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ABSTRACT

The present study is concerned with the pattern of hand-
edness among learning disabled children. Typically, clinic-
referred learning disabled samples are more lika2ly than
those in general school samples to have a higher than aver-
age rate of non-dextrality. Reports also indicate that in
populations of individuals with neuropathology, such as epi-
leptics and retardates, the incidence of left-handedness is
at least twice as high as that reported for the normal pcpu-
lation, These excess, "patholcgical," left-handers are
thought to be left-handed by virtue of neuropatholegy lead-
ing to a switch of manual preference, rather than by genetic
determination, Higher rates of neuropathology in «clinic
samples could account for the failure to find differences in
general school, but not in clinic, samples. It was thought
that in a sample of clinic-referred learning disabled chil-
dren, non-dextrality would increase as a function of degrse
of neuropathology.

Children between the ages of 7 and 13, referred to a neu-
ropsychology clinic because cf learning difficulties, were

followed up an average of fifteen 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 %ith no neurological
abnormalities. Subjects vwere administered a questionnaire
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 received all three
tests at both times. In addition, 52 matched controls, se-
lected from lccal school district records, were tested at
the follow-up assessment, receiving a neurclogical assess-
ment at this time. .

The main hypothesis was not confirmed. Non-dextrality 4id
no:t increase as a function of neuropathology across the
three classifications, either at time of referral cr at
young adulthoed. It was thought that, although individuals
genarally become more dextral over time, groups with rore
neuropathology, and consequently more "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 group with no signs, non-dextrality in
subjects with soft signs cannot be considered as evidence of
lagging maturation which eventually catches up.

The comparison of learning disabled subjects at fcllcw-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 hoth
clinic-referred learning disabled subjects, and of retar-
dates and epileptics, suggests that clinic-referred learring
disabled subjects are more sinistral than controls, Tegard-
less of degree of neuropathology. <Clinic samples could be
biased by a tendency of both physicians and teachers to view
left-handeness as a "warning sign® of neuropathology 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 neurological signs were more sinistral than
controls, implying that they could have incurred some mild
neurological damage. An analysis of the persistence-cf neu-

rological signs (Hern,1983) indicated that by adulthood



these subjects actually presented signs of neuropathology,
suggesting that they, too, could be "pathologically" left-
handed. Clinic samples of learning disabled subjects, then,
may include individuals with varying degrees of neuropathol-
0gy. These subjects are more 1likely to be left-handed than

normal controls, irrespective of degree of neuropathology.

Dr. Otfried Spreen
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INTRCDUCTIICGH

Although the study of learning disabilities has only re-
cently entered an era in +which neurcpsychology plays a gro-
minent role (Hiscock and Kinsbourne, 1982), theories beased
on brain-kehavicr relationships are nct new to +the field,
In the 1930's Samuel Ortcn presented a theory of ceretral
.lateralization in dyslexia. Although still unsupperted, it
set the stage for several decades cf writers who considered
lack of estatlisked cerebral dominance:to be a significant
factor in dyslexia..

orton's theory is based on the nctica that "engrams", or
memory,fraces, of letters and words are laid dewn in koth
hemispheres, those in the right hemisphexe being in mirror-
image reverse crder of those in the left. 1In mest individu-
als the dominant left hemisphere suprresses the mirror irage
engrans of the right hemisphere, - allowing reading ané writ-
ing to occur normally. In scme recple dcminance is incom-
plete, leading to incomplete suppression of the reversed en-
grams and confusicns in reading and writing. Crton called
this condition "strephosymbolia™, meaning "twisted sysbcls"

{orton, 1937).



During the ccurse of his werk, Ortop noticed that:chil-
dren with lanquage disabilites displayed different patterns
cf lateral preferences from normal - children, Lteinc mere of-
ten mixed- cr left-handed. Ortcr ccrncluded that mixed-hand-
edness was pathognomic of strephosymboliz; <the dcoinant he-
nisphere is unakle tc completely svpress manual preferences
controlled by the nondominant hemisphere. As for. left-kan-
ders, he writes:

It is only those in whom the tendency towards scre

measure c¢f left-sidedness is present, but not in

sufficient strength to assure complete unilateral

superiority of the right hemisghere of the brain,

in whem trouble may ensue. {Orton, 1937, .-p.130)
Rccording to this theory, left-handerxs are ét‘risk for stre-
phosymbolia as leng as the <xright hemisphere is not strengly
dominant. Nost researchers consider left-handers at rick
for defective Jlateralizaticn becavse their lateral prefer-
ences are usually not as strongly estaklished as these cf
right-handers {(Verncs,1971}.

There is no¢ evidence to support the engram hypothesis,
tut many rescarchers have searched for @ relationship let-
ween lateral preference and dyslexia, with inconsistent re-
sults. Farly researchers often noted dispropcrticnately
large numbers of siristrals in dyslezics. Investigators
such as Dearborn (19321), Roudinesco, Trelat and Trelat (as

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

cited in Hecaen and de Ajuriaquerra, 1964), noted a high in-



cidence of sinistrality, up tc 75%, 4in their dyslexic pa-
tients.,

Since these findings were bkased mostly on clinical im-
pressions, their validity is suspect. Ccntrolled studies are
not always so conclusive. Rarris {1957), gave tests of la-
teral dominance tc graups of unselected schocl children and
clinic-referred reading disabled children. He found more
mixed-handedness among seven-year-old and more left-harnded-
ness among the nine-year-cld dyslexics. Hecaen and de 2ju-
riaguerra (19€4) found more mixed-handers amcng ycunger dys-
lexics. (age seven to ten) than clder dyslexics and ncroals.
Naidoo { as:cited in Vernom, 1971) fcund children with ambi-
guous hand preference more likely to have lcwer verbal IQ's
and histories of slow speech development,

A number cf cther studies fail to show any relationship
between lateral preference and leezrning disorders. U=sizng
Harris'! Tests of Lateral Dcminance, Coleman ané Deutsch
(1964) found that hand dcminance did nct differentiate tet-
ween normals and dyslexics. Belmont and Birch (1965), &lso
using Harris' Tests, £cund nc differencés between nine~ and
ten-year-old poor and 'good readers. Bcth of thes=e studies
used the same handedness measures as Harris ({1927) but
failed to replicate his findings.

Since these studies also loocked at children clder ttar in

Harris' study, these authors suggested that early differenc-



es in laterality may reflect nesurel alberaticns affecting
later reading ability., However, Earlow (1963), wusing the
- same measure with six-year-clds, alsc failed to find any re-
.lationship. Hence, the age of the subjects clearly is nct
the explanaticn for differences in findirgs. De Hirsch, Jan-
sky and langford (1966), in a study specifically designeé to
predict future reading disability based cn kindergarden test
performance, did not find that ill-defined lateralization
was a predictor ¢f  later reading prchlems.. Investigations
by Sparrow and Satz (1970) and Lyle ({1969) =also failec to

find support for the hypothesis.

The Beasurement ¢f Handsdness

There seems tc be only-weak suppert, at best, for the ne-
tion of abberant lateral preference patterns among reading
dicabled children. While some current rescarchers are skep-
tical that -a significant relaticnship exists (Hardyck and
Petrinovich, 1977; GEourke, 1978), others feel the ccncert
may still be viakle (Kinsbourne and Hisccck, 1¢81) .. The
:guestion is difficult to reselve due tc methodological in-
consistencies and to the frequent lack of contrcls for rele-
vant factors.. One major probler in handedness research is
the ‘variety of ways both to measure and classify hardedrpess.
Many discrepancies in the literature, such as the number of
left-handers in a population, may be artifacts of the parti-

cular categorizaticn procedure used.



According tc Annett (1970a), &rsost earlier clinic studies
of handedness used Rife's classificaticn system, K 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-handers, raking it
difficult tc compare these studies with later cnes.

Self-report, the most coemmen preasurement method, yields a
dichotomous classification kased on a single measure. Alt-
howgh straight-forward, this methcd is often based on the
preferred w¥riting hand, which is vulmerable to outside pres-
sures from parents and teachers; it is protakly nct a very
valid measure of true handedness (Annett, 1973).

Humphrey (1951) was the first researcher to use a questi-
onnaire to assess handedness.. Self-report data were nct ac-
curate, he found, since a number c¢f self-proclaimed left-
handers indicated they preferred the right hand £fc1 a
majority of the activities listed.

A variety of questionnaires have since been develcped to
assess handedness (ie, 0ldfield, 1%71; Satz, Achenbach and
Fennell, 1%67; Raczkowski, Kalat and Fetes, 1974; LRAnnett,
197ba). These questionnaires vary relatively little in the
types of tasks surveyed. Scme reseaIchers have ‘attempted to
control for scme of the biases inherent in randcmly select-
ing manual behaviers by selecting cnly +those items which

discriminate between groups (Cldfield, 19%71), c¢r by weight-
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ing nmore higﬁly those that discriminete kest (Sutirana,
1969). Questicraires correlate highly with actual behavicral
assessments cf manval preference and are reliable, althcugh
left-handers are more inclined +to ke inconsistent  (Raczkcu-
ski,et al, 1%74).

Questionnaires, sampling from a variety of tasks, dercns-
trate that handedness is best represented as a - continuvum
from strong right- tc streng left-handed preferences. The
actual distribution is J-shaped, with the majority of irdi-
viduals using the <right band for all or almost all activi-
ties, very few claiming equal preference, slightly mcre umod-
erate Jleft-handers, and even mere who are strongly
laft-handed (Annett, 1972).

Although handedness is a centinuum, it is often divided
into discrete categories. There are a(numbér of approaches
that can be taken. Some dichotomize data into Ypredcminarntly
left" or “"predcminantly right"  {(Raczkowski et al, 1974, Cld-
field, 1971 .. Others trichotonize handedness, into right,
nixed, and left, although the divisions are very arbitrary.
Some choose arbitrary cut-off pcints based on the distribu-
tion of the data (Satz et al, 1967) or call all individrals
ambilateral unless they are corpletely consistent for every
item (Annett, 1970a).: Handedness can alsc ke divided into
four, five or even six different categories, based on arhi-

trary cut-off points (Harris; 1957, Teng, Lee, Yang and
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Cheng, 1979} or by subdividing tight- and left-Kanders. into
"pure" and "mixed" forms (Annett,157Cb). .

Annett (1970a) nctes that much cf the ambiguity in the
studies relating handedness to learning disabilities cculd
. be due to researchers treating a ccntinvous:distributiorn as
if it were -discrete. Reports of the incidence of left-land-
edness in the past have ranged frcmz cme to thirty percent
depending upon how left-handedness has been‘described (Har-
dyck and Petrinovich, 1977)., As we have seen, a lot of the
variability is due .to inconsistent peformanée of left~-tan-
ders which makes it difficult tc know where to draw the
line. For resecarchers, thke chcice cf criteria should be
based on the theoretical and empirical questions which guide
their investigaticns. It should be emphasized that differ-
. ences between studies could bhe Lased mere on methcdclegical
than actual differences.

Handedness may not only be described by .gquesticnpaires.,
Hildreth ({as cited by Palmer, 1964), was one .of the first ‘o
stress the mneed for an approach tc handedness uhich=wculd
include other manifestations of moter activity. Many te-=
‘searchers Fave since begun using bcth perforﬁancé and]pre—
ference measures. . Hardyck and Petrinovich (Ié??)%ncted that
when perforrance measures are included, estimates of left-
handedness become mcre stable, at nime tc ten percent rather

than the one to thirty percent figures ncted earlier.



Empirical investigaticns suggest: that performance
geasures pick up variability amcng left-handers that is not
evident with other assessment methods. Bentcn, Meyers and
Eolder (1962) and Satz et al (1967) fcurd that leaft-handers
were ‘more .variable than right-handers in the extent cof dcmi-
nant-hand superiority on a variety of perforﬁance DEASTUIEE,
Both sets of investigators disccovered that slightly 1less
than fifty percent of all self-proclaimed ox guesticnnaire-
cl%ssified left-handers had a right-hand superiority om per-
fermance .measures.

It has been suggested that strength, skill .and preference
may be orthogonal dimensions (Pcrac and Coren 1981). A few
of the tasks underlying these dimensions bear discussion.

Grip strength has leng been used as a measure of demi-
nance, but even Orton (1937) has noted that there seemps to
be no relationship between grip strength and manual prefer-
ence. More recently, Porac and Coren (1981) £found that,
sbmming across several studies, the Dynamométer kas crly a
59% agreement with preference classification, slightly ket~
ter than chance.

Different tests cf dexterity, a ccmponent of manual
gkill, have been used with varialtle success. . Scue research-
ers- (ie, Zurif and Carson, 1970, Benton et al, 19€2), have
locked at scissor use, which is affected more by envircnmen-

tal than genetic capacity. Small parts rmanipulaticn, anrcth-



er popular measure, (ie, Sbhanpkweiler and Studdert-Kennedy,
1975, Satz et al, 19€7) shous a 74% correspondence ¥ith pre-
ference measures. Rate of finger tapping, angther dexterity
peasure, alsc is not highly correlated w¥ith iateral prefer-
gce (Porac and Coren, 1981).,.

Manual performance is ©not a uritary concept, and it is
not surprisirg that different gperformance measures are
ieither highly correlated with preference measures, ncr very
highly intercorrelated. Porac ahd Coren. (1981) found the
mean #ercent agreement between eight performanceé measuyres to
be ‘only 59%.. Part of the discrepancy may ke caused Ly very
low test-retest reliability (Shankweiler and Studdert-Kenne-
dy, 1975).. Additionally, factor analytic studies suggest
that handedness is multifactcrial (Fleischmaﬁ, 1672, Barns-
ley and Rakinovich, 1978), but it is not cleﬁf which factors-
are televant to differences in ceretral organizaficn (Rins-
bourne and Hiscock, 1981).. When considering at least ten
independent dimensions of unimanual performanhe, it is gif-
ficult tc know which cnes te sample . {Bicks and Kinstourne,
1978) . .

Unlike.ranual preference, manual performance has a ccr-
plex, multidirmensicnal structure. - The two assessment proce-~
dures do not produce a high degree of cverlap} rather, ranu-
al performance scems to¢ provide additicnzl informatior akout

inconsistent left-handers. . Selection ¢f performance gea-
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sures can be based on theoretically-distinct acspects cf
handedness, such as preference, specd, dexterity and pcint-
ing (Miller, 1982)., Alternatively, manuallperformance can
be considered to be the result of a mixture cf bkecth practice
effects and genetic capacity. Since highly practiced
skills, such as handwriting speed, may yield the most relia-
ble differences betueen hands, scme ipvestigaters suggest
that they be used as measures of 'manuval laterality (ie Shan-
kweiler and Studdert-Kennedy, 1975, Provins and Cunliife,
1972). Kinskourne and Hicks (1981) disagree with this re-
commendaticn, noting that while highly practiced skills may
-yield the strongest and nost reliatle differences Letwueen
hands, the magnitude and reliability prcbably reflect dif-
ferential practice, and +that even novel tasks ﬁay inveclve
sone transfer frcm more ccomomgn activities.. On  the other
hand, Annett (1970b) . argues that if the differences betveen
the hands in speed are a product, - rather than a cause, of
differentiel practice, changes in relative speed would occur
as the individval matures and gains mcre experience. She
found, hovwever, that asymmétries 0of toth preference and
speed are equivalent at' early childhocd and early adcles-
cence.

While a ccnsiderable amcunt ¢f research has gone into de-
veloping valid and reliable questionnaires to assesc lateral

preferences, the dimensicns c¢f rperformance are. much more
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elusive., The choice of performance neasures tc¢ sanple - as an
adjunct to a gquestionnaire is sometimes as much a matter cf.
individual predilection as anything else.. It is prokebly
correct 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, becth in terms cf mag-
nitude and direction of manuval advantage (Hicks and Kins=-
bourne, 1978) ., #hile many studies of laterality in learring
disabled ckildren rely primarily on questionnaire data, sonme
gtilize performance measures as well (ie, Anmnett, 1974, Satz
and Sparrow, 1970). ., Since performance measures gay cive a
different treakdcwn amcng left-handers +than gquestionnaires
alone, differences in methods of assessment may accecunt for

some of the variability among studies,. .

Onselected ¥Yersus Clinic Samples !

A number cf studies have been dcne on unselected sasmples
of school children; almcst all fail tc find any differences
in laterality between good and poor readers.. Epidemiclcgi-
cal studies by Clark (1¢€70) in Scotland, Rutter, Graham and
"Yule (1970) on the Isle of %wight, Felmcnt and Birch: (1965)
in Scotlanéd, and Faleguist: (1958) in Sweden, all faileé to
find any relaticnship between aberrant latéral préferences

and learning disability.. A more vrecent study by Richaréscn

-and Firlej (1979) o¢f public schocl childxen, none of xhom
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had been referred for remedial teaching, also failed. to find
any relaticnship between readlng or spelling performance and
any of several 1atera11ty NeASUTES. |

With clinical cases cf dyslexia, left- or mixed-handed-
ness seem t0 cccur more fregquently. Harris' stuédy, cited
earlier, ccmnpared clinic-referred and unselected children,
-and found differences between groups in children under: ten..
Perlo and Rak (1971), in a study of adult dyslexics referred
to a language disorder clinie, fcund that one-quarter- were
left-handed. Although there was no contrcl group, sinistral-
ity. in the general pcpulaticn is <ts=svally placed at eight to
ten percent (Vernon, 1971). Wold (1968) found more left=-tan-
ders among 2 clinic than a general schccl fpopulation. Een~
der (1968) and Zangwill (1960) repcrt nixed- or left-handed-
‘ness as a characteristic feature of dyslexia din tleir
clinical exgperience,

The discrepancy betﬁeen ¢linical and c¢eneral sampples sug-
gests one cpessikle explanation for inccnsistent findirgs.
According to Clark (1970), clinical populations centain mcre
left~handers because of the fendency to consider left-Lran-
ders with reading problems as a special category. These
children are referred to physicians or other specialists be-
cause teachers see nendextrality as pathcgnomic of neurclo-

gical disorder (Accardo, 1980). .
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In the past ten years physicians have been de-emrphasizirng
the impertance of laterality as @ pathclogical sigm. Rel-
son, Welker and Hcbbs (1982) fcund no differences Letween
right- and left-handed children on measures cf mctcr prcfi-
ciency and déexterity. They concluded that, while findings
of left-handedness or ambidexterity should not be dismissed
as of no comsequence, they shculd nct be considered atnormal
neurological signs without additiomal evidence. TCTWEN
(1972) has also asserted that nc cauvsal relationship Lketwueen
nondextrality and neurological discrders can be inferred
without further evidence. Voeller (1581), however, nctes
that if a child manifests unequivccal hand preference before
age one, it is likely that unilateral cerebral injury has
been sustained.

While fifteen years ago members of the medical ccmourity
suggested that ncndextrality may be a ccrrelate of neurclo-
gical injury (ie, Eenson and Geschwind, 1968, Paine and
Ooppe, 1966), current attitudes are ncre ccnservative, %hketh-
er or not nondextrality is truly ar indicator of neurolcgi-
.cal damage, if viewed as such by either the medical cr edu-
«cational conrmunities, ncndextral dyslexics may be nore
likely to be referred to clinic settings.

A bias towards nondextrals in clinic referrals may not be
the only explanation. Tt is possible that the effect cf la-

teral preference is streng encugh tc appear in selected sam-
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ples with high base rates, but is much we¢aker in general pc-
pulaticns. Annett (1970b) looked at keocth a general =ckccl
populaticn anfé a subgroup ¢f this carple selected for low
scores on a verbal iﬁtelligence test. Althcugh no relaticn-
ship between laterality and verbal intelligence +«sas noted
for the general population, mixed-handers were ECIr€ NULCEIOLS
in the lcw verbal intelligence' subgroug. In a sthsegquent
study, Annett (1974) found no lateral preference effect in a
genaral schecl populaticn, but fcund more left-handers in a
subgrouvp of children with " reading quctients significantly
lower' than their verbal intelligence scores.,

Annett sucggests that her underachieving subgroups are
likely to be part of the population generally referrecd  to
clinics. Hcwever, =since they vere nct part of clinic sam~
Eles, they'aré not susceptible to the criticism ¢f bhaving
been selected on the basis cf ncndextrality. ¥Faidoo (1¢72)
found that boys 1in a general schocl samgle whe were belind
in reading by at least two years were less likely to ke dex-
-trals than those behind by only one year. Again, cases cf
more severe schcol failure are mecre likely to be referred to
a clinic than the less severely disatled.

A bias in referrals, +then, way not bhe the only explana-
tion; there. may be a real difference between ¢linic and
non-clinic samples which results in less dextrals in clinic

groups. Generally, clinic sanples are composed cf a mcre
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severely disatled subgroup c¢f the gemeral population, and
. are. therefore more .likely tc present signs .of neurological
damage, If nonright-handedness does signal scme mpincr reu-
rological dysfunction, then the unreliability of a trend to-
wards increasing nonright-handedness amorg learning disalbled
populaticns may in fact reflect.the &meurclogical integrity
of the experimental sample, rather than teing a:correlate cf

learning disatkilities per se..

It has loné keen noted that many pcPulaiions of train
-damaged individuals contain an excessive numbér of left-han-
ders (ie,Silva and Satz, 1979, Sulirana,1969). Obvicusly,
early paresis of the preferred 1limb will, in most cases,
lead to a shift of manual dcminance (Benson and Geschwingd,
1968). More importantly, early czapage affecting the mcter
cortex of the dominant hemisphere may lead to a shift in ma-
nual dcminance. The nonpreferred hand, during the course cof
motor develorment, may therefore become preferred, because
cf its comparatively greater ability.  Since the majcrity cf
the population is right-handed, left-sided lesions are like-
1y to produce a shift +to right henmisphere dcmimarce for
handedness and ccmsequently a "pathclegical", that is, not
genetically determined, left handedness. Ccnversely,

right-sided lesions, in most individuals, would nct afiect



16

handedness. Populaticns cf brain daraged individuals, then,
are likely to contain an excessive number of left-handers
- (Benson and Geschwind, 1968).

Pasamanick and XKncblech (1966) speculate that since ernvi-
‘ronmental pressures towards right-handedness are great, scme
krrain damaged individuals wmight rescrt instead to a clunsy
type of amtidexterity. Typically researchers have discussed
the increased incidence of left-handedness, rather than anm-
tidexterity, among brain damaged populaticns, but, as ncted
before, the definition and measurcement of left-handedress
varies frem researcher to researcher. Since left-handedness
is so variable; according to the mecasutement use¢d, it is
quite possible that scme researchers are including mnized-
handers among their left-handers. In fect scme researclers
- (ie, Satz,197¢) explicitly ccmbine the two grcups for ana-
ly=es. Perhaps then, "pathological left-handedness" is re-

ally "pathclegical nonright-handedness".

Brain Damaged Populations

A higher incidence of left-handedmess among brain damaged
individuals was noted as far back as 1890 by Sachs and Fet-
erson (as cited by Pgrac 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, Gerden (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-harnded
twin is more likely to be retarded. He assumed that the

same lesion not only affected the proper functicning of the

_ dominant “hand, but inierferred with higher intellectual: cen-

-tars as uwell.

More recent studies have shown an. increased incidence cf
left-handedness in a variety of neurclogically impaired po-
pulations, lonton (1976), found increased dincidences cf
left- and rixed-handedness ameng children with myelomeningo-
cele and hydrocephalus. Rutter, Graham and Yule (1970), in
an epidemiolegical study of children on the Isle cf kicht,
found that left-handedness and left-footedness are signifi-
cantly mcre common in children with a variety of neurclcgi-
cal disorders, dincluding cerebral palsy and brain stem le-
gions. Interestingly, they did net f£ind an dipcrease in
left- and mixed-handedness among children with reading prob-
lems but without neurological  disorders, supporting the. view
that neurolagical dysfuncticn, nct reading problems per se,
is the crucial variable.

Epileptics, toc, seem to have a raised incidence of mani-
fest left-handedness. Roterts (1955) fcund that 17% cf the
cases of +traumatic epilepsy and encephalopathy operated on
at the Montreal Neurological Institute were . left-handers..

then the lesions were present before ttre age cf +twc, the
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percen;age of left-handedness went vr to 41%, +which clearly
enphasizes the fact +that a pathological shift in handeness
is the result of an early lesion. Satz, Baymur and Van der
Ylugt (187¢) found a raised incidence cf left-handers among
epileptics from four culturally distinct populaticms. Fed-
lich (as cited in Hecaen and Ajuriaguerrs,1964) found an in-
cidence of 17.5 percent in a grcur 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 prcspective study of 12,000 Eritish children, saw no
‘relationship Letween left-handedness and epilepsy.. In 1ight
of all the evidence supporting the relationship, this fipd-
ing is gquite surprising ., Mc Manvs, however, admits that
there were very few severe epileptics among his pcpulaticn
and that in such a group an asscciation ray exist.

Studies of retardates, in whom neurolcgical damage is not
necessarily limited to one or the cther henmisphere, also
find increased incidences c¢f left-handedness. As previously
cited, Gorden (1920) studied almost §,00C normal and reterd-
ed children and fcund incidence rates of 7.3% and 18.2% re-
spectively., Porac, Coren and Duncan (1980a)..concluded that
retardates showed significantly mare left-sidedness . than
either their chrecnolegical rpeers cr their mental age peers

(preschool children). Silva and Satz (1979) studied 1409 re-
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taréates and found the frequency cf left-handedness to ke
17.8%. They found that individuals with abncrmal ERGs Lzd a
higher incidence cf left-handedmess than fhose with normal
EEGsS, suggesting that the protability of an individual keirng
right-handed decreases with poorer levels of ccrtical fun-
tioning. Hicks and Barton (1975) 1eported that right-hand
rreference is less common among tte severely and prefcerdly
retarded than among the mildly ané moderately retarded, .din-
-dicating that there may be a pcsitive relationship betwueen
degree of retardation (and concommitant train damage) and

incidence of left-handedness.,

Satz's Hodel

Although the cconcept cof pathologicallleftrhandedness has
been in the literature for cver eighty years, it has recent-
ly been .focused on by researchers whc Seek to explain the
phencmenon nore fully. Satz and collaborators
(1972a,1972b,1979,1979) have put forth an arithmetic mcdel
to account for this chbservaticn. Satz noted that most. expla-
nations of pathological left-handedress <focus on the fact
that early left henisphere damage can cause€ a rild dysfumc-
tion of the dcrinant hand in right-handexrs, causing the in-
dividual to switch to the left hand for manual activities.,
This explains the cccurence of pathclogical left handedness,

but doesn't take into account pathological right hardedness,
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which would be caused by a rightsided lesion in a natural
left hander.. Satz noted that most studies of epileptic and
retardate populations report the incidence of left-handed-
ness as about 17%. He then developed a rodel which is based
on assumptions of the equal probability cf a lesion affect-
ing either  side {sometimes producing pathclogical Iight-han;
ders), and the probability that such random 1lesions 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 resevlt in manual trans-
fer.. Using 8 and 17 percent as the empirically-based inci-
dence rates of left-handedness in rcrmal and brain damaged
populaticns, respectively, satz (1972a) determined that the
probability of switching handedress follcwing 2 given lesion
contralateral to the dcminant hand is abcut .21..Given equal
probabilities of side. of lesion, if 21% of the natural
- left-handers become pathological right-handers and 219 of
the natural right-handers become pathclcgical left-handers,
then knowing the manifest handedness of 2n individual with a
unilateral lesion, the ‘prcbability cf laterality of that le-
sion can be determined. ¥hen the apprcpriate.calculaticas
are made, the probability cf a manifestly left-handed retar-
date or epilertic having a left-sided lesion wculd be .81
and the frobahility cf a manifest <right-hander having a

left-sided lesion uculd be .44, Satz (1972a) confirmed his
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hypothesis by reviewing Fenfield and Roberts' handedress
' data for-a large group of epileptic patients underccing- sur-
gery. . He found that 75% cf the left-handers had left hemi-
sphere lesions, vhile only 41% of the right-handers had.left
hemisphére lesions. Thus the expected values of .81 and .44
were approxirated; the data supported his contention that
vnilateral lesions can 1lead to a pathclcgical switching cf
handedness which: can be described by exact probabilities.
Satz went on to validate his theory (Satz, Baymur and Van
der Vlugt; 1979), exploring the relationship Letween urila-
teral and bkilateral lesicons and handedness in four different
clinical populations of epileptics and retardates. For each
individual both handedness and side ¢f lesion {( i.e., nature
of EEG abnormality-—unilateral cor bilateral) was known. He
' found that the incidence of manifest left-handedress ancrng
cases of bilateral EEG abncrmality was substantially lcwer
than among' those with unilateral abnormality. He felt that
in the case of bilateral damage, biranual dysfuncfion wculd
not lead to an advantage, and sukseguent shift tc, thke rcn-
dominant hand. However, 1in a separate study of Ietardateé
(Silva and Satz,1979), he found that the incidence cf siris-
ctrality in dirdivideals with EEG dysfuncticn was abnormally
high regardless of whether EEG invclvement was asymmetric or
bilaterally syemetric, but was Lighker +thanm in tlose ¥ith

normal EEGS. He concluded that twc separate factors influ-
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ence handedness in retarded populaticns: the presence cf un-
ilateral lesicrs which lead to an early switching ¢f prefer—
ence, and the presence of a general decrease in cortical
functioning, as indicated by bilateral EEG abnormality.

Although Satz's mcdel assumes that the probability of in-
jury to the twc hemispheres is equal, newrophysiolcgical ev-
idence suggests that the left hemisphere is especially veln-
erable. Left occipitc-anterior presentation of the . fetal
head during birth, the most common fetal crientaticn, lezves
the left hemisphere more vulnerable to the patholeogical ef-
fects of increased extra-cranial pressure., In-additiomn, the
left hemisphere is apparently moré vulnerakle tc vascular
insufficiency because the left carctid artery supplies the
left hemisphere relatively indirectly (Kinstourne and His-
cock, 1981).. Also, even with an egqual likelihcod of damage
to both herispheres, since the functicas cf the right heni-
sphere are rcre diffusely represented than those of tte
left, functicring may be more likely tc switch to the rela-
tively less differentiated right hemisphere (Pcrac and Cor-
en, 1981).,

Other researchers take issue withk Satz over the need for
gross signs c¢f cortical damage.in pepulations with. increases
in sinistrality. Bishop (1980) arques that mild unilateral-
1ly- or bilaterally-asymmetric atnorralities can be asscciat-

€ed with dincreased sinistrality as well. He attempted to
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identify children with presunmptive gaild brain abnormalities
by examining those who did particularly poorly cn a square-:
tracing task with the ncnpreferred hand., Children particu-
larly clumsy %ith the nonpreferred hand uere assumed tc have
"some hemisphere abnormality contralateral toc this kand wkich
interferes witﬂ its functicning. ®ith this measvre, Bishop
selected the worst 20%, out of 170 school children, predict-
ing that this group would have a higher base rate of patho-
*logical sinistrality. Noct cnly did the group shou.more sin-
istrality, but they also had a higher incidence  of
neurolcgical discrders.in childheocd and chowed significantly
lower WISC-R and reading ability scores. Since Bishop feels
that sinistrality in this grecur ray be the expression of
some-mild brain abnormalities, rather than gross. lesicns, he
calls it "Extended Pathclcgical Léft Hendedness".

Not all resecarchers agree that ccrtical lesicns are ne-
cessary for pathological left-handedness. Lenten: (1976), in
a study of myelcmeningocele and handedness, found that asym-
metrical damage in ard arcund the cvgper part of the spirnal
cord can cause @mixed-handedness, Liederman and Ccryell
{1982) =studied the preferred directicn of head +turning in
infants with and without a history of perinatal ccmplica-
tions, They £found that-children with ©pregnancy cecmglica-
" tions were 1less likely tc¢ shovw a right-sided head turning

preference than the control group. Liederman et al suggested



24

that since differences are noted before the development of
fine motor £kill, injuries sustained during gestaticn ard/cr
delivery may affect a laterally crganized subcortical. cen=

ter, ratber than just the motor ccrtex.

The ‘studies previously discusseé all concern the irci-
dence of 1left-handedness amcng individvals with kncwn pa-
thology, assuming that the dysfunction ceausing the Fathclecgy
is directly related +to the dysfuncticn which caused the
left-handedness. There is a substantizl amcunt cf empirical
support for this hypothesis. Bakan (1977) however, took the
concept of pathological sinistrality ore step further and
proposed that all nondextrality is pathclegical in cricinm..
Fakan stated that pre--cr perinatal events leading to hyrox-
ja can adversely affect the pyramidal cells in the left me-
- tor cortex, which he felt are especially vulnerable to hypo-
xia (Bakan, 1977)..

Bakan listed a number cof correlates of left-handedness,
including an increased frequency amcng males, who are more
vulnerable tc¢ birth stress, and among twins, in which hyrcx-
ja-related birth complications are more frequent (Bakan,
1978) ., He suggested that deviations frcm right-handedress
should be added to the nPcontinuum of reproductive casualty",

originally propcesed by Pasamanick ard Kncbloch, (196€6) as an
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explanatory mcdel cf the range cf effects of éathology. Yar-
ious neurolcgically-related disorders, ranging from learning
disorders to still-births, are thought tc¢ result frer a par-
-allel continuum cf pre- -and rerinatal trauma, varying in the
extent of pathological outcome. ,

Bakan propcsed that those infants whe suyrvive the effects
of pregmancy and birth complications are more 1likely tc ke
left-handed or ambilateral. This ie¢ why left-handedness is
found in excess among those affected hy other neurcpatkclo-
gical conditicns (Bakan, 1975).

Bakan went on to support his hypothesis bty studying the
relationship between birth crder, ard maternal age and sin-
istrality, citing evidence that the former two are correlat-
ed with bkirth and pregnancy ccmglications (Bakan, Dibk and
Reed, 1973).. In samples of post-seccndary students and
university students he found significantly more .sinistrals
among high risk birth orders (first arnd fourth or later)
than low risk birth orders (seccnd and <+third) }Bakan,
1971,1977). . In another sample he found that self-reported
birth stress and maternal age of thirty cr over, were ccire-
lated with sipistrality (Bakan et al, 1973) ..

Bakan's speculaticns <sparked a 1ively debate among re-
searchers which still continues. Most accepted Satz's cen-
tention of patkolcgically-based sinistrality in individuals

suffering frcr neurocpatholcgy, but fes could accept the no-
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tion that all sinistrality is patholeogical. - Schwartz. {1977)
noted that Pakan is not extending, but rather ignoring,
Satz's model, which is based cn the existence of both patho-
logical and natural left-handers even in traip damaced fpcpu-
lations.

Several studiaes question Bakan's findings of a relaticn-
ship between sinistrality and birth order or mnaternal age.
Aubbard*s (1S71) results directly contracict .Bakan's, £find-
ing left-handedness to be greater in the low risk birth crd-
ers (second- and third-bcrmn). Schwartz (1977) found no re-
lationship to birth order and proposed that dJdifferences in
results are pessibly due to classification methods, %¥ith
guestionnaires and self-report measures classifying left-
btanders differently.

Bakan (1977) argued +that Huktard's sample cf rprivate
university students were likely tc have received better pre-
natal care than Bakan's public university sample, leading to
different base rates of pregnancy complicaticns. . Schwartz's
sanple, he contended, was frcm a Canadian provincial univer-
sity with a higher mortality rate than the U.S., hence tltose
individuals with pregnancy ccmplications may be more sS€vere-
ly handicapped and nct present in a university sample. .

Bakan's findings seem to have little generalizability to
other pcpulaticns. In a study of sinistrality among Taiwa-

nese students, Teng, Lee, Yang and Chang (1976) fcund nc ef-
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fact of birth order or matermal age. Ashton's (1982) epide-
'miological study of 1818 Hawaiian families founé no effect
‘of maternal age cr birth order cn incidence of left-handed-
ness. Gne wcunld expect that an effect presunably based cn
pathology in every left-hander wculd be easily detectable in
cther populations.

Noting that Bakan (1971) demcnstrated left-handedness to
be more .likely fcr males who were of "high risk" kEirth crd-
ers, Hicks, Ellict, Garbesi and #artin (19795 attempted to
maximize the effects of risk factcrs by grouping individuals
-according tc mother's age at birth, Lirth c¢rder, and sex
into “high risk" and "low risk" grcups, but were unaﬁle to
find significant results. However Coren and Pcrac (1980),
found that twc of the birth risk factcre, maternal age and
birth order, interact; older mcthers had fewer right-handed
offspring who were second or third tern (low risk pcsiticn).
The significance of this interacticn, vwhich is present in
both sexes, is not clear, but since lcw-risk birth order is
correlated with increased sinistrality, " these results cnly
partially ccenfirm Bakan's findings.,

Oonly Leviton and Kilty (1976) support Bakan's birth crder
hypothesis, They found a "dcse-response" relationship Let-
ween birth order and handedness in boys, with sinistrality
increasing as a function of degree of perinatal risk. That

is, the risk cf left-handedness is relatively high in toth
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first and fourth or higher birth crder males and low in sec-
¢nd and third birth crders, with the most left-handers found
among the highest birth orders. This dose-Tespcnse re€la-
tionship indirectly suprorts the view that sinistrality be-
lcngs to the minor pathology end of the continuum cf regro-
duct ive casualty menticned earlier. Hcuwever, Leviton and
Eilty did not report their statistical analysis and state
that one-sixth cf +their sanple consisted of fifth grade
children who had repeated a grade, suggesting they'may be
including learning disabled subijects, thich would confound
their results.

It is otvicus that studying birth crder and maternal age
and handedness 1is one step removed fronm aétually stedying
the relaticnship ketween birth stress and handedness., Sever-
al researchers have tried to study the incidence of birth
conplications more directly by askin§ individuals akcut tle
nature of their delivery.. Bakan, Dibb and Reed (1973) asked
college students about a variety of birth stress ccnditions
and found +that nonright-handed subjects reported birth
stress about twice as often as right-handers., Schwertz
(1977) asked college students mcre generally if their preg-
nancy was kncwn tc ke normal, -withcut mentioning specific
{ypes cf ccmplications, and found nc relaticnship with sin-
© istrality. Although the twc measures of birth complications

appear to be similar (college student self-repcrt), perltars
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Schwartz's single, general guesticn discouraged students
ff&m adequately cecnsidering the issue, increasing the chenc-
es of getting negative results.

Since self-repcrt of birth complicaticns is by 1its very
nature based on second-hand information cf questionable ac-
curacy, Ccren and Porac (1980) decided that a more valid
method uould be to contact mothers directly. Icoking at
four aspects cof lateral preference (hand, foot, eye and ear
‘preference), -and birth stress, they fcund a relationship
cnly between left hand preference and birth stress.in males..
conversely, Ashten {1982), in a study of over 1800 Hawaiian
families, found a significant effect of maternal birth
-stress in offspring hand preference for females cnly.. Ccm-
paring his results with those «<f Ccren 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
nay be considered fortuitous and the data should ke pccled.
When pocled, left-handed childrer are abcut 28% more likely,
wvhen birth is accompanied by stress. However.it nmust be
noted that there-is a sex difference between the twc stréies
which may cr may nc¢t be fortuitcus.,

Relying on a mothers?! report of birth ccmplicaticns is
subject to inaccuracies as well. Nct all mcthexrs are avare

of or remember all of the events surrounding eack child's
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birth (Chamkerlain and Jchnstcne, 1%75). Smart (1980) exa-
‘mined hospital birth records and =sent ort questionnaires to
- the mothers of these children, who were by then six cr sev-
en, to ascertain the child's handedness, The cnly signifi-
cant effect related to birth Jcomplicaticns was that kreech-
delivered boys were mere likely tc become nonright-handed
than Caesarian~-delivered boys. This study prcvides mirimal
support at Lest for Bakan's hypothesis. Churchill, Igna and
Senf (1962) fcund a weak, but significant relationship bet-
ween atypical birth presentaticn and hand preference at age
two, - with lefi-handers more. likely to be born with atypical
éresentations. Although this might suggest a relaticrship
between perinatal events and subsequent handedness, chil-
dren's hand preference at age two is not highly predictive
of adult handedness (Gesell and Ases, 1947).

The data so¢ far presented provide only weak sugppert fcr a
relationship betuween birth complicatiors and handedress.
However none of the studies are prospective in nature. Even
the study by Smart relied on hospital records which were nct
.compiled specifically for research purrcses and +thus lack
standardization. Two longitudinal studies have been fper-
formed sc¢ far, cne supporting; the cther flatly refuting
Bakan. Barnes (1975) -provided some indirect support fcr Bak-
an., She fourd that the time a baby toock to establish regu-

lar breathing was a good predictor ¢f handedness at age
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thres, with nonright-handers taking 1lenger tc  estaklish
treathing. Barne¢ did not interpret these results as sup-
porting Bakén's anoxia theory, bLecause she felt that all

children estatlished breathing befcre any damage could oc-

‘cur. Rather, she proposed that left-handed baties are rore

sensitive to the rigeurs of the birth prcocess and therefore
are more likely to have a stressful birth, rather tkan the
stress causing left-handedness. Hcwever, whether or not
these children suffered even mild anoxia is not kncwn. Eak-

an at least, has cited Barmes as suppecrting his theory (Eak-

-an, 1978) of hypcxia in sipistrals. Although her study can

be commended for being prospective in neature, Barnes pea-

sured handedness when the childremn were only three years

0ld. Her results would have more significance if =ske had
waited a few years until handedness was fully established.

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

'solve the question is with a large prospective study, erna-

'iyzeﬁ data ccllected by the Naticral Child Development Study

in Great Britain. The study was set up to examihe the ef-
fects of a wide range cf obstetric facters on over 18,000
children. Handedness was assesse€d at ages seven ané eleven. .

The relaticnship ¢f handedness +to twenty-eight cifferent

-factors which might be associated with birth stress was

evalvated., Although a few perinatal factors were signifi-

- cantly related to handedness, the vast majority were not. HMc
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Manus ccncludes that the magnitude of the study precludes
any further discussion of Pakan's theory.

In sum, it is clear that the issue cf pathological left-
‘handedness has been hotly debated. There is a fair bcdy cf
literature qhich suggests that pcpulaticns with neuropathol-
. ogy often have a higher proportion of nonright-handers. of-
ten this is +the result of unilateral 1lesions, but gene¢ral
decreases in cortical functicning or nencortical lesions may
play a part. There is evidence that the degree cf dysfenc-
tion and amount of: left-handedness are ¢n a Mcontinuum of
reproductive casualty" at least for populations with krcun
pathology, such as retardates. .That all left~handedness cri-
ginates from bhirth trauma is highly douktful.

The whole debate has great relevance for 1earniﬁg Cis-
ahilities research. Major meurclcegical trauma :results in
increased sinistrality, while with minor trauma this is. less
likely., Mentioned earlier was the chservation that learning
disabled children in c¢linic populations are|ﬁcre :1ikely to
Le left-handed than these in mcre general populations. it
is possible then, +that those children in clinic pcgulaticns
with signs c¢f neurological damage are more - likely tc¢ Ee
left-handed, and further, that the incidence of left-handed-

ness increases as a function of the degree of damage.
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Beurclogical Sians

According tc Rutter (1977), dyslexia:can be-differentiat-
-ed élong several dimensions, dincluding the:presence or ak-
sence of brain damage. Although it is often difficult to
differentiate alcng this dirensicn in the absence of overt
neurclecgical disease or disorder, the distincticn.is a gean-
ingful one. Brain édamage, whether ¢f a post- or perinatal
onset, may cause specific reading and spelling difficulties,
.in cases where there is nc impaiiment c¢f general intelli-
gence.

Learning disabled children labeleé UYirain damaged".citen
do have evidence ¢f central nervcues system abno:malitﬁ, alt-
hough the .range of signs is great, and ranées free cbvicus
cases of CNS darage {as in cerebral palsy), to cases shere
the only neurological sign is incoordination.. In cne study
of the meaningfulness o¢f the 1label "brain damaged".in a
school for neurclcgically-handicapped youngsters, Hertzig et
al (1969) £found that only one-third of the children demcns-
trated hard =signs of neurclogical damage and 90% had soft
signs, with one-quarter showing toth hard and scft signs cf
~ neurological éamage.

The distinction between "hard® and "soft"™ signs is toth
qualitative and gqguantitative. YHard" signs ate findings
.that, according to Hertzig et al (1969), "have bkeen classi-

‘cally employed in neurclcgic diagncsis and include abnornal-
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ities in reflex, cranial nerve, and moter organization, la-
teralized'éysfunctions and the [fpresence of pathological re-
flexes (p.4u40})".

ugoft 'signs" are considered “Yscft" because their in-
terpretation and meaning are somewhat uncertain. There are
two major types cf soft signs. The first are ‘subtle manifes-
‘tations of classical neurological abnormalities whick, if
stronger and mcre reliable, would suggest definite presence
of brain damage. BAcccrding to Levine et al., (1980}, " these
-findings were felt to reflect evidence <¢f a mild, but.dis-
crete brain deficit, which allcued the clinician to make a
diagnosis ¢f a localized lesion, alkeit a ‘'minimal® cne"
(p.41) - .. The second type consists of signs which are con-
sidered normal within a certain age groug, disappearing ¥ith
time, but when they occur in older children, are indicative
of a develorrental delay (Levine et al, 1980) .. Accardo
(1980) - notes that one-third to cne-half of all learning di-
sabled childrer have =soft signs, suggestive cf either matu-
rational delay or zild brain damage.

Although a soft sign is interpreted without any kncwledge
of causal events, neuropathclogical evidence =uggests that
minimal cerebral lesions d&o occur at kirth and may ke res-
ponsible for the syndrcme of rinirpal brain damage. Towbin
{1971) stated that mild hypoxia incurred during the fetal-

neonatal pericd cften results in focal cr diffuse neurcnal



35

damage with ccmsegquent minimal nreurclecgic symptoms that can
be later expressed as learning, behavior, or motor discrd-
ers. The presence of soft neurolcgical signs is usvally
taken to characterize minizal brain dysfunction, while hard
“gsigns indicate more gross train damage (Nichels and
Chen, 1981).. Since some soft signs are mild forms of hard
signs (ie, mild reflex abnormalities), ninimal krain danage
and brain darage may be part of a contirpuum .cf neurclcgical
dysfunctiom. .

As mentioned before, +the idea <¢f a "continuum cof regroc-
ductive casualty" was first exrlcred by Pasamanick and
Knobloch (1966) who studied the neurological develcprent cf
premature and full-ternm infants and fcund among the preterm
sample a wide range of severity of cerebrai dsmace. They
postulated that the effects of damage tc the brain during
the pre-'and perinatal period cculd vary greatly, from
clearcut neurclogical disorders resulting ffom severe cdam-
age, to a predispositen tc miner behaviorél abnozmalities
.resulting from mild damage. Minimal brain injury, then, was
qualitatively, but not guantitatively, =similar to more sev-
ere brain injury {Fasamanick and Knctloch, 1966). .

In a recent rTeview ¢f the continuum cqncept, Rutter
{1982) - concluded that . while there is nc firm evidence su-
porting it, the idea probably dces have scme validity. Aalt-

hough there is nc doubt that subclinical brain damage can
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_produce psychological sequelae, he feels that rathk¢r severe
' damage is needed to give rise to persistent behavicral and
-cognitive deficits. Rutter nctes that studies of perinatal
brain injury suggest that pregnancy and kirth ccmplicaticns
. can lead to psychclogical sequelae even vwhen there is no
overt neurclogical disorder, bIut these results are cften
confounded with socioceconcmic disadvantage. Futter con-
'cludes that the .idea of minimal btrain dysfuncticn as bkelcng-
.ing on a continuum of reproductive casualty does have valid-
.ity, but remaimns ungroven.

The concept provides a good framework from which tc con-
sider the gquestion ¢f increased ncnright-handedness among
. learning disabled individuals. If rinimel brain dysfunctica
"is - a lesser variant of gross brain damage, then individuals
-with soft neurological signs are likely to suffer frep minor
‘neurological éamage, such as that discussed by Tcsbin
- (1971) & Since, as was previously stateé, the incidence cf
left-handedness increases as-a function of the cegree cf
neurolcgical damage, it seems rplavsable that children with
neuroclogical soft signs would be more likely to ke left--
handed than children with nermal nevurolcgical examinatioens,
but less likely than those with herd signs of reurclegical
danage.

Alternatively, minimal brain damage may not be truly =zin-

imal in natﬁre. Benton (1973) discussed evidence that: cere-
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bral 1esi§ns in chtildren must be gquite extensive or lFave
specific discrganizing properties tc precduce behavioral ab-
normalities. He felt that there is nc evidence that the
damage. in "pinimal bkrain damage™ is actuvally less extensive
that in lesions underlying cerebral palsy and mental retar--
dation. .

There .is still debate over just what scft signs Beéamn. .
According to Rutter et al (1970), althcugh there is evidence
that soft signs may be due to pevrclogical damage, arising
from, for example, pre- or perinatal ccmplicaticrs, such
signs-aﬁpear quite cften in norral children who experienced
no such conplications. If soft signs reflect such a Letero-
geneous state of affairs, then nct every dindividual with
soft signs is necessarily btrain damaged. If soft signs in-
dicate brain damage in scme, but nct all, individuals, then
even if “the brain damage is not “minimal", the predicticns
of handedness can still be made: children with hard signs
would be most frequently left-handed, followed by those with
-soft signs, and finally, those with nc neurclogical signs,
wvho would have the 1lowest incidence cf left-hardedness..
Left-handedness could increase as & function cf <either the
magnitude cr protability of neurclcgical damage.

There is experimental evidence +that subclinicel Erain
damage can lead tc increases in siristrality., Dugdale and

Jeffrey (1981) noted that there were nmore left-handers amcng
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children who had had weningitis during tkeir first year than
among sibling ccntrols. Although the authors speculate that
during early bcuts of meningitis these children may have in-
.curred left hemisphere damage, leading tc-a switching cf gma-
nual dorinance, none of these children showed any major neu-
rological or psychological findings. These children had cnly
their neurclogical histcry as indirect indications of possi-
ble brain damage, This is similar +to the case with =cft
signs, Wwhich can be thought cf as merely indicators of pos-
sible neurclogical dysfunction,

Children with Einimal brain dysfuncticn (MBD), shich is
sometimes, but not always, tased on ¥scft" neurclcgical
signs (Beaumont, 1976), often have a high incidence of non-
right-handedness. According +o the ©Fational Institute of
Neurological ©pisease and BElindness +task ferce (Clemerts,
1966), a hkigh incidence of left and mixed laterality is one
cf the specific neurologic indicators of minimpal frrain dys-
function. Beauncnt (1976), in a stvdy cf children diagnesed
as minimally brain damaged, <£ound that/they - ¥yere nct ¢nly

- less right-sided tlan the ccntrcl group, but on retesting
they were less stable in their preferences, indicating pix-
ed-handedness. These differences were found with measures
c¢f lateral preference.. On measures cf lateral performznce
(nanual speed), MBD children did nct show +the significant

difference between preferred and nonpreferred hands that
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characterized normals; perfermance with either hand was ex-
ceptionally pcor. BEeaumont interpreted this as suppcrt for
+the idea that in MBD children lateralization is less clearly

establiched, .

There is ap alternative explanaticn, however, vhich fits

the ‘pathological left-handedness model. Since envircnmertal

pressures towards right-handedness are great, these children
may be resorting to the f"clunsy 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 unreliatle, and performance measures
would fail to shcw a clear hand advantage,

The Collaborative Perinatal Froject (Nichcls & Cten,
1981) a félloqu ¢f almest 30,000 subjects, is prolkatly the

most extensive prospective study cf minipal brain dysfunc-

- tion ever done: Eased on a series of neurclogical, psyckcle-

gical and bekavicral examinations, children vere categorized
according to the presence of neurolcgical soft signs, learn-
jng discrders or hyperactivity. These uwith gross signs of
neurological damage, such as cerebral palsy, were rnct in-
cluded in the study., Manual dcrinance was examined when the
children were four and seven years of age. At koth aces,
children with 1left- or mnmixed-handedness had significantly
more neurological signs than the rest cf the cobort. Ey age

seven, nearly 16% of those with heurological soft signs had
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1eft—- or mixed-hand dosinance as ccrpared to 11% of the con-
trels (Nichols & Chen, 1981).

Individuals with soft signs of neurclogical ¢amege are
also more left-handed. The 16% rate for children with soft
signs can be compared to the 17% rate ncted by Satz- {1972a)
for populations of brain-damaged individuals. Censidering
left-handedness as varying along a continuum: of increasing T
degree or prevalence of neurological darmage, c¢ne would ex-
pect that the two values would be further apart, reflecting
the different degrees of neurclogical damage. However,
-gince the incidence of left-handedness varies accordin¢ to
the assessment prccedure used (Belment ard Birch, 1963), it
is difficult to ccmpare across studies. Additicnally, hand-
edness is not a stable -entity; children become mcre richt-
sided as they mature {(Pcrac, Coren ard Duncan, 1980b). B 16%
incidence rate in seven-year-olds may ke somewhat sealler
when they beccme adults, The guestion of .whether cor not
left~handedness increases as a function cf neurolcgical cam-
age can best ke answered in a study designed specifically

for that purgose.
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Beuropathology amd Nondextrality

Considering the contributicn ¢f neuxclogical damage to
nondextrality in dyslexia, there‘is some avidence that left-
and mixed-handed dyslexics really d¢ differ frcm their dex-
tral. countergarts. Based on extensive clinical experience,
zangwill (1960) wondered whether there might be twc types of
developmental dyslexics. Those who were left-handed cr am-
bidextrous were frequeptly. nct cnly learning disabled, but
had a higher incidence of retarded speech develcrrpent, de-
fects of spatial perception, motor clumsiness and other in-
dicators of abnormal maturation., Right-handers, in ccmpari-
son, showed a relatively pure dyslexia, without the
concomitant symptomatology.

Based on these chservations, Zangwill proposed three pos-
sible explanations. First, he thought that bcth pcorly de-
éeloped laterality and reading baéksardness could be due to
the effects of actual cerebral lesions. He mnotes in this
regard that early damage to the left hemicsphere can lead to -
either ccmplete or partial shifts of hand preference (eithsr
left~handedness or ambidexterity). Fccal neurclecgical sic¢ns,
found in scme dyslexic children, support this contention.

A second explanation is that certain children with "ill-
defined" 1at€rality have an additicnal "ccnstitutional weak-
ness in maturation" cr maturational 1lag. This is suggested

by the presence of minimal signs of neurclogical dysfunction
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in these children. zangwill inclvded left-handers anrong
those with “ill-defined" laterality because left-handers are
generally less consistent in their patterns of lateral pre-
ference.

The third explanation is that ill-lateralized chilédren
are particularly vulnerable tc-the effects of stress, such
as minimal brain injury at birth, Zangwill: noted tha£ a
history of early brain discase or nminor epilepsy is not un-
common among 3ill-lateralized dyslexics. These =stressful
events thken, can ultimately disturt the proper development
cf acadepic and perceptual-motor skills.

IYn his first explanation, zangwill. explicitly accepts
that overt neurclecgical damage can lead +to both learning
groblems and nondextrality. HBis third explanaticn, that vul-
nerability tc stressful events is a ccrrelate cf both non-
dextrality and learning disabilities, is reminiscent. cf Loth
BEakan and Pasamanick. ,Zangwill lccks at causation different-
ly, though; noﬁdextrality predisposes thke indivicual tc be
more affected by neurclogical insult, rather than bheing a
‘result of that insult, Also, he never clearly states wketh-
.er or not these stressful events lead to actual neurological
damage. This may be because Zangwill interprets mircr necre-
logicgl siges as keipg. evidence of abnormal maturation, as
presented in his second explanation, rather than evidence cf
minor damace. As stated earlier, scft signs have been inter-

rreted as representing either bhencmenon.
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.Development of Handedness

Handedness is nct immutable. Investigations of handedress
in children have found distinct develo;meptal trends; hovev-
er there is no clearcut evidence of the age at which marual
preference is established. Although mcst researchers agree
on the instability of hand preference in a <c¢hild's eexrly
years, they have nct always agreed on the age by vhich uni-
lateral preference is established. Repcrts range frcr age
ten (Belmont and Birch,1963) to five (Sinclair, 1971) and
_even younger. Mecst research implies that handedness is es-
tablished sometime in the early schcel years.

some cf the variability in these - 1eports may be due to
methods of assessment of handedness or sample variaticn.
But, more ippcrtantly, even after handedness is established,
individuals seem to become more right-handed 'with age..
Cross-sectional studies, of groups ranging frcr preschcclers
to senior citizens, consistently report a trend towards in-
' creasing right-sidedness over tinme.

In a survey of published studies, Porac and Coren {181
compared incidence rates of lateral preference measures re-
ported for various age groups to get @ gréss estimate cf
age-related skifts in handedness. 1They feound that overall
adult samples seem to be about 12% mere rTight-handed than

infant samples. Studying the guesticn directly, Porac, Cor-

en and Duncan (1980) measured Jlateral preference  in 1964
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subjects ramging from 8 to 100 years-and found that indivi-
duals teccme mcre right-sided at the 1rate of .19% per year.
They confirmed their results 3in ancther sample, compairing
preschcolers- to high school students, and fcund 12.4% gcre
consistent dextrality among the clder grcup. McGee- and Cozad
(1980) and Fleminger, Daltcn and Standage- {(1977), also fcund
increasing right-handedress with age.

The trend towards increasing dextrality is stabkle, but
difficult to¢ explain..  Prior to 1930, attitudes tcwerds
handedness favored dextrality, and it iec not surprising to
find mcre right-handers among pecple raised during that era;
but the phencmenon is not limited to individuals over fifty.
Other explanations are either envircmmental or maturational.
It is possible that: covert pressures on a nondextral irdi-
vidual forced to - cope With a dextral envircnment lead tc a
gradual shift towards dextrality. Altermatively, increasing
right-handedness may be secondary tc physioclogical chances,
such as the progression c¢f myelinaticn (Porac and Coren,
1981) .

Regardless cf the underlying meckanism, the dextral skift
can provide us with more information about pdthological non-
dextrality. An individual forced to switch - handedness be-

‘cause of scme minor nevrological insult will be wmuch less
than. likely to switch back over time¢. Theoretically, envi-

ronmental cr maturational frressures towards dextrality wculd
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be insufficient to overcome an 3innate neurclcgical kias
against it. A lcng term study of changes in handedress
should show that individuals with clear signs of mpeurclegi-
cal damage are less likely to beccme more dextral cver time..
Those with scft signs of neurclcgical damage, 1if we view
soft signs as indicators of either a.lower prohability or
lesser degree of neurological damage, wculd show a slighktly
greater likelitocd of beccming dextral. EKeeping in line vith
previous research, individuals with nc neurolcgical signs
will become ccmparatively mcre dextral over time.

Indirect evidence suggests that, at least for individruals
with hard signs of neurocloglcal damage, these predicticas
are valid. In their investigaticn cf severai clinical pcpu-
-lations Satz, Baymur and Van der Vlugt (1979) ccmpared mani-
fest left-handedness in two adult and cne child sample cf
_epileptics. Althcugh 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 c¢riteria were used fcr differentiating left-
frem right-handers, but the consistency between studies is

noteworthy. .
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Baturational lag

Nondextrality, as characteristic of ycunger individeals,
could, alternatively, be symptomatic cf a general ratera-
tional lag, respemsible fcr both the learning disorder and
the handedness pattern. Over time, those maturaticnally de-
layed individuals cculd "catch up," beccming mcre dextral.
lauretta Render was one of the first procpcnents cf the thec-
ry that develcprental ‘dyslexia is dve tc -a general matvra-
tional lag., According to Bender (1956), a maturational lag
signifies. a slowing in «cortical é¢ifferentiaticn  (Bender,
1956), Maturaticnal lag models range from postulating a de-
lay in the differentiaticn of the tsc hericspheres from equi-
potentiality (Ortom, 1937), to a delay im the paturaticr cf
the left henisphere alcne (Hisccck and Kinsbourne, 1€ET1)
In any case, children are thought to be "pnaturationally de-
' layed" because the level of their abilities .is that <¢f a
nuch younger chkild (Kinsbourme, 1%73}.

As noted earlier, many "soft" neurolcgical signs are sug-
gestive cf maturational delay in-as much as they occur regu-
larly in norral ycung childremn, but shculd not be present in
" “e¢lder children. The similarity between. immature neurclcgi--

.cal responses and inmature acadenic rerfcrmance is so strik-
ing that, as levine, Brooks and Shonkoff (1980) explain:
Througk guilt by associaticn, gany clinicians pos-
tulate tkat minimal deviaticn c¢r impature respons-

es on an extended neurological. examination reflect
‘minimal deviaticn or ikrmature develcrment of high-
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er cortical processes necessary for successful
learning..{p. 41)

The concept makes heuristic sense, but whether cr nct de-
velopmental delay 4is distinct frcm the many cther causes
- (i.e,, traumatic, socioceconcmic, genetic): of learning d4i-
sorders, including neurological factors, is delkatalkle (Pasa-
manick, 1973). . Scme researchers (Thcmpscn, 1973; Critchly,
1970) consider maturational lags to be the primary cause cf
reading disability, attributakle tc genetic, rather than
neufologicél facters, Ccnverselj; Kinsbecurne (1973) consid-
" ers develormental lags and frank neurclcgical deficit tc be
on a . continuum cof neurcpathclegy, a2 nozious influoence fro-
ducing either one or the other, depending on. its severity
and distribution. Rutter et al (1970) on .the other hand,
find that delays in some developmental functicns have weak,
‘and others much stronger, association with neurolcgical di-
sorder. According tc Rutter, becavse strength of neurologi-
¢cal associations with each type of developmental delay has
not Leen deternined, it is nct easy to separate maturaticnal
delays due +t¢ neurological discrder frcm these which are
purely develorrental, Whether cr not matérational delays
;are separate from, identical to, or part of a centinuur cf
neurological discrder, 1is clearly a matter for speculation..
Nonetheless, each of these rescarchers ccnsiders developmen-
tal soft signs ' to ke meaningful indicatcrs c¢f maturaticnal

.1lag.
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. If these children do suffer from @ meturatiocnal aelay; do
they eventually catch up? Drawing from her cliniceal. experi-
ence, Bender states that lags.in develcpment tend to correct
themselves by raturation., Critchley (1970) ccmments that a
maturational lag does not imply that potentialities are lim-
ited, and maturation may eventually =speed up.. ULykman and
Ackerman (1976) are less convinced Lecause in their lcngitu-
dinal studies a "developmental 1lag" continued well into
adclescence,

The issue is ccrplex. Satz, Fletcher, Clark and BKorris
- {1981) describe sev§ra1 different rossilkle models c¢f devel-
opmental patterns <for learning disabled children which ex-
flain how tirme of cnset, Tate and end pcints cf development
can covary. They feel there is no sinple lag cr deficit
construct; factors such as the age ¢f  -the sample can deter-
tine whether a learning disabled perforrance is classjfied
as a deficit cor delay..

A maturational 1lag model can be used to .exrlain irade-
-quate performance in many different areas of cortical func-
tioning, such as motor development, attenticn:and cognition
{Kinsbourne, 1973).. The focus cf the rresent discussicn is
manual lateralitye. The unreéqlved guestion here is whether
reading disability can be caused Ly -2 maturaticnal .1lag,
which in turn 3is reflected by a slcwdcwn in lateralization

cf manuval functions, In their study of handedness in retar-
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.dates menticned earliexr, Porac, Corer and Duncan (1€80)
found that retardates were more like preschoolers than their
chronological age-mates. Porac et al pcint out that this
could be either a maturational lag c¢r raturaticnal arxest,
retardates either progressing at a sloser rate, Or prema-
turely ceasing development. Whetber tkere is an ultinate
wcatch up” phase in a retarded pcpuvlaticn is debatable, but
theoretically possible for those with lesrning .disabilities..
$parrow .and Satz (1970) investigated laterality in nine-

. to twelve-ryear-old dyslexic childrer and found that while
'early-developing manifestations of laterality, such as Land
preference, did not differentiate dyslexics from normals,
later deveioping measures, such - as right-left crientaticn,
did., <Since these children were clder, Satz and Sparrcw
(1970) put forth a theoretical forwmulation which predicted
that a lag in the maturation of +he left hemisphere ¥ill
differentially delay those <skills shich are in . primary as-
cendency at a given age., Perceptual-mctcr skills then, will
be - delayed in ycunger children, while language and ﬁigher
cognitive processes will be delayéd in clder children, who
will have since caught up in perceptual-motor skills. 1In a
test of his hypothesis, Satz found that a lag during kinder-
garten on certain perceptual-motor tests did discririnate
children with 1learning prcblens, and ccnsequently disap-

peared by grade two (Satz, Priel and Rudegeair, 1974). Hand



£0

preference however, did not discriminate between the gIrcugs
at kindergarten age. Cther researchers tave lccked at arbi-
.laterality.in ycung children  (Kerchner, 1978, DeHirsch,-can-
cky and langford, 1966) as-a predictor of later learning
problems, speculatirg that if beth are signs .c¢f a matura-
" tional lag, they should be correlated. However neither re-
searcher found confirmation of this hypothesis. .

Commenting cn DeHirsch et al's negative findings, catz
and sSparrow (1970) suggested that rixed laterality may be
greater in groups who are younger, or .in populaticns with
more severe maturaticnal delay cr nevrclcgical damage. Eere
the distinction between ambilaterality as a sign of neurcle-
gical damage and as a sign of maturational delay beccmes
blurred. As was menticned earlier, a majecr problem with the
maturational delay hypothesis is that scme rescarchers see
it linked to, cthers totally separate frc¢m, neuropathology.
Clinic populations of dyslexics, with mere neurclegical ab-
kerations, have mcre non-dextrals, Put it is nct tctally
. clear whetter mncendextrality reflects a deficit or matura-
tional delay. BAs previously noted, it all depends cn shat
-age group is sampled. A lcngitudinal study could shed some
light on the matter.. Given that the ncrgpal course of devel-
opment is towards increasing dextrality (Porac and Coren,
1981), if nondextrality is sometimes due to patholcgy, then

by adulthocd these pathological ncndextrals shculé still be
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nondextrals. However, if ncndextrality is a sign of matera--
tional delay, then by adulthcod these individuals would have
had sufficient time +to catch up and weuld =how an .<€ven
greater rate cf change than those developing normally.

This hypothesis rests omn the assupption that a matcra-
tional lag implies a catch-up phase. BAs we have seen, tiere
- are numerous hypothetical maturaticnal models. Cne way to
differentiate between the 1lag and deficit models is tc =ay
that ‘a deficit mcdel precludes tte pcssibility of a catch-up
prhase, whereas with a lag model a catch-up .is pessitle.,
Silver and Hagin (1966) fcllowed ©up on eighteen of their
dyslexic clients, now in early adulthoed, and found that am-
bidexterity persists into adulthood. Although their resvtlts
indicate that ambidexterity may nct mattre to definite la-
terality, their sanple was subdivided into "erganic” arnd
"develormental” grcups of eight and ten subjects respective-
1y, which is probably of dinsufficient size tc detect any
other than major changes in handedness. Silver and Bagin's
subdivisions were of subjects with classical hard reurclegi-
cal signs and those with no gross. clinicel findings. .Ii is
interesting that they fcund rere ambilaterals among the sec-
cnd group, the "developmental% reading group.. Silver énd
Hagin did not.lcok at develcpmental soft signs, those normal
in young children but pathclegical in clder children, but it

'is quite possible that their grougp with no grecss findings
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did have thes¢ develormental signs. A longitudinal study
with sufficient subjects could possibly find evidence cf a
maturational “catch-up" in subjects uwith these develcprertal
signs,

Because of numerous weaknesses, 'this hypcthesis car be
only considered explcratery.. Pirst of all, there is mo evi-
dence that a maturational lag implies a "catch-up" phese..
-Even if learning disabled dindividuals remained nondextral
into adulthood, it could nct be cencluded that they are not
"naturationally delayed." Secondly, the failure of previcus
researchers tc find any asscciaticn between handedness and
later learning problems could be bLecause these studies vwere
not done with <c¢linical populaticns, +whezre the severity of
disability is likely to le greater, or, alterratively, be-
cause any maturational delaj reflected in hand preference
could have occured when the children were younger tut is not
present in clder children. .

- Additional problems lie in the rationale for using hand-
edness as a measure of neurodevelopmental immaturity. fany
researcherslli.e., Kershner, 1%78, Silver and Hagin, 1%6€)
see ‘mixed-handedness, rather than néndextrality, as a sign
of immature develcpment of lateralization, for two main rea-
sons., First, fcllowing directly frcm the Y“developmental
soft sign" reasoning, mixed preference patterns are thcught

to be more characteristic c¢f a younger child. Secondly, less
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established manual preference is considered evidence of
weaker ccrtical lateralizationm.

Neither line of reasoning is withcet its flaws. There is
eévidence that young ambilaterals most likely change tcwards
dextrality over time (Steffen, 1975). Pcrac, Coren and Dun-
can (1980a) hcwever, use both mixed- and left-handedness as
signs of possible cortical immaturity because they fcund
that young children are overall less dextral., K As uas stated
before, it is difficult to separate sinistrals from ambila-
terals because sinistrals are so inconsistent., It seems
most parsimonious to use a very strict definition of sinis-
trality, considering as left-handed only those with censis-
tent left-hand preferences, sc more variable sinistrals will
not be considered among the mixed-handers.

As for less-established manuval preference patterns Lbeing
related to weaker cerebral specializaticr, there is no evi-
dence that ambidexterity per se is related to less ccmplete
lateralization (Kinskbourne and Hisceck, 1981). In addition,
Tecent investigators suggest +that cereltral specializaticn
may not develop extensively after kirth. Cerebral asyome-
tries of posture and percepticn are present even in neo-
nates. If the two hemispheres do not progress frem a diffuse
to highly specialized state, then persisting ambilaterality

cannot reflect maturational delay.
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Despite many necessary qualificaticmg, the maturaticnal
lag hypothesis is worth exploring as an alternative explana~
tionlfor developmental trends that.could present themselves
in 1learning disabled individuals with varying degrees of

neurclogical involvement.

—— e -

This investigation will consider the follcwing hypcthes-

es:

1. Nondextrality is increased in learning disabled sanm-
ples as a function of neuropathological invclverment..
Children with hard signs c¢f neurclogical damage have
the higkest incidence of .ncndextrality, followed in
turn hy'children with soft signs, and noc neuroclcgical
signs.

2. . Nondextrality persists into adulthood., Thé lirnear
trend cof increasing sinistrality with increasing neu-
rological involvement will Le present in the =arme
sample of learning disabled children fifteen years
later. Those with no neurologiczl signs will ke as
dextral as ncrmal learners.

3. Because pathological nondextrality is invariant, as
they beccme adults, 3individuvals with no nesrological
involvement will show.a greater tendéncy t0 Leccrhe

dextral than those with neurclegical sigmns. Indivi-
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duals with hard neurclegical signs ﬂiyl be less like-
1y to become dextrals than those with soft signs.

As an exploratory hypothesis, individuals with neurc-
logical invelvement of the "develcpmental soft sign®
type are likely to show a greater change towards dex-
trality as they beccme adults than léarning disalkled
individuals with no neurclogical signs, because they

have "caught up" maturaticnally.
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METHORS

The current analysis is part of a 1arger'fé11§w-uf etudy
of 203 child@ren vwho were referred for psychclogical assess~
ment to the Oniversity of Victcria RNeuropsychology Clinic
because of learning problems. To be included in the fcllow-
up s£udy, a child was regquired. to have had a-complete neuro-
logical and neuropsychological- assessment, -a vertal cr per-
formance IQ ¢f at least 70, " nec brain damage acquired after
‘the perinatal périod, and no significant senscry irpairnents
or primary ercticnal discrders. In addition, children iﬁ-
cluded in the study must have bLeen Lbetween eight and twelve
years of.agé at time of referral £cr the first phase of the
'study, with a minimum of four years having elapsed before
follow-up. The age critericn %as relased to include sub-
jects between seven and thirteen at time of referral, fer
the seccnd phese cf the study.

Subjects were assigned to one of three diagnecstic catege-
ries,\ tased en the neurclegical rercrt received at the time
of the assessment. Children were classified accerding tc the

‘préseﬁce of hard c¢r s=oft neurclcgical signs. A hard sign was
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defined as a sign which was considered: tc be defipite evi-
dence -of brain damage in seven- to thirteen-year-old ckil-
dren. 'Soft signs are often considered tc be eguivccal irpdi--
cators of brain damage and include both deéelopmental soft
signs, such as clumsiness; and minor forms of classical tard
signs, suéh as slight reflex asyrmetries or minor choreiform
movements of fingers. Appendix 1 gives a list of the tard
and soft neurclogical =igns 53 vhich subjects vwere classi-
fied. .

Based on the neurological examinaticn, children were as-
signed to cre of three categories.

1. Brain dysfunction (group 1): Learning disakility in

conjunction with one or more hard signs of neurolegi-

cal damage.

2. . Questicnable brain dysfuscticna (g;ggﬁ 2y Learning
disability in conjunction with cne or more soft neu-
rclogical signs. _

3, No brain dysfunction (group 2): Learning disakility
with nc hard or soft neurclogical signs.

A subject with one or more hard signs woulé ke placeé in
groub 1, even thcugh he may have a number of soft signs as
“well.

A contrecl group of 52 average learners (group 4) . uas se-
lected from. the records of two senicr ard opme junicr secon-

dary school in the Greater Victoria Scheecl District. ~Eftu-

]
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dents were included if they had neither experienced learning
problems, nor had made excepticrally gced progress in ele-
mentary school. Subjects were matched with ;he learning 4di-
sakled sample for age and sex. Thke three schools were: cho-
sen to represeﬁt a mixture of sociceconcmic Lackc¢recunds to
‘best match the learning disabled grours.

The fcllow-up study was completed in two pphases. Plase
one was- conducted vhen the learning disabled group- was bet-
ween 12 and 24 years (mean age 19).. At this time, both stu-
" dents and parents were .interviewed separstely on a nunrber cf
" issues, including schocl experiences, health'prohlems; and
fapily relationships. In phase one, 48 of the criginal 203
learning disabled subjects were excluded because they failed
to meet the criteria, or were either untraceable, unakle or
unwilling tc participate, leaving 15t suljects at phase <ne,
' plus'52 contrcls.

The second phase was more . extensive, including a =econd
interview, a neurclegical examinaticr, a neuropsycholagical
. test battery and the MMEI. By this time the subjects were
between 18 and 29 (mean age 2#), Cf the 155 learning disa*.
bled subjects participating in phase 1, 119 ‘participated in
phase 2. The cthers either refused, were deceased, were uvnt-
raceable, cr lived tcc far away. Twenty-two additional sub-
jects who met the criteria, relaxed to include subjects age

‘'seven to thirteen at referral, but who had not participated
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in phase 1 were added to this groug, making- & total cf 141
learning disabled participants in phase Z. 0f the criginal
control suktjects, L1 paréicipated, the others either re-
fused, were untraceable, or lived tco far away. Five addi-
tional contrcl subjects meeting the criteria were selected

as replacemente.

Self-repert measures cf handedness were obtaineé from, tke
first interview for each éuhject. During the phase 1 inter-
view, subjects were asked if they were right- or left-harded’
and if they have always been sc¢. ' Seven different responses
were _possible, depending on direction and degree ¢f prefer-
€nce,?

The neuropsychological tests administered in phase 2 zs=-
essed-a variety cf cognitive abilities, including mercry,
school achievement, general intelligence and mnotor skills..

Bmany of the tests were chosen kecause identical ¢z siemilar

o versions had teen adrinistered in the initial childhood: ass-

essment and could provide direct ccmpariscn' data., Lateral
dominance was cne of the functicns reasvred at both times.
Subjects were given the Lateral Dcminance Examination, a re-

vised version of the Harris Tests of'Laterallnominance (Hax-

1 Strongly right, predominantly right, ambilateral, predcmi-
nantly left, strcngly left, left changed from right, and
right changed from left.
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ris, 1958). The Lateral Dcrinarce Examrination is a fourteen
item'questionnaire, addressing eye, foct and hand preferenc-
es. Cnly the seven'questioﬂs covering manual prefe;ences
vwere ‘'used for analysis. 'Subjects were acked to chow the ex-
aminer hbu s/he uouid perform various manual tasks, suct as’
cutting with a knife, or using an eraser (see RAppendix 2).
Each response was scored, giving ten pcints fcr a right-
hand, five pcints for a both or either-hand and zero pcints
forlg left-hané preference. Tctal scores range from zerc to
seventy, with zero référring to an extreme ieft-hander and
seventy an extreme right-hander.

Measures of manual performance, administered with the La-
teral Derninance Examinafion, include a. test of grip stréngth
and a test of fine motor speed. Tc measure grip strength,
the sukjects were requested tc squeeze a Smedley dynamcmete£ 
- as tightly_as Fossikle, registéring the force exerted in ki=
lograms. After a practice friai, two test trials vwere given
for eitker Land, subject's score .keing the average of the
.two trials. To assess fine motor speed, subjects were gsked
to write ltheir npame with either hand, beginning with the
~ preferred hand. Times for each hand were recorded separate-
ly.. |

For each subject a difference sccre was~;alculated, sub- -
tracting.left hand from right band perfcrmance and dividing

ky 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 dopinant hand. Dividing by the sum reduces tke chance
that scores will be distorted because cf ‘overall intersub-
' ject differences in strength or name length. .
- Mot all subjects in the seccnd phase of the study re-
ceived #li three of the tests.. TFive were unable to srite
- with the ncndominant hand., Unavailalility er failure cf the
-dynamométer acéounted for missirng data for thirteen of éhe
subjects, "and two were not given all three tests, altkcugh
no explanaticn was provided. A total cf 171 of .the 191 sub-
jects in phase two received all three tests. |
As noted earlier, a ccndition for being in the stud&, vas
rthat'eacb learring disaﬁled subject had received a neurdpsj-
chological assessment at the time of initia;lreferral. ‘the
nature'df: the assessment varied according to the needs of
the individual and not every child received the same tests.
Althbugh many sukjects received the Lateral pominance Exami-
nation, 6n1y3106 rebeived‘all @eaéures (e.g., writing time,
'grip strength, questionnaire}. Considering éach measure al-
one, 125 received the guesticmhaire, 111 the sriting time
measure;ﬁ and 136 received the grip strength test. ~ Table 1
- shows the. numker of subjects in <¢ach group with all tlree
" tests aéﬁeither'the time of referral cor at the adult asses-
ment. Alsc iﬁclude@ are the numkter of subjects with all

three tests at both assessments.

b
i
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TABLE 1

Subiject Distributicn fcr Each Assessment

Subjects With 211 Three
Tests At Time 0f Referral

Group 1 Z 3
N a1 42 23
Total N=106

Subjects With 211 Three
Tests Por ARdult Assessgent

‘Group 1 2 3 %
N 46 54 24  B7
Total N=171 '

Subjects With A1l Three
Tests For Both Assessments
Group 1 Z 3
R 33 34 16
Total N=£3
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Grip strength, a measure of gross motor strength, is
often given in cases of suspected motor weakness, apart ircm
its use as a handedness perfcrmance meastre., It 1s not sur-
prising then, that many subjects were adoinistered this tést
only. Tke questicnnaire and writing time measures are not
often administered separately. Fourteen subjects received
"the lateral dcminance gquestionpaire but not the uriting time
_measure.: of these fourteen, two were hemiparetic, twc vere
‘spastic bemiparetics and unable tc vrite, three were too un-
coordinated to write with the nondcminant hand, three did
not write their full name on one of the two trials, and for
three subjects no explanation was made for missing data. A

+otal of 106 subjects received all' three tests.
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RESULTS

Hypothesis Ome

Hypothesis one predicted +that nondextrality would in-
crease as a function of prcbable: neurcpathology in learning
disabled children. <Children with hard signs c¢f train danage
(group 1) would be the least dextral, followed in turn by
those with guestionable brain damage (group 2) and those
with no brain damage (group 3). 2As the follcwing resclts
show, the hypcthesis was nct supperted. |

Sihce handedness may change over time, it would be pref--
erable tc¢ divide e¢ach category intc twe c¢r tﬁree age groups,’
analyzing each separatelf., However, in this samgple such a
procedure would sericusly reduce the number subjects in each
c2ll. Preliminary analyses were performed to determine if it
were feasible to ccllapse across age groups. Univariate ana-
lyses of variance were performed for each categcry with tvwo
levels of age (under ten yearé and ten cr older).. Only one
comparison approached significance. For - the brain dysfunc-
tion group (Qroup 1), differences c¢n tlke writing time mea-
sure were significant at p<.065 (F=3.58, df=1/39)., This va-
lue is above, the critical value of: .(05. Therefere, all

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

Analysis c¢f Variance for Each Measure by Each Neurological
Group

Ccnparing 0lder (1C-0 to 13-11%)
with Younger (7-0C to 9-11) Subjects

Test Group F ERatio df F Prck.
Questionnaire One 2.82 1,43 .10¢
Two 44 1,48 - 2208
Three © .92 1,23 « 346
Dynamometer One 1. 17 1,49 .2é3
Twe .66 1/55 "« 420
Three .98 1727 .331
Writing Tirme One 3.58 1/40 © 2065
Two T . BY . T/40 P 4363

Three « 54 ‘ 1722 L8471
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A multivariate analysis of variance, using Rilks.lawkda,
'demonstrated no significant effect of category with the
three test variatles (F=.848, df=6,/156, p<.534) at time of
teferral.r The multivariate analysis was follcwed, post loc,

ty individual chi square tests for. each variatle, Altkcugh

" there were nc distributicnal differences, the -possibility

remained that classifying performances as right, left or an-
bilateral may produce frequency differences. For the lateral
dominance guestionnaire, a stringent clessificaticn criter-
ion was employed. Suhjects with sccres cf 70 (all right res-
ponses) were considered right-handers, those with scores cf
0 {all left recponses) - were identified as left;handers, and
those with sccres of 5 tc 65 were considered as ambilater-
als. . This strict criterion requiread unifcrm'iespcnses fcr a
classification of ronambidexterity and has been used previ-
cusly by many researchers (ie, Annett, 1970b, Porac and Cér—
en, 1981). Chi square analysis cf svbjects with data for all
three measures (n=106) did not yield significant group dif-
ferences (chi square=, 195, df=4, p<.99%5).

For the performance neasures, classification of right-,
left- and mixed-hand performances was more arbitrary. Unlike
the preference scores, which have a J-shapéd distrikution
{Annett, 1970), difference sccres of rerformance measures
generally approximate the normal distribution, with the mean

shifted towards the direction of a right-hand advantage.
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Even those individvals with generally left-handed
preferences often show a slight right-hand advantage for
performance measures (Annett, 1970). BAs a critericn fcr an-
bilaterality, the mean and standard deviation‘of the control
Qroup at time two was used, and ambilaterality was defiﬂed
as plus or Einus cone standarﬂ‘ deviation from the mean,
right- and left-handedness being all values above and telcw
this range, respectively. . Since the cecntrcl grcup sargples
from the general pcrulaticn, +they rrcvide a good reference
point from which to compare frequencies among the tiree
learning disatled groups. Using thcse.subjects with scores
for all three tests (n=106), the chi sguare for writing' time
was not significant (chi =square=6.4Q, df=4, p<.171). The
critericn for ambilaterality was ~-.19 +through =-,65, rigﬁt-
handedness' ¥as set at -.65 through -1.0 and left-handedress
at -.19 through +1.0. Rith the sriting time measure a small-
er right than left hand score indicates a riﬁht 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 positive range. . '

The same precedure was fc¢llowed fcr the d ynamometer, pro-
ducing a marginally significant chi square-(chi square=8.98,
df=4, p<.061). Based on the mean and standard devieticn of
the control group, the criteriorn for ambilaterality was

-.047 through .13, Tight-handedness was .13 thrcugh +1.0 and
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left-handedness -1.0 threcugh -,047. Unlike the writing. time
measure, @& srtaller right than left hand =score indicated a
left hand advantage, so the signs are reversed., Examinaticn
of means: {takle 3) suggests that grcup 2 is less richt-hand-
ed and nore ambtilateral than either group 1 or 3..

A second chi square was performed using an- atsclute cri-
tefion; a difference score greater than zero indicating a
"right hand advantage, a score below zero igdicating-a.left
hand advantage, and zero being arbilateral. K This chi square
wae nct significant for either +the writing time - {chi
.square=5;58, af=4, p<.23) cr the dynamometer {chi
square=2,3, df=4, p<.67) mneasures. Although fer the dyna-
mometer the first chi square was marginallj significant,
many of those who were ambilateral in the .first anal ysis

were considered right-handers in the second arnalysis, [fre-

ducing no group differences (see talkle 4).
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TAELE 3

Chi Square for Dynamometer at Time cf Referral

Critericn for Apbilaterality is Plus or MNinus Cne
Standard Deviation from the Mean of tke Cocntrgl Grcup

Right Ambilateral Left
Group One 22.0% " 56, 1% 22.0%
n=9 . 1=23 n=9
Group Tua 2. 4% £1.0% 16.7%
n=1 n=34 n=7
Group Three 17.4% 69.9% 13.0%
n=4 n=1¢ n=3
Total N=106

Raw Chi Square=8.98 af=4 pL.0€1,

Right=Difference Score'of .13 to 1.0
Amki=pifference Scocre ¢f -.05 tc: .13
left=Difference Score of -1,0 to.-.(S



TAELE 4

Chi Square for Dynamometer at Time cf Referral

Kight Axkilateral Left
Group One 58.5% 14. €% 26.E%
n=24 n=56 n=11
Group Tec: 54,8% 21, 4% 23.8%
n=23 n=9 n=10
Group Three 69.6% 8.7% 21.7%
n=16 n=2 =5

Total N=106
Raw Chi Sgquare=2, 31 af=4 p<.678

Right=Difference Score Greater than Zerc
Anbi=Difference Scere Equal to Zerc
left=Difference Score .less than Zero
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Hypothesis two predicted that: a) the same trend of in-
creasing hondextrality with increasing . likelihocd cf nevre-
pathology wculd be present at adulthcod; b) when compared to
a group of ncrmal comtrols, group 3 would be equally dex-
tral, with grcups 2 and 1, respectively, more sinistral. At
time two then, group 1 weculd be most sinistral, group 2 less
sinistral, and groups 3 and 4, equally, the least sipistial.

The first part cf the hypcthesis was testad with a multi-
variate analysis of variance, using those subjects witk all
test scores both at referral and at time +twc (n=83) ., ¥ith
this population there were no qignificant group differerces
#with the three tests at referral (F=.848, df=6, Fp<.5€4) cr
at time twc (F=1.34, df=6,156, r<.240). Thefe Was no arpa-
tent trend of increasing dextrality at either time. 2t& an
additional pcst hcc analysis, a chi square was performed for
ceach test and time of aderinistraticrn. Geing the same criter-~
ion as in hypcthesis one, there were =xc group differences
for either the guestionnaire cor perfcrmance measures.

Part B of the hypothesis was alsc tested with a multivar-
jate analysis of variance, using learning dﬁsahled (n=124)
and control .(n=47) subjects with all three .tests at time

two (total n=171 . 1B multivariate analysis of variance for
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all four groups was significant (F=2.21, 4f 9/401, p<.020)..
Examination cf univariate tests yielded a significart effect
of the grip strength measure (F=3.04, d4f=3/167, p<.030).,
Subsefs ¢f groups whose means do not differ significarntly
were deterrined bty the Student-Neusan-Keuls procedure. €Group
1 and group 2 were placed in different groupsi group 2 being
significantly less dextral on this measure than grcup 1.
For the . other twc measures, univariate anquses were not
significant (table 5)..

Post hoc analysis cf frequencies by a chi square test
proved nonsignificant, except for the dynamcmeter test. (chi
square=13.42, df 6, p<.036). Using the range of scores one
standard deviation to either side of +the mean c¢f grcug 4 as
-a criteri&n for amkilaterality, grcup 3 is more ambilateral
and less left-handed than any of the cther groups, group 1
more right-handed and less ambkilateral, and grcup 2 umcre
left-handed and less right-handed (table €). Using the cri-
*tericn of difference scores greater than, equal tc, c¢I less
than zero representing right-, mixed-, and left-hand perfor-
mances respectively, +the chi square (table 7) is no lecnger
significant (chi square=7.75, df=6, p<.25).

Although the cther univariate tests were nbt statistical-
ly significant, +the resuvlts were reaningful, , Using a less

strict criterion for left- and right-handedness,2 the frer-

2 Left defined as scores of 0 +through 10, right defined as
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TABLE 5

Multivariate Analysis cf Variance Por Rdult Assessment

Effect Test Value Approx. Hypoth. Error Sig.
' F af D.F. of F

Group Wilks - .888 2.217 9.0 401.72 .020

Univariate P-Tests from Multivariate Analysis

Variable - Hypoth. Error Hyroth. Errcr F £ig.
SS SS NS MS cf F

Questionnaire 1339.79 67728.62 4U6.60 405;56 1.10 = .350
Writing Time 606 17.604 «202 +10E8  1.92 - .128
Cynamometer «0€E5 1.206 «021 077 3.C4 :,C30

Dynancneter Measure
Student-Neuman~Keuls PErocedure

Hemogenegus Subsets

Subset 1
Group 2 4 3
Mean -«012 - .043 - ,050
Subset 2
Group 4 3 1

Mean .043 080 - ,0€3
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Chi Square for Dynamcneter at Adult Assessment

Critericn for Ambilaterality is Plus or Minus One
Standard Deviaticn frcem the Mean cf the Contrel Group

Group One

Group Two

Group Three

Grcup Four

Right=pifference Score cf .13 tc 1.0

Anbi=Difference Score of -.047 tc .13
Left=Difference Score of -1,0 to -.047

Right Anbilateral left
21.7% 67.4% 10.9%
n=10 n=3:1 n=5%
3.7% 83.3% 13.0%
n=2 n=4% n=7
8.3% 91. 7% 0.0%
n=2 n=22 n=90
n=14 =40 n=3
Total ¥=171
Raw Chi Sguare=13.42 p<.036
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Chi Square for Dynamometsr at Adult Assessrent

Right Ambilateral Left
Group Cne 69.6% 8.7% 21.7%
n=32 n=4 n=10 -
Group Txo ' 59.3% 9.3% '31.5%
n=3:2 n=5 n=10
Group Three £2.3% B.2% 12.5%
n=20 n=1 n=23
Group Four 78.7% 2.1% '19.1%
n=37 n=1 n=9
Tctal N=171
Raw Chi Sqguare=7.75 df=6

Eight=Difference Score Greater Than Zero
. ' Ambi=pifference Score Equal To Zero
". Left=Difference Sccre Less Than Zerc

p<. 256

- 15
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centage of left-handers, as measured by the lateral domina-
nace questionnaire, resembled trends repcrted in the litera-
ture. . Groups 1, 2 and 3 were egually left-handed, witk 9%
fewer left-harders in group 4. (see table 8)..

In a separate analysis of writing hand preference, as
deternined by the lateral dominance guestionnaire, +tke fer-
centages of normal and leartning disabled left-handers close-
ly resembled the 8% and 17% fiqures noted by Satz (1972) fcr
normal aﬁd patholcgical populaticns, respectively. Based on
self-rerort of writihg hand, all learning disabled groups
-are substantially more left-handed than*conirols (see talle
9) . Pooling all three learning disabled groups, there are
16.1% left-handers among the disabled learners and 6.4%
-among the ?ontrols. That the analysis was not significarnt
could ke because the effect of handedness wés too small to
be significant in a sample of this size.

This trend was also apparent in the writing time measure,
¥ith a chi sguare analysis, identifying left-handers as
those with difference scores falling below one standard de-
-viation of the mean for the contrcl grcup on this measvre.
Use of the centrel group distribution as a criterion for
handedness provided a.built-in comparison beﬁueen rcreal and
pathological croups.. The learning disahled“groups Were all

substantially, although not significantly, more left-karded

scores cf 60 through 70



TABLE 8

Lateral Dcminance Questicnnaire at Adult hssesgment

Percentages of Right-, Mixed-, and Left-Handers

Right imbilateral Left
Group Cne 82.6% 6.5% ©10.5%
n=138 n= n==_t
Group Two 83.3% 5.6% O 11.1%
n=45 = n==¢
Group Three 79.2% 8.3% © 12.5%
n=19 n=2 n=3
Group Four 93.6% 4.3% k Z.14
n=44 n= n=1

Total N=171
Raw Chi Square=4,36 df=6 . p<L.627

Pcoling Groups One, Twc and Three

Right Ambilateral . left
" pisabled 82.3% 6.5% i 11.3%
Learners n=102 n=8§ : n=14
Controls ' 93.6% 4.3% ' 2.1%
n=44 n=2 n=1
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TAELE 9

Self-Repcrt ¢f Writing Hand at Adult Assessment

Percentages ¢of Right- and Left-Handers

Right Left

Group One 82.9% 17 4%
n=38 n=g

Group Two B5.2% 14.8%
n=46 n==8

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<.4¢2

Fooling Groups One, Two, and Three

Right Left

Disabled Learrers 83.9% 16.1%
n=104 n=:0

Controls 93.6% 6.04%
n=44 n=3

Corrected Chl Square=2.00 af=1 p<. 156
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'

on this measure (see table 10). Pceling all three leaxrning
"disabled grcups yielded marginal significancé, with alrost
'15% more left-handed learning disabled suhjects‘ than con-
trols. .

Using the criterion of difference sccres greater ttan,
equal to, - or less than zero as dencting.rigﬁf, mixed, and
left-hand preferences respectively, the same-pattern exists,
A1l learning disabtled groups contain twe¢ to Jthreeltimes as
many left-handers as the ccntrcl grcup at time two (see ta-
ble 11} . Pocoling the learning disatled gfoups, the chi
square is still nct significant, hut overall there are 10%
mcre left-handers amcng the disabled learners.,

Self-report of handedness was availatle freon the guesti-
onnaire administered when the subjects were all approximate-
ly nineteen years old.. Using that subgroup of sukjects for
whom both the self-report data and time tuo..test data uere
available (n=157), a chi square @analysis was rperfcrmed.,

' Subjects were asked which hand they preferred, responses
coded according to the seven criteria noted earlier. Ko suk-
'jects reported having switched their handedness. Thke chi
square ¥as highly significarnt (sce ‘table 12) (chi
square=27.1, df=1Z, p<.007). Examinaticn of the chi square
table reéealed that mcre subjects in grcup 4 were strcryly
right-handed, and fewer predcminantly right-ﬁénded, than in

the cther groups. In fact, collapsing these fwc richt-harded



TABLE 10

Writing Time at Adult Assessment

Fercentages of Right-, Mixed-, and Left-Handexs

Critericn for Arbilaterality is Plts or Minus One
Standard Deviation from the Contrcl Grcup Hean

Fight Mmbilateral Left
“Group One 6.5% 65, 2% 28.3%
n=13 n=30 n=13
Group Tuc 9.3% 715.9% 14.6%
n=>5 n=41 n=8
Group Three 12.5% 66.7% 20.8%
=3 n=16 n=5
Group Four 8.5% 85.1% 6.4%
n=4§ n=40 n=3
Tctal N=171

Raw Chi Sguare=9.04 df=6 p<.171

Pooling Groups One, T¥o, and Three

Fight Ambilateral Left
Disabled 8.9% 70.2% 21.0%
Learners n=11 n=87 n=26
controls E.5% €5.1% 6.4%
=4 n=40 n=3
Raw Chi Square=%5.30 df=2 p<.070

Right=Difference Score of -1.0 to -.65
Ambi=pifference Sccre of -.65 t¢ -.19
Left=Difference Score of -.1% tc +1.0

80
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TAELE 11

Writing Time at Adult 2ssessment

Percentages of Right- and Left-Handers

Right Left

' ¢roup One 78.3% 21.7%

n=36 n=1¢

Group Two 88.9% 11 1%
n=48 n=6

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=5.19 df=3

(N¢ Ambilaterals

__ Reported)

p<.157

Pcoling Groups One, Iwc, and Three.

Eight Left

"Disabled 83.9% 16, 1%
. Learners n=1C4 n=20
Controles 93.6% 6.,4%
n=H44 n=3

Corrected Chi Square=2,00 df=1

Right=Difference Score Less Than Ons
Ambi=Difference Sccre Equal To Ome
left=Difference Score Greater Than Cne

£<. 156

€1
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classificgticns yields a nonsignificant chi sgquare : {chi
square=13.€, df=9, p<.135). It seems that the frequency dif-
ferences apparent in the chi square are due mere tc a great-
er number cf rtight-handers with strcng, ra;her than weak,
preferences among group 4, than to fewer left harnders in
this group. .

With the interview data, as with the cther measures, dif-
ferences between the clinical and contrcl rcpulations are
meaningful, if not significant. Pocling subjects with
strong and weak =xight-hand preferences, and those with
‘gtrong and weak left-hand preferences, the chi square is
still nonsignificant (chi square=4.83, d4f=3, p<.184), but
the relative proportions are meaningful., All three clinic
groups were two to three times as. left handed as the ccntrcl
group ({see takle 13). Ccrparing the disableh learners as a
whole tc control subjects, there are 9% more left-handers
" among the disabled learners, a proportion ccmparatle to that
found with the other measures.

Although there is no control group:fcxr subjects at time
of referral, percentages of left-handers on the lateral do-
minance guestionnaire can be compared with the percentace cf
left-handed ccntrol subjectis. This entails écmparing adult
scores with child scores, but since a post-hoc repeated nea-
sures analysis revealed no effect c¢f tine for this measure,

the ccmparison can be considered, alteit with cauticn. Us-



TAELE 12

€3

Chi Square of Self-Keported Handedness

GCroup One
Group Twe

\ .
Group Three

" Eroup Four

Strong Fredcm. Arbi. Predcm. ..Strong
Right Right left Left
54.1% 27.0%  5.4%  5.4%  8.1%
n=20 n=10 n=2 n=2 .n=3
67.9% 17.0% 1.9% 3,8% 9,4%
n=3€ n=9 =1 n=2 n=E&
65.0% 10.0% 0.0% 0.0% 25.0%
n=13 n=2 n=_0 n=0 n==.
91.5%  2.1% 0.0%  4.31  2.1%
n=43 n=1 n=_0 n=2 n=1
daf=12 E<.CC7?

Raw Chi Square=27.146
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Chi square of Self-Repcrted Hendedness

Pecocling Strong Right with Fredcm. Right,
Strong Left with Predom. Left

Right Arbilateral Left
Group Cne 81.1% S. 4% 13.5%
n=30 n=2 n=5
Group Tuo 84.9% 1.9% 13.2%
n=45 n=1 n=7
Group Three 75.0% 0.0% 25,0%
=15 n=0 n=%
Group -Four  93.6% 0.0% 6.4%

n=414 n=0 n=3

Raw Chi Square=8,229 df=6 p<.221

Pccling Groups One, Tuc, and Three

Right Ambilateral Ieft
!Disabled 81.8% 2.7% 15.5%
.Learners n=90 n=3 n=17
Controls 93.6% 0.0% 6.4%

n=44 n=0 n=3.

Raw Chi Square=3.94 df=2 p<.13¢

E4
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ing both a2 strict and a lcose criterion for left- arnd
right-handers, there are, "resrectively, seven and twelve
percent more left-handers overall, smong disakled learmners, .

- {see table 14 and table 195).
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TABLE 14

Lateral bominance Questicnraire

LD Subjects at Time of Referral Compared with Adult Ccrtrcls
(Strict Critericn fcr Questicnnaire)

Right Ambilateral Left

*Group One 75.6% 14,6% 9.8%
n=31 n=6 n=4

" Group Two 73.8% 16.7% 9.5%
n=31 n=7 n=U

Group Three 78.3% 13.0% €.7%
n=18 . 1n=3 n=2

Group Four 80.9% 17.0% 2.1%
n=38 n=§ n=1

Total N=153
Raw¥ Chi Square=2,. 81 df=6 p<.B832

Ecoling Grcups One, Tuc¢, and Three

Right Aobilateral laeft
Disabled 75.5% 15.1% . 4%
Learners n=80 n=16 n=10
Controls 80.9% 17.0% 2.1%

n=38 n=§ n=1

Raw Chi Square=2.61 df=2 p<.270

Right=70 Ambilateral=S to £&°F Left=0
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TABLE 15

Lateral Dcminance Questicnraire

LD Subjects at 'Time .of Referral Comgpared with Adult Ccntrcls
{Lcose Criterien for Questicnnaire)

Right Agbilateral left
Group One. 78.0% 12.2% 9.8%
n=32 n=%& =4
' Group Two 73 .8% 7.1% 19.0%
n=31 n=3 n=8
Group Three 87.0% 0.0% i3.c%
n=20 n=0 n=3
Group Four 93.6% 4,39 2. 1%
n=44 . p=2 né1
Total K=153
Raw Chi Square=11.38 df=6 p<.077

Fccling Grougs Ome, Tuc, ané Three

-Right Ambilatezal Left
"Disabled 78.3% + 7 5% 14.2%
Learners n=83 n=8 n=15
Controls 93.6% 4,3% é.li

n=44 n=2 =1

Raw Chi Square=5,96  df=2  p<.050

Right=60 tc 70 Ambilateral=15 ta &5 Left=0 to 1€
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Hypothesis Three

Hypotheéis three predicted that over time individeals
would become more dextral as an inverse functicn c¢f tke
protability of neurcpathology.. Subjects with hard signs
{(group 1) would show the least change to dextrality, those
- with soft signs (group 2) and ne¢ =igns (grdup.B) shouing,
respectively, increasing amounts cf dextraliéy. The follow-
ing Tesults show that this hypothesis was ncf suppcrted;

This hypothesis was explcred in tso different Ways: exa-
mining both magnitude and incidence of dextial shift armcng
the three groups. For each subject a difference score was
calculated for each test, which represented the difference
tetween test performance at referral and’timé tvwo. -

To determine if differences Letween the éroups exist in
the magnitude of change, a multivariate analfsis of variance
was performed on the difference sccres cf subjects receiving
all tests at bhoth times (n=83). Tke multivariate analysis
was not significant (F=1.23, df=6/156, p<.291).: A second
nultivariate analysis using cnly those suﬁjects for whom
change scores on all three tests vere in tﬁé directicr cf
dextrality, c¢culd not be performed, due-to éhe small number

cf subjects.
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To determine if differences betuween tke groups exist in
frequency cf change:toﬁards dextrality ot siﬂistrality, ir-
respective of degree, a chi square was pefformed fcr each
test, using cnly thcse subjects with diffeience,scores for
all. three tests. .Dividing subjects according-tc directicr cf
change (towards dextrality, no change, tcuards sinistrality)
did not yield significant differences.. Chi éguare tests for
the questicnnaire- (chi square= 3.42, 4df=4, p{.usg), writing
time measure (chi square=5.31, df=4, p<.256);énd d ynamometer
(chi square= 1.9%5, df=4, p<.743) were all nonsignificant.
Since tke expected trend was not apparent; a poest hcc rTe-
peated Neasures analysis c¢f variance'was pefformed on each
test to see shether subjects actually did becone more dex-
| tral on any <¢f the tests over time; irreséective of group

differences. Those subjects with scores on"éll three tests
-at both referral and .time twc vere used for the analysis
. (n=83), =o that direct compariscns with the multivariate
-tchange score analysics could be made.

FPor the writing +time measure the time effect was highly

significant. (F=20.77, df=1/80, p<.000), but neither the ef-
‘ - fect of grcup (F=1.1%, df=1/80, £<.320) cr tﬁe group by time
interaction (F=.3%1, df=1,/80, p<.750) were significant. Ex~-
aminaticn of group means indicates that all grougrs Leccre

.increasingly dextral cver time.on the writing time measure

- {see table 16).



TABLE 16

Repeated Measures BAnalysis fcr #riting Tiné

Source 55 DF HS F Sig. .cf F

Group -L,098 2 - .C47  -.23 - .79

Time .653 1 - L6583 20.77 000
' Groufp and

Tine 049 2 024 - .79 . - L uEE6

Group HMeans
(larger negative value
indicates more dextrality)

Time of Referral Adult Assesstent

Group Cne -. 135 s.d.=.31 -.303- s.d.=.37
n=33 . n=33

Group Two -.210 s.d.=.32 -.313-.s.d.=.35
n=34 . h=34

Group Three - 23'4 Sede=.29 -.320 S.d.=,.38

n=16 .n=16
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For the dynamometer measure, the groug {F=1.15, df=1,80,
p<.320), time. (F=.004, af=1/80, p<.950) -and group ky: time

interacticn ccrpariscms (F=.351, d4£=2/80, p<.705) were all

.nonsignificant. This was also the case with thé questicn-

‘naire measure, where the effects cf group (F=,38%5, df=1,8C,

p<.68), time (F=.349, af=1/80, p<.556), and the group Ly

time interacticn (F=2.14, df=1/80, p<.124) wére, again, - rcn-

significant.

HEypothesis Four

Hypothesis four is an exploratory hypcthesis, pestulating

-that subjects with scft signs (grcups 1 and 2) might actual-

ly become more dextral; if nondextrality can be ccmsidered
as a develcpmental soft sign which is eventuvally cutgrcewn..
since  only five out of twenty-four of the possible =cft
signs can le considered "developrental," not every child in
group 1 cr 2 exhibits developnental soft signs. Likewise, a
subject in grcup 1 may, but does nct invariably, have sone
soft necrolegical éigns. Hence, this is not a pure. test of
the ‘hypothesis and as such is consiéered“expioratcry. Since
previous. analyses, noted earlier, indicate that no differ-
ences exist between younger and older childien {ages 7-0 to
9-11, and 10-0 to 13-11) the pocled 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 wculd Lave shown
a different . pattern, OGroups 1 and 2 should actually show'
.more change .to dextrality than group 3. However, as ncted
earlier, both mpultivariate and chi square analyses were non-

'-significant., The hypcthesis was not suprorted.
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DISCUSSION

The expectation (Hypothesis 1) that incidence cf ncréex-
trality in Jlearning disabled: children wculd increase as a
function of degree of neuropatholegy was net . confirzed;
. children with hard, soft, or nc neurclogical signs vere
equally nondextral, Nor were there group differences at
young adulthccd, fifteen years 'later (Rypothesis 2a) . The
dynamometer did produce group differences, bkut not in the
expected direction. Although there is some guesticn as to
the validity cf the +iwc perforrance measures--the dynamcme-
ter as a handedness performance measure. in general and wvrit-
ing time as a measure for learning disabléd populations=-
-failure to f£ind group differences in the lateral demirance
questionnaire confirzs +the negative findings with the per-
fcrmance measures.

The ‘compariscen c¢f learning disabled subjects at time two
with contrcls, however, yielded a meeninc¢ful, if nct statis-
tically significant, result.. Llearning disabled subjects as
a whole were more sinstral than:controls. Sinistrality is
greater amcng clinic-referred learning disabled sukjects ir-

respectivé of degree of meurcpatholcgy..
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It was anticipated that from middle childhocd tc aduelt-
hood subjects would become more daxtral as an inverse func-
tion of neurcpathclegy (Hypothesis 3,. Fathological left-
handers: should be less likely to show tke usual develcgpmen-~
tal +trend towards dextrality. There %ere nc¢ group
differences ir either directicn cx pagnitude of manual
shift, oOnly cn the :sriting time measure did subjects,. drre-
‘spective of greup membership, shcw the anticipated shift to-
vards dextrality.. Eecause there was nc contrel croug for
this analyéis, i+ is nct known whether the dextral shift
" would evén be apparent in a normal population over this time
span, or if possible confounds in the scoring method masked
the effect. . However, failure to £find group differences. is
corroborated by. the lack cf group differences at either time
of referral or at the adult assessment.

Examination. of change scores (discussed in Hypothesis 3)
rrevealed that subjects with develcpmental soft signs (gIcups
one and twe), whc might be expected to gc through a develop-
mental "catch up" phase, 4id not show more change tcwards
dextrality (Hypothesis #4) than group 3. "Since scft sigrs as
-a whole :did not shew any improvement, it is not surprising
that these subjects failed to develop more mature, that is,

more dextral, handedness.
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The ccmparisoh of learning disabled subjects at time two
with normal controls, was meaningful, if not statistically
significant, The relative proporticns cof 1éarning disatled
and control subjects identified as .left-handers cr a .nunbher
of measures, closely paralleled the figures éf seventeen and
"eight percent, for pathological and normal'populaticns re-
spectively,  ncted by Satz (1%72).. ' -

Satz's figures vere based on data frcm epileptic and re-
tarded populations: with known-neuropathology;‘ln the current
study, learning disabled subjects were more sinistral than
controls irrespective of neuropafhology.,'StudiGS'which kave
found more sinistrality amcng learring disabled populaticms
vary in the exact percentages of sinistraliiy reported bhe-
cause of varying assessment procedures. Nénetheless, the
current study found abecut ten percent mcre éinistrals-among
the learning disabled subjects, an averzge difference simi--
lar to meost studies..

The exact percentages of left-handers varied frem test to
-+test, but the relative surplus ancng the.léarning.disahled
group ' remained consistent, with albout ten percent 1nore
left-~-handers among the. learning disabled subﬁects.ﬂﬁven kith
a moderately large sample size (n=171), the effect dces nct
appear to be strong enough to xreach statistical signifi-

cance, However, =since the relative percentages of learning
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disabled and control subjects so closely parallel previcesly
reported figures, this finding amcurnts to a replication of
previous work. Learﬂing disabled sutjects in-a clinic sam=-
ple, as young adults, are less dextral than - their nondisa-
bled counterparts, irrespective of degree of neuropatkelecgy.

The analysis of the self-report neasure of hﬁndedness was
statistically signifiéant.‘ Grcup differences between learn-
ing disabled and control subjects in degree of right-hanéed-
ness were fourd; ccntrel  subjects vwere much' less likely to
be weak right handers. Given a greater number of subjects in
the two right-tanded cells cf the'chi square, it is not sur-
prising that significance was achieved cn the basis of tthese
two classifications, ~rather than cn the basis of a right-
hand /1eft-hand cemparison. This finding indicates that if
there had teen mere subjects, a“righi-hand/léftrhand,comparw
ison might also have been significant. Theofetically,-it.is
not surprising that right-handed 1learning disabled subjects
are less strongly right-handed than the contrcl sukjects..
Dsing a strict criterion for‘right-handedneés, these %eak
right-handers would ke considered agbilaterals., This result
fits in with previous findin%s. cf more &ixed;handeéress
among the learning disabled: (i.e., Harris, 1957).

it is unfortunate that there was no ccntrél'group at time
of referral, so that relative percentages of sinistral

1earniig disabled and ncndisabled 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
scores of adult controls, there are an average of seven to
thirteen percent more left-handers among the learning disa-
bled sample, depending upen thé .criterion ﬁsed. Since it
would be preferable to' use scores of ncrmél .childrer fer
compérison, only tentative conclusicns can be made, FLut the

trend supports the adult findings..

e -l e e s - S e A

Returning'tc the firsf hypothesis, alth&ugh the overall
nultivariate snalysis of subjects at time of referral wvas
not- significant, the dynamometer measure considered indepen-
dently"ih‘a chi square analysis does produce marginally sig-
nificant group differences. During the adult assessment, the
effect ‘was even strcnger, 7yielding a significant multivari-
ate analysis -due. exclusively to' the dynamcmeter measure. Ex-
amination of means indicates that group 2 was significartly
iess dextral co¢n this measure than grcup 1 at both assess--
rents. .

Although significant, within the context of manual pre-
ferences this result is not very ceaningful. . From the hy-
pothesis, group 1 would be expected to be less dextral than
group 2. These findings are not svrprising, considering the

dynamcmeter's poor record as a measure of lateral prefer--
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ence. Relialility over fifteen years, in a separate study
of this same population, was only .365 (right hand) and .362
{(left hand), two of the poorest reliakility coefficients cf
any test in this pcpulaticn (Sarazin and Spreen, 1SE3). In
a factor analytic study of handedness measures, Barnsley and
Rabinovitch. (1970) fournd that the dynamometer has cmne cf the
lowest factor loadings *(.38) of any test considered. The
dynamometer is generally used as @ measure of gress pmcter
strength. .These unexpected group differences could be due to
a number of factors unrelated to lateralizaticn c¢f rarual
performance per se. That the writing. time measure, with a
much higher :(.83) - factor loading (Earnsley and Rakincvitch,
1970) does not precduce such group differences, lends credi-
bility tc the belief that the dynamcmeter may not be appro-
priate as a manual performance measure.

Alt hough the writﬁng time measure may be .2 better perfor-
mance handedness measure, a note cof caution 1is pecessery.,
Writing sgpeed may be confounded wxith +the nature of the
learnirg disability; those with developmental agrephia may
show. a less lateralized performance than thoée for «shom
writing cne's name is a well-learned skill., With-a learring
disabled populaticn, a non-academic dexterity measure, such
as a pég-moving task,. may be more valid. Although the writ-
ing - time measure should be considereé with reservations, the
trends observed were confirmed by the lateral deminance

gquesticanaire.
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Performance Criteria

Handedness is a ccntinuum, but for purposes of discussicn
it is often ccnvenient tc trichotcrize scores into left-,
right-, and mixed-hand performances. As notéd earlier, the
choice ¢f critera should be based cn +the  theoretical gques-
tion posed. In this study it was not impcrtaﬁt to define ex-
act percentages of left- right- and sixed-handers, but rath-
er to examine ghe learning disabled groups- relative tc. each
other and to the nondisabled gpopulaticn. Two different
criteria for handedness were used. The first utilized the
distribution of control subjects to define  cutoff sccres,
while the seccnd used an absclute criterion, considering
cnly the direction of the difference sccres., The first.cri-
terion, althcugh fereing the prepcrtion of right- and left-
handers. in the ccntrcl group to be aprroximately egqual, did
allow for exanmination of group frequency differences rela-
tive to the distrituticn in a ncndisabled sample. Using this
criterion, the chi square for . the dynamcmeter nmeastre at
time two corroborated the univariate test findings.

Although the second critericrn is a:purer <reflectice of
actual performance differences, it was not sensitive +to
group differences cn the dynamcmeter measure. That self-rro-
claimed amkilaterals often demonstrate a right-harnd advan-
tage, so that group means are skewed tc the right, dis. nct

considered. the first criterion, althcugh arbitrary, seens
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both conceptually appropriate and adeguate for detecting

group frequency differences. .

"Sex Differemces

Tdeally, in a follow up study all subjects should have
scores for all measures at both times to protect against bi-
ases produced by subject loss. In the current study this was
not possible; a subgroup of subjects with sccres or all
tests at both times was needed to examine grodp trends cver
time., A necmber of biases could be- presernt. in this -subgrcup.
Previous studies suggest that males may be more sinistral
than females (ie, Smart, Jeffrey and Richards, 1980). EFlt-
hough the ratio of males to females in tke twe larcexr grcups
of subjects, with all three sccres at either time. of refer-
‘ral or at time two, was the same across groups, this was nct
true for the sraller subgroup, with all: three scores at Loth
assessnents, In this group there were a dispropcrtionatly
_large number of females in group three.? Portunately, - this
bias in the data should serve to strengthen the anticipzted
trend. .Group thkree should be ccoparatively more dextrel than
:the other groups because of either the predcainance of fe-
.males or the paucity of patholcgical : left-handexrs. Since

:this trend ®as not noted, the possibtle confound car be dis-

3 Group three was fifty percent ferale, ' vwhereas groups one
and two were each twenty-five percent female.,
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missed.

Subject Loss

Selective lcss ¢f =subjects can arise from external fac-
1 tors, such as equipment failure . cr experimental error, or
from subject factors, such as refusal to participate ¢r an
inability to complete a test. Inability to complete a test
.is most likely to introduce a Lkias into the data, excluéing.
those subjects whc are more impaired. . Fcur subjects at time
of referral and six subjects at time twc were excluded be-
-cause they were unable to -write with their nondominant hand
and could not complete the writing time test. The restricted
sample of sulJects with - all tests at both times excludes all
. ¢ these subiects, of which only cne~was excluded at Loth
times. According to Eishop (1980) these subjects, withk a hy--
pofunction of the norderinant hard, could likely be patholo—l
gical left-handers., It is unfortunate that writing time, a
difficult test for some, was selected as a perfersance rea-
"sure, A better measure weculd be cne that could be performed
.even' with substantially reduced functioning of the ncnécri-

nant hand.,
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Change’ Scores

Analysis of change scores revealed nc grcug differerces
in either magnitude or frequency. of dextral shift. Giver tke
failure to find group differences at both time of referral
and young adulthood, these results are nct surprising. . How-
ever, change scores may have been hiased due to the nature
cf the difference sccres. . Difference sccres (r-1/r+l), cal-
culated so that the difference Letween Lands was civideé by
the sum of the two hands, attenpted to compensate for indi-
vidual differences in overall ability. However, when ceneid-
ering a single subject over time, increzses in-ability with
:either hand (such as grip strength) may. not increase in pro-
portion to ' right- minus left-hand performance differences..
Oover time, increased nuscular develcrment results. in a high-
er perfcrmance baseline, irrespective of lateral performance
differences. . Since the difference score is:computed Ly di--
. viding by the total performance, a larger value in' the deno-
.minator results in a smaller difference score; witk a
right-hand advantage this means a 'scoere closer to sinistral-
ity. .Since most subjects have a right-bhand advantage.cn per-
formance measures, cverall change sccies may be biased by a
rossible tendency for adult scores to be more in. the direc-
tion of sipistrality than childheccd scores.

For the writing time measure, at least, this was nct a

problem. Repeated measures apalysis cf variance demonstrated
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a highly significant dextral shift over time. Ccnsidering
the differential amount of writing practice acquired by the
dominant hand, generally right, this is net a surprising re-
-sult., However, for the dynamometer measure, this may lave
been a - confound, for, as noted earlier, there were not
encugh subjects switching towards dextrality cn -all tlree
measures to perfcre a multivariate amalysis.

Ceiling effects of +the questionnaire  measure ray also
help explain why so few subjects becane more dextral; ¥ith
only seven handedness questions, mrmany manval tasks vere ex-
cluded. Even if an individual receiving a sccre of 70 ca
the questicnnaire 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 &ex-
trality. .

Although the failure to find group differences at. either
-¢childhocd or adulthood indicates that this possible built-in
- ginistral shift probably d4id not affect the results, it is
. important to note its biasing effect in developmental stu-
dies, in light of the popularity of this method cf calculat-
-ing difference scoies.,

No dextral shift was noted for any of the grcups, .except
.on the writing tine measure which was probably contaminated
by practice. effects. It is - unfortunate that:change sccres

for the ccntrcl pepulation swere nct available., Without a
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control populaticn it is impossible tc say whether the cex-
tral shift was just not aprarent cver a moderately short
-time interval, or if the possible sinistral bias.in ccrput-
.ing difference scores, and possible ceiling effect of the

questionnaire, disguised any dextral charnge.

Change sccres were analyzed, not only to see if pathclo-
'gical left-handers would remain .left-handed, bYut to deter-
mine if those with develormental scft =igns would “catch up"
and become mere-dextral., Although mixed-handers have keen
the focus of rost maturaticnal delay studies, the current
methcd of analysis looks at relative shifts towards dextral-
ity among all subjects. A separate analysis of mixed-handers
would seriously reduce the number of sulkjects. Althouch a
maturing mixed-hander can beccme more sinistral, =since nmost
individuals are right-handed, it was assumed that for the
majority the shift would be towards dextrality, kence tle
focus of this analysis. The hypethesis was not supported for
a number of possible reasons.,

As Satz and Sparrow (1%70) ncted, mixed laterality may ke
greater in groups vho are younger, or in populaticns with
neurolcgical damage. The first part of this hypothesis was
not examined.,  Although analyses ¢f subjects under and cver

age .ten at time of referral showed no differences in decree
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of nondextrality, Satz and Sparrow vwere referring to chil-
dren under five, who were not the focus of this study. Group
differences may exist in much younger sukijects. .

Alternatively, a maturaticnal lag may not .precede a catch
up phase. . Soft signs in general, and developmerntal soft
signs in particular, may not indicate  a neurological status
which eventually matures, In-a separate analysis of the sarme
learning disabled pecpulaticn, Hern, Simpson and Spreen
(1983) found that soft signs do not necessarily disappear
cver time; in fact, occurence of soft signs increased. . Of
the five develcprental soft signs, 4 orly one showed any im-
provement after fifteen years. It 1is not surprising tken,
that groups c¢ne and twe did nct become significantly. less
dextral., . If ncndextrality arises from a state of neurologi-
cal immaturity, it is not likely to improve over . time if
other soft  neurclcgical signs persist. That at: adulthood
such. large .differences between <+the percentage cf sinistrals
in the ' learning disabled grcup as a whcle and the control
group were noted, is a further indication that nc.catck up
phase occurs.

The .maturational lag concept may still be-viable if, as
some researchers (ie, Thempscn, 1971 =suggest, the lag is

not due’ to neurological factors. In this case, dividing sub-

Synkenesia, Incocrdinaticn, Disdicdechckinesia, Simultag-
nosia, Graphaesthesia
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jects according to neurological status will nct prcduce
group differences. Ferhaps some other variakle c¢an Lketter
distinguish maturaticnally . lagging subjects £from those in

"whom no delay exists.

Conclusions

There- were proportionately fewer sinistrals amcng the
controls than among clinic-referred learning dissbled s=uk~
jects. Although this finding is nct unexpected, the reasons
for it are unclear. . It was anticipated that neuroratholcgy,
being more ccopon in clinic than gereral populatioms, cculd
account for reports of mcre learning disabled sinistrals in
:the former population, but not in the latter. .

The Eoncept cf pathological left-handedness is well es-
tablished for populations with hard neurclogical ﬁamage:(ie,
Satz, 1972b, Satz et al, 1979 and has been demonstrated
among those wWith soft neurological signs (Nichcls and chen,
1981). .Blthough it was expected that nondextrality wculd in-
crease as a function of degree cf.reurcrathology, this was
not confirmed. Even the subjects in group 3, with ro nevrec-
logical signs, were as nandextral as their counterparts with
neurclcgical signs.

There are a nunmbher ¢f possible .explanations., 2As stzted
earlier, =since this is a clinical population, ©rerhaps ron-

dextrality served as a "warning sign" for teachers and phy-



107

sicians, possikly leading tc mcre frequent referrals. Alt-
hough in the past ten years this practice seems to have be-
come less popular, these subjects were seen an average cf
fifteen years-égo, whken this bias mray have affected the sub-
ject selection. A replication on a similer populaticn refer-
red more recently might answer this cuestiocn,

Alternatively, the possibility exists that neurclc¢gical
damage, irrespective of degree, might ke a contrikuting. tac-
tor. Althoughk sutjects in group 3 had no soft or hard neuro-
logical signs at the time of referral, this does nct pre-
clude the possibility that they cctld have incurred sone
£ild neurological ‘damage., An- analysis cf the persistence cf
neurological signs, performed by Hern, Sinpson and Spreen
{1983), indicated that subjects in group 3 did nct regain
without neurological signs, When they reached young adult-
hood, - 72.5 percent cf -these suhjecté had scft signs and 11.8
percent had hard signs of neurological demage. Althkcugh:reu-
rological status changes, the percentage of sinistrals, - as
measured by the guesticnnaire, dces nct increase, remaining
as high as in the other two gréups at toth times.,s It is
possible that subjects in this grcufp suffered from some mild
neurclogical damage which went undetected at the time of the

first ezyamination, reflected in the bkigh incidence cf siris-

5 Using a strict criterion there are 12% sinistrals at Lkoth
times. .Hith a more relaxed critericn,:there are 18% at the
time of referral and 12% at time two.
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trality at kctk tigmes.

That sinistrality increases as a function of decreasing
cortical integrity has béen demonstrated. in retarded pcpula-
tions, with a nuch greater amcunt of neuropathology. Group-
ing severely retarded with profoundly retarded, and rildly
retarded with moderately retarded subjects, Hicks ard Barton
{1975) found less dextrality in the mcre severely disakled. .
Differences in dextrality betveen groups one and two cf the
current study ray not be detectable, because differences in
the amount of neuropathology is not as extreme as in the
Hicks and Bariton study.

Subjects in group 3 may have suffered some £ild danrage
which was not severe encugh tc¢ be detected until adulthcod.
They too, may have suffered just enough damage t¢ be frcne
to a patholcgical switching of handedress. In-a normal papu--
lation sinistrality does not seem to increase as a function
of possible mild perinatal damage {Mc Manus, 1981). Hith a
learnifg disabled grcup, .including.thcse with. no overt neu-
" rologial signs, the possibility of subtle neurclocical. dam-
age may ‘be greater, especially =since a substantial portion
of ‘these subjects later manifest neurclegical signs., It is
still not known exactly how much darage is needed to procuce
pathclogical 1left-handers, but the amocunt may ke gquite

small.
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In conclusicn, these results sust ke interpreted- with
.caution. Although the percentages are sirilar to those fcund
in other studies, there were mno significant differerces fet-
ween disabled and ncrmal learners in incidence of sinistral-
ity cn any of the tests, The exact percentages vary frcm
test to +test, but cn all but the dynarcmeter measure the
difference of about tem percent between 1learning disatled
and control subjects is maintained. OCverall, the results
suggest that there are fewer dextrals amocng learning disa-
bled subjects in a clinic populaticn, irrespective of degree
of neuropathology, and that these differences- are maintained
over time.

That clinic-referred learning disableé sukjects are more
sinistral, regardless of overt neurcrathclogy, mnust be:con-
firmed in ancther population.. B larger sample size is need-
ed; the base rate of sinistrality in the general population
is g0 louw that many subjects are needed +to detect signifi-
cance, ., The clinic pcpulaticn shculd ccnsist of children re-
ferred recently, - by physicians and teachkers whc dc nct:.con-
sider nondextrality to be a "warnirg sign" of pathology. A
valid, non-academic performance measure ¢f handedness, wtich
can be perfcrred even by those with substantially redcced
functioning, such as a peg moving 'task, should be used so
that those with possible hypofunctioning of the ncrdcmirant

hand can le detected.. If +the previcus findings are con-
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firmed and sinistrality is higher among all +three learring
disabled grcups, +then it can ke postulsted +that smpall am-
cunts of neurcpathclogy are needed tc cause pathological
left-handedness, but +that large amounts- are needed Lhefore
pathological left-handsdness increases significantly. To
study the persistence of nondextrality intc adultheccd, to
'see if pathological left-handedness impairs ncrmzl matura-
tion, it +vould ke necessary 'tc first confirm +the dextral
shift in a normal population., Given an adequate difference
score formula, or, ideally, a performance measure unaffected
by develcpmental - trends, the persistence of pathclccgical

left-handedrness can ke established,
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spasticity

ABsymmetrical
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S1light

Unsustaineég,
unilateral

Slight

Slight

Slight

Mild
spasticity

Mild kilateral
weakness



15. .Diminished or
Hyperactive

Tendcen Reflexes

16. _ Ankle Claonus

17. .Babinski Sign

18. .Synkinesia
{develcpmental
soft sign)

19. Incoordination
(developmental
soft sign)

20. , Heel/Knee
testing

21.  Intenticn Tremor

22. Disdiodocho--
kinesia
(developnental
scft sign)

23. Bnesthesia

24, Simultagnoesia
{developmental
soft sicn)

25. .Position Sense

26, Grarhaesthesia

{develcrmental
sof t sign)

Hard Sign

Grade 2 unilateral
Grade 3 uni or
bilateral

sucstained

Right, left,
bilateral

soft sign only

Marked

Marked

Marked

Markgd

Very Marked

Unilateral

Rarked

coft sign only

Se
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£t Signs

Grade 1 uni
or bilateral,
Grade 2
bilateral

Unsustained

slight

Slight

Slight

$light

Fcderate ct
Slight

Eilateral

Slight



2. r

3.
4,

5.

T, .

s

"Show

Show

Show

Show

*Show

Show

Sho¥

ma

ne

ne

ome

me

e

me

=
1o}
e

how
heu
how
hew
how
hecw

how

L

[T

1

you
ycu
you
you
you
ycu

you
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APPENDIX 2

ominance Examinpation

throw a kall.
hamzer a nail.
cut with a knife.
turn a docr knob.
use scissors. .
use an eraser,

Wwrite ycur name.



Surname: Salter Given Names: Karen Michkelle

Place of Birth: 1lcs Angeles, (A

Date of Birth: June 2€, 1¢58

Educational Institutions Attended, with Dates of Entering
and leaving:
Stanford University, CR 1975 to 1979

University of Victoria, B.C.. 1981 +to 1983

Degrees, Diplomas, Etc., Awarded, with Dates and Names.cf
Institutions:

B.A. {(With pistinctien) 1679 Stanford University

Honors and Awards:

‘Oniversity of Victoria rellowship, 1982/€3

Fublications:



A

I hereby grant the right to lend my thesis or dissertation (the
title of which is shown below) to users c¢f the University cf
Victoria Library, and tc make sirgle ccpies only for such users
or in response to a request from the library cf any othex
university, or similar instituticn, cn its behalf or for one

of its uveers. I further agree that permission fer externsive
copying of this thesis for scholarly purpcses may be granted by
me Or a member of the University designated by me.. It is
understood that copying or publicaticn of this thesis fcr

financial gain shall not be alloued withcut my written permission.

Title of Thesis/Dissertation:

f Neurgclogical Invelvement in- a

Clinic-Feferred sample of Disabled Learners

Author

aren Michelle Salter

August 5, 1983





