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ABSTRAC'I 

The present study is conce rn ed with the patt e rn of ha no ­

edness among l ea rning disabled children . T ypically, clinic­

referr e d learning disabled samf l es are more like ly than 

those in general school samples to have a high e r than a ver­

age rate of non- dextrality . ReForts also indicate that in 

populations of individuals with neuropathology, such as epi­

leptics and retardates , the incidence of l eft -handedness is 

at l east twice as high as that reported for th e normal [:cp u­

lation . These excess , 11 pa thologica 1 , 11 left - hande r s are 

thought to be left-handed by virtue of ne uropathology lead­

ing to a switch of man ua 1 preference , rather than by genetic 

determination , Higher rates of neu ropathology in clinic 

samples could account for the failu r e to find diffe r enc es in 

general school , but not in clinic , samples . It wa s thought 

that in a sample of clinic-referred l earning disatled chil­

dren . non- dextrality would increase as a function of degree 

of ne uropathology . 

Children between the ages of 7 and 13 , referred to a neu­

ropsychology clinic because of l ear ning difficulties , were 

followed up an a verage of fift een years later . On the basis 
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of a neurological examination administered at the time of 

referral, children were classified into three groups: those 

with definite neurological abnormalities, those with gues-

tionable neurological signs, and those with no neurological 

abnormalities. subjects were administered a guestionnaire 

concerning their manual preferences for each of seven tasks. 

They were also given a test of grip strength and asked to 

write their name with either hand, so that the relative per­

formance advantage with either hand could be assessed. These 

tests were administered both at time of referral and at time 

of follow-up, fifteen years later. Due to factors such as 

inconsistencies in test administration and subject attri-

tion, 106 subjects received all three tests at time of re-

ferral, 124 at the adult testing, and 83 receiv€d all three 

tests at both times. In addition, 52 matched controls, se­

lected from local school district records, were tested at 

the follow~up assessment, receiving a neurological assess­

ment at this time. 
r 

The main hypothesis was not confirmed. Non-dextrality did 

not increase as a function of neuropathology across the 

three classifications, either at time of referral er at 

young adul tho ed. It was thought that, al though individuals 

generally become more dextral over time, groups with n:ore 

neuropathology, and conseguently mo:i:e "pathological" left­

handers, would be less likely to show the normal develcpmen-
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tal shift. Change scores, analyzed to determine both magni­

tude and incidence of change towards dextrality, produced no 

significant effects. Since they did not show a greater dex­

tral shift than the g.roup vith no signs, non-dextrali t y in 

subjects with soft signs cannot be considered as evidence of 

lagging maturation which eventually catches up. 

The comparison of learning disabled subjects at follcw-up 

with adult controls was meaningful, if not statistically 

significant. There were two to three times as many learning 

disabled subjects as controls who were identified as left­

handed on a number of measures. Although the difference was 

not significant, the close parallel with studies of both 

clinic-referred learning disabled subjects, and of retar­

da te s and epileptics,· suggests that clinic-referred learning 

disabled subjects are more sinistral than controls, regard­

less of degree of neuropathology. Clinic samples could be 

biased by a t1:ndency of both physicians and t1:achers to view 

left-handeness as a "warning sign" cf neui::opathology leading 

to an over-representation of left-handers among referrals. 

Alternatively, neuropathology, irrespective of degree, 

may contribute to sinistrality. Even learning disabled sub­

jects with no neurologica.l signs were more sinistral than 

controls, implying that they could have incurred some mild 

neurological damage. An analysis of the persistence of neu­

rological signs (Hern, 1983) indicated that by adulthood 
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these s ubj ects actually presented signs of neuropathology, 

suggesting that they , too , could be "p at.hologically" l eft­

handed . Clinic samples of learning disabled sub j ects , the n , 

may include individuals with varying degrees of neuropathol ­

ogy . These subjects are more likely to he left-handed than 

normal cont rols , irrespectiv~ of degree of neuropathology . 

Examiners : 

Dr . Pam Dun can 

or . Walter MacGin i tie 
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IU,IRODUC'IIOIII 

Although the study of learning disabilities has only re­

cently entered an era in ll'hich neuropsychology plays a Fro­

minent role (Hiscock and Kinsbourne, 1982), theories based 

on brain-behavior relationships are not new to the fjeld. 

In the 1930 1 s Samuel Orton presented a theory of cerel:ral 

. lateralization in dyslexia. Although still unsuFpcrted, it 

set the stage for several decades cf writers who-considered 

lack of estatlished cerebral doujnance, to be a significant 

factor in dyslexia., 

Orton's theory is based on the ncticn that "engrams", or 

memory. traces, of letters and wards are laid dew n in toth 

hemispheres, those in the :eight he11isFhere being in mirror­

image reverse order of those in the left, In mcst individu­

als the dominant left hemisphere SUffresses the mirror image 

engrams of the right hemisphere, · allowing reading ano ~:cit­

ing to occur normally. In some people dominance is incom­

plete, leading to incomplete suppression of the reversed en­

grams and confusions in reading and writing. C:cton called 

this condition "strephosymbolia", meaning "twisted symbols" 

{Orton, 1937). 
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During the ccurse of-bis work, Orton noticed that,chil­

dren with language disabilites displayed different patterns 

cf lateral preferences from normal, children, tein!; mere of­

ten mixed- er left-.handed. Ortct- concluded that mixed-hand­

edness was pathognomic of strephosyir.holia; the dcuinant he­

misphere is unable tc completely supress manual preferences 

controlled bj the nondominant hemisphere. As for. left-han­

ders, he writes: 

It is only those in whom the tendency towards scue 
measure cf le.ft-sidedness is present, but not in 
sufficient strength to assure complete .unilateral 
superiority of the right hemisphere cf the brain, 
in whom trouble may ensue. (Orton, 1937, -p.130) 

According to this theory, left-handei:s are at risk for stre­

phosymbolia as long as the i:ight hemisphere is not strongly 

dominant. Host researchers consider left-,handers at risk 

for defective lateralization because their lateral prefer­

ences are usually not as strongly established as these cf 

right-handers (Verncn,1971). 

There is no evidence to support the engram hypothesis, 

tut many researchers have searched for a relationship bet­

ween lateral preference and dyslexia, with inconsistent re-

sults. Early researchers often noted dispropcrticnately 

large numbers cf sinistrals in dyslexics. Investigators 

such as Dearborn (1931), Roudinesco, Trelat and Trelat (as 

cited in Critchley,1971), and Orton, Skycaard and Eutis, (as 

cited in Hecaen and de Ajuriaguerra, 19611), noted a high in-
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cidence of sinistrality, up to 75%, in their dyslexic pa­

tients, 

since these findings were based mostly on clinical iu.­

pressions, their validity is suspect, Ccntrolled studies are 

not always so conclusive. Harris (1957), gave tests of la­

teral dominance to groups of unselected school children and 

clinic-referred reading disabled children, He found more 

mixed-handedness among seven-year-old and more left-handed­

ness among the nine-year-old dyslexics. Hecaen and de .Aju­

riaguerra (19E4) found more mixed-handers among younget dys­

lexics, (age seven to ten) than elder dyslexics and ncru.als, 

Naidoo ( as,citEd in Vernon, 1971) found children \ith ambi­

guous hand preference more likely to have lower verbal IQ's 

and histories of slow speech development, 

A number cf ether studies fail to show any relationship 

between lateral preference and learning disorders, Using 

Harris• Tests of Lateral Dominance, Coleman anc Deutsch 

(1964) found that hand dominance did net differentiate tet­

ween normals and dyslexics, Belmont and Birch (1965), also 

using Harris' Tests, found no differences between nine• and 

ten-,-year-old poor and 'good readers. 

used the same handedness measures 

failed to replicate his findings, 

Beth of these studies 

as Harris (1957) but 

since these studies also looked at children elder than in 

Harris' study, these authors suggested that early differenc-
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es in late_ralit:Y ma11 reflect. neurcl atberaticns affecting 

later r,eading ability. However, Earlow (1963), using the 

·same measure with six-year-clds, alsc failed to find an11 re­

. lationship. Hence, the age of the subjects clearly iE net 

the explanaticn for differences in findings •. De Hirsch, Jan-

sky and Iangford (1966), in a study specifically deEignec to 

predict future reading disabilit} baEed en kindergarden test 

performance, did not find that ill-defined lateralization 

was a predictor cf .later reading problems •. Investigations 

by Sparrow and Satz (1970) and Lyle (1969) also failec to 

find support for the hypothesis. 

The fteasurement of Banaeaness 

There seems tc be only-weak support, at best, for the no­

tion of abberant lateral preference patterns among reaaing 

disabled children. Hhile some current researchers are Ekep­

tical that - a significant relaticn::hip exists (Hardyck and 

Petrinovich, 1977; Bourke, 1978), others feel tbe concept 

may still be viable (Kinsbourne and HiEcock, 1981). __ 'lhe 

. guestion is difficult to resolve due to methodological in­

consistencies and to the frequent lack of controls for rele­

vant factors •. one major problem in handedness research is 

the·variety of ways both to measure and classify bandednesE. 

Many discrepancies in the literature, such as the number of 

left-handers in a population, may be artifacts of the parti­

cular categorization procedure used. 
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According tc Annett (1970a), rrost earlier clinic studies 

of handedness used Rife•s classification system,. Individu­

als who performed any of a given set of urimanual activities 

with the left hand were called sinistrals. This definition 

results in an excessive number of left-banders, !faking it 

difficult to compare these studies with later ones. 

Self-report, the most common aeasurement method, yields a 

dichotomous classification based on a single measure. Alt­

hough straight-forward, this method is often based on the 

preferred writing hand, which is vulnerable to outside pres­

sures from parents and teachers; it is protahly net a very 

valid measure cf true bandedness (Annett, 1973). 

Humphrey ( 1951) was the first researcher to use a questi­

onnaire to assess handedness •. Self-report data were net ac­

curate, he found, since a number cf self-proclaimed left­

handers indicated they preferred the right hand fci a 

majority of the activities. listed, 

A variety of questionnaires have since been develcpeo to 

assess handedness (ie, Oldfield, 1971; Sa t2, Achenbach and 

Fennell, 1967; Raczkowski, Kalat and Netes, 1974; Annett, 

1970a). These questionnaires vary relatively little in the 

types of tasks ·surveyed, Scme researchers have attempted to 

control for some of the biases inberent in randomly select­

ing manual behaviors by selecting cnly those items which 

discrimi.nate between groups (Oldfield, 1971), er ty weight-
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ing more highly those that discrimincte best (Su I: i ra na, 

1969). Questic11aires correlate highly with actual 1:ehavicral 

assessments cf manual preference and a re reliable, al though 

left-handers are more inclined to be inconsistent· (Raczkcw­

ski,et al, 197q). 

Questionnaires, sampling from a variety of tasks, deircns­

trate that handedness is best represented as a · continuum 

from strong right- to strong left-handed preferences. The 

actual dis.tribution is J-,shape d, with the majority cf indi­

viduals using the right hand fer all or alm,ost all. activi­

ties, very few claiming equal preference, slightly mere 1Iod­

erate left-handers, and even more who are strongly 

le.ft-handed (Annett, 1972). 

Although handedness is a continuum, it is often divided 

into discrete categories. There are a.number of approaches 

that• can be taken. some dichotomize data into 11 predcminan.tly 

left" or "predominantly right"· (Raczkowski et al, 197q, Cld­

field, 1971) •. Others trichotomize handednes.s, into right, 

mixed, and left, although the divisions are very arbitrary. 

some choose arbitrary cut-off points based on the distribu­

tion of the data (Satz et al, 1967) or call all individvals 

ambilateral unless they are completely consistent for every 

item (Annett, 1970a) •. ' Handedness can also be divided into 

four, five or even six different categories, based on arbi­

trary cut-off points (Harris; 1957, Teng, Lee, Yang and 



(. 

,. 
' 



1 

Cheng, 1979) or by subdividing right- and left,-handers into 

"pure" and 11 m'ixed 11 forms (Annett, 1970b) •. 

Annett (1970a) notes that much of the ambiguity in the 

studies relating handedness to learning disabilities• cculd 

be due to researchers treating a ccntinuous 1distribution as 

if it were ·discrete. Reports of the incidence of left-hand­

edness in the past have ranged frcIL cne to thirty percent 

depending upon how left-handedness bas teen described (Har­

dyck and Petrinovich, 1977)., As we have seen, a lot of the 

variability is due .to inconsistent peformanc::e of left-l:an­

ders which makes it difficult tc know where to draw the 

line. For researchers, the choice cf criteria should be 

based on the theoretical and empirical questions which guide 

their investigations. It should be emphasi2;ed that di,ffer­

ences between studies could be based mere on methcdclcgical 

than actual differences, 

Handedness may not only b~ described by ,questionnaires •. 

Hildreth (as cited by Palmer, 1964), was one ,of the first to 

stress the need for an approach tc handedness which ·would 

include other manif.estations of motor activity. Many re-, 

:Searchers l:ave since begun using beth performance and pre­

ference measures. Hardyck and Petr inovich (1:977) meted that 

when performance measures are included, estimates ot left­

handedness become m!Jre stable, at nine tc ten percent rather 

than the one to thirty percent figures noted earlier. 



8 

Empirical investigaticns suggest· that performance 

measures pick up variability among left-handers that is not 

evident with other assessment methods. Benton, M'eyers and 

Folder (1962) and Satz et al (1967) found that left-handers 

were :more variable than right-handers in the extent of dcrni­

nant-hand superiority on a variety of performance measllres. 

Both sets of investigators discc-vered that slightly less 

than fifty percent of all self-proclaimed o~ guesticnnaire­

classified left-handers had a right-hand superiority on per­

formance .measures. 

It has been suggested that strength, skill ,and preference 

may be orthogonal dimensions (Porac and Coren 1981). A few 

of the tasks underlying these dimensions bear discussion. 

Grip strength has lcng been used as a measure of domi­

nance, but even Orton (1937) has noted that there see1ts to 

be no relationship between grip strength and manual prefer-

encee More recently, Porac and Coren (198,1) found that, 

' summing across several studies, the Dynamo meter has ci: ly a 

59% agreement with preference classification, slightly bet­

ter than chance. 

Different tests cf dexteritJ, a component of manual 

skill, have been used with variable success. , some research­

ers (ie, ,zurif and Carson, 1970, Benton et al, 1962), have 

locked at scissor use, which is affected more: by environmen­

tal than genetic capacity •. small parts manipulaticn, ancth-
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er popular measure, (ie, Shankweiler and Studdert-Kennedy, 

1975, Satz et al, 1967) shows a 74% correspondence with pre­

ference .measures. Bate of .finger tapping, another dexterity 

measure, also is not highly correlated 1dth lateral prefer­

ece (Porac and Coren, 198 1). , 

Manual performance is not a unitary concept, and it is 

not surprising that different performance measures are 

·neither highly correlated with preference measures, ncr very 

highly intercorrelated. Porac and Coren. (1981) found the 

mean percent agreement between eight performance measµres to 

be only 59%. Part of the discrepancy may be caused by very 

low test-retest reliability (Shankweiler and studdert-Kenne­

'dy, 1975). Additionally, fact<;>r analytic studies suggest 

that handedness is multifactorial (Fleischman, .1972, Barns­

ley and Rabinovich, 1970) , but it is not clear which factors 

a·re · relevant to differences in cerebral organization (Kins­

bourne and Hiscock, 1981). When considering at least ten 

inde.pendent dimensions of unimanual performance, it is dif­

ficult to know which ones to sa1Lple , (Hicks and Kinsbcurne, 

1978) •. ·· 

Unlike. manual preference, manual performance has a com­

plex, multidilf.ensional structure, 'l'he t liO assessment prcce­

d ures do not produce a higli degree of overlap; rather, 1rnnu­

al performance s'eems to p:i::ovide additional information al:out 

inconsistent h,ft-handers. . Selection cf performance mea-
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sures · can be based on theoret.ically-distinct ai:pects cf 

·handedness, such as pre.ference, speed, dexterity and pcint­

ing (Miller, 1982). ,• Alternatively, manual performance can 

be considered to be the result of a mixture cf beth practice 

effects and genetic capacity. Since highly practiced 

skills, such as handwriting speed, may yield the most relia­

ble differences between hands, some investigators sugsest 

that they be used as meai:ures of ·manual laterality (ie Shan­

kweiler and Studdert~Kennedy, 1975, Provins and Cunliffe, 

1972). Kinsbourne and Hicks (1981) disagree with this re­

commendation, noting that while highly practiced skills may 

-yield the strongest and most reliable differences between 

hands, the magnitude and reliability probably reflect dif­

ferential practice, and that even novel tasks may invclve 

some transfer frcm more commqn activities.. On the other 

hand, Annett (1970b) argues that if the differences between 

the hands in speed are a .Ef~Q~£1, rather than a £.s!!§~, of 

differenti,i1 practice, changes in relative speed-would occur 

as the individual matures and gains mere experience. She 

found, however, that asymmetries of tcth preference and 

speed are equivalent at·early childhood and early adoles­

cence. 

While a considerable amount cf research has gone into de· 

veloping valid and reliable questionnaires to assess lateral 

preferences, the dimensions cf performance are, much acre 



11 

elusive •. The choice of performance measures tc sarr.ple as an 

adjunct to a questionnaire is sometimes as much a matter of. 

individual predilection as anything else •. It is probably 

co.rrect to assume that on most manual tasks right-handers 

will be more skillful with the right-hand, whereas handed­

ness will be variable in left-handers, beth in terms cf 11ag­

nitude and direction of manual ad "ran tage (Hicks and Kins­

bourne, 1978) •. llhile many studies of laterality in leari:ing 

disabled children rely ptima1:ily on guestionnaire data, some 

utilize performance measures as well (ie, Annett, 1974, Satz 

and sparrow, 1970). ,' since performance measures may give a 

different breakdcwn amcng left-handers than questionnaires 

alone; differences in methods of assessment may account for 

some of the variability among studies •. 

Onsel.ected Ye:i:sus Clinic ~.!!l!!.Elll 

A number of studies have been dcne on unselected sa1q:les 

of school children; almost all fail tc find any differences 

in laterality between good and poor readers. Epidemiclcgi­

cal studies by Clark (1970) in Scotland, Rutter, Graham and 

Yule. ( 1970) on the Isle of Wight, Eelmcnt and Ei:i:ch• (1965) 

in Scotlanil, and l!alaquist (1958) in Sweden, all failec to 

find any relationship between abe:i:rant lateral pTeferences 

and learning disability. A more recent study by Richarcscn 

and Firlej (19i9) of public schoc-1 children, none of whom 
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had been referred for remedial teaching, also failed.to find 

any relationship between reading or spelling performance and 

any of several laterality measures •. 

Hit h clinical cases cf dyslexia, left- or mixed-handed­

ness seem to occur more .freguently. Barris' study, cited 

earlier, compared clinic-referred and unselected children, 

· and found differences between groups in chilor,;n under: ten •. 

Perla and Rak (1971), in a study of adult dyslexics r,;ferred 

to a language disorder clinic, found that one-quarter ~ere 

left-handed. Although there was no control group, sinistral­

ity. in the general population is t::ually placed at eight to 

ten percent (Vernon, 1971) ., Hold (1968) found more· left-lan­

ders among a clinic than a general ::ch eel i:op.ulation. Een­

der (1968) and zangwill (1960) · :r:epc:r:t mixed- or left-handed­

ness as a characteristic feature of dyslexia in tleir 

clinical experience. 

The discrepancy between clinical and general samples i:ug­

gests one posidble explanation for inconsistent findings. 

According to Clark (1970), clinical populations contain mere 

left-handers because of the tendency to conside.r left-lan-

ders with reading problems as a special category. These 

children are :referred to physicians or other specialists be­

cause teachers see ncndext:r:ality as pathcgnomic of neurolo­

gical disorder (Accardo, 1980). 



13 

In the past ten years physicians have been de-emfhasi2ir.g 

the impcrtance of laterality as 

son, Welker and Hobbs (1982) 

a pathological sign. 

found nc differences J::etlieen 

right- and left-handed children en measures cf meter frcfi­

ciency and dexterity. They concluded that, while findings 

cf left-handedness or ambidexterity should not be·aismissed 

as of no consequence, they shculd net be considered abnormal 

neurological signs without additional evidence. Tcuwen 

(1972) has also asserted that nc causal relationship between 

nondextrality and neurological discrders can be inferred 

without further evidence •. Voeller· (1~81), however, nctes 

that if a child manifests uneguivccal hand preference before 

age one• it is likely that unilateral cerebral injury has 

been sustained. 

While .fifteen years ago members of the medical ccmmurity 

suggested that ncndextrality may be a ccrrelate of neurclo­

gical injury (ie, Eenson and Geschwind, 1968, Paine and 

Oppe, 1966), current attitudes are mere conservative. ~teth­

er or not nondextrality is tru1 1 an indicator of neurolcgi-

•Cal damage, if viewed as such by either the medical er edu­

•cational communities, nondextral dyslexics may be more 

likely to be referred to clinic settings. 

A bias towards nondextrals in clinic referrals may not be 

the only explanation. It is possible that the effect cf la­

teral preference is strcng enough tc appear in selected sam-
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ples with high base rates, but is much weaker in general pc-

pulations. Annett (1970b) looked at both a general sclccl 

population anil a subgroup of this sa rople selected for low 

scores on a verbal intel.ligence test. Although no i:elation­

ship between laterality and verbal intelligence ~as noted 

for the general population, mixed-handers were more nun:erous 

.in the low verbal intelligence· subgroup. In a svbseguent 

study, Annett (1974) found no lateral preference effect in a 

general school population, but fcund more left-handers in a 

subgroup of children with · reading guctients significantly 

lower·than their verbal intelligence scoi:es. 

Annett suggests that her underachieving subgroups are 

likely to be part of the population generally referrec·to 

clinics. However, since they tiere not part of clinic sam­

ples, they· are not susceptible to the criticism cf having 

been select-ea on the basis cf ncndelltrality. Naidoo (1~72) 

found that boys in a general. school sample who were tel.ind 

in reading by at least two· years were less likely to be dex­

trals than those behind by only one year. Again, cases cf 

more severe school failure are mere likel1 to be referred to 

a clinic than the less severely disabled. 

A bias in referrals, then, may not be the onlj explana­

tion; there may be a real difference between clinic and 

non-clinic samples which results in less dextrals in clinic 

groups. Generally, clinic samples are composed cf a nore 
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severely disabled subgroup of the general pop.ula tion, and 

· are therefore more likely tc present signs of neurological 

damage. If nonrigh t-h andedness does signal sc•me mine I neu­

:i;ological dysfunction, then the unreliability of a trend to­

wards increasing nonright-handedness among learning disabled 

populatio.ns may in fact reflect. the neutclogical integrity 

of the experimental sample, rather than teing a,correlate cf 

learning disabilities per se •. 

Pathological Left-BaJ!9edness 

It has long been noted that many populations of brain 

· clamaged individuals co.ntain an excessive number of left-han­

ders (ie,Silva and Satz, 1979, sub•irana,1969), Obvioafly, 

early paresis of the preferred limb will, in most,cases, 

lead to a shift cf manual dominance ~enson and Geschwind, 

1968). More importantly, early damage affecting the 11ctor 

cortex of the dominant hemisphere may lead to a shift in ma­

nual dominance. The.nonpreferred hand, during the course of 

motor development, may therefore become preferred, because 

of its comparatively greater abilitJ,. Since the majority of 

the population is right-handed, left-sided lesions are like­

ly to produce a shift to right hemisphere dominance for 

handedness and co nseguently a "pa the logical", that is, not 

genetically determined, left handedness, Conversely, 

right-sided lesions, in most individuals, would net afieot 
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handedness. Populations of brain damaged individuals, then, 

are likely to contain an excessive number of left-handers 

(Benson and Gescbvind, 1968). 

Pasamanick and Knobloch (1966) 1q:ec1Jlate that since envi-

· ronmental pressures towards right-handedness are grEat, fcme 

brain damaged individuals might resort instEad to a clumsy 

type of ambidexterity. Typically· researchers have discussed 

the increased incidence of left-handedness, rather than am­

bidexterity, among brain damaged populations, but, as noted 

before, the definition and measurement of left-hancied.ness 

varies from·researcher to researcher. Since left-handedness 

is so variable; according to the measurement used, it is 

quite possible that scme researchers a re including mixed­

handers among their left-ban ders. In f cct some researchers 

, (ie, Satz, 1975) explicitly combine the two groups for ana-

lyses. Perhaps then, "pathological left-handedness" is re-

ally "pathological nonright-handedness", 

Brain Jla'!!l!SEO PORUlations 

A higher incidence of left-handedness among brain damaged 

individuals was noted as far back as 1890 by Sachs and Pet­

erson (as cited by Porac and Coren, 1981) who·reported that 

48% of their 156 hemiplegic patients were left-handed. In 

an investigation of left-handedness amcng retarded schocl 

children, Gordon (1920) noted that not cnly was the percen-
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tage of left-handers higher than in normal children, but, in 

the case of left- and right-handed twins, the lEft-handed 

twin is more likely to be retarded. He assumed that the 

same lesion not only affected the proper functioning of the 

' dominant "hand, but interferred with higher intellectual, cen-

More recent studies have shown an. increased incidence cf 

left-handedness in a variety of neurologically impaired po-

pulations. Lon ton (1976), found increased incidence£ cf 

left- and 11'.ixed.,- handedness a mcng children with m yelomeningo-

cele and hydrocephalus. Rutter, Graham and Iule (1970), in 

an epidemiological study of children on the Isle cf ijjght, 

found that left-handedness and left-footedness are signifi­

cantly more common in children with a variety of neurolcgi-

, cal disorders, including cerebral palsy and brain stem le-

sions. Interestingly, they did not find an increase in 

left- and mixed-handedness among children with reading prob­

lems but without neurological· disorders, supporting the.view 

that·neurological dysfunction, not· reading problems per se, 

is the crucial variable. 

Epileptics, too, seem to have a raised incidence of mani-

fest left-handedness. Roberts (1955) found that 17% cf the 

cases of traumatic epilepsy and encephalopathy operated on 

at the Montreal Neurological Institute· were . left-handers. 

lihen the lesions were present before tte age cf twc, the 
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percentage of left-handedness went llf to Q11, which clearly 

emphasizes the fact that a pathological shift in handeness 

is the result of an early lesion. Satz, Baymur and Van der 

Vlugt (1979) found a raised incidence of left-handers among 

epileptics from four culturally distinct populaticns. Eed­

lich (as cited in Hecaen and Ajuriaguerra, 196Q) found an in­

cidence of 11.5 percent in a grcuf cf epileptics as con­

trasted with eight percent in a grcup cf psychiatric 

patients., 

As an exception, Mc Manus- (1980), reviewing data frcm a 

large prospective study of 12,000 Eiitish children, sa~ no 

relationship between left-handedness and efilepsy., In light 

of all the ,evidence supporting the relationship, this find-

, ing is guite surprising • , lie Manus, however, admits that 

there were very few severe epileptics a~ong his pcpulaticn 

and that in such a group an association nay exist. 

studies of retardates, in whom neurological damage, is not 

necessarily limited to one or the ether hemisphere, also 

find increased incidences cf left-handedness. As previously 

cited, Gordon (1920) studied almost 8,000 normal and retard­

ed children and found incidence rates of 7.3% and 1e.2, re­

spectively. , Porac, Coren and Duncan (1 980a), -concluded that 

retardates shewed significantly more left-sidedness than 

either their chronological feers or their mental age peers 

(preschool children). Silva and Satz (1979) studied 1409 re-
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tardates and found the frequency cf left-handedness to he 

17.8%. They found that individuals with abnormal EEGs' tad a 

higher incidence of left-handedness than those with normal 

EEGs, suggesting that the probability of an individual being 

right-handed decreases with poorer levels of cortical fun­

t ioning. !licks and Barton (1975) reported that right-hand 

preference is less common among tbe severely and prcfcnndly 

retarded than among the mildly and moderately retarded, .in-

·dicating that there may be a pcsi~i~e relationship between 

degree of retardation (and concommitant train damage) and 

in'cidence of left-handedness., 

Satz•s• lloiel 

Although the concept of pathological left~handednese has 

been in the literature for ever eighty years, it has recent­

ly been focused on by researchers who seek to explain the 

phenomenon more fully. Satz and collaborators 

(1972a,1972b,1979,1979) have put forth an arithmetic ll'Cdel 

to account for this cbservaticn. Satz noted that most .. expla• 

nations of pathological left-handedness focus on the fact 

that early left hemisphere damage can cause a mild dysfunc­

tion of the dcminant hand in right-handers, causing the in­

dividual to switch to the left band for manual activities., 

This e·xplains the cccurence of pathclogical left handedness, 

but doesn't take into account pathological ~ight handedness, 
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which would be caused by a ri.9htsided lesion in a natural 

lef! hander •. Sat2 noted that most studies of.epileptic and 

retardate populations report the incidence of left-handed­

ness· as about 17j, He ·then developed a model which is based 

on assumptions of the equal probability cf a lesion affect­

ing either· side {sometimes producing pathclogical right-han­

ders) • and the probability that s11ch random lesions wculd 

lead to an overall 17% incidence rate of left-handedness. 

Satz assumed that not all brain lesicns contralateral to 

the genetically preferred hand wculd resolt in manual trans­

fer.. Using 8 and 17 percent as the empirically-based inci­

dence rates of left-handedness in r.crmal and brain damaged 

populations, respectively, Satz (1972a) determined that the 

probability of switching handedness following a given lesion 

contralateral to the dominant hand is about .21.,Given equal 

probabilities of side . of lesion, if 21% of the nat l)ral 

left-handers become pathological·right-handers and 21J of 

the natural right-handers become pathological left-handers, 

then knowing the manifest handedness of an individual with a 

unilateral lesion, the ·probability cf laterality of that le-

sion can be determined. When the appropriate,calculaticns 

are made, the probability of a manifestly left-handed retar­

date or epileptic having a left-sided lesion wculd be .81 

and the probability of a manifest right-hander having a 

left-sided lesion would be .44. Satz (1972a) confirmed his 
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hypothesis by reviewing Penfield and Roberts• handearess 

aata for· a large grcuf of epileptic patients underscing·sur­

gery. He found that 75% cf the left,-handers had left hemi­

sphere lesions, while only 41'1 of the right-handers had. left 

hemisphere lesions. Thus the expected values of .81 ana .44 

were approximated; the data supported his contention that 

unilateral lesions can lead to a pathclcgical switching of 

handedness which· can be·-described by exact probabilities. 

Satz went on to validate his theory (Satz, Baymur ana Van 

der Vlugt; 1979), exploring the relationship between unjla­

teral and bilateral lesions and handedness in four different 

clinical populations of epileptics and retaraates. For each 

.individual both handedness and side cf lesion ( i.e., nature 

of EEG abnormality-- unilateral or bilateral) was known. He 

found that the incidence of manifest left-handedness ancng 

cases of bilateral EEG abnormality was substantially lcwer 

than among those with unilateral abnormality.. He felt that 

in the case cf bilateral damage, bin11-nual dysfunction wculd 

not lead to an advantage, ana subsequent shift tc, the ten­

dominant hand, However, in a separate study of retaraates 

(Silva and Satz,1979), he found that the incidence cf siris-

: trality in individuals with EEG dysfunction was abnormally 

high regardless cf whether EEG involvement was asymmetric or 

bilaterally symmetric, but was higher than in tbose with 

normal EEGs. He concluded that twc separate factors influ-
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ence handedness in retarded populations: the presence cf un­

ilateral les ic!ls which lead to an e a:cl y switching cf pref ei:­

ence, and the presence of a general decrease in cortical 

functioning, as indicated by bilateral EFG abno:cmality. 

Although satz•s model assumes that the probability of in­

jury to the twc hemispheres is egual, neutophysiolcgical ev­

idence suggests that the left hemisphere is especially vcln­

erable. Left occipitc-anterior presentation of ,the. fetal 

head during .birth, the ·most common fetal orientation, leaves 

the left hemisphere more vulnerable to the pathological ef­

fects of increased extra-cranial pressure. In·addition, the 

left hemisphere is apparently more vulneral:le tc vascular 

insufficiency because the left carctid artery supplies the 

left hemisph~re relatively indirectly (Kinsbourne and His­

cock, 1981) •. Also, even with an egual likelihood of damage 

to both he1tispheres, since the functions cf the ri9ht herri­

sphere are mere diffusely represented than those of the 

left, functioning may be more likely to switch to the rela­

tively less differentiated right hemisphere (Porac and Ccr­

en, 1981)., 

Other resea.rchers take issue with Satz over the need fer 

gross signs cf cortical damage. in populations with._increases 

in sinistrality. Bishop (1980) argues that mild unilate:cal­

ly- or bilaterally-asymmetric abnormalities can be associat­

ed with increased sinistrality as well. He attempted to 
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identify childz:en with presumptive mild brain abnormalities 

by examining those who did paz:ticularly 

tracing task with the ncnpreferred hand. 

poorly en a sguare­

Childre~ particu-

larly clumsy with the nonpreferred hand were assumed to have 

·some hemisphere abnormality contralateral to this band wtich 

interferes with its functioning. With this measure·, Bishop 

selected the· worst 201!, out of 170 school children, predict­

ing that this group would have a higher base rate of patho-

·1ogical sinistrality. Not cnly did the gz:oup show moz:e sin­

istrali ty, but they also bad a higher incidence · of 

neurological disorders.in childhood and showed significantly 

lower iiISC-B· and reading ability scores. Since Bishop fEels 

that sinistrality in this groui; may be the expression of 

some·mild brain abnormalities, rather than gross.lesions, he 

calls it "Extended Pathological Left Handednes's 11 • 

Not all researchers agree that·ccrtical lesions az:e ne­

cessary for pathological· left-handedness, Lenten· (1976), in 

a study of myelcmeningocele and handedness, found that asym­

metrical damage in and around the CEper part of the spinal 

cord can cause mixed-handedness. Liederman ana ccryell 

(1982) studied the preferred direction of head turning in 

infants with and without a history of perinatal cc1q:lica­

tions. They found that· children with pregnancy complica­

tions were less likely tc show a right-sided head turning 

preference than the control group. Liederman et al suggested 
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that since differences are noted before·the development of 

fine motor skill, injuries sustained during gestaticn and/er 

delivery may affect a laterally crganized subcortical • cen­

ter," rather tllan just the motor ccrte:x. 

· Bakan•s ftodel 

The studies previously discussed all concern the inci­

dence of left-handedness amcng indi vid 1:als with known pa­

thology, assuming that the dysfunction causing the pathclcgy 

is directly related to• the dysfunction which caused the 

left-handedness. There is a substantial amount of empirical 

support for this hypothesis. Bakan (1977) however, took the 

concept of pathological sinistrality ox;e ste.p further and 

proposed that all nondextrality is pathclogical in origin. 

Eakan stated that pre- -er perinatal events leading to hypox­

ia can adversely affect the pyramidal cells in the left mo­

tor cortex, which he felt are especially vulnerable to h}po­

:xia (Bakan, 1977) •. 

Bakan listed a number of correlates of left-handedness, 

including an increased freguency among males, who are more 

vulnerable to birth stress, and among twins, in which hy!c:x­

ia-related birth complications are more freguent (Bakan, 

1978) •. He suggested that deviations frcm right-handedness 

should be added· to the "continuum of reproductive casualty", 

originally proposed by Pasamaniok and Knobloch, (1966) as an 
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explanatory model cf the·range cf effects of pathology. Var­

ious neurologically-related disorders, ranging from learning 

disorders to still-births, are thought tc result from a Far-

allel continuum of pre- ·and F9rinatal trauma, varying in the 

extent of pathological outcome·., 

Bakan proposed that those infants who survive the effects 

of pregnancy and birth complications are more likely tc be 

left-handed or ambilateral, This is why left-handedness is 

found in excess among those affect Ed by other neurcpa the lo­

gical conditions (Bakan, 1975). 

Bakan went on to support his hypothesis by studying the 

relationship between birth order, and maternal age and sin­

istrality, citing evidence that the former two are correlat­

ed with birth and pregnancy ccroplications (Bakan, Dibb and 

Reed, 19.73)., In samples of post-secondary students and 

university students he found significantly more.sinistrals 

among high risk birth orders (first and fourth or.later) 

than low risk birth orders (second and third) (Bakan, 

1971,1977). In another sample he found that self-reported 

birth stress and maternal age of thirty er over, were cci:re­

lated with sinistrality (Eakan et al, 1973)., 

Bakan•s speculations sparked a lively debate among re-

searchers which still continues. 

tention of pathologically-based 

suffering frc111· neuropathology, 

Most accepted Satz•s con­

sinistrality in incividuals 

but few could accept the no-
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tion that all sinistrality is pathological • .- Schwartz. (1977) 

noted that Eakan is not extending, but rather igncrjng, 

Satz•s model, which is based on the existence of both patho­

logical and natural left-handers even in train damaged rcpu­

lations. 

several studies question Eakan•s findings of a relatjcn­

ship between sinistrality and birth order or maternal age. 

Hubbard •s ( 1571) results directly contracict ,Bakan• s, find­

ing left-handedness to be greater in the low risk birth crd­

ers (second- and third-bcrn). Schwartz (1977) found no re­

lationship to birth order and proposed that differenceE in 

results are possibly due to classification methods, with 

guestionnaires and self-report measures classifying left­

handers differently. 

Bakan (1977) argued that Hubtard's sample of private 

university students were likely tc have teceived better pre­

natal care than Bakan•s public university sample, leading to 

different base rates of pregnancy complications. , Schwartz's 

sample, he contended, was frcm a Canadian provincial univer­

sity with a higher mortality ratE than the u.s., hence those 

individuals with pregnancy complications may be more severe­

ly handicapped and net present in a university sample. 

Bakan•s findings seem to have. little generalizability to 

other populaticns. In a study cf sinistrality among 'laiwa­

nese students, Teng, Lee, Yang and Chang (1976) found nc ef-
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feet of birth order or maternal age, Ashton's (1982) epide­

miological study of 1818 Hawaiian ·families found no effect 

:of maternal age or birth order en incidence. of left-handed­

ness. one would expect that an effect presumably based on 

pathology in every left-hander wculd be easily detectable in 

ether populations. 

Noting that B akan (1971) demcnstra ted· left-handedness to 

be more .likely fer males who were of "high risk" l:irth crd­

ers, Hicks, Ellict, Garbesi and Martin (1979) attempted to 

maximize the effects of• risk factors by grouping individuals 

-according to mother's age at birth, birth order, and sex 

into II high risk" and II low risk" g :coups, but were unable to 

find significant results. However Coren and Porac (1980), 

found that twc of the birth risk factors, maternal age and 

birth order, interact; alder mothers had fewer right-handed 

offspring wh.a were second or third born (law risk pcsiticn). 

The significance of this interaction, which is present in 

both sexes, is not clear, but since lcw-risk birth order is 

correlated with increased sinistrality, these results cnly 

partially ccnfiru: Bakan•s findings., 

Only Leviton and Kilty (1976) support Bakan•s birth crder 

hypothesis. They found a "dcse-reeponse" relationship l:et­

veen birth order and handedness in boys, with sinistrali ty 

increasing as a function of degree of perinatal risk. That 

is, the risk cf left-handedness: is relatively high in l:oth 
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first and fourth or higher birth crder males and low in sec­

end and third birth crders, with the most left-handers found 

among the highest birth orders. This dose-respcnse rela­

tionship indirectly supports the view that sinistrality be­

longs to the minor pathology end of the continuum cf rerro-

ductive casualty mentioned earlier. Hewe ver ,. Le vi ton and 

Kilty did not report their statistical analysis and state 

that one-sixth cf their sample consisted of fifth grade 

children who had repeated a grade, suggesting they ma 1 be 

including learning disabled subjects, 

their results. 

whic:h would confound 

It is otvious that studying birth order and maternal age 

and handedness is one step removed from a<;:tually studying 

the relationship between birth stress and handedness. sever­

·a1 researchers have tried to study the incidence of birth 

complications more directly by asking individuals al;cut tr.e 

nature of their delivery •. Bakan, Dibb and Reed (19.73) asked 

college students about a variety of birth stress ccnditicns 

and found that nonright-handed subjects reported birth 

stress about twice as often as right-handers., Sch11srtz 

(1977) asked college students 1tcre generally if their preg­

nancy was known tc be normal, - without mentioning specific 

types cf complications, and found no relationship with Ein­

istrali ty. Al though the twc measures cf birth complications 

appear to be similar (college student self-repcrt), perl:aps 
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Schwartz's single, general guesticn discouraged students 

from adeguately considering the issue, increasing the chanc­

es of getting negative results. 

Since self-refort of birth comflicaticns is by its very 

nature based on second-hand information cf guesticnable ac­

curacy, Coren and Porac (1980) decided that a more valid 

method would be to contact mothers directly. looking at 

four aspects of lateral preference (hand, foot, eye and ear 

preference), · and birth stress, they fcund a·relationship 

only between left hand preference and birth stress. in males. 

Conversely, :Ashton (1982), in a study of ovei: 1800 Hawaiian 

families, found a significant effect of maternal birth 

· stress in offspring hand preference for females cnly.. Ccm­

paring his results with those cf Coren and Porac, Ashton 

noted the sex difference, but suggested that if it is ac­

cepted that the chance of birth trauma is. likely tc be inde­

pendent of the sex of the infant, then the sex .difference 

may be considered fortuitous and the data should be fCcled. 

ilhen pooled, left-handed children are abcut 287i more likely, 

when birth is accompanied by stress. However.it must be 

noted that there·is a sex difference between the twc stulies 

which may er uay net be fortuitous., 

Relying on a mothers• report of birth complications is 

subject to inaccuracies as well. Net all mcthers are a,·are 

of or remember all of the events surrounding each child's 
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birth (Chamberlain and Jchnstcne, 1915). Smart (1980) exa-

'mined hospital birth records and sent ott questionnaires to 

the mothers of these children, who were by then six er sev­

en, to ascertain the child's handedness. The only signifi­

cant effect related to birth complications was that breech­

delivered boys were more likely tc become nonright-handed 

than Caesarian-delivered boys. This study prcvides ~injmal 

support at best for Bakan•s hypothesis. Churchill, Igna and 

Senf (1962) found a weak, but significant .relationship bet­

ween atypical tirth presentation and hand preference at age 

two,. with left-handers more likely to be born with atypical 

presentations. Although this might suggest' a relaticnship 

between perinatal events and subseguent handedness, chil­

dren's hand preference at age two is not highly pred1ctive 

of adult handedness (Gesell and Au,es, 19Q7). 

The data so far presented provide only weak support fer a 

relationship between hirth complications and handedness. 

Eowever none of the studies are prospective in nature. Even 

the study by smart relied on hospital records which were net 

,compiled specifically for research purposes and thus.lack 

standardization, Two longitudinal studies have been per­

formed· so far, one supporting, the ether flatly refuting 

Bakan. Barnes (1975) •provided some indirect support for Bak­

an. She found that the time a baby took to establish regu­

lar breathing was a good predictor of handedness at age 
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three, with nonright-handers taking longer tc establish 

breathing. Barnes did not interpret these· results as sup­

porting Bakan•s anoxia theory, because she felt that all 

children established breathing before any damage could oc­

cur. Rather, she ·proposed that left-handed babies are 11ore 

sensitive to the rigours of the birth process and therefore 

are more likely to have a stressful birth, rather than the 

stress causing left-handedness. However, whether or 

these children suffered even mild anoxia is not known. 

not 

Eak-

an at least, has cited Barnes as supporting his thEory (Eak-

. an, 1978) of hypoxia in sinistrals. Although her study can 

be commended for being prospective in natur·e, Barnes nea-

sured handedness when the children were only t~ree years 

old. Her results would have more significance.if she had 

waited a few years until handedness '-'aS fully established. 

Mc Manus (1981), acknowledging that the only way tc re­

. solve the question is with a large prospective study, ana­

· 1yzed data collected by the National Child'Development Study 

in Great Britain. The study was set up to examine the ef-

fects of a·wide range of obstetric factors on over 18,000 

children. Handedness was assessed at ages seven and eleven •. 

, The relationship cf handedness to twenty-eight cifferent 

• factors which might be associated with birth stress was 

evaluated. Although a few perinatal factors were signi-fi­

. cantly related to handedness, the vast majority were not. Mc 
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Manus concludes that the magnitude of the study precludes 

any further discussion of Eakan•s theory. 

In sum, it is clear that the issue of pathological left­

. handedness has been hotly debateo. There is a fair bcdy cf 

literature which suggests that populations 11ith neuropathol-

. ogy often have a higher proportion of nonright-handers. Of­

ten this is the result of unilateral lesions, b.ut general 

decreases in cortical functioning or ncncortical lesions may 

play a part. There is evidence that the degree cf dysfunc­

tion and amount of:left-handedness are en a "continuum of 

reproductive casualty" at least for populations with krcown 

pathology, such as retardates •. '£·hat all left-handedness ori­

ginates from birth trauma is highly doubtful. 

The whole debate has great relevance for learning cis-

abilities research. Major neurclcgical trauma •results in 

increased sinistrali ty, while with minor trauma this is. less 

likely., Mentioned earlier was the cbservation that learning 

disabled children in clinic populations are.more :likel} to 

be left-handed than· those in mere general populations. It 

is possible then, that those, children in clinic pcpulatjons 

with signs cf neurological damage are more · likely tc be 

left-handed, and further, that the incidence of left-handed­

ness increases as a function of the degree of damage • 

• 
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!~!~glogicaj ~i.!ll!~ 

According to Butter (1977), dyslexia•can be·differentiat­

ed along several dimensions, including the:presence or ab­

sence of brain damage, Although it is often difficult to 

differentiate along this dimension in the absence of overt 

neurological disease or disorder, the distinction, is a· tHan­

ingful one. Brain· clamage, whether cf a post- or perinatal 

onset, may cause specific reading ancl spelling difficulties, 

. in cases where there is nc impaixment cf general intelli­

gence. 

Learning disabled children labeled 11 train damaged". citen 

do have evidence· cf· central nervcus system abno:cmali ty, alt­

hough the. range of signs is great, and ranges frcm cb.v icus 

cases of CNS damage (as in cerebral i:alsy), to cases where 

the only neurological sign is incoordination,. In cne study 

of the meaningfulness of the label "brain damaged",in a 

school for neu:colcgically-handicapfed youngsters, Hert2ig et 

al (1969) found that only one-third of the-children demcns­

trated hard signs of neurological damage and 90, had soft 

signs, with one-quarter showing toth hard and soft signs cf 

neurological damage. 

The distinction between "hard"· and "soft" signs is toth 

qualitative and guantitative. "Hard" signs are findings 

. that, according to Hert2ig et· al (1969), "have teen classi­

·cally employed in neurolcgic diagnosis and include abnorual-
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ities in reflex, cranial nerve, and motor organi2ation, la­

teralized· dysfunctions and the presence of pathological re­

flexes (p,440) 11 , 

"Soft · signs" are considered "scft" because their in­

terpretation and meaning are somewhat uncertain. There are 

two ma.jor types cf soft signs, The first are ·subtle manifes-

· taticns of classical neurological abnormali~ies which, if 

stronger and mere reliable, would suggest definite presence 

of brain damage, According t'o Levine et al •. (1980), 11 these 

·findings were felt to reflect·evidence cf a mild, but.dis­

crete brain deficit, which allcwed the clinician to make a 

diagnosis cf a localized lesion, albeit a •minimal• cne" 

(p,41) .•. The second type consists of figns which are con­

sidered normal within a certain age group, disappearing· ,·ith 

time, but when they occur in older children, are indicative 

of a developmental delay (Levine et al, 1980).. Accardo 

(1980) notes that one-third to one-half of all learning di­

sabl:ed children have soft signs, suggestive of either natu­

rational delay or mild brain damage. 

Although a soft sign is interpreted without any knowledge 

of causal events, neuropa tho logical evidence suggests that 

minimal ce·rebral lesions do occur at birth and may be· res­

ponsible for the syndrcme cf n:ini mal brain damage. Towbin 

(1971) stated that mild hypoxia incurred during the fetal­

neonatal pericd cften · results in focal or diffuse neurcnal 
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damage with ccnseguent minimal neurologic symptoms that can 

be later expressed as learning, behavior, or motor disord­

ers. The presence of soft neurological signs is usually 

taken to characterize minitr.al brain dysfunction, while hard 

· signs indicate more gross train damage (N ichcls and 

Chen, 1981) .• Since some soft signs are mild forms of hard 

signs (ie, mild reflex abnormalities), n.ini111al train da n.age 

and brain dair.age may be part of a continuum .cf ne.urclcgical 

dysfunction. 

As mentioned before, the idea cf a "continuum cf refIO­

ductive casualty" was first explored by Fasamanick and 

Knobloch (1966) who studied the neurological develcpment cf 

premature and full-term infants and found a~ong the preterm 

sample a !iide range of severity of cerebral damage. They 

postulated that the effects of damage tc the brain during 

the pre-·and perinatal period could vary greatly, from 

clearcut neurological disorders resulting from severe dam­

age, to a predispositcu tc minor behavioral abnormalities 

.resulting from mild damage. Minimal brain injury, then, was 

qualitatively, but not quantitatively, similar to more sev­

ere brain injury (Fasaman·ick and Kncl:loch, 1966)., 

In a recent review of the continuum c~ncept, Rutter 

(1982) concluded that. while there is nc firm evidence su­

porting it, the idea probably dces have scme validity. Alt­

hough ther·e is no doubt that subclinical brain damage can 
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produce psychological seguelae, he feels that rath(r severe 

'damage is needed to give rise to persistent behavioral and 

- cognitive deficits. Rutter notes that studies o·f perinatal 

brain injury suggest that pregnancy and birth complications 

, can lead to psychclogical seguelae even when there is no 

overt neurological disorder, but these results are cften 

confounded with socioeconomic di sad vantage. liutter con­

cludes that the .idea of minimal brain dysfunction as belcng-

-- ing on a continuum of reproductive- casualty does have valid­

. ity, but remains unproven. 

The concept provides a good framework from which tc con­

sider the question of increased ncnright-handedness among 

: learning disabled individuals. If minim el brain dysfunction 

is- a lesser variant of gross brain damage, then individuals 

· with soft neurological signs are likely to suff€r froro ninor 

· neurological damage, such as that discussed by •r-ovbin 

( 1971) • Since, as was previously stateci, the incidence cf 

left-handedness increases as- a function of the·cegree of 

neurological damage, it seems plausable that children vith 

neurological soft signs would be mare likely to be left- · 

handed than children with ncrmal neurological examinations, 

but less likely than those with hard signs of neurological 

damage • 

Alternatively, minimal brain damage may not be truly min­

imal in nature. Benton (1973) discussed evidence that,cere-
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guite extensive or have 

prcduce_behavioral ab­

is nc evidence that the 

damage_ in "minimal brain damage" is actuall:y_ less extensive 

that in lesions underlying cerebral palsy and mental retar- · 

dation •. 

There .is still debate over just what soft signs u-ea-n., 

According to Rutter et al (1970), althcugh there is evidence 

that soft signs may be due to neurclcgical damage, arising 

from, for example, pre- or perinatal•ccmplicaticns, euch 

signs· appear guite cften in normal children who experienced 

no such complications. If soft signs reflect such a hetero­

geneous state of affairs, then net every individual liith 

soft signs is necessarily brain damaged. If soft signs in­

dicate brain carnage in some, but net all, individuals, then 

even if"the brain damage is not "minimal", the predictjcns 

of handedness can still be made: children with hard signs 

would be most freguently left-handed, followed by those 1.-ith 

- soft signs, and finally, those with.no neurological signs, 

who would have the lowest incidence cf left-handedness., 

Left-handedness could increase as a function of either the 

magnitude er probability of neui:clcgical damage. 

There is experimental evidence that subclinical bi:ain 

damage can lead tc increases in siristrality •. Dugdale and 

Jeffrey (1981) noted that there were more left~hanoers ancng 
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children who had had meningitis during tt,eir fi.rst year than 

among sibling centrals. Although the authors speculate that 

during early bcuts of meningitis these children may have in-

. curred left hemisphere damage, leading tc·a.switching of ma­

nual dominance, none of these children showed an_y major neu­

rological or psychological findings. These children had cnly 

their neurological history as indirect indications of possi-

ble brain damage, This is similar to the case with soft 

signs, which can be thought of as m~rely indicators of pos­

sible neurological dysfunction. 

Children with minimal brain dysfunction {MBD), which is 

sometimes, but not always, tased on "soft" neurclogical 

signs (Beaumcnt,1976), often have a high incidence of non­

right-handedness. According to the National Institute of 

Neurological Disease and Blindness task force (Clemerts, 

1966), a high incidence of left and mixed laterality is one 

of the specific neurologic indicators of minimal train dys­

function. Beaumont (1976), in a study cf children diagnosed 

as minimally brain damaged, found that they were net cnly 
I 

less right-sided tlan the ccntrcl group, but on retesting 

they were less stable in their preferences, indicating n-ix-

ed-handedness. These differences ~ere found with measures 

cf lateral preference. . on measures cf lateral perfcrlfsnce 

(manual speed), MBD children did net show the significant 

difference between preferred and nonpreferred hands that 
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characterized normals; performance with either hand was ex­

ceptionally poor. Beaumont interpreted this as suppcrt for 

the idea that in MBD children lateralization is less clearly 

established. 

There is an alternative explanation, however, "·hich fits 

the ·pathological left-handedness model. Since environrrer,tal 

pressures towards right-handedne::s are great, these children 

may be .resorting to the "clumsy type of ambidexterity" sug­

gested by Pasamanick and Knobloch (1966) as an alternative 

to adopting a clean left-hand preference. Lateral preference 

would then be more unreliable, and performance measures 

would fail to shew a clear hand advantage. 

The collaborative Perinatal Project (Nichols 6 cten, 

1981) a followup cf almost 30,000 subjects, is protatly the 

most extensive prospective study cf minimal brain dysfunc-

. tion ever done. Eased on a series of neurological, psychclc­

gical and be havicral examinations, children were categorized 

according to the .presence of neurological soft signs, learn­

ing disorders or hyperactivity. Those with gross signs of 

neurological damage, such as•cerebral Falsy, were net in­

cluded in the study., Manual dominance was examined when the 

children were four and seven years of age. At beth ages, 

children with left- or mixed-handedness had significantly 

more neurological signs than the re.st of the cohort. Ey age 

seven, nearly 16j of those with neurological soft signs had 
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left- or mixed-hand dominance as ccnpared to 11'.l! of the con­

trols (Nichols & Chen, 1981). 

Individuals with soft signs of neurological · camage are 

also more left-handed. The 16% rate for children liith soft 

signs can be compared to the 17'J! rate noted by Satz· {1972a) 

for populations of brain-damaged individuals. Considering 

left-handedness as varying along a continuum· of increasing 

degree or prevalence of neurological damage, cne would ex­

pect that the two values would be further apart, reflecting 

the different degrees of neurclogical damage. However, 

· since the incidence of left-handedness varies accordin9 to 

the assessme•nt procedure used (Belmcnt and Birch, 1963), it 

is difficult to compare across studies. Additionally, hand-

edness is not a stable entity; children become mere ri~ht-

sided as they mature (Pcrac, Coren and Duncan, 1980b). ,A 16% 

incidence rate in seven-year-olds may te somewhat sRaller 

when they beco•e adults. The question of, whether or not 

left-handedness increases as a function cf neurological cam­

age can best l:e answered in a study designed specifically 

for that purpose. 



Neuropatbolog1 and Ncndextralill 

considering the contribution cf neurological damage to 

nondextrality in dyslexia, there is some evidence that left­

and mixed-handed dyslexics really do iliffer f:rcn their cex- · 

tral, counterparts. Based on extensive clinical experience, 

Zangwill (1960) wondered whether there might be twc types of 

developmental dyslexics. Those who were left-hancled er am-

bidextrous· were frequently. net c-nlJ learning disabled, but 

had a higher incidence of retaroed speech develcpment, de-· 

fects of spatial perception, motor clumsiness and other in­

dicators of abnormal maturation. Right-handers, in ccmpari-

son, showed a relatively pare djslexia, without the 

conc·omitant symptomatology. 

Based on these cbservations, Zangvill proposed three pos-

sible exp.lanations. First, he thought that beth pcorlJ de-
' veloped laterality and reading backwardness could be· due to 

the effects of actual· cerebral lesions. He notes in this 

regard that early damage to the left hemisphere can lead to 

either complete or partial shifts of hand preference (either 

left-handedness or ambidexterity). Focal neurological si~ns, 

found in some dyslexic children, support this contention. 

A second explanation is that certain children with "ill­

defined" laterality have an additional "constitutional weak­

ness in maturation" er maturational lag. This is suggested 

by the presence of minimal signs of neurological dysfunction 
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in these children. zangwill 1ncluded left-handers among 

those with "ill- defined" laterali ty because left-handers are 

generally less consistent in their patterns of lateral i;re­

ference. 

The third explanation is that ill-lateralized children 

are particularly vulnerable tc·tbe effects of stress, such 

as minimal brain injury at birth. Zangwill• noted tl:at a 

history of early brain disease or minor epilepsy is not un-

common among ill-lateralized dyslexics. These stressful 

events then, can ultimately disturb the proper development 

cf academic and perceptual-motor skills. 

In his first explanation, zangwill. explicitly accepts 

that overt neurological damage can lead to both learning 

problems and nondextrality, His third explanation, that \"ul­

nerability to stressful events is a correlate cf both non­

dextrali ty and learning disabilities, is reminiscent, cf tcth 

Eakan and P asamanick. ,Zangwill 1 eeks at causation different­

ly, though; nondextrality predisposes the indivioual tc be 

more affected by neurological insult, rather than being a 

result of that insult,. Also, he never clearly states wl:eth-

. er or not these stressful events lead to actual neurological 

damage, This may be because zangwill interprets 11incr net:ro­

logical signs as being.evidence of abnormal maturation, as 
' 

presented in his second explanation, rather than evidence of 

minor damage, As stated earlier, soft signs have been inter­

preted as representing either pheno11,enon, 
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nevelopaent o! Ha!~ed~~fil! 

Handedness is not immutable. ITivestiga.tions of haTidedress 

in children have found distinct develoEmental trends; he.ev­

er the:ce is no clearcut evidence of the age at which marual 

preference is established. Although mcst :cesearchers agree 

on the instability of hand preference in a child's ecrly 

years, they have net always agreed on the age by which uni­

lateral preference is established, Reports range fro« age 

ten (Belmont and Eirch, 19.63) to five (Sinclair, 1971) and 

_ even younger. !'lest· research im1_:lies that handedness is es­

tablished sometime in the early school years. 

Some cf the variability in these · i:e EO:Cts may he due to 

methods of assessment of handedness er sample variatjcn. 

Eut, more importantly, even after: handedness is established, 

individuals seem to become more right-handed · with age •. 

cross-sectional studies, of groups ranging frcK preschccle:cs 

to senior citizens, consistently :ceport a trend towards in­

creasing right-sidedness over time. 

In a· survey of published studies, Porac and Coren ( 15-81) 

compared incidence rates of lateral preference measures re­

ported for various age groups to get a gross estimate cf 

age-related shifts in handedness. 1hey found that overall 

adult samples seem to be about 121 more right-handed than 

infant samples., studying the question directly, Porac, Cor­

en and Duncan ( 1980) measured lateral preference· in 1964 
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subjects ranging from 8 to 100 years- and founo that indivi­

duals become mere tight-sided at the rate of .19~ per JEar. 

They confirmed their- results in another sample, compairing 

preschoolers·to high school students, and found 12.4% nore 
-

consistent dextrality among the elder grcup. McGee· and Cozad 

(1980) and Fleminger, Dalton and Standage- (1977), also fcund 

increasing right-handedness with age. 

The trend towards increasing dextrali ty is stable, but 

difficult to explain._ Prior to 1930, attitudes towards 

handedness favored dextrality, and it is not surprisin£ to 

find more·right-handers among pecple raised during that era; 

but the phenomenon is not limited to individuals over fifty. 

Other explanations are either envircnmental or maturational. 

It is possible that,covert pressures on a nondextral indi­

vidual forced to cope with a dextral environment lead to a 

gradual shift towards dextrality. Alternatively, increasing 

right-handedness may be secondary to physiological chan ~es, 

such as the progression of myelinaticn (Porac and Coren, 

1981) • 

Regardless cf the underlying mechanisrr, the oextral shift 

' can provide us with more information about pathological non-

d9xtrality. An individual forced to switch handedness be­

·cause of scme minor neurological insult will be much less 

than. likely to switch back over time._ Theoretically, envi­

ronmental or maturational pressures towards dextrality 'liould 
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be insufficient to overcome an innate neurclcgical bias 

against it. A lcng term study of changes in handedr.ess 

should show that individuals with clear signs of neurolcgi­

cal damage are less likely to beccme mere dextral ever tjme •. 

Those w.ith scft signs of neurolcgical damage, if we view 

soft signs as indicators of either a lower probabilitI or 

lesser deg·ree of neurological damage, wculd show a slightly 

greater likelibocd of becoming delltral. Keeping in line liith 

previous research, individuals with nc neurolcgical signs 

will become· comparatively mere de:xtral over time. 

Indirect evidence suggests that, at least for individuals 

with hard signs of neurological damage, these predictions 

are valid. In their investigaticn cf several. clinical popu­

. lationi: Sat2, Baymur and Van der Vlugt (1979) compared mani­

fest left-handedness in two adult and cne child sample cf 

. epil.eptics. Although different assessment methods· were used 

• (questionnaire versus dextrality measures), the percentage 

of left-handers ·remained at 17% in each study. It is not 

·certain what criteria were used for differentiating left­

from· right-handers, but the consistency between Etudies is 

noteworthy •. 
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8aturational lag 

Nondextrality, as characteristic of younger individuals, 

could, alternatively, be symptomatic cf a general matura­

tional lag, responsible fer both the learning disorder and 

the handedness pattern. over time, those maturaticnally de­

layed. indiviauals ccula "catch up," beccming mere dextral. 

Lauretta Bender was one of the first prcpcnents cf the theo­

ry that developmental dyslexia is clue tc a general matura­

tional lag., According to Bender (1956), a maturational lag 

signifies. a slowing in cortical cifferentiaticn (Bender, 

1956). Jllaturaticnal lag models range from postulating a de-· 

lay in the differentiation of the tlio hemispheres from egui­

potentiality (Orton, 1937), to a delay in the naturaticr cf 

the left hemisphere alone (Hisccck and Kinsbourne, 1SE1). 

In any case; children are thought to be "maturationally de­

layed" because the level of their abilities . is that cf a 

much younger child (Kinsbourne, 1S73). 

As noted earlier, many "soft" neurological signs are sug­

gestive cf maturational delay in-as much as they cccut regu­

larly in normal ycung-children, but should not be present in 

· .. elder children. The similarity between. immature neurclcgi- · 

, . cal responses and immature academic i;erfcrmance is so strik-

ing that, as Levine, Brooks and Shonkoff (1980) explain: 

Through guilt by association, nany clinicians pos­
tulate that minimal dev ia ticn er immature respons­
es on an extended'neurological.examination reflect 
minimal aeviaticn or immature develci;ment of high-
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er cortical processes necessary for successful 
learning., (p. 41) 

The concept makes heuristic sense, but· whether. er· net de­

velopmental delay is distinct frcm the many ether causes 

(i.e., traumatic, socioeconomic, genetic) · of learning di­

sorders, including neurological factors, is detatal:le (Pasa­

manick, 1973) •. · Scme researchers ('lhcmpscn, 1913; Critchly, 

1970) consider maturational lags to be the prin:ary cause of 

reading disability, attributable tc genetic, rather than 

neurological factors. conversely, Kinsbeurne (1973) consid­

ers developmental lags and frank neurological deficit te be 

on a, continuum of neurcpathclcgy, a no :xious infl aence 1:ro­

d ucing either one or the other, depending on. its se ve Ii ty 

an·d distribution:, Rutter et al (1970) on .the other hand, 

find that delays in some developmental functions have weak, 

and others much stronger, association with neurolcgieal di­

sorder. According tc Rutter, because strength 'of neurologi­

cal associations with each type of· developmental, delay has 

not been detern:ined, it is net easy· to separate maturational 

delays due to neurological disorder frcm those which are 

purely developn:ental. Whether er not maturational delays 

are separate f:i:om, identical to, or part of a continuiin cf 

neurological disorder, is clearly a matter for speculation •. 

Nonetheless, each of these researchers ccnsiders develo1:·n,en­

tal soft signs· to be meaningful indicaters of maturaticnal 

. lag., 
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If these children do suffer from a maturatjonal delay, do 

they eventually catch up? Drawing from her clinical. experi­

ence, Bender states that lags.in develcpment tend to correct 

themselves by maturation •. Critchley (19i0) ccmments that a 

maturation al lag does not imply that potentialities are lim­

ited, and maturation may eventually si;eed up.. J:ykman and 

Ackerman (1976) are less convincea tecause in their lchgjtu-

. ainal stuaies a "developmental lag" continued liell into 

adolescence. 

The issue is- complex, Satz, F letc her, Clark and l!!orris 

(1981) describe several different possitle models cf devel­

opmental patterns fer learning disabled children which ex­

plain how time of cnset, rate and end pcints of development 

can covary. They feel there is no simple lag er deficit 

•construct; factors such as the ·age cf·the sample can deter­

mine whether a learning disabled performance is classjiied 

as a deficit or delay •. 

A maturational lag model can be used to .explain ir.ade-

•quate performance in many different areas of cortical func­

tioning, such as motor development, attenti~n· and cognjtion 

(Kinsbourne, 1973) •.. The focus cf the present discussion is 

manual laterality. The unr·esolved question here is whether 

reading disability can be caused by · a maturational . Jag, 

which in turn is reflect€d by a slcwdcwn in lateralizatiqn 

cf manual functions. In their study of·handedness in retar-
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dates mentioned earlier, Porac, Coren and Duncan (1580) 

found that retardates were more like preschoolers than their 

chronological age-mates. Porac et al pcint out tbat·this 

could be either a maturational lag er ~aturaticnal arrest, 

retardates either progressing at a slo.er rate, or prema-

turely ceasing development. Whether there is an ulti~ate 

11catch up" phase in a· retarded pcpulaticn is debatable, but 

theoretically possible for those with learning .disabilities •. 

Sparrov .and Satz (1970) investigated laterality in nine-

. to t wel ve-,-ye ar-old dyslexic children and found that while 

early-developing manifestations of laterality, such as tand 

preference, did not differentiate dyslexics from normals, 

later developing measures, such · as right-left orientation, 

did •. Since these children were elder, Satz and Sparrow 

( 1970) put forth a theoretical formulation which predicted 

that a lag in the maturation of the left hemisphere ~ill 

differentially delay those skills vhich are in . primary as­

cendency at a given age., Perceptual-meter skills then, ,11; 
be· delayed in younger children, while langua.ge and higher 

cognitive processes will be delayed in elder children, who 

will· have since caught up in perceptual-motor skills. ln a 

test of his hypothesis, Satz found that a lag during kinder-

'. garten on certain perceptual-motor tests did discriminate 

children with learning problems, and ccnseguently disap-

peared by grade two {Satz, Friel and Rudegeair, 1974). Hand 
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preference however, did not discriminate between tbe g1cui:s 

at kindergarten age. · ether researchers r.ave looked at arrbi-

. laterality. in young children• (Keu,hner, 1978, De Hirsch,• Jan­

sky and Langford, 1966) as·a predictor of later learring 

problems, speculating that if beth are signs .cf a matura­

tional lag, they should be correlated. However neither re­

searcher found confirmation of this hypothesis •. 

commenting on DeHirsch et al•s negative findings, · ~atz 

and Sparro~ (1970) suggested that 1rixed. laterality maJ be 

greater in groups who are younger, or .in poi:ulaticns ~ith 

more severe maturaticnal delay er netrclcgical damage. Eere 

the distinction between ambilaterality as a sign of neurclc­

gical damage and as a sign of maturational delay beccmes 

blurred. As was mentioned earlier, a reajor problem with the 

maturational dela:y hypothesis is that scme researchers see 

it linked- to, ethers totally separate frcm, neuropathology. 

Clinic populations of dyslexics, with mere neurolcgical ab­

berations, have mere non-dextrals, but it is net tctally 

. clear whether ncndextrality reflects a deficit or matura­

tional delay.· As previously noted, it all depends ·en lihat 

· age group is sampled. A longitudinal study could shed· some 

light on the matter., Given that the normal course of de\'el­

opment is towards increasing dextrality (Porac and Coren, 

1981), if nondextrality is sometimes due to patholcgy, then 

by adulthood· these pathological ncndextrals shculc still be 
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nondextrals,. However, if ncnde:xtrality is a sign of matura- · 

tional delay, then by adulthcod these individuals ~ould have 

had sufficient time to catch up and would show an .Even 

greater rate cf change than those develoFing normally. 

This hypothesis rests on the assumption that a mattra­

tional lag imFlies a catch-up phase. , As we have seen, ttere 

· are numerous hypothetical maturaticnal models. One way to 

differentiate between the lag and deficit models is tc say 

that·a deficit model precludes the FCssibility of a catch-up 

Fhase, whereas with a lag model a catch-up, . is p,ossil:le., 

Silver and Hagin (1966) followed up on eighteen of their 

dyslexic clients, now in early adulthood, and found that am­

bide:xterity persists into adulthood, Although their restlts 

indicate that ambidexterity may not mature to definite la­

terality, their sample was subdivided into "organic" and 

"developmental" groups of eight and ten subjects respective­

ly, which is probably of insu.fficient size tc detect any 

other than major changes in handedness, Silver and Hagin's 

subdivisions ·were of sub;jects with classical ha.rd neurologi­

cal signs and those with no gross clinical findings, It is 

interesting that they found more ambilaterals'among the .sec­

ond group, the "developmental" reading group,. Silver and 

Hagin did not.look at developmental soft signs, those normal 

in young children but pathological in elder children, 'but it 

'is guite possible that their group with no grcss findings 
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did have these developmental signs. A longitudinal study 

with sufficient subjects could possibly find evidence cf a 

maturational "catch-up" in subjects with these develcpil'ental 

signs. 

Because of numerous weaknesses, this hypothesis can be 

only considered exFlcratcry •. First cf all, there is no evi­

dence that a maturational lag implies a "catch-up" phase •. 

· Even if learning disabled individuals remained nonde:xtral 

into adulthood, it could net be concluded that they are not 

"maturationally delayed, 11 secondly, the failure of previous 

researchers to find any association between handedness and 

later learning problems could be because these studies vere 

not done with clinical populations, where the severitI of 

disability is likely to l:e greater, or, alternatively, be­

cause any maturational delay reflected in hand preference 

could have occured when the children were younger tut is not 

present in elder children •. 

Additional problems lie in the rationale for using hand­

edness as a measure of neurodevelopmental immaturity. !!any 

researchers (i.e., Kershner, 1578, Silver and Hagin, 1~66) 

see "mixed-handedness, rather than nondextrality, as a fign 

of immature development of lateralizatior., for two main IEa­

sons~ First, :fellowing directly from the "developmental 

soft sign" reasoning, mixed preference patterns are thought 

to be more characteristic cf a younger child, Secondly, less 
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established manual preference is conEidered evidence of 

weaker cortical lateralization: 

Neither line of reasoning is withcut its flaws •. There is 

evidence that young ambilaterals most likely change tcwards 

dextrality over time (Steffen, 1975). Pcrac, Coren and Dun­

can (1980a) however, use both mixed- and left-handedness as 

signs of possible cortical immaturity because they fcund 

that young children are overall less dextral •. As 'lias sta.ted 

before, it is difficult to separate sinistrals from ambila-

terals because sinistrals are so inconsistent, It seems 

most parsimonious to use a ve·ry strict definition of sinis­

trality, considering as left-handed only those with consis­

tent left-hand preferences, sc more variable sinistrals will 

not be considered among the mixed-handers. 

As for less-established manual preference patterns being 

related to·weaker cerebral speciali2aticn, there is no evi­

dence that ambidexterity per se is related to less ccmplete 

In addition, 

specialization 

lateralization (Kinsbourne and Hiscock, 19 81) • 

recent investigators suggest that ceretral 

may· not develop extensively after birth. Cerebral asyu-me-

tries of posture and percepticn are present even in neo­

nates. If the two hemispheres do not progress frcm a diffuse 

to highly specialized state, then persisting ambilaterality 

cannot reflect maturational delay. 
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Despite many necessary gualificaticns, the maturaticnal 

lag hypothesis is worth exploring as an alternative explana­

tion for developmental trends that, could present themselves 

in learning disabled individuals with varying degrees of 

neurological involvement. 

es: 

This investigation will consider the follcv·ing hypothes-

1. Nondextrality is increased in learning disabled sam­

ples as a function of neuropathological involveirent •. 

Children with hard signs of neurological damage have 

the hjghest incidence of ncndextrality, followed in 

turn hJ children with soft signs, and no neurological 

signs. 

2 •. Nondextrality persists into adulthood. The linear 

trend of increasing sinistrality with increasing neu­

rological involvement will te present in the same 

sample of learning disabled children fifteen years 

later. Those with no neurological signs will teas 

dextral as ncrmal learners. 

3. Because pathological nondextrality is invariant, as 

they heccme adults, individuals vith no neurological 

involvement will show.a greater tendency to teccme 

dextral than those ~ith neurological signs. lndivi-
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duals with hard neurclogical signs will be less like­

ly to become dextrals than those with soft signs. 

4. As an exploratory hypothesis, individuals with neurc­

logical involvement of the 11develci;mental soft sign" 

type are likely to show a ~~illi1 change towards dex­

trality as they beccme adults than learning disatled 

individuals with no neurclogical signs, because they 

have "caught up II m aturaticn ally. 
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!!ll!7RO!IIS 

fill!!j~£!!i: 

The current analysis is part of a larger fcllcw-Uf Etudy 

of 203 children who were referrr:d for psychological assess­

ment to the University of Victoria Ne uropsychol.ogy Clinic 

because of learning problems. To be included in the fellow­

up study, a child was required, to have had a-complete neuro­

logical and neuropsychological· assessment, · a vertal er per-

formance IQ •Cf at least 70, no brain damage acquired after 

· the perinatal period, and no signi·ficant sensory irefairllents 

or primary emotional disorders. In addition, children in­

cluded in the study must have been between eight and twelve 

years of age at time of·referral fer the first phase of the 

study, with a minimum of four years having elapsed bi.fore 

follow-up. The age criterion ~as relaxed to include sub-

jects between seven and thirteen at time of referral, fer 

the second phase cf the study. 

subjects were assigned to one of three diagnostic catego­

ries, tased on the neurological iefort·received at the time 

of the assessment. Children were classified according tc the 

presence of hard or soft neurological. signs. A hard sign was 
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defined as a sign which was consideted : to be definite evi­

dence ·of brain damage in seven- to thirteen-year-old chil­

dren. · s~ft signs are often considered tc be eguivccal iDdi- · 

caters of brain damage and include both developmental soft 

signs, such as clumsiness; and minor'forms of . classical tard 

signs, such as slight reflex asymmetries or minor choreifQrm 

movements of fingers. Appendix 1 gives a · list of the·.tard 

·and soft neurological signs by which subjects 11ere cla~si­

fied. , 

Based on the neurological examinaticn, children were as-

signed to cne of thrEe categories. 

Learning disability in 

conj~~ction with one or more hard signs of neurologi­

cal damage. 

Learning 

aisability in conjunction with cne or more soft neu­

i::clogical signs. 

Learning disability 

with no hard or soft neurological signs. 

fl subject vi.th one or more hard signs· would 1:-e placec .in 

group 1, even thcugh he may have a number of soft signs as 

· well. 

A control group o·f 52 average learners (group 4) , 11as se-

lected from , the reco~ds of two senior and one junicr secon­

dary school in the Greater Victoria schccl · nistrict. ·~tu-
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dents were included if they had neither experienced learning 

problems, nor had made excepticrally .geed progress in ele­

mentary school.. Subjects were matched with the learning .di­

sabled sample for age and sex. 'I he· three schools \·ere · cho­

sen to represent a mixture of socioeconcmic backgrounds to 

best match the learning disabled groups. 

The fellow-up study was completed in two phases. Plase 

one was- conducted when the learning disabled group·was bet­

ween 12 and 24 years (mean age 19). _. At this time, both stu­

dents and parents were .interviewed separately on a· number cf 

issues, including school experiences, health ·problems, and 

family relationships. In phase one, 48 of the original 203 

learning disabled subjects were excluded because they failed 

to meet the criteria, or were either untraceable, unable or 

·u·nwilling- to participate, 'leaving 1~~ subjects at phase cne, 

plus 52 controls, 

The second phase was more . extensive, including a second 

interview, a, neurological examination, a ne~ropsychological 

.·test battery and the MMPI. Ey this time the subjects were 

between 18 and 29 (mean age 24). C-f the 155 learning disa­

bled subjects participating in phase 1, 119 'participated in 

phase 2. The ethers either refused, were deceaseo, were 1:nt­

raceable, er lived tee far away. Twenty-two additional sub­

jects who met the criteria, relaxed to include subjects age 

seven to thirteen at· referral, bat· who had no·t participated 
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in phase 1· vere aaaea to this group, making· a total cf 1q1 

learning disabled pa.cticipants in phase 2. Of the crigjnal 

control sutjects, 46 participated, the others either re· 

fused, were untraceable, or lived too fa~ away. 
l 

FiVE acdi-

tional control subjects meeting the ciiteri~ were selected 

as replacemente. 

R~9St!i 

self-re~ort m~asures cf handedness · '1ere obtaineo from ,tlie 

first interview for each subject. During the phase 1 inter­

.view, subjects were asked i£ they were ·right- or left-hamd-ed : 

and if they have always been so.· Seven different responses 

were. possible, depending on direction and degree c•f pre ;er-

. ence. i 

The neuropsJchological tests administered in phase 2· ass-

essed- a variEty cf cognJtive abilities, incluoin9 me~cry, 

school achievement, general intelligence ana motor skills • . , 

nany of the tests were chosen hEcause iaentical ex similar 

versions baa teen administered in the initial , childhood· ass­

essment and could provide direct ccmparison data. , Lateral 

dominance was cne of the functions eeas~red at both times. 

Subjects were given the Lateral Dcminance Ex~mination, a re­

~ised version of the Harris Tests of Lateral Dominance (Hat-

---------------
1 Strongly right, preaominantly right, amb.ilateral, ptEdcmi­

nantly lEft, strcngly left, left changed from right, and 
right changed from left. 
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ris,1958). The Lateral Dcminance Examination is a fourteen 

item questionnaire, addressing eye, foct and hand preferenc­

es. Only ,the seven·questions covering manual preferences 

were ·used for' analysis. · Subjects were asked to show the ex­

aminer how s/he would per:form vario.us manual tasks, suet as· 

cutting ·with a knife, or using an· eraser (see Appendix 2). 

Each response was scored, giving ten pcints fer a ri~ht­

hand, five pcints for a both or either-hand and zero pcints 

for a left-bane preference. Total scores range from :zero to 

seventy, 'with zero ref~rring to an extreme left-hander and 

seventy· an extreme right-hander. 

Measures of manual performance,· administered with the La­

teral Dcn.inance Examination, include a, test of gi:ip strength 

and a test of fine motor speed. To measure grip strength, 

the sul:jects were requested to squeeze a Smedle:y dynamometer· 

·as tightly as possible, registering the force• exerted in ki­

lograms. After a practice trial, two test trials were given 

for either hand, subject• s score -being the average of the 

two trials, To assess fine motor speed, subjects were ~sked 

to write their name with either halld, begin'ning with the 

preferred hand. Times for each hand were recorded separate-

ly. 

For each subject a difference sccre was-·calculated, sub-· 

tracting .left hand from right hand rerfcrmance and divicing' 

by the sum: (r-1)/(r+l). Right minus left hand performance 
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should give an indication of the strength of advantage cf 

the doirinant hand, Dividing by the sum :i:educes the chance 

that scores Ii ill be distorted beca uEe of 'overall inter sub­

ject differences in strength or name length. 

Not ali subjects in the seccnd phase of the study re-

ceived all three cf the tests. Five were unable to write 

· with the ncndouiinant hand,. Unavailatility or failure of the 

· dynamo meter accounted for missing data for thirteen of the 

subjects, ·and two were not given all three tests, alt:t:cug~ 

no explanation was provided. A total cf 171 .of ,the 191 sub­

jects in phase two received all three tests. 

As noted earlier, a condition for being in the study, was 

• that ·eat~ learning disabled subject had received a neurcipsy­

chological assessment at the time of initial referral. The 

nature of. the assessment varied according to the needs of 

the individual and not every child received the same tests. 

Although many subjects received the Lateral Dominance Exami­

nation~ only 106 received.all inea'sures (e.g., writing time, 
' ' " . 

' ·grip streng.th, questionnaire), . Considering each measure al-

one, 125 received the questionnaire, 111 th.e liri ting . time 

measure;' and· 136 received the grip strength test. Table ·1 

. · shows the. number of subjects in each group v ith all· t t.ree 

tests at : eithe:i: · the time'° of referral 9r at the adult asses-

ment. Also in.eluded are the number of subjects with all 

three tests at EQih assessments. 

' . 
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TABLE 1 

subject Dist·ribution fer Each llssessment 

Subjects 'ilith All Three 
Tests At Time Of Referral 

Group 1 2 3 
N 41 42 23 

Total N=106 

Subjects !iith Jill Three 
Tests For lldult Assessment 

Group 1 
N q 6 

Total 

2 
54 

N= 171 

Subjects With All Three 
'Iests For Bo.th Assessments 

Group 1 2 
, 

N 33 34 16 
Total N=83 

62 
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Grip strength, a measure of gross motor strength, is 

often given in cases .of suspected motor weakness, apart from 

its use as a handedness performance rreasrire., It is not sur­

prising then, that many subjects were adIIinistered this tes't 

only. The questionnaire and writing time measures are not 

often administered separately •. Fourteen subjects received 

the lateral dcminance questionnaire but not the writing time 

measure •. Of these fourteen, two were hemiparetic, twc vere 

·spastic hemiparetics and unable tc write, three ltere too un-

coordinated to write with the nondcminant hand, three did 

not write their full" name on one of the two trials, an·d for 

thre~ subjects no explanation was made for missing data. A 

total of 106 subjects received all' three tests. 
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BlfSULTS 

!!Il!01:hesj§·!l~ 

Hypothesis one,predicted that nondextrality would in­

crease as a functicn of probable• neuropathology in i'earning 

disabled children. Children with hard signs cf train danage 

(group 1) would be the least dextral, followed in turn by 

those with· questionable brain damage (group 2) and those 

with no brain damage (group 3), As the following restlts 

show, the hypothesis was net supported, 

Since handedness may change over time, it would be pref-· 

arable tc divide each category intc twc er three age·groups,· 

analyzing each separately. , However, in this sample such a 

procedure would seriously reduce the number subjects in each 

cell. Preliminary analyses were performed to determine if it 

were feasible to cclla fse across age groufs, Oni variate ana­

lyses of variance were performed for each category with two 

levels of age (under ten years and ten or older) , , Only one 

comparison approached significance, For· the brain dysfunc­

tion group (group 1), differences en tte· writing time n,ea­

sure were significant at p<.065 (F=3,58, df=1/39).: This va­

lue is above, the critical value of, ,05. Therefore, a:11 

groups were ccllapsed across age (see table 2) • 
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TABLE 2 

Analysis of Variance for Each Measure by Each Neurological 
Group 

'lest 

comparing Older (10-0 to 13-11) 
with Younger (7-0 to 9-11) Subjects 

Group F Batio df F Prob. 
-------------------------------~------~--------------
Questionnaire One 2.82 1/43 .100 

Two .44 1/4 8 - • 50 8 
Three - • 92 1/23 .346 

Dynamometer one 1. 17 1/49 .283 
Two .66 1/55 - .420 
Three .98 1/27 • 3.31 

Writing Time One 3.58 1/40 • 065 
Two ' • 8!! 1/40 .363 
Three '!;i4 1/22 - • 471 
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A mt:ltivariate analysis of variance, using llilks.lambda, 

demonstrated no significant effect cf category with the 

three test variables (F=.848, df=6/156, p<.534) at time of 

referral •. The multivariate analysis was followed, post toe, 

by individual chi square tests for.each variable, Althcugh 

there were no distributional differe.nces, the·possibility 

remained that classifying performances as right, left or am­

bilateral may produce freguency differences. For the lateral 

dominance guestionnaire, a stringent classificaticn crit.er-
, 

ion was employed. Subjects with i;cc:i:es of 70 (all right res-

ponses) were considered right-handers, those with scon,E cf 

0 {all left reponses) • were identified aE left-handers, and 

those .with scores of 5 t c 6 5 we:i:e considered as ambilater­

als, This strict criterion required uniform· responses f~.r a 

classification of nonambidexterity and has been used previ­

ously by many researchers {ie, Annett1 1970b; _Porac and Cor­

en, 1981). Chi sguare analysis cf Et:bjects with data for all 

three measures (n=106) did not yield significant group dif­

ferences {chi sguare=.-195, df=4, p<.995). 

For the performance measures, classification of right-, 

left- and mixed- hand performances was more arbi trar I• Unlike 

the preference scores, which have a J-shaped distribution 

(Annett, 1970), difference scores of ferformance measures 

generally approximate the normal distribution_, with the mean 

shifted towards the direction of a right-hand advantage, 



67 

Even those individuals with genei:ally left-handed 

preferences often show a slight right-hand advantage for 

performance measures (Annett, 1970). l\s a criteric,n fer am­

bilaterali ty, the mean and standard deviation of the control 

group at time two was used, and ambilaterality was defined 

as plus or minus one standard deviation from the mean, 

right- and left-handedness being all values above and telcw 

this range, respectively._, Since the ccntrcl grcui; satq;les 

from the general pcptilaticn, they rrcvide a good reference 

roint from which to compare frequencies among the tlree 

learning disatled groups. Using tbcse,subjects with scores 

for all three tests (n=106), the chi square for writing'time 

was not significant (chi square=6. go, df=4, p< .171). The 

criterion for ambilaterality was -.19 through -.65, right­

handedness, was set at -.65 through -1.0 and left,-handedi:ess 

at -. ,9 through +-1.0. With the ~riting time measure a small­

er right than left hand score indicates a right hand advan­

tage~ the formula (r-1)/(r+l) producing right-hand advantage 

values in the extreme negative range and left-hand advantage 

values in the i;ositive range., 

The same procedure was fellowed fer the dynamometer, pro­

ducing a marginally significant chi square, (chi square=B.98, 

df=4, p<.061). Based on the mean and·standard deviation of 

'the control group, the criterion for ambilaterality was 

'-.047 through .13, right-handedness was .13 through +~.O and 
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left-handedness -1.Q through -.047. Unlike the ,riting time 

measure, a smaller right than. left hand score indicated a 

left hand advantage, so the signs are reversed., Examination 

of means, {table 3) suggests that g:rcup 2 is less right..:hand­

.ed and more ambilateral than either grour 1 or. 3., 

A second chi square was performed using an atsclute cri­

terion; a difference score greater than zero indicating a 

·right hand advantage, a score below zero indicating· a left 

hand advantage, and zero being ambilateral •. This chi square 

was not significant for either the writing time , (chi 

square=S,58, df=4, p<.23) er the dynamometer (chi 

::quare=2. ;l, df=4, p< .61) measures. Although for the d:yna­

mometer the first chi square was marginally significant, 

many of those who were ambilateral in the first anal:ysis 

were considered right-handers in the second analysis, frc­

aucing no group differences (see table 4). 
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Chi sguare for Dynamometer at Time cf Referral 

criterion for Ambilaterality is Plus or Minus One 
standard Deviation from the Mean of the control Grcup 

Right Am bilateral Left 

----------------------------
Group One 22.0% 56. 1% 

n=9 n=23 

Group TliO 2.4,i 81:.0% 
n=1 n=34 

Group Three 17. ~'A 69.9% 
n=4 n=.16 

Total N=106 
Raw Chi sguare=8, 98 df=4 

Right=Difference score:of .13 to 1.0 
Ambi=Difference score of -.05 tc• .13 
Left=Difference Score of -1.0 to.-.05 

22, O:ll 
n.=9 

16. 7% 
n=7 

13.0% 
n=3 

p<. 0 E 1 
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Chi square for Dynamometer at Time cf Referral 

Right Aml::i later al Left 

------------------------------
Group One 58.5% 14. 6j! 

n=24 n=6 

Group T 110 · 54. 8:{ 21.4% 
n=23 n=9 

Group Three 69.6ll 8. 711 
n=16 n=2 

Total N=106 
Raw Chi sguare=2. 31 df=4 

Bight=Difference score Greater than zero 
Ambi=Djfference Score Egual to Zero 
Left=Difference score .Less than zero 

26.6j! 
n=11 

23. 8% 
n=10 

21.7% 
n=5 

p<.678 

70 



11 

1111?2!1!~§!§ 2!.9 

Hypothesis two predicted that: a) the saue trend of in-

creasing nondextrality with increasing . likeliboco of neuro­

pathology would be present at ad ul thcod; b) when compared to 

a group of ncrmal controls, group 3 would be equally dex­

tral, · with grcups 2 and 1, .respectively, more sinistral. At 

time two then, group 1 wculd be . most sinistral, group 2 less 

sinistral, and groups 3 and q, equally, the least sinistxal. 

The fi~st part cf the hypcthesis was tested ~ith a multi­

variate analysis of variance, using those subjects witt all 

test scores bQth at referral and at time tlio (n=83) • .. iith 

this population there were no significant g.roup differer.ces 

with the three tests at referral (F=.848, df=6, p<.564) er 

at time twc (F= 1. 311, df=6/156, p< .240) • There was no appa­

~ent trend of increasing dertrality at either ti1te. AE an 

~dditional pest hoc analysis, a chi square was performed fer 

each test anc time of administraticc. Using the same criter­

ion as in hypothesis one, there w&re nc group diffexences 

for either the questionnaire or performance measures. 

Part B of the hypothesis was · alsc tested with a multivar-
' iate analysis of variance, using !Earning disahlEd (n=12q) 

and control .(n;47) subjects with all three, tests at time 

two (total n=171). A multivariate analysis of variance fer. 
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all four ·groups was signifi_cant (F=2.21, df 9/401, p<~()20) ... 

Examination cf univar:iate tests yielded a significant effect 

of the grip str~ngth measure (F=3.04, df=l/167, p<.OJOJ., 

subsets of g·roups whose means do not differ significantly 

were deteruined hy the Student-Neu~an-Keuls procedure. Group 

land group 2 were placed in different groups, group 2 being 
l 

significantly. less dextral on this measure than grCUE· -1. 

For the. other twc mEasures, univariate analyses were not 

significant (table 5) •. 

Post hoc analysis cf frequencies by a chi square test 

proved non significant, except for the dynamcmeter test. -(chi 

square=13. 1{2, df 6, p<.036). Using the· range of scores one· 

standard deviation to either side of the mean cf grcuF 4 as 

· a crite.rion for a1tbilaterality, gtoup 3 is more ambilateral 

and less left-handed than any of the ether groups, group 1 

more right-handed and less ambilateral, and grcup 2 ~ere 

left-handed and less right-handed (table 6) •. Using the cri-

· tericn of difference scores greater than, equal tc, cz less 

than zero representing right-, mixed-, a.nd left-band pe.rfoi:­

mances respectively, the chi square (table 7) is no lcnger 

significant (chi square=?. 75, df=6, p< .25). 

Although the ether univariate tests were not statistical­

ly significant, the results were meaningful~, Using a less 

strict criterion for left- and rigbt-handedness, 2 the fer-

2 Left defined as scores of O through 10, right oEfinec as 
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TABLE 5 

Multivariate Analysis cf Variance For Adult Assessment 

Effect Test Value Approx. Hypotb. _ Error Sig. 
I F df D.F. of F 

Group Wilks· .888 2.211 9.0 1.101.72 .020 

Univariate F-Tests from Multivariate Analysis 

variable -

Questionnaire 
liriti_ng Ti_me 
Dynamometer 

Hypoth. 
ss 

1339.79 
.606 
.o~s 

Error 
ss 

Bypath. 
MS 

Errcr 
MS 

F C: • -lg• 
cf F 

--------------· --------------
61728.62 

17.60Q 
1.206 

Q46.60 
.202 
.021 

405.56 1.10 : .350 
0 1-0 5 1 0 9 2 C • 12 8 
• ,0 17 -3 • 0 4 = • C 3 0 

Dynamometer Measure 
Student~Neuman-Keuls FrocEdure 

HomogeneouE subsets 
• .I ' ~ -------------------

Subset 1 
G~oup 2 q 3 
Mean - • 012 - • 043 : .oso 

subset 2 
Group 4 3 1 
Mean • () 43 .050 .Ot3 

l 

! 
' 

' 
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TABLF 6 

Chi Square for Dynamcmeter at Adult Assessment 

criterion for Amhilaterality is Plus or Minus one 
Standard Deviation from the Mean of the Control .Group 

Right Amhilateral Left 

------------------------------------
Group One 21. 7 'I! 67.4'1 

n=10 n=:21 

Group TIIO 3.7% 83.3% 
n=2 n=45 

Group Three 8.3% 91.7ll 
n=2 n=22 

Group Four a. 51' 85,Jj 
n=4 n=4a 

Total N=171 
Haw Chi s guare= 13. 4 2 df=6 

Bight=Difference Score cf • ,3 tc 1. O 
Amhi=Difference Score of - • 047 to , 13 
Left=Difference Score ·of -.1. 0 to - • 047 

10.~% 
n=S 

13. O\l 
n=7 

a.a, 
n=a 

6. 41' 
n=3 

p<. 036 
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TABLE 7 

Chi Square for Dynamometer at Adult Assess~ent 

Bight Ambilateral Left 

--------------------
Group One 69.6% 8. 7'}1 

n=32 n=4 

Group Tto:o 59.3% 9.31{ 
n=32 n=5 

Group Three E2 .31! 4.2'.l 
n=20 n=1 

Group Four 78.7% 2.111 
n=37 n=1 

Total N=171 
Raw Chi Square=7.75 df=6 

Bight=Difference Score Greater 'lhan Zero 
Ambi=Difference score Equal To Zero 
Left=Difference ~core Less Than Ze:i:o 

------------
. ' 

21. i'.l 
n=10 • 

31. 5% 
n=10 

12.5% 
n=3 

19.1'.l 
n=9 

p<.256 
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centage of left-hand~rs, as meaEured by the lateral domina­

nace questionnaire, resembled trends repc-rted in the litera­

ture •. Groups 1, 2 and 3 -were equally left-hanaea, with 9% 

fewer left-hal'!ders in group 41 (see table 8) •. 

In a separate analysis of writing hand preference, as 

determined by the lateral dominance questionnaire, the ,Eer­

centages of normal and learning disabled left-handers close­

ly resembled the BJ and 171 figures noted by Satz (1972) fer 

normal and pathological populaticns, respectively·. Based on 

self-report of writing hand, all· learning disabled groups 

- are substantially more left-handed than• controls (see table 

9)~ Pooling all three learning disabled groups, there are 

16. 11 lef t-lianders among the dis a.bled learners and 6. ~7' 

· among the controls. 
I 

That the analysis was not significant 

could be b£causE the effect of handedness was too small to 

be significant in a sample of this size .. 

This trend was also apparent in the writing time measure. 

with a chi sguare analysis, identifyjng left-handers as 

those with differ€nce scores falling below one standard de-

. viation of the mean for the control grcup on this measure. 

Use of the ccntrol group distribution as a criterion for 

handedness provided a. built-in comparison between normal and 

pathological groups •. ~he learning disabled groups were all 

·substantially, al though not significantly, more 1 eft-handed 

scores cf 60 through 70 
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TABLE 8 

Lateral Dominance Questionnaire at Adult Assessment 
'· 

Percentages of Right-, Mixed-, and Left-Handers 

Group one 

Group TWO 

· Group Three 

Group Four 

· Disabled 
Learners 

controls 

Right Am bilateral Left 
---------------------------------------' - .. ' , ' .. I' . 

82.6% 6.5% 10.9% 
n=38 n=3 n.=5 

83.3% 5 .6% 11.1% 
n=45 n=3 n=E 

79 .2% 8 .3% 12. 5% 
n=19 n=2 n=3 

93 .6% 4.3% 
"i 

2. 1\1 
n=44 n=2 n=1 

Total N=171 
Raw Chi sguare=4. 36 df=6 p<.627 

Peeling Groups One, Twc and Three 

Right Ambilateral Left 
------~--~----------------------------

82.31! 6.si 11.351 
n=102 n=B n=14 

93. 6% 4.3'1 2. 1% 
n=Q4 n=2 n=1 

liaw Chi Square=4. 05 df=2 p<. 131 

77 
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TABLE 9 

Self-Repcrt cf Writing Hand at Adult Assessment 

Percentages of Right- and Left-Handers 

Right Left 

------- ----------
Group One 82.91! 17.4% 

n=38 n=E 

Group Two 85.2'1 14.8% 
n=46 n=B 

Group Three 83.3% 16. 7% 
n=20 n=4 

Group Four 93.6% 6.4% 
n=44 n=3 

Total N=171 
Raw Chi Square=2.92 df=3 p<.402 

Fooling Groups One, Two, and Three 

Right Left 
----------~--------------

Disabled Learners 83.9% 16 .1% 
n=104 n=:,o 

Controls· 98.6% 6.4jl 
n=44 n=3 

Corrected Chi Sguare=2.00 df=1 p<.156 
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on this measure (see table 10) , Poeling all' thre.e learning 

disabled groups yielded marginal significance, with almost 

'15% more left-handed learning disabled subjects than con.:. 

trols •. 

Using the criterion of difference scores greater tt.an, 

egual to, • or .less than zero as denoting right, mi.xed, and 

.left-hand preferences respectively, the same pattern exists. 

All learning disabled groups contain two to three times as 

many left-handers as the control grcup at time two (see ta­

ble 11). Pooling the learning disabled groups, the chi 

sguare is still net significant, but overall there are 10\1 

mere left-handers among the disabled learners •. 

Self-report of handedness vas available frcm the guesti­

onnaire administered when the subjects vere all approximate­

ly nineteen years old. Using that subgroup of subjects fer 

whom both the self-I:eport data and time two test data liere 

available (n=157), a chi sguare analysis was per.fcrl!ied •. 

subjects were asked which hand they preferred, responses 

coded according to the seven criteria noted earlier. ~o sub­

jects reported having switched their handedness. The chi 

,sguare was highly significant (see table 12) (chi 

sguare=27. ~. df=12, p<.007•) •. Examination of: the chi sgriare 

table revealed that more subjects in group - were strctgly 

right-handed, and fewer predominantly right-handed, than in 

the other groups. In fact, collapsing these two right-har.ded 



TABLE 10 

Writing Time at Adult Assessment 

Percentages of Right-, Mixed-, and Left-Handers 

Criterion for Ambilaterality is Plus or Minus one 
standard Deviation from the Cantrel Gtcup liEan 

Right Am bilateral Left 

-------------------· - :,__ ____ _ 
· Group one 6.5% 65.2% 2 E. 3% · 

n=3 n=30 n=13 

Group Two 9. 3% 75.9% 1 ~- 6% 
n=S n=ll1 n=8 

Group Three 12. 5% 66.7% 2 0.8% 
n=3 n=16 n=S 

Group Four 8.5% 85.1% 6.11% 
n=II n=IIO n=3 

Total N=171 
Raw Chi Square=9.04 df=6 p<.171 

Pooling Groups One, 'Iwo, and Three 

Right Am bilateral Left 

--------- ·--------------------------
Disabled 8.9% 70.2% 
Learners n=11 n=87 

controls E.5% 85. 1% 
n=II n=40 

Raw Chi Sguare=S.30 df=2 

Right=Difference Score of -1. 0 to ~. 65 
Ambi=Djfference Score of -.65 to -.19 
Left=Difference Score of -.19 to +1,0 

21, 0% 
n=26 

6. ti% 
n=-3 

f<. 070 
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'IAEL"E 11 

lilri ting Time at Adult Assessment 

Percentages of Right- and Left-Handers 

Right Left (Ne Ambilaterals 

---------------- Reported) 

Group One 18.3% 21.1'/l 
n=36 n=1C· 

Group Two 88.9% 11. 1')1 
n=IIB n=6 

Group Three 83. 3 j! 16.1il 
n=20 n=II 

Group Four 93. 6')1 6.Qj! 
n=QQ n=3 

Total N=111 
Raw Chi Sguare.=5.19 df=3 p<.151 

Pealing Groups one, 'lwc, and Three. 

· Disabled 
Learners 

Cont:i:oli; 

Eight Left 

83.';1% 16. 'll 
n=1 CQ n=20 

93. 6% 6. 9 ll 
n=IIQ n=3 

Corrected Chi Sguare=2. 00 df=1 p<.156 

Right=Difference Score Less Than one 
Ambi=Djfference Sccre Egual To one 
Left=Di.ffer_ence Score Greater Than One 

E1 
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classificatiens yields a nonsignificant chi square , (chi 

sguare=13,6, af=9, p<.135). It seems that th~ frequency dif­

ferences apparent in the chi sguare are cue more tc a great­

er number cf right-handers with strcng, rather than weak, 

preferences among group 4, than to fever left handers in 

this group. , 

With the interview data, as with the ether measures, oif­

ferences between the clinical and contrel populations are 

meaningful, if not significant. Poeling subjects vith 

strong ana weak right-hand preferences, and those .with 

· strong and "eak left-hand preferences, the chi sguare is 

still nonsignificant (chi sguare=4.83, df=3, p< .184), but 

the relative proportions are meaningful. All three clinic 

groups were two to three times as.left handed as the ccntrel 

group (see table 13). comparing the disabled learners as a 

whole to control subjects, there are 9j more left-handers 

among the disabled learners, a proportion comparable to that 

found with the other measures. 

Although there is no control group,for subjects at time 

of referral, percentages of left-handers on the lateral do­

minance guestionnaire can be compared with the percentac;e cf 

left-handed central subjects. '.rhis entails comparing adult 

scores with child scores, but since a post-hoc repeated nea­

sures analysis revealed no effect cf time for this measure, 

the comparison can be considered, albeit with cauticn. Us-
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'!ABLE 12 

Chi square of Self-Beported Handedness 

strong Predom. Ambi. Predom. . ,Strong 
Right Right Left .Left 

. ',· -- , ------------------------------
Group one 54.1% 27.0% 5.4% 5. 4l! a. 1'! 

n=20 n=10 n=2 n=2 ,n=3 

Group TWO 67.9% 17. Ol! 1. 9 l! 3.El! 9. ~% 
n=3E n=9 n=1 n=2 n=s:; 

\ 

Group Three 65.01 10.0'1 0. C'l 0.0% 25.()% 
n=13 n=2 n=O n=O n=c 

· Group Four 91.5% 2.1% 0.0% 4.3j 2. 1 'l 
n=43 n=1 n=O n=2 n=1 

Raw Chi sguare=27. 146 df=12 i:<. (,07 



Group On-e 

Group TliO 

T!ELE 13 

Chi s9uare of Self-Bepcrt€d H2ndedness 

Pooling Strong Right with Predom. Eight, 
strong Left with Ere dam. Left 

Bight Ambilateral Left 

-------------------- ----
81.J% 5. 91 13.si 
n=30 n=2 n=5 

84.9% 1.91 13. 2% 
n=45 n=1 n=1 

Group Three 75.01]! 0.0!( 25.0% 
n=15 n=O n=5 

Group -Four 93. 6% 0.0% 6.lf% 
n=44 n=O n=3 

Raw Chi Sguare=S.229 df=6 p<.221 

Peeling Gxoups One, T~c, and Three 

Right Am bilateral I-eft 

-------------------------------------- -

: Disabled 81.81 2.7% 15.!>j 
. Learners n=90 n=3 n=17 

Controls 93.6% 0.9% 6.41 
n=4ll n=O n=3. 

Raw Chi Sguare=3. 94 df=2 p<. 13 9 
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ing both a strict and a loose - c:ci tex:jon for left- and 

right-handers, the:ce are, · respectively, seven and twelve 

percent more left-handers overall, among disatled learne:cs._ 

(see table 14 and table 15). 
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TABLE 14 

Lateral Dominance Questicnnaire 

LD Subjects at Time of Referral Compared with Adult Ccnttcls 
(Strict Critericn fer Questicnnaire) 

· Group One 

· Group Two 

Group Three 

Group Four 

Disable a 
Learners 

Controls 

Right=7O 

Right A mb ilateral Left 

-----------------------------* 
75.6,C 
n=31 

73. 9:ig 
n=31 

78.3% 
n=18 

8 o. 911 
n=38 

Total N=153 
Rav Chi Sguare=2. 81 

14.6:1 
n=6 

16.71' 
n=i 

13. 0!1{ 
n=3 

17. 0:1 
n=6 

df=6 

9.8% 
n=II 

9.Sli 
n=4 

2 .1% 
n= 1 

p<. 83 2 

Feeling Groups one, Twc, ana Three 

Right A mbila teral 1eft 

75.5% 1s.111 9.4'1 
n=8O n=16 n=1O 

80.9% 17. O'J! 2.17! 
n=38 n=6 n=1 

Raw Chi square=2. 61 af=2 p<.27O 

Ambilatera1=5 to 65 Left,;O 
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TABLE 15 

Lateral Dcminance Questicnnaire 

LD subjects at ·Time .of Referral Compared with Adult ccntrcls 
(Loose criterion for Questionnaire) 

Right Ao:bila teral Left 

-----------------------------
Group one. 78.0\l 12 .2 \l 9.8% 

n=32 n=~ n=4 

'Group TIIO 73.8% 7. lj{ 19.0\l 
n=31 n=3 n=B 

Group Three 87.0% o.o, 13. C\l 
n=20 n=O n=J 

Group Four 93 ,6\l 4. 3')! 2.1% 
n=q4 . n=2 n=1 

Total N=153 
Raw Chi square=i-1.38 df=6 p<.077 

Feeling Groups One, Two, and Three 

· Right Ambila teral Left 

·oisabled 78.3\l · 7 .5')! 14.2'.l 
Learners n=83 n=B n=15 

Controls 93.6% 4,3% 2. l\l 
n=44 n=2 n;:1 

Raw Chi sguare=5.96 df=2 p<.050 

Right=60 tc 70 llmbilatera1=15 to 55 Left=O to 10 
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enothesis :three 

Hypothesis three predicted that over time indi vid 11.als 

would become more dextral as an inverse functicn cf the 

probability of neurcpathology. Subjects with hard signs 

(group 1) would show the least change to dextrality, those 

with soft signs (group 2) and nc signs (group. 3) showing, 

respectively, increasing amounts of dextrality, The follow­

ing results show that this hypothesis was net suppcrted, 

This hypothesis was explored in tio different ways: exa­

mining both magnitude and incidence of dextral shift ancng 

the three groups. For each subject a difference score was 

calculated for each test, which: represented the ilifference 

between test performance at referral and· time two. 

To determine if differences between the groups exist in 

the magnitude of change, a multivariate analysis of variance 

was performed on the· difference scores cf sub.jects receiving 

all tests at both times (n=83). The multivariate analysis 

was not significant (F=1 •. 23, df=6/156, p<.291)., A second 

multivariate analysis using cnly those subjects for 'llhcm 

change scores on all: three tests were in the ilirecti'cn cf 

dextrality, cculd not be performed, due·to the small number 

of subjects. 
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To determine if differences between the groups exist in 

frequency of .change -towards dextrality or sinistrality, ir­

respective of degree, a chi square was performed fer each 

test, using cnly these subjects with difference .scores for 

all three tests •. Dividing subjects according tc directicr of 

change (towards dextrali ty, no change, tc liards sinistrali ty) 

did not yield significant differences •. Chi square tests for 

the guesticnnaire· (chi square= 3.42, df=li, p<.1189), writing 

time measure (chi sguare=5 .31, df=li, p<. 256) •and d ynamometer 

(chi square= ·1.95, df=4, p<. 743) were all nonsignificant. 

Since the expected trend was not apparent, a post hcc re­

peated measures analysis cf variance· was performed on each 

test to see whether subjects actually did become more· dex­

tral ·on any c-f the tests over time; irrespective of group 

differences. Those subjects with scores on all three tests 

· at both referral and . time twc liete used for the analysis 

· .: (n=83), so that direct comparisons· with the multivariate 

,change score analysis could be made. 

Per the writing time measure·the time effect was highly 

significant, (F=20.77, df=1/BO, p<.000), but neither the ef­

· fect of grcui; (F=1.15, df=1/80, p<.320) er the grolip by time 

interaction (F=.351, df=1/80, p<.750) were significant. Ex­

amination cf group means indicates that all groui_:s teccme 

: increasingly dextral ever time. en the· i.ri ting time measure 

· (see table 16). 



TABLE 16 

Repeated l!easures Analysis fer Writing Timl!l 

source ss Dl' !JS p Sig. ,Cf P 

----------------------------------------
Grollp 
Time 

Time 

Group cne 

Group Two 

Group Three 

· .094 2 · .0117 · .23 
,653 1 , • 653 20.11 

Group and 
• 0 49 2 .024 .79 

Group Means 
(larger negative value 

indicates more dextrality) 

· • 794 
..• 000 

· • 456 

Time of Referral Adult Assess~ent ___________________ : ___ . ___ _ 
-. 135 s.d.7.31 -.303 s~d.=.37 

n=33 n=33 

-.210 s.d.=.32 -.313 s.d.=.35 
n=34 n=34 

-.234 s.d.=.29 - .320 s.d.=.38 
n= 16 .n=16 
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For the dynamometer measure, the group (F=1.15, df=1/80, 

p<.320), time. (F=.004, d£=1/80, p<.950) · and group by· time 

interaction ccmpariscns (F=. 351, df=2/80, p<. 7,05) were all 

.nonsignificant. This was also the case with the question­

naire measure, where the effects cf group (F=,385, df=1180, 

p<.68), time (F=.349, df=1/80, p<.556), and the group by 

'time interaction (F=2.J4, df=1/80, p<.124) were, again,,~cn­

significant: 

!U!!ot::l,esis Four 

Hypothesis four is an exploratory h ypcthesis, postulating 

· that subjects with so.ft signs (groups 1 and 2) might actual­

ly become more dextral·; if nondextrality can be considered 

as a developmental 

Since . cnl y five 

soft sign which is eventually outgrown •. 

out of twenty-four of the possible soft 

signs can be, considered "developmental," not every child in 

group 1 er 2 exhibits developmental soft signs. Likewise, a 

subject in grcup 1 'may, but does net invariably, have some 

soft neurological signs. Hence; this is not a pure.test of 

the·hypothesis and as such is consicered exploratory. Since 

previous analyses, noted earlier, indicate that no differ­

ences exist between younger and older children (ages 7-0 to 

9-11,. artd 10-0 to 13-11) the peeled scores at time·of refer­

ral were used. 
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Examining the change score MANOVA for hypothesis 3, it 

would be anticipated that the•change scores would have shown 

a different. pattein. Gioups 1 

,more change.to dextrality than 

and 2 should actually show: 

group 3, However, as ncted 

earlier, both multivariate and chi s.guare analyses were non­

. significant,. The hypothesis was not surported, 
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DISCUSSION 

The expectation (Hypothesis 1) that inci\'lence cf ncnclex­

trality in learning disabled- ch'ildren lfculd increase as a 

function of degree of neuropathology was net . confirned; 

, children·with bard, 

equally nondextral, 

soft, or n c ne urclogical signs 1,ere 

Hor were there group differences at 

young adulthccd, fifteen years · later (Hypothesis 2a). The 

dyna·mometer did produce g1:oup differences, but not in the 

expected direction, Although there is some guesticn Bf to 

the validity cf the two performance measures--the dynamcme­

ter· as a handedness performance measure. in general ana u:it­

ing time es a measure for learning disabled populations~­

-failure. to find group differences in the lateral domirance 

questionnaire confirms the negative findings with the per­

formance measures. 

The·comparison cf learning disabled subjects at time two 

with conti:cls, however, yielded a meaninc,;ful, if net statis­

tically significant, result, Leai:ning disabled subjects as 

a whole: were more sinstral than, controls. Sinistrality is 

greater among clinic-referred learning disabled i:ubjects ir­

i:espective of degree of neuropatholcgy •. 
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It was anticipated that from middlE childhocd tc ad~lt­

hood subjects would become more dextral as an inversE fvnc­

tion of neurcpathclogy (Hypothesis 3) • Pathological lEft­

handers· should be less likely to show the usual developmen­

tal trend towards dextrality, There were no gtoup 

differences ir either direction er magnitude of manual 

shift, Only on the• liriting time measure did subjects, irr.e-' 

'spective. of grcu p membership~ show the anticipated shift to­

wards dextrality,. Because there was nc control group for 

this analysis, it is net known whether the dextral shift 

·would even be apparent in a normal population over this time 

span, or if possible confounds in the scoring method masked 

the effect •. However, failure to fin a group differencEf. is 

corroborated by. the lack cf group differences at either time 

of·referral or at the adult assessment, 

Examination of change scores (difcussed in Hypothesis 3) 

· revealed that subjects with develoFmEntal soft signs (gr cups 

one and two), 11ho might be expected to gc through a develop­

mental 11catch up 11 phase, did not show more change towards 

dextrality (Hypothesis 4) than group 3, •since soft signs as 

· a whole •.did not shew any improvement, it is not i;:urprising 

that these.subjects failed to develop mote mature, that is, 

more dextral, handedness, 
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1eaI~ing Disabled ~ersus central Subject§ 

The comparison of learning disabled subjects at time two 

with normal controls, was meaningful, if.not statistically 

significant. The· relative proporticns of learning disat-led 

and control subjects identified as . left-handers on a .nun,ber 

of measures,, closely paralleled· the figures of seventeen and 

· eight percent, for pathological and normal populations re­

spectively,· ncted by Satz (1972) •. 

Satz•s figures were based on data from e.pileptic and re­

tarded populations with known neuropathology. In the current 

study, learning disabled subjects were more sinistral than 

.controls irrespective of neuropathology •. · Studies· which have 

found more sinistrality among lec1rning disabled populatjons 

vary in the exact percentages cf sinistrality re.ported be­

cause of varying assessment procedures, Nonetheless, the 

current study found about ten percent mere sinistrals· among 

the learning disabled subjects, an aver2ge difference simi- · 

lar to most studies •. 

The exact percentages of left-handers varied from test· to 

·test, but the relative surplus among the.learning disabled 

group , remained consistent, with about ten percent nore 

left-handers among the. learning disabled subjects ... Even tdth 

a moderately. large sample size (n=171), the effect dces net 

appear to be strong enough to reach statistical si9nifi­

cance. However, since the relative percentages of learning 



disabled and control subjects so closely parallel previcusly 

reported figures, this finding amounts to a· replication of 

previous·work, Learning disabled subjects in· a clinic sam-· 

ple, as young adults, are less dextral than·their nondisa­

bled counterparts, irrespective of degree of neuropathology •. 

The analysis of the self-report lleasure of handedness was 

statistically significant,, Group differences between learn­

ing disabled and control subjects· in degree of right-hanced­

ness were found; cent rel· subjects were much' less likely to 

be weak right handers,,Given a greater number of subjecte in 

the two right-handed cells cf the chi·square, it is not sur­

prising that significance was achieved. on the basis of ttcese 

two classifications, ·rather than en the basis of a right­

hand/left-hand comparison. This finding indicates that if 

there had been more subjects, a .. righ.t-hand/left-hand compar­

ison might also have been significant •. Theoretically,· it is 

not surprising that right-handed learning .disabled subjects 

are less strongly right-handed than the control subjects., 

Using a strict criterion for· right-handedness, these· weak 

right..:handers vould he considered ambilaterals •. This result 

fits in with previous findings of more 1iixed:..handedress 

among the learning disabled, (i.e., Harris, 1957). 

It is unfortunate that there was no ccntrcl group at- time 

of referral, so that relative percentages of sinistral 

learning disabled and nondisabled children could be dis-
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cussed. However, comparing questionniare scores cf the 

learning .disabled children at time of referral with time two 

scor'es of adult controls, th~re are an average of seven to 

thirteen percent more left-handers among the learning disa­

bled sample, depending upon· the . criterion used. since it 

would be preferable to use scores of normal -children fer 

,comparison, only tentative conclusions can be made, but the 

trend supports the adult findings., 

, !!IlQ:!:B.!!!!~~ l!il~~!!.!ll 

Returning tc the first hypothesis, although the ov.erall 

multivariate analysis of subject:; at time of · ref~rral was 

not· significant, the dynamometer measure considered indepen­

dently i·n a chi square analysis does produce marginally s.ig­

nificant group differences. During the adult assessment, the 

effect was even stronger, yielding a significant multivari­

ate analysis ·due exclusively to the dynamometer measure, Ex­

amination of means indicates that group 2 was significa[ltly 

less dextral en this measure than group 1 at both assess-· 

me.nt·s • . 

Alt hough significant, within the context of manual .pre­

ferences this result is not very 1teaningful... From the hy­

pothesis, group 1· would be expected to be ·less dextral than 

group 2. These findings are not· surprising, -considering the 

dynamometer•s po·or record as a measure of lateral prefer-· 
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ence. Reliability over fifteen years, in a separate study 

of this same population, was only .365 (:i:igh t hand) and- • 362 

(left hand), two of the poorest reliability coefficientE cf 

any- test in this population (Sarazin and Spreen, 1~63) • In 

a factor analytic study of handedness measures, Ba:i:nsley and 

Rabinovitch, (1970) found that the dynamolleter has one of the 

lowest factor loadings -(.38) cf any test ·considered. The 

dynamometer is generally used as a measure of gross meter 

strength •. These unexpected g:i:oup diffe:i:ences could be due to 

a number of factors unrelated to lateralization cf llarual 

performance per se. That the writing. time meas.ure, with a 

much higher '(.83) factor loading (Earnsley and Rabinovitch, 

1970) d'oes not produce such group differences, lends credi­

bility to the belief that the dynamcmeter may not be appro­

priate as a manual performance measure. 

Although· the writ.ing time measure may be .a better perfor-

mance handedness measure, a note cf caution is necessary., 

Writing speed may be confounded with the nature of the 

learning disability:. those with developmental ag:i:aphia may 

show_ a less lateralized performance than those for whom 

writing one•s name is a well-learned skill •. With- a leaI:i:ing 

disabled population, a non-academic dexterity measur:e, such 

as a peg-moving task,. may be more valid. Although the writ­

ing· time measure should be considered with reservations, the 

trends observed were confirmed by the lateral dominance 

q ue sti onnaire. 



99 

Perfoltllance ci:H:eria 

Handedness is a continuum, but for purposes of discussion 

it is often convenient· to trichotcmi2e scores into left-, 

right,-, and mixed-hand performances. lls noted earlier, the 

choice of critera should be based on the·theoretical ques­

tion posed. In this study it was not impc,rtant to· define ex-· 

act percentages of left- right- and mixed-handers, but rath-
1 

er to examine the learning disabled .. groups· relative to, each 

other and to the nondisabled population. Two different 

criteria for handedness were used. The first. utili2ed the 

distribution of control subjects to define , cutoff scores, 

while the second used an absolute criterion, considering 

only the .direction of the difference scores. , The first, cri­

terion,· although forcing the propc-rtion of rig·ht- and l€ft­

handers. in the control group to be approximately equal, did 

allow for examination of group frequency differences rela­

tive to the distribution in a ncndisabled sample.; Using this 

criterion, the chi square for .·the dynamcmeter measure at 

time two· corroborated the univariate test findings. 

Although the second criterion is a'purer reflection of 

actual performance· differences, it was not sensitive to 

group differences en the dynamometer measure. That self-pro­

claimed ambilaterals often demonstrate a right-har.d advan­

tage, so that group means are skewed tc the right, is. net 

considered. The first criterion, although arbitrary, seems 
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both conceptually appropriate ana aa-eguate for dEtecting 

group freguency differences •. 

Ideally, in a follow up study all subjects should have 

scores for all measures at both timEs to protect against bi­

ases producEa by subject loss. In·the cuxrent studJ this was 

not possible; a subgroup of subjEcts with scores on · all 

tests at both ti11Es was needed to examine group ·trends ever 

time. A n ember of biases could bE · present . in this · suhgrcup. ;, 

Previous stuaiss suggest that male's may be more sinistral 

than females (ie, Smart, • Jeffrey and Richards, 1980') • .. . nt­

hough th~ · ratio of males·to ·females jn the twc larger grcups 

of subjects, with all three Ecores at either time. of refer-

. ral or at time t .wo, was the same· across groups, this waE net 

true for the s~aller subgroup, with all : three scores at both 

assessments • In this group there vere a disproportionatly 

. large number of females in group thi:ae ~ 3 Fortunatel.}',, · this 

bias in the data should servE to strengthen the anticipated 

trend • .. Group t .hrEe sllould be- ccmparati vel:y more dextra1 than 

: the other groups because of eitbEr the predcminance of fe­

.males or the paucity of pathological : left-handers. Since 

, this trend was not noted, tbe possible conf.ound call be· dis-

3 Group three was fifty percent fe1tale, .. whereas 91:oups one 
and two were each twenty-five percent female •. 



101 

missed. 

,:iyl!.j~! 1!1.§.§ 

selective less cf subjects can a:cise f:com exte:cnal fac­

: tors, such as eguipment failure o:c experimental er:co:c, or 

from subject factors, such as refusal to participate er an 

inability to complete a test. Inability to complete a test 

. is most likely to introduce a bias into the data, exclucing 

those subjects who a:ce more impaired •. Four subjects at time 

of referral and six subjects at ti11e two were excluaed be­

,cause they were unable to write with their nondominant hand 

and could not complete the writing time test •. The· :cest:cicted 

sample of subjects with· all test:: at both times excludes all 

. of these subjects, of which only cne··was excluded .at both 

times. According to Eishop (1980) these ·subjects, with a hy- · 

pofunction of the nondc11inant hand, could likely be patholo­

gical left-handers •. It is unfortunate that writing time, a 

difficult test for some, was selected as a perfcr11ance 11ea-

, sure. A better measure· would be cne that· could be performed 

. even with substantially reduced functioning of the ncndcILi­

nant hand. 
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Analysis of change scores revealed nc group differerces 

in either magnitude or frequency.of dextral shift. Given the 

failure to find group differences at both time of referral 

and young adulthood, these results are net surprising •. How­

ever, change scores may have been biased due to the nature 

cf the difference scores •. Difference scores (r-1/r+l), cal­

culated so that the difference between hands was civide6 by 

the sum of the two hands, attempted to compensate for indi­

vidual differences in overall ability •. However, when ccnsid­

ering a single subject·over time, increases in-ability·~ith 

'either hand (such· as .grip strength) nay. not increase in r;ro­

portion to ... right- minus left-hand performance diffErences., 

over time, increased muscular develcpment results. in a high­

er performance baseline, irrespective of lateral performance 

differences.,· Since the difference score is• computed l:y di-· 

viding by the total r;erformance, a· larger value in·the deno-

.minator results in a smaller difference score; witt a 

right-hand advantage this means a score closer to sinistral­

ity. ,Since most subjects have a right-hand advantage. en 1,er­

formance measures, overall change sccres may be biased by a 

possible tendency for adult scores to be more in. the direc­

tion of sinistrality than·childhocd scores. 

For the·vriting time measure, at least, this was net a 

problem. ,RepEated measures analysis cf variance demonstrated 
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a highly significant dextral shift over time, ccnsidering 

the differential amount of writing practice· acguired by the 

dominant hand, generally·right, this is net a surprising re-

·sult. However, for the dynamometer measure, this may tave 

been a ,confound, fer, as noted earlier, there were not 

enough subjects switching towards dextrality on· all ttree 

measures to perform a multivariate analyids •. 

ceiling effects of the questionnaire .measure may also 

help explain why so few subjects beca'me more dextral; 1i:ith 

only seven handedness guestions, many manual tasks· were ex­

cluded, Even if an individual. rEcei ving a score of 70 en 

the guesticnnaire developed an additional right-hand prefer­

ence, if· this · task was not. included in the, questionnaire, 

the subject's score will not reflect this increase.in cex­

trality. 

Although the failure to find group differEnces at.either 

· childhood or adulthood indicates that this possible built-in 

· sinistral shift probably did not affect the results, it is 

,important to note its biasing effect in developmental stu-

dies, .in light of the popularity of this method of calculat­

: ing difference scores, , 

No dextral shift was noted for any of the groups, :. except 

. on the writing time measure which was probably contaminated 

by practice. effects. It is· unfortunate that, change sccres 

for the ccntrcl population were net available, Without a 
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control populaticn it is impos-sible tc eay whether the cex-

tral shift lilaS just net ap1,arent ever a moderately s-hort 

· time interval, or if the possible sinistral bias.in cc11put-

. ing difference scores, and possible ceiling effect of the 

guestionnaire, disguised any dextral change, 

ftatorational Lag 

Change scores were analyzed, not only to see if pathclo­

. gical left-handers lilould remain .left-handed, but to deter­

mine if those with develormental soft signs 110.uld "catch up" 

and become . more ·dextral, Although mixed-handers have teen 

the focus of 11ost maturaticnal delay studies, the current 

method of analysis looks at·relative shifts towards dextral­

ity among all subjects. A separate analyl:is of mixed-handers 

would seriously· reduce the number of su l::jects. Althoo~h a 

maturing mixed-hander can become moi:e l:inistral, since most 

individuals are right-handed, it was assumed that for the 

majority the shift would be towards dextrality, hence tle 

focus of this· analysis. _The hypothesis was not supported for 

a number of possible reasons, ., 

As Satz and s1,arrow (1970) noted, mixed· laterality maI be 

greater in groups who are younger, or in populations with 

neurological damage. The first part of this hypothesis was 

not examined. Although analysee of subjects under and ever 

age.ten at time of referral showed no differences in degree 
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of nondextrality, Satz and sparrow vere referring. to chil­

dren under five, who were not the focus of this study. Group 

differences may exist in much youngEr subjects •. 

Alternatively, a maturational lag may not,precede a catch 

up phase. , soft· signs i~ general, and developmental soft 

signs in partic:ular, may not indicate· a neurological status 

which eventually matures. , In· a separate analysis of the same 

learning disabled populaticn, Hern, Simpson and Spreen 

( 1983) found that soft signs do not necessarily disappear 

over timei in fact, occurence of soft signs inci:EasEd •. Of 

the five developmental soft signs,• only one showed any im-

provement after fifteen ·years. It is not surp~isin9 then, 

that groups one ana two did not become significantly. less 

dextral •. If ncndextrality arises from a state of neurologi-

cal immaturitJ, it is not· likely to improv;e over . time if 

other soft . neurological .signs i;ersist. That at· adulthood 

such.large.differences between the percEntage cf sinistrals 

in the· learning disabled gronp as a whole and the control 

group were noted, is a further inaication that no.catch up 

phase occurs. 

The.matu~ational lag concept may still he.-viable if,. as 

some rssearchers (ie, Thcmpson, 1971) suggest, the lag is 

not·due·to neurological factors. In this case, dividing ~ub-

• 
synkenesia, Incoordination, Disdicdcchckinesia, Simultag­

nosia, Graphaesthesia 
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jects according to neurological status will net produce 

group differences. Perhaps some other varial:le can t1:tter 

distinguish maturationally . lagging subjects from those in 

· whom no delay exists. 

~fil!£}!!§iOD.§ 

There· were proportionately fewer sinistrals among the 

controls than among clinic-·referrea learning disabled sub­

jects. Although this finding is net unexpected, the reasons 

for it are unclear •. It was anticipated that neuroi:atholcgi, 

being more common in clinic than general populations, could 

account for -reports of more learning disabled sinistrals in 

: the former population, but not in the latter •. 

The concept cf pathological left-handedness is well es• 

tablished for populations with hard neurological ciamage. (ie, 

Satz, 1912b, Satz et al, 1979) and has been demonstrated 

among those with soft neurological signs (Nichols and Chen, 

1981). ,Although it was expected that nondextrality· would in­

crease as a function of degree.cf.[europathology, this was 

not confirmed. Even the subjects in group 3, with no· netirc­

logical signs, were as nondextral as their counterparts with 

neurological signs. 

There are a number cf possible :explanations.. As stated 

earlier, since this is a clinical population, perhaps i;on­

dextrality served as a "warning sign" for teachers and phy-
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sicians, possibly leading tc m01:e fz:eguent' referrals. Alt­

hough in the past ten years this p~actice·seems to have be-

come less popular, these subjects were seen an averagE cf 

fifteen years- ago, when this bias ma1 have affected the sub­

ject selection. A replicatlon on a similar population t:eter• 

red more i:ecently might answer· this ·question~ 

Alternatively, the possibility exists that neurclcgical 

damage, irrespective of degree, might teal contributing.fac­

tor. Although subjects in group 3 had no·soft or hard neuro­

logical signs at the time of :referral, this does net :fre­

clude the possibility that they cculd have incurred some 

mild· neurological ··damage.· An· analysis of the persistence cf 

neurological signs, performed by Hern, Simpson and Spreen 

(1983), indicated that subjects in group 3 did net_ re1tain 

without neurological signs. When they ~eached young ad~lt-

hood,, 12.5 percent of ,these subjects had soft signs ana n. 8 

percent had hard signs of neurological damage •. Althcugh: reu­

rological ~tatus changes, the percentage of sinistrals, - as 

measured by the guesticnnaire, dces not increase, remaining 

as high as in the other two groups at both times. 5 It is 

possible that subjects in this grcuf suffered from some mild 

11eurological damage which went undetected at the time-. of the 

-first e ::xamination, reflected in the high incidence c-f sir.is-
----------

5 Using a strict criterion there are 121 sinistra1s at both 
times •.. 'ifith a more relaxed criterion,: there are 18j at the 
time of re£erral and 121 at time two. 
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trality at beth· ti11es. 

That sinistrality increases as a function of decreasing 

cortical integrity has been demonstrated.in retarded popula­

tions, with a much greater a mount of neuropathology. Group­

ing severely retarded with profoundly retarded, and irildly 

retarded with moderately retarded subjects, Hicks and Barton 

( 1975) found less dextrality in the more severely disabled., 

Differences in dextrality between groups one and two cf the 

current study may not be detectable, because differences in 

the amount of neuropathology is not as extreme as in the 

Hicks and Barton study. 

Subjects in group 3 may 

which was not severe enough 

have suffered some mild dauage 

tc be detected until adulthood. 

They too, may have suffered just enough damage to be i;rone 

to a pathological switching of·handedness. In-a normal popu-, 

lation sinistrali ty does not seem tc increase as a function 

of possible mild perinatal damage (Mc Manus, 1981). liith· a 

learning disabled group, . including,thcse with.no overt neu­

rologial signs, the possibility of subtle neurolo~ical dam­

age may ·be greater, especially since a substantial portion 

of ·these subjects later manifest neurological signs., It is 

still·not known exactly how much damage is needed to procuce 

pathological left-handers, but the amount may be guite 

small. 
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In conclusion, these results must te interpreted· -.-ith 

caution. _Although the percentages are sinilar to those found 

in other studies, there were no significant diffErences tet­

ween disabled and nc.rmal learner:; in incidence· of sinistral­

i ty en any of the tests, The exact percentages vary frcm 

test to test, but en all but the dynatt.cmeter measure the 

difference at' about ten percent between learning disatled 

and control subjects is maintained. Overall, the results 

suggest that there are fewer dextrals among learning disa.:. 

bled subjects in a clinic population, ir.Iespective of degree 

of neuropathology, and that these differences-are maintained 

over time. 

That. clinic-referred learning disabled subjects are n,ore 

sinistral, regardless of overt. neurcFB, the-logy, must be, con­

firmed in another population •. A larger sample size is, need­

ed; the base rate of sinistrality in the general population 

is so low that many subjects are needed to detect signifi­

cance •. The clinic population should consist of children re­

ferred recently, by physicians and teachers who de nct,con­

sider nondextrality to be a 11 warnirg sign" of pathology. A 

valid, non-academic performance measure cf handedness, 11lich 

can be performed even by those with substantially reduced 

functioning, such as a peg moving ·task, should be used so 

that those with possible hypofunction ing of the ncndcminant 

hand can t-e detected. If the previous findings are con-



110 

firmed and sinistrality is higher among all three learring 

disabled groups, then it can l:e postulated 

cunts of nErnrcpathology are needed to cause 

that small am­

pathological 

left-handedness, but that large amounts are needed before 

pathological left- handedness increases significantly. To 

studJ the persistence of nondextrality into adulthccd, to 

· see if pathological left-hand1odness impairs ncrmal reatura­

tion, it would he necessary , tc first confirm the de:xtral 

shift in a normal population, Given an adequate difference 

score formula, or, ideally, a p1;rformance measure unaffected 

by developmental · trends, the persistence of pathclcgical 

left-handedness· can be established. 
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111?PJND:II 1 

-1. Ataxia Ila rked Slight 

2. Asymmetry of soft sign only 
Skull er Limbs 

3. Anosmia !larked Slight 

4. Visual Field hard sign cnly 
Defect 

5. Diplopia hard sign only 

6 •.. Strabismus soft sign only 

7.,;,. saccadic Movements soft sign cnly 

a. Nystagmus Definite, onsustainec, 
bilateral unilateral 

9. Dysarthria Marked Slight 

10., Dyspraxia cf soft sign cnly 
Tongue to vement.s 

11 • . Choreiform, !larked Slight 
At.hetoid Movements 

12. ,Resting Tremor !larked Slight. 

13. Resting Muscle Marked Mild 
Tcne spasticity spasticity 

111 •. Pa re sis Asymmetrical llild bilateral 
weakness 



15. ,Diminished or 
Hyperactive 
Tendcn R1:flexes 

16 •. Ankle Clonus 

17.,Babinski Sign 

18. _Synkinesia 
(develcpmental 
soft sign) 

19._Incoordination 
(developmental 
soft sign) 

20.,Beel/K'nee 
testing 

21. Intenticn Tremor 

22, Disdiodocho- · 
kinesia 
(developmental 
soft sjgn) 

23, Anesthesia 

24. Simultagnosia 
(developmental 
soft si.~n) 

25. ,Position Sense 

26. Graihaesthesia 
(develOJ:'.IIlEDtal 
so,ft sign) 

Grade 2 unilateral 
Grade 3 uni or 
bila te:ca 1 

sustained 

Right, left, 
bilateral 

soft sign only 

Marked 

Marked 

Marked 

Marked 

Very Marked 

Unilateral 

!'lark e cl 

soft sign onlj 
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Grade 1 uni 
or bilate:cal, 
Grade 2 
bilateral 

Unsustainei! 

Slight 

Slight 

Slight 

Slight 

l'!cde:cate o:c 
Slight 

Bilateral 

Slight 
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.llPPJiNDll 2 

1 • 'Show me how you throw a t:all. 

2. l Show me hew ycu hamn:er a nail. 

3. Show me how you cut with a knife. 

4. , Show me hew you turn a door knob. 

5. · Show me how you use scissors •. 

6. ' Show me hew you use an ei:as:er. 

7. ' Show me how you write your name. 
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