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Abstract 

There are suggestions in the literature that, although 

the left hemisphere is dominant for the processing of 

language, the direction and degree of language lateralization 

vary in association with certain factors. First, the right 

hemisphere has some language abilities, particularly for 

verbal material that involves emotional content. Second, 

degree of lateralization of language functions may vary 

between right- and left-handers and, among left-handers, 

between those who use the inverted hand posture for writing 

and those who use the non inverted hand posture. Third, 

lateralization may be related to ability to transfer 

information between the hemispheres. The purpose of this 

study was to look for associations among! lateralization of 

word recognition ability as measured by .a tachistoscopic 

lexical decision task; word type ( function vs. emotional) ; 

handedness (right, left-inverted, left-noninvertea); and 

interhemispheric transfer of visual and motor information . 

Results showed the expected left hemisphere superiority for 

w.ord recognition in both right- and left-handed s.ubjects, with 

no signific~nt differences in measured lateralization between 

function and emotional words. Right-handed subjects showed 

stronger lateralization for word recognition than did left-
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i nverted subjects . No differences were observed between left­

inverted and left-noninverted subjects, b~t relatively few 

l eft-noninverted individuals could .be found . The measures of 

· nterhemispheric transfer skills did not reveal variations 

with respect to gende~ or handedness, nor with respect to 

degree of lateralization on the lexical decision task . 

Examiners: 

Dr. Roger Graves 

or. Oonald Knowles 
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INrnOOOCITON 

Hemispheric Asymmetries 

'Ihe irrportance of the left hemisphere for the processing of language 

functions in the majority of right-handers is well established in the 

literature (Beaumont, 1982; Bryden, 1982; Geschwind, 1974). In 1865 Broca 

demonstrated that aphasia resulted after lesions confined to the left 

hemisphere but rarely occurred after right hemisphere lesions. Additional 

research. has conf inned Brcx::a' s original. statement that "hmnans speak with 

the left hemisphere" (Benson, 1979; Penfield & Roberts, 1959; Russel & 

F.spir, 1961). It hq.s also been demonstrated that the posterior portion 

of the left temporal lobe (i.e., plam.nn te:mporale) is larger ln most htnnan 

brains (Gese'hwini & I.evitsky, 1968) • '!his asymmetry has been suggested 

to represent the neuroanatamical substrate for the left hemisphere's 

dominance for language in IrOSt irrl.ividuals (Galaburda, Corsiglla, Rosen 

& Sheman, 1987; Geschwirrl & Galaburda, 1985). left hemisphere daminance 

for language has also been shown by studies using the intracarotid 

injection o f so::lium amytal (Wada & Rasmussen, 1960). Furthermore, several 

investigations of the specific aspects of language functions that would 

be more efficiently precessed by the left hemisphere nave~ perfonned • 

.Recent studiflS (Benson, 1985) indicated tl;iat the syntactic aspect of 

language appea~ to be correlated with left hemisphere functions. other 

researchers (Bradshaw &. Nettleton, 1981) , hc:Mever, argued. that the left 

hemisphere is specialized for analytical and seqµential functions. 

'Ihe right hemisphere, on the other hand, has traditionally been 

associated with the processinj of non-verbal material, particularly visuo­

spatial informa,tion (Gazzaniga & Iedoux, 1978). As early as 1868 
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observation of remaining language abilities after left hemisphere damage 

led Jackson to conclude that tne right hemisphere had some language 

representation. Understanding the role of the right hemisphere in the 

processing of language has been the subject of many recent studies. 

Al though the nature of right hemisphere language functioh renains 

controversialr it is generally accepted that it has some ability for 

compreherrling both spoken an:.i written language (Otlarello, Senehl & 

Nuding, 1987; Gazzaniga, LeJ:bux & Wilsonr 1977). 

In the current literature various clinical populations have provided 

some infonnation pertaini.rXJ to the role of the right hemisphere i:n 

larguage comprehension. Patients who had urrlergone canplete 

CXJI'CIIlli.ssutorey' were fourxl to have some limited comprehension of language 

that was presented to their right hemisphere (Bogen & Vogel, 1962; 

Gazzaniga, 1970; Speny, 1982). Another source of infonnation cdJ:tes from 

the study of adults with left h~erectomy who show severe deficits in 

expressive speech while retaining sane ability for producing automatic 

~ (Burklurrl & smith, 1977). Research involving the observation of 

severe aphasics suggests that TI0SSi ve lesions to. the left hemisphere cause 

severe impairment in the use of language (Heilmah & Rot.hi, 1985). 

Clinical o~tions, however, suggest that brief utterances of eirotional 

content are produced by these patients. 'Ihis type of speech has been 

attributed to the right hemisphere (Benson & Geschwind, l97l). I.arrlis, 

Graves and Goodglass (1982), furthenrore, observed that the reading and 

the writi.rq of aphasic patients were significantly related to the 

emotional quality of words which was thought to be mediated in part by the 

right hemisphere. 
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Recent studies bave shown that aff~ve prosody is lateralized to 

the right hemisphere, while the irore lirquistic aspects of prosody are 

incompletely lateralized to the left hemisphere (Ross, 1988; Ross & 

Mesulam, 1979). Dam:ige to the right hemisphere, therefore, might result 

in an inability to respon:i appropriately to em::>tional situations (Ross & 

Mesulam, 1.979; fucker, Watson & Heilman, 1977) • Gardner, BrcMn.ell, Wapner 

an1 Michelon (1983), who studied aspects of lin;Juistic and paralinguistic 

communication in right brain damaged patients, found that they had 

preservation of meaning but misinterpretation of iretqphors and emotions. 

Another line of researdl involves the investiga1:.ion of hernispherio 

differences in the processing of language in i.rrlividuals without brain 

damage. '!his approach generally relies upon three basic technigµes which 

are noninvasive. 

'Ihe first irethod utilizes event-related potentials (ERPs) to monitor 

cerebral activation during the execution of linguistic tasks. 'llle results 

obtained with this approach appear to i.rrlicate that ih most language tasks 

there is a greater left hemisphere than right hemisphere activation 

(Zaidel, 1985). The:te is soma evidence, hawever, that the right 

hemisphere participates in same aspects of phonetic aro. semantic 

processing in lexical analysis (Molfese, Molfese & Parsons, 1983). 

'llle secorrl technique (Le. , dichotic listening) presents two auditor.y 

stimuli to each ear arrl measures response latency or accuracy to briefly 

presented stimuli. It is generally ao::epted in studies that use dichotic 

listening presentations that there is a right-ear advantage (left 

hemisphere). for ~ ctiscri.rnina.tion ,and a left-ear advantage .(right 

hemisphere) for nonverbal material (Kimura, 196.la, 1961b) . On the other 
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band, some of the studies that reported r1.ght-ear advantages for words 

also observed left-ear advantages for paralinguistic aspects of speech 

such as intonation (Bradshaw & Nettleton, 1983, cita:l. in zaidel, 19.85; 

Graves, I.arrlis & Goodglass, 1981; Graves, Morley & Maroopcilus, 1987). An 

overall right hemisphere (i.e., left ear advantage) superiority for the 

detection of specific affects has also been derconstrated (Bryden & Mac:Ra:e, 

1989). 

In tachistoscope presentation, the third technique, infonnation 

presented to the right visual field (RVF) has direct acx:::ess to the left 

hemisphere an:i infonnation presented to the left visual field (LVF} is 

directly projected to the right hemisphere. Stintuli are present.Erl to the 

left or right of a fixation point an:i the exposure duration must be short 

enough (i.e. , 150 mill:isecorrls or less) to prevent eye m::wements that 

would expose the stimulus to .both visual fields (Sergent, 1983). '!here 

is sorre suggestion that in lexical decision tasks (i.e. , word/nanword 

identification) processing is more efficient for the infornation with 

direct access to the hemisphere that is specialized in processing it 

(Bradshaw & Nettleton, 1981; Hellige, 1982). Tachistoscope studies 

generally report a RVF superiority for identification of letters am. words 

while a LVF advantage is often reported for non-verbal material (Beaumont, 

1982; White, 1972) . On the other han::l, there has been same irdication of 

right hemisphere participation in the processing of new or unfamili_ar 

linguistic material and in the recx:gnition of concrete nouns (Bradshaw & 

Nettleton, 1983, cited in Zaidel, 1985; Goldberg & Costa, 1981). 

Graves et al. (l981) fourxi that both imageability am emotionality 

are .important factors in determinifB right hemisphere reading . In this 
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study an overall :mlF (i.e., left hemisphere) advantage for the processin;f 

of e!OC)ti,onal words. and nonenotional abstract. 'WOrds was ci::>serv.ed. 'Ib.e mal~ 

group, howE:?Ver, showed a smaller F5lF advantage for enot.ional words than 

for nonen:otlonal abstract woros, suggestil'XJ .some right hernispru3re ability 

to recognize enotional words. A study by StJ:aUpS (l.983) also observe:i RVF 

advantages :for the recognition of both einotional and non~tional. -words, 

but no gerdar· difrerences were observed. Asymmetries in the process:in:J 

of different categories of words were also re.ported by ray (1977} va10 

observ.ai a srraller INF advantage in lexical an::i semantic decisions of 

,concrete versus abstract nouns, arrl by Cluarello arrl Nuding (1987) who 

Qbserverl a smaller RVF advantage, for processing content (referential 

me.anlng) as oppo~ to function (grammatical mean:i.rq) words. soma 

studies, howeverr have failed to replicate Day's (1977 ) observations of 

RVF ad.vantages for concrete nouns (l1oscovitch, 198:3; Ornstein & Meighan, 

l97E3) ~ 1Ihese fi:crlings in general are cansi.stent with the view that ·the 

right hemisphere is IOOl."'e efficient . .in the processing of· sem.<mtic 

(pa_rti.cularly visual and emot-ional) aspects rather tban grammatical 

aspec-LS of meaning. 

To stzmroal.'Y, al though the left hemisphere superio.ri ty for langua~ 

is well established in the -literature, there is evidence that the :tight 

hemisphere has some ability to ~e verbal material particularly when 

it involves e:rrotional content. One o:f the objectives of this study will 

be, therefore, to investigate hemis_pheric ciSyJ:rtmetr:ies in the processing 

of tachistosa,pically· presented function arrl emotional words .in a oonnal 

population. 
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Handerlness 

Another aspect that comp I icates the issue of lateralization of 

language function is the study of the cerebral organization with respect 

to handedness. The incidence of right-handedness in the population has 

been est.i.mated to vary between 90% and. 95% (Porac & Coren, 1978) while the 

estimates of left-handedne,ss have varied between 8.% and 10% (Hardyck & 

Petrinovich, 1977). 'Ille exact percentages, however, appear to vary as a 

function 0£ the sample and the prccedure for measuring handedness (Bryden, 

1982). 

The degree of lateralization in left-ha.rrlers appears to be far from 

being cc:mpletely urrlerstcxxi. It is widely acx:epted that in approximately 

95% of the right-barded population the left hemisphere is specialized for 

rrost aspects of language. Fu:rthennore, in left-hanfters only 70% shaw this 

pattern of lateralization while 15% shOW' a reversed and. 15% a bilateral 

cerebral organization (RasrauSSen & Milner, 1975). Annet (1978) suggested 

that in right-handers language :functions are subserved primarily by the 

left hemisphere whereas for left-handers a more bilateral organization of 

language function would be expected. 

Research has been dedicated to the study of which left-han:iers are 

more likely to sha,..r left hemisphere speech lateralization and. which would 

sha.-r either the reversed patteni. or a bilateral representation of 

function. IEvy and. Reid (1976, 1978) proposed that there was a relation 

between hand preference, m:,tpr control of writing and language 

organization. The authors observed that left-handers show two different 

types of posture during writing. 'Ihe left non-inverted writer positions 

the hand bela.-r the line of writing with the pen tip pointing towards the 
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top of the page. 'I.he left-inverted writer positions the han:l above the 

line of writ:in:J with the pen tip oriented t.c:Mards the .bottom of the page. 

Ievy arrl Reid (1976) proposed that the inverted position was associated 

with left hemisphere language repr$entation arrl the non-inverted position 

indicated right hemisphere representati on. 'lll.i.s theory was based on 

findings from tachistoscope studies that showed an overall RVF (left 

hemisphere) advantage for left-inverted and.. right harrled subjects and a 

LVF (right hemisphere) advantage for left-noninverted. 'llle authors also 

obsel'.ved that left-inverted subjects were less lateralized than both left­

naninverted arrl right-han:ied subjects in verbal and visuospatial tasks. 

'Ihere is same controversy, however, regarding their methods and 

conclusions (McKeever & Hoff, 1979) • 

'Ihe. inverted harrl posture appears to be nore cammon than the non­

inverted amqng left harrlers. '!he distribution of left-inverted. posture 

reported. by some studies has been shown to va:cy between 50% arrl 70% (Ievy , 

Heller, Eanicil & Burton, 1983; McKeever & Va.nDevente.r, 1980) . I.Dwer 

incidences of inverted han:i posture, however, have been reported (Annet, 

1982) . Among right han:lers less than l % shCM the inverted. position 

(Tapley & Bryden, 1983). 

A number of studies· have failed to find any relation between 

harrlwrit~ posture ro"rl lateralized adVantages on a variety of visual, 

auditory arrl verbal tasks (lENy, 1982; Weber & Bradshaw, 1981) • It 

appears that when differences in hemispheric specialization do occur, 

however, they may be restricted to the visuamotor domain (Levy, 1982) . 

Research enployin:J tl;ie intracarotid injection of sodium amytal (i.e., Wada 

technique) to anaesthetize temp0rarily one hemisphere has also failed to 
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dem:mstrate a relationship between ba:trl p::isture and lateralization of 

lanJUage (Strauss, Wada, Iapoint, Gadd.es, & Kosaka, 1984). 

Assurni.n;J (a) tbat left-inverted and left-noninverted writers have 

opposite language dominance, and (b) that the fine motor control resides 

in the hemisphere that is also dominant for language, levy afrl Reid (1978) 

SUbsequen.tly predicted that the control of fine rnovem:mts must be 

contra:lateral to the writing ham in left-noninvert.E::d. and ipsilateral to 

the w,riting bani in left-inverted writers. Moscxwitch and snri.th (1979) 

have observe1 that differences between left-inverted and left-naninverted 

wri ters are confined to the visuom::>tor domain. 'Ihese later authors 

suggested that there is an ananaly in the integration of the visual and 

:rrotor systems in le:ft-.i.nverted writers. '!his theo:cy points to a disorder 

in the connection between visual and motor systems as opposed to one 

between language and :rrotor organization. '!his theory has been challenged 

by Bradshaw, Nettleton and. Spelrr (1982) vmo could not find evidence that 

the left-inverted has a peculiq.r visuOID:>tor organization. Another 

position was presented by McKeever and Hoff (1983) Who noticed an absence 

of measurable interhernispheric transfer time in :left-inverted but not in 

left-nonirnterted-. 'Ihey hypothesized a slc:Med. visuo-:rrotor integration 

associated with efficient interhemi.spheric transfer skills for the left­

inverted group. 

In summary, left-handers appear to be roore variable than right­

handers in their degree of hemispheric lateralization of language 

functions, although the majority of left-handers may show left hemisphere 

dominance for lan;JU.age. 'Ille hand posture used for writing (i.e., left­

inverted vs left-nprri.nverted) has been proposed as. a measure of 
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hemispheric lateralization. Another objective of this study will be, 

therefore, to investigate hemispheric ~tries in the processirg' of 

words in left-harrlers with respect to hand posture for writirq. 

Interhemispheric Transfer 

'!he study of the communication between the two hemispheres is al.so 

relevant since they both hemispheres participate in the execution of rrost 

functions. 'Ihe degree of this participation presumably varies according 

to the task to be perfonned. 'Ihl.s cammunication between right arrl left 

h~e.re occurs mainly via the CXJrpus callOSUll\ and anterior commissure. 

'Ihe .iinportance of these pathways for interhemispherlc cammunication has 

recently became well documented. through the study of patients who have 

urrlergone commissurotomy for the relief of epilepsy (Bo:;en, 1985; Bcqen 

& Vcgel, 1975; Preilowsky, 1975; Sperry & G:lzzaniga, 1967). Bcqen (1985) 

reports tha,t the right-harrler with complete cammissurotamy is not able to 

name aloud objects felt with the left bani, is not able to read aloud 

written material presented to the LVF and is not able to execu~ actions 

with the left hand when they are ve:r:pally d~ibed.. 'Ihe association 

between the L~ge dominant left hemisphere arrl right hand preference 

emerges from the fact that the left hemisph~ is usually specialized for 

both l~ge am skilled movements (Heib:nan & Rothi, 1985; Kimura &. 

Archibald, l974). Nqnetheless, S01re studies question this assumption due 

to observations of patients with. lan;uage specialization dissociated from 

motor specialization (Cos-lett, Rothi, Valenstein & Heilman, 1986). 

Relatively little research has been dedicated to the study of 

interhemispheric transfer 0£ information in nonnal populations. Potter 
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and Graves (1988) reported significant variation in perfonnance on 

interhemispheric transfer tasks ac:x::ording to gender and handedness. 

Females performed. better than males on a visual left-right matching task 

which required transfer of information. 'Ihis fin:iing is consistent with 

deI.acoste-utam.sing•s (1982) observation that tbe splenium of the corpus 

callosum is larger in females. 'Ihe splenium co~nds to the posterio:ir 

portion of the a:n:pus callosum and is considered the site of 

interhemispherio, transfer of visual information. !>Otter and Graves (1988) 

have also reported superior int:.erllemispheric transfer of motor infonnation 

anong left-ha:rrlers. 'Ihis result is supported by Witelson (1985) who foun:l 

the anterior portion of tbe corpus callosum to be larger in left ha:rrlers. 

'Ihe anterior portion of the corpus callosum is responsible for the 

transfer of not.or information. The existence. of gerrler and harrlooness 

differences in callosal size remains controversi~, however, since 

Witelson (1985) did not fin:i a gender effect, and Kertesz, I-Olk, Howell 

and Black ( 1987) in an MRI study fourrl neither gender nor handedness 

differences. Potter and Graves (1988) speculated that the strong 

lateralization of function in right-handed males may be associated with 

inefficient inte:rnemispheric ~fer. 

In Sl.lll\IP,a.ty, there is some evidence that the efficiency of 

inter:hemispheric transfer varies with respect to gen1er and handedness. 

Another objective of this study will be, therefore, to attempt to 

r eplicate Potter and Graves ( 1988) findings. 
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Purj:xJse of the study 

'lhe present research will examine both hemispheric differences in 

the processing of language arrl interhemispheric transfer of visual arrl 

motor information in a normal population. Both of these aspects will :be 

analyzed for the overall group of subjects . Further analysis will be 

con:fu.cted ih order to investigate differences according to gerrler am. 

han'.:ledness. 'Ihe left-b.ar:rled group will :be subdivided according to hand 

posture for writing. 

A le:xical decision task will :be used to study hemisphere. 

asyrarretries. 'Ihe p~ing of two cate:Jories of words will be assessed:· 

function an:1 errotional. Aoco:rd.i.n:J to Otlarello (~87) function words 

corwey primarily grammatical ~ an:i are processed more efficiently 

by the left hemisphere. On the other hand, G:raves et al. (1981) observed 

that the right hemisphere has sane ability to recognize words with 

emotional content. 

Two of the tasks reported in Potter ahd G:raves (1988) will be used 

to examine the transfer of visual arrl notor information between the 

henci.spheres: vertical lines airl figure matching. 

Based upon the above cited resean:h the following hypotheses were 

conceived; 

If in right-handed individuals there is a left hemisphere 

superiority for the recQgnition of words but some right hemisphere ability 

to recogni,ze emotional words ~ere will be (a) a RVF advantage for 

function words and a smaller RVF advantage for emotional words. If males 

are more strongly left bem.isphere d~t for word recognition then the 

males will show a greater RVF advantage than the t:emales . 
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If the fllrlings of a IOC>:t'e variable degree of lateralization of 

function are correct, the left handed group compared with the right-handed 

group will show a less marked visual field advantage. Nevertheless, the 

results should be in the same direction as those for right-handers since 

the majority of left-,-haJrlers has left hemisphere specialization for 

language. If left-inverted subjects are less lateralized than left­

noninverted subject& the latter will e:xhibit greater visual field effects. 

I£ Potter and Graves (1988) firrli.ngs are replicated then, (a) the 

left-harrled group will show IOC>re efficient interhemispheric transfer of 

notor infonnation than right-barrlers, .(b) the female group will be 100re 

efficient in tasks i.nvolvin3 transfer of visual infonnation when compared 

to males, (c) the left-inverted group will show more efficient 

intememispheric transfer than the left-noninverted group. 

Finally, if strong lateralization of function is related to 

inefficient intememispheric transfer of infonnation, a negative 

correlation between visual field advantage in the lexical decision and 

inte.rhemispheric tasks would be expected across all subjects. 
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SUbjects 

Fifty-six University of Victoria students participated in this 

study. 'Ille subjects were classified into tlrree groups according to 

gender, handl::rlness and hatrl posture. Alrorg 33 right-han:ied subjects 

initially screened to particip~.te in the study only the ones who obtained 

scores greater than 35 on the harrl.edness qu$tionnaire were selected. 

Amorg 42 left-handed subjects screened only the ones who could be clearly 

classified. according to harrl posture for writirg were -sel~ to 

participate in the study. '!his proc.edure resulted in a sample of 24 

right-harrle.rs (12 males arrl 12 females), 24 left-harrlers with .inverted 

writirq posture (12 males arrl 12 females) arrl 8 left-handers with non­

:i.nv-erted writin;J posture (3 males and 5 females). 

Materials and Prcx;edures 

In order to detennine handedness, e.ight items were selected from a 

20-ita_n hand preference questionnaire which was sub-j ected to factor 

analysis in a study by Steenhuis and Bryden (1-987). Items with loadirgs 

of at least . 7 were chosen to be used in the present research. Sul::>jects 

rated their hand preference on a five point scale .for each item (Le., 

always, usually, or equal use of the right or left hand). A maximum score 

of 40 would indicate a strorg preference for the right hand and a mininn.n:n 

score of eight would indicate a strong preference for the left hand. 

Individuals with scores greater than 24 were considered right-handed. and 

those scorirg 24 or less were considered left-handed. 

Hand posture was assessed by a.skirq the subjects to write t.,o.eir 
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names while be~ observed by the. examiner. SUbjects were classified in 

tenns of han:i position relative to line of writing and orientation of pen 

tip (IJ:Ny & Reid, 1976). Accorili.ng t.o tl;ie authors, subjects can be 

classified inverted or non-inverted. Some subjects, however, o:JUld not 

be clearly classified by posture are. did not participate in the. study. 

Visual acuity was detennined by asking the subjects t.o read a 

Snellen's Visual Chart. presented in a tachi.stoscope projector screen. 

Reduction of the original size was· necessary in order to meet the exact 

distance-letter size relation requirement. Accurate reading of at least 

six of the nine lines of letters was required (i.e., 20/20 binocular 

vision). 

Four tasks were perfonood by each subject. 'Ihe 0roer of task 

presentation was the ~ £or all subjects: (1) one set of lexical 

decision items (2) line dra~ (3) visual matchin:J (4) another set of 

lexical decision items. A rest period of five minutes was given after 

each task. 

Apperdix A. 

'Ihe exact instructions for each task are presented in 

I.exical decision task 

St.imuli consisted of twenty function words and twenty emotional 

words matched for length (four letters) • 'Ihe function words consisted of 

adverbs, prepositions and adjectives eleven of which were reported in 

Chiarello arrl Nuding's (1987) study. Ten of the emotional words that were 

used in this study have previously been utilized. by Graves et al. , (1981) . 

'Ihe degree of emotionality of both types of words was determined by 

asking 30 people, who did not take part in the study, to rate them on a 
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seven point scale. 'Ihe scale ran;Jed fra:n low eIOCJtion (1) to high enotion 

(7). In order to be conside:red ~ional a word had to be rated 5 or 

greater and to be considered. non-eIOC>tional a word ~d to be n;ited. 2.5 or 

l ess. In addition, forty nonsense words were constructed by rearrangirq 

the letters of the forty words. 'Ihe nonwords were. pronounc.eable and 

matched in 1~ to the woro stirrnJ.lL 'Ille ftmction, emotional and 

nonwords used are listed in Apperrlix B .. 

Two sets ·of eighty word and nonword stimuli were farmed. 'Ihey were 

both the sa:rre except that stimuli that appeared. in one visual field in set 

one appeared in the opposite visual field in set two. 'Ibis procedure 

guaranteed the presentation of information to both visual fields. 'Ihe 

words/nonwords were arrarged in ran:iam order with the restriction that no 

more than three successive i terns of the same category appeared in the same 

visual £ield,. Fach set presented half of the stimuii (i.e. , words am 

nonwords) in the RVF am the other half in the LVF. 'Ihe two sets were 

given separately .arrl the presentation 't1aS- balanced: half of the sUbjects 

in each of the three groups received set 1 first while the other half 

received set 2 first. 

Stimuli were printed on 10 x l5 centimeter white cards using 

I.etraset (3012 Helvetica Meditm1). Each letter string was presented 

laterally with a 2 degree angular separation between center arxi first 

letter. 'Ille information was presenteQ on a ~ channel tachistoscope. 

(Gerbrands Model Gll 50A). One channel displayed the letter strings, 

another a fixation point wn.ieh consisted of a dot in the center of a \>Jhite 

card, and the last channel presented a masking card. 'Ihe masking card 

contained a two-row sequence of g 1 s printed bilaterally two degrees from 



16 

the left a.rd right of the center of a white card. 

'Ihe task st.arted with a prq.ctice trial (10 words and lO nonwords) 

tbat was designed to determine the adequate exposure duration to be 

employed for the actual task. All subjects started with a 100 II1S time 

exposure. If accuracy was 80% or higher for either field, exposure 

duration was reduced to 70 m.s. If accuracy was 60% or lower for both 

visual fields exposure duration was increased to 150 ros. Expo.sure 

duration was maintained at 100 ms if q.ccuracy was al:xwe 60% a.rd below 80%. 

Each subject received only one practice trial (i,e., 10 "10rds and 10 

nonwords) • 'Ibis procedure has been dem::mstrated to be accept.able in pilot 

wor}c. and was interrled to avoid potential floor or ceiling effects by 

keeping per:fonnance close to 75% overall accuracy (i.e., halfway between 

chance 50% and 100% correct penonnance). 

A set of 80 stinJuli ( 40 words and 40 nonwords) , with a two. minute 

rest pericxi given after the first 40 stimuli, followed the practice trial. 

A fixation dot was present continuously except durin;J stimuli and mask 

exposure. 'Ihe mask card followed the stimuli presentation with the 

purp::ise of making perception rore difficult. In a pilot stµ.dy the use of 

this mask was foun:l to provide acceptable accuracy levels. 

SUbj ects were instructed that four letters were goin;J to appear 

briefly on the screen, half of tl)e time to the left of fb.@.tion and half 

of the time to the right. 'Ibey were also told that half of the stimuli 

would be words arrl half the stimuli would be nonwords. 'lhe importance of 

looking at the fixation dot during the whole time was errphasized. 

Bimanual response was required. in order to minimize asymrretries in 

response control. In response to a word the subject was asked to press 
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two keys immediately after stimulus presentation using the index f.itqers 

of both ha:rrls. No response was required for nonwords. Both accuracy arrl 

.reaction time were· recorded. For an irrlex of -strength of the visual field 

(lateralization) effect the formula prop:::,sed by Marsbail, Kaplan and 

»o.lme¥; (1975) was used. '!his laterality irrlex was calculated for the 

:fui'lct.ion, em;:,tional ani the combination of both types of wordS. Reaction 

thne was :rceasured with a clock that stopped when either hand. pressed a key 

(i.e. , the faster ham stopped t_he clock) • 

Line drawing task 

SUbj ects were bli.n::l£olded arrl were asked to stand. fac-in:J a large 

dra~ pap_ attached to the wa_u. 'Ihey W<:rr"e gi_,ven two pens·, one to ~ 

held in each han;l. 'lhe hams were placed .at the top of the page, at }:Jody 

width apart. 'Ihe instruction given was to draw two vertical Imes down 

the page an:i. t0 concentrate on keeping the harrls moving parallel and at 

the same speed. SUbjects were. instructed by the examiner when to begin 

and When to ~tpp basecl. qn :markings on the paper. This task -was re~t~ 

three times. 'Ihe subjects were kept blindfolded throughout the execution 

of the task. 'Ihe line pairs produced were approx:irnately 50, 30 and .4o· 

c:::entimeters :in :L~ respectively. lltie difference between the two lines 

.m length was obtained for each trial and a mean difference for the three 

trials calculated. A low score {i.e., two lines of approxiJ:na.teJ.y the same 

len:;Jth) :r:;-~p~ted a. more efficient perfo.rtnanoe than a high score (i.e. , 

two lines ;c>f different lengths). 'Ihis task has been previously used in 

a study by Potter qncl. ~ravep ( 198:8) • 
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Visual matching task 

In this task a three-channel tachistosqope -was used to present non­

meaningful geometrical figures simultaneously to the left and rigpt visual 

fields. 'Ille figures, drawn in black ink on a white card, were 

approximately 1. 8 ~ wide arrl were centered approximately 2 . 7 degrees 

to the left arii right of the central fixation dot. 'Ille same figures have 

been previously used by Potter an:i Graves (1988). Time exposure was 

150 ms since lo~er exposures might allow sufficient time for a saccadic 

m:,v~t to oecur. 'Ihe subject was required to state whether or not the 

figures were different. F.qual. numbers of sane and different figures were 

arranged ramomly. 'Ihe task starte:i with a practice trial in which four 

pairs 0£ figures were shown arrl was followed by the presentation of sixty 

pairs of figures . Scoring was done m terms of number of correct items. 

Examples of tile figures used are in Apperrlix c. 
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RESULTS 

Due to the small number of subjects obtained for the 

lef t-noninverted group (n=8) most of the analyses were 

performed us-ing only the right-handed (n=24) and the left­

invert ed (n=24) subjec ts. Analyses including all three groups 

are repor ted separately. Means and standard deviations for 

all subj e cts (n=56) in the interhemispheric transfer tasks., 

lexical decision tasks and reaction time are presented in 

Table 1. 

Analyses for right-handed and left-inverted 

Lexical Decision Tasks 

Descriptive analysis conducted on the performance 

accuracy data for the lexical decision tas.k revealed that many 

subjects had accuracies above the desired ( i.. e. , approximately 

75% corre<:::t.) level. In order to investigate if this 

influenced the results two separate analyses were performed: 

(l) inclusion of all 48 subjects, ("2) exclusion of subjects 

achieving greater than 90% accuracy in either field, for 

either emotional or function words. The 90% accuracy was 

arbitrarily chosen as a considerable deviation from the 

desired level, and woul d eliminate potential ceiling effects. 

Analys is of variance was performed to test the 

association between sex and handedness, and accuracy on the 



Variables 
(uni ts)· 

Line 
.( cm) 

Figure 
(number 
correct) 

Funct.1.on-LVF 
(number 
correct) 

Emotional -LVF 
(number 
correct ) 

Nonword-LVF 
(number 
correc t ) 

Function-RVF 
( 1)1.llp..p ~ r 
correct) 

Emotional-RVF 
(numb.er 
correct} 

Nonw0rq-RVF 
(number 
c-orrect ) 

RT Funct~on 
LVF (msec) 

RT Emot ional 
LVF (,msec) 

RT Function 
RVF (-rns·ec ). 

RT Emotional 
RVF (msec ) 

Right~h_anded 
(n=24) 

~ean 
(SD) 

1.80 
(. 70) 

44 .. 9 2 
(:3. 59) 

14.33 
(2. 88) 

14.42 
(2.32) 

27.88 
(3.85.) 

17.13 
(1.. 78) 

17.79 
(1.61) 

27.83 
(3.53) 

648.13 
( 106. 2'3) 

63 7 .38 
( 9(:i -.78) 

609 . 4-6 
(96.14 ) 

601.-\12 
(93.48) 

Table 1 

statistics 

Left-inverted 
(n.=24 ) 

Mean 
(SD) 

1.69 
( . 69 )· 

44.38 
(3 .54) 

14.96 
(2.49~ 

16.33 
(1 .97) 

27.54 
(4 .3 4) 

15.67 
(2.50) 

17.79 
(1.53) 

.28 . 1 7 
( 4. 50) 

542 . 46 
(94.57) 

524 . 21 
(91.37) 

516.13 
{7 7 .78) 

5 0 9 . 17 
(89.64 ) 

Left-noninver ted 
(n=8) 

Me-an 
($D) 

1.68 
(. 88) 

44.00 
(3.16) 

14.25 
(3.99.) 

14.00 
(3.07) 

28.50 
(4.14) 

15.75 
(2. 3 8) 

17.88 
{l.96) 

28.63 
(2 .77) 

603. 88. 
(132. 67) 

578. 63 
(141.13) 

573.38 
(103. 98 ) 

536 . 38 
( 98 . 7i) 

20 
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lexical decision task for 48 subjects. A repeated measures 

design was used to provide greater sensitivity by reducing 

subject variab_ility. There were two between factors, 

handedness (i.e., right-handed and left-inverted) and sex, and 

two within factors, wordtype (i.e., function and emotional) 

and field (i.e., RVF and LVF). Because the within factors 

each ~ad only two levels, multivariate and univariate tests 

of signi'ficance were identical. Results were therefore 

reported using univariate F tests. Neither t_he sex 

(F(l,44)=2.88, p>.097) nor the handedness (F{l,44)=0.37, 

p>.543) main effects were found to be significant, suggesting 

that these groups did not differ in overall accuracy. The sex 

by hand interaction was also nonsignificant (p>. 708). The 

wordtype main eff.ect (F(l,44)=20.23, p<.001) was significant 

with higher accuracy for emotional words as opposed to 

function words. The wordtype by hand interaction 

(F(l,44)=8.47, p<.006) was also found to be significant. T­

tests were performed in order to explore the wordtype by 

h~ndedness inter.action. The results suggested that the right­

handed subjects did not differ in their performance when 

presented with function and emotional words (T(23)=1.24 , 

p>. 226). The left-inverted subjects, however; performed 

better when presented with emotional words (T(23) =4.86, 

P<.001) as opposed to function words. T-tests also suggested 

that left-inverted subjects were significantly more accurate 

than right-handed subjects in identifying emotional words 
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(T(46)=-2.55, p<.014). No differences between the two groups 

for identifying function words were found (T(46)=.69,. P>.496). 

These data for right-handed (RH) and left-inverted (LI) 

subjects are displayed in Figure 1. The sex by wordtype 

(p>. 218) and the sex: by hand by wordtyp.e (p>. 599) interactions 

were nonsignificant. The field main e£fect, however, was 

significant (F(l,44)=43.21, p<.001) revealing that the 

subjects overall were more accurate in identifying words 

presented to the RVF than to the LVF. The field by hand 

interaction was also found to be significant (F(l,44)=9.96, 

p<.003). T-tests were conducted to explore the field by hand 

interaction. The results suggested that right-handed subjects 

performed significantly better (T(23)-5.69, p<'.001) in the RVF 
' ' 

than in the LVF. The same ·pattern was found for left-inverted 

subjects (T(23)=3.26, p<.003). T-tests also suggested that 

the right-handed and the left-inverted groups did not perform 

significantly different in the RVF (T(46)=1.69, p>.098) or in 

the LVF (T(46).=-.197 , p>.055). These data are displayed in 

Figure 2. The sex by field (p>.218) and the sex by hand l;>y 

field (p>. 3 97) intera.ctions were nonsignif icant. Final.ly, the. 

wordtype by field interaction (F(l,44)=2.65, p>.111) was found 

to be nonsignificant revealing that the visual field advantage 

was the same for both words (see Figure 3). The interactions 

sex by wordtype by field (p>.919), hand by wordtype by field 

(p> .840) and sex by hand by wordtype by field (p>.269) were 

nons ignificant. 
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A separate analysis of variance was performed to 

investigate the specific hypothesis of a stronger RVF 

advantage for function words than f or emotional words in the 

right-handed group . The results showed that the wordtype by 

field interaction (F(l,22)=.89, p>.355) was not significant 

indicating that there was a similar RVF advantage for both 

categories of words. 'I:,. T-test was. performed to test the 

hypothesis of no marked visual field advantage in the left­

inverted group. The results indicated that this group 

performed significantly better in the RVF than in the LVF 

(T(23)=3.26, p<.003). 

Analysis of variance was also used to test the 

association between sex and handedness, and accuracy on the 

lexical decision task excluding subjects who achieved 

accuracies greater than 90% in any conditions. Thi.s resulted 

in retaining 11 males (i.e., 6 right-handed and 5 left­

inverted) , 12 females (i.e. , 5 right-handed and 7 left­

inverted) subjects. Repeated measures analysis of variance 

indicated that the sex main effect was significant 

(F(l,19}=8.59, p<.009) witJ,1 females performing better than 

males in overall accuracy. The hand ma_in effect (p>. 087) and 

the sex by hand interaction (p>. 692) were nonsignif icant. 

Both the wordtype main effect (F(l,19)=14.19, p<.001) and t.he 

wordtype by handedness interaction (F(l,19)=5.24, p<.034) were 

found to be significant. T- tests were conducted in order to 

explore the wordtype by handedness interaction. The results 
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indicated that left-inverted subjects were more accurate in 

their identification of emotional words than function words 

{T(l0)=3 . 99, p<.003). The right...:handed subjects did not 

differ in their perforII).ance when presented with either type 

of words (T(ll)=.95, p>.364). T-tests also indicated that 

right-handed subjects performed significantly better than 

left-inverted subjects when presented ·with function words 

(T(2l}=2.44, p<.024), but not with emotional words (T(21.)=.04, 

p>.968). These data are displayed in Figure 4. The sex by 

wordtype (p> . 215) and the se:x by hand by wo-rdtype (p>. 695) 

interactions were found to be nonsignificant. 

effect wa.s also significant {F(l,19)=20.41, 

The field :main 

p<. 001) with 

better performance £or words presented to the RVF as opposed 

to the LVF. The interactions field by hand (p>. 243) and 

wordtype by field (p>.552) were not signif.icant (see Figures 

5 and 6, respectively). The interactions sex by hand 

(p>. 218), sex by hand .by field (-p>.3.97) r sex by wordtype by 

field (p>.919), hand by worgtype by field {:P>.840) and sex by 

hand by wordtype by f .ield (p>.269) were all nonsignificant. 

Thus, the .results of this analysis are similar to that for the 

full sample, except that the field by hand interaction was no 

longer significant, the wo,rdtype by handedness interaction 

showed the reversed pattern with respect to wordtype and the 

sex effect was significant. Multivariate analysis of 

variance was c;3.lso performed to investigate the relation 

between time to respond to the prese_nted words (i.e. , reaction 
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FIGURE 6 
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time), and sex and handedness. A repeated measures design 

with two between factors, handedness (i.e., rlght-handed and 

1 e ft-inverted) and sex, and two within factors, word type 

(i .e., function and emotional) and field (i . e., RVF and LVF) 

was used for the 48 subjects. Since the within factors again 

had only two levels each, multivariate and univariate tests 

of. significance were identical. Results were therefore 

reported using univariate F tests. The handedness main effect 

was found to be significant (F(l,4-4) ,=16.37, p<.001) with the 

ledt-inverted s-ul:>jects responding faster than the right-handed 

subjects. The sex main effect was nonsignificant 

(F(l-,44)=3.38, p> . 073). The wordtype main effect was 

significant (F(l,44)=5.90 , p<.019) revealing that the subjects 

responded faster when presented with emotional words than when 

presented :with function words. The interactions sex by hand 

(p:>o.761), sex by worc:ltype (p>.066), hand by wordtype (p> . 725) 

and sex by hand by wordtype (p>.342} were all nonsignificant. 

The field main effect was highly significant (F(l,44)=17.40 , 

p<.001) revealing that the subjects responded faster when the 

words were presented to the ~VF as opposed to the LVF. The 

interactions sex by field (p>. 734) , handedness by f :ield 

(p>.238), sex by handedness by field (p>.955), W'ordtype by 

field (p>. 404) , sex by wordtype by field (p>.474), hand by 

wordtype by field (p>. 608) and sex by hand by wordtype by 

field {p>.359 ) were all nonsignificant. Pearson correlations 

between accuracies and reaction times were also performed and 
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are presented in Appendix D. The correlations suggested that 

shorter reaction time was associated with higher accuracy for 

emotional words in the LVF. 

Interhemispheric Transfer Tasks 

A two by two between subjects multivariate analysis of 

variahce was performed in order to investigate the relation 

between interhemispheric transfer (i.e., line drawing and 

figure matching), sex and handedness (i.e., right-handed and 

left-inverted). The dependent variables were line and figure, 

and sex and handedness were the independent variable.s. The 

manova revealed nonsigni.ficant results for the main effects 

o f sex (F(2,43) = .541, p>.586) of handednes,s (F(2,43) = .262, 

sex by handedness interaction p >. 770) , and for the 

(F(2,43)=.903, p>.112). AT-test was performed to investigate 

the specific hypothesis of more efficient transfer of visual 

information in female.s than in males . Results indicated that 

males and females did not perform significantly different in 

the figure matching task (T(46) =-.69, p>.493). T-tests were 

also performed to test the hypothesis of more efficient 

interhemispheric skills in left-handed subjects than in left­

noninverted subjects. The results indicated that the two 

groups did not perform s ignificantly dif£erent in either the 

line (T( 3 0) = .02, p>.981) or the figure (T(30) = .28, p>.782) 

tasks . 
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Interhemispberic Transfer and Lexical Decis·ion Tasks 

Multiple regression was performed in order to investigate 

the correlation between Visual field advantage 

laterality coefficient) and interhemispheric transfer (i.e., 

line drawing and figure matching tasks) . The laterality 

coefficient was the dependent variable and sex, handed.I).ess, 

line and figure were the independent variables. The results 

revealed a significant correlation between the laterality 

coefficient for the combined words (function and emotional), 

and the set of independent variables sex, handedness, line 

. . 2 and figure (R =.229, F(4,43)=3.20, p<.022) . Inspection of 

the partial correlations indicated that handedness was a 

signi/ficant contributor to the regression equation (partial 

correlation squared=. 162, T=-2. 89, p<. 006). Inspection of the 

means suggested that the right-handed subjects were more 

lateralized (i.e., larger laterali ty coefficient) for the 

recognition of words than the left-inverted subjects. The 

variables sex (partial correlation squared=. 036, T=-1. 26, 

p>. 215) , line (partial correlation squared= . 001, T=-. 020, 

p > . 984 ) and figure {partial cor·relation squared= . 051, T=l. 53; 

p>.134) all showed nonsignificant correlations with the 

laterality coefficient for the combined words. The 

correlation between laterality coefficient for emotional words 

(R2 =.078 , F(4,43)=.908, p>.468) and for function words 

(R2 = .149, F(4,43 ) =l .88, p>.l3l) and the dependent variqcbles 

were nonsignificant. Pearson correlations between sex, 
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handedness, interhemispheric transfer tasks (i.e., line and 

figure), laterality coefficient for the combined words (i.e. 

l c total) and rea·ction time difference (i.e. 1 difference 

between time to respond to words presented in the RVF and 

response times to words presented in the LVF: rtdiff) are 

reported in Appendix E. 

Multiple regression was then repeated excluding subjects 

with accurac.ies gre~ter than 90%. The .results reveqled that 

the correlation between the l~terality coefficient f0r the 

combined words, and the set of independent variabl.es was no 

longer significant (R2 =.104 1 F(4,18)=.52, p>.721). The 

correlation between the laterality coefficient f ·or emotional 

words (R2 =.086 1 F(4,18)=.42, p>.789) and function words 

(R2= .121, F ( 4, 1:8) =. 62, p>. 653) and the dependent variables was 

also nons·ignificant. Pearson correlations between sex, 

handedness( line, figure and laterality coefficient are 

reported in Appendix F. 

Analyses for right-handed. lei:t-inverted and lei:t-noninverted 

A oneway analysis of v~riance was performed to compare 

the performance of the left-noninverted group to the other 

handedness groups. The variable sex was not included in the 

analysis since the number of subjects in the left-noninverted 

group (i.e. , 3 males and 5 females) was too small. The 

independent variable was handedness (i~e., right-handed, left­

inv,erted and left-noninverted) , and the dependent variables 
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were figure, line, laterality coefficient for the combined 

words and reaction time difference. The results indicated 

that the laterality coefficient (F(2,53)=4.47, p< .. 016) was 

significantly related to handedness. Scheffe's post-hoc 

paired co.mpa.risons revealed that the two groups significantly 

different from each other were the right-handed and the left­

inverted. The le.ft-noninverted group was not s .ignificantly 

different from the others. The variables figure (p>.827), 

line (p>.773) and reaction time difference (p>.484) were not 

significantly related to handedness. 

A T-test was conducted to investigate the specific 

hypothesis of greater visual field advantages in left­

noninverted subjects than left-inverted subjects. The results 

indicated that the laterality coefficient for these groups was 

not significantly dlfferent (T(30)=-l.32. p>.216). 



DISCUSSION 

The results for the lexical decision task revealed that 

subjects overall (i.e. right-handed and left-inverted) were 

more accurate when words were presented in the RVF than in the 

LVF. RVF advantages for verbal material in lexical decision 

tasks are well established in the literature and have been 

frequently associated with left hemisphere dominance for the 

processing of language (Beaumont, 1982; Bradshaw, Gates & 

Nettleton, 1977; Bryden, 1982; McKeeve:t, 1986). 

Both right-handed and left-inverted subjects revealed a 

RVF advantage for the recognition of words. Although this 

overall advantage was expected for right-handed subjects, the 

left-handed group was predicted to show a less marked visual 

field advantage. This was supported by a significant field 

by hand interaction that suggested that right-handed subjects 

showed a .greater RVF advantage than left~inverted subjects . 

Furthe_rroore, the laterality coefficient for words (i . e. both 

function and emotional') was significantly related to 

handedness. These results also suggested that the right­

handed subjects were more lateralized (i.e. RVF advantage) for 

the recognition of words than the left-inverted subjects. 

These findings support studies that report stronger 

lateralization of function for right-handed individuals 

(Bryden, 1982; McKeever, & Vandeventer, 1977; Rasmussen & 

Milner, 1977; Searle~an, 1977). 
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The left-handed sample, however, consisted of only left­

inverted subjects because there were not enough left­

honinverted subjects to torm a group. It has been previously 

suggested (Levy & Reid, 1976) that left-handers vary in 

or9anization of function according to hand posture. These 

authors suggested that left-inverted subjects and right-handed 

subjects have left hemisphere language representation. The 

results of this study support these findings. The results 

are also consistent with the reported left hemisphere 

dominance for the majority of left-handers (Rasmussen & 

Milner, 1975). 

Since neither the sex by field nor the sex by hand by 

field interactions were statisticaly significant, the 

hypothesizeci greater RVF advantage for males than females was 

not confirmed. The results indicated that both males and 

females showed a RVF advantage. This is c0nsistent with other 

findings of no differences in the laterality coefficient for 

males vs. females (Bryden, 1982; Mc1<eever;: 1986). Other 

studies using tachistoscopic presentations of words have shown 

a greater RVF effect for males than for females (Bradshaw & 

Gates, 1979; Bryden, 1979; McKeever & Jackson, 19,78;). In 

contrast , a review by McGlone (1981) provides evidence against 

the occurrence of signi.ficant simple sex differences in 

tachistoscopic and d.ichotic listening studies. The results 

of the present study appear to support McGlone' s ( 19 8 O) 

observations. 
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Differences in visual field advantage were also expected 

for the processing of function and emotional words. The 

results revealed a RVF advantage for function words. This 

result is consistent with Chiarello and Nuding (1987) who 

demonstrated a RVF superiority for the recognition of function 

words. The finding supports the assumption of left hemisphere 

dominance for the processing of words that convey grammatical 

meaning (Berndt & caramazza, 1981). 

A RVF advantage was demonstrated for emotional words. 

Graves et al. (1981) also found an overall RVF advantage for 

the processing of emotional words. However, for males the 

authors fout1d a significant word type by field interaction 

revealing that emotional w.ords were identified significantly 

better than non-emotional words, but only in the LVF. An 

unpublished study (Kastenholz, 1987) that compared recognition 

of German emotional and nonemotional words found a wordtype 

by field interaction like Graves et, al. (1981-). This 

particular interaction was not found to be significant in the 

present research. A study by Strauss (1983) observed a trend 

similar to Graves et al. but the effect failed to reach 

statistical significance. Strauss concluded that (a) 

emotional and nonemotional words were more accurately 

recognized in the RVF, (b) the emotional quality of the words 

did not improve recognition in the LVF. The curre.nt finding 

appe.ars to be consistent with these conclusions. Differences 

among these studies, however, were present wi.th respect to 
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word categories. In the present study function words were 

used instead of nonemotional abstract wo.rds. This may have 

influenced the results since the visual field advantages for 

emotional words were assessed with respect to another word 

category (i.e., nonemotional or function). 

In the present study, no sex differences were observed 

for either accuracy or visual field advanta_ge for emotional 

or function words. These results are consistent with Strauss 

(1983) who found no sex by field interaction. Although there 

is some evidence that the right hemisphere is more efficient 

than the left hemisphere in the processing of emotional 

material (Bryden & Mac.Rae, 1989; Ley & Bryden, 1979; Natale, 

Gur & Gur, 1983; Ross, 1988), the pres.ent study f _ailed to find 

evidence for a specific right hemispher.e ability to recognize 

emotional words. The current findings therefore suggest that 

the processing of the emotional words most likely inv0lved 

linguistic analysis which is more efficiently performed by the 

left hemisphere (Zaidel, 1.985). It is also possible that the 

mode of presentation determined the hemisphere to whioh the 

information was lateral ized. Emotional material presented 

verbally would, therefore, yield a left hemisphere 

lateralization (Kolb & Taylor, 1981). Furthermore, there is 

evidence from studies with normal individuals that they rely 

primarily on the left hemisphere's ability to process verbal 

information. This type of lateralization may occur either 

b.ecaus e the left hemisphere inhipits the right hemisphere with 
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respect to linguistic functions or the strategy used to 

process the verbal material is more efficiently executed by 

the left heIIJ.isphere (Moscovitch, 1983) .. 

Analysis of the perf ormanc.e of subjects according to word 

category (i.e. function and emotional) indicated that overall 

they were more aocurate in identifying emotional w0rds than 

function words. However, :further analysis determined that 

this effect was primarily due to the left-inverted subjects. 

The right-handed subjects, on th.e other hand, showed no 

significant differences in performance when presented with 

either type of word. The significantly better performance of 

the left-inverted subjects when presented with emotional words 

may indicate that emotional content was a relevant factor in 

the lexical decision. This suggests that the two categories 

of words are processed differently by the two handedness 

groups. Further investigation, however, will be necessary in 

order to replicate these finq.ings and to clarify this issue. 

The results for the lexical decision task were also 

analysed excluding subjects with accuracies greater than 90% 

in any condition. This was performed in order to determine 

if the sam.e pattern of results would be obtained . The 

findings showed a similar overall pattern to those obtained 

with 48 subjects. Subjects were in general more accurate when 

words were presented in the RVF than in the LVF. It was 

determined that both handedness groups showed a RVF advantage. 

Again, it was found that the le£t-inverted subjects were more 
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accurate in identifying emotional words than function words 

while the right-handed group• s performance did not differ 

significantly by word type. Right-handed subjects were, 

however, more accurate when presented with function words than 

left-handed. subjects. It was also found that females were. 

better than males in overall accuracy. This result may 

suggest that females are more efficient in tasks that involve 

verbal material (Beaton, 1985). On the other hand, this 

finding may also be an artifact as a consequence of the small 

number of subjects. The laterality coefficient for words was 

no longer .significantly related to handedness . Due to the 

relatively small subject to variable ratio, these results must 

be considered with caution. 

The results of the reaction time analysis indicated that, 

ov.erall, subjects responded faster when presented with 

emotional words than function words. Additionally, subjects 

were faster when words were projected to the RVF. These 

findings partially support Strauss· ( 1983) who observed shorter 

re.action times for emotion.al words than for non-emotional 

words . She, however, found no significant 

differences in response time according to visual field. On 

the other hand, shorter reaction times for linguistic stimuli 

presented in the RV:F have been previously reported (Geffen, 

Bradshaw, & Nettleton, 1973; Moscovitch, 1973). These reports 

and the current findings provide further evidence for the left 

hemisphere domihance. for language function. The current 
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results also ihdicated that left-inverted subjects were 

significantly faster to respond to words than right-handed 

subjects. As far as could be determined similar :findings have 

not been reported ih the literature. If these results are 

replicated, it might suggest th.at left-inverted su,bjects 

proc-ess verbal material faster than right-handed subj ects. 

This conclusion should, 

stimuli (i.e. function 

however, be restricted to speciric 

and emotional words) and type of 

presentation (i.e. tachistoscopic) . Significant correlations 

between overall reaction time and accuracy for emotional words 

were found when these words were presented int.he LVF. These 

correlations suggest that the subjects that were faster 

overall were also more accurate in identifying emotional. words 

in the LVF. The emotional content, therefore, appeared to be 

a relevant aspect at least for those subjects with faster 

reactions (i.e., more attentive). This finding is consistent 

with the observed right hemisphere superiority in attentional 

processes and in mediating arousal (Heilman, Watson & 

Valenstein, 1985). 

Comparison of the Left-noninverted subjects• performance 

with the left-inverted subjects revealed that they were not 

significantly different in degree of lateral.izatibn and time 

to respond. The hypothesis of stronger lateraljzation of 

function in left-noninverted individuals was not supported. 

These results, however,. require replication due to the small 

number of subjects with noninverted hand postu.re. 
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This study did not find evidence of significant vari­

ations in performance on interhemispheric transfer tasks 

according to gender and handedness. The hypothesis of more 

efficient interhemispheric transfer skills among left-handed 

subjects w~s not supported. The expected efficiency in 

transferring visual infonnation in females was also not 

demonstrated. In the present study, sex and handedness were 

not found to be related to interbemisphere transfer of either 

motor or visual material. The findings of Potter and Graves 

(1988) concerning superior interhemispheric transfer of motor 

information in left-handers and of visual information in 

females were thus not replicated. These results are 

consistent with the recent study of Kertesz et al. (1987) 

reporting that differences in callosal size were not 

correlated with sex or handedness. 

These results also confirmed some of the findings of a 

recent study by Picard and Graves (1989). These authors also 

failed to demonstrate differences in efficiency o.f 

interhemispheric transfer of information between right-handed 

and left-inverted subjects and males and females. Picard and 

Graves ( 1989) , however, did observe superior interhemispheric 

transfer skills in left-noninverted subjects. It is possible 

therefore that some of the significant findings reported in 

Potter and Graves (1988) were a consequence of~ confounding 

with hand posture. The authors te.sted left-handers as a group 

without measuring their hand pos ture. The results of the 
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present study did not suggest that the left-nortinverted group 

performed differently from th.e left-inverted group. This 

observation, however, requires further investigation due to 

the small number of subjects with noninv-erted hand posture. 

It would also be valuable to investigate the test-rete-5t 

reliability of the interhemispheric transfer tasks by 

administering them again to -some of the subjects. 

Furthermore, the use of alternative measures of 

interhemispher ic transfer (i.e. , finger tapping) could provide 

additional information to the understanding of the 

communication between the two hemispheres. 

The hypothesis of a negative correlation between visual 

field advantage and interhemispheric transfer was not con­

firmed by the present study. This study thus did not find 

evidence that degree of lateralization of function is related 

to efficiency in transferring information across the corpus 

callosum. These results support Kertesz et al. (1987) who 

failed to demonstrate a significant correlation between 

measures of cerebral dominance (i.e. dichotic listening .and 

visual field advantage) and callosal size. The authors 

suggested that degree of lateralization of function may not 

'be related to the amount of information that crosses the 

corpus callosum. The results of the analysis excluding 

subjects with greater than 90% accuracies showed similar 

results suggesting that the findings were not influenced by 

high accuracies or ceiling eff'ects. Additionql studies that 
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associate behavioral (i.e., tachistosc.opic studies) and 

neuroanatomical (i.e., MRI studies) investigations could, 

therefore, be a significant contribution to the understanding 

of this issue. 

Considerable difficulty in finding left-handed subjects 

with noninverted hand posture prevented t.his study from 

obtaining a large enough group of these individuals. Among 

42 potential left-handed subjects contacted only 8 (19%) were 

observed to use the 1;1oninverted hand position for writing. 

This difficulty may reflect the findings o·f some studies that 

reported the inverted hand posture as being more common than 

the noninverted (Mckeever & Vandevemter, 1980; Levy et. al., 

1983). Other studies, however, observed that the incidence 

of the two types of hand posture in the population 0£ left­

handers appeared to be variable. A 30% to 70% incidence of 

inverted writing in left-handers has been reported in a number 

of studies (Coren & Porac, 1983; Levy et al., 1983; McKeever, 

1979; McKeever & Vandeventer ., 1.980: Searleman, 1977) . A.nnet 

(1982), however, reported that in a sample of 68 left -handers 

8% used the left-inverted position when writing. 'I1his 

variability in the reported incidence of handwriting posture 

has made its reliability as an index 0£ cerebral dominance 

questionable (Annet, 1982). 

The above noted variability might be due to the method 

of classification. The.re is some evidence that classification 

of hand posture through self report (i.e. questionnaires) 
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differs from experimenter categorization of subjects (Picard 

& Graves, 1.989) • Additionally, Levy and Reid's ( 1.976) 

criteria for classifying hand posture does. not create two 

mutually exclusive categories. For example, it was observed 

that some left-handers write with the pen tip oriented to the 

side of the paper instead of to the top or bottom. These 

subjects therefore could not be c1.assified in one of the two 

categories and were excluded. Similar observations were 

reported by Picard and Graves (1989)~ There has been some 

suggestion that other variables like pen angle and position 

of paper (Peters, 1983) should be taken into account for a 

more accurate classification of hand posture for writing. 

In conclusion, the present study provided further support 

for the left hemisphere dominance in the processing of verbal 

material. Al though this left hemisphere superiority was found 

for both handedness groups, ri.ght-handed subjects revealed 

stronger lateralization of language function than left­

inverted subjects. Stronger lateralization of language in 

right-handers is also consistent with the literature. This 

research, however, did not find evidence for a specific right 

hemisphere involvement in the recognition of emotional words. 

Additionally, the investigation of interhemispheric transf·er 

skills indicated that these were not related to gender, to 

handedness, nor to degree of lateralization of language 

function. No differences between left-inverted and left-

noninverted subjects were observed, however, further 
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invertigation due to the small number of left-noninverted 

subjects is required. The inferences regarding the results 

of both the lexical decision and the interhemispheric tranfer 

tasks should be. restricted to r .ight-handed indiv·iduals who are 

consistently right-preferent for most unirnanual activities 

(i.e., strongly right-handed) and to left-handed individuals 

who w;e the inverted hand posture for writing. 

The results of this study, therefore, did not support 

previous findings regarding both the right hemisphere ability 

to identif:y emotional words and the differences in 

interhemispheric transfer skills with respect to gender and 

handedness. The results suggest that those issues are more 

complex than previously suggested and require further detailed 

investigation in order to be completely understood. 
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Appendix A 

Lexical Decision Task Instructions 

In the first part of the experiment I would like you to 

look through the viewer and to focus on the black d o t in the 

middle of the screen (i.e. , fixation point) • In order for you 

to perform as best as you can, it is very important that you 

keep looking at the dot all the time . You will see four 

letters that will flash very briefly on the s c reen sometimes 

to the right of the dot sometimes to the. lert. Half the time 

the four letters will spell a real English word and half the 

time they will not. Your task will be to decide if you saw 

a real English word or not . In order to respond you will 

press down on the two response keys (point it out) as fast as 

you can using the index fingers of both hands only when you 

see a real English word. If you see a nonword you are not to 

respond. ~his task will take about 20 minutes and you will 

get a short rest before we proceed. 

You have the right to withdraw from this experiment at 

any time. Any questions? 
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Appendix A (continued) 

Line Drawing Task Instructions 

Now, I would like you to stand up facing this pad of 

paper. You are to hold one pen in each hand. Position hands, 

bodywidth apart, on the starting dots on the top 0£ the page. 

When I say begin, you are to draw two vertical lines down the 

page. Concentrate on keeping your hands moving at the same 

rate so as to produce lines of equal length. I will say stop 

at any time, so be sure. you try to keep your hands at the 

same point on the paper at all times. Also, you will be 

blindfolded during the task. this task will be repeated three 

times and each time and each time I will ask you iiot to remove 

the blindfold be-fore the page you hav.e just worked on is 

replaced. Any questions? 
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Appendix A (continued) 

Visual Matching Task Instructions 

Again, I would like you to look through the viewer and 

to focus on the black dot in the 1niddle o .f the screen 

(fixation point). In order to perform as best as you can, I 

would like you to keep looking at the dot at all times. In 

this task you will see two stimuli at the same time, one on 

each side of the fixation dot. What you will be seeing are 

two complex geometrical forms. Your task will be to decide 

whether the two geometrical forms presented to you are exactiy 

the same or different, by simply responding "same" or 

''different". A shape can be considered as different .if it 

differs in size, shape, shading or orientation. Are there any 

questions? 

Note~ A rest period of 5 minutes is provided before proceeding 

with the experiment. 

that the first task 

At the end of the resting period exp.lain 

(i.e. , word/nonword decision) will be 

presented again. The same instructions previously given for 

the lexical decision task should be repeated before starting 

the block. 
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_Appendix B 

Function Words 

ALSO -SOME 

DOES. SOON 

EACH SUCI:I 

ELSE THEN 

FROM TH!S 

LESS UPON 

MANY WHAT 

MOST WJ{EN 

MUCH WI'l'll 

-OVER YOUR 
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Appendix B ( continued): 

Emotional Words 

)3EAT KILL 

DEAD KISS 

ENVY LOVE 

EVIL LUST 

FEAR PAIN 

GLAD RAGE 

HARM .RAPE 

HATE SEXY 

HELL STAB 

HURT WEEP 
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Appendix B (continued) 

Nonwords 

ALNY FREN MITH STAM 

BEAB GLEP MOES SUME 

BEVY HAXY ORE:N THON 

DAIN RIPE PEAD THUR 

DOCH HUST RALL UPAT 

EASS KIGE RASS WEAD 

ELOM LECH RELL WHIS 

ENTE LOAR SERT WHUN 

.EVAT LURT SOCH WOST 

FEVE MASO SOSE YOER 
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Appendix C 

Examples of figures used in the Visual Matching Task 

oe 



RTFUNL 

RTEMTL 

RTFUNR 

RTEMTR 

Appendix D 

Cor relations between accuracy and reaction time 
(n=48} 

FUNL EMTL FUNR EMTR 

- . 233 -.428* .088 -.001 

-.162 -.381* .132 -.020 

-.271 -.424* -.011 - . 1.21. 

- • 2.30 -.389* .026 -.045 

* p<.0 5 

FUNL - function word in the left visual fie1-d 

FUNR - function word in the right visual field 

EMTL - emotional word in the left visual fie1-d 

EMTR - emotional wor d in the right visual f ield 
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SEX 

HAND 

FIG 

LINE 

LCTOTAL 

RTDIFF 

Append,ix E 

Correlations between selected variables 
(1y=48) 

SEX HAND FIG LINE LCTOTAL 

1.00 .. ooo .101 -.093 -.l49 

1.00 -.077 -.087 -.405* 

l.00 • 20'0 .223 

1.00 . 08 9 

1.00 

* p < .05 
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RTDIFF 

.051 

-.177 

.275 

.103 

.291* 

1.00 



SEX 

HAND 

F!G 

LINE 

LCTOTAt. 

Appendix F 

Correlations between selected variables 
(n=-23) 

SEX HAND FIG LINE LCTOTAL 

1.00 .129 .227 -. 114 -.li3 

1.00 -.031 - • 3:17 -.243 

1.00 .322 • 1:12 

1.0-0 .010 

l.. o.o 
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Appendix G 

Raw Data 
Df\1'f\ L. JST 

SUB 1- 2 SEX 4 ll /\ N I) 6 L I NE 8- 1 1 FlG 13- 1 J:J fUNL 16-17 EMTL 19-20 
NO~L 22-23 fUNR 25-26 EMTR 28 - 29 NON R 31-32 RTFUl 31~ -36 
RTEML 38-40 l<TFUR 42-lJli RTEM!l 46-48 

VALUE LABELS SEX 1 'MALE' 2 'FEMALE'/ 
HAND 1 I HI GHT' 2 I L£ FTIN I 3 I LEPTNON I/ 

03 1 0.90 45 16 16 21.J 16 19 24 734 670 669 597 
04 1 2.07 44 07 11 29 17 18 23 590 564 5lJO 514 
06 1 1.87 42 10 13 25 17 19 25 574 479 537 558 
07 1 1.37 lJ7 14 14 22 20 15 27 726 697 692 700 
08 1 1 7 . 13 48 15 16 27 20 19 32 545 562 534 500 
09 1 1 1.33 48 09 09 30 13 19 27 764 614 771 712 
10 2 1 2 . 10 36 16 16 23 17 16 19 741 692 691 776 
11 2 3 2. 87 45 09 12 25 15 20 25 858 '856 686 666 
12 1 3 1.70 40 07 08 31 72 15 27 656 486 614 515 
13 2 1 1. 73 46 17 15. 30 17 19 32 543 551 50 1 536 
11.J 1 2 1. 67 40 09 14 22 12 18 20 604 563 595 572 
15 2 1. 17 45 14 13 21 19 19 23 594 630 567 574 
16 2 2.50 49 13 15 32 16 18 28 788 740 678 628 
17 2 1 2.23 51 1 Lj 13 33 19 20 35 622 661 580 628 
18 2 2 O. 40 37 13 1 !j 2·4 11 17 33 646 648 626 688 
19 1 l 0.97 44 15 12 24 ·16 1.6 2:8 771 729 601 616 
20 2 1 0 . 93 43 14 14 22 17 16 28 759 73. 1 684 650 
21 2 1 2 .9 3 50 15 1.6 33. 18 n 29 6.04 60 i 5Ll5 580 
22 1 1 2.03 ll3 12 16 31 15 18 31 532 598 591 634 
23 2 2 l . 13 4 1 14 1 7 23 17 19 2() 503 llSO 45 3 Ll 7 l 
24 2 3 2.20 lj2 16 16 30 17 19 j 1 606 64 1 612 608 
25 2 2 0 . 87 49 14 11+ 30 18 18 27 658 670 634 631 
26 2 2. 07 4Ll 16 15 30 15 19 32 597 510 573 532 
27 1 2.20 4.5 17 111. 26 19 20 28 681 676 Ll91 489 
28 j 2 2.03 42 19 1.8 21 20 18 19 467 4~0 442 444 
2·9 T 2 1. 77 49 1 1 1 Lj 29 13 18 30 629 522 561 537 
30 1 2 i. 40 40 15 13 21 i7 18 26 5 13 51+8 520 508 
3 1 1 2 2.4 0 4.? 13 i Lj 20 12 16 25 279 296 301 326 
32 2 3 0.70 lJ6 16 18 31 15 18 30 477 478 4g9 471 
33 1 2 1. 27 48 15 i7 29 16 19 32 605 663 539 517 
31.J 2 2 i . 07 l.jJ Hi 19 27 16 20 25 566 549 531l 55~ 
35 1 ' .03 46 18 1 /j 23 18 15 2 6 612 536 5i2 489 
3.6 2 2 0.83 43 13 17 35 111 1 > 35 624 540 5 1 587 
37 2 3 2 .63 Lj l.j 17 13 23 18 13 27 4 UJ IJ7'8 4 13 391.j 
38 ,., 

C: 2 3 . 33 IHl 14 16 28 14 1 LJ 29 443 l.l68 4 17 393 
14 0 1 ? 1 .. 73 lj 7 1G 1 26 L _l 15 .!9 u97 515 533 I.J38 
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Ap9endix G (continued) 

4, 1 2 2 1.63 4.3 15 16 27 16 17 30 736 667 619 &78 
1~ 2 2 2 0.53 41 1G 20 27 17 16 29 480 479 48g 465 
43 1 2 2. 00 46 12 16 29 15 14 32 504 516 527 431 
4 4 2 1 3.70 '30 17 16 31 17 18 33 608 591 543 530 
45 1 2 2.53 48 15 17 29 78 19 27 517 447 409 396 
46 l 1 -:,_67 40 15 14 27 15 78 29 466 490 492 468 
J.J8 2 1 0.93 46 15 15 29 16 14 29 608 &55 649 64 2 
119 2 3 0.47 40 16 16 32 13 18 33 647 680 724 664 
50 1 1 1-63 40 14 15 28 17 16 27 596 601 660 55 1 
51 1 2 2.33 44 16 16 27 76 19 26 478 474 475 499 
52 2 1 2 . 03 42 1 1 10 34 17 20 29 866 907 812 818 
53 2 2 1. 90 48 14 16 31 16 17 33 61.J3 650 556 534 
54 1. 3 1 . 83 4 9 15 15 33 18 20 30 561 534 527 484 
55 1 1 1. 73 46 17 19 27 20 18 28 543 548 503 501 
56 2 1 . 40 46 18 17 29 18 78 29 770 765 776 778 
57 2 1. 77 42 19 17 32 15 17 25 530 545 520 514 
58 1 2 2.33 41 17 19 37 15 13 31 ~62 571 567 606 
59 2 2 2 . 17 48 18 18 29 17 20 29 479 506 491 M52 
60 2 2 1 .30 50 19 20 31.J 19 19 34 493 456 457 453 
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