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Untame my brain 

Give me a name 

Hear my faith 

Seal my fate.. 

- Tonya Donelly 

from the song 'Seal my fate' 

recorded by Belly on King (7995) 
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ABSTRACT 

Three experiments examined how humans make same-different judgments of 

simultaneously presented letter pairs using the entire English alphabet, in two tasks: a 

letter category task in which pairs of letters in different letter cases (instances) belonged 

to the same (e.g., "X x") or different (e.g., "X o") letter category; and a letter instance task 

in which pairs of letters in the same letter category belonged to the same (e.g., "X X") or 

different (e.g., "X x") letter instance. Three experiments used these two tasks to present 

letter pairs in different arrangements: Experiment 1, centrally to both cerebral 

hemispheres; Experiment 2, laterally to either the left or right cerebral hemisphere; 

Experiment 3, laterally to either different hemispheres or to the same hemisphere. The 

roles of nominal identity (letter names), orthographic identity (how letter graphemes 

correspond to letter phonemes), and abstract visual-form identity (letter categories) were 

investigated by examination of letter confiisability. The results indicate that visual and 

not nominal identity is used to perform the letter category task. In addition, women (but 

not men) used orthographic identity to solve the letter category task during some 

conditions of all three Experiments. A new kind of analysis indicates that, across-sex^ 

letter category predicts 82% of the variance in response latency to same-category 

judgments, but only 14% of the variance in response latency to jame-instance judgments, 

functionally dissociating form-invariant (category) and form-variant (instance) visual 

information. Women (but not men) use form-invariant (category) information when 

making different-instance judgments - even when such information is insufficient for 

solving that task - and consequendy, women's cerebral asymmetries are shifted and their 
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interhemispheric communication of information is selectively impaired (relative to men) 

when this information conflicts with that necessary to solve the task. Thus, the kind of 

information, rather than the number of cognitive processes, determines how processing is 

lateralized and integrated across the cerebral hemispheres in letter matching tasks. 

Comparisons of presentations to both and single hemispheres indicate that hemispheric 

dominance is dissociated from hemispheric asymmetry as a function of sex-dependent 

attentional strategy and informational conflict in interhemispheric interaction. 
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CHAPTER I:  INTRODUCTION 

Recognizing objects from their shapes is a faculty that allows organisms to extract 

meaning from and navigate successfully through environments. This recognition capacity 

is equally critical for the symbols used in representing language: Everyday tasks 

involving reading require that the visual-form of the script be correctly identified. 

Although the modem Roman alphabet is a relatively absttact and arbitrary means of 

linguistic representation, it has its roots in the syllabic and pictographic system of the 

ancient Egyptians (Healey, 1990). Understanding how the brain recognizes and identifies 

these abstract and arbitrary letter-shapes is of direct scientific interest; however, it is also 

of interest more generally, because of the prevalent use of letter stimuli in basic 

psychological research on attention, perception, and memory. A common example is a 

task that requires participants to determine if letters are the same or if they are different. 

Such cognitive operations are deceptive because the ease with which humans perform 

them masks the complexity of the processing involved: Indeed, the very range of 

explanations and mechanisms over the past several decades for this elementary faculty 

belies the prima facie simplicity of this capacity. This manuscript critically examines the 

nature of same and different judgments for letter stimuli and some aspects of how the 

human brain determines such decisions. 

One particularly interesting aspect of letter identification and its use in letter 

matching is the variety of letterforms present in modem usage. Roman type is a 

dichotomy of majuscules - large, formal letters - and miniscules - small, casual letters. 

The larger case is a legacy of the Roman Empire and is derived firom inscriptions in 
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stone, while the smaller case is a legacy of the Holy Roman Empire and is derived from 

religious handwriting (Bringhurst, 1996). Given that these two forms of writing 

developed for expression on different media - stone vs. paper - it is not surprising that 

many letterforms are quite different across the two cases. For example, the strokes and 

angles of an uppercase letter "E" facilitate them being chiseled into stone, while the 

slopes and curves of a lowercase "e" facilitate them being scribed onto paper. How does 

our brain determine that these two visually different letterforms correspond to the same 

letter and not to the letters of the visually more similar forms of "F' or "c?" Three 

answers ha-.e been proposed in the literature: nominal identity, visual generation, and 

abstract visual-form identity. I review each of these and introduce a fourth, new 

explanation: orthographic identity - how letter graphemes map to phonemes. 

Name Matching is Only Nominally Nominal 

Posner and Mitchell (1967) proposed a levels-of-processing model of same letter 

matching: Different nodes of processing are arranged in a hierarchy of levels, each 

having it own degree of complexity. On the bases of relatively longer latencies, they 

concluded that name identity matches (e.g., A a) were performed in a different and more 

complex node of processing than physical identity matches (e.g., A A). This conclusion 

was based initially on two experiments with only six different letter categories: a, b, f, 

and k in one experiment, and a, b, c, and e in the other experiment. They noted that the 

difference in nodes of processing (e.g., name identity vs. physical identity) was not 

entirely discrete: Letter pairs that are similar m upper- and lower-case shape (i.e., C c) 
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were intermediate in same latency, compared to letter pairs dissimilar in upper- and 

lower-case shape (i.e., A a, B b, E e) and to identical letter pairs in the same case (e.g., 

A A, B B, E E). Posner and Mitchell concluded from this evidence that matching could be 

made via visual similarity; accordingly, many researchers have excluded such letters 

pairs from their materials, with the presumptive rationale that such analog visual 

processes do not require nominal processing presumed to be required for matching letters 

in different letter-cases. 

Hence, letters visually similar in upper- and lower-case shapes are either under-

represented or not represented at all in the stimuli choices of researchers (see Table 1). 

This restriction of letter pair stimuli to pairs that demonstrate the desired latency effect -

pairs containing letters dissimilar in upper- and lower-case shapes - has resulted in the 

perception that Posner & Mitchell's nominal account of different-case letter matching is 

empirically supported. Yet, this "robust" empirical result obtains for only two-thirds of 

the letters in the alphabet; those letters for which this empirical result is not expected to 

obtain are intentionally avoided for use as stimuli. 

There is a devastating tautolo^ ia this limitation of experimental materials - one 

that has never been noted. Specifically, letters that demonstrate the predicted effect are 

processed via nominal identity, and those that do not demonstrate the predicted effect are 

not processed via nominal identity (they are processed by visual identity). Such 

redundant reasoning - that letters are either processed nominally or they are not -

precludes empirical falsification because it is necessarily true. However, claiming this as 

"evidence" that different-case matching is nominal is as scientific as using buoyancy as 
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Table 1 
Letters used as stimuli in different-case letter matching 
Letters Study 
a b e  g h q r t  Banich & Belger (1990) 
a  b f g  h m p q r t  Belger&Banich(1992; 1998) 
a g t  Birkett(1981) 
b c f g h j k n o p q s t u x  Boles (1986) 
a b d e g h n q r t  Cohen (1972) 
a b Davis & Schmit (1973) 
a d e f g t  Eviatar, Hellige, & Zaidel (1997) 
a b d e f g h i j l m n q r t y  Eviatar, Zaidel, & Wickens (1994) 
ae m r Geffen, Bradshaw, & Nettleton (1972) 
f h j k l m t v z  Krueger(1983) 
a b e h  Ledlow, Swanson, & Kinsboume (1978) 
a b c e f k  Posner & Mitchel (1967) 
a b e  g h  Proctor (1981) 
a e  i o u  Salmaso & Umilta (1982) 
ae m Segalowitz & Stewart (1979) 
b e d g p  t  Umilta, Sava, & Salmaso (1980) 
a b d f g h n r  Weissman & Banich (2000) 

positive indicator for witchcraft: Those who fail the "test" are conveniently never seen 

again. The lack of published data on how humans make same-different decisions for all 

letters of the English alphabet is a testament of the strength of such medieval reasoning. 

In sununary, those letters that might not demonstrate the predicted effect - and thus 

would suggest evidence against the nominal identity hypothesis - have been purposefully 

avoided in the same-different letter matching literature. A survey of the literature 

illustrates that this compromising methodological bias is further flawed; Its 

implementation by the field as a whole is imprecise and unsystematic. Table 1 lists letters 

chosen by various researchers — in most cases explicitly to be visually different - for use 

in different-case letter matching tasks. Inspection reveals that there is poor agreement 

among researchers on what constitutes "visually dissimilar" or "visually distinctive." In 
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many cases, letters excluded by some researchers are included specifically by other 

researchers for the very same characteristic. Indeed, not one of these studies used 

published visual similarity ratings (e.g.. Boles & Clifford, 1989) as the basis for including 

or excluding stimuli. This unsystematic control of experimental materials makes 

generalization across studies difficult in practice, if not suspect in principle. 

Restated forcibly, Posner and Mitchell's empirical basis for the distinction between 

nominal and physical codes in letter matching is not a valid scientific test of this 

distinction because it cannot be falsified. Another empirical approach besides the 

subtractive latency method and exclusion of letters with visually similar upper- and 

lower-case forms - one open to falsification and applicable to all letters of the alphabet — 

must be used if nominal identity is to be investigated as an explanation for how different-

case letter matching is accomplished. 

One purpose of this work is to demonstrate logically and empirically that differences 

in latency between different case (letter category) and same case (letter instance) 

matching provide insufficient evidence to support a nominal information-based model of 

different case letter (category) matching. 

The Confusion About Confusability 

In addition to the logical problems of a nominal model of same letter matching just 

discussed, there is also an empirical difficulty with a nominal model of different trials 

when letters are paired in different cases: Nominal confusability is predicted on different 

trials by nominal model, but is not found for such pairs, suggesting that a nominal code. 



while plausible, is not actually engaged in different-case letter matching (Bigsby, 1988; 

Boles, 1986; Boles & Eveland, 1983; Carrasco, Kinchla, & Figueroa, 1988). In contrast, 

nominal confusability has been found for rhyming matches (e.g.. Boles, 1986), and visual 

confusability has been found for physical identity matches (e.g., Bagnara, Boles, Simion, 

& Umilta, 1983), indicating that confusion effects can indeed predict performance on 

letter matching tasks. Indeed, visual confusability is also found for cross-case matches 

suggesting that they are performed using a visual representation (Bigsby, 1988). 

Together, these findings suggest that different-case letter matching does not necessarily 

rely on nominal identity. 

Boles (1986; 1992; Boles & Eveland, 1983) has proposed a visual generation model 

of different-case letter matching, in which one or both members of a letter pair activate 

memory representations of the presented form and a visually generated complimentary 

case form (e.g., when an "A" is viewed, the representation of both "A" and "a" are 

activated). Such a model accounts for confusability between letter-categories - latencies 

and error rates to different pairs such as Q g are increased because they are visually 

similar to same pairs like O q and G g. The confusability of Q with G and g with q could 

also be explained by fact that each shares a subset of relatively invariant features that 

weakly activate both letter categories when processed by an abstract visual-form 

subsystem (Marsolek, Nicholas, & Andresen, 2(X)1). In addition, the visual generation 

model predicts similar confusion effects in different-case letter matching for letters that 

are visually similar in their uppercase and lowercase forms (e.g., P p or S s); however, 

matching judgments about such visually similar letterforms are performed faster and 
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more accurately then decisions about letters that are visually dissimilar in their uppercase 

and lowercase forms such as A a or Q q (Marsolek et al., 2001), suggesting that matching 

different-case letters may not be performed using a visual (token) generation mechanism. 

Many researchers discuss the role of phonological processing (including 

confusability) in different-case letter matching, but they invariably refer to the phonemes 

of the letter names per se, not to the phonemic values that letters can take in words. Thus, 

the term "phonological" is used loosely in the letter-matching literature to refer to either 

of two specific kinds of phonemic information: nominal and orthographic. The term 

"orthography" is also used loosely by psychologists to refer to an abstract letter category 

that is independent of which letter case or face the letter appears. Such information about 

letter types - in contrast to letter tokens - (e.g., Arguin & Bub, 1995), should be called 

graphemic because it refers to the letter grapheme, rather than to the letter orthography, 

which properly indicates which phonemes (i.e., sounds) can be represented by particular 

letter graphemes (shapes). This orthographic (grapheme-to-phoneme) transformation can 

be selectively impaired. Rapcsak, Rothi, and Heilman (1987) described a patient with 

"pure" phonological alexia who could, read regular and. irregular words,, but not 

pronounceable nonwords. This observation suggests that postlexical (addressed or 

associational) phonological processing of words (directly or via semantic information) is 

dissociated from prelexical (assembled) phonological processing of words. This latter 

kind of processing strategy - although unnecessary for reading familiar words - is 

necessary for reading unfamiliar or nonwords in skilled readers, and may be important for 

acquisition of reading in unskilled readers. 
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The distinction between these two kinds of phonological processing is useful, 

because: (a) Each generates distinct predictions about confusability, and (b) each is 

empirically falsifiable. Thus, examinations of nominal and orthographic confusability, as 

defined above, would be scientific tests of whether different-case letter matching is 

performed using nonvisual dimensions of information like letter names or orthography. 

For example, C and c represent different letter instances (tokens) of the same letter 

category (type); they are each, however, versions of the same grapheme: c. Likewise, K 

and k are also two different versions of the same grapheme: it - a different one from c. 

Thus the grapheme c - regardless of which case or face it might appear in - has no 

nominal overlap with the grapheme k: as pronounced in American English, the name of 

the first letter is composed of two phonemes ([s] + [i]), neither of which is like the two 

phonemes that comprise the American English name of k ([k] + [ej]). Thus, the letter pair 

C k contains letters that are not nominally confusable. However, they are orthographically 

confiisabie: Both graphemes can be used to represent the phoneme [k] in English 

orthography. 

If nominal information - the fact that letter tokens in the same pairs A a and K k map 

to the same names in English - were used to accomplish different-case letter matching, 

then different pairs such as A k should be more difficult to judge correctly as different 

letters than different pairs such as A c. As noted earlier, previous experiments have failed 

to find confusability effects for nominal processing, (Boles & Eveland, 1983). If 

orthographic information - the fact that letter tokens in the same pairs C c and K k map to 



the same phonemes in English - were used to accomplish different-case letter matching, 

then different pairs such as C k should be more difficult to judge correctly as different 

letters than different pairs such as C b should be. Orthographic confusability has not yet 

been investigated. Below I review evidence in favor of a third alternative: A visual (and 

nonphonological) representation could used to accomplish different-case letter matching. 

This explanation also makes testable predictions about confiisability. If a visual 

representation - even an abstract one relatively insensitive to particular letter token 

shapes - is used to accomplish different-case letter matching, then visual confusability 

should have detrimental effects on different pair judgments. Different pairs such as C e 

should be more difficult to judge correctly as different letters than different pairs such as 

C f. In addition, visual similarity should have the opposite effect for same pair judgments: 

Visually similar same pairs such as S s should be easier to judge correctly as the same 

grapheme than visually dissimilar same pairs such as D d. 

A second purpose of this work is to test the confusability predictions for of all three 

kinds of information (nominal, orthographic, and visual), to see which of these three 

kinds of information are used to perform different-case letter matching. 

Abstract and Specific Visual Encoding of Letterforms 

An explanation for our ability to read words with such varied visual structures as read 

and READ is that we compute abstract letter identity, a representation that encodes the 

visual category of letters but ignores visual surface variations in typography such as case, 

face, and size (Besner, Coltheart, &. Davelaar, 1984; Carr, Brown, & Charalambous, 



1989; Coltheart, 1981; Paap, Newsome, & Noel, 1984; Polk & Farah, 1997). This 

explanation is popular among theories of reading, but has been frequently ignored by 

researchers using letter-matching tasks in favor of supra-visual explanations. Such a 

representation need not be phonological or semantic, however. For example, 

Coltheart (1981) described a brain-damaged patient (K.C.) who was severely impaired at 

identifying or matching the sounds of words from their written form. However, K.C. was 

unimpaired at making same-different judgments about nonwords (which have no 

semantic values) in different cases (e.g., ANER/aner vs. ANER/aneg). Equivalent results 

have been found for letter matching: (a) E.M., a patient with optic aphasia; and (b) P.H., a 

participant with severe reading difficulties, were both unable to correctly name letters; 

however, each was unimpaired at matching letters in different cases (Coslett & Saffran, 

1992; Rynard & Besner, 1987). These results demonstrate that an abstract visual - and 

nonnominal - representation can be sufficient for different-case matching of words or 

letters. Indeed, such an abstract representation of letter shapes may mediate written 

production as well visual perception (Rapp, Benzing, & Caramazza, 1997; Rapp & 

Caramazza, 1997). 

It is important to note that this abstract representation of letter identity is dependent 

on processing in the visual modality, but is distinct from another form of visual shape 

processing that is letterform specific (Marsolek, Kosslyn, & Squire, 1992). Word stem 

completion memory smdies indicate that the representation of letter-case specific word 

forms is accomplished by a visual-form subsystem that operates more effectively in the 

right hemisphere and is dependent on implicit, rather than explicit, memory cueing (i.e.. 



neocortical priming). Thus, if the word WINDOW is viewed by both hemispheres during 

encoding, then verbal completion of the word stem during testing is more likely to be 

"window" when the word stem is presented in the same letterform as during encoding 

(i.e., WIN ) to the right-hemisphere than when presented to the left-hemisphere. In 

contrast, letter-case invariant implicit memory for word-forms does not differ between 

left and right hemisphere presentations. Thus, if the word WINDOW is viewed (by both 

hemispheres) during encoding, then verbal completion of the word stem during testing is 

no more likely to be "window" when the word stem is presented in a different letterform 

from encoding (i.e., win ) to the right-hemisphere than when presented to the left-

hemisphere. Thus, visual memory of the case dependent (specific) letterform is stored 

more effectively in the right hemisphere, but visual memory of case independent 

(abstract) letterform is not (Marsolek et al., 1992; Marsolek, Squire, Kosslyn, & Lulenski, 

1994). These abstract- and specific visual-form memory subsystems have different 

internal mechanisms of representation that are parts-based and holistic in nature, 

respectively (Marsolek & Burgund, 1997; Marsolek, Schacter, & Nicholas, 1996). 

Consistent with these dissociations^ Marsolek (1995) found that previously unseen 

prototypes of newly learned letter-like types are classified more efficiently when 

presented to the left hemisphere than when presented to the right hemisphere, indicating 

that the visual identities of novel visual-forms can be abstracted from previously learned 

visual-forms. Because the prototypes contained a greater number of relatively invariant 

features, this finding suggests that an abstract subsystem in left hemisphere processes and 

stores the invariant features of leamed visual categories. Similarly, priming of 
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letter/nonletter categorization and letter identification can be abstract, visual, and not 

phonological (nominal) in nature (Arguin & Bub, 1995). Consistent with these results, 

Reuter-Lorenz and Baynes (Experiment 3, 1992) found that abstract (different-case) 

priming of letter identification occurred in a callosotomized patient (J.W.) only for left 

hemisphere (and not for right hemisphere) presentations of primes and targets. Functional 

imaging using fMRI also corroborates these findings — left medial extrastriate visual 

areas are significantly more activated by alternating case words and pseudowords than 

consonant strings, suggesting that this region of cortex encodes abstract word forms 

based on graphemic or orthographic regularities, and not shape-specific visual word and 

word-like forms (Poiket al., 1996). 

A third purpose of this work is to test if abstract letterform invariant and specific 

letterform variant perceptual encoding of letterforms are used differentially in different-

and same-case letter matching; and further if encoding of letterforms via these different 

representations varies as a function of which hemisphere (left or right) initially perceives 

it and as a ftinction of the correct judgment (same vs. different). 

Hemispheric Asymmetries 

The previous findings are consistent with conclusions from meta-analysis of brain

damaged patients with visual agnosia. Farah (1991) noted that the patterns of association 

and dissociation among impairments of word, object, and face recognition are consistent 

with disruption in two underlying cognitive capacities: (a) representation of numerous 

parts by structural description of the parts and the relationship among them, or 



(b) representation of complex parts with no structural decomposition. Farah's analysis 

and the behavioral dissociations described above are each consistent with processing-

based distinctions in how the left and right hemispheres may differ. This distinction in 

kinds of visual-form processing is similar to the more general distinction made by 

Hughlings Jackson that the left and right hemispheres are specialized for propositional 

and directly associative representations of stimuli, respectively (Bever, 1980). 

This processing-based distinction has been broadly generalized as a unified 

explanation for differences in the cerebral hemispheres, and contrasts with a skill-based 

distinction (e.g., language vs. perception, Kimura, 1973) which does not predict the left 

hemisphere specialization for some kinds of perception abilities (e.g., see* Ivry & 

Robertson, 1998) and right hemisphere specialization for some kinds of language abilities 

(e.g., see Beeman & Chiarello, 1998). Indeed, attempts to use such a skill-based 

dichotomy (language vs. perception) for predicting cerebral asymmetries in letter 

matching (nominal vs. physical identity) have been genei*ally unsuccessful (e.g.. Boles, 

1986; Eviatar et al., 1994), and when partially successful (e.g., Cohen, 1972) there are 

unexplained difficulties, such as why predicted patterns of asymmetry for same 

judgments do not generalize to dijferent ]\\dgmtnxs (Davis & Schmit, 1973; Umilta et al., 

1980). Such an approach has been abandoned by some in the study of cerebral 

asymmetries in other cognitive domains in favor of a componential approach to cerebral 

asymmetries in which instead of the skills themselves, the processing components of 

skills and their underlying representations are laterally asymmetric (Bever, 1980; 

Helllge, 1993; Ivry & Robertson, 1998). Thus, as reviewed above, visual-form processing 
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can be functionally dissociated into an abstract and parts-based means of representation 

or a specific and holistic means of representation, an approach that has been successfully 

applied to the study of cerebral asymmetries in specific areas of vision such as face 

perception (e.g., Bever, 1980; Rossion et al., 2000). 

Such distinctions in processing may generalize beyond asymmetries for individual 

processing components, however. For example, Bever's (1980) formal account of 

relational processing (i.e., activation of two distinct mental representations and of a 

nonidentity relation between them) and of holistic processing (activation of one mental 

representation one or more times), argues that the relative left hemisphere advantage for 

the former and the relative right hemisphere advantage for the latter may be the result of 

small quantitative differences in computational power between the hemispheres 

interacting with the dynamics of growth and the differences in the formal complexity of 

these two kinds of representations. Such a mechanism may encompass cerebral 

asymmetries in other modalities across both development (Bever & Chiarello, 1974) and 

speciation (LaMendola & Bever, 1997). 

Some of my previous work examining cerebral asymmetries in letter matching tasks 

demonstrated that tasks designed to require these two different ways of processing visual-

form can be dissociated as functions of which hemisphere the target letters are presented 

to and the number of distractor letters present (Marsolek et al., 2001). In this study, 

participants performed two tasks: (a) a letter category matching task in which they judged 

whether two different letter instances were of the same category (e.g., K k) or different 

categories (e.g., Kp), and (b) a letter instance matching task in which they judged 



whether two letters of the same letter category were of the same instance (e.g., K K) or 

different instances (e.g., K k). The first task requires participants to use a relational, letter-

case independent representation of letterform because the holistic visual letterforms differ 

for both same and different judgments - holistic letter identity is an insufficient 

perceptual representation for performance, and hence another sufficient perceptual 

representation such as abstract letter identity must be engaged to perform the task. The 

second task, in contrast, requires participants to use a holistic letter-case dependent 

representation of letterform because the letter category is the same for both same and 

different judgments - abstract letter identity is an insufficient perceptual representation, 

and thus another valid perceptual representation such as holistic letter identity must be 

engaged to perform the task. Thus, these two tasks are designed to require two distinct 

kinds of visual-form processing: abstract and parts-based or specific and holistic). 

To test the independence of brain subsystems in the left and right hemisphere for 

these two kinds of visual-form perception, we analyzed response latency for trails when 

letters pairs were both presented to the left or right hemisphere in two different 

experiments - one with. and. one without nonletter distractors characters (e.g.,. ##) 

presented to the opposite hemisphere. We examined performance for the letter instance 

matching task as a function of performance on the letter category matching task for the 

factors of hemisphere of presentation (left vs. right) and distractor (present vs. not 

present). The results indicated a reversed association between the matching of letter 

categories and letter instances. A reversed association is any nonmonotonic relation 

between two cognitive variables of interest (i.e., fimctions which change sign in one 



dimension while retaining sign in another). Such a relationship unequivocally dissociates 

two variables; single- and even double-dissociations can exhibit monotonic functions of 

behavior, and hence can dissociate cognitive processes only equivocally (Dunn & 

Kirsner, 1988). We concluded from these results that distinct visual subsystems in the 

brain - one abstract and relational, and one specific and holistic - underlie performance 

on these two tasks. 

Although the stimuli in Marsolek, et al. (2001) were limited to a handful of letters, 

they sufficiently demonstrate the efficacy of the componential and processing-based 

approach to cerebral asymmetries for letter matching; this contrasts with skill-based 

approaches, which generally fail to adequately explain cerebral asymmetries in letter 

matching. A fourth purpose of this dissertation is to replicate and extend the cognitive 

dissociation in visual category and instance perception to letter matching tasks using the 

entire English alphabet. Replication and extension is important because: (a) with the 

exception of Marsolek, et al. (2001), investigations of cerebral asymmetries in letter 

matching tasks are based on equivocal single or double dissociations, rather than an 

unequivocal reversed association (see Dunn & Kirsner^ 198S); (b) these single or double 

dissociations in letter matching tasks are frequently unreliable if not directly 

contradictory, a result that may depend on which letters are used as stimuli; (c) stimuli 

and task instructions firequenUy do not require that different hypothetical kinds of 



information be used'; and (d) many previous investigations have not examined 

asymmetries for same and dijferent yadgm&nxs separately. 

Hemispheric Interaction 

Hemispheric asymmetries - the differences in performance (or competence) between the 

left and right cerebral hemispheres - are conceptually distinct from hemispheric 

dominance, which is a description of the interaction of the hemispheres. However, these 

two terms - asymmetry and dominance - are frequently used interchangeably, if not 

synonymously, throughout the literature when the cerebral hemispheres are discussed. 

One possible cause for the interchangeable use of these two distinct terms is that many 

researchers may assume that the hemisphere most competent at performing a task will 

necessarily dominate performance. Such caveats, while intuitive, need to be empirically 

demonstrated before such a broad generalization can be accepted. Simple models of 

hemispheric communication such as Cook's (1986) homotopic inhibition model, in which 

homologous regions in the hemispheres are connected by mutually inhibitory callosal 

connections, may underlie the assumption that competence should be equated with 

dominance. However, there are logical problems with homotopic inhibition, such as how 

information is shared or transferred between the hemispheres in the context of such 

automatic and ubiquitous inhibition, and empirical difficulties, such as the prevalence of 

' For example, when different letter pairs are in the same case (e.g., A B) then somf judgments could 
be made using several kinds of information: letter name, tetter category, or letter instance. Each of these is 
sufficient, while none is strictly necessary. Likewise, some investigators use alternating same- and 
different-case same trials in the same task, a method that may not require the same strategy on each same 
trial. 
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heterotopic connections between the hemispheres (for a critical review of this model, see 

Banich & Nicholas, 1998). 

Evidence for a dissociation between hemispheric differences and hemispheric 

dominance has resulted from studies of both split-brain patients (Levy & Trevarthen, 

1976) and normal participants (Hellige, Taylor, & Eng, 1989): Levy and Trevarthen 

referred to the phenomenon of the less competent hemisphere dominating performance 

when both have equal access to information as metacontrol. Such a term can be 

misleading, however, because is implies that hemispheric dominance differs as a function 

of hemispheric competence, and hemispheric dominance by the more competent 

hemisphere is more natural than hemispheric dominance by the less competent 

hemisphere. The important conclusion from these results is that when presentations to the 

cerebral hemispheres differ from each other in qualitative measures of performance, then 

in principle, either hemisphere can predominate performance, and if dominance defines 

the pattern of interaction between the hemispheres (it need not, of course), then which 

hemispheres dominates performance is a matter of empirical investigation. 

A fifth purpose of this work is to examine qualitative differences between the 

hemispheres for each task, and if such differences occur, to determine empirically which 

hemisphere dominates performance on each task. 

Hemispheric Communication 

An intact corpus callosum is necessary for humans to judge accurately whether identical 

visual patterns in different visual-fields are the same or different (for a review, see 



Gazzaniga, 1987). The corpus callosum is a necessary structure for the integration of 

information across the hemispheres in letter matching tasks; Letter-matching tasks are 

performed at chance when the letters are presented to different visual-fields in a corpus 

callosum sectioned patient (Reuter-Lorenz & Baynes, 1992). 

With normal participants, responses are faster when letters or digits are presented to 

different hemispheres than when they are presented to the same hemisphere (Davis & 

Schmit, 1971, 1973). This finding is counterinmitive because the opposite effect is 

predicted by intuitive views of the locality of processing; The longer interhemispheric 

connections (compared to intrahemispheric connections) should correspond to longer 

transmission times for judgments made across- and wiY/im-hemisphere. Davis and Schmit 

(1971), who first described this phenomenon, explain this surprising result with a 

perceptual refractory period: When letters are presented to the same hemisphere they 

must be processed serially, a constraint that is unnecessary when letters can be processed 

in parallel as with presentations to different hemispheres. Thus, presentations to different 

hemispheres can reduce such serial interference by distributing the perceptual load across 

the hemispheres. Recent investigations of this phenomenon have equated perceptual load, 

on presentations to different hemispheres and to the same hemisphere to eliminate the 

confound of unequal perceptual loads for these conditions (Banich & Belger, 1990; 

Belger & Banich, 1992, 1998; Weissman & Banich, 2(XX)) - for a review of this 

methodological issue see Banich and Shenker (1994) - however, such manipulations 

simply shift Davis and Schmit's explanation from perception to attention and raise a 

scanning confound (discussed in the Method section of this dissertation, p. 51). If each 
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hemisphere has its own limited processing resources (either perceptual or attentional), 

then simultaneous distribution of information across the hemispheres (see Sereno & 

Kosslyn, 1991) can reduce the levels of resources taxed per hemisphere (Banich, 1995; 

Dimond & Beaumont, 1971, 1972; Dimond, 1971; Herdman & Friedman, 1985; BCreuter, 

Kinsboume, & Trevarthen, 1972). 

A contraindicative factor is the degradation of information. Studies of interocular 

transfer of visual discrimination learning in optic chiasm-sectioned cats (Myers, 1957), 

monkeys (Butler, 1968), and in reversible split-brain rats (Nadel & Buresova, 1969) 

indicate that learning in the hemisphere ipsilateral to visual input is degraded relative to 

learning in the hemisphere contralateral to visual input. Thus, information received 

indirectly via the corpus callosum from the opposite hemisphere is deteriorated in quality 

relative to information received directly from ocular inputs, a finding that has been 

confirmed physiologically from firing rates of cortical neurons in monkeys (Gross, 

Rocha-Miranda, & Bender, 1972) and magnetic resonance signals in humans (Tootell, 

Mendola, Hadjikhani, Liu, & Dale, 1998). 

In brief» distribution and deterioratioa affect interhemispheric interaction in opposite 

ways. Thus, trade-offs between the benefit of distributing information across the 

hemispheres and the cost of interhemispheric transfer (Banich & Nicholas, 1998) may 

account for differential performance in matching tasks for presentations of letters to 

different hemispheres and to the same hemisphere. Although Davis and Schmit (1973) 

found presentations to different hemispheres to be faster than presentations to the same 
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hemisphere for both different- and same-case matching, their letter set was restricted to 

the letters a and b. 

Using a go-no go paradigm and a larger letter set (but one still restricted to only 

those with dissimilar upper- and lower-case structures), Banich and Belger (1990) found 

that different-case matches (e.g., A a) were faster for presentations to different 

hemispheres than for presentation to the same henusphere, and that same-case matches 

(e.g., A A) were faster for presentations to the same hemisphere than for presentations to 

different hemispheres. Their skill-based explanation for these results, based on Posner 

and Mitchel's distinction in nominal and physical identity, was that different-case 

matches are more difficult (Banich & Belger, 1990) or complex (Belger & Banich, 1992, 

1998) because they require both physical and nominal processing and same-case matches 

require only physical processing, and thus the former can be distributed across the 

hemispheres more effectively than the latter. The logical and empirical problems of a 

nominal explanation for different-case matches outlined earlier weakens this division-of-

labor explanation for the across-hemisphere latency advantage in different-case letter 

matching (Banich & Belger, 1990; Belger & Banich, 1992, 199S; Weissroan & Banich, 

2000): The absence of nominal processing in different-case matching obviates the need 

for an explanation involving a division of labor, at least specifically between nominal and 

physical processes. 

An altemative explanation is that abstract letter category information may be 

transferred more effectively across the hemispheres than specific letter identity 

information (Marsolek et al., 2001). This explanation is based on how these two kinds of 
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processing are differentially affected by the detrimental effects of callosal transfer. 

Specific letter identity processing may be negatively affected by callosal degradation 

because any degradation in such a holistic representation would be detrimental to 

performance. In contrast, abstract letter category information may be less affected by 

callosal degradation because a small number of robust and relatively invariant features 

are useful for processing such abstract letter categories. In support of this explanation, we 

found that the across-hemisphere advantage for different-case letter matching and the 

within-hemisphere advantage for same-case letter matching occurred only for those letter 

exemplars (instances or types) that are visually similar in upper- and lower-case forms 

(Marsolek et al., 2(X)1). The functional independence of letter category and letter instance 

processing across the hemispheres and the dependence of interhemispheric 

communication of both on visual properties suggests that the different-case and same-

case letter matching can be explained by distinctions in kinds o/(visual) processes rather 

than distinctions in the number of processes. Importantly, an abstract letter category 

representation is more complex than a specific letter instance representation only in 

Bever's fonnal sense (1980) and not in Banicb and her colleagues' numerical sense 

(Belger & Banich, 1992, 1998; Weissman & Banich, 2000). Clearly, increasing the 

perceptual or attentional load with distractor letters can increase differences between 

across- and within-hemisphere processing (Belger & Banich, 1992, 1998; Marsolek et al., 

2001; Weissman & Banich, 2000) and between left and right hemisphere processing 

(Umilta, Frost, & Hyman, 1972); however, these effects are separate fix)m effects 
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determined by which kind of information is being compared across or within the cerebral 

hemispheres (Belger & Banich, 1998). 

A sixth purpose of this dissertation is to contrast further the numbers of processes 

and kinds of processes explanations of differences in across- and within-hemisphere 

processing in letter matching tasks, using all letters of the English alphabet and 

examining same and different judgments separately. 

Individual Differences 

Although differences in cerebral lateralization in females and males have been reported, 

many such differences are restricted to laterality of visiospatial abilities (e.g., McGlone & 

Davidson, 1973; McGlone &. Kertesz, 1973; Witelson, 1976), which on average males 

perform better than females in general (Pool, 1994). This fact may compromise the 

generality of other claims that males are more lateralized females, and its corollary that 

women have better interhemispheric conrniunication than men (de Lacoste-Utamsing & 

HoUoway, 1982). Indeed, females can exhibit greater lateralization in processing than 

males,, albeit for discriminations of different kinds of information suck as linguistic 

processing (McKeever & VanDeventer, 1977) and emotional judgments (Ladavas, 

Umilta, & Ricci-Bitti, 1980). Furthermore, there are difficulties with interpretation of 

sexual differences in the anatomy of interhemispheric commissures such variations in 

handedness across studies (Hoptman & Davidson, 1994), the equivocal interpretation of 

size differences - if such differences do not represent shape differences (Banich & 

Shenker, 1994), and variations in fiber size and myelination (Juraska & Kopcik, 1988). 
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Such differences in the sexes may be equally explained by differences in behavioral 

strategies, a ftirther complicating factor. In the case of letter matching tasks, sex 

differences are generally not assessed, are reported to not exist (e.g., Eviatar et al., 1997), 

or may be influenced by differences in strategies (Birkett, 1981; Segalowitz & Stewart, 

1979). For example, Segalowitz and Stewart (1979) suggested that females use both 

physical and linguistic similarity to solve letter identity matches more than males. Such 

"linguistic" strategies could be abstract visual, nominal, or orthographic; however, the 

key point is that differences in which dimensions of information are attended to in same-

different judgments (Farell, 1985) can alter the pattern of cerebral lateralization for 

individuals attending to different aspects of information. If letter identity matching 

requires identity information by constructing different trials from letters of the same letter 

category but of different specific instances (e.g., A a), then these trials are physically 

identical to same trials in letter category matching. Such different-'msisncQ trials require a 

correct response ("different") which conflicts with the fact that such pair are of the same-

category. Thus, the performance of women and men on different instance trials would 

allow a direct (and unambiguous) test of Segalowitz and Stewart's (1979) hypothesis that 

differences in cerebral laterality between women and men in letter matching tasks result 

from women being differentially sensitive to multiple sources of information. Such sex 

differences would not be unique: Williams and Meek (1991) found that male rats 

attended to geometric cues while female rats attended to geometric and landmark cues in 

spatial learning. In the Results section, I introduce and use a novel qualitative measure of 

performance - letter-case latency invariance. This measure yields qualitatively different 
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patterns of performance on M/ne-category and ja/wt?-instance letter matching judgments, 

and thus letter-case latency invariance can be used to test if women attend to information 

insufficient for solving the task in addition to information necessary for solving the task. 

Such an attentional bias is likely to be lateralized and thus could be mediated by 

asymmetric hemispheric activation (also called "characteristic hemispheric arousal 

asymmetry" by Levy and colleagues) in which individuals systematically engage one 

hemisphere relative to the other regardless of the task demands (Levy, Heller, Banich, & 

Burton, 1983): Individuals biased towards left hemisphere processing exhibit a larger 

than average left hemisphere advantage on tasks which the left hemisphere is specialized 

for, and a smaller than average right hemisphere advantage on tasks which the right 

hemisphere is specialized for, and individuals biased towards right hemisphere 

processing exhibit a larger than average right hemisphere advantage on tasks which the 

right hemisphere is specialized for, and a smaller than average left hemisphere advantage 

on tasks which the left hemisphere is specialized for (Kim & Levine, 1991a, 1991b: 

Levine, Banich, & Koch-Weser, 1984; Levy et al., 1983). Although the generality of 

asymmetric hemispheric activation and its role in cerebral asymmetries has been 

challenged recently (Boles, 1998a, 1998b; Hellige et al., 1994), it may still be applied 

usefully in the more circumscribed case of cerebral asymmetries for letterform 

processing, which may be determined by homologous and bilateral, but relatively 

independent, visual subsystems (see above). In support of this, Belger and Banich (1998) 

recently demonstrated that asymmetric hemispheric activation among individuals predicts 

the degree to which performance is better when letters are presented to different 
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hemispheres than when they are presented to the same hemisphere in letter matching 

tasks. 

A seventh purpose of this dissertation is to examine individual differences in 

strategy in letter matching tasks, and how these differences affect cerebral lateralization 

of functional processing and inter- vs. intrahemispheric conmiunication of information in 

letter matching tasks. More specifically, if individual differences in strategy or 

lateralization exist between women and men, I will determine if such differences are best 

explained by individual differences in absolute lateralization (e.g., that men are more 

lateralized than women), or by asymmetric hemispheric activation (e.g., that women are 

differently lateralized than men). 
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CHAPTER 2: METHOD 

Experiment I 

Participants 

Twenty-six female and 26 male University of Arizona students (ages 17.0-29.2 years 

with a mean age of 18.6 years) volunteered to participate for course credit in an 

introductory psychology class. All participants were native English speakers with normal 

or corrected to normal vision and right-handed (mean laterality quotient = .80) as 

assessed through the Edinburgh Handedness Inventory (Oldfield, 1971). Half of the 

participants had familial sinistrality (i.e., one or more left-handed relatives); half did not. 

Design 

Three within-participant variables were manipulated: (a) task (category vs. instance), (b) 

correct judgment {same vs. different), and (c) letter-case of the first letter of each pair 

(lowercase vs. uppercase). Sex was balanced between-participants. 

Materials 

Stimuli were presented on a I4-in. (35.6-cm) monitor at 640 x 480 (69 dpi) resolution. A 

Macintosh Centris 650 computer and the PsyScope program (Cohen, MacWhitmey, Flatt, 

& Provost, 1993) controlled stimulus presentation and recorded responses via a 

connected Apple Extended Keyboard H. The button of a mouse was used to begin each 

block of trials. A chin rest was used to keep participants' eyes approximately 50 cm from 

the monitor. 



All 26 letters of the English alphabet were used as stimuli. Letters were presented in 

black against a white background in a 24-point, bold Helvetica font. Letters extended up 

to 21 points (0.77 cm) in width and thus subtended up to approximately 0.9° horizontally 

and up to 23 points (0.85 cm) in height and thus subtended up to approximately 1.0° 

vertically. In addition, a bullet character (Unicode character 8226) in black against a 

white background in an 18-point, Chicago font served as a central fixation point. The 

fixation point extended 8 points (0.29 cm) in width and height and thus subtended 

approximately 0.3° horizontally and vertically. 

Procedure 

Each participant was tested individually in a single experimental session and performed 

two letter-matching tasks: a category task and an instance task. Participants performed 

each task using their right hand in two successive blocks after reading the instructions for 

that task. Each experimental session lasted approximately 35 minutes and consisted of 

four blocks (each lasting an average of 7-8 minutes) with self-paced breaks between the 

blocks. Task order was counterbalanced across participants. 

In each trial of the category task, two letters appeared, one presented in lowercase 

and the other presented in uppercase. Participants were asked to decide as quickly and 

accurately as possible whether the two letters corresponded to the same letter of the 

alphabet (e.g., X x) or to different letters of the alphabet (e.g., X o). In each trial of the 

mstance task, two letters firom the same letter category appeared, but in half of the trials, 

the letters were presented in the same letter case and in the other half they were presented 



in different letter cases. Participants were asked to decide as quickly and accurately as 

possible whether the two letters were the same (e.g., X X) or different (e.g., X x). 

For both tasks, each trial began with a presentation of the fixation point, which 

appeared at the center of the monitor for 500 ms. Immediately thereafter, the stimulus 

pairs appeared for 183 ms". Participants pressed the "s" key or the "d" key on the 

computer keyboard to indicate a same or different judgment, respectively. Participants 

rested their index and middle fingers directly on the two keys so that they could respond 

as quickly as possible. The next trial began automatically 1 s after the "s" or "d" key was 

pressed. 

In each trial for both tasks, each letter was centered at 17 points (0.63 cm; 

approximately 0.7°) to the left or right of where the fixation point had been centered. This 

procedure ensured that the outer lateral edge of each letter extended no further than 

approximately 1.2° from fixation. The letters in each pair were presented in line with 

each other and die fixation point vertically (i.e., 0° offset) at the vertical center of the 

screen. Examples of stimulus displays are shown in Figure 1. 

^ This duration is one screen refresh cycle less than 200 ms for the monitor used in the experiment. 
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Task 

Category Instance 

Same 

Correct 

Judgment 

Different 

X * x  

X' O  

X . X  

X * x  

Figure 1. Examples of stimulus arrays for same (top) and different (Jbottom) 
decisions in the category (left) and instance (right) tasks of Experiment I. During 
each trial a fixation point appeared for 500 ms followed immediately by a 
presentation of the letter pair for 183 ms. These serial components of each trial are 
superimposed in the examples of the four conditions to illustrate relative positions. 
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Each of the four blocks consisted of 208 trials, including eight filler trials at the 

beginning, which were used for warm-up judgments and were not included in the 

analysis. For the remaining 200 trials, half (100) required a judgment for a correct 

response, and the other half (100) required a dijferent']\xd^tn\. for a correct response. In 

half of the same Uials (50) and half of the different trials (50), the first letter of the pair 

(i.e., the left letter) was presented in lowercase, whereas in the other half of the same 

trials (50) and the other half of the different trials (50) the first letter was presented in 

uppercase. The case of the second letter (i.e., the right letter) was determined by the task 

and correct response. 

For each of the two cases of the first letter, 24 of the letters of the alphabet were 

presented twice each and the remaining two letters were presented once each. Which two 

letters received the single presentation was counterbalanced across groups of 13 

participants (i.e., an, b o, c p, d q, e r, fs, g t, h u, i v, j w,kx,ly,m z). These pairs were 

used to construct equal numbers of same and different trials for both lowercase first and 

uppercase first pairs for the eight filler trials presented at the beginning of each block. 

This prima facie unusual distribution of letters was used to ensure that for different-

category trials: (a) each of 1300 pairings of letters (26 letters x 25 letters x 2 case orders) 

was seen an equal number of times across participants; (b) each letter of the alphabet was 

seen an equal number of times by each participant in each block (including the filler 

trials), in both positions (left or right), in both cases (left or right), in both correct 

responses (same or different) and in both tasks (category and same); and (c) the number 

of analyzed observations in each condition was equal across blocks (50) and participants 
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(200). Thus, for the same trials of the category task, the same trials of the instance task, 

and the different trials of the instance task, each participant saw the same pairings of 

letters; however, for the different trials of the category task, each participant saw only 

1/13 of the possible pairings. Which pairings were seen by each participant was balanced 

across participants such that each letter was seen an equal number of times by each 

participant in each condition and the mean serial distance between letters in a pair (e.g., 

a-b = l,a-c = 2, a-d = 3, etc) was equal for each participant. This latter control 

ensured that each of the 13 sublists of different pairings for the category task was 

unbiased by the serial positions of letters or between letters. 

In each of the four blocks, the 200 experimental trials were presented in a different 

pseudorandom order for each participant. The orders were random with the constraint 

that no more than three same or different trials occurred consecutively. 

For each participant for each condition, two measures were computed: accuracy and 

mean latency. Accuracy was computed as the percentage of errors per condition to 

facilitate comparisons between accuracy and latency. Thus, fewer errors and shorter 

latencies both reflect better performance. Mean latencies were calculated from correct 

response trials following an outlier analysis in which latencies faster than 250 ms and 

slower than 2500 ms were eliminated and then within each cell for each participant 

latencies greater than 2.5 times the mean latency were eliminated. Participants were 

excluded and replaced if they did not follow instructions (i.e., "respond as quickly and 

accurately as possible") as determined by either (a) self-admission on a postexperimental 

written questionnaire, or (b) having greater than 15% (120/800) of the trials excluded 
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from latency analysis by errors or outlier analysis elimination. For the participants 

included, the mean number of trials excluded from latency analysis by errors or outlier 

analysis elimination was 5.76% (approximately 46/800), and thus the participants 

excluded from the experiment exceeded the included participants in excluded trials by 

more than 2.5 times. This strict inclusion policy was necessary to ensure that enough 

correct responses were available for each letter in the letter-case invariance latency 

analysis. 

Experiment 2 

Participants 

Twenty-six female and 26 male University of Arizona students (ages 17.1-24.5 years 

with a mean age of 18.5 years) volunteered to participate for course credit in an 

introductory psychology class. All participants were native English speakers with normal 

or corrected to normal vision and right-handed (mean laterality quotient = .70) as 

assessed through the Edinburgh Handedness Inventory (Oldfield, 1971). Twenty-eight of 

the participants had familial sinistrality (i.e., one or more left-handed relatives); twenty-

four did not. None participated in Experiments 1 or 3. 

Design 

Four within-participant variables were manipulated: (a) hemisphere of presentation (left-

vs. right hemisphere), (b) task (category vs. instance), (c) correct judgment {same vs. 
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different), and (d) letter-case of the first letter of each pair (lowercase vs. uppercase). Sex 

was balanced between-participants. 

Materials and Procedure 

The materials and procedure in this experiment were the same as those in Experiment 1, 

with the following exceptions: 

1. In each trial the letters were presented laterally with the proximal letter centered 

1.80 cm (approximately 2°) and the distal letter centered 3.60 cm (approximately 4°) 

to the left or right of where the fixation point had been centered. This procedure 

ensured that the proximal edge of the proximal letter extended no closer than 

approximately 1.6° from fixation. As in Experiment 1, the letters in each pair were 

presented in the vertical center of the screen and in line with each other and the 

fixation point vertically. 

2. For half of the trials of each block the letters were both presented in the right visual-

field and to thus to the left hemisphere, and for half of the trials the letters were both 

presented in the left visual-field and to thus to the right hemisphere. Examples of left 

and right hemisphere stimulus displays are shown in Figure 2. 

3. The pseudorandom order of trials was additionally constrained so that no more than 

three left or right hemisphere presentations occurred consecutively. 
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Hemisphere of Presentation 

.  X  X 

Left Hemisphere 

X  X • 

Right Hemisphere 

Figure 2. Examples of stimulus arrays for left (top) and right hemisphere (bottom) 
presentations of letter pairs in Experiment 2. The fixation point and letters appeared 
serially in each trial. 
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Experiment 3 

Participants 

Twenty-six female and 26 male University of Arizona students (ages 18.0-23.6 years 

with a mean age of 19.0 years) volunteered to participate for course credit in an 

introductory psychology class. All participants were native English speakers with normal 

or corrected to normal vision and right-handed (mean laterality quotient = .79) as 

assessed through the Edinburgh Handedness Inventory (Oldfield, 1971). Twenty-eight of 

the participants had familial sinistrality (i.e., one or more left-handed relatives); twenty-

four did not. None participated in Experiments 1 or 2. 

Design 

Five within-participant variables were manipulated: (a) hemispheric communication 

(across- vs. within-hemisphere), (b) hemisphere of presentation (left- vs. right 

hemisphere) of the innermost letter, (c) task (category vs. instance), (d) correct judgment 

(same vs. different), and (e) letter-case of the first letter of each pair (lowercase vs. 

uppercase). Sex was balanced between-participants. 

Materials and Procedure 

The materials and procedure in this experiment were the same as those in Experiment 2, 

with the following exceptions: 
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1. In each trial, four characters (two target letters and two distractor nonletters) were 

presented in line in the same locations as in Experiment 2. Question mark 

characters (?) in the same font as the letters served as the distractors. 

2. In each block, for half of the trials /nrerhemispheric communication was necessary 

because letters were presented in different visual-fields (across-hemisphere 

presentations), and for half of the trials //irrahemispheric communication was 

necessary because letters the letters were presented to the same visual-field (within-

hemisphere presentations). Examples of these trial types are shown in Figure 3. 

This procedure ensured that: (a) the perceptual load (i.e., four characters) was 

equal for both across- and within-hemisphere conditions, (b) the distance of targets 

(i.e., the two letters) from fixation was equal for targets in both across- and within-

hemisphere conditions, and (c) the left-to-right attentional bias in readers of English 

was equal for across- and within-hemisphere conditions. The last control differs 

from previously published methodological standards for investigation of 

interhemispheric communication or interaction (Banich & Shenker, 1994) in which 

the left-to-right reading bias and the distance between targets is unequal, a confound 

with across- and within-hemisphere presentations which is only partially attenuated. 

Attenional-bias is necessarily confounded between across- and within-

hemisphere presentations in all nonhorizontal displays such as the diagonal designs 

typically used by other investigators (viz., Banich & Shenker, 1994). The array 

design used in this experiment, however, fully controls for attentional bias across 

both across- and within-hemisphere presentations at the expense of confounding 
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distance between targets between these conditions. This confound can only be 

eliminated in square designs; however, such a design maximizes the left- to right-

reading attentional bias confound between across- and within-hemisphere 

presentations. Given that either attentional bias or distance (or both in standard 

designs) must confound across- and within- trials, I chose distance as the lesser of 

the two confounds with the reasoning that horizontal presentations of letters are 

more natural for English readers. 

In addition, this design allows the size between letter-case variants to be 

naturally perceived as would be normal in perception of letters during reading. Using 

the size component of shape is precluded (or at least greatly restricted) in diagonal 

displays (and confounded with across- and with-hemisphere presentations in square 

displays), a restriction (or confound) that is both arbitrary and unnatural for 

perceiving ±e forms of letters for English readers. 

3. The pseudorandom order of trials was additionally constrained so that no more than 

three across- or within-hemisphere presentations occurred consecutively. 
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Hemispheric Communication 

X ?  .  X  ?  

Across-hemisphere 

?  ?  .  X  X 

Within-hemisphere 

Figures. Examples of stimulus arrays for Experiment 3. /nfgrhemispheric 
communication is necessary when letters are presented across-hemisphere (top); 
mrrahemispheric communication is necessary when letters are presented within-
hemisphere (bottom). The fixation point and letters appeared serially. 
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CHAPTER 3: RESULTS - OVERALL 

All predictions for condition means were examined statistically by contrast analysis (cf. 

Rosenthal & Rosnow, 1985; Rosenthal, Rosnow, & Rubin, 2000). For all significant 

tests, I report the error term used to calculate the test statistic, significance level (p), and 

effect size (r) in addition to the test statistic. An alpha level of .05 was used for all 

statistical tests, although marginally significant results (.05 > p > .10) are reported when 

theoretically important. 

Reversed Association for Accuracy and Latency 

Previous same-different]\jid%vn&n\. experiments have revealed the importance of latency in 

distinguishing same from different judgments; however, this measure is often examined 

in the absence of accuracy because of floor effects for errors (Farell, 1985). For each of 

the experiments reported here, I first examine performance in terms of both measures to 

test the a priori prediction that the accuracy and latency measures of performance 

underlie separate cognitive processes for same and different judgments in the category 

and instance tasks, using the reversed association technique (Dunn & Kirsner, 1988)^. I 

examine whether accuracy and latency are measures of different constructs by submitting 

both dependent measures to separate repeated-measures analyses of variance (ANOVAs) 

with participant as the random effect, and two within-participant variables as independent 

^ A reversed associadon is any nonmonotonic relation between two cognitive variables of interest 
(i.e., functions which change sign in one dimension while retaining sign in another). Such a relationship 
unequivocally dissociates the two variables; single- and even double-dissociations can exhibit monotonic 
functions of behavior, and hence can only equivocally dissociate cognitive processes. 
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effects: task (category vs. instance) and correct response (^same vs. different). Sex of the 

participant was included as a between-participant variable. 

The results of this test (collapsed across sex) for Experiment 1 are shown in 

Figure 4A. Inspection of the Figure reveals a nonmonotonic relationship, a reversed 

association, between latency and accuracy for same and different judgments in the 

category and instance tasks: Same-category trials yielded a significantly faster mean 

latency (682 ms) than different-category trials (714 ms), F(l, 100) = 43.60, AfS, = 599.14, 

p < .0001, r = .55, for the simple effect contrast, and also a significantly slower mean 

latency than jame-instance trials (613 ms), F(l, 100) = 204.30, MS, = 599.14, p < .0001, 

r = .82, for the simple effect contrast. This continuous increase m latency conurasts with a 

discrete increase in error rate across the same three conditions: Same-category trials 

yielded a significantly higher error rate (8.83%) than both different-category trials 

(3.36%), F(l, 100) = 223.44, MS, = 3.48, p < .0001, r = .83, and 5ame-instance trials 

(4.16%), F(I, 100) = 162.38, MS, = 3.48, p < .0001, r = .79, for the simple effect 

contrasts. 

The results from Experiment 2 revealed a comparable reversed-association (see 

Figure 4B). Same-category trials yielded a significantly faster mean latency (734 ms) 

than different-category trials (761 ms), F(l, 100) = 41.28, MS, = 925.87, p < .0001, 

r = .54, for the simple effect contrast and also a significantly slower mean latency than 

jame-instance trials (689 ms), F(l, 100) = 113.34, MS, = 925.87, p < .0001, r = .73, for 

the simple effect contrast. This contrasts with ^ame-category trials yielding a significantly 

higher error rate (9.50%) than both different-category trials (3.70%), F(l, 100) = 162.96, 



MS, = 10.73, p < .0001, r = .79, and 5ame-instance trials (6.05%), F(l, 100) = 57.77, 

10.73,p < .0001, r= .61, for the simple effect contrasts. 

Figure 4C shows the results from Experiment 3 and replicates the reversed 

associations found in Experiments 1 and 2. As before, ^ame-category trials yielded a 

significantly faster mean latency (785 ms) than different-category trials (812 ms), 

F(l, 100) = 23.88, MS, = 3,151.73, p < .0001, r = .44, for the simple effect contrast and 

also a significantly slower mean latency than jame-instance trials (744 ms), 

F(l, 100) = 55.10, M5, = 3,151.73, p < .0001, r = .60 for the simple effect contrast. This 

again contrasts with same-category trials producing a significantly higher error rate 

(9.31%) than both different-category trials (4.21%), F(l, 100)= 110.64, Af5, = 24.41, 

p < .0001, r = .72, and jame-instance trials (8.1%), F(l, 100) = 5.77, A/5, = 24.41, 

p = .009, r = .23, for the simple effect contrasts. 

The identical nonmonotonic pattern found across all three experiments defines a 

reversed association between accuracy and latency, unequivocally dissociating these two 

measures of performance. Because of this dissociation in these two measures (i.e., the 

speed-accuracy trade off for the category task, but not the instance task), subsequent 

analyses for all three experiments are reported only for latency"*. Latency was chosen as 

the dependent measure: (a) to simplify results presentation, (b) to compare with previous 

studies which report latency in favor of accuracy, and (c) because it is a continuous 

variable and thus more suitable for use in linear regression analysis than accuracy. 

* All other accuracy effects were either identical to latency effects or null effects; in no case besides 
the main effects just reported did an accuracy effect compromise interpretation of a latency performance 
advantage. ANOVAs and cell means for both measures are reported in the appendix for completeness. 
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Figure 4. Monotonicity graphs of latencies (x-axis) and error rates (y-axis) for 
Experiments 1-3. Error bars indicate 95% confidence intervals of the simple effect 
contrasts for each measure for 52 participants. 
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The Fallacy of Nominal Identity Matching 

As discussed in the Chapter 1, the belief that nominal identity is necessary for different-

case letter matching of some letters - those with dissimilar upper- and lower-case visual-

forms - and not necessary for other letters - those similar in upper- and lower-case 

visual-forms - is tautological. This tautology has biased researchers in the field to accept 

latency advantages for same-case same judgments (e.g., A A or a a) over different-case 

same judgments (e.g., A a or a A) as empirical evidence in support of a nominal basis for 

different-case matching. This bias arises from researchers' practice of avoiding those 

letters (i.e., letters similar in form across letter-case) that are believed to not demonstrate 

this empirical latency effect - the extent that these letters actually fail to demonstrate the 

latency effect is untested because these letters are not used experimentally. Such a bias in 

experimental materials, of course, results empirically in a self-fulfilling prediction: 

Different-case letter matching is nominal for letters that people presumably match 

nominally. 

The lack of published data on how humans make same and different judgments of 

letters in different letter-cases for all letters of the English alphabet helps perpetuate the 

fallacy that nominal identity is necessary for different-case matching. To amend this and 

to demonstrate the circular and self-fulfilling nature of this belief, I examine difference 

scores between same-case same judgments (e.g., A A or a a) and different-case same 

judgments (e.g., A a or a A) for each letter of the alphabet from the first experiment in this 

dissertation. According to Posner and Mitchell (1967), the letters that demonstrate 

significant differences between the two tasks must be processed in a more complex. 
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nominal node of processing, while those that do not demonstrate significant differences 

between the two tasks must be processed in a simpler, physical node of processing. 

Neither Posner and Mitchell, nor any other researchers have pointed out an alternative, 

noncircular, and logical interpretation: that a variability across letters in latency 

differences for different-case and same-case same judgments would be evidence against 

a nominal mechanism for different-case letter matching. 

Figure 5 illustrates that a significant strong negative linear relationship (r = -.61) 

exists between the use of this subtractive method to infer different nodes of processing 

(Posner & Mitchell, 1967) and the visual similarity between the upper- and lowercase 

versions of the letter category (Boles & Clifford, 1989), F(l, 25) = 14.02, MS, = 3758.15, 

p - .0010. For a perceptual judgment in which visual information is considered 

insufficient, the property of visual similarity is a strikingly strong - and sufficient -

predictor of this "nominal evidence." 

Notice that of the ten most visually similar letters pairs (C c, K k, O o, P p, S s, U u, 

V V, W w, X X, and Z z), all but one (V v) fail to show a significant increase in latency for 

different- over same-case same judgments. These particular letters are rarely included as 

stimuli in letter matching experiments, and if included are in the minority (per contra 

Marsolek et al., 2001; Umilta et al., 1980), typically presented with a predominance of 

letters visually dissimilar in their upper- and lower-case structures (see Table 1, p. 18). 

To claim that these letters with similar upper- and lower-case visual-forms cannot be 

matched nominally because they are too visually similar is absurd. However, such 

circular reasoning is engaged in justifying their exclusion from materials. 
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Two logical inferences follow from this variation in latency difference between 

these two conditions across letters: (a) Category and instance matching are distinguished 

by the complexity of cognitive processing only in Bever's (1980) formal sense - letters 

dissimilar in case (e.g., D vs. d) differ in their number and relationship of parts while 

letters similar in case do not (e.g., S vs. s) - and not in Posner and Mitchell's (1967) 

numerical sense, and (b) such a distinction in complexity is visual rather than nominal. 
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Figures. Same-case over different-case latency advantage for jamejudgments 
from Experiment 1 (y-axis) as function of visual similarity rating (x-axis) for each 
letter of the alphabet. Each point represents letter-pairings collapsed across the 
letter-case of the first letter. Visual similarity ratings are from Boles and Clifford 
(1989); high rating scores correspond to high visual similarity. 
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Invariant Processing 

The previous quantitative results suggest that the ja/ne-category and jame-instance 

judgments differ in the perceptual quality - rather than the numerical quantity - of the 

information processed. To further explore differences between these two tasks, I next 

examine whether cognitive processing varies qualitatively for same-different judgments 

in these tasks. Taking advantage of the number of letters used as stimuli in all three 

experiments (all 26), I compare mean latency for each letter across participants for same 

trials in each of the two tasks when: (a) the first letter of the pair was in lowercase and (b) 

the first letter of the pair was in uppercase. This letter-case variance analysis of letter 

matching is novel: The limited letter sets of previous experiments precluded meaningful 

linear regression analysis. 

For example, in Experiment 1, for the fastest grapheme (c) in same-category trials, 

the mean latency when the first letter was lowercase (and the second letter uppercase; i.e., 

c C) was 599 ms and the mean latency when the first letter was uppercase (and the second 

letter lowercase; i.e., C c) was 592 ms. Similarly, for one of the slowest graphemes (q) in 

some-category trials,, the mean, latency when the first letter was lowercase (and the second 

letter uppercase; i.e., q Q) was 881 ms and the mean latency when the first letter was 

uppercase (and the second letter lowercase; i.e., Q q) was 863 ms. These latencies and the 

latencies for the other 24 letters for the same trials of the category task in Experiment 1 

are plotted as a function of the letter-case of the first letter of the pair in Figure 6A. 

Linear regression analysis of these data revealed a nearly perfect and significant positive 

correlation (r = .91) between latencies for the two cases of the first letter of the pair. 



F(l, 25) = 108.79, = 1565.71, p < .0001. Thus, for same trials of the category 

task in Experiment 1, the category of the letter determined 82% of the variance in latency 

{le = 0.82). 

A similar analysis was performed for latencies for same trials in the instance task. 

These latencies and the latencies for the other 24 letters are plotted as a function of case 

of the first letter in Figure 6B. The linear regression analysis of these data revealed a 

moderate but nonsignificant positive correlation (r = .37) between latencies for the two 

cases of the first letter of the pair, F(l, 25) = 3.85, MS„,idmi = 405.52, /? = .061, and thus 

the category of the letter determined only 14% of the variance in latency {P^ = 0.14). 

Thus, latency performance varied qualitatively. Latencies for jame-categcry 

judgments were letter-case invariant while latencies for ^a/ne-instance judgments were 

letter-case variant (see Figure 6C). However, while these qualitative differences and the 

quantitative differences reported in the previous section suggest that different kinds of 

information are processed ui same judgments of the two tasks, they do not address what 

kind of information is processed^. Later I report the results of this qualitative analysis, as 

a function of decisioa and sex« and hemisphere of presentation. However,, before 

examining letter-case invariance in detail, I examine what kind of information is invariant 

across letter-case. 

' The results of the previous section suggest that visual information is more important in 
distinguishing category from instance matching than nominal information; however, nominal and 
orthographic information could both be processed in addition to visual information. All three lands of 
information are letter-case invariant, and thus potentially useful. 
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Figure 6. Scatter plots of letter-case variance. Latencies for correct jra/ne judgments 
in the category (A) and instance (B) tasks of Experiment 1 are plotted as a function 
of letter-case of the first letter in a pair for 26 letters. The x-axis represents latencies 
for lowercase letter first pairs like xX (category) or xx (instance); the y-axis 
represents latencies for uppercase letter first pairs like Xx (category) or XX 
(instance). Regression is shown only for the significant linear effect. Correlation 
coefficients (r) and are plotted with 95% confidence intervals in (C). 



65 

Confusability 

A traditional account of letter matching attributes this letter-case invariant and letter-case 

variant dichotomy to differences in the kinds of information processed in the two tasks: 

phonological identity vs. shape identity (Posner & Mitchell, 1967). Usually, the 

phonological information assumed crucial for cross-case letter matching is nominal, i.e., 

the sounds of the names of the letters. However, another kind of phonological 

information is also potentially useful for discriminating same-category from different-

category letter pairs. Participants could use the orthographic information of how 

individual graphemes map to phonemes in English to facilitate their category judgments. 

Although, neither nominal nor orthographic information is strictly necessary to complete 

a same-different judgment for different-case letter category matches (Coslett & Saffran, 

1992), both could be used in addition to an absuract, shape-invariant, and categorical 

visual representation; graphemic information. Graphemic information, the knowledge of 

categories of letter shapes, is both necessary and sufficient to make same-different letter 

category judgments. 

Same pairings differ from different pairings in different-case letter pairs in the 

nominal, orthographic, and visual dimensions - for any of these kinds of information 

different trial pairings that are easily confusable with same trial pairings should decrease 

performance (i.e., increase latency) relative to different trial pairings that are less 

confusable with same trial pairings. I examine the evidence for nominal, orthographic, 

and visual confusability in each of the three experiments, to determine which of these 

kinds of information affect performance. 
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Nominal Confusability 

A match {same judgment) in the nominal dimension could be made against a background 

of nonmatches (J/jfiferenr judgments) to discriminate jam^-category and different-category 

pairs, because letters in same-category pairs always share names, while letters in 

different-category pairs do not. The nominal overlap between letters within a same 

judgment is 100%; however, for different pairs, it is variable. The variability in nominal 

overlap present in different-category judgments can be used as an indirect marker to 

indicate if participants acnaally use nominal information when making their judgments: If 

this information is used, then nonmatches easily confused with matches will generate 

slower latencies than nonconfusing nonmatches. For example, different-category pairs 

such as a K, K a, A k, or k A - pairs which overlap phonemically in name - should be 

more easily confused with nominally identical ja/ne-category pairs like a A, A a, k K, and 

K k than different-category pairs such as a B, B a, A b, or b A. 

Using pronunciation in American English from a standard dictionary (The American 

Heritage dictionary of the English language, 2000), I computed the phonemic overlap in 

letter names between all unique (case-invatiant» order independent) letter pairings 

(26 same and 325 different) in the category task. The phonemic overlap for same-

category judgments was 100% for all 26 letters (of course) and the mean phonemic 

overlap for d^erent-category judgments was 10.00% (N = 325). Thus, on average, the 

phonemic overlap between letters differs greatly (by 90%) for same- and different-

category judgments, a structural characteristic of letters that could be the basis for 

nominal discrimination. Of the 70 (out of 325) pairs of different judgments that overlap 



phonemically in name, the majority (n = 44; 63%) do so on the final phoneme, and for all 

of these pairs except one, the letters rhyme (cf. Table 2). Given this and the historical use 

of rhyming status for nominal confusability (Boles & Eveland, 1983), I used rhyming 

(i.e., overlap between final phonemes) status as a measure of nominal confusability®. 

Pairs that rhymed had a mean phonemic overlap of 49.78% (e.g., at the low end, w and u 

share 2 of 7 phonemes, and at the high end, q and u share 2 of 3 phonemes; however, 

most such as b and c, share 1 of 2 phonemes). In contrast, pairs that did not rhyme had a 

mean phonemic overlap of 3.77% (e.g., n and m share the same initial phoneme, but not 

the second), and thus rhyming pairs are on average more confiisable than nonrhyming 

pairs, F(l, 323) = 584.92, MS, = 0.01377,/? < .0001, r = .80^ 

To test if letter pairs that rhyme produce slower latencies than letter pairs that do not 

rhyme I performed separate repeated measures ANOVAs for each experiment on all 325 

possible pairings of letters (items) in different-cattgory trials with sex as a within-item 

effect and rhyming status (rhyming vs. noru-hyming) as a between-item effect. 

Hemisphere of presentation was included as a within-item effect for Experiments 2 (left 

vs. right) and 3 (across- vs. within-hemisphere). Here I present the results collapsed 

across sex; in the individual differences section I present the results separately for each 

sex. 

^ While each participant saw both rhyming and nonrhyming pairs that were nominally confusable, 
because not every participant saw one of the 26 nonrhyming pairs with phonemic overlap (e.g., n M), 
phonological confusability analyses were restricted to confusability within the last phoneme. 

^ All rs reported for the unequal sample size contrasts in this and the following section are r^tam ̂nd 
thus have been corrected by the appropriate power-loss index (0.47 for rhyming status contrasts; 0.31 for 
mapping status contrasts) for comparison to rs of the other equal sample size contrasts presented in other 
sections (cf. Rosenthal et al., 2000). 
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Table 2 
Different-category letter pairs that rhyme 

Letter pair" Final phone** Letter pair^ Final phone** 

aj [ej] dz [i] 

a k [ej] eg [i] 

b c [i] ep [i] 

bd [i] e t [i] 

b e [i] e V [i] 

bg [i] ez [i] 

bp [i] gP [i] 

bt [i] gt [i] 

bv [i] gv [i] 

b z [i] gz [i] 

cd [i] iy [aj] 

c e [i] jk [ej] 

eg [i] Pt [i] 

cp [i] pv [i] 

c t [i] PZ [i] 

C V [i] qu [uw] 

cz [i] q w [uw] 

de [i] sx [s]' 

dg [i] t V [i] 

dp [i] tz [i] 

dt [i] u w [uw] 

d V [il vz [il 
Tetter pairs are listed in lowercase with one order for clarity; in the experiments, four 
combinations were viewed in different letter cases (e.g., a E, E a, A e, and e A). 
'*Phonetic transcriptions are based on the 1993 IPA standard. 
These letter names do not rhyme; however, they exhibit consonance in the final phone. 
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The results of these analyses are shown for each experiment as function of 

hemisphere of presentation in Figure 7. In each of Experiments 1-3, correct different-

category judgments for rhyming pairs did not differ significantly in mean latency from 

nonrhyming pairs, for the main effect (Experiments 1-3) or for any simple effect 

contrasts (Experiments 2 and 3), all Fs < 1. 

These results provide no evidence of nominal confusability: Contrary to prediction, 

there was no significant decrease in latency® on rhyming trials compared to nonrhyming 

trials in any of the three experiments either overall or in any specific condition. The 

results of these exhaustive analyses of rhyming confusability disconfirm the theory that 

nominal information is used to discriminate jame-category letter pairs from different-

category letter pairs in a different-case matching task. 

* Note, although omitted for brevity, the same results (i.e., performance for rhyming pairs was not 
significantly worse than nonrhyming pairs) were also obtained for the dependent measure of accuracy for 
all conditions in all three experiments. 
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Figure 7. Mean latencies of d^erent-catcgory trials for rhyming (dark) and 
nonrhyming (light) letter pairs as function of hemisphere of presentation in 
Experiments 1-3 (A-C). Error bars indicate 95% confidence intervals for the simple 
effect contrasts between 44 rhyming (e.g., C b) and 281 nonrhyming (e.g., A b) pairs. 
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Orthographic Confusability 

Although the previous results suggest that phonemic information in the names of letters is 

not confused in different-category judgments, this tlnding may not generalize to 

nonnominal phonemic confusability. As with nominal confusability, letters in same-

category pairs will necessarily share identical grapheme-to-phoneme mappings; however, 

letters in different-category pairs vary in their grapheme-to-phoneme correspondences, a 

structural property of English orthography that could be used for same-different category 

discriminations. If this orthographic information is used in the discrimination process, 

then different-category pairs (mismatches) that are easily confused with same pairs 

(matches) should generate slower latencies than nonconfusing mismatches. For example, 

different-category pairs such as c K, K c, C k, or k C - pairs with different graphemes that 

can map to the same phoneme share orthography and should be more easily confused 

with identical grapheme same-category pairs like c C, C c, k K, and K k than different-

category pairs such as b K, K b, B k, or k B - pairs with di^erent graphemes that map to 

different phonemes do not share orthography. 

Similar to the nominal confusability analysis,. I compiled, a list (not necessarily 

exhaustive) of letter pairs that share orthography in English for all unique (case-invariant, 

order independent) letter pairings {same: N =26', different. iV= 325) in the category task. 

All 26 same-category pairs necessarily share grapheme-to-phoneme mappings; however, 

only a subset (n = 28; 8.6%) of different-category pairs, listed in Table 3, can map to the 

same phonemes. 
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Table 3 
Different-category letter pairs that share grapheme-to-phoneme mappings 
Letter Shared phonemic 
pair" mappingCs)" Examples of shared phoneme(s) for each letter of the pair 
a e [ej] [a] [e] [i] fate forte; father sergeant; any pet; any pretty 

a i [I] any pit 

a o [I] [a] ^y women; father cot 

a u [I] [A] any busy; was cut 

ay [I] any cyst 
ck [k] cat Idss 

cs [s] cent sent 
dg [d3] individual gem 

dj [d3] jar individual 

e i [i] [1] be piano; pretty pit 

e o [I] pi^tty wfimen 
e u [e] [I] pet burial; pretty busy 

ey [i] [I] be silly; pretty cyst 

/V [V] of above 

gj [d3] jar gem 

ij m onion hallelujah 
i 0 [I] pit wQmen 

i u [I] pit busy 

h [I] [aj] D] pit cyst; pie sky; onion yes 

Jy [j] hallelujah yes 

0 u [I] [U] [uw] [A] [W] women busy; woman bush; do rude; other cut; one guano 

0 w [wl ane won 
oy [I] women cyst 

sx [z] yours xylophone 

sz [z] [3] youis zebra; measure seizure 

u w [w] won guano 

uy [I] busy cyst 

xz [z] xylophone zebra 
"Letter pairs are listed in lowercase with one order for clarity. In the experiments, four 
combinations were viewed in different letter cases (e.g., a E, E a, A e, and e A). 
"Phonetic transcriptions are based on the 1993 IP A standard. 
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Although letters can map to single or multiple phonemes, because of the relatively 

small sample of items, however, I did not distinguish between pairs with different 

numbers of shared orthographies. Thus, grouping of these 28 pairs together ensured that 

each participant viewed at least one different-category pair with letters that can map to 

the same phoneme, a consideration of generality (across participants) for these item 

analyses. 

To test if letter pairs with shared orthography produce more errors or slower 

latencies than letter pairs with unshared orthography, I performed separate repeated 

measures ANOVAs for each experiment on the 325 unique letter pairings (items) in 

different-category trials with sex as a within-item effect and orthography (shared vs. 

unshared) as a between-item effect. For Experiment 2 hemisphere of presentation (left vs. 

right) and for Experiment 3 hemispheric communication (across-hemisphere vs. within-

hemisphere) was included as a within-item effect. In Figure 8 I present the results 

collapsed across sex; in the individual differences section I present the results separately 

for each sex. 

In Experiment 1, there was no main effect of orthography on latency, 

F(I, 323) = 1.21, MS, = 14,267.42, p = .27, r = .06, and the mean latency of pairs sharing 

orthography (732 ms) was not significantly slower than that of pairs not sharing 

orthography (714 ms). In Experiment 2, although there was no main effect of 

orthography on latency, F(l, 323) = 1.98, MS, = 29,748.31, p = .16, r = .08, a planned 

contrast revealed that for left hemisphere presentations, the mean latency of pairs sharing 

orthography (800 ms) was significantly slower than that of pairs not sharing orthography 

(763 ms), F(l, 646) = 10.50, MS, = 6,707.11, p = .0013, r-.13, for the simple effect. 
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Figure 8. Mean latencies of different-category trials for shared (dark) and unshared 
(light) orthography letter pairs as function of hemisphere of presentation in 
Experiments 1-3 (A-C). Error bars indicate 95% confidence intervals for ±e simple 
effect contrasts between 28 shared (e.g., C k) and 297 unshared (e.g., B k) orthography 
pairs. 



However, for right hemisphere presentations in Experiment 2, the mean latency of 

pairs sharing orthography (771 ms) was not significantly slower than that of pairs not 

sharing orthography (760 ms), F(l, 646) < 1, MS, - 6,707.11, p - .34, r = .04, for the 

simple effect contrast. In Experiment 3, there was no significant main effect of 

orthography on latency, F(l, 323) = 1.14, MS, = 46,521.68, p = .29, r = .06. However, 

planned contrasts revealed that for within-hemisphere presentations, the mean latency of 

pairs sharing orthography (851 ms) was significantly slower than that of pairs not sharing 

orthography (821 ms), F(I, 646) = 4.30, MS, = 10,181.34, p = .039, r = .08, for the 

simple effect; but for across-hemisphere presentations, the mean latency of pairs sharing 

orthography (812 ms) was not significantly slower than that of pairs not sharing 

orthography (795 ms), F(l, 646) = 1.33, MS, = 10,181.34, p = .24, r = .05, for the simple 

effect 

These results provide evidence of orthographic (grapheme-to-phoneme) 

confusability: Consistent with prediction, there were decreases in latency on trials sharing 

orthography compared to trials not sharing orthography in all of the three experiments, 

although these differences were significant for only left hemisphere presentations in 

Experiment 2 and within-hemisphere presentations in Experiment 3. The results of these 

analyses confirm that orthographic information is used to discriminate jame-category 

letter pairs fi-om different-category letter pairs in a different-case matching task in at least 

some conditions. The fact that confiisability effects are found in these orthographic 

analyses - but not in the statistically more powerful nominal analyses of the same data 
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sets in the previous section - indicates that the null effects found for nominal 

confusability are not the result of insufficient power. 

Visual Similarity 

The previous results suggest that nominal information is not used to make same-different 

letter category judgments, and that orthographic information is used in some conditions. 

By default then, graphemic information - the icnowledge of visual categories of letter 

shapes - must be used to determine letter category judgments in the conditions that 

nominal and orthographic is not used (and also perhaps in the conditions that 

orthographic information is used). A graphemic representation is an abstract, shape-

invariant encoding of a letter category that must generalize to various instances of letters. 

Because instances of letters within- and between-categories vary in visual similarity, 

graphemic representations of letter-categories should vary in their internal and external 

confusability. Unlike nominal or orthographic information, letters in jame-category pairs 

vary in similarity in the visual dimension. To test this directly, I examined the effect on 

latency of the visual similarity betweea letters within a pair. Thus^ I examined the effect 

of visual confusability for both same-categovy and different-category judgments. 

If visual information is used in the discrimination process, then for same-category 

letter pairs (matches), instances of letters that are similar (e.g., z Z or Z z) should be 

recognized as belonging to the same letter category more quickly than instances of letters 

that are dissimilar (e.g., g G or G g). If so, then latencies for same-category judgments 

should be negatively correlated with visual similarity. In contrast, for different-category 
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letter pairs (mismatches), instances of letters that are similar (e.g., u V, V u, v U, or U v) 

should be recognized as belonging to the same letter category more slowly than instances 

of letters that are dissimilar (e.g., m Q, Q m, q M, or M q). If so, then latencies for same-

category judgments should be positively correlated with visual similarity. Thus, visual 

similarity should speed and slow performance of same- and different-letter category 

judgments, respectively. 

Boles and Clifford (1989) collected visual similarity ratings for all 2,704 ordered 

pairs of upper- and lower-case letters (a 52 x 52 matrix). Although these ratings were 

collected on letters presented in a different font (Apple-Psych size "1") than the letters 

used in the present experiments, such differences between fonts can only attenuate 

correlations between latency and visual similarity; any effect of similarity then must 

generalize across letter-similarity differences between fonts. I used Boles and Clifford's 

mean veridical similarity ratings for all unique (case-invariant, order independent) 

different-case letter pairings {same: N = 26; different. N = 325) for correlation with 

latencies in the category task. 

To test if visual similarity predicts latency (i.e^ is negatively correlated with same-

category latencies and is positively correlated with different-category latencies), I 

performed linear regressions with mean latencies as a dependent effect and Boles and 

Clifford's visual similarity ratings as the independent effect on the 26 jamc-category and 

325 different-category order-independent letter pairings (items) as a function of 

hemisphere of presentation (both; left vs. right; and across- vs. within-) for 

Experiments 1-3. The results for each letter pair in Experiment 1 are shown in Figure 9. 
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Figure 9. Coefficients of correlation (r) between response times (y-axis) and visual 
similarity ratings (x-axis) for jame-category (top) and different-category (bottom) trials 
in Experiment 1. Each point represents letter-pairings (iV=26; iV = 325) collapsed 
across letter-case order (top and bottom) and letter order (bottom only). Visual 
similarity ratings are from Boles and Clifford (1989); high rating scores correspond to 
high visual similarity. Regressions are shown for both significant linear effects (•). 
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For same-category judgments, there was a significant negative effect (r = -.53) of 

the visual similarity between letters in a pair on mean latency, F(l, 25) = 9.49, 

MS„,uiuai = 5,031.72, p = .0051. In contrast, for different-category judgments, there was a 

significant positive effect (r = +.34) of the visual similarity between letters in a pair on 

mean latency, F(l, 25) = 42.21, = 6,273.49,/? < .0001. 

The overall results of Experiments 2 and 3 - collapsed across hemisphere of 

presentation (not shown) - were similar. In Experiment 2, for jame-category judgments, 

there was a significant negative effect (r = -.45) of the visual similarity between letters in 

a pair on mean latency, F{1, 25) = 6.23, = 7,231.31, p = .020. In contrast, for 

different-category judgments in Experiment 2, there was a significant positive effect 

(r = +.36) of the visual similarity between letters in a pair on mean latency, 

F(l, 25) = 46.83, = 6,477.68, p < .0001. In Experiment 3, for same-category 

judgments, there was a significant negative effect (r = -.42) of the visual similarity 

between letters in a pair on mean latency, F(l, 25) = 5.11, = 6,547.78, p = .033. 

In contrast, for different-category judgments in Experiment 3, there was a significant 

positive effect (r = +^9) of the visual similarly between letters in a pair on mean 

latency, F(l, 25) = 30.38, = 10,510.48,/? < .0001. 

The effect of similarity on latency for each condition is presented in Figure 10. The 

results were qualitatively identical to the above results with one exception: For same-

category judgments in Experiment 3, the visual similarity between letters was only a 

marginally significant predictor of latency, F(l, 25) = 4.04, = 0.543, p = .056. 



80 

Same-
Category 

Correct 
Judgment 

Different-
Category 

A 
0.6-

0.4-

0.2-

0.0-

-0.2-

•0.4-
-c -0.6-

1 -0.8-
u -

I 
-1.0-J 

u 
e D 
0 1.0-« 1.0-

e 0.8-
s 0.6-o 0.6-

0.4-

0.2-

0.0-

-0.2-

-0.4-

-0.6 J 

B C 

F 

H Both 
• Left 

• Right 

• Across-

• Within-

Hemisphere of Presentation 

Figure 10. Correlation coefficients (rs) between mean latency and visual similarity 
rating for same-category (top) and different-category (bottom) judgments of letter 
pairs as a function of hemisphere of presentation in Experiments 1-3. Error bars 
indicate 95% confidence intervals. 
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However, this negative effect (r = -.38) was not quantitatively different from the 

other significant effects found for jame-category judgments (all ps > .05) and thus likely 

reflects a limitation of the number of observations (n = N = 26) for a modestly large 

effect such as this'. 

These results provide evidence of visual confusability for both same and different 

judgments in the category task: Consistent with predictions, the visual similarity between 

letters in a pair was a negative predictor of latency for jame-category judgments and a 

positive predictor of latency for different-categoTy judgments. The results of these 

analyses confirm that visual information is used to discriminate ^ame-category letter pairs 

from different-csLiegory letter pairs in a different-case matching task. 

These results suggest that letter category matching is accomplished via a visual 

perception - a strategy that has been traditionally attributed exclusively to letter instance 

matching tasks. To compare the kinds of visual perception used in letter category 

matching and letter instance matching I next examine visual confusability for same and 

d^erent judgments in the instance task. As reviewed in the Introduction and conHrmed 

by the results just presented, letter category matching likely engages an abstract, 

relational representation of visual-form. This differs from a letter-specific, holistic 

representation that is probably engaged to perform letter instance judgments. If such 

holistic visual information is used in the visual discrimination process, then for same-

instance letter pairs (matches), the letters within a pair are equally identical for every pair 

^ Note that this marginal effect is in the predicted direction (negative), and thus would be considered 
significant using a 1-taiIed test. 



(e.g., A A, a a, B B, b b, etc.). Thus, individual pairs should not be recognized correctly as 

belonging to the ^a/ne-instance as a function of the letter similarity between instances 

(e.g., A vs. a, B vs. b, etc.). If so, then latencies for 5ame-category judgments should not 

correlate with visual similarity between letters. In contrast, for different-'xasXdsiCQ letter 

pairs (mismatches), instances of letters that are visually dissimilar (e.g., 0 d) should be 

recognized more quickly as belonging to the different letter instances than instances of 

letters that are visually similar (e.g., Ss). If so, then latencies for jame-category 

judgments should be positively correlated with visual similarity between letters. Thus, 

visual similarity should have no effect on ^am^-instance judgments and a positive effect 

on latency for different-instance judgments. 

To test these predictions, I performed linear regressions with mean latencies as a 

dependent effect and Boles and Clifford's visual similarity ratings as the independent 

effect on the 26 5ame-instance and 26 different-instance order-independent letter pairings 

(items) as a function of hemisphere of presentation (both; left vs. right; and across- vs. 

within-) for Experiments 1-3. The effect of similarity on latency for each condition is 

shown in Figure 11. 
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Figure 11. Correlation coefficients (rs) between mean latency and visual similarity 
rating for jame-instance (top) and different-{T&Xmc& (bottom) judgments of letter 
pairs as a function of hemisphere of presentation in Experiments 1-3. Error bars 
indicate 95% confidence intervals. 
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For ja/we-instance judgments, there were no significant effects of similarity on 

latency for presentations to both hemispheres in Experiment 1 (r = +.07), for left 

(r = +.17) or right hemisphere presentations (r = -.01) in Experiment 2, or for across-

(r = +.36) or within-hemisphere presentations (r = +.25) in Experiment s, all ps > .05. In 

contrast, for different-instance judgments, there were significant positive effects of 

similarity on latency for presentations to both hemispheres in Experiment I (r= +.35)'°, 

for left (r = +.56) or right hemisphere presentations (r = +.36) in Experiment 2, or for 

across- (r = +.48) or within-hemisphere presentations (r = +.40) in Experiment 3, all 

ps > .05. 

These results provide evidence of visual confiisability for different (but not same) 

judgments in the instance task: Consistent with predictions, the visual similarity between 

letters in a pair was not a predictor of latency for jame-instance judgments and was a 

positive predictor of latency for different-msxznce judgments. The results of these 

analyses confirm that holistic visual information is used to discriminate same from 

different pairs in a letter instance matching task. 

A comparison of the effects of visual similarity on latencies between the instance 

task and the category task is shown in Figure 12. Inspection reveals that visual similarity 

had differential effects for same-instance and same-category judgments, but not for 

different-msldiic& and different-category judgments. These results confirm that visual 

category and instance matching are accomplished with distinct kinds of visual processing. 

Note that the 2-taiIed test for different-instance judgments in Experiment 1 was only marginally 
signiflcant (p = .084); however, the effect was in the predicted direction, and thus the I-tailed test was 
significant (p = .042). The error bars in all figures indicate confidence limits for bidirectional tests and for 
comparison between conditions. 
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Figure 12. Difference in correlation coefficients (rs) for the effect of visual similarity 
rating on mean latency between the instance task (see Figure 11) and the category 
task (see Figure 10) for same (top) and different (bottom) judgments of letter pairs as 
a function of hemisphere of presentation in Experiments 1-3. Error bar indicates 95% 
confidence interval for the difference. 
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In summary, the results from analysis of letter confiisability in the category task 

indicate that nominal information is not used in any conditions, orthographic information 

is used in some conditions, and that visual information is used in all conditions to make 

same-different }\x(igca&rAs. In addition, the letter-shape (case) invariant visual information 

used to make category matches differs from the letter-shape variant visual information 

used to make instance matches: Visual similarity predicts performance speed on same-

category judgments, but not jawic-instance judgments, results that are consistent with 

relational and holistic processing strategies in these respective cognitive operations. 

Hemispheric Asymmetries 

Participant Analysis 

To test if the relational and holistic processing strategies used for letter category and 

instance matching predict quantitative performance differences between the hemispheres 

(cerebral asymmetries) for latency, I submitted this measure from Experiment 2 to a 

repeated-measures ANOVA with participant as the random effect, and three within-

participant variables as independent effects: hemisphere of presentation (left vs. right), 

task (category vs. instance), and correct response {same vs. different). Sex of the 

participant was included as a between-participant variable. The results are presented 

collapsed across sex in this section in Figure 13 as difference scores computed as right 

hemisphere advantages for latency; they are presented separately for women and men 

later in the section on individual differences. 
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Figure 13. Cerebral asymmetries for latency across participants in the category (left) 
and instance (right) tasks for same (top) and different (bottom) correct judgments are 
shown for all 52 participants. Bars indicate mean difference scores between left and 
right hemisphere presentations with negative values indicating a left hemisphere 
advantage and positive values indicating a right hemisphere advantage. Error bars 
indicate 95% confidence intervals for the simple effect contrasts (no overlap with 
zero indicates a significant difference). 
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For jame-category judgments, there was a significant left hemisphere advantage of 

9 ms: Participants made ^ame-category judgments faster for left hemisphere presentations 

(729 ms) than for right hemisphere presentations (738 ms), f(1,200) = 6.32, 

MS^ = 373.28, p = .0064, r = .18, for the simple effect contrast. However, there was no 

statistical advantage for either hemisphere for participant's i/ij^^erenf-category judgments; 

they were not faster for left hemisphere presentations (762 ms) than for right hemisphere 

presentations (759 ms), F(l, 200) < 1.00, A/5, = 373.28, p = .17, r = .07, for the simple 

effect contrast. 

Participants demonstrated a significant 9 ms right hemisphere advantage when 

making instance judgments and made these judgments faster for right hemisphere 

presentations (684 ms) than for left hemisphere presentations (693 ms), F(l, 200) = 6.12, 

MS, = 373.28, p = .0071, r = .17, for the simple effect contrast. They also demonstrated a 

significant 9 ms right hemisphere advantage when making dijferent-'xnsidcact judgments 

and made these judgments faster for right hemisphere presentations (722 ms) than for left 

hemisphere presentations (731 ms), F(1,200) = 5.40, M5, = 373.28, p = .011, r= .16, for 

the simple effect contrast. 

The results just presented are plotted in Figure 14 as a function of task (category [y-

axis] vs. instance [x-axis]). Inspection of this monotonicity plot reveals a reversed 

association (a nonmonotonic relationship) between performance in the category and 

instance tasks as a function of hemisphere of presentation (left vs. right) and correct 

judgment {same vs. different). 
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Figure 14. Mean latencies across subjects in the category (y-axis) and instance (x-
axis) tasks for same (solid) and different (clear) correct judgments made after 
presentations to the left (triangles) and right (circles) hemispheres in Experiment 2. 
Error bars indicate 95% confidence intervals for the simple effect contrasts across 52 
participants (no overlap with cell mean indicates a significant difference). 
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This pattern unequivocally demonstrates that same-different discriminations of letter 

categories and instances are performed using distinct cognitive operations in left and right 

hemispheres of the brain. These results are consistent with the hypothesis that relational 

processing - necessary in the category task - is performed better (more quickly) by the 

left hemisphere, and the hypothesis that holistic processing - necessary in the instance 

task - is performed better (more quickly) by the right hemisphere. They also indicate that 

different kinds of information can result in different cognitive processes that are 

expressed asymmetrically in the left and right cerebral hemispheres. 

Item Analysis 

To confirm these results, I performed separate repeated measures item ANOVAs of 

latency for same and different judgments of the category and instance tasks with letter 

pair as the random effect and two within-item effects: hemisphere of presentation (left vs. 

right) and sex. These ANOVAs were performed separately because the items (letter 

pairs) varied across these four conditions (task crossed with correct response). Because of 

the outlier procedure used before data analysis,, the number of observations per item per 

participant varied; this resulted in numerically different cell means when latencies were 

averaged across participants and items. The item results are presented collapsed across 

sex in this section in Figure 15 as difference scores computed as right hemisphere 

advantages for latency; they are presented separately for women and men in the section 

on individual differences. 
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Figure 15. Cerebral asymmetries for latency across items in the category (left) and 
instance (right) tasks for same (top) and different (bottom) correct judgments are 
shown for all 52 participants. Bars indicate mean difference scores between left and 
right hemisphere presentations with negative values indicating a left hemisphere 
advantage and positive values indicating a right hemisphere advantage. Error bars 
indicate 95% confidence intervals for the simple effect contrasts (no overlap with zero 
indicates a significant difference). 



92 

For some-category judgments, there was a marginally significant left hemisphere 

advantage of 7 ms: Participants made same-category judgments faster for left hemisphere 

presentations (742 ms) than for right hemisphere presentations (749 ms), F(l, 25) = 3.0, 

MSg = 463.81, p = .096, r = .33, for the simple effect contrast. However, there was no 

statistical advantage for either hemisphere for participant's different-category judgments; 

they were not faster for left hemisphere presentations (766 ms) than for right hemisphere 

presentations (761 ms), F{ 1, 324) = 1.09, MS, = 6,740.814, p = .30, r = .06, for the simple 

effect contrast. 

Participants demonstrated a significant 11 ms right hemisphere advantage when 

making same-instance judgments and made these judgments faster for right hemisphere 

presentations (685 ms) than for left hemisphere presentations (696 ms), F(l, 25) = 7.02, 

MSf = 432.72, p = .014, r = .47, for the simple effect contrast. They also demonstrated a 

significant 8 ms right hemisphere advantage when making different-instance judgments 

and made these judgments faster for right hemisphere presentations (723 ms) than for left 

hemisphere presentations (731 ms), F(l, 25) = 4.98, MS, = 326.846, p = .035, r = .41, for 

the simple effect contrasL 

These item results replicate those from the analysis by participant and are consistent 

with the hypothesis that relational processing in the category task is performed better 

(more quickly) by the left hemisphere, and also the hypothesis that holistic processing in 

the instance task is performed better (more quickly) by the right hemisphere. However, 

one difference between the two analyses is that for same-category judgments, the results 

are significant when analyzed by participant, but only marginally significant when 
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analyzed by item. These similar, though slightly discrepant, results suggest that the 

variability in cerebral asymmetries in jame-category matching is greater across items 

than it is across participants. 

Consonantal Value and Sonority 

To investigate if the cerebral asymmetry for same-category judgments varies as a 

function of letter category, I tested if the distinctive phonemic feature consonantal value 

- whether a sound is a stop consonant or a vowel - affects performance asymmetry for 

latency. I tested whether the cerebral asymmetry for letter categories that can represent 

stop consonant phonemes (b, d, g, k, p, and t) differs from the cerebral asymmetry for 

letter categories that represent vowel phonemes (a, e, i, o, and u). I performed a repeated 

measures ANOVA on ja/ne-category judgment latencies with letter as a random effect 

and hemisphere of presentation (left vs. right), and sex as within-item effects and 

consonantal value (stop consonant vs. vowel) as a between-item effect. The differences 

between hemispheres for these two kinds of letter categories are illustrated in Figure 16A. 

Planned contrasts revealed that for letters that correspond to consonantal phonemes, 

latencies were faster for presentations to the left hemisphere (723 ms) than to the right 

hemisphere (742 ms), F(l,10) = 6.52, MS, = 335.12, p = .029, r = .63, for the simple 

effect contrast. However, for letters that correspond to vowel phonemes, latencies were 

not significandy different for presentations to the left hemisphere (747 ms) and the right 

hemisphere (737 ms), F( 1,8) = 1.23, MS, = 335.12, p = .30, r — .36, for the simple effect 

contrast. 
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Figure 16. Cerebral asymmetries for latency across items for jame-category 
judgments in Experiment 2 as a function of consonantal value (constant vs. vowel; A) 
and sonority (obstruent vs. sonorant; B). Bars indicate mean difference scores 
between left and right hemisphere presentations with negative values indicating a left 
hemisphere advantage and positive values indicating a right hemisphere advantage. 
Error bars indicate 95% confidence intervals for the simple effect contrasts (no 
overlap with zero indicates a significant difference). 
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These results may underlie a more general effect of another distinctive phonemic 

feature, sonority - the degree of sonorance (resonance) in the buccal cavity (throat, 

mouth, and nasal passages) - on cerebral asymmetry in jamc-category judgments. I 

performed an analysis similar to the consonantal value analysis above with sonority 

(obstruent vs. sonorant) as a between item effect to test this. For this analysis {N = 26), 

letter categories that correspond to obstruent (nonsonorant) phonemes (/i = 15) - plosives 

(stop consonants), affricates, and fricatives: b, c, d, f, g, h, j, k, p, q, s, t, v, x, and z - were 

compared to letter categories that correspond to sonorant phonemes (« = 11) - vowels, 

glides, liquids, and nasals: a, e, i, I, m, n, o, r, u, w, and y. The differences between 

hemispheres for these two kinds of letter categories are illustrated in Figure 16B. Plaruied 

contrasts indicated that for letters that correspond to obstruent phonemes, latencies were 

faster for presentations to the left hemisphere (732 ms) than to the right hemisphere 

(744 ms), F( 1,28) = 4.98, MS^ = 447.86, p = .033, r = .39, for the simple effect contrast. 

However, for letters that correspond to sonorant phonemes, latencies were not 

signiflcandy different for presentations to the left hemisphere (755 ms) and the right 

hemisphere (756 ms), F < I, for the simple effect contrast. This pattem of results 

confirms that for letter category-to-phoneme-mapping, the effect of consonantal value 

(constant vs. vowel) generalizes to a sonority effect (obstruent [nonsonorant] vs. 

sonorant). 

Vowels and other sonorant (vowel-like) phonemes tend to represent sounds at the 

peak or nucleus of a syllable; in contrast, stop consonants and other obstruent 
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(nonsonorant) phonemes tend to represent sounds at the onset or coda of syllables. One 

theory of syllabifaction posits that first, the most sonorant phonemes of a syllable are 

identified as the peak of nucleus of a syllable, then the less sonorant phonemes are 

assigned to the onset or coda of the syllable in the context of this sonorant nucleus 

(Spencer, 1996). Thus, nuclear sonorant sounds are processed more direcdy and 

associatively, while nonnuclear nonsonorant sounds are processed more contextually and 

relationally. The dissociation of a left hemisphere advantage for letters that can represent 

obstruent phonemes but not for letters that represent sonorant phonemes is consistent 

with the hypothesis that orthographic relational processing, but not holistic processing is 

performed better by the left hemisphere than the right hemisphere in ja/ne-category 

matching. This orthographic variadon across letter categories helps explain the 

discrepancy in statistical significant between ANOVA across participants and items. 

Furthermore, these results provide evidence that distinctive phonological features affect 

performance in same-category matching. 

Letter Frequency 

The previous results suggest that orthography — the relationship between letter shapes and 

the phonemic values they can correspond to - predicts the variation in cerebral 

asymmetries among letter categories in same-category judgments. However, another 

interpretation of the previous results is that letter frequency predicts the variation in 

cerebral asymmetries among letter categories in ̂ ame-category judgments. 



This alternative interpretation is valid because sonorant letters such as vowels are 

more common in English than obstruent letters such as consonants. To test directly if 

letter frequency underlies the variation in cerebral asymmetries across items, I performed 

a linear regression analysis with right hemisphere advantage score (the mean latency for 

right hemisphere presentations less the mean latency for left hemisphere presentations) as 

the dependent effect and log transformed letter frequency in English as the independent 

effect. In addition to the logarithmic transformation, because letter frequency varies 

greatly, I excluded letters with log transformed frequencies less than zero - j, k, q, v, x, 

and z - from the analysis. These particular letter categories are rare in English: Each has a 

frequency less than 1 % and collectively they comprise less than 2% of letter occurrences. 

The regression from this analysis is shown in Figure I7A. There was a significant 

moderate effect (r = +.51) of letter frequency on cerebral asymmetry, F(l, 19) = 6.23, 

= 4,838.63, p = .023, confirming that letter frequency also predicts the variation 

across letter categories in cerebral asymmetry. Thus, jame-category judgments about 

more frequent letters, such as vowels, on average are processed faster when letters are 

presented, to the right hemisphere^ while same-category judgments about more frequent 

letters, such as consonants, on average are processed faster when letters are presented to 

the left hemisphere. Note that the effect of this linguistic property is specific to letter 

category judgments: There was no effect of letter frequency on cerebral asymmetry for 

same-instance judgments, F< 1. 
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Figure 17. Cerebral asymmetries for latency across items for same-category 
judgments as a function of letter frequency (A) and visual similarity rating (B). 
Points indicate mean difference scores between left and right hemisphere 
presentations with negative values indicating a left hemisphere advantage and 
positive values indicating a right hemisphere advantage. Linear regression is shown 
for both significant effects. 
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Letter Similarity 

The previous results suggest that linguistic variables such as orthography - the 

relationship between letter shapes and the phonemic values they can correspond to - and 

letter frequency predict the variation in cerebral asymmetries among letter categories in 

ja/ne-category judgments. I also examined if letter similarity predicts the variation in 

cerebral asymmetries among letter categories in same-category judgments. To test this, I 

performed a linear regression analysis similar to the previous analysis with right 

hemisphere advantages score (the mean latency for right hemisphere presentations less 

the mean latency for left hemisphere presentations) as the dependent effect and Bole's 

(1989) visual similarity ratings as the independent effect. This analysis was performed on 

the same letters as in the previous analysis. The regression from this analysis is shown in 

Figure 17B. There was a significant moderate effect (r = +.47) of visual similarity 

between letters on cerebral asynmietry, F(l, 19) = 5.14. = 281.49, p = .036. 

confirming that visual similarity between also predicts the variation across letter 

categories in cerebral asymmetry. Thus^ same-cax&goxy judgments about letters with 

similar upper- and lowercase versions (e.g., S s) on average are processed faster when 

letters are presented to the right hemisphere, while jame-category judgments about letters 

with similar upper- and lowercase versions (e.g., D d), on average are processed faster 

when letters are presented to the left hemisphere. Note that this visual effect is specific to 

letter category judgments: There was no significant effect of letter frequency on cerebral 

asymmetry for 5a/ne-instance judgments, F(l, 19) = 2.36, = 375.18, p= .15. 



100 

In summary, letter category and instance matching resulted in different cerebral 

performance asynmietries: (a) For same-category judgments, performance across 

participants was faster when letters were presented to the left hemisphere than when they 

were presented to the right hemisphere; (b) for different-category judgments, 

performance across participants did not differ statistically as a function of hemisphere of 

presentation, and (c) for both jame-instance and different-instance judgments, 

performance across participants was faster when letters were presented to the right 

hemisphere than when they were presented to the left hemisphere. Equivalent results 

were obtained from analyses across items, except that effect (a) described above was only 

marginally significant. Subsequent investigation of same-category judgments revealed 

three novel prcdictors of cerebral performance asymmetry: (a) sonority, the degree of 

resonance in the buccal cavity; (b) letter frequency, and (c) the visual similarity between 

upper- and lower-case letterforms. These factors are confounded with one another; 

however, any or all of them may help explain the variability in results by previous 

investigators examining cerebral asymmetries in different-case letter matching. These 

factors have not been previously controlled in selecting stimuli for this task - with the 

exception of visual similarity, which has been controlled poorly and unsystematically. 

This haphazard restriction of letter category choices by researchers, however, could 

clearly bias results, and thus could be the source of variation in cerebral asymmetries 

across studies for different-case letter matching. The results of these analyses confirm 

that abstract, relational processing is performed better by the left hemisphere and specific. 
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holistic processing is performed better by the right hemisphere both within and between 

tasks. 

Hemispheric Communication 

To test if the relational and holistic processing strategies used for letter category and 

instance matching predict quantitative performance differences between across- and 

within-hemisphere communication for latency, I submitted this measure from 

Experiment 3 to a repeated-measures ANOVA with participant as the random effect, and 

three within-participant variables as independent effects: hemisphere of presentation 

(across- vs. within-), task (category vs. instance), and correct response {same vs. 

different). Sex of the participant was included as a between-participant variable. The 

results are presented collapsed across sex in this section in Figure 18 as difference scores 

computed as across-hemisphere advantages for latency (i.e., the mean latency of within-

hemisphere presentations less the mean latency of across-hemisphere presentations); they 

are presented separately for women and men later in the section on individual differences. 

Participants made .some-category judgments 35 ms faster on across-hemisphere 

presentations (767 ms) than on within-hemisphere presentations (802 ms), 

F(l, 200) = 17.04, MS^ = 1806.75, p < .0001, r = .28, for the simple effect contrast 

(Figure 18A). Similarly, participants made different-category judgments 27 ms faster on 

across-hemisphere presentations (798 ms) than on within-hemisphere presentations 

(825 ms), F(l, 200) = 10.42, MS^ = 1806.75, p = .(X)15, r = .22, for the simple effect 

contrast (Figure 18B). 
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Figure 18. Hemispheric communication for latency in the category (left) and instance 
(right) tasks for same (top) and different (bottom) correct judgments are shown for all 
52 participants. Bars indicate mean difference scores between across- and within-
hemisphere presentadons with negative values indicating a within-hemisphere 
advantage and posidve values indicating an across-hemisphere advantage. Error bars 
indicate 95% confidence intervals for the simple effect contrasts (no overlap with 
zero indicates a significant difference). 
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However, participants did not make ja/ne-instance judgments significantly faster on 

across-hemisphere presentations (736 ms) than on within-hemisphere presentations 

(751 ms), F(l, 2(X)) = 3.10, MS, = 1806.75, p = .080, r = .12, for the simple effect 

contrast (Figure 18C); nor did they make dijferent-ivisXdsict judgments faster on across-

hemisphere presentations (788 ms) than on within-hemisphere presentations (778 ms), 

F(l, 200) = 1.38, MS^ = 1806.75, p = .24, r = .08, for the simple effect contrast 

(Figure 18D). 

These results indicate that for both same and different letter category judgments, 

performance is faster when letters are presented to different hemispheres and 

/nferhemispheric communication is required than when letters are presented to the same 

hemisphere and mfrahemispheric communication is required. In contrast, for both same 

and different letter instance judgments, performance is equally fast when letters are 

presented to different hemispheres and iViferhemispheric communication is required and 

when letters are presented to the same hemisphere and mfrahemispheric communication 

is required. If attending to information distributed across the cerebral hemispheres 

improves performance relative to attending to information distributed within a 

hemisphere, then such an advantage is attenuated in letter instance matching compared to 

letter category matching. 

The results just presented are plotted in Figure 19 as a function of task (category [y-

axis] vs. instance [x-axis]). 
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Figure 19. Mean latencies across subjects in the category (y-axis) and instance (x-
axls) tasks for same (solid) and different (clear) correct judgments made after 
presentations to the across- (triangles) and within- (circles) hemisphere in 
Experiment 3. Error bars indicate 95% confidence intervals for the simple effect 
contrasts across 52 participants (no overlap with cell mean indicates a significant 
difference). 



105 

Inspection of this plot reveals a monotonic relationship between performance in the 

category and instance tasks as a function of hemisphere of presentation (across- vs. 

within-) and correct judgment (same vs. different). This pattern confirms that across 

participants, attention to information in the category and instance tasks is not dissociated 

by hemispheric conmiunication and correct response. 

Item analyses replicated all effects across participants (not shown). Investigation of 

jome-category trials revealed no effect of consonantal value (stop consonant vs. vowel) 

or sonority (obstruent vs. sonorant) on the across-hemisphere latency advantage in 

Experiment 3 (not shown), all Fs < 1. Further investigation of ja/ng-category judgments 

revealed a significant moderate effect (r = -.57) of log transformed letter frequency on 

the across-hemisphere latency advantage, F(l, 19) = 8.62, = 645.03, p = .0088 

(Figure 20A), confirming that letter frequency predicts the variation across letter 

categories in the across- over within-hemisphere performance advantage for latency. 

However, there was no significant effect (r = -.13) of visual similarity between letters on 

the across-hemisphere latency advantage, F< 1, (Figure 20B). 

These results,, coupled, with the results presented, previously,, suggest that the across-

hemisphere advantage in the category - but not the instance - task in Experiment 3 is due 

ta relatively effective interhemispheric communication of abstract, relational visual 

information - relative to specific, holistic information - when letters are distributed 

across the cerebral hemispheres during presentation. 
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Figure 20. Hemispheric communication asymmetries for latency across items for same-
category judgments as a function of letter frequency (A) and visual similarity rating 
(B). Points indicate mean difference scores between across- and within-hemisphere 
presentations with negative values indicating a within-hemisphere advantage and 
positive values indicating an across-hemisphere advantage. Linear regression is shown 
for only the significant effect. 
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CHAPTER 4: RESULTS -  INDIVIDUAL DIFFERENCES 

As reviewed in the Introduction, one purpose of this dissertation is to examine individual 

differences in strategy in letter matching tasks, and how these differences affect cerebral 

lateralization of functional processing and mter- vs. intrahemispheric communication of 

information in letter matching tasks. More specifically, I test Segalowitz and Stewart's 

(1979) hypothesis that women use a different cognitive strategy than men in letter 

matching: Women, relative to men, tend to process supravisual (linguistic) characteristics 

of letters in addition to their visual characteristics. Additionally, I test if individual 

differences in strategy or lateralization exist between women and men, then whether such 

differences are best explained by individual differences in absolute lateralization (e.g., 

that men are more lateralized than women), or by asymmetric hemispheric activation 

(e.g., that women are differently lateralized than men). 

Supravisual Processing 

To test directly if women differentially use supravisual linguistic processing during letter 

matching, I present nominal and orthographic confiisability results ft'om different-

category judgments separately for each sex. The results collapsed across sex provided no 

evidence of nominal confiisability, but evidence of orthographic confiisability in left 

hemisphere presentations in Experiment 2 and within-hemisphere presentations in 

Experiment 3. Here I test if women use either kind of supravisual information - nominal 

or orthographic - more than men. The results for nominal confiisability collapsed across 

sex presented earlier in Figure 7 are shown separately for each sex in Figure 21. 
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Figure 21. Mean latencies of d^erent-category trials for rhyming (dark) and 
nonrhyming (light) letter pairs as function of hemisphere of presentation and sex in 
Experiments 1-3 (A-C). Error bars indicate 95% confidence intervals for the simple 
effect contrasts between 44 rhyming (e.g., C b) and 281 nonrhsoning (e.g.^ b) pairs. 
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The results of these analyses are shown for each experiment as function of 

hemisphere of presentation and sex. In each of Experiments 1-3, correct dijferent-

category judgments for rhyming pairs did not differ significantly in mean latency from 

nonrhyming pairs for any simple effect contrasts, all ps > .23. Thus, there were no 

significant differences between women and men in nominal confusability: Both sexes 

were equally insensitive to nominal confusion in all conditions. 

These results provide no evidence of nominal confusability: Contrary to prediction, 

there was no significant decrease in latency on rhyming trials compared to nonrhyming 

trials in any of the three experiments either overall or in any specific condition. The 

results of these exhaustive analyses of rhyming confusability disconfirm the theory that 

nominal information is used to discriminate same-category letter pairs from different-

category letter pairs in a different-case matching task. 

The results for orthographic confusability collapsed across sex presented earlier in 

Figure 8 are shown separately for each sex in Figure 22. The results of these analyses are 

shown for each experiment as function of hemisphere of presentation and sex. 
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Figure 22. Mean latencies from different-category judgments for letter pairs with 
shared (dark) and unshared (light) orthography as function of hemisphere of 
presentation and sex in Experiments 1-3 (A-C). ^or bars indicate 95% confidence 
intervals for the simple effect contrasts between 28 shared (e.g., Ck) and 297 
unshared (e.g., B Ic) orthography pairs. 
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For Experiment 1, planned contrasts revealed a marginally significant, simple effect 

of orthography for women: the mean latency of letter pairs with shared orthography 

(729 ms) was 35 ms slower than that of letter pairs with unshared orthography (694 ms), 

F(l, 646) = 2.69, MS, = 11,795.64, p = .10, r = .06 (Figure 22A, left). Note that this 

effect was in the predicted direction, and thus p = .050 for the directional comparison. 

The comparable contrast for men, however, was not significant (F < 1), and thus the 

mean latency of letter pairs with shared orthography (735 ms) was not significantly 

slower than that of letter pairs with unshared orthography (734 ms; Figure 22A, right). 

For Experiment 2, the three-way interaction effect between sex, hemisphere of 

presentation, and orthography was significant, F(l, 323) = 5.05, Af5, = 6,634.02, 

p = .025, r = .12. Planned contrasts (Figure 22B) revealed a significant simple effect of 

orthography for left hemisphere presentations to women: the mean latency of letter pairs 

with shared orthography (823 ms) was 65 ms slower than that of letter pairs with 

unshared orthography (758 ms), F(l,  1292) = 16.28, Af5, = 6,634.02, p < .0001, r= .11. 

In contrast, for right hemisphere presentations to women, mean latency of letter pairs 

with shared orthography (758 m&> was not significantly slower than that of letter pairs 

with unshared orthography (755 ms; F < 1). The average latency disadvantage for letter 

pairs with shared orthography for left and right hemisphere presentations to women, 

34 ms, is numerically similar to the 35 ms disadvantage found in Experiment 1 when 

letter pairs were presented to both hemispheres of women. For both left and right 

hemisphere presentations to men, there was no significant simple effect of orthography 

on latency, (both Fs < 1). These results help explain the significant hemisphere of 
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presentation and orthography interaction effect on latency found for women, 

F( 1, 646) = 7.51, M5, = 6,634.02, p = .0063, r = . II, but not for men (F < 1). 

For Experiment 3, planned contrasts revealed a significant simple effect of 

orthography for within-hemisphere presentations to women: the mean latency of letter 

pairs with shared orthography (913 ms) was 42 ms slower than that of letter pairs with 

unshared orthography (871 ms), F(l, 1292) = 4.93, MS, = 9,339.58, p = .027, r = .06. In 

contrast, for across-hemisphere presentations to women and both across- and within-

hemisphere presentations to men, there was no significant effect of orthography on 

latency, all ps > 0.23. 

In summary, in Experiments 1, 2, and 3 there was direct evidence of orthographic 

confusability in latency performance - but only for women - for presentations to both 

hemispheres in Experiment 1, presentations to the left hemisphere in Experiment 2, or 

presentations within-hemisphere in Experiment 3. Women's disadvantage in latency for 

orthographically similar letter pairs in Experiment I was numerically similar to women's 

average disadvantage for left and right hemisphere presentations in Experiment 2. 

In Experiment 3,. the three-way interaction between hemispheric communication^ 

orthography, and sex for error rate was significant, F(l, 323) = 5.38, Af5, = 44.56, 

/> = .021, r = .13, but was not explained by plarmed contrasts analogous to the latency 

contrasts just reported. From inspection of cell means, I performed four additional 
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unplanned contrasts"; these contrasts are shown, plotted in a different order with new 

95% confidence intervals corresponding to each contrast, in Figure 23. 

These simple effect contrasts revealed that women discriminated pairs with unshared 

orthography with a significantly lower error rate when interhemispheric communication 

was necessary (across-hemisphere presentations; 3.43%) than when intrahemispheric 

communication was necessary (within-hemisphere presentations; 6.18%), 

F(l, 1184) = 25.04, MS^ = 44.56, < .0001, r = .27. In contrast, women 

discriminated pairs that shared orthography with a nonsignificantly higher error rate 

when interhemispheric communication was necessary (5.36%) than when it was 

unnecessary (3.57%), F < 1, for the simple effect. For men, the simple effect of 

interhemispheric communication was absent for discrimination of letter pairs with both 

unshared and shared orthography (both Fs < 1). These results help explain the interaction 

effect of interhemispheric communication and orthography that was significant for 

women, F(l, 323) =4.71, M5, = 55.65, p = .031, r = .12, but not for men, F< 1. 

" The reported significance levels of unplanned contrasts have been adjusted using the most 
conservative method (i.e., multiplying it by [k(k-l)]/2 possible pairwise comparisons, cf. Rosenthal et al., 
2000). 
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Figure 23. Error rates of women (left) and men (right) in different-category 
judgments for trials in which interhemispheric (dark) and intrahemispheric (light) 
communication are necessary for 297 unshared (e.g., B Ic) and 28 shared (e.g., C Ic) 
orthography pairs in Experiment 3. Error bars indicate 95% confidence intervals for 
the simple effect contrasts between trials that require interhemispheric and 
intrahemispheric communicadon 
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I present these particular error rate results (in exception to my general rule of not 

presenting error rate data in the interests of simplicity) because they disconflrm the 

theory that across-hemisphere advantages in the different-case matching tasks are 

explained by efficient perceptual or attentional distribution of multiple kinds of 

information across the cerebral hemispheres. These results demonstrate that such an 

explanation is true only when the additional orthographic information being 

communicated between the hemispheres corroborates the visual information necessary to 

make a correct judgment. When the additional orthographic information being 

communicated between the hemispheres conflicts with the visual information necessary 

to make a correct judgment, there is no distribution advantage. Thus, additional 

supravisual information facilitates interhemispheric communication, only when it is 

redundant with the visual information required to make the correct judgment. These 

results are incompatible with a division of labor explanation of across-hemisphere 

advantages in letter category matching in which processing of visual and orthographic 

information is performed by different hemispheres when input is distributed across the 

hemispheres. 
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Letter-case Invariance in the Cerebral Hemispheres 

Earlier I demonstrated that same-cox&goTy and jame-instance judgments in Experiment 1 

yield qualitatively different prcx:essing. Using a novel analysis, I showed that latencies to 

jame-category judgments were letter-case invariant: there was a nearly perfect linear 

effect of letter category on latency across upper- and lowercase letterforms. Thus, 

latencies for letter pairs within the same letter category (e.g., A a vs. a A) were on average 

more similar than letter pairs in different letter categories (e.g., A a vs. Bb). This 

demonstrates that 5a/ne-category judgments are:(a) categorical, and (b) invariant 

(abstracted) across upper- and lowercase letterfoms. 5ame-instance judgments, in 

contrast, were letter-case variant: there was no significant effect of letter category on 

latency across upper- and lowercase letterforms. Thus, latencies for letter pairs within the 

same letter category (e.g., A A vs. a a) were on average no more similar than letter pairs 

in different letter categories (e.g., A A vs. B B). This demonstrates that jame-instance 

judgments are:(a) not categorical, and (b) variant across upper- and lowercase letterfoms. 

Here I examine this qualitative distinction - letter-case invariant performance vs. 

letter-case variant performance - ia more detail: I test if there are qualitative differences 

in processing in the two tasks as a function of task (category vs. instance), correct 

judgment (same vs. different), hemisphere of presentation (both hemispheres, left 

hemisphere, or right hemisphere), and sex. First, I determine if lettercase invariance is 

asymmetric in the category and mstance tasks for the lateral presentations of 

Experiment 2, then I examine which differences manifest with central (bilateral) 

presentations in Experiment 1. This qualitatively comparison between bilateral 
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presentations in Experiment 1 and lateral presentations in Experiment 2 for each sex is 

important given the demonstration in the previous section that women engage in an 

unnecessary supravisual orthographic processing strategy in different-category 

judgments. Here I test if letter-case invariant processing — either visual or supravisual 

(i.e., orthographic) - occurs for women in letter instance matching. If so, this test would 

demonstrate that women use different processing strategies from men in letter instance 

matching, and that similar to letter category matching, involves the strategy of processing 

information beyond that which is strictly necessary for accomplishing the task. Crucially, 

I test if such additional letter-case invariant processing in die letter instance task is 

cerebrally asymmetric in women and men, and if so, if it results in distinct pattems of 

cerebral dominance between the sexes. 

The effect of letter category on latencies in the category task is shown in Figure 24 

as a function of correct judgment, hemisphere of presentation, and sex. For women, 

same-category latencies were letter-case invariant for presentations to both hemispheres, 

F(l, 25) = 90.37, = 1,466.63, p < .0001, r = .89; the left hemisphere, 

F(l,. 25) = 95.93, - 2,348.11,./? < .0001» r = .89; and the right hemisphere,. 

F(l, 25) = 47.72, MS„^uai = 4,351.48, p < .0001, r = .82 (see Figure 24A). For all three 

conditions, the results were qualitatively identical, and there were no significant 

quantitative difference between the left and right hemisphere (p > .05), or between either 

lateral presentation and presentation to both hemispheres simultaneously (both ps > .05). 
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Figure 24. Correlation coefficients ( rs) between lowercase letter first and uppercase 
letter first latencies for women (left) and men (right) for jame-category (top) and 
different-category (bottom) judgments as a function of hemisphere of presentation for 
Experiments 1 and 2. Error bars indicate 95% confidence intervals. 
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Comparable results were found for same-cdx&goxy judgments by men (see 

Figure 24B): latencies were letter-case invariant for presentations to both hemispheres, 

F(l, 25) = 91.97, = 2,181.47, p < .0001, r = .89; the left hemisphere, 

F(l, 25) = 72.30, = 2,558.27, p < .0001, r = .87; and the right hemisphere, 

F(l, 25) = 114.23, = 2,475.86, p < .0001, r = .91. For all three conditions, the 

results were qualitatively identical and there were no significant quantitative differences 

between the left and right hemisphere {p > .05), or between either lateral presentation and 

presentation to both hemispheres simultaneously (both ps > .05). 

For comparisons between women and men (Figures 24A and 24B), all qualitative 

effects were identical (letter-case invariant). Quantitatively, letter-case invariance for 

latencies did not vary significantly between women (r = .89) and men (r = .89) for 

bilateral presentations, or between women (r = .89) and men (r = .87) for left hemisphere 

presentations, both ps > .05; however, for right hemisphere presentations, latencies were 

significantly more letter-case invariant for men (r = .91) than for women (r=.82), 

p < .05. 

For different-cai&gory trials I examined, letter-case invariance by comparing 

latencies for pairs like a B with pairs like A b, and pairs like b A with pairs like B a. 

Because of the variation in the number of pairings for different-category trials, I obtained 

data for 650 items'" using this procedure instead of the 26 items used for same-category. 

The 650-item count represents a complete matrix. Because of errors and the procedure used to 
exclude latency oudiers in combination with the small number of observations per item, latencies for both 
variants of the 650 item pairings were available for between 640 and 650 items when d^erent-category 
trials were analyzed for letter-case invariance as a function of sex and hemisphere of presentation. Linear 
regressions were performed on the available observations for each condition. 
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jame-instance, and different-instance trials. In addition, for different-category trials, the 

number of observations averaged into each item was far fewer, and consequently signal 

averaging over noise for this condition is poorer than in the other three conditions {same-

category, jame-instance, and different-msiaxice), precluding direct comparisons with 

them. Comparisons within different-category trials (e.g., between sexes or hemispheres), 

however, remain valid. 

For women, different-category latencies were letter-case invariant for presentations 

to both hemispheres, F(l, 645) = 82.01, - 12,635.99, p < .0001, r = .34; the left 

hemisphere, F(l, 645) = 91.94, = 34,300.57, p < .0001, r = .35; and the right 

hemisphere, F(l, 644) = 92.57, = 24,567.03, p < .0001, r= .36 (see Figure 24C). 

For all three conditions, the results were qualitatively identical, and there were no 

significant quantitative difference between the left and right hemisphere {p > .05), or 

between either lateral presentation and presentation to both hemispheres simultaneously 

(both ps > .05). 

For men, different-category latencies were also letter-case invariant for presentations 

to both hemispheres, F( 1,649) = 240.99, = 20,021.85, p < .0001, r = .52; the left 

hemisphere, F(l, 643) = 68.08, = 39,669.63, p < .0001, r = .31; and the right 

hemisphere, F(l, 640) = 112.19, = 44,368.43, p < .0001, r = .39 (see 

Figure 24D). For all three conditions, the results were qualitatively identical; however, 

latencies for right hemisphere presentations were significantiy more invariant (r = .39) 

than left hemisphere presentations (r = .31), p < .05, and latencies for bilateral 
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presentations were significantly more invariant (r = .52) than latencies for either lateral 

presentation (both ps < .05). 

For comparisons between women and men in different-category trials (Figures 24C 

and 24D), all qualitative effects were identical (letter-case invariant). Quantitatively, 

letter-case invariance for latencies was not significantly different between women 

(r = .35) and men (r = .31) for left hemisphere presentations, or between women (r = .36) 

and men (r = .39) for right hemisphere presentations, both ps > .05. However, for 

presentations to both hemispheres simultaneously, latencies were significantly more 

letter-case invariant for men (r = .52) than for women (r = .34), p < .05. 

Similar to the previous analysis for the category task, a analysis of the effect of letter 

category on latencies in the instance task is shown in Figure 25 as a ftinction of correct 

response (same vs. different), hemisphere of presentation (both hemispheres in 

Experiment 1 vs. left or right hemisphere in Experiment 2), and sex. 

For women, ja/we-instance latencies were letter-case invariant only for presentations 

to the left hemisphere, F(l, 25) = 4.70, MS^.,= 2,208.10, p = .020, r = .41 (see 

Figure 25A). In contrast, latencies were letter-case variant for both presentations to the 

right hemisphere, F(l, 25) = 1.26, = 2,005.09, p = AA, r - .23, and to both 

hemispheres, F(l, 25) < 1.00, = 889.89, p < .21, r = .16. Despite qualitatively 

differences, there were no significant quantitative differences in letter-case invariance for 

presentations to the left hemisphere, right hemisphere, or both hemispheres (ail ps > .05) 

for women. 
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Figure 25. Correlation coefficients ( rs) between lowercase letter first and uppercase 
letter first latencies for women (left) and men (right) for .same-category (top) and 
different-caxegory (bottom) judgments as a function of hemisphere of presentation for 
Experiments I and 2. Error bars indicate 95% confidence intervals. 
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Comparable results were found for ^ame-instance judgments by men (see 

Figure 25B): latencies were letter-case invariant only for presentations to the left 

hemisphere, F(l, 25) = 10.85, = 2,681.34, p = .0002, r = .56. In contrast, 

latencies were letter-case variant for both presentations to the right hemisphere, 

F(l, 25) < 1.00, MS„,ijuai = 2,524.05, p = .32, r = .10, and to both hemispheres, 

F(l, 25) < l.OO, = 612.66, p < .18, r = .19. However, for men, the qualitative 

difference in letter-case invariance between presentations to left hemisphere and 

presentations to the right hemisphere or to both hemispheres was corroborated with a 

quantitative difference: left hemisphere presentations were more case-invariant (r = .56) 

than both right hemisphere presentations (r= .10,/? < .05) and presentations to both 

hemispheres (r =. 19, p < .05) - which did not differ in letter-case variance, p > .05. 

For comparisons between women and men (Figures 25A and 25B), all qualitative 

effects were identical (letter-case invariant for left hemisphere presentations, but letter-

case variant for right hemisphere presentations and presentations to both hemispheres). 

Quantitatively, letter-case invariance for latencies did not vary significantly between 

women (r = .16) and men (r = .19) for bilateral presentations, p > .05; between women 

(r = .41) and men (r = .56) for left hemisphere presentations, p > .05; or between women 

(r = . 16) and men (r = .10) for right hemisphere presentations, p > .05. 

For women, different-vasxanct latencies were letter-case invariant for presentations 

both to the right hemisphere, F(l, 25) = 12.93, = 1,153.71, p = .(X)08, r= .59, 

and to both hemispheres, F(l, 25) < 11.43, = 565.(X), p = .0001, r = .57 (see 

Figure 25Q. In contrast, latencies were letter-case variant for presentations to the left 
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hemisphere, F(l, 25) = 1.66, = 1,987.47, p = .10, r = .25. These qualitative 

differences between presentations to the right hemisphere or both hemispheres and the 

left hemisphere, corresponded to significant quantitative differences for women: 

presentations to the right hemisphere (r = .59) and to both hemispheres (r = .57) - which 

did not differ in letter-case invariance of latencies, p > .05 - were more letter-case 

invariant than presentations to the left -hemisphere (r= .10), both ps < .05. 

The letter-case variance results obtained for different-instance judgments by men are 

shown in Figure 25D. Latencies for men were letter-case invariant only for presentations 

to the right hemisphere, F(l, 25) = 5.98, - 722.10, p = .011, r = .45. In contrast, 

latencies were letter-case variant for both presentations to the left hemisphere, 

F(l, 25) < 2.88, = 2,639.45, p = .051, r = .33, and to both hemispheres, 

F(l, 25) < 2.62, = 637.614, p < .059, r = .31. Although the results were 

qualitatively different for right hemisphere presentations, there were no significant 

quantitative differences in letter-case invariance for presentations to the left hemisphere, 

right hemisphere, or both hemispheres (all ps > .05) for men. 

Comparisoa of Figures 25C and 25D reveals that latencies were qualitatively similar 

for women and men for presentations to the left hemisphere (i.e., both letter-case variant) 

and right hemisphere (i.e., both letter-case invariant), but were not qualitatively similar 

for presentations to both hemispheres (i.e., letter-case invariant for women and letter-case 

variant for men). Quantitatively, letter-case invariance for latencies did not vary 

significantly between women (r = .57) and men (r = .31) for bilateral presentations, 

.05 <p < .10; between women (r = .25) and men (r = .33) for left hemisphere 



125 

presentations, p > .05; or between women (r = .59) and men (r = .45) for right 

hemisphere presentations, p > .05. 

Performance Asymmetries in the Cerebral Hemispheres 

In Figure 26, hemispheric differences for latency performance are shown separately for 

each sex. For ja/ne-category judgments, women demonstrated a left hemisphere 

advantage of 15 ms which occurred because they made sa/we-category judgments 

significantly faster for left hemisphere presentations (721 ms) than for right hemisphere 

presentations (736 ms), F( 1,400) = 7.99, MS^ = 373.28, p = .0025, r = . 14, for the simple 

effect contrast (Figure 26A). Men, however, demonstrated a 4 ms left hemisphere 

advantage for jomc-category judgments and were not significantly faster for left 

hemisphere presentations (737 ms) than for right hemisphere presentations (741 ms), 

F(l, 400) < l.(X), MS, = 373.28, p = .23, r = .04, for the simple effect contrast 

(Figure 26 A). 

There was no statistical advantage for either hemisphere for women's d^erent-

category judgments: they were not faster for left hemisphere presentations (759 ms) than 

for right hemisphere presentations (754 ms), F(l, 400) < 1.00, MS, = 373.28, p = .17, 

r = .05, for the simple effect contrast (Figure 26B). Likewise, for men there was no 

statistical advantage for either hemisphere for participant's different-category judgments; 

they were not significantly faster for left hemisphere presentations (766 ms) than for right 

hemisphere presentations (763 ms), F(l, 400) < 1.00, MS, = 373.28, p = .34, r = .02, for 

the simple effect contrast (Figure 26B). 
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Figure 26. Cerebral asymmetries for latency in the category (left) and instance (right) 
tasks for same (top) and different (bottom) correct judgments are shown for 26 
women (dark bars) and 26 men (light bars). Bars indicate mean difference scores 
between left and right hemisphere presentations with negative values indicating a left 
hemisphere advantage and positive values indicating a right hemisphere advantage. 
Error bars indicate 95% confidence intervals for the simple effect contrasts (no 
overlap with zero indicates a significant difference). 
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For jame-instance judgments, women demonstrated a right hemisphere advantage of 

7 ms; however, this difference was not significantly faster for right hemisphere 

presentations (693 ms) than for left hemisphere presentations (736 ms), F(l, 4(X)) = 1.29, 

A/5, = 373.28, p = .13, r = .06, for the simple effect contrast (Figure 26C). Men 

demonstrated a 13 ms right hemisphere advantage for jame-instance judgments and were 

significantly faster for right hemisphere presentations (674 ras) than for left hemisphere 

presentations (687 ms), F(l, 4(X)) = 5.57, MS^ = 373.28, p = .0094, r = .12, for the simple 

effect contrast (Figure 26C). 

Finally, for different-'vasX.dCD.CQ judgments, women demonstrated no statistical 

advantage for either hemisphere: left hemisphere presentations (724 ms) were not 

significantly faster than right hemisphere presentations (726 ms), F(l, 400) < 1.00, 

MS, = 373.28, p = .35, r = .02, for the simple effect contrast (Figure 26D). In contrast, 

men demonstrated a 20 ms right hemisphere advantage for different-'vasidSiCQ judgments 

and were significantly faster for left hemisphere presentations (718 ms) than for right 

hemisphere presentations (738 ms), F(1,400) = 13.42, A/5, = 373.28, p < .0001, r = .18, 

for the simple effect conurast (Figure 26D). 

Figme 27 shows the difference scores between women and men in right hemisphere 

latency advantages to illustrate the interaction effect contrasts of hemisphere of 

presentation x sex for each task and each correct judgment. For ^am^-category 

judgments, women's 15 ms left hemisphere advantage missed the margin of significance 

for being larger than men's 4 ms left hemisphere advantage, F(l, 200) = 2.20, 

MS, = 373.28, p = .070, r = .10, for the interaction effect contrast. Similarly, for same-
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instance judgments, women's 7 ms and men's 13 ms right hemisphere advantages were 

not significantly different, F(l, 200) < 1.00, M5, = 373.28, /? = .19, r = .06, for the for the 

interaction effect contrast. However, for t/ifi^er^nr-instance judgments, men's 20 ms right 

hemisphere advantage was significantly different from women's 2 ms left hemisphere 

advantage, F(l, 200) = 8.16, MS, = 373.28, p = .0024, r = .20, for the interaction effect 

contrast. 

These results help explain why the hemisphere of presentation x task interaction 

effect was not significant for women, F( 1, 25) = 1.78, MS, = 361.46, p = . 19, r = .26, but 

was significant for men, F(l, 25) = 6.26, MS, = 600.24, p = .0.019, r= .45. Comparably, 

they also explain why the hemisphere of presentation x task x correct judgment 

interaction effect was not significant for men, F(l, 25) < 1, Af5, = 368.22, p = .93, 

r = .02, but was significant for women, F( 1, 25) = 6.93, MS, = 378.35, p = .014, r = .47. 
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Figure 27. Cerebral asymmetries for latency in the category (left) and instance (right) 
tasks for same (top) and different (bottom) correct judgments are shown for the sex 
interaction effect. Bars indicate mean difference scores between sexes of right 
hemisphere advantage scores with negative values indicating an advantage for 
women and positive values indicating an advantage for men. Error bars indicate 95% 
confidence intervals for the interaction contrasts (overlap with zero indicates no 
significant difference). 
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Test for Monotonicity 

The previous results indicate that women have a larger left hemisphere asymmetry then 

men for jame-category judgments, but a smaller right hemisphere advantage for same-

instance and different-instance judgments. These results are consistent with different 

asynunetric hemispheric activation for women and men in letter matching tasks: Women 

appear to have greater left hemisphere activation and men greater right hemisphere 

activation. To further test this, I examined monotonicity plots of results just presented 

(Figure 28). Results are shown as a function of task (category [y-axis] vs. instance [jc-

axis]) separately for each women (Figure 28A) and men (Figure 28B). Inspection of these 

monotonicity plots reveals monotonic patterns for both women and men individually. 

This pattern of results, corroborates the performance differences for latency between the 

hemispheres, and confirms that women are biased towards left hemisphere acdvation and 

men are biased towards right hemisphere activation, and these two kinds of tasks are 

functionally dissociable as a function of these sex-dependent hemispheric biases and the 

correct judgment (cf. Figure 14). To fiuther confirm this conclusion, I next test whether 

latency performance between judgments are uncorrelated. (as a negative control) and if 

latency performance between tasks is correlated across participants (as a positive 

control). 

Correlation of Cerebral Asymmetries 

The within-participant design of Experiment 2 allows for analysis of the relationship of 

asymmetries for latencies: between judgments (same vs. different) for both tasks and 
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between tasks (category- vs. instance-matching of letters) for both judgments. As noted 

by Hellige (1993), an important, but often uninvestigated, topic is the consistency of 

cerebral asymmetries across individuals, for example within or between tasks. 
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Figure 28. Monotonicity graphs for Experiments 2 for all participants (A), women 
only (B) and men only (C). Error bars indicate 95% confidence intervals of the 
simple effect contrasts for each measure. See text for details. 
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Two theories of sexual differences - reviewed in the introduction - offer contrasting 

predictions for how cerebral asymmetries should manifest across the sexes. If men's 

brains are more asymmetric than women's brains are (Levy, 1976; McGlone, 1980), then 

men should exhibit a negative correlation between both judgments (same vs. different) 

and between tasks (category vs. instance), and women no correlation (or a much lower 

one compared to men) between judgments (same vs. different) and between tasks 

(category vs. instance). In contrast, if women and men are equally but differently 

asymmetric, perhaps as a function of asymmetric hemispheric arousal (Levy et al., 1983) 

and the differential effects of sex hormones on the cerebral hemispheres (Gouchie & 

Kimura, 1991), then there should be a positive correlation between tasks that does not 

differ as a function of sex. 

The relationship of cerebral asymmetries for latency between same and different 

judgments is shown separately for the category task in Figure 29A and the instance task 

in Figure 29B. Because no differences between sexes were found (all ps > .05), the 

results are described collapsed across sex. In the category task, there was no relationship 

(r = -(-.03) between cerebral asymmetries for latency for same judgments and cerebral 

asymmetries for different judgments, F(l, 51) < 1.00, = 1,635.75, p = .83. 

Similarly, in the instance task, there was no relationship (r = -.03) between cerebral 

asymmetries for latency for same judgments and cerebral asymmetries for different 

judgments, F(l, 51) < 1.00, MS^-h..,i = 1,510.14, p = .85. Figure 29C shows that this lack 

of relationship was identical for the two tasks (p > .05). 
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The relationship of cerebral asymmetries for latency between the category and 

instance tasks is shown separately for same judgments in Figure 30A and different 

judgments in Figure 30B. Because no differences between sexes were found (all 

ps > .05), these results are also described collapsed across sex. For same judgments, there 

was a strong positive relationship (r = +.60) between cerebral asymmetries for latency in 

the category task and cerebral asymmetries in the instance task, F(l, 51) = 27.49, 

= 1,056.40, p < .0001. Similarly, for different judgments, there was a modest 

positive relationship (r = +.36) between cerebral asymmetries for latency in the category 

task and cerebral asynmietries in the instance task, F(l, 51) = 7.59, MS= 1,454.63, 

p = .0081. Figure 30C shows that this positive relationship was stronger for the same 

judgments than for different judgments (p < .05). These positive correlations in 

hemispheric asymmetries across tasks support the theory that in letter matching, women 

and men have different asymmetric hemispheric activation. 
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Figure 30. Cerebral asymmetries for latency (ms) for the category task (y-axis) and 
instance task (x-axis) for same (top) and different (bottom) judgments in 
Experiment 2 are shown by participant. Women (triangles; n = 26) and men (circles; 
n = 26) are plotted together. Negative values indicate a left hemisphere advantage and 
positive scores indicate a right hemisphere advantage. Regressions are shown for both 
significant linear effects 
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Letter-case Invariance in Hemispheric Communication 

Similar to the previous section on hemispheric asymmetries, here I examine if letter-case 

invariance differs in the category and instance tasks as a function of sex and necessity of 

interhemispheric communication in Experiment 3 (presented in Figure 31). Comparisons 

with presentations to both hemispheres (in Experiment 1) are not shown and are not 

examined because - unlike comparisons across Experiments 1 and 2 - perceptual load is 

confounded across Experiments 1 and 3 (two items in Experiment 1 to four items in 

Experiment 3). After examining letter-case variance qualitatively and quantitatively, in 

the next section I examine if letter-case variance/invariance predicts latency performance 

differences of hemispheric communication. 

For women, ^ame-category latencies were letter-case invariant for both across-

hemisphere, F(l, 25) = 65.92, = 2067.52, p < .0001, r = .86, and within-

hemisphere presentations, F(l, 25) = 91.27, = 2,737.98, p < .0001, r = .89 (see 

Figure 31 A). For women, the letter-case invariance of latencies was qualitatively and 

quantitatively similar for presentations diat required interhemispheric communication and 

those that did aot^ p < .05 for the difference between correlation coefficients. 
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Figure 31. Correlation coefficients ( rs) between lowercase letter first and uppercase 
letter first latencies for women (left) and men (right) for same-category (top) and 
different-calegovy (bottom) judgments as a function of hemisphere of presentation for 
Experiments 1-3. Error bars indicate 95% confidence intervals. 
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Similarly, for men, same-category latencies were letter-case invariant for both 

across-hemisphere presentations. F(l, 25) = 90.60, = 1,090.65, /7<.0001, 

r = .89; and within-hemisphere, F( 1, 25) = 15.32, MS = 6,317.88, p = .0007, r = .62. 

However, for men, while letter-case invariance was qualitatively similar, latencies of 

within-hemisphere presentations (r = .62) were significantly less'invariant than both 

across-hemisphere presentations (r = .89) and within-hemisphere presentations to women 

(r = .89), both ps < .05. 

For women, different-catcgory latencies were letter-case invariant for both across-

hemisphere presentations, F(l, 643) = 18.77, = 64,323.92 p < .0001, r = .17; and 

within-hemisphere presentations, F(l, 639) = 10.01, = 67,361.02, p = .0016, 

r= .12 (see Figure 3 IB). For both conditions, the results were qualitatively identical, and 

there was no significant quantitative difference between across- and within-hemisphere 

presentations (p > .05). 

For men, different-category latencies were also letter-case invariant for across-

hemisphere presentations, F(l, 645) = 33.82, = 39,577.83, p < .0001, r= .22; 

and within-hemisphere presentations^ F( 1,63S) - 50.68, - 44,239.89, p < .0001, 

r = .27). For both conditions, the results were qualitatively identical, and there was no 

significant quantitative difference between across- and within-hemisphere presentations 

{p > .05). Direct (i.e., quantitative) comparisons of same- and different-category 

judgments are misleading and invalid because of the signal-to-noise averaging issue 

discussed previously. 



140 

For women, jame-instance latencies were letter-case variant for both across-

hemisphere presentations, F(l, 25) < 1.00, = 3,820.37, p = .18, r = .19, and 

within-heniisphere presentations, F(l, 25) = 1.39, = 6,261.17, p = .12, r= .23 

(see Figure 31C). For both conditions, the results were qualitatively identical, and there 

was no significant quantitative difference between across- and within-hemisphere 

presentations {p > .05). 

Comparable results were found for jame-category judgments by men: jame-category 

latencies were letter-case variant for both across-hemisphere presentations, 

F(l, 25) = 1.01, MS„,ijuai - 2,972.89, p = .16, r = .20, and within-hemisphere 

presentations, F(l, 25) < 1.00, = 2,421.86, p = .33, r = .10. For both conditions, 

the results were qualitatively identical (i.e., case variant), and there was no significant 

quantitative difference between across- and within-hemisphere presentations (p > .05). 

For women, different-category latencies were letter-case invariant for across-

hemisphere presentations, F(l, 25) = 3.02, = 2,777.27, p = .047, r = .33, (see 

Figure 3 ID). In contrast, latencies were letter-case variant for within-hemisphere 

presentations, F(l, 25) < 1.00, p = .26, r = .13 These qualitative 

differences between across- and within-hemisphere presentations for women, however, 

did not correspond to significant quantitative differences in letter-case invariance 

between across-hemisphere (r = .33) and within-hemisphere presentations (r=.13), 

p > .05. 

Different-categoty latencies for men were letter-case variant both for across-

hemisphere presentations, F(l, 25) < 1.00, = 3,1062.39, p = .22, r = .16, and 
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within-hemisphere presentations, F(l, 25) < 1.00, - 1,2067.51, p = .49, r= .01. 

For both conditions, the results were qualitatively identical (i.e., case variant) for men, 

and there was no significant quantitative difference between across- and within-

hemisphere presentations {p > .05). 

Latency Performance in Hemispheric Communication 

The previous results demonstrate that women - but not men - use additional categorical 

(letter-case invariant) information when instance (letter-case variant) information is 

required when letters are of different-instances and hemispheric communication is 

required. To test if this additional information used by • women affected latency 

performance differences between across- and within-hemisphere presentations, I present 

these results here as a function of sex. These latency results are shown for both kinds of 

judgments and for both tasks in Figure 32. 

Figure 32A illustrates that women made ja/ne-category judgments 33 ms faster on 

across-hemisphere presentations (818 ms) than on within-hemisphere presentations 

(851 ms), F(l, 400) = 7.91, MS, - 1806.75, p = .0026, r = .14, for the simple effect 

contrast. Similarly, men made jame-category judgments 35 ms faster on across-

hemisphere presentations (717 ms) than on within-hemisphere presentations (752 ms), 

F(l, 400) = 9.15, MS, = 1806.75,/? = .0013, r= .15, for the simple effect contrast. 
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Figure 32. Hemispheric conununication for latency in the category (left) and instance 
(right) tasks for same (top) and different (bottom) correct judgments are shown for 26 
women (dark bars) and 26 men (light bars). Bars indicate mean difference scores 
between across- and within-hemisphere presentations with negative values indicating 
a within-hemisphere advantage and positive values indicating an across-hemisphere 
advantage. Error bars indicate 95% confidence intervals for the simple effect 
contrasts (no overlap with zero indicates a significant difference). 
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Figure 32B illustrates across-hemisphere advantages for different-category 

judgments separately for women and men. Women made different-catcgory judgments 

29 ms faster on across-hemisphere presentations (843 ms) than on within-hemisphere 

presentations (872 ms), F(I, 400) = 6.09, = 1806.75, p = .0070, r = .12, for the 

simple effect contrast. Similarly, men made different-category judgments 25 ms faster on 

across-hemisphere presentations (753 ms) than on within-hemisphere presentations 

(778 ms), F(l, 400) = 4.41, MS, = 1806.75, /? = .018, r = .10, for the simple effect 

contrast. 

The latency results for ^ame-instance judgments are shown as a function of sex in 

Figure 32C. Women made jame-instance judgments 27 ms faster on across-hemisphere 

presentations (801 ms) than on within-hemisphere presentations (828 ms), 

F(l, 400) = 5.38, MS, = 1806.75, p = .010, r = .12, for the simple effect contrast. 

However, men did not make jame-instance judgments significantly faster on across-

hemisphere presentations (671 ms) than on within-hemisphere presentations (674 ms), 

F(l, 400) < 1.00, MS, = 1806.75, p = .43, r = .01, for the simple effect contrast. 

Finally, the latency results for different-instance judgments are shown as a function 

of sex in Figure 32D. Women made different-instance judgments 24 ms faster on within-

hemisphere presentations (832 ms) than on across-hemisphere presentations (856 ms), 

F(I, 400) = 4.41, MS, = 1806.75, p - .018, r = .10, for the simple effect contrast. 

However, men did not make different-instance judgments significantly faster on across-

hemisphere presentations (719 ms) than on within-hemisphere presentations (724 ms), 

F(l, 400) < 1.00, MS, = 1806.75, p = .33, r = .02, for the sunple effect contrast. 
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These results help explain why the necessity of interhemispheric communication x 

sex interaction effects (Figure 33) were: (a) not significant for 5ame-category judgments, 

F(l, 200) < 1.00, MS, = 1806.75, p = .44, r = .01; (b) not significant for dijferent-

category judgments, F(l, 200) < 1.00, M5, = 1806.75, p = .40, r = .02; (c) only 

marginally significant for jame-instance judgments, F(l, 200) = 2.309, Af5, = 1806.75, 

p = .065, r = .11; and (d) significant for dijferent-vnsXaiicc judgments, F(l, 200) = 3.21, 

AfS, = 1806.75, p = .037, r = .13. Additionally, tiiey help explain why the sex x 

hemisphere of presentation x correct judgment interaction effect was not significant for 

the category task, F(l, 100) < 1.00, MS, = 1806.75, p = .39, r = .03, but was significant 

for the instance task, F(l, 100) = 5.48, Af5, = 1806.75, p = .011, r= .23. 

Note that although women were 107 ms slower than men on dijferent-\T&isxic& 

judgments presented within-hemisphere, women were 137 ms slower than men on 

different-'mslancc judgments presented across-hemisphere - a differential of 30 ms that is 

consistent with the conclusion that women are differentially impaired relative to men on 

rfij0%re«f-instance judgments of across-hemisphere presentations. 

These results confirm that the additional categorical information — visual or 

orthographic (or perhaps even nominal) - used by women in different-instance judgments 

selectively impairs interhemispheric communication, but not intrahemispheric 

communication. 
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Figure 33. Hemispheric communication for latency in the category (left) and mstance 
(right) tasks for same (top) and different (bottom) correct judgments are shown for all 
52 participants. Bars indicate mean difference scores between sexes of mean 
difference scores between across- and within-hemisphere presentations. Error bars 
indicate 95% confidence intervals for the simple effect contrasts (no overlap with 
zero indicates a significant difference). 
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Test for Monotonicity 

To examine this interference of categorical information on dijferent-xnsianct judgments 

further, I plot the results just presented as a function of task (category [y-axis] vs. 

instance [x-axis]) in Figure 34 separately for women and men. Inspection of these 

monotonicity plots reveals that latencies for across- and within-hemisphere presentations 

of same and different judgments were nonmonotonic functions of task (category vs. 

instance) for women (Figure 33A). However, latencies for across- and within-hemisphere 

presentations of same and different judgments were monotonic fianctions of task 

(category vs. instance) for men (Figure 33B). Thus, the reversed association across all 

subjects (Figure 19) is likely due solely to inclusion of female participants. Note that the 

point deviating from monotonicity is that for across-hemisphere different trials in the 

category and instance tasks. This result demonstrates unequivocally (Durm & Kirsner, 

1988) that hemispheric communication in same-different judgments dissociates 

performance in the letter category and instance tasks for women, but not for men. In other 

words, similar cognitive factors underlie inter- and intrahemispheric communication in 

these two tasks in. men; however,, distinct cognitive factors underlie inter- and 

intrahemispheric communication across the two tasks in women. 
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Figure 34. Monotonicity graphs for Experiments 3 for all participants (A), women 
only (B) and men only (C). Error bars indicate 95% confidence intervals of the 
simple effect contrasts for each measure. See text for details. 
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CHAPTER 5: DISCUSSION 

The main conclusion from this work is that a novel qualitative analysis of performance -

letterform invariance, or the degree of variation in performance between the upper- and 

lower-case forms - explains differences in how people make matchmaking judgments 

about letter categories (e.g., A a vs. B b) and letter instances (a a vs. A a). When people 

made jame-category judgments, the letter category (irrespective of letter instance) was a 

nearly perfect predictor of latency: Specific letterforms (i.e., cases) differed from each 

other less than they differed from letterforms in other letter categories. In contrast, when 

people made ^ame-instance judgments, the letter category was a poor predictor of 

latency: Specific letterforms (e.g., a a vs. A A) differed from each other as much as they 

differed from other letter categories (e.g., a a vs. b b). These results indicate that different 

representations - each with opposite computational goals - underlie performance in letter 

category and letter instance matching. In letter category matching, letterform-specific 

(i.e., case-specific) information was ignored when participants attended to letter category 

information while solving the category task. In contrast, in letter instance matching, letter 

category information was ignored while participants attended to letterform-specific 

information in solving the instance task. Thus, in letter matching tasks, participants can 

attend to two qualitatively different kinds of letterform information: those features which 

are invariant between letterforms, and those features which vary between letterforms. 

Importantly, these distinctions are generalized across all 26 letters of the English 

alphabet in both kinds of matchmaking: They are not restricted to letters that are 

dissimilar in their upper- and lower-case visual structures. 
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The Nature ofLetterform Invariance 

Letter confusability was examined in the letter category task to determine which kinds of 

ietterform invariant information are used by participants when performing letter category 

judgments. Stimuli that are different, but highly similar (and thus highly confusable) on a 

relevant dimension (of any kind of information) produce longer latencies compared to 

stimuli that are not similar (and thus less confusable) on that dimension. Thus, 

confusability (or its absence) is a test of whether that kind of information is used (or not) 

to solve the task. I tested whether participants exhibited confusability effects for three 

different kinds of Ietterform invariant information: (a) nominal information - if letter 

names are confused, (b) orthographic information - if letters that share grapheme to 

phoneme mappings are confused, and (c) abstract visual information - if letter shapes are 

confused. The design of the three experiments reported in this study made these tests 

particularly valid because all of the letters of the alphabet were used with equal 

frequency, and thus any kind of letter confusability could be examined without bias. 

The lack of nominal confusability across all three experiments in any condition 

indicates that nominal information was not used by the participants in this study and 

replicates and extends the results of previous studies that examined nominal confusability 

(Boles, 1986; Boles &. Eveland, 1983). Importantly, it specifically disconfirms the 

prevalent view that different-case letter category matches are made via use of letter name 

information (e.g., Banich & Belger, 1990; Belger & Banich, 1992, 1998; Birkett, 1981; 

Cohen, 1972; Davis & Schmit, 1973; Eviatar et al., 1997; Eviatar et al., 1994; Geffen et 
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al., 1972; Posner & Mitchell, 1967; Weissman & Banich, 2000). Direct examination of 

the performance advantage of same case letter (instance) matches over different case 

letter (category) matches for ail letters of the alphabet, revealed that this advantage is 

present for only a subset of letter categories (17/26) and that the degree of this advantage 

isstrongly correlated with the visual similarity between upper- and lowercase letterforms. 

Because many previous investigations of this phenomenon have restricted stimuli to 

choices that are theoretically presupposed, claims of evidence for nominal processing in 

different case (category) matching based on performance differences between the two 

tasks are logically and empirically unfounded. Misguided emphasis on this belief 

(however atheoretical) has limited other potentially useful approaches to understanding of 

how letter category matching across different cases is accomplished: Indeed, no 

investigator to date has examined the altemative explanation of orthographic information. 

The presence of orthographic confiisability in all three experiments is novel. It 

indicates that the mapping of letterforms to phonemes can be used as a strategy for 

making different-case different-category judgments. However, orthographic confusability 

was found, only for women,, which suggests that this strategy is neither necessary nor 

universal. Although this kind of information is "phonological" (i.e., sound-based) in 

nature, it is not nominal; indeed, such information is what would be used if participants 

were pronouncing and comparing the phonemic value of the letters. Thus, the lack of 

nominal confusability for both men and women and the presence of orthographic 

confusability for women (but not men) are consistent with the explanation that men 
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perceive different-case judgments and that women perceive and (sometimes) pronounce 

them. 

This distinction offered an important test of Banich and colleague's theory of 

interhemispheric interaction (Banich & Belger, 1990; Belger & Banich, 1992, 1998; 

Weissman & Banich, 2(XX)), that a division of labor among the hemispheres requiring 

Interhemispheric communication is advantageous when tasks are numerically more 

complex (i.e., involve two or more stages of processing), but not when such tasks are 

numerically simple (i.e., involve a single stage of processing). Because women use a 

more complex strategy (in terms of the number of processes) than men use, this theory 

predicts that the advantage on trials when letters are presented to different hemispheres 

over trials when letters are presented to the same hemisphere should be larger for women 

than men in the letter category task. Examination of different-catcgory trials in detail 

revealed an effect of orthographic confusability on interhemispheric conmiunication: 

Women (but not men) demonstrated an advantage in accuracy for presentations to 

different hemispheres, but only when letters differed in their orthographic mappings. 

When letters could share orthographic mappings,^ there was no such advantage for 

presentations of the letters to different hemispheres (for either women or men). Thus, 

women's use of this complex strategy resulted in them being able to effectively distribute 

multiple kinds of information across the hemispheres only when orthographic 

information corroborated the visual information. When orthographic information 

conflicted with abstract visual information, such distribution was not more efficient. 

Thus, the computational quality of the information (corroborating vs. conflicting), rather 
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than the computational quantity of information (multiple vs. single) best explains whether 

presentations to different hemispheres will result in a performance advantage. 

In all three experiments, there were effects of visual confusability: Visual similarity 

facilitated jame-category judgments and inhibited different-category judgments, 

indicating that visual information predicts performance in the category task. These 

findings provide strong support for the theory that different-case matching (usually called 

nominal or name matching) is accomplished via a visual representation. The fact that men 

exhibited visual confusability, but not nominal or orthographic confusability suggests that 

such a visual representation is in practice - not just in principle - sufficient for 

accomplishing the category task. 

Comparably, in all three experiments, there were no effects of visual confusability 

on same-instance judgments, but inhibitory effects of visual confusability on different-

instance judgments. These findings suggest that instance matching is also accomplished 

via a visual representation - not a novel claim - however, they also demonstrate that 

letter category and instance matching are accomplished by different kinds of visual 

information: abstract and relational^ and specific and holistic^ respectively. 

Differences between the Cerebral Hemispheres 

Examination of performance asymmetries revealed further support for this distinction in 

kinds of visual processing. Consistent with predictions, abstract, relational processing in 

the letter category task was faster for presentations to the left hemispheres during same 

judgments (although not for judgments), whereas specific, holistic processing in 
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the letter instance task was faster for presentations to the right hemisphere during both 

same and different judgments. This dissociation was accompanied by a reversed 

association (Dunn & Kirsner, 1988) in performance between the two kinds of letter 

matching across correct judgments and hemisphere of presentation, and thus 

unequivocally demonstrates - across all letters of the alphabet- that these two kinds of 

matching require distinct cognitive processes. 

Detailed item analysis of performance asymmetry in same-caiegory judgments 

revealed that the overall left hemisphere asymmetry varied as a function of linguistic 

properties of the letters such as the consonantal value of potential phonemes (consonant 

vs. vowel), the sonority of potential phonemes (obstruent vs. sonorant), and letter 

frequency. In addition, the visual similarity between upper- and lowercase letterforms 

predicted the cerebral performance asymmetry in same-category judgments. These effects 

are necessarily confounded within the limited number of letter categories in the Roman 

alphabet, however, the important conclusion is that these variations across letter 

categories can explain variations in cerebral asymmetries in this task when letter choices 

for stimuli are arbitrarily or unsystematically restricted. 

Variation in Letterform Invariance 

Examination of letterform invariance - for example, that latency performance does not 

differ for same judgments of A a and a A - in the category task revealed that latencies 

were letter-case invariant for both men and women and for both same-category and 

different-category judgments. There were no qualitative differences (i.e., invariant vs. 
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variant latency across letterforms) between judgments, between hemispheres, or between 

sexes in letterform invariance in the category task. 

In contrast, in the letter instance task, letter-case invariance changed as a function of 

correct judgment, hemisphere, and sex. For 5ame-instance judgments, letter-case 

invariance for latencies was asymmetric for both women and men, but for women, this 

difference was only qualitative, while for men it was both qualitative and quantitative, 

and was greater for left hemisphere than for right hemisphere presentations. For different-

instance judgments, letter-case invariance for latencies was also asymmetric for both 

women and men, but for women, this difference was both qualitative and quantitative, 

while for men it was only qualitative, and was greater for right hemisphere presentations 

than for left hemisphere presentations. These results indicate that: (a) letter-case 

invariance can be exhibited even when it is insufficient for accomplishing the task, (b) 

letter-case invariance can be exhibited asymmetrically, (c) these asymmetries can vary as 

a function of whether the invariant information corroborates with or conflicts with the 

variant information, (d) men's larger asymmetries were mediated by corroboration and 

women's larger asymmetries were mediated by conflict,, and. (e) that women and men can 

be equally but differently asymmetric. This result corroborates the differential 

asymmetries found for women and men in orthographic and visual confiisability, and 

suggests that individual differences in cerebral asymmetries are due to bias from 

asymmetric hemispheric arousal rather than absolute differences in lateralization. 
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The Distinction between Hemispheric Dominance and Differences 

Comparison of presentations of letters to both hemispheres (in Experiment 1) to 

presentations to the left or right hemispheres (in Experiment 2) indicates that hemispheric 

dominance can vary as a function of correct judgments and sex. For ^ame-instance 

judgments of both women and men, presentations to both hemispheres were both 

qualitatively and quantitatively similar to right hemisphere presentations, exhibiting 

letter-case variant latencies. For women's different-'mslance judgments, presentations to 

both hemispheres were both qualitatively and quantitatively similar to right hemisphere 

presentations, exhibiting letter-case invariant latencies. However, for men's different-

category judgments, presentations to both hemispheres were both qualitatively and 

quantitatively similar to left hemisphere presentations, exhibiting letter-case variant 

latencies. These results demonstrate that the same hemisphere (the right hemisphere) can 

dominate bilateral performance with qualitatively different outcomes - letter-case variant 

processing (e.g., jamc-instance judgments for men) or letter-case variant processing (e.g., 

diff^erent-'mstance judgments for women). 

Assuming that the left hemisphere is more specialized for letter-case invariant 

processing and the right is more specialized for letter-case variant processing (Marsoiek, 

1995; Marsoiek et al., 1992; Marsoiek et al., 1996; Marsoiek et al., 1994), these results 

also indicate that the (putatively) more specialized hemisphere can dominate performance 

(e.g., the right hemisphere in men's ja/ne-instance judgments) just as easily as the 

(putatively) less-specialized hemisphere can (e.g., the left hemisphere in men's d^erent-

instance judgments). This finding dissociates the concept of hemispheric dominance from 
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that of hemispheric asymmetry (i.e. competence or differences), and illustrates how 

dynamic interhemispheric interaction can be, even within a task. The counterintuitive 

Hnding that a hemisphere less competent at a form of representation can dominate 

performance in normal participants is identical conceptually to the metacontrol 

phenomenon described in commissurotomy (split-brain) patients (Levy & Trevarthen, 

1976) and normal participants (Hellige et al., 1989). 

Women differed qualitatively firom men in their hemispheric dominance in different-

instance trials when: (a) Their qualitative differences in letter-case invariance were 

quantitatively asymmetric (men's differences in letter-case invariance were only 

qualitatively asymmetric), and (b) processing of right hemisphere presentations was 

incompatible with the required strategy (i.e., letter-case variant processing is needed, but 

not achieved). Such interference (and a difference from men in hemispheric dominance) 

was not found in when processing of left hemisphere presentations was incompatible with 

the required strategy. This is particularly interesting because the right hemisphere is 

hypothesized to be specialized for case-variant processing. One explanation for this 

inconsistency in putative hemispheric specialization and the qualitative kind of 

processing in the right hemisphere for different-instance trials, is that the invariant 

information that women are processing on different instance trials is orthographic rather 

than nominal or abstract visual. If so, and if such orthographic processing is only 

accomplished by the left hemisphere, then the unusual asymmetry in letter-case 

invariance and the difference in hemispheric dominance may depend on interhemispheric 

communication with the left hemisphere. Consistent with this explanation: 



157 

1. Women differed significantly from men in their cerebral performance 

asymmetry of mean latency only for different-msidxic& trials; men demonstrated 

a right hemisphere performance advantage for latency, while women did not. For 

jflwe-instance and for category trials, women's asynmietries did not differ 

significantly from men's asymmetries. Thus, women's cerebral asymmetry for 

different-vRSimcc trials (as measured quantitatively by mean latency) was shifted 

away from the right hemisphere asymmetry that men demonstrated. However, 

this shift was only present on dijferent-insianct trials which are orthographically 

(and visually) identical to 5am?-category trials and for which the processing of 

categorical information - such as noting that the letters share the same 

orthography - conflicts with fact that they are correctly judged to be different 

instances. 

2. In Experiment 3, women exhibited letter-case invariant processing in the 

instance task only on different trials when letters were presented to different 

hemispheres and interhemispheric communication is required. In contrast, men 

did not exhibit letter-case variant processing in the instance task in Experiment 3 

in any condition. Thus, when women (but not men) were required to 

communicate information across the hemispheres in Experiment 3, letter-case 

invariance on different-instance was qualitatively similar to letter-case 

invariance of different instance trials presented to the right hemisphere in 

Experiment 2 and also qualitatively similar to letter-case invariance of different 

instance trials presented to the both hemispheres in Experiment 1. 
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3. Women exhibited an across-hemisphere performance disadvantage (or a within-

hemisphere advantage) for latency, a difference significant from men's 

performance in the same conditions. Thus, when women were required to 

communicate information across the hemispheres, mean latencies were 

differentially impaired only on different-'msxmcQ trials. As with point one above, 

this shift in performance advantage from across-hemisphere to within-

hemisphere trials was only present on different-insiaacQ trials which are 

orthographically and visually identical to same-coxtgoty trials and for which the 

processing of categorical information, such as orthography, conflicts with the 

information necessary for a correct different-instance judgment. 

4. Women exhibited an across-hemisphere performance advantage for mean 

latency (while men exhibited no significant differences in latency between 

across- and within-hemisphere presentations) on same-instance trials. Thus, 

when women were required to communicate information across the hemispheres, 

mean latencies facilitated performance only on ja/ne-instance trials. This shift in 

performance advantage (relative to men) to across-hemisphere trials was only 

present on same-instance trials which are orthographically identical to same-

category trials and for which the processing of categorical information, such as 

orthography, corroborates the information necessary for a correct same-instance 

judgment. 

This explanation is also consistent with the finding that performance in 

Experiment 2 was dissociated by reversed association only across sex, and not within sex. 
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In other words, latency performance on these two tasks as a function of hemisphere and 

correct judgment is distinguished only by the average differences between women and 

men. Such differences are likely due to asymmetric hemispheric activation (Levy et al., 

1983) given that hemispheric performance differences in latency across tasks were 

correlated (for both sexes) for both same and judgments. Thus, in Experiment 2, 

both women and men exhibited different hemispheric biases. These results corroborate 

Belger and Banich's (1998) finding that individual differences in asymmetric 

hemispheric activation can affect interhemispheric communication, but with the 

additional distinction that such modulation of interhemispheric communication depends 

on how letter-case invariant information such as orthography corroborates or conflicts 

with the information strictly necessary to accomplish the task. 

In support of this claim, in Experiment 3, the category and instance tasks were also 

dissociated via a reversed association in performance as a function of hemispheric 

communication (across- vs. with-hemisphere) and correct judgment (same different). 

Interestingly, this reversed association across all participants was dependent on women's 

performance; men did not exhibit a reversed association themselves. With the reversed 

association across both sexes for hemispheric asymmetry, the deviance fi*om 

monotonicity occurred on different trials presented to the right hemisphere. In the case of 

Experiment 3,the reversed association was due to deviance from monotonicity on 

different trials presented across the hemispheres. Thus, this unequivocal dissociation in 

performance depends on how women process dfferent trials on across-hemisphere 

presentations between the two tasks. These trials are those in which women differ 
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qualitatively in terms of letter-case invariance; similarly, in these trials, orthographic 

information either corroborates the information strictly necessary (abstract visual-form 

information in the category task) to perform the task or conflicts with the information 

strictly necessary (specific visual-form information in the instance task) to perform the 

task. 

Individual Differences in Hemispheric Asymmetries 

As mentioned before, women and men were both equally reliable in their cerebral 

asymmetries between tasks (within a correct judgment). Similarly, they were equally 

unreliable in cerebral asymmetries between judgments (within a task). No models of 

same-different judgments (for a review see Farell, 1985) account for this pattern of 

reliability and unreliability in hemispheric asymmetry. The combination of positive 

correlations between tasks for both men and women and opposite cerebral asymmetry 

patterns for men and women is consistent with the theory that different individuals have 

characteristic hemispheric activadon (Levy et al., 1983). These results are also 

inconsistent with the theory that some individuals - such as men — are functionally more 

asymmetric than others - such as women (Levy, 1976; McGlone, 1980). 
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CHAPTER 6: SUMMARY AND CONCLUSION 

Using letter matching tasks that required participants to use information about either 

letter categories (e.g., A a vs. Bb) or letter instances (e.g., a a vs. A a) and using all 26 

letters of the English alphabet at stimuli, I found that collapsed across correct judgment 

(same vs. different) and sex: (a) in general there was a left hemisphere performance 

advantage for letter category matching, and a right hemisphere performance advantage 

for letter instance matching, and (b) in general, there was an across-hemisphere 

performance advantage for letter category matching, and there was no performance 

advantage for letter instance matching. The first finding replicates some of the mixed 

findings on hemispheric asymmetries in letter matching and is consistent with recent 

work in visual perception and memory research on hemispheric asymmeuies (Farah, 

1991; Marsolek, 1995; Marsoiek & Burgund, 1997; Marsolek et al., 1992; Marsolek et 

al., 2(X)1; Marsolek et al., 1996; Marsolek et al., 1994). The second finding replicates 

work on hemispheric communication in letter matching tasks (Banich & Belger, 1990; 

Banich & Shenker, 1994; Weissman & Banich, 2000). However, both summaries give an 

incomplete picture of the roles the cerebral hemispheres in letter matching. Both 

dissociations (double in the first case and single in the second case) are revealed as 

incomplete when other factors such as the nature of the correct judgment (same vs. 

d'^erent) or the sex of the judger are taken into account. Thus, the two simple 

dichotomies described above each give misleading accounts for the role of the cerebral 

hemispheres and hemispheric communication in letter category and instance matching 
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and both the mask the cognitive complexity involved in making same-dijferent 

from letterforais. 

These judgments are complex because women and men use different strategies, an 

idea first suggested for letter matching tasks by Segalowitz and Stewart (1979): Women 

attend to multiple sources of information, while men attend to single sources of 

information. Although Segalowitz and Stewart restricted their explanation to performance 

on the instance matching, the results from the present work suggest that their explanation 

holds for both category and instance matching. Importantly, neither sex was sensitive to 

nominal similarity of the letterforms in the category task, providing more evidence that 

this task is not accomplished via letter names - a belief common among researchers who 

use letter matching tasks. However, in the letter category task women were sensitive to 

both orthographic and visual similarity while men were only sensitive to the latter. 

Similarly, in the instance task, women's (but not men's) latencies were letter-case 

invariant on dijferent-'vasX.Bnc& trials (just like both sexes on jame-category trials) despite 

the fact that such letter-case invariant information was insufficient for solving the task. 

Although processing was clearly letter-case invariant for women» it is impossible to 

determine from performance asymmetries in accuracy or latency measures from visual 

half-field presentations, which kind of invariant information (nominal, orthographic, or 

abstract visual-form) women were attending to in addition to the letter-case specific 

information. 

Such differences in strategy provide a fortuitous opportunity, because in the case of 

the strategy for attending to multiple (and unnecessary) sources of information, this 
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unnecessary information can conflict with the information necessary for solving the task. 

In the instance task, this strategy - and the resulting cognitive conflict - had two novel 

consequences: It shifted hemispheric performance asymmetries and communication 

asymmetries away from those of the simpler strategy. In the first case, the hemispheric 

asymmetry became symmetric. In the second case, corroboration facilitated across-

hemisphere processing, while conflict impaired across hemisphere processing compared 

to the simpler strategy. In category task, attention to orthographic aspects (letter to sound 

correspondences) of the letterforms impaired interhemispheric communication when 

orthographic cues conflicted with visual cues. 

Finally, this work demonstrated that women can have equal - though different -

hemispheric biases from men, and these variations in bias (left hemisphere for women; 

right hemisphere for men) determine hemispheric performance asymmetry. This work 

also demonstrated that hemispheric dominance - which hemisphere's processing is 

exhibited when both can interact - is distinct conceptually from hemispheric asymmetry -

how the hemispheres differ in performance. Further, the work presented here 

demonstrates that interhemispheric interaction can depend on both asymmetric 

hemispheric activation and the kind of information being communicated across and 

within the hemispheres. Importantly, the numerical complexity of the information did not 

predict across- vs. within-hemisphere performance, and thus this work supports a 

previous smdy that found differences in the kind of information processed determine 

hemispheric asymmetry and hemispheric communication (MarsoIek et al., 2(X)1). 
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Letter matching -- by category or instance - is a complex function of sex-based 

cognitive strategic^' informational conflict, and how the cerebral cortex and its 

commissures integrate information in presence or absence of such conflict. 
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