering unrelated strings of words has also been found in other studies involving the free recall paradigm (e.g., Stewart, 1965), as well as recognition memory (Stewart, 1965) and a modification of the Brown-Peterson short-term memory task (Anderson, 1973).

The results for pictures correspond to present (and past) findings that high spatial-imagery ability is typically associated with efficient picture processing. The “word” results, on the other hand, isolate as excelling those subject groups identified here as left-hemisphere dominant for language, namely, high-spatial males and low-spatial females.

The results of a recent investigation of recognition memory for pictures and concrete words can be interpreted similarly (Ernest, 1982b). Subjects in this study received homogeneous lists of 80 concrete words and 80 pictures. Following presentation of each list, a test list of 80 items was presented. It consisted of 40 “old” items as well as 40 distractor or “new” items. The subjects’ task was to indicate whether each item in the test list was “old” or “new” and to rate the confidence of their judgments on a 4-point scale. Three scoring procedures were used—NC, representing the number correct (i.e., hits + correct rejections); a confidence-weighted score(CWS) whereby subjects’ responses were weighted in accordance with the assigned confidence rating (“+” if correct, “–” if incorrect) and summed; and d', a measure of memory trace sensitivity.

Subjects had previously completed a large battery of imagery and verbal tests and questionnaires. Correlations were computed between these scores and the three recognition memory scores for pictures and words. Only correlations for the two spatial visualization tests used here to define spatial-imagery ability are presented in Table 1.2, and separately for males and females.


Table 1.2 Pearson r Correlations between Spatial Visualization Tests and Recognition Memory for Pictures and Concrete Words		
Males (n = 72)

		
Pictures
	
Concrete Words

		
NC
	
CWS
	
d'
	
NC
	
CWS
	
d'

	
Space Relations
	
.34**
	
33**
	
.25*
	
.21
	
.17
	
.17

	
MPFB
	
31**
	
.32**
	
.28*
	
.25*
	
.25*
	
.30*

		
Females (n = 137)

		
Pictures
	
Concrete Words

		
NC
	
CWS
	
d'
	
NC
	
CWS
	
d'

	
Space Relations
	
17*
	
.10
	
.20*
	
.06
	
.08
	
.03

	
MPFB
	
.23**
	
.20*
	
.20*
	
.03
	
.04
	
−.02


**p < .01.*p ⋜ .05.
The significant correlations between the spatial tests and picture recognition memory for males and females is consistent with their superior picture processing skills as reported here and in previous studies (e.g., Ernest, 1979; Ernest & Paivio, 1971a). But the “word” results differ for the sexes. Recall that for males, high spatial ability is accompanied by left-hemisphere lateralization of language, perceptual trace persistence for words, and evidence for right-hemispheric processing of concrete words. Low spatial ability for males is associated with bilateralization of verbal functions and rapid trace decay for words. The significant correlations between spatial test performance and recognition memory for concrete words in Table 1.2 are interprétable in this light. For females, however, low spatials have the “linguistic” qualities of high-spatial males, whereas high spatials have those of low-spatial males—although not as extremely so in either case. Zero to negative correlations may thus be expected and were, in fact, obtained.

The final reference to results from the cognitive literature concerns male-female performance differences within the high spatial-imagery ability group. Ability-Sex interactions found in two studies have assumed the general form illustrated in Fig. 1.9. One study was of paired-associates learning in which Stroop-type stimuli served as the stimulus terms (e.g., the word YELLOW printed in blue ink) and concrete nouns as responses (Ernest, 1968). Subjects were instructed to use as their functional stimulus either the word itself (ignoring color) or the color in which the word was painted. High-imagery females significantly surpassed high-imagery males whereas male and female low spatial-imagers did not differ. A second study investigated incidental learning (Ernest & Paivio, 1971a, Expt. 2). Subsequent to an orienting task in which briefly-exposed pictures, concrete words, or abstract words were to be identified, subjects were given an unexpected free recall task. Again, high-imagery females excelled. They recalled significantly more items than their male counterparts.

[image: ]Fig. 1.9 General form of the interaction between spatial-imagery ability and sex differences in the cognitive literature.
In neither of these studies were the Ability-Sex interactions qualified by the verbal/nonverbal character of the stimulus materials. That is, the interactions crossed the color/word functional stimulus conditions in the first study and the picture/concrete word/abstract word stimulus conditions in the second study. One possible explanation for the superior performance of high-imagery females emphasizes memory factors. Females typically excel in memory tasks regardless of the verbal/nonverbal nature of the material (e.g., Ernest, 1981b; Ernest & Paivio, 1971a, Expt. 1). Perhaps this advantage, combined with high spatial skills, particularly benefited high-imagery females. But this explanation is less than satisfactory for two reasons. First of all, females who are high in spatial-imagery ability sometimes excel in performance relative to all three subject groups (see Ernest & Paivio, 1971a, Expt. 2), including low-spatial females—in spite of the fact that high spatial ability does not seem to be associated with superior word memory in females (see Table 1.2). Secondly, a similar (significant) interaction occurred in an auditory recognition task that typically would be considered to fall outside the realm of “higher’’ cognitive functioning. In this study (see Ernest, 1979, Expt. 5), subjects received homogenous lists of environmental sounds, concrete words, and abstract words for identification. Each item was masked by white noise which decreased systematically in intensity over the 10 repetitions of an item. Male and female high spatial-imagers differed in performance; mean trials to recognition (across stimulus types) were significantly higher for males than for females. Low-imagery males and females did not differ.

Any explanation of the Ability-Sex interactions that could apply to all three instances of its occurrence would clearly be preferred. The framework of hemispheric functioning proposed here does not directly provide such an explanation but it nevertheless does allow some speculations that are open to further test.

Consider first the tasks themselves. All three involve distinct multiple stimulus elements or response requirements. In the first instance (i.e., Ernest, 1968), subjects had to attend to one component of a compound (Stroop) stimulus and ignore the other; in the second (i.e., Ernest & Paivio, 1971a, Expt. 2), subjects had to recall unexpectedly the names of stimuli they had just identified; and in the third study (i.e., Ernest, 1979, Expt. 5), the task (again) required that only one component (i.e., the signal) of a compound stimulus (i.e., signal + noise) be attended to. Further, and perhaps more important, in all three tasks the encoding strategy most conducive (one assumes) to good performance was evident either in the form of instructions to subjects (i.e., color vs word; Ernest, 1968), orienting task demands (i.e., written identification; Ernest & Paivio, 1971a, Expt. 2), or prior knowledge of stimulus mode (i.e., sounds vs words; Ernest, 1979, Expt. 5). Taken together, this intuitively-based task analysis suggests that superior performance on these tasks is associated with the ability to utilize/maintain an encoding strategy congruent with explicit task demands, particularly under circumstances of interference (as in the paired-associates learning and auditory recognition studies).

Consider now the subject groups most consistently implicated in performance differences—high-spatial females and high-spatial males. The only difference between these groups, according to the proposed framework, is in the lateralization of their verbal functions. Weak left hemispheric dominance (or bilateralization) for language, which characterizes high-spatial females, seems to be associated with a tendency not to process pictures verbally (when, in fact, it is not essential to performance) and not to spatially (i.e., right hemisphere) process concrete words. But these behavioral characteristics also describe low-spatial males—and high-spatial females on occasion surpass even them in performance (e.g., Ernest & Paivio, 1971a, Expt. 2).

It, therefore, seems more reasonable to infer that the important characteristic that distinguishes high-spatial females from high-spatial males—and indeed the other subject groups—is not bilateralization for language but bilateralization of both linguistic and spatial functions. Such bilateralization implies the existence of independent verbal and nonverbal or spatial processing systems that cross hemispheric boundaries. It also implies a relatively strict adherence to stimulus mode-processing mode congruence, a congruence which may be particularly adaptive under conditions of high interference. Although speculative at this stage, these notions are nevertheless testable using, for example, a concurrent task paradigm in which a noncentral or “unattended” task may, or may not, facilitiate processing of a central or “attended” task.


Concluding Remarks

Is high spatial-imagery ability associated with superior right hemispheric functioning? The evidence to date suggests not. It suggests that the nonverbal perceptual recognition superiority of high spatial-imagers is not right-hemisphere specific but seems to be associated with enhanced capabilities of the left hemisphere to process spatial information.

This conclusion emerged from the fact that, for high imagers, visual field differences are small and more stable in their direction across different types of nonverbal stimuli than for low imagers.
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