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ABSTRACT 

This study has investigated hand preference in Young children with autism, 

compared to matched developrnentalIy delayed and normally developing children. In 

addition, it exarnined the relationship between hand preference and the fo1Iowing 

variables: fine and gross motor skills, receptive verbal ability and ment .  age. The 

results indicate that the lack of development of a hand preference in autistic children is 

not a function of their cognitive delay, and also does not appear to be reIated to a lack of 

motor developrnent. Distributions of hand preference were similar for the children with 

autism and normally developing children of the same developmentai Ievel. Children 

with autism with a definite hand preference have better cognitive. verbal and motor 

functioning. f i s  pattern was also seen to a Iesser degree in the cornparison groups, but 

did not reach statistical significance. Severi9 of autistic characteristics was not related 

to degree, or classification of hand preference. 

..- 
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Autism is a diagnosis under the urnbrella term of Pervasive Developrnental 

Disorders, which is characterized by pervasive and severe deficits in communication, and 

sociaI skdls, and inchdes the presence of abnomai repetitive and stereotyped 

behaviours. Appro'rimately 5 chiIdren per 10,000 have Autistic Disorder. Improved 

cognizance and recognrtion of the disorder has brought individuals with autisrn 

increasingly into the pubiic focus. Autisrn is one of the most researched topics in c hiId 

psychology, despite its relatively low prevalence rate. This rnay be due to the mystery 

that persists about the disorder in regards to its origins: and perhaps due to the chiIdren 

themselves, who are outwardly ofien normal in appearance, but inwardly appear to reject 

the essence of what make us social human beings. 

There is no cure for autism, aithou& early intervention has been instnimental in 

increasing some skills in children who have been identified with autisrn at an early age. 

Pinpointing other areas of need in these children rnay suggest where M e r  intervention 

rnay be required. Also exploring measures that may heIp to predict future functionin_o 

can only increase our understanding of the disorder. ïhe  main purpose of ths study was 

to examine hand preference in young children with autism, and whether the lack of 

development of hand preference rnay be related to verbal, CO-onitive and motor 

functioning. On the basis of these results, predictions about future functioning may be 

hypothesized, and suggestions for areas of earIy intervention may be identified. 

Research in the area of hand preference in individuais with autisrn, and wltfi any 

group of individuals in seneral, has shown inconsistencies, mainly because of the Iack of 

reliable and consistent measures of hand preference, and the vviety of classification 

criterion used in studies (Bryson, 1990). It has been difficult to draw concIusions 

regarding likely pattern of cerebral lateralization from these studies, when 



misclassification c m  resdt in a very different distribution of preferences. Conclusions 

regarding patterns of brain dysfunction may be inappropriate; for example, if a chiid is 

called left handed when a classification of arnbiguous hand preference is more 

appropriate, a diagnosis of Pathologicai Left Handedness may be incorrectiy assumeci as 

well as an assumption of unilateral damage to the brain, instead on bilateral (Harris & 

Carlson, 1983). A second purpose of ths study was to employ a diabLe instrument to 

classifi hand pretèrence (Le., the Hand Preference Demonstratiori Test: HPDT, Soper et 

al., 1986) which has been used in several other studies. This instrument not only gves a 

classification of hand preference, but also alIows handedness to be viewed as a 

continuum. Hence, degree of handedness can be expiored, as well as consistency of hand 

preference. 

Research involvins abilities of children with autism, by necessity, has to use a 

cornparison grooup of children. The majority of children with autism have a cognitive 

deficit. Therefore, in order to control for mental and physical development and years of 

experience, the controI group most ofien used is chronoIogical and mental age matched 

children with deve1opmentaI delays (Fein et al., 1984). However, few shidies have 

actually docurnented hand preference reliably in this group, especiaily in relation to other 

abiIities, such as motor skilis. and Ianguage abilities. Therefore, another purpose of this 

study is to document the distribution of hand preference in a group of children with 

developrnental deiays using the HPDT. 

Research that has looked at the hand preferences of children with autism, has 

found an increased prevalence of left handedness (approximately 18%) and a significant 

percentage of children who appeared to have not developed a hand preference. In other 

words, they had an ambiguou preference, as opposed to being ambidextrous, where 

there is consistency of preference within but not across tasks (Soper et al. 1986). It has 



aiso been suggested that ambiguously handed children with autism rnay have Iower leveli 

of cognitive functioning (Fein et al. 1985), aithough there has not been a systernatic 

exploration of other abilities. Research in this area looking at normaIly developing 

children h a  also suggested that ambiguous handedness may be associated wïth Iower 

IeveIs of verbal ability (Annett. 1970), and Iower cognitive and rnotor performance in 

preschool children (Kaufman, Zaima, & Kaufman, 1978). However, there are several 

studies that have not been supportive of arnbiguous handedness indicating impaired 

abilities (for example, Newcombe et ai., 1975). Kence thïs study seeks to expIore the 

issue of handedness in young childreri with autisrn, children with developmentaI delays 

and normally developing childrea and clariQ the question of what association 

arnbiguous handedness rnay have with ability measures in al1 three groups of children. 

What is Autism? 

Autisrn is developmental disorder? which is reported to occur in the population at 

rate of 4 to 5 per live 20,000 births, although the Iatest fi-mes released by Bryson, Clark 

and Smith (1988) sugsest that the prevdence may be doubIe that which was previously 

reported The drsorder is anywhere from 2.5 to 5 times more common in boys (Bryson et 

al.; Lord, Schopler, & Revicki, 1983). Currently there is no known etiology underlying 

the disorder, althou& various expIanations have b e n  put forward as theories for autism. 

Theories of Autism 

One of the earfiest theories explainhg the development was psychogenic 

(Bettleheim, 1967), suggesting that the disorder was a resdt of the social environment 

provided by parents. There is IittIe empirical evidence to substantiate this theory 

(Cantwell, Baker & Rutter, 1978; Rimland, 1964). It is now generally accepted that 

autism is a neuroiogical disorder (Fein, Pennington, Markowitz, Braverman & 



Waterhouse, 1986); however, researchers have been unable to pinpoint a particular 

neurophysiologicai or biochernical abnorrnaiity specific to autisrn. Twin and family 

studies suggest that the disorder has a strong genetic cornponent (Srnalley, Asarnow & 

Spence, 1989). Research in the last seven years has suggested a genetic liability for a 

range of social and cognitive irre-darities in families with an identified autisric mernber. 

The abnomdities, sirnilar to what is seen in autism, occur in family rnembers with 

normal intelligence to varying degrees of disadvantage (Bailey? Phillips, & Rutter- 1 396). 

Thus, there rnay be a broader autistic phenotype. 

Aitken (1991) has suggested that autism rnay be a result of multiple aetiologies, 

that tead to a finai cornmon pathway (equifmality). These causes wouid include genetic, 

virai. and organic insuits. However. it may be the timing of the insuit at a critical stage 

of fetA development which causes the spectnim of behaviours we know as autisrn. 

Impairrnents Associated with Autism 

Wing and Gould (1979) suggested that the irnpairments seen in individuals with 

autism codd be descnbed as consisting of a triad of impairments: impairment in 

nonverbd and verbal communication, impairment of imaginative activities and 

impairment in social abilities and relationshps. Researcherç have also added a pattern of 

stereotyped and repetitive behaviour as a cornmon feature of autistic disorder (Bailey et 

al., 1996). 

To expand on these categories of impairments, the most striking social deficits in 

autism are a lack of understanding of social relationships: how relationships work 

understandmg and perception of social cues, reading the exnotions and communications 

of oùiers, as well as limited interest for social interaction and sharing (Bailey et al., 

1996). In addtion to a delay in language development, the speech of persons with autism 

is also noticeable for specific abnormaiities: immediate or deiayed echolalia, pronom 



reversai, abnomal prosody, and idiosyncratic langage (Klinger & Dawson, 1996, p. 

3 15). The pragmatic use of language is also deviant in that autistic individuals wilI 

perseverate on topics, introduce irrelevant details when speaking with another person 

and generalIy be oblivious to social d e s  of conversation (Klinger & Dawson). Attention 

to concrete meanings of language is aiso a feature of autism, so that metaphors are taken 

for their Iiteral meaning. Repetitive behaviours include motor stereotypies, such as 

finger and hand fiapping, and rocking, routines and rituals, insistence on the same 

sequence of events and perseverative interests that are very focused in nature. Abnormal 

responses to sensory stimuli, self injury, eating disturbances, decrease in imitation 

abilities, lack of symbolic play and lack of joint attention are aiso al1 features of Autistic 

Disorder (see KIinser & Dawson for a more comprehensive review). 

It has been wideIy documented that the rnajority of individuais with autism are 

mentalIy retarded. Bryson et al. (1988) reported that approximateiy 75% of their 

Canadian sample had IQs below 50, while Ritvo & Freeman (1 978) suggested that 60% 

of individuals with autism had IQs below 50,20°h had IQs in the range 50 to 70, and only 

20% had rneasured IQs above 70. However, as Bailey, Phillips and Rutter (1996) note, 

Autistic Disorder is also noted for associated CO-pitive shlIs, or "islets of abilin", as 

well as a specific pattern of deficits. Visual-spatial abilities are usuaily better in autistic 

individuals, resulting in a hgher performance IQ than verbal IQ, and an uneven CO-etive 

profile. 

Althou& autistic characteristics may be apparent in a child as young as one year 

of age, the hsorder is not often brought to the attention of parents and professionals until 

a chiId is between two and three years of age, when the gap between normal and 

abnormal development becomes more obvious (Bailey, et al., 1996). The Diagnostic 

and Statistical Manual of Mental Disorders, fourth edition (DSM-IV; Amencan 



Psychiarric Association, 1994) requires that there be a delay or appearance of abnormal 

functioning in one or more areas of social interaction, symbolic or imaginative play or 

langgge used for social communication before the age of three years. 

Autism is a lifelong disorder, however, specific developmental features are 

indicative of a better progosis. Klinger and Dawson ( 1996) cited recent studies ttiat 

consistently found that higher IQ scores (average or above), the development of 

cornmunicarive language before the age of 5, and involvement in early intervention 

services predict a more hopefid outcome for individuals with autism, aithough deficits 

dways remain to some degree, especiaily in the social realrn. 

Cerebral Lateralization and Handedness 

Molfese and Segaiowitz (1988) supported the recent position that brain functions 

are lateralized fiorn early infancy. Kinsboune ( 1988) suggested that hctional 

aspmetry of the brain is a determining factor in what distinguishes the behavioural 

conno1 evidenced by humans versus non-humans. Language, the control of cornplex 

voluntary movemenc and other sequentid processes are usually Iateralized in one 

hemisphere, most often the lefi. Skills such as those used during spatid simultaneous 

tasks are Iaterdized in the other (right) hernisphere (Kolb & Wishaw, 1985). However, 

most of this data is in reference to right handed individuals. Non-right handers do not 

simply have the reversed latedization of nght handers. Hicks and Kinsbourne ( 1 976) 

noted that left handers are less asymmetrical in their brain shape, as well as in their b r in  

or-dzation. Kinsbounie (1988) aiso noted that left handers have a higher prevdence of 

language being represented bilaterdly, aithough the majority of Ieft handers are beIieved 

to evidence lefi hernisphere Iateralization for lan-gage, as do most right handers. 

Rasmussen and Milner (1 977) suggested fiom their study of patients with early brairi 



damage, that lateraiization of lm-euage to the left hemisphere and ri& hand preference 

are acîually quite resistant to displacement to the other hemisphere and to the other hand 

They indicated that only if there is significant damage directly to the locus of classic 

langage or manuai control, will switching of language Iateraiization and hand 

preference occur. 

Dewey (1996) reported that tiandedness is often used as ân indirect measure of 

cerebral lateraiization. Group data has indica~ed that there are si-gnificant relationships 

between handedness and other mesures of cerebral specidization. In individuals, 

however, hand preference is not as dependable as an indicaror of Iateralization. 

Another handedness group which has been idenhfied is individuais with 

arnbimous hand ureference. That is, individuals who have no hand preference acrosst or 

within tasks (Le., they are not ambidemous, as îhis implies a consistent h d  preference 

for a particular task. although one hand is not dominant across tasks). However, littIe is 

known about the actual cerebral organization of fwiction in individuds with arnbiguous 

handedness, mainly because they are, as a group, not very prevalent in the adult normal 

popuiation, and the group has only been recopized in the last decade or so. 

Normal Development of Laterality and Handedness 

Over the past ten to fifteen yem,  the normal cievelopment of laterality and 

handedness has become a focus of research (Harris & Carlson, 1988). There is now 

documentation that laterai biases exist fiom birth, and even may exist in a foetus in the 

womb. Hepper, Shahidullah & White (1991) used uitrasound observations of faetuses, 

and found that fiom as young as 15 weeks d e r  conception, there appears to be a bias for 

sucking the nght thumb. Prevalence of left hand thumb suciung was 8%. In newborn 

infants one of the Iateral motor biases observed is for head position. Many studies have 



show that a hi* percentage of newborns and young infants (between 70 and 90%) show 

a preference for tuming their heads to the right when lying on their backs, even when 

they have first had their head rurned to the left, or to midline (see Hams & Carlson for a 

review). Ramsay (as cited in Harris & Carison) reported that by the age of one year, 

infantç have begun to use their han& differentiaily when manipulating objects and toys 

with both han&, for example, one hand wilI be used for holding the item, while the other 

hand turns the dial, or Iid or whatever there is to be -gasped, depending on the toy or 

object. 

Handedness be-@ns to emerge more strong1y in the 1 year to 4 year old period, as 

motor skills related to hand use become more refined and precise, especially in the fine 

motor area. McManus et al. (1 988) stated that the degree of hand preference seen in 

children increases until approximateIy 7 years of age, when it plateaus or changes very 

dowly. They aiso found that among left handed children, their degree of lateralization 

appears to increase more quickly in the age range of three to seven years than among 

right handed chkiren. However, direction of hand preference (Le., lefi or right) is stable 

by ase five. and may, in fact, be stable by the age of three. Thus, the results of McManus 

and his colleagues suggest th& degree of hand preference is on a continuum. Kaufman, 

Z a h a  and Kaufman (1 978) in their sample of normaily developing children found that 

58% of the nvo-and-a-half year olds had developed a hand preference, approximately 

70% of the three to six-and-a-half year olds indicated a dominant hand, while 75% of the 

seven-and-a-half year oIds and 85% of the eight-and-a-half year olds had an established 

hand preference (either left or right). K a u h a n  et al. ernployed a strict criteria of 

classi@ng dominance, so that a child was considered to have a preferred hand oniy if 

100% of their responses were performed with one particular hand. 

Annett's (1970) study of children age 3 and a half, to 15 years of age indicated 



interestins sex differences in hand preference distribution. In the 3.5 to 8 year range: 

of d e s  were Iefi h d e d  compared to 2% in females, 3 1% of males showed rnixed 

handedness with a corresponding 19% of females, and 63% of males were nght handed, 

compared to 79% of fernales. In the 9 to 15 year old age range, percentages for males 

stayed very similar (6% lefi, 34% mixed 62Oh ri*), while the femaies in the 9 to 15 age 

range showed a sli@tly higher percentage of left and mixed handedness, and Iower right 

handedness {Ieft 4%, mixed 22%, and right 74%). Annett also used a 100% criterion for 

hand preference. Therefore, it is not surprising that the mixed handedness goup has a 

larger frequency than expected. Further, Annett used several tasks, but observed each 

task only once. Thus, it is impossible to determine whether the children in the mixed 

handedness goup were arnbidextrous or ambiguous in their hand preference. 

Hand Preference and Lateralization in Developmentaily 

Delayed ChiIdren 

Batheja and McManus (1985) compared handedness in normally developing and 

mentally handicapped children and reponed a significant difference between the groups 

for direction of handedness, with lefi handers being more prevalent in the mentaily 

handcapped group. This group was also less strongly lateralized. Others research 

studies have supported the increased prevaience of left handedness in this population 

(i.e., approximately 18%), which is about double the rate seen in the normal population 

(which is approximately 9%) (Ross, Lipper & Auld, 1987). 

Research suggests that the increase in lefi handedness in the mentally retarded 

population appears to be a direct reflection of severity of retardation. Hicks and Barton 

(1975) reported that the prevaience of left hand preference in mild and rnoderately 

retarded inhviduals is approximately the same as that found in the normal population. It 



is in the severely retarded subgroup where the increase in lefi handedness is prevalent. 

Bryson (1990) suggested that t h s  shift towards left handedness in the severely retarded 

uoup can be viewed as the resuit of left cerebral pathology, or to atypicd or incomptete 
w 

laterdization of the brain. 

Deficits in areas such as lan,ouage and readiw skills have long been ascribed to a 

weak or deviant pattern of hemispheric Iateralization (Orton, cited in Obrzut, 1988). 

Obrzut attacked this position stating that there has been little evidence to confirm this 

hypothesis, mainly due to the severe methodologicaI difficulties h t  have plagued 

research in the area of lateralization and handedness in parricular. He asserted that there 

is "little or no relationship between handedness and poor achievernent on cognitive 

tasks" (p. 569). However, the studies he cited as evidence were done on normal chkiren. 

As Obmt  stated, few studies have used a sample of chldren with Iearning disabilities 

that has been well defined. Hence, it may have been premature to draw a definitive 

conclusion. 

There has been one study that bas used the HPDT with chiIdren with Ieaming 

difficulties. Arnold and Askew (1993) investigated the handedness distribution of deaf 

children with severe leamhg difficulties, and found 14% of the children were lefi 

handed, 32% right handers, and 54% were classified as having ambiguous hand 

preference (using the 90% criterion for right and iefi handedness). The mean age of the 

children in the Arnold and Askew study was 13-19 (age range of 6 to 23). 

Hand Preference in Chiidren with Autism 

The majority of research points to an increased prevalence of lefi handedness 

(approximately 18%) in children with autism, (Bryson, Porac & Smith, cited in Bryson, 

1990; Fein, Humes, Kaplan, Lucci, & Waterhouse, 1981), aIrnost double that of the 



normal population (approximately 9%). It has also k e n  reported that individuals with 

autism have a much greater prevalence of mixed or ambiguou (inconsistency within 

tasks not arnbidextrous) handedness (Fein et al., l985,3O%; Soper at al., l986,36%; 

Tsai, 1983,47%). However, many previous studies have ignored mixed-handers in their 

studies, and utilized a dichotomous classification Hand preference percentages reported 

appear to be variable depending on the criterion used to cIassi@ a child as right or non- 

right handed. For example. both the Fein et al. (1985) and Tsai studies employed an 

extreme 100% criterion for classifjmg nght and Ieft handedness, while Soper et al. used 

a 90% criterion. Barry and James ( 1978) used a senerom 60% criterion. 

Tsai (1 983), and Bany and James (1 978) both found in their studes that children 

with autism who had a definite hand preference were chronolo_eically older than the 

aoup who did not show a hand preference. Tsai also found that ambiguous handedness - 
was more fiequent in children with autism under the age of five yearç. Conversely, Fein, 

Waterhouse, Lucci, Pennington and Humes (1985) found that in their study group of 75 

chldren with Pervasive Developrnental Disorder, there was no relationship between 

arnbiguous hand preference and age. The handedness distribution for their study was as 

follows: 13% were lefl handed, 360/0 were ri& and 30% showed arnbiguous 

handedness. Dawson ( 1988) suggested that the differences in handedness distribution in 

the Fein et ai. study, compared to other reports rnay be due to the heterogeneity of their 

sample, which was not restncted to children with Autism, but covered the whole 

spectrum of PDD. Tfie handedness measure used in the Fein et ai. study was also 

limited; only 3 tasks were examineci, two of which involved using a pedpencil for either 

writing or drawing. 

The increased proportion of non-right handedness in the autistic population is 

reported not to be due to zn increase of sinistrality in their families (Boucher, 1977; 



Boucher, Lewis & Coliins, 1990; Fein Waterhouse, Lucci, Pennington & Humes, 1985; 

Tsai, 1982). However, Bryson (1990) suggested that there is a proportion of children 

with autism whose Iefi handedness appears to be genetic in or@& resulting fiom both 

familial left hand preference and a predisposition in the family for a variety of 

developmental disorders, such as mental retardation and language disorders. 

CerebraI Lateralization in Autism 

Bryson ( 1990) has suggested that handedness is an interesring area of research 

with individuals with autism, because it may be a biological marker for the disorder, and 

"is of particular interest because of its relationship to neuropathology and cerebral 

organization" (p. 443). Hauser, DeLong and Rosman (1975) cited the increase of lefl 

hand preference in individuals with autism as evidence of left hemisphere dysfünction. 

Hecean and Ajuriaguerra (cited in Fein et aI., 1984) suggested that damage to the left 

hernisphere results in a switching of hand preference, to the lefi hand because 

handedness is now controlled by the nght hemisphere. Fein et al. (1 984) argued that 

there is little evidence for left hernisphere dysfunction in autisrn per se? although it ma? 

exist on an individual basis. M e a d  they perceive the neurological impairments seen in 

individuals with autisrn to be more ubiquitous and d i f i se  than restricted to a particular 

hemisphere. It îs generally accepted that an increased prevalence of lefi tiandedness in 

individuals with autism may be attributed to nonspecific early brain insult in at least a 

percentage of that clinical population (Fein et ai., 1985). 

It is still uncertain what relationship an increased prevalence of ambiouous 

handedness has to iriterdization of cerebd dysfundon. Annett (1970) suggested that 

mixed or arnbiguous handedness in children is a sign of developmental imrnaturity, since 

it is more characteristic of younger than ofder children. Hence, Fein et ai. (1984) 



suggested that ambiguous hand preference rnay represent a developmental lag. Satz, 

Soper and Orsini (1988) concurred, suggesting that ambiguous handedness may be 

indicative of an arrested state of deveIopment, at a very early stage, due to early brain 

insult. 

Tsai (1983), and Soper, Satz, Orsini, McCalIum and Henry (1984) (cited in Fein 

et al., 1985) proposed that the increased prevaience of ambiguous handedness in the 

autistic population is the resuit of bilateral brain damage. In normal subjects, it has been 

suggested that usually the lefi hemisphere of the brain processes Ianguage and stimuli 

that are related to lm-gage. Tsai theorized that individuals with autisrn who have not 

developed a hand preference have severe bilateral damage so that neither hemisphere 

becomes dominant. Those who develop lateralization to one hemisphere are thus less 

severely damageci, which he believes would account for the data showing that those with 

a hand preference usually have better CO-onitive and lana-e sliills. However, Bishop 

(1990) suggested that the increased prevaience of non-right handedness seen in 

individuals with autism may be a consequence of generally poor motor functioning, and 

not a direct consequence of brain damage. As a result, these individuals are unable to 

adequately perform the types of lateralized motor skills used to assess hand preference. 

Kinsbourne (1987, 1988) put forward the hypothesis that the symptoms seen in 

autistic disorder rnay be a function of overarousal, and that the deveIopment of 

asymmetrîcal manuai behaviour may be obstnicted because of the overarod.  In 

extreme cases, he suggested that ambiguous handedness rnay resuit. Kinsbourne ( 1987) 

went on to suggest that in that individuais who experience the most hyperarousal are 

most likely to be those with an ambiguous pattern of hand preference, and would also 

exhibit more severe autistic syrnptoms. To date, however, there has been no research to 

evaluate ths  hypothesis. 



Tt is openiy acknowledged that hand preference is an indirect measure of cerebral 

lateraiization (Leboyer, Osherson, Nosten & Roubertoux, 1988) and Dawson, 

Warrenbiug and Fuller (1982) have stated that hand preference in children with autism is 

not a viable predictor of cerebral dominance. However, there are still questions to be 

answered in regards to hand preference in children with autism (i-e., "The question of 

whether handedness pattern is associated with Ievel of impairment ancilor locus of brain 

dysfunction in autism deserves M e r  study", D a w s o ~  1988, p. 440). 

Hand Preference and Other Abilities in Normally Deveioping Children, Children Wth 

Developmental Delay, and Chldren With Autism 

Normally Developing: Chldren 

There have been several studies perfomed in the area of handedness in normally 

developing children that document the distribution of handedness patterns and the 

possible impact these preferences may have on intellectual and other abilities. Several 

researchers have found that ri&-handed subjects did not perform any better than Ieft- 

handed subjects on ability and attainment tasks (e-g.. Annett & Turner, 1974; Douglas: 

Ross & Cooper, 1967; Newcombe et al., 1975). However, Newcombe et ai. reported that 

subjects who had an inconsistent hand preference scored slightly higher on IQ measures? 

while Berman (1971) reported deficits in IQs in this goup. It is unclear how Newcornbe 

et al. classified inconsistent performance, thus there is a possibility that they were 

refemng to ambidexterity as opposed to ambiguousness. Calnan and Richardson (1976) 

reported that both left handers and ambiguous handers scored marginally but 

significantly below right handers on measures of achievement and general ability tests 

(eleven year olds). 

Kaufinan et al. (1978) compared children with and without a hand preference on 



cognitive and motor abilities. They found that in the two-and-a-haIf to four-and-a-half 

year old group, there were significant differences khveen those who had developed a 

hand preference (either left or ri&) compared to those whose preference was 

inconsistent on the cogmtive and motor indexes of the McCarthy Scales (1972). Their 

resdts suggested that children who had deveIoped a hand preference at a younger age 

were more intelligent and had developed better motor skills. In the older age group, 

comprising five to eight-and-a-half year olds, there were no significant differences 

between groups that had an established hand preference, compared to the no preference 

oroup on the basis of cognitive and motor indices. - 
in Annett's study ( 1970) of 2 1 9 chldren aged 3 years 6 months to 1 5 years, she 

found that consistent left handers had a superior vocabuiary score compared to mixed 

and right handers. Children with mixed handedness tended to have Iower vocabulary 

scores than those who showed a preference. She dso reported that there tended to be a 

wider distribution of vocabulary scores within the mixed handedness goup. Wlen 

Annett separated out al1 children with an iQ below 70, more than haif of this group 

consisted of children with mixed handedness. McManus et ai. (1988) reported that 

degree and direction of handedness had no correiahon with general intellizence or 

reading ability in normal children. 

There are several recent reports in the literature concerning hand preference in 

normally developing chiIdren and the reIationship to specific motor performance 

measures (i.e., the rnotor measure is not part of a battery, such as the McCarthy Scales 

(1972)). Gabbard, Hart and Gentry (1995% 1995b) Iooked at both fine rnotor skills and 

gross motor skills. Their 1995b study looked at finger-tapping speed in a sarnple of 4 to 

6 year olds. The handedness measure they used Iooked at three activities on two 

occasions, with a 71 % criterion for designating hand preference. Equal nurnbers of ri& 



lefi and mixed handers matched for age and sex were cornpared (24 in each group). 

ResuIts indicated that there were no drfferences in tapping speed between the three 

soups. Gabbard et al. (1995a) exarnined performance on the Bruininks-Oseretsky Test - 
of Motor Proficiency ( 1978). Three groups of children (mean ase 7.2) representing the 

three hand preference groups, as defined in their previous study, were compared. in 

terms of overail motor performance, the ri& handed group showed higher scores than 

both the mixed handedness and ieft handed groups, who were not significantly different 

fiom each other. Fine and gross motor skiils were significantly higher for the ri@ 

handed group compared to the Iefi handed group. The rnixed handedness group placed 

(insignificantly) in between the ri& and the lefi handedness groups. As the groups were 

matched for age and   en der^ age was not a factor in th< results. 

Children With Developmental Ddavs 

Ross, Lipper and Auld ( 1987) reported that in their sarnple of 4 year oids. with 

IQs under 85, 19% were lefi handed, whereas, the normal comparison group had an 

prevalence of 1 1 %. Lucas, Rosenstein and Bigler ( 1989) reported that non ri& handed 

children who were rnentaliy retarded @oth left and arnbiguous handers) showed poorer 

lm-g.ge abilities than individuais with a ri& hand preference. 

Unfortunately, the majority of the studies that have looked at hand preference and 

abilities in children with autism, failed to inchde a goup of children with deveIopmenta1 

delays for comparison (e.g., Colby & Parkinson, 1977; Fein et al., 1985; Gillberg, 1983; 

Soper et al., 1986; Tsai, 1983). Studres whch have included children with 

developmental delay or children with leaming disabilities are methodologicalIy flawed: 

Barry and James (1978) med a subjective weighting system with their hand preference 

measure (after Colby & Parkinson, 1977). Items that were believed to have a Iugher 

demand on dexterity, as opposed to stren-gth, were gjven more importance, and hence a 



higher weightin; value. The nurnber of tasks observed for each child was dso  variable. 

Cornish and McManus (1996) supposedly matched their groups, although there were 

different numbers in each group, and the developmentally disabled group had a 

significantiy lower score than the children with autism on the Memll-Palmer Scaie of 

Mental Tests. 

Children with Autisrn 

Few studies have examined the relationships among intellectual, Ianguage, motor 

abilities and hand preference in children with autism. Researchers who have studied 

CO-gnitive ability in relation to the handedness patterns of individuals with autism. have 

found that those who show ambiguous handedness or lack of preference are ofien more 

intellectually irnpaired and have lower langage abilities than those who have a specific 

hand preference (Fein et al., 1985; Soper et al., 1986; Tsai, 1982). Manjiviona and Ptior 

( 1995) studied children with Asperger's Syndrome and hi&-hctioning children with 

autism and found a significant negative relationship for both groups between Ievel of 

intelligence and motor impairment. Specifically, lower IQ scores were associated with 

more motor difficulties. However, they cautioned that this relationship appears to be 

complex and some individuals evidenced the opposite relationship. Fein et al. ( 2985), in 

their study of chikiren with Pervasive Developrnental Disorder, found no relationship 

between motor measures and handedness groups. The rnotor mesures used in the Fein 

et al. study, however, were not global and wide ranging, but codined to a peg-rnoving 

task, a measure of gnp strength and a finger tapping task. 

The resdts of these studies suggest that the relationships arnong motor 

functioning, intelligence. lanepage ability, and hand preference in children with autism 

are stiIl unclear due to the lack of studies in this area and the complex relationships that 

appear to be present. A thorough assessrnent of global motor skills would be 



recommended to help dari@ any possible relationshp that rnay exist. 

Appropriate Control Groups for Children with Autism 

As Fein, Humes, Kaplan, Lucci, & Waterhouse, (1 984) succinctly pointed out, 

control groups for comparison with autistic individuaIs are fraught with pitfalls, "There is 

no completely satisfactory soIution to the problem of selecting a control gooup.. . " (p. 

265). It is impossible to control for every variable at the same time (Hobsoq 19911, 

hence, several groups are often utilized to assess the relative contributions that mental or 

chronologicai age rnay rnake. in order to research which deficits are specific to autism, 

separate fiom effects of mental retardation, studies have attempted to control for 

intellectual level by using rnatching comparison or control goups. Children with autism 

are usually matched to mentally retarded chldren on the b a i s  of chronoIogicai age and 

some form of IQ rneasure (Hobson). In theory, this should also control for physical 

development and years of experience. Matching however, has its diffrculties. If 

rnatching on full scale IQ, the children with autism are likely to have higher functioning 

on some subscale abilities than the matched delayed chilcirent who are likely to have a 

more fiat cognitive profile. Verbal abilities are especially hkely to be discrepant between 

the groups. Heterogeneity within the delayed g o u p  may aIso cioud any &fTerences 

between the groups (Fein et al., 1984). 

When including a normally developing control goup, groups have been rnatched 

on the basis of mental age (MA) or chronologîcal age (CA). A CA rnatched nomal 

comparison goup is often unsuitable, and rarely would provide any research information 

of vaiue. MA matched normal cornparison groups, however, can be advantageous in 

providing information on children developing normaliy, who are at the same 

developmental level as the autistic research group. The disadvantages to d u s  goup is 



that IQ scores wilI be normal (average), and years of eqmience and physical 

development will be lower. However, if an MA and CA matched deIayed group is also 

utilized, the disadvantages can be addressed through the delayed comparison group. Fein 

et al., (1984) provided a reminder to researchers to be carefd to select and justif4. the 

control groups they use, and to draw only appropriate conclusions h m  the comparison 

gr0 ups. 

h d  Preference in Chiidren - Conclusions 

The above revitw of the state of the literature in regards to hand preference in 

chiIdren indicates that there have been many studres, but a lack of firm concIusions is 

apparent, due to the severe methodologka1 difficulties inherent in the field of hand 

preference classification. The rnethodoiogical flaws have begun to be addressed in the 

Iast ten years or so. with the resuit that tentative conclusions can be drawn in certain 

areas. For example, it is now firmly established that there is an increased prevdence of 

lef-t handedness in chldren with autism? and between 30 and 40°h of indwiduals with 

autism do not deveiop a consistent hand preference. Research with adults with cognitive 

delaysl and deafchildren mith severe learning difficulties indicate that arnbiguous 

hdedness is not restricted to the autistic population (Morris & Romski, 1993; Soper, 

Satz, Orsini. Van Gorp & Green, 1987). There are stilI no firm conclusions regarding the 

prevalence of arnbiguous hand preference in chldren with developmenîal deiays, a s  there 

has been a Iack of consistency of handedness classification and in rnatching appropriately 

for cognitive level. Methodologically sound research is needed to cIarify hand 

preference prevaience in delayed chikiren who are of comparable chronological and 

mental age to the chiIdren with aulism. 

Several studies have utilized nomalIy developing children of the same age as the 



chrldren with autism. Research is needed that looks at normaily developing chiIdren at 

the same deveIopmental levei as the autisrn and delayed groups, to investigate whether 

the patterns of hmd preference and skills c m  be attributed to a deveIopmenta1 lag, as 

suggested in the Iiterature. 

The above review sugests that there is an association between ambiguous 

handedness in chrldren with autism and lower levels of CO-@tive and motor functioning. 

Ako, it has been hypothesized by Kinsbourne (1 987) that severity of autism may be 

linked to arnbiguous handedness. There has been no research that has Looked at severity 

of autistic characteristics in relation to hand preference groups. Severity of autism in 

relation to hand preference groups, and to other skills wilI be addressed in t h s  study. 

The curent investigation was designed to look at hand preferences in three 

aoups of children, using the measure of hand preference (Kand Preference - 
Dernonstration Test or HPDT) deveIoped by Soper et al. (19861, which has dready been 

used in several published studies. Cornparisons could be drrectly made to Soper et aI.'s 

results as the same classification çystem was used. The HPDT also gave a rneasure of 

degee of hand preference, and the amount of consistency across as well as between 

tasks: which allowed cornparison of the resdts of the present study with previous 

research The HPDT had a great advantage in that it was easy to use even with very 

young chiIdren. This study addressed past criticisms of research in this area by using the 

HPDT. As there has been no systematic exploration of laquage and motor skilIs in 

reference to hand preference with the t h e  groups in question, performance on rneasures 

of lan_miage and motor skills were also included, 

Previous research has often used groups tliat are disparate in their age ranges. 

Further, previous studies have usually looked at older groups of children, despite the fact 

that it is now widely accepted that an established hand preference is apparent in normdly 



deveIoping children as young as two years old. The participants in this study were more 

limited in age range than those used in previous studies, in order to reduce the possibility 

of results being affected by age difference within a group. 

ft wrts considered n e c e s q  to have a cornparison group of delayed children who 

had no identifiable genetic history or patholog. Children with specific disorders, such 

as cerebral palsy, identifiable syndromes (e-g., Down Syndrome), and Attention Deficit 

Disorder were excluded because of the motor difficulties that are often apparent in these 

children which are a resuit of the drsorder. 

Few measures are available that can be used with children with autisrn. Motor 

skills measures, in particular, have many items in their inventories where an autistic child 

wodd be at a disadvantage because of the nature of their deficits, for example when 

there are long and wordy instructions, or Iots of imitation items. Hence, there is the 

question of whether the measure is actuaily measuring ability per se, or the child's ability 

to foIlow the instructions. The BartelIe Development inventory - motor domain (BDI; 

Newborg, Stock: Wnek, Guidubal& & Svinicki, 1984) was chosen for this study because 

it involved both a fine and gross motor component, fit the age range of the children in the 

study, and could be administered with Iittie difficulty to al1 three groups of chldren. As 

tlus rneasure had not been reported to have been used with an autistic population before, 

a questionnaire was completed by parents re_g;arding their child's motor skills. This 

aliowed a cornpanson to be made between the two measures and provided some 

assurance that the BDI - motor domain was a valid measure of motor skilis for chiidren 

with autism. 

Additional experïmental questions, other than the main hypotheses, became 

apparent when reviewing the literature. Tsai (1987) reported in his review, that 

pregnancy, birth and newborn complications appear to occur more frequently in children 



with autism than in comparison control groups. Therefore, it was decided to examine 

pregmcy and birth hrstory in al1 three goups of chiidren by use of a parental report 

questionnaire. FamiIid prevalence of left handedness was aiso examined in order to 

investigaie increases of lefe handedness in families of autistic and delayed children. 

Hvpotheses 

Five specific hypotheses were tested in this study, in addition to comparison across 

moups on variables mentioned in the above section. It was hgothesized that: - 
1. A greater percentage of children with autism wodd show ambiguous patterns of 

preference than the matched delayed and normal controls. 

2. Children with auhsm and delayed children would show the same amount of left 

handedness. 

3. Both children with autism and delayed chldren would show greater amounts of lefi 

handedness than the normal cornparison group. 

4. Children with autism who have a definite hand preference (lefi or right) would show 

higher levels of functioning on receptive verbal ability? the intelligence measure. and 

wodd show better developed motor skills than children with autism who have no hand 

preference (ambiguous hand preference). 

5.  Children with a more severe rating of autism would have a higher percentage of 

ambiguous handedness and have more impaired receptive verbal skills, intelligence and 

less developed motor skdls tfian children with a Iesser rating of autisbc characteristics. 

Although specific hypotheses about pregnancy and birth complications, and 

familial pattern of handedness were not officidly formulateri, group differences between 

the chiIdren with autism? chiIdren with developmental deIays, and normally developine 

children were examined DiEerences in ability levels in children with developmental 

delays and normdly developing children according to hand preference classification 



were also evaluated for cornparison with the autism group. Degee and consistency of 

hand preference was also compared for goup ciifferences. 



_rnTEIOD 

Participants 

Children with autism were recruited thmu@ The Society for Treatment of Autism 

and the Autism CalWgasr Association. A presentahon was made to the parents where 

possible, for example, at support or monthiy meetings, explaining the study and its 

purpose. Interested parents were given a handout containing a letter explaining what the 

study would entail (see AppendYt A), and two consent forms (see Appendrx B). Children 

that were -gaduaîes of the Early intervention Program at the Society for the Treatment of 

Autism were sent the package throu& the mail by Society for the Treatment of Autisrn 

staff (see Appendices C & D). Children that were currently in the Early Intervention 

Program took the introductory letter home in their schoolbags, and retumed consent 

forms were collected by a member of staff Appendices E and F show the introductory 

letters and consent foms sent home to the chldren cungntly in the Early Intervention 

Program. 

Al1 children with autism that were included in the shrdy fulfilled the diagnostic 

criteria for Autistic Disorder as outIined in the Diagnostic and StatisticaI Manual of 

Mental Disorders - fourth edition PSM-IV; Amencan Psychiarric Association, 1994). 

Diagnosis was also confirmed by a chartered psychologist. Seven chrldren wtio had a 

diagnosis of Pervasive Developmentd Disorder - Not Otherwise Specified were rejected 

as participants. Twenty children wîth autism, between the ages of 2 years and 10 montfis, 

and 7 years, O months (average age of 4 years, I O months), were included in the shidy. 

Eighteen of the participants were male, and two fernale. Two autistic chiIdren were not 



included because of their age, and difficdty in matchmg them to children with 

developmental delays of the same level of cognitive ability; one child was 6 years 10 

months, the other was 8 years and 10 months and both were functioning at the 3 year old 

level cognitively. Of the twenty children with autism included in the study, twelve were 

atiending the Early Intervention Pro_- at the Society for the Treatment of Autisrn, and 

the other eight were recniited through the Autism Calgary Association. 

Twenty children with nonspecific deveIopmentai delays (i-e., no Icnown genetic or 

chromosornd anomalies) were matched by chronological and mental age equivalence to 

the children with autism. These children were recmited firom Providence Children's 

Centre, and through the Alberta Children's Hospital (Preschool Treatment SeMces and 

the Developrnental Clinic). Staff at the Providence Children's Centre identified possible 

participants, and sent their o w  introductory letter to parents, asking them to return a slip 

of paper if they were interested in finding out more about the sîudy. The slips were 

collected and given to the researcher, who then teIephoned the parents to give them more 

information about the study. If the chld was appropriate for the study, and parents were 

interested in their child participating, an introductoq letter and the consent forms were 

sent home with the child in their schoolbag (see Appendices G & H). 

For chrldren that had been seen through the Aiberta Children's Hospital staff 

identifiai children who were thought to be appropriate for the cntena giveu A research 

assistant teiephoned parents on the list, gave basic information about the mdy, and asked 

if they were interested in being contacted by the researçher. Parents who agreed were 

telephoned by the researcher, and the information package was sent to those who agreed 



to participate in the study (see Appendices 1 & J). Appointments were made to test the 

children once the packages had been received and read by the parents. 

The average age of the children with developmental delays iuas 4 years, 9 months 

(age range of 2 years and 9 months to 6 years and 10 months old). Gender composition 

of the group was 16 males and 3 fernales. Six additional chiidren with developmental 

delays were recniited, but not included in the study, because theù level of cognitive 

ability did not match that of the chiidren with autism. Of the twenty children with 

deveiopmental delays, eleven were recmited througfi Providence Children's Centre, eight 

were recruited through the Alberta Children's hospitai, and one child was a sibling of a 

chld with autism. 

Twenty normally developing children were matched to the chddren with autism 

using mental age equivalence, based on performance on the Bayley Scales of Mant 

Development - Mental Development Index (Bayley, 1993) or the Stanford-Binet 

Intelligence Scale: Fourth Edition (SB:FE; Thomdiks, Hagen & Sattler, 1986). They 

were recnrited through Providence Children's Centre, the University of Calgary Child 

Care Cenee, fnends, and acquaintances. The same procedure was followed at the 

Providence Children's Centre for the normally developing chitdren as it was for the 

delayed children (see Appendices K & L). The University Child Care Centre sent an 

introductory letter and consent f o m  home with children (see Appendices M & N) on 

behalf of the researcher. Friends who knew of parents with young chikiren (and were 

willing) were asked to contact the parents by telephone to gain permission for the 

researcher to contact them. Once they had agreeci, the researcher contacted the parents to 



explain the study, and what participation would involve. Appointments to test the 

chilàren were set up, and the consent forms (see Appendix O) were signed by the parent 

before testing be-a. 

The average age of the normally developing children was 2 years, 8 months (age 

range of 2 years, O months to 5 years, 9 rnonths of age). Fourteen of the children were 

females and six were males. Seven additional children were tested, but not included in 

the study as they did not meet the matching critena. Of the twenty normally developing 

children included in tbe study, six were recniited through the University Chifd Care 

Centre, five were attending Providence Children's Centre, and the rernainins nine were 

recruited through £iiends and acquaintances who were aware of the research study. 

There was a ~i~gificant  drfference between the three groups accordin2 to gender 

wïth X Z  (2, N = 60) = 19.09, e< .OOOi. Due to the fact that autisrn affects three to four 

times as many males as fernales, a gender difference for that group relative to the other 

two groups was expected; however, the 2.5 to one ratio of females to males in the 

normally developing group was unexpected. The ratio of males to female in the subject 

groups approached to parûcipate in the study is unknown due to the requirement of 

confidentiality before agreement to participate was conferred. Gender effects were nor 

explored in the analyses, due to a lack of power because of the smail number of femdes 

in the autism and deïayed groups, and srnall number of males in the normal cornparison 

gr0UP- 

The average mental age equivalent score for the groups were: children with 

autism 27.45 rnonths, children with developmental delays 34.48 months, and 3 3.53 



months for the normdly developing children. A cornparison between the groups using a 

one-way ANOVA indicaîed no differmces between the goups for mental age 

equivdence, -(2,56) = 2-33? 2 = 0.12- A one-way ANOVA \vas also used to compare the 

ages of each group. Resdts indcated that there was a significant age difference between 

the groups, u37) = 29.15, Q < 0.001. FoIlow-up tests using Tukey's HSD with a 

significance level of 0.05 showed îhat the normally developing children were 

si-enificantiy younger than the chiiildren with autism and the children with developrnental 

delays. No sigmficant age differences were found between the children witb autism, and 

the children with developrnental delays. Hence the groups were matched as required: 

the three groups had sirnila. mental ages and the children with developmental delays 

were the same ctironcilo~cal age as the children ~vith autism. 

Measures 

It should be noted that in ths shidy. scores of measures of ability (verbal, 

cognitive and motor) were expressed as age quivalents These were used because there 

were no standard scores available for rnost of the children with autism? and children with 

developrnental delays on cognitive measures, because they were fiuictioning kiow age 

noms and outside the range of the test, i.e., the Bayley Scales of Infant DeveIopment - 

mental development index oniy has noms up to 36 months of age. Standard scores were 

also unavailable for many of the PPVT-R scores, as the children were functioning far 

below age n o m  provided for that test 



Each chId was given a battev of test items and was also observed The rneasure! 

that were utilized were: 

The Hmd Preference Demonsiration Test (HPDT; Soper et al., 1986) (see 

Appendix P) whch was developed for its ease of use with specid needs chkiren, was 

gwen to al1 chiben. It is an 8 item tes; that assesses preferred hand usage over a wide 

range of actitities. The items are: 1) eating with a spoon, 2) drinking from a cup, 3 j 

brushing teetb, 4) drawing with a crayon, pen or pencil, 5) throwing a bdI, 6) hanmering 

the table with a plastic hamer ,  7) picking up a small object such as a raisin and 8) 

picking up a dime. Each item was given 3 times in two separate sessions, in quasi- 

random order to prevent perseveration on the task. Responses were recordcd as lefi. 

right, bimanual or no response. A total of 48 responses were recorded for each child 

A Laterality index (LI) was calculated based on the proportion of rïght hand 

responses to totd unirnanual responses (ripht plus left) times 38. Therefore, a range of 

scores from O to 48 was possible, with O representing consistent lefi hand preference, and 

48 indicating consistent right h d  responding. A 90% critenon was then used to 

separate goups into le& right and mixed preferences- so that an LI of 43 or more wouid 

classifi a child as being right handed, an LI of 5 or less would classifjr a child as left 

handed, and a mixed hand preference classification would result for chldren with a LI 

score of between 6 and 42 inclusive. 

Consistency of hand preference for the eight tasks was also noted. A task was 

scored as consistent if the child used the same hand preference (ri@, lefi or both hands) 

for ail the six responses recorded for that task. Thus, the possible consistency scores 



ranged fiorn zero to eight (for eight tasks dl consistent). A score of eight did not 

necessarily indicate extreme right or tefi hand preference, for example, it would be 

possibIe to use the nght hand consistently for three tasks, the left hand on three tasks, and 

use both hands on two tasks, and obtain a score of eight for consistency of hmd 

preference (thk particdar example would exhibit ambidemous handedness, as 

preference is consistent within but not across tasks). 

The LI was transposed to give a score that reflected stren-gh of hand preference 

that was easier to interpret. Scores fiom the LI were takes and a value of one for 

stren,oui of hand preference was assigned for scores on the LI of 24 and 25. Values on 

the strength of hand preference scde increased as LI scores went up to 48 (i-e., extreme 

right handedness), therefore, a score of 48 on the LI  corresponds to a score of 24 on the 

strength of hand preference scde. Strength of hand preference scores aiso increased as 

LI scores went down (i.e., emerne lefi handedness). therefore, a score of O on the LI 

corresponds to 24 on the strength of hand preference scaie. This, in effect, combined 

extrernes of handedness, so that a score of I on the strengh of hand preference scale 

indicated very inconsistent responses, and a score of 24 indicates 100% of responses 

made unimanually with the lefi or the ri@ hand Therefore, as the score increased in 

value, the chld demonstrated more consistent preference for using one hand over the 

other . 

Hand Preference Questionnaire (familv), was adapted from the Montreal 

Neurological Institute's scde for handedness. Biological parents were asked to indicate 

their hand preference for the same activities that are used in the HPDT (see Appendix Q). 



Preference was indicated by circling the appropnate answer on a scale of doing a task: 

always left, usuaily le& either hand, u s d l y  right, and dways rïght A score of one was 

obtained for answers of always l e t  two for usually lefi, three for either han& four for 

usually ri& and 5 for always rigtit The range of possibte total scores was fiom 8 (ai1 

answers always lefi hand) to 30 (always use ri& hand). The total score was used as a 

measure of degee of hand preference for the parents. 

Questions were also included to obtain data on the number of siblings who were 

left handed, and if there were any known Ieft-handed biological relatives (relationship to 

child was statedj to attain an index of Ieft handedness in the famil?. 

The Bavley Scales of Infant Develo~ment - Second Edition (Mental DeveIopment 

Index) (MDI; BayIey, 1993) or the Stanford-Binet IntelIioence Scale: Fourth Edition 

(SB:FE; Thomdike, Hagen & Sattier, 1986) were given to dl chiIdren. The test that wu 

given depended on the Ievei of abiIity evidenced on the PPVT-R munn & Dunn 198 1). - 
Children who obtained an age equivalent score above the 36 month level on the PPVT-R 

were given the SB:FE, whle those who obtained age equivdent scores below 36 mon& 

were given the Bayley MDI. The Bayley MD1 has a reported coefficient alpha of 0.88 on 

average across age goups. The test-retest reIiability reported in the manual was 0.87: 

and the concurrent validity was reported to be good, with a correlation of 0.73 between 

the Mental Development Index of the Bayley and the WPSSI-R Full ScaIe IQ for a 

sample of children between 36 and 42 mon* of age. Sattler (1992) reported excellent 

rehabiiity for the composite score of the SB:FE' ranging fiom .95 to .99 depending on the 

age group. A stability coefficient for a 5 year old age group was reported by Sattier to be 



.9f.  Concunent validity scores varied by group and by test. A correlation of .88 with the 

WISC-R was reported for a special education group of chrldren (Hollinger & Baldwin, as  

cited in SattIer, 1993 j. 

The Peabodv Picture Vocabularv Test - Revised (PPVT-R; Dunn & D u q  198 2 ) 

or The Preschool Lanmiaoe Scale - 3 (PLS-3; Zimmerm- Steiner & Pond 1992) was 

given to al1 the chldren. Tbe PPVT-Et, a measure of receptive vocabulq, is untimed 

and requires no reading a b i l i ~ .  Hobson and Lee (2989) and Tager-Flusberg (1985) 

suggested tfiat the PPVT-R is a valid measure of the singe-word receptive vocabuiary in 

individuah with autism. The manual for the PPVT-R reported that split-haIf reliability 

ranged from 0.6 I at age two years-six months, to 0.88 at age 18. Sattler (1992) staîed 

that the PPVT-R has established concurrent validity as a measure of cognitive ability, 

although it should never be substituted an IQ mesure. The PLS-3 was given to 

children who had not yet developed the ability to point to picnues. The Auditory- 

Comprehension subtest provided the required information regarding receptive lan,guage 

sklls. The manual for the PLS-3 reported that the interna1 consistency of the Auditory- 

Comprehension (A-C) scale ranged h m  .47 to .88 dependinz on age group. Inter-rater 

reliability for the A-C scde was reported as -98. Correlahun with the Chnical Evaluation 

of Larggage Fundamentais - Revised (CELF-R) (Semel, Wiig & Secord 1987) for the A- 

C scde was -69. 

The Battelle Development hventorv - motor domain @DI; Newborg, Stock, 

Wnek, GuidubaIdi & Svinicki, 1984) was adrninistered to al1 of the children in the three 

groups. The motor scale mesures fine and gros motor skills for children in the age 



range of O up to, and includmg 8 years. The test-retest reliability for the motor domain 

total, as reported in the manual, ranged fiom -88 to .99, depending on age group. 

Criterion-related validity is not reported in the manual where the motor domain is 

compared to another established motor test. However, the BDI and its component scales 

have been compared to tests such as the Vineland Social Maturity Scale (DoII. 1965): and 

the Developmental Activities Screenïng Inventory (DASI; DuBose & Langiey, 1977), 

with good resulting correlations (fine motor component correIated .88 with the Vineland 

.92 with the DASI ; gross motor component correlatecl .90 with the Vineland, and .92 

with the DASI). Adaptations for testing children with severe motor, visual and hearing 

impairments are given in the instruction manual. Zittel(l994) in her critique of motor 

assessrnent instruments for use with preschool chldren with special needs rated the BDI 

as having strong technical adequacy, being easy to administer and having strong 

ecological validity. 

Fine and Gross Motor Questionnaire was cornpiled from elements of the Vineland 

Adaptive Behavior ScaIes (Sparrow, Balla and Cicchetti, 1984), the Brigance Diagnostic 

Inventory of Early Development (Brigance IED; Brigance, 1978), the Movement ABC 

checklist (Henderson & Sugden, 1992), and the AEPS (Bricker, 1993) (See Appendix R). 

It was gïven to parents to complete regarding the motor skills of their child, The results 

of this questionnaire were compared to the results fiom the BDI motor scale in order to 

look at the vaiid3y of the BDI with the populations used in this study. 

The Childhood Autism Rating Scale (CARS; Schopler, Reichler, & Renner, 

1986) was used with the children with autism. This scale was completed by their 



teacher. therapist or parent (where therapists or teachers were not availabIe) to provide a 

severity rating of autistic behaviours in 15 different areas on a four point scale, which 

ranged fiom age-appropriate behaviour to severely abnormal behaviour. An overd1 

classification resuits, which ranges tiom normal to severe. Scores fiom 15 to 29.5 

ciassifi a child into the non-Autistic range, frorn 30 to 36.5 the chiId would be pIaced in 

the Mildly-Moderately Autistic category, and 37 and above constitutes a rating of 

Severely Autistic. Reliability of the scale reported in the manual sugested that the test- 

retest reliability of the CARS was good (-88) for diagnostic assessments occuning one 

vear apart. while interrater reliability was quoted as 0.71. The manuai aiso reported a 

high correlation of the CARS scores with criterion c l i n id  ratings (-84) of the same 

children in a diagostic session. 

Preaancv and Buth Comrilications Questionnaire, part of the Anser System 

Parent Questionnaire, Form 2P (Levine. 1980) was gïven to al1 parents for compIetion 

regarding their child (see Appendix R). The questions focus on abnomdities and 

problems that may have occurred during the pregancy and delive- of the chld, and any 

probIems in the newborn f i e r  birth. There is no reliability or validity data available on 

thïs questionnaire, but the questionnaire has k e n  used for assessing children with 

learning and motor difficulties (e.g. Dewey, 1990). 

Sociodemom~hic Questionnaire. A general questionnaire eliciting demogaphic 

information suc h as  father' s and mother's age, education level and curent occupation 

was also completed by a parent (see Appendix S). 



Procedure 

Once written consent had been obtained for each child's participation in the 

study, arrangements were made to test the child. Chkiren that were in a program during 

the &y, for example, at Providence Children's Centre, or at The Socieîy for Treatment of 

Autism, were tested at their program site, in a separate classroorn, or a room designated 

for the purposes of testing where there were few distractions. The rest of the children 

were tested in their homes. Testing was done in two sessions. The first session induded 

the motor skills testing, language testing, and the fim half of the HPDT. niis was done 

so that the child could become comfortabIe with the researcher by doing the more fun, 

and less structured activities. The second session included the cognitive testing, and the 

second half of the HPDT. Where there were recent cognitive and verbal ability testing 

results available through the child's program (within one year), these resdts were 

obtained from their file. 

Parents were sent the questionnaires to complete and return either in the child's 

schoolbag if they attended a program, or were given the questionnaires in person when 

testing occurred at home. The rehrni rate for the questionnaires was over 9 1%. 

Questionnaire data was missing for four of the children with developmentd delays (two 

children fiom the same family), and for one child fiom the normally developing group. 

Data was also missing fiom some questionnaires, especially when a chld was being 

fostered, or had been adopted As a resuit, famiIy history and birth detaiIs were ofien 

unknown. 



RESULTS 

Family Background 

The rneans for the ages of the biological parents, the number of siblings and 

farnily socioeconomic status (SES) are presented in Table 1. Farnily socioeconomic 

status was determined from the parents' occupations using the Blishen index of Canadian 

occupations (Blishen, Carroll, & Moore, 1987). This index considers the income, 

education, and job prestige for each Iisted occupation. For each farnily, the Blishen index 

corresponding to the highest of the rated occupations of the parents was determined The 

index value for each famiIy was then converted into one of six cIass vaIues suggested by 

Blishen and McRoberts ( 1976). This class value was used in the analyses involving SES. 

Adyses of variance (ANOVA) indicated that there were no group differences on 

the folIowing measures: Father's age ' (2,43) = 1.32, p .05; Mother's age F (2,46) = 

1-63? g > .05; nurnber of siblings (3,53) = .55$ Q > .05. The ANOVA for SES indicated 

that there was a significant difference between the groups (F(2,SO) = 4.4 1, p < .05. 

FoIlow-up analyses utilizing the Tukey-HSD tesr. indicated that there was a si-gnificant 

difference in SES between the children with developmental delays' families and the 

normalIy developing children's families. Correlations performed between SES and the 

dependent variables used in the fullowing analyses (i-e., receptive verbal ability, 

cognitive ability, fine and gross motor scores, handedness consistency, and strength of 

hand preference) indicated that SES was not highly corretated with the measures of 

interest, (see Table 2). Therefore, SES ievel was not used as a covariate in the analyses. 



Table 1 

Familv Background 

Autistic Developmentally Nomally developing 

delayed 

Participant - M - SD - M - SD - M - SD 

Variables 

Faîher's age 38.06 (18) 4.87 36.36 (1 1) 4.61 39.42(I7) 3.74 

Mother' s age 34.74 (19) 4.62 33.15 (13) 5.52 36.35 (17) 3.50 

Number of siblings 1.60 (20) 1.57 1.19 (1 6) .98 1.32 (19) .95 

SES 3.95 (20) 1.61 3.13 (14) 1.09 4.79 (19) 1.18 



Table 2 

Correlations Between SES and the Dependent Variables (Measurement Scores) 

Receptive Cognitive Fine Gross h d  Stren-gth of h&dp 

verbal motor motor preference preference 

abiIity consistency 

SES .O68 -.O 15 -. 164 -.208 -328' - . 2 6  



Marital status of both biologicai parents, and parental education level were 

compared across the three groups using chi-square analyses. No significant ciifferences 

were found for any of the four variables in question: mother's marital s a t u s ,  2 (8, N = 

53) = 7.39, g > .05; mother7s eclucation level X 7  (8, N =53) = 9.32, Q > .05; father's 

maritai status X' (6, N = 50) = 6.75, p > 05; and fatherzs education level X' (8, & = 19) = 

12-41, p > -05. 

A cornparison of children in the family (other than the identified child 

participant) who had been diagnosed with a disorder such as a chronic ihess, Ian-page 

disorder, Iearning disability, deveIopmenta1 problem or attention problems was made 

across groups using a chi-square analysis, X' (2, N = 5 5 )  = 1.99, g > -05. Results revealed 

no significant group ciifferences- 

Cornparison of Fine and Gross Motor Questionnaire and 

BDI - Motor Domain 

There are no previous reports of the BDI - motor domain being used with children 

with autism. in order to check the validity of this measure for use with chiltiren with 

autism, scores fiom the %DI- motor domain were compared to the scores obtained fiom 

the Fine and Gross Motor Questionnaire. Correlations between the fine and gros motor 

scores on the BDI- motor domain and the Fine and Gross Motor Questionnaire are 

presented in Table 3. Significant correlations were found between d l  of the variables. 

Correlations were dso performed for each goup of participants separately. Al1 



Table 3 

Correlations Between BDI - Motor Domain Scores, and Fine and Gross Motor 

Questionnaire Scores (Al1 Grouus) 

Questionnaire (fi = 55 )  

Fine motor Gross motor 

BDI 

Fine motor .83- .j3*** 

Gross motor .75- .jY8 



correlations were sigificant at either the -05 or .O1 level, as reponed in Tab!es 4,s and 

6 (except for in the normally developing group where BDI fine motor score and gross 

motor parent report scores are not sigificantly correiated. However, this relationship is 

not of direct relevame and the fine motor scores are correlated). The above correlations 

suggest that the BDI - motor domain is an appropriate measure to use with this 

population of children, as well as children with developmental delays and normally 

devdoping children. 

Cornparison of Handedness, Verbal Ability and Motor Skills 

Across Groups 

Table 7 presents the groups means and standard deviations for verbal abiiity, 

motor scores, stren-gh of hand preference and handedness consistency score. Pearson 

product-moment correlations were used to assess relationships between the variables. 

Al1 correlations were significant at the .O5 level (see Table 8), therefore, a MANOVA 

was performed with receptive verbal ability, fine and gross motor scores, strength of hand 

preference and hand consistency. The main effect of Group was significant (Wilks 

Lambda F (2,25) = 5.57, g < .O0 1) (see Table 9). The follow-up univariaie ANOVA 

indicated significant group differences for the receptive verbal ability score with F (2,57) 

= 7.62, = -00 1. Post-hoc cornparisons revealed that the children with autism had 

significantly lower receptive verbal ability scores than both the delayed and norrnally 

developing children. The receptive verbai ability levels of the children with 

developmental delays and normally developing children were not found to be statistically 



Table 4 

Correlations Between BDI - Motor Domain Scores and Fine and Gross Motor 

Questionnaire Scores for the Children with Autism 

Questionnaire In = 20) 

Fine motor Gross motor 

BDI 

Fine rnotor 

Gross motor 



Table 5 

Correlations Between BDI - Motor Domain Scores and Fine and Gros Motor 

Ouestionnaire Scores for the Children With DeveIo~mentai DeIavs 

Questionnaire (IJ = 16) 

Fine motor Gross motor 

BDI 

Fine motor .90**- .54* 

Gross motor -73- .54* 



Table 6 

Correlations Between BDI - Motor Domain Scores, and Fine and Gross Motor 

Questionnaire Scores for the Normally Deveio~ing Chsldren 

Questionnaire @ = 19) 

Fine motor Gross motor 

BDI 

Fine motor 

Gross motor 



Table 7 

gr ou^ Means for the Performance and Hand Preference Measures 

Group 

Autisîic Deve i oprnen ta11 y NormaIIy 

Dependent mesures M - SD - M - SD - M SD 

Receptive verbai 25.10 10.25 35.05 9.44 36.90 11.09 

ability 

Fine motor 

Gross motor 

Hand consistency 

preference 



Table 8 

Correlations Between Performance and W d  Preference Measures 

Receptive Gross motor Hand Strength of 

verbal ability consistency hand preference 

Gross motor .59- 

Hand consistency 29. 

Streqgth of hand -33- 

preference 

Fine motor .64*** .85*** .35 qq -36.. 



Table 9 

MANOVA for the Performance and Hand Fkeference Measures 

Source Mult. r Dependent Variable Univ. E~ 

Group 5.57*.* Receptive verbal ability 7.62** 

Fine motor 3.70- 

Gross motor 5 .  IO** 

Hand consistency 3.03 

Stren-gth of hand 3.68' 

preference 

" For the multivariate ANOVA, df= 2:25. For the univariate ANOVAs, df = 2,57 

*1 8.. 

p < .O 1. p < -00 1. > < .O5 is not considered sipificant when the Bonferroni 

correction is applied to the univariate Es. 



different from each other. The follow-up univariate F for fine motor skills Cf (2,571 = 

3.70, p = -03 1) was not considered significant when a Bonferroni correction was applied 

(.O515 = .O l) ,  however, the trend was e m i n e d  further for interest. A univariate 

reveaied significant group differences for gross motor sluils F (2,57) = 5.10, g = .009. 

Tukey-HSD pst-hoc cornparisons revealed that the chiIdren with developrnental delays 

had significantly higher fine motor and gross motor scores than the norrnally developing 

children. The fine and goss motor scores of the children with autism did not differ fiom 

the delayed children, or the nomal cornparison children. 

Hand Preference Categorization 

A child was classified as being right handed if their laterality index (LI) was 43 or 

gceater. left handed if their LI was 5 or les ,  and arnbiguously handed if their LI was fiom 

6 to 42 inciusive. En order to examine the categorization of the lateraiity scores into ri& 

left and ambipous handedness by groups, a chi-square analyses was performed. Results 

indicated that the groups were significantly different in thexr hand preference 

categorizations (4, N = 60) = 1 1.39, g < .05) (see Table 10). For the children with 

autism, 35% showed a right hand preference, 0% left preference, and 65% showed an 

arnbiguous hand preference (i-e., mixed between and across tasks). In the children with 

developmental deiays, 70% were classified as right handed 10% were lefi handed, and 

20% were ambiguous, while among the nomally developing children 45% were right 

handed, 0% were left handeci, and 55% were classified as having an ambiguous hand 

preference. Follow-up chi-squares were performed to investigate the direction of the 



Table 1 O 

Fresuencv of Hand Preference Catetzorization bv GTOUD 

Hand preference category 

Group Lefi Ambiguous Right 

Au~stic  O 13 7 

Developmentally delayed 2 4 14 

Normal1 y developing O 11 9 



oroup differences. Resuits indicate that the chldren with autism had si-3nificantly - 
different hand preferences from the chiidren with deveIopmental delays (X' (2. N = 40) = 

9.10, Q <.Os), as did the normally developing children (X' (2, N = 40) = 6.35,~ c .05). 

However, the children with autism and the nomalIy developing children did not display 

a significant difference in their hand preference classifications (2, N = 40) = 3 2 ,  p > 

-05). 

A P ~  in Relation to Hand Preference Classification 

Independent samples t-tests were performed for each goup, comparing the ages 

of those ciassifieci as having a definte hand preference (right or left) to those children 

who were classified as not having developed a definite hand preference. No significant 

differences were revealed for any of the three groups (see Table 1 f for means and t-test 

resdts). Hence, within each group, chiltiren with a definite hand preference were not 

chronologically older than those classified as having an ambiguous preference. 

Strength and Consistencv of Hand Preference 

The follow-up univariate F test showed a trend towards significant group 

differences for consistency of handedness (F (2,57) = 3 . 0 3 , ~  = .056). A significant group 

difference for strength of hand preference (F (2,57) = 3.68,s = -032) was found, 

however, when a Bonferroni correction was applied, this resdt became non-significant 

(see Table 9). Given the interest in these trends, ùiese differeuces were explored further. 

Figures 1,2 and 3 show the distribution of laterality indexes for each group. Follow-up 

tests for strength of hand preference indicated a sipaificant ciifkence between the 



Comuarïson of Mean Anes bv Hand Preference 

Group - M - SD - n - df t 

delayed 

Left/Right 56.88 

Normally developing 

Lemgfit 36.11 14.43 9 

Ambiguou 29.09 3.96 11 



Fiwe 1. Distribution of latedity indices for chldren with autism 



Later* Index 

F i m e  2. Distribution o f  lateraiity indices for chldren with 
developmental delays. 



Fime - 3. Distribution of laterality indices for normally 
developing children. 



stren-& of hand preference scores of the chiIdren with autism and the children with 

developmental delays. The children with a developmental delay displayed a trend toward 

a more established hand preference than the children wïth autism. No differences were 

found in consistency of  hand preference across the groups. 

Inconsistencv Within Hand Preference Cateoories 

Soper et al. ( 1986) looked at the fiequency of tasks where hand preference was 

not consistent to dernonstrate that individuais in the ambiguous handedness s o u p  were 

inconsistent across and within tasks, and were tfierefore not ambidextrous. Frequency of 

hand preference consistency within items was tabulated for the present study. The 

resdts, which are presented in Table 12, show the nurnber of participants within each 

hand preference category and group who were inconsistent on more than two of the eight 

tasks of the Hand Preference Demonstration Test (HPDT). Response inconsistency 

within items is cieariy related to ambiguous handedness. There were no participants that 

were ambidemous, Le., fiuctuating handedness between items, but not variable 

preference within items. 

Birnanual Reswnses 

Bimanual responses are not taken inîo zonsidcïztion oiï the LI generated by the 

HPDT, but during the testïng it kvas apparent that some of the responses fell into that 

category. Examination of the data indicated that 7.7% of the total number of hand 

preference responses were made bimanually. Of that 7.7%, 42% were shown by the 

nonnally developing children, 30% by the children with developmental delays, and 28% 

by the children with autisrn. Table 13 shows the breakdown of birnanual responses by 



Table 12 

Fr~uencv of k d  Preference Inconsistencies on More Than Two Activities for the 

Hand Preference Demonsiration Test 

- 

Hand preference category 

Group Lei? Ambiguous Right 

Autistic 12/13 (92%) 0/7 (0%) 

DevelopmentalIy 4/4 ( 100°/o) 5/14 (36%) 

delayed 

Normally devetoping 

Overall 0/2 (0%) 27/28 (96%) 8/30 (2704) 



Table 13 

Freciuencv of Bimanual Res~onses bv Hand Preference Task 

Tasks Autistic Developmentaily Normal1 y Total number of 

responses 

C UP 46 (74.z0/5) 31 (62.1°/o) 79 (84.9%) 166 (75.1°.'0) 

bal1 14 (22.6%) 23 (34.8%) 9 (9.7%) 46 (20.8%) 

hanmer O O 1 (1-1?'0) 1 (0.5°/~) 

raisin O 1 (1.5%) O 1 (0.5%) 

dime 2 (32%) 1 (1.5%) 4 (4.3%) 7 (3.2%) 



tasks for each group. The task that elicited the vast majority of bimanuaI responses was 

drinking fiom a cup (75.1% of the 221 bimanual responses), the second most fiequent 

being throwing a bal1 (20.8% of bimanual responses). 

Hand Preference Classification and Relationshi~ to Preg~aricy and Newbom Problems 

Independent-samples t-tests were performed for each goup for total number of 

pregnancy and birth problems (see Table M), and total newborn problems (see Table 1 S), 

cornparing children with a left or right hand preference, to those classified with an 

ambiguous hand preference. No differences were found between the h d  preference 

oroups on either variable for the children with autism, children with developmental 
.d 

delays, or normally developing children. Thus, those children demon~bating arnbiguous 

hand preference did not have significantiy more pregancy, birth and ne~vborn problems 

than those children demonstrating a definite hand preference. Hawever, the rneans 

reported in Table 13 suggest that there is a pattern for both the children with autism and 

children with developmental delays to have a greater number of pregmncy and birth 

problems reported if they display arnbiguous handedness. There is also a pattern for a 

greater nurnber of newbom problems in the autîsm and normalIy developing groups with 

ambiguous hand preference (see Table 15). 

The Relationship of Hand Preference to Verbal, Cognitive and 

Motor Abilities 

Analyses were performed to examine the relationsiups that hand preference 

classification had to receptive verbal ability, cogmtive abiIity Ievel, and motor skills by 



Table 14 

Com~arison of Premancy and Birth Com~lications bv Hand Preference 

Group 

Autistic 

Left/Right 1-14 .90 7 18 

Ambiguous 1.54 1.27 13 

Developmentally delayed 

Left/Right 1.75 1.48 12 

Ambiguous 2.33 1.53 3 

Normally developing 

Left/Right 1.13 1.13 8 

Ambiguou .83 .87 1 1  



CornDanson of Newborn Com~lications bv Hand Preference 

Group - M - SD - n df - 1 

Autistic 

LeftRight .86 1.16 7 18 -.57 

Arnbiguous 1.23 1.36 13 

Developmentally 

delayed 

Left/Right 1.58 1.88 12 

Ambiguous 1.25 3 0  4 

Normally developing 

Left/Right .63 1 .O6 8 17 -. 77 

Ambiguous 1.18 1.83 1 1  



group. Due to an ememely small number of left handers in this study population, the 

results of left and right handed participants were combined into one group (those with a 

definite hand preference), and were compared with chldren who did not evidence a hand 

preference. A MANOVA was used to assess group and hand preference differences in 

receptive verbal ability, cognitive ability, and motor skills (two between subject factors). 

Results revded a nonsignificant Group x Hand Preference effect, with Wilks' lambda F 

(2,23) = .5 1, p > .O5 (see Table 16). A trend towards si_@ficance was found for the main 

effect of Hand Preference (Wilks' lambda F (224) = 2.49, = .055). Given the focus of 

the study the univariate were sxplored however, and interpretation is tentative. 

Applying a Bonferroni correction of .O 125 (i-e., .05/4) univariate & for receptive verbal 

ability and copitive ability were both si,anificant (receptive verbal abiiity F (1.53) = 

10.27, Q = -002, and cognitive ability F (1 34 )  = 6.86, g = .O 1 1). A trend towards 

sigiificance was found for gross motor skills (F (1,54) = 4.48, p = .O39). and fine motor 

skills (F (1,54) = 5.46, = .023). 

Foilow-up independent-samples t-tests of al1 four univariate F tests (receptive 

verbal ability, cognitive ability, fine and goss motor abilities) indicated that for each 

variabte, scores were consistentiy lower for those children classified as not having a hand 

preference, compared to children who were classified a having a definite hand preference 

(see Figures 4,5,6 & 7). This was reflected in significant t values (probabilities al1 less 

than 0.05) for dl four variables, indicating differences by hand preference when 

collapsed across the group variable. 



Table 16 

MANOVA for Verbal, Comitive, and Motor Abilities 

Source Mult r Dependent variable Uuk. E~ 

Group .5 1 Receptive verbal ability 

X Co-gnitive 

Hand preference Fine motor 

Gross motor 

Hand preference 2.49 Receptive verbal abiiity 

Cognrtive 

Fine motor 

Gross motor 

Receptive verbal ability 

Co+gnitive 

Fine motor 

Gross rnotor 

Group 

b " For the rnultivariate ANOVA, &'= ?,B. For the univariate ANOVAs, df = 2-54. 

# LIS 

2 < .O 125 (Bonferroni correction applied). p < -00 1. fp < .O5 is not considered 

sipifIcant when the Bonferroni correction is applied to the univariate Es. 



Au.tistic DeveIopmentally Normaily 
delayed developmg 

Group 

Fimire 4. Group Means for Receptive VerbaI Ability Scores. 



I I 1 1 

Autistic DeveIopmentally Normaliy 
deiayed developing 

Group 

Figure 5. Group Means for Cognitive Ability Scores. 



Aunstic Deveiopmentally Normally 
deiayed developing 

Group 

Fimre 6 .  Group Means for Fine Motor Scores. 



Group 

F i w e  7. Group Means for Gross Motor Scores. 



As expected the MANOVA revealed a main effect of Group. These are 

essentially the same results as those discussed in the section "Group Cornpanson of 

Handedness, Verbal Ability and Motor Skills Across Groups", tfierefore, they will not be 

discussed M e r .  

One of the hy-potheses generated was that chikiren with autisrn, who did not have 

a definite hand preference, would have lower verbal abilitv, cognitive and motor scores 

than those children with autism who had developed a definite hand preference. To test 

this hypothesis, t-tests were performed for the four variables of interest by hand 

preference grouping (definite hand preference(right or left) compared to no definite hand 

preference (ambiguous))(see Tables 17, 18, 19 & 20): with receptive verbal ability t ( 18) 

= -.573, E< -05, cognitive ability indicating a trend with 1 (1 8) = 2.08, p = .052, fine 

motor t ( 1 8) = 3.1 1, p< .05, and gross motor (1 8) = 2.1 1, E< .OS. The results revealed 

that the children with autism who had not developed a hand preference were functioning 

si_gn.ificantly Iower in the areas of receptive verbal ability, and fine and gross motor skrlls. 

and showed a trend towards lower cognitive abiiity than ctuldiren with autism with a 

definite hand preference. independent samples t-tests were also performed for the 

children with developmental delays and normally developing children to see if the same 

pattern emerged as with the children with autism on the four measures of interest. The t- 

test of receptive verbal ability for the children with developmental delays indicated a 

trend with 1 (1 8) = 2.06, Q = .O%. No other t-tests were significant, or indicated trends. 

Therefore, the relationship of hand preference to verbaI, cognitive, and motor scores 

appears to be exclusive to the chiIdren with autism, although the pattern cm be seen in 



gr ou^ Commrïsons of Recepbve Verbal Abilitv bv Hand Reference 

LefvRight 31.86 1 1 .O3 7 18 2.43- 

Ambiguous 2 1.46 7.6 13 

Developmentally 

delayed 

Left/Right 37.06 8.24 16 

A m b i ~ o u s  27.00 10.81 4 

Normally developing 

Left/Right 40.22 14.84 9 18 1.23 

Ambiguous 34.18 6.19 I l  



Table 18 

Gram CornDarisons of Cognitive Ability bv Hand Preference 

Group - M SD - n - - df 1 

delayed 

Left/Right 35.78 

Arnbiguous 29.25 

Nonnaily deveioping 



Table 19 

gr ou^ CornDansons of Fine Motor Ability bv Hand Preference 

LeWRight 44.79 17.38 7 18 2.1 1. 

Ambiguous 33.23 7.26 13 

delayed 

LefVRight 43.3 1 

Ambiguous 40.25 

Normally developing 

Left/Right 36.83 13.64 9 

,4mbi_mrous 30.9 1 4.4 1 11 



Table 20 

gr ou^ CornDansons of Gross Motor Abilitv bv Hand Preference 

Group - M - SD - n & - t 

Autistic 

Le WRight 49.7 1 15.15 7 18 2.11. 

Ambiguous 36.42 12.46 13 

Developmentally 



the children with developmentai delays and normally developing children to a lesser 

extent (see Figures 4,5 ,6 ,  and 7). These ciifferences were rnasked in the omni'bus 

multivariate analyses. 

Pregnancy and Birth History 

gr ou^ Differences in Preonancy and Deliverv Probiems 

The questions regarding pregmncy and delivery details on the BiRh and 

Pregancy questionnaire were analyzed individually using ch-square analyses. No 

significant group differences were found for the following variables using chi-square 

tests at an alpha level of .05: mother bleeding during first 3 months of pregancy (X' (2, 

N = 53) = 2-15), bleeding during fourth to sixth months ( X 2  (2, =52) = 1-77), and 

bleeding during third trimester (X' (2, N =53) = .08), mother contracting a cold or other 

"rus during pre-mcy (x' (2, N = 50) =1.50), mother smoked one or more packs of 

cigarettes a day during the pregnancy (Zf (7, N = 54) = .18), mother developed toxemia 

(X' (2, N = 53) = 3-43), labour being induced (X' (2, N = 51) = 4-48), mother had a 

caesatian section (x' (2, N = 54) = 2.78), dificult delivery (X' ( 2 ,  N = 52)  = 2.73), and 

mother was put to sleep for de l i~er~(~"2 ,  N = 53) = -12). Mother having to take 

medications during the pregnancy with X2 (2 ,  N = 53) = 5.85, g = .O54 (N.B. medication 

taken during the delivery, for example, pain killers, were not included in this category) 

was the only variable in this section that approached significance. 



Analyses of variance were used to e.uamine group drfferences in rnother's weight 

gain during the pregnancy, the number of days early or late from the due &te that the 

baby was delivered, the age of the mother at buth, the number of pregancies the mother 

had up to this particuiar pregnancy, and the birth weight of the baby (means and standard 

deviations for these variables are presented in Table 2 1). No significant differences 

were found: rnother's weight gain F (2,46) = -6 1, Q > .05; delivery date accuracy F (2,49) 

= 1.25, E > -05; age of mother at birth F (2,50) = .92, , p > -05; the number of prepmcy 

this child was F (2,47) = 2.00, p > .05; and birth weight F (2,50) = +IO, E > -05. 

Group Differences in Newbom Problems 

Problems with the newbom at birth were also analyzed using chi-square analyses. 

No sigificant group differences were found on any of the varïabies ar an alpha level of 

-05: baby injured during birth (7, N = 5 1) = 2.70; baby had trouble breathing (2 ,  N = 

50) = 1.53; baby was jaundiced X' (2 ,  N = 53) = 1.80; rnother had hvins or aiplets X' (2, 

N = 55) = 1.93; baby had çeizures X' (2, N = 5 5 )  = 3.63; baby needed oxygen $ (2, N = - 

49) = 3.06; baby had trouble sucking X' (2, N =53) = .60; baby had to stay in hospiral 

more than a week X' (2, N = 54) = -76; baby was born with a heart defect X' (2, N =54) 

=.05; baby w-as bom with some other defect(s) (2, & = 54) = 1.04; and whether the 

baby was breastfed X Z  (2, &I = 54) = 2.37. The variable baby turned blue (cyanosas) was 

the only one that approached significance (X' (2, N = 50) = 5.14, g = .076). 

Overall CornDanson of Total Problems During; Preesiancv and Total Newborn ProbIerns 

The number of problerns reported in the pregnancy/delivery section of the 



questionnaire, and in the newbom section were totaled for each section (see Table 2 1 for 

means and standard deviations of total pregnancyhirth and newbom problems) and a 

MANOVA was performed (see TabIe 22). No si-gnificant group differences were found 

in the total number of pregnancy and newbom problems reported (Wilks' lambda F 

(3,23) = 1. IO, g > .OS). 

CARS Score and Relationships to Receptive Verbal Ability, Cognitive Ability, 

Motor Skills and Handedness 

Severitv of Autism Characteristics on a Continuum 

Pearson product-moment correlations were performed to investigate the 

reIationships between severity of autism characteristics as measured by the CARS and 

the test variables (receptive verbal ability, cognitive ability. f i e  and gross motor skills, 

consistency of hand preference and strength of hand preference). A11 correlations were 

insignificant, mith probabilities ranging fiom .87 to .95 (see Table 23). Hence there 

appears to be no relationship between severity of autism characteristics and scores on any 

of the variables tested. An independent-samples t-test tvas performed to examine 

differences in CARS scores by hand preference classification indicated that CARS scores 

were not significantiy different for right handed children with autism (no left handers in 

this study), versus autistic children with no hand preference 0 (1 8) = -.57, p s.05). 

Means and standard deviations for CARS scores for each hand preference group are 

presented in Table 24. 



Table 21 

gr ou^ Means for P r e ~ c v  and Newborn DetaiIs 

Group 

Autisîic Developmentally Normal I y 

delayed developing 

Measures - M - SD - M SD - - M - SD 

Weight gain 33.41 11.25 35.53 17.06 30.21 13.17 

Accuracy of delivery date -.O5 7.42 2.07 7.69 -3.67 14.48 

Mother's age 30.35 3.95 28.68 5 .  31.68 8.45 

Number of pregnancy 2.30 1-30 2.33 1.54 1-53 -83 

Baby's weight 7.22 -77 7.39 1.58 7.24 1.03 

Totai number of 1.40 1.14 1.87 1 .36 .95 -97 

prepnancylbirth problems 

Total nurnber of newborn 1.10 1-37 2.50 1.63 .95 1.54 

problems 



Table 32 

MANOVA for Reported Pregnancv and Birth Problems 

Source Mult Dependent variable Umv. p' 

Group 1.10 Total prepanc problems 2.1 5 

Total newborn problems .60 

" For the rnultivariate ANOVA, a= 2 ,X .  F O ~  the univariate ANOVAs, a= 2,49. 



Table 23 

Correlations Between CARS Score. and f erformance and Hand Preference Measures 

(ChiIdren with A~t i s rn )~  

Recepûve Cognitive Fine Gross Hand %en,@ of hand 

verbal motor motor consistency preference 

CARS .O1 .O3 .O2 -. 02 .O3 -. 04 



Table 24 

Hand Preference Gram Means on the CARS iChildren With Autism) 

preference 

Ambiguous hmd preference 35.92 4.76 



Cateoorization of Autisrn Severitv 

A MANOVA was aiso performed to investigate whether chikiren identified as 

displaying mild-moderate versus severe autistic characteristics, as defined by the authors 

of the CARS test (SchopIer, Reichler, & Renner, 2986), differed on receptive verbal 

ability, co_guitive ability, goss and fine motor skiils. consistency and men-* of hand 

preference (see Table 25). The main effect for the autism categories was not significant 

(Wilks' lambda F (1,6) = .42, > .05), and al1 reported univariate Es were also not 

significant at the .O5 alpha level. Means and standard deviations for the dependent 

rneasures are presented in Table 26. 

Hand Preference in the Farnily 

The means for mother's and father's degree of hand preference, number ol 

Iefi handed siblings, and relativity indexes for left handedness (including and excludmg 

the child) are presented in Table 27. Analyses of variance (ANOVAs) were perfomed to 

investigate possible differences across groups for degree of handedness among the 

participant's farnily members. No significant group differences were found for the 

degree of handedness shown by mothers and fathers (Mother's handedness E (2,50) = .76, 

g > .OS; Father's handedness F (2,46) = 1.80, p > -05. The number of siblings who were 

left handed (as reported by parents) was similar across the three groups, with (2,37) = 

-00, E > .05. 



Table 35 

MANOVA for Performance and Hand Preference Masures According to CARS Score 

Classification 

Source MuIt. Dependent variable Univ. E~ 

Autisrn Category .42 Receptive vehaI ability 1 .28 

Cognitive -67 

Fine motor .76 

Hand consistency .O0 1 

Strength of hand preference -14 

" For the muitivariate ANOVA df = 1 :6. For the univariate ANOVAs, df = 1,18. 



Table 26 

Category of Autism Means for Performance and Hand Preference Measures 

Autism Category 

Mild-modeme Severe 

Dependent measures - M - SD - M SD 

Cognitive 25.50 

Fine motor 35.25 

Gross motor 38.54 

Hand consistency 4. 17 

Receptive verbal ability 33.00 10.68 28.25 9.33 

9.58 30.38 17.05 

10.78 40.3 I 15.36 

14.94 11.88 14.13 

2.89 4.13 2.10 

Strength of hand preference 16.00 7.07 13.88 5.72 



Tablé 27 

Groum Means for Parents' Degree of Handedness. Number of lefi-handed Siblings. and 

Relativilx Index for Left Handedness Including: and Excludino the Child 

Group 

Autistic Developrnentall y Normally 

delayed developing 

Measures - M - SD - M - SD - M - SD 

Mother's degree of 36.45 3.20 35.93 5.97 34.16 7.97 

hand preference 

Father's degree of 33.16 9.92 36.17 6.28 37.50 2.53 

hand preference 

Number of Iefl 20 .4 1 

handed sibIings 

Relativity index 27 3 3  

including child 

Relativity index .27 .33 



Indexes of lefi handedness within the farniIy, immediate and extended, were 

calculated by assigning values correspondmg to the immediacy of the relationship of the 

left handed person to the identified participant. A value of 1.0 was assigned if the 

identified participant was classified as lefi handed, 0.5 if a parent or sibling was reported 

to be Iefi handed 0.25 if a -pndparent, aunt or uncle was the relative, 0.125 for a cousin, 

and 0.0625 for a second cousin- The lefi handed relativity index was calculated twice, 

inchding and excluding the identified participant. No significant differences were found 

across the groups for these two measures (index including chiId (2,s 1) = -15, p > -05; 

index without child (?,5 1 ) = .3 1. p > .05). 

Fine and Gross Motor Questionnaire 

Totals for the nvo sections of the motor questionnaire, fine and gross motor. were 

calcdated. A MANOVA resulted in a significant effect for Group (Wilks' lambda F 

(2,24) = 2.71, Q < .05) (see Table 28). Univariate 1's indicated that there was a 

significant difference in gross motor skills across the t h e  groupsF(2,52) = 3.45, E = 

-039 (mean gross and fine motor scores and standard deviahons are reported in Table 29). 

However, with a Bonferroni correction in place, the univariate F was not longer 

significant (i-e., .05/2 = .025). As a trend was indicated, pst-hoc cornparisons using 

Tukey's HSD were conducted. Results revealed that there were no significant 

differences among groups. From Table 29 it c m  be seen that there is a trend for the 

parent reported gross motor scores of the children with developmental delays to be higher 

than both the chilâren with autism and the normally developing children, whose mean 



TabIe 28 

MANOVA for Fine and Gross Motor Ouestionnaire Scores 

Source Mult. F" Dependent variable Univ. 

Fine motor 2.2 1 

Gross motor 3.45- 

" For the multivuiate ANOVA, df = 224. For the univariate ANOVAs, df = 2,52. 

< -05. -p < -05 is not considered si-gnificant when the Bonferroni correction is applied 

to the univariate F_ 



Table 29 

Grouv Means on the Fine and Gros Motor Ouestionnaire 

Fine motor Gross motor 

Group - M - SD - M - SD 



scores are very similar. The reported fine motor score across groups did not differ 

significantly, with F (2,52) = 2.2 1, p > .05). 



DISCUSSION 

Group Differences in Hand Preference 

Past research has found that approximately 35% of children with autism do not 

have a consistent hand preference within tasks, i.e., they have an ambiguous hand 

preference (Fein et al., 1985; Soper et al.. 1986). The first hypothesis exarnined was that 

a greater percentage of children with autism wouid show ambiguous patterns of hand 

preference than the matched children with developmental delays, and normally 

developing children. The results did not support ail camponents of this hypothesis. The 

children with autism and the normally developing children were found to have similar 

percentages of ambiguous handedness (65% for the autism group, and 55% for the 

normaIIy developing group). Overall, the classifications of hand preference did not differ 

between the normally developing and autistic chldren. However, the children with 

developmentai delays did not show the hi& levels of ambisous  handedness seen in the 

other two groups (only 20% ambiguous). Ttius, their pattern of hand preference 

dassification was significantly different fiom both the normally developing ciuldren and 

the children with autism, even though al1 three groups were matched for developmentai 

Ievel. 

Given the young age of the normally developing chilàren in this study, the finding 

that a high percentage of the group had not yet developed a hand preference is not 

surprising. Kaufman, Zalma and Kauhan (1978) in k i r  sarnple of normally developing 

chiidren found that 58% of the twwind-a-half year olds had developed a hand 

preference, which is similar to the 45% found in this study. As strength of hand 



preference seen in normally developing children increases until approximately age seven 

(McManus et al., 1988), most of these children will likely develop a definite hand 

preference as they become older. Age of the children with autism in this current study 

may also be a factor in the ciifference in percentages of hand preference found, especially 

ambiguous handedness. when compared to other studies. For example, Fein et al. ! 1985) 

reported a rate of 29% ambiguous handedness, and Soper et al. (1986) found a rate of 

36% arnbiguous handedness in their sample. However, the participants in these studies 

were, on average, older (the age range of Fein et ai.'s sample was 6 years 8 months to 1 1 

years 7 rnonths, and Soper et d.'s age range was from 4 years to 34 years of age) than the 

children who participated in the present study. 

The distribution of hand preference in the children with autism was the sarne as 

that of the normdly developing children of the same developmental levei. This finding 

suggests that the hpthesis of a developmental l a  in the lateraiization of children with 

autism may be correct (Barry & James, 1978; Fein et al., 1984). However, the pattern of 

hand preference in children with autism is not the same as chiidren of the sarne 

chronoloprcal and mental ages (children with developmental delays). There are several 

possibilities that may account for this finding. One is that years of experience have 

played more of a factor in the development of a hand preference in the children with 

de~elop~entally delays, but not in the children with autism. However, the most likely 

explmation is that although the two groups are rnatched generally on mental age, there 

are sri11 differences in cognitive abilities and disabilities between the groups, suggesting 

that different areas of cerebral dysfunction may contribute to the disproportionate amount 



of ambiguous handedness in the group with aunsm compared to the group with 

developmental delays. Hams and Carlson (1988) noted that a finding of increased 

ambiguous handedness in individuals with autism "is more consistent with the full 

clinicd picture of autism, which includes both linguistic and social-affective disorders, as 

well as attentional and arousal disorders. It is dso  consistent with the view that the 

etiology is more likely to involve bilateral cortical (and subcortical) than unilateral 

cortical dysfunction (Fein et al., 1984)", (p.304). 

it is also possible that the developmentid lag in chiidren with autism is more 

severe given the same general level of CO-s&ive abilities as the matched chiidren with 

developmentai delays at t h s  young age. Because of maturation, we might expect the 

number of children with autism with definite hand preference will increase, as the 

strength of hand preference increases and levels off over the next few years. The stability 

of hand preference in a11 three of the groups in this study is an area that needs further 

research. 

Few studies have directly compared children with autism and matched children 

with developmental delays to examine patterns of hand preference. Previous studies with 

non-autistic addts with mental retardation using the KPDT havz reported a higher 

percentage of arnbiguous handedness (Morris & Romslu, 1993; Soper et al., 1987) than 

what was found in this study (32% in the Morris & Romski study, 45% in the Soper et al. 

study). However, there are some dissirnilarities between the goups of individuals with 

deve1opmenta.I delays used in these studies and the g o u p  of chldren in the present study. 

Specificdly, in the Soper et al. study, the adults with mental retardation were severely or 



profoundy retarded with an average mental age of 24.3 months. In the Morris and 

Romski study, 76% of the participants were severely or profoundly retarded, and ail wen 

nonspeaking or minimal speakers. The children with developmental delays in this study 

had an average mental age of 34.5 months, and oniy one child had severe speech 

dificuities. Both Soper et al.'s, and Moms and Romski's goups contained participants 

with genetic or diagnosed syndromes, such as congenital hydrocephalus, brain lesioas, 

and Down Syndrome. The current study excluded chiIdren with known origins of 

pathology in order to create a more homogeneous group. 

Soper, Satz, Orsini, Van Gorp and Green's (1987) questioned whether the 

phenomenon of ambiguous handedness is specific to autism. Arnold and Askew's (1993: 

study of hand preference in a group of deaf children and young adults with severe 

leaming difficulties also found a distribution of hand preference similar to Soper et al. 

(1986), with a sipficant percenage of arnbiguous handedness. The resdts of the 

present study support Arnold and Askew's daim that ambiguous handedness is not 

specific to children with autism, but is also found in individuals with deve1opment.d 

delay. However, when direct matches were made for CO-gnitive level and age in the 

present study, the children with autism and the children with developmentaf delays 

showed different proportions of ambiguous handedness. This rnatching has not been 

controlled for in any other study to date. 

The second and third hypotheses of this study predicted that the percentages of 

lefi handedness in the children with autism, and children with developmental deiays 

would be similar, and both groups would have a higher percentage of lefi hand 



preference than the normally developing group. Both of these hypotheses were not 

supported. Using the 90% criterion suggested by Soper et al. (1986), none of the 

normally developing or children with autism met criteria for definite lefi hand 

preference, although there was one child in the normally developing group, and two 

chldren with autism that showed a trend towards lefi handedness. The children in this 

study who are developing normaily were very young, and many were not yet showing a 

definite hand preference, whch is consistent with the literame which States that hand 

preference continues to deveiop through the preschool years. The children with autism 

were also young, and showed a hi& degree of arnbiguous handedness. It is likely that 

some of the children with autism, and the normally developing children who are 

currently not showing a hand preference, will develop a defirute left hand preference 

similar to the percentages reported for older individuals. The percentaze of children with 

developmental delays with a definite lefi hand preference was IO%, which supports the 

data of studies that have also used the HPDT with populations with developmental 

delays: Soper et al. (1987) found 9.6% of their adult sarnple were left handed, and 

Aniold and Askew (1993) found 14.4% of their participants were classified as lefi 

handed. Cornish and McManus (1996) using a different hand classification measure 

found a lefi hand preference rate of 1 1.5% in their group of children with a leaming 

disability. Therefore, these results consistently show that the rate of left handedness in 

chldren and adults with a learning disability or developmental delay is approximately 

IO%, which is half the incidence originally reported in the literature (Hicks & Barton, 

1975). This may be due, in part, to a more liberal classification critena in the other 



studies, and also the fact that many early studies &d not use a classification of m~ued 

handedness, and instead used a dichotomous classification of right or left handed, or right 

and non-ri& handed Either way, indwiduals that would have been classified as 

arnbiguously handed were probabiy placed in the left handed goup, thus increasing the 

incidence of lefi handedness in those samples (Harris & Carlson, 1988). 

The results of this study show that hand preference classification, left, nght or 

ambiguou, was not related to the chronological age of the children within each group. 

Previous findings that autistic children with ambiguous hand preferences are younger 

than ùieir definite preference couterparts (Barry & James, 1978; Tsai, 1983) are 

therefore not supported. The age range of the chddren with autism in this study was 

purposely kept small (two-and-a-haif to seven years of age) so the cohort can be followed 

for M e r  research without changing ability measures. ïhe age range on the Barry and 

James shidy was fiom 4 years 1 1 months to 18 years 1 1 months. Similarly Tsai (1982) 

used a wide age range from 2 years 10 months to 13 years 6 months. It may be found in 

future research that the proportion of arnbiguous handedness changes in the autisrn goup 

involved in this study as they become older, which wodd explain why the previous 

studies have found more ambiguous handedness in younger children. Tsai (1983) noted 

that mixed handedness was most fiequent in children with autism who were younger than 

five years of age, and suggested that consistency of hand preference is established in 

children with autism d e r  age five. Fi* percent of the children with autism in ths  study 

are Iess than five years old. The reason for including chldren of such a young age was 

to examine differences in children who developed a hand preference at an earlier age, 



and the relationshp that the earIy development of hand preference may have to other 

aùilities and long tenn prognosis. 

Although the differences did not reach sigtificance, there was a trend that 

indicated that the children with autism with an ambiguous hand preference were more 

likely to have pregnancy? birth and newborn dan t  problerns than children with autism 

who had a definite hand preference. Givcn that this is retrospective reported data, 

caution should be taken when interpreting this data (Dewey, 1990). As Tsai pointed out, 

autistic individu&, in generai, do expertence a higher ffequency of cornpiications and 

probIems; however, due to srnaIl sample sizes, these factors often do not reach statisticd 

significance, and hence are not taken to be of clinical importance. Further large scaIe 

studies in thrs area shotiid take birth history of the sample as necessary data, as there 1s 

no data to date on birth complications in previous studies looiung at ambipous 

handedness. The same trend for more pregnancy and birth problems, but not newborn 

problerns, was seen for the ambiguously handed chifdren wiSi developmental delays. 

When hand preference classification is ignored, there were no significant differences in 

pregnmcv, birth and newborn problems reported by the three groups. 

Neither degree of handedness in parents, nor prevalence of kft handedness in the 

extended family were found to be significantly different between groups. The lack of 

drfference between groups provides support for the i i t e m e  thai states that there is no 

increase in lefi handedness in families of children with autism, compared to the generai 

popdation. The lack of a difference does not support Pipe's (1 990) review of the 

Iiterature that states that there is an increased incidence of lefi handedness in the families 



of indwiduds with developmental delays. However it should be noted that only 10% of 

the children with developmental delays in the present study were found to be left handed 

(approximately equivaient to the percentage of left handedness in the generai 

population). Familial data was also missing in the present study from four of the children 

with developmental delays, one of whch was one of the two children ciassified as being 

left handed. 

The current study found that there was a trend for the children with 

developmental delays to have a more established hand preference than the children with 

autism. Barry and James (1 978) aIso observeci this phenornena in their study. The 

children with autism and normaIly developing children of the same chronological age 

showed a graduai increase of dominant handedness as a function of age. The children 

with developrnental deIays showed a much sharper incline in their dominant hand use 

with age. The Barry and James study, and the current study suggest that children with 

developmenta1 delays show a different rate of hand preference development compared to 

children with autisrn and norrnally developing children. 

There were no group ciifferences fomd in the current study for consistency of 

hand preference. Cornish and McManus (1996) found that there was no difference in 

their study between chddren with autism and chi1dren with learning disabilities for 

consistency of handedness, however: similar to Barry and James (1978), Comish and 

McManus found that the normaIly developing children (matched for chronological age 

but not developmentd level) were more consistent in their hand preference than both the 

children with autism and children with developmentd delays. The children with learning 



disabiliues showed a sharp increase in consistency of hand preference with e e ,  to the 

point that their scores were similar to nomally developing ctiildren at approximately 1 1 

years old The chiIdren with autism showed a slow but steady increase in consistency of 

handedness with age, but never reached the level of consistency demonstrated by the 

normally developing chddren at age 1 1. Given tint the present study is looking at v e y  

young nomdly developing children at the same developmental level as the children with 

autism and the chddren with developmenta1 deIays, h e  strength and consistency of hand 

preference was not Iikely to differ by group if those varïaùles increase with age in a 

normal population as has been reported in the literaiure (McManus et al., 1988). The 

normally developing children are too young to have yet developed much consistency of 

hand use, as their mean age was two years and eight rnonths. Further research is 

suggested to observe the consistency of hand preference in the children in the present 

study as they get older. to examine whether the rate of development of hand consistency 

changes according to group. 

Soper et al. (1 986) reported that in their sample of children and adults with 

autisrn, almost al1 of the individuais who demonstrated inconsistent responses on more 

than two tasks of the HPDT were in the ambiguous handedness group (93%). This 

inconsistency was essentidly responses that differed within tasks, as opposed to across 

tasks, which would infer ambidextrous hand preference. Soper found similar results in 

lus study of retarded addts (Soper et aI., 19 87). The results of the present study were 

consistent with Soper et aI. (1987): 92% of chiidren with autism with arnbiguous 

handedness demonstrated inconsistency on more than two tasks, and 100% of both the 



children with developmental delays with ambiguous handedness, and the normaily 

developing chifdren, with arnbiguous handedness feII into this category. None of the 

children with autism that were right handed showed inconsistency on more than two 

items, but a third of both the children with developmental deiays and normally 

developing chiciren wïth a right hand preference did. As there are no other reports in the 

literature to compare h s  finding to, the implications of tbis finding are not hown, and 

are hard to explain gven that this is the first report of children of this age using this 

particuiar m a u r e .  It may be that the children with autism who have a right hand 

preference are more strongly lateralized than the ri& handed children in the two other 

~~OUps- 

The proportions of bimanuai responses made by the children in this study were 

examined because of the young age of the sample. and the fact that HPDT does not factor 

bimanual responses into the Iaterality index. Soper et al. (1986) reported that 1.3% of the 

responses in lus study were bimanual. Moms and Romski's (1993) study sample showed 

3.9% bimanud responses. This current study had a birnanuai response rate of almost 

double that of the Morris and Romski study (7.7%). Of those bimanual responses. the 

normally devetoping children were the highest contributors to that rate (42%), whereas 

the children with developmental delays and ctüldren with autism had approxirnately the 

same lower rate (30% and 28% respectively). Morris and Romski showed the breakdown 

of bimanual responses for the eight tasks involved in the HPDT to be fairiy even across 

tasks. Their subject sample was an adult population. In the present study, the most 

bimanual responses were for tasks that are developmentally more appropriate for 



bimanual hand use, i.e., drïniung from a cup and throwing a bail. Given the younger age 

of the sample of this study, and that more of the nomally developing children had 

bimanual responses than the other two groups, this finding does not seem surprïsing. 

Cornpaison of Verbal, Cognitive, and Motor Skills Across Groups 

The fine and gross motor scores of the children with developmental delays were 

sigmficantly higfier than the nomally developing children. The fine and goss motor 

scores of the children with autism were positioned between the scores of the children 

with developmentd delays and normaily developing children, and were not significantly 

different from either goup. These results were not unexpected when the differing ages 

of the groups and Iiterature regarding motor skills are taken into consideration. The 

nomdly  developing chtldren would have lower motor scores as motor skills develop 

with age, and experience, and the majority of this goup were only in the two year old age 

range. Jones and Prior (1995) reported that there is some evidence to suggest that 

children with autism have a deIay in motor functioning in relation to their chronoIogical 

age. In a study by Manjiviona and Prior (1995) they reported that 67Oh of children with 

autism in their sarnple had motor problems that were clinically significant, and were 

functioning motorically at a much lower level than would be expected for their age. 

ZineI (1994) reported that preschool children with developmental delays (the vast 

majority of the children with developmental delays in this study are preschoolers) ofien 

experience motor diEcuIties. 



Children with autism had si-olcantly lower receptive verbal ability scores than 

both the chikiren with developmental delays and normally deveIoping children. Again, 

this was not an unexpected result, given that lanipage skills in children with autism are 

usually severeIy impaire4 whereas, some cognitive skills may be spared. Hence, an 

overd1 CO-onitive score. consisting of many different cognitive abiliues, is likely to be 

higher ttian a specific score relating to language (matchïng by general cognitive level 

therefore would most likely resuIt in a group of children with autism that h a .  lower 

verbal ability scores than the group of children with deveIopmentai delays). In the 

children with developmental delays, the age equivalent scores for cognitive and receptive 

verbal ability tests were, on average, comparable, and not significantly different fiom the 

normally developing children's scores. 

Hand Preference Classification and its Reiationship to Other Abilities 

The fourth hypothesis to be tested in this study was that children with autisrn who 

have a definite hand preference (lefi or right) wodd show higher levels of functioning on 

receptive verbal ability, CO-gnitive ability, and have better developed rnotor skills than 

children with autism who have arnbiguous hand preferences. These results were 

generaily supported, and are consistent with the literature, which has reported lower 

scores in the ambiguous hand preference group on a variety of cognitive tasks (Fein et al., 

1984; Soper et al., 7986; Tsai, 1982). Howevei Fein et al. did not find ary  difference 

across hand preference groups on their motor masures, which were a peg-moving task, a 

measure of gnp strength and a finger tapping task. Given that these rneasures are 



inherently different to the motor measures in this study, the resuits may not be directiy 

comparable. Most of the items in the BDI - motor domain are ecologrcally valid, and 

tasks that would be encountered repulady in the child's Me, such as throwing and 

catching a ball, waiking up and down stairs, opening a door knob, turning the pages of a 

book one at a time, manipuiating a key, tying a hot. copying symbols and words. and so 

on. Hence, the rnotor measures in ths study are believed to be more representative of 

actuai skïlls in the gross and fine motor areas, and more informative than a measure of 

grip men,& for example. 

Bishop (1990) has suggested that "poor motor functioning results in a failure to 

l e m  the types of motor skills for which hand preference is normally shown" (p. 113). 

Prior and Bradshaw (1979) also perceived mixed handedness in children with autism to 

be a result of an inability to do the tasks that are used on a handedness measure. rather 

than a real measure of hand preference per se. Given that the HPDT has been used 

successfully with adult populations with very similar results to this study. 2nd that al1 the 

items on the test are demonstrateci by children fiom a very young age, it seems unlikely 

that an arnbiguous hand preference classification resulting fiorn use of the HPDT couid 

be associated with inability to do a task. Given an inability to do a task, it would be more 

likely that a bimanual or no-response be recorded. There was not a single no-response 

recorded in this study, and the bimanual responses were equivalent for both the delayed 

and autistic groups, and constituted a very low percentage of al1 responses. 

A similar explanation as Bishop's (1 990) concerning ambiguous handedness in 

children with autism has been put forward by Cornish and McManus (1996). They 



posited that the Iower consistency of hand preference seen in chldren with autism (and 

hence increase in ambiguous handedness) is a result of deficient motor skills. However, 

it was found in this study that the children with developmental delays and the children 

with autism did not ciiffer significantly in their fine and goss motor slults. Therefore, if 

it was a question of poor motor functioning we would have expected to find the sarne 

proportion of ambiguous handedness in the children with developmental delays as what 

was found in children with autism. Results showed that the two groups were very 

different in their hand preference distributions. These resuits question the idea that 

arnbiguous handedness in children with autism is the result of deficits in motor skills. 

Another explanation for the increase in ambiguous handedness shown in children with 

autism is needed (see Group Differences in Hand Preference). 

It is ciifficuit to separate out causation from correlation in this area There is a 

relationship shown in this study between arnbiguous hand preference and lower 

fùnctioning in rnotor skills; however, both could have been caused by the same 

phenornenon - extensive bmin dysfunction (most likely bilateral). in order to investigate 

ths area M e r ,  more research is required to examine the motor development of the 

children with autism who go on to develop a definite hand preference. a d  to see if there 

is a concomitant increase in motor skilis. 

Results for the chikiren with developmental delays and norrnally developing 

children show that although there is a trend for lower skills in motor, cognitive and 

lan,ouage functioning in the ambiguous hand preference groups, the results are not 

significantly different fiom the definite hand preference group scores. However, there 



was a trend towards si_gnificance for the receptive Iangmge scores of the children with 

developmental delays when hand preference groups are compared. Given the small 

numbers of arnbiguously handed children with developmental delays, an increase in the 

sample size may subsequenùy increase the statistical significance of this result This is 

an area that deserves fürther research. 

When al1 three groups are combine4 the analyses of vanance showed that there 

were significant ciifferences by hand preference group for langage and cognitive ability. 

and a trend towards significance for the motor skills scores. These results may be an 

mifact of the autism group's influence in increasing the score diEerence between the 

two hand preference categones. 

The finding of a trend towards lower scores on ability tasks for ambiguously 

handed normally developing children is consistent with studies by Annett ( 1970) and 

Kaufman et al. (1976). The motor testing results found in the present study are 

discrepant from the series of studies by Gabbard and Hart (Gabbard, H m  &: Gentry, 

1995b; Gabbard, Hart & Kanipe, 1993), whch used finger tapping tasks. However, their 

smdy that involved a global motor performance measure (Gabbard, Hart & Gentry, 

1995a) showed resuits that were consistent with this study in that the right handed 

children had higher scores than the mixed handed chrldren. ï h e  motor skrlls example 

provides an illusmtion of the difficulties inherent in the area of hand preference research 

when classifications and measures differ across studies, and differing conclusions cari be 

made that are not necessarily justified The area of motor fiinctioning warrants further 

investigation, and follow-up studies of children would indcate whether the snapshot of 



abilities taken at a specifiç point in time is prediMive of Iater abilities in any of the ùiree 

groups, given that children are still developing, and their hand preferences may change. 

Severity of Autism 

Contrary to predictions made by Kinsbourne (1988) ambiguous hand preference 

in ctuldren with autism is not reiated to severïq of autism, either when looked at on a 

continuum or by discrete categories. Moreover, correlations between CARS scores and 

ability and hand preference measures, such as receptive verbal ability, cognitive abiiity, 

motor skills, strength of hand preference and consistency were al1 insipificant, 

indicating that severity of autism has no relationship at al1 to a child's abilities in a 

number of areas. f i s  finding is surprising, in that one mi@t expect that severity of 

autistic characteristics might imply a lower level of functioning. The results of this study 

dispute the fifth and final hypothesis of ths study. A lack of relationshp between 

severity of autism and hand preference might suggest that it is the very presence of 

autistic characteristics, suficient to meet DSM-TV critena, that is important to the 

development of handedness, as opposed to the particular degree of manifestation of 

autism characteristics. The behavioural presentation of each individual with autism is 

unique, and therefore, it seems increasingly likely that it ts tfie constellation of 

characteristics, implicating specific but also variable patterns of cerebral dysfunction, 

that sets this group of indrviduals apart fiom groups of individuals with developmental 

delays. 



Comparkon of Questionnaire Data 

One of the questions asked in the sociodemographic questionnaire which showed 

no significant difference between groups, was a cornparison of siblings diagnosed with a 

chronic illness, iearning disability, language disorder, attention problem and so on. 

There are several reports in the literature that have documented an increase in speech 

language, cognitive or reading disorders in siblings of children with autism (for example, 

Bolton & Rutter, IWO), a s  well as a 50 times greater prevalence of autism in siblings 

than that found in the normal population. It is possible that the question used in the 

present smdy was not specific enough, and that the social and lan,ouage abnormalities 

reported to be prevalent in the broader familial phenotype of autism, suggested by Rutter 

and colleagues, were rnissed. Further, a sarnple size of twenty children in each group 

may not have ben large enough to pick up potential differences. 

Analyses of individual questions regarding birth and pregnancv problems were 

generdly unremarkabte across groups. There was a trend for group differences on the 

question of mother taking medication during pregnancy, with mothers of delayed 

children having the most 'Yes" answers of the three groups, and the least "no" answers. 

This data should be interpreted with caution, because the group with the least data 

available was the children with developmental delays. The only other variable where 

there was a trend towards group differences was cyanosis in the newborn baby. There 

were no incidences of cyanosis in the norrnally developing children, one in the children 

with autisrn, and three in the children with developmentai delays. The above cautions 



apply to interpreting the cyanosis variable, as a similar Iack of data for the children with 

developmental delays applies. 

Limitations of the Study and Suggestions for Fume Research 

Autism is a relatively rare disorder in the general popdation and hence the 

availability of possible participants is restricted. Given the devastating impact a 

diagosis of autism can have on a family, many parents experience a hi& level of stress 

and workload, hence involvement in a research study is far fiom their top priority. 

However, despite the obstacles, the sarnple size used in this study is of comparabIe size 

to those reported in the published literature. in order to have a larger sample size a muhi- 

site study would be required, or there would need to be collection of data over a longer 

period of time. That was not possible for t h s  particdar study. 

A major limitation of the current study was the relatively smail size of the hand 

preference groups when split by participant group. When cornparisons were made 

according to definite hand preference versus no hand preference, the smallest group was 

the ambiguous handedness group of children with developmentai delays (four children). 

It is possible that with larger groups of participants additional significant différences 

would have been fouru& and trends would have become statistically significant. Given 

the matchmg requirements, however, it was sometimes dificuit to idemi@ appropriate 

children with developmental delays, especially as the gap between mental and 

chronological age widened. 



A second limitation of this study is that IQ scores could not be reported for the 

children with autism, and children with developmental delays. This was due to the 

difficuities of findins an appropriate instrument for the range of abilities show by these 

proups. The instrument used for the majority of cogriltive testing, the Bayiey Scaies of 

Infant Development - MDI, is frequently used with children with autism, and with 

children with sigmficant developmental delays, but is not designed for the age range for 

whch it is used (Le., the Bayley only goes up to 36 months of a-), hence there are no 

noms available to cornpute a standard score, althougfi an age equivalent score can be 

deterrnined. Age equivdent scores on cognitive tests have been used by Soper et al. 

(1987). Therefore, the use of age equivaient scores is not unheard of The same situation 

arose for the PPVT-R scores, as many of the children with autism, and some of the 

children with developmental delays were scoring below the first percentile, and not 

achieving a standard score. With hindsight the PLS-3 should have been used as the 

instrument of choice, but as the PLS-3 only has n o m  available up to 6 years and 1 1 

mon* of age, the PPVT-R would have had to have ben used for the older children. 

A third [imitation of this study was the uneven gender ratios in the groups. There 

were very few girls in both the groups of children with autism, and children with 

developmental delays, and few boys in the normally deveioping group of children. 

Previous research on hand preference has suggested that there may be sex differences in 

the development of hand preference. This was not abte to be explored in the present 

study. A Iarger sample size would be required in order to look for reliable differences in 

hand preference and related abilities in respect to gender. 



Additional studies were suggested by this research. Given the ages of the sample 

groups in this study, it would be of great research interest to follow these groups as their 

hand preference becomes more established and examine whether verbal, cognitive and 

motor abilities change accordmgiy. If the chddren in the ambiguous handedness group 

move into the definite handedness group, it would be interesting to see if they are still 

behind in their : '  al, cognitive, and rnotor abilities in cornparison to the children that 

were already showing a definite hand preference. It has been noted in the Iiterature that 

the eariy development of a hand preference may be a predictor of functioning later in life. 

To date no-one has followed a study group to explore this hypothesis. It would be 

important to early interventionist. who work with chldren with autism in particular, to 

have an additionai predictor of firture fiinctioning, and to also have a better conception of 

which children are more in need of physiotherapy and occupational therapy in order to 

increase the skilis asçociated with the development of a hand preference. Whether it is 

possible to speed up the prticess of hand preference development, or intervene to turn an 

ambiguous handed child to a definite hander is udcnown. Cornish and McManus (1996) 

hypothesized that ambiguous handedness is due to a lack of ski11 in that are% or lack of 

CO-ordination. This suggests that it is possible to change an ambiguous hand preference 

to a definite hand preference given suEcient amount of practice to improve the 

consistency of responses made with one hand ïhat would constitute another area of 

researc h. Whether the change in hand preference classification through mec hanical 

practice would improve Ianguage, cogmtive, and global motor skiils is aiso a suggested 

area for researc h. 



A replication of this study is suggested given that th~s is the first study to 

compare ail three matched groups, looking at a variety of variables, measures and their 

interactions. An expansion of this study is also called fort using an expressive measure of 

Ianguage ability in addition to the receptive measure. F h e r  exploration of the 

ambiguous goups would be especially informative, gven that the acknowled-ment of 

this group in the literature is a relatively new occmence. The finding that the delayed 

chldren with ambigmus handedness showed a trend towards lower receptive ability 

wamnts closer investigation. 

Futirre research on hand preference in children with autism may try to separate 

the characteristics of autism, to examine their association with hand groups. Repetitive 

behaviours, and self abusive behaviour have been linked to degree of cognitive deficit. 

Given that bilateral brain dysfunction is implicated in autistic chiiciren with arnbiguous 

handedness, and studies are increasingly pointing to Iower CO-!gitive functioning in this 

moup of chrldren, it rnight be expected that the children with ambiguous handedness - 
would show increases in the repetitive autistic behaviours. 

Studies that continue in thxs area of ambiguous handedness should collect detailed 

pregnancy and birth tustories for the childreq to strengthen or dispute the findings of 

increased complications smounding the buth and early lives of these chiidren. 

Concluding Rernarks 

The results of th~s study support the hypothesis that chrldren with autism who 

have not developed a definite hand preference have lower cognitive, receptive language, 



and motor skills than children with autism who have developed a hand preference. The 

children with deveIopmental delays and nomally developing children also showed a 

tendency for lower scores in the ambiguous hand preference groups, but the difference 

was not as pronounced as s e n  in the chddren with autism. The lower levels of 

functioning in the ambiguous handed chilclren with autisrn suggested a greater degree of 

brain dysfunction in these chldren. Hence, the literature that postulates bilateral insult, 

as opposed to unilateral insult, in children with autism with ambiguous handedness is 

supported Severity of autism was not a factor associated with arnbiguous handedness. 

While further research is needed to explore additional deficits that may be 

associated with ambiguous handedness, and to replicate the results found here, this study 

has important implications. This research has suggested that children with autism who 

have a definite hand preference are functioning higher in a number of important areas 

than the goup of children with autism who have not developed a hand preference. 

Further research which investigates whether early intervention can impact the 

development of hand preference, and if there is an associated increase in other abilities is 

needed. The results of this study also suggest that it is not a lower level of motor skills 

per se, that is causing ambiguous handedness in children with autism, as matched 

children with developmental delays, who did not differ f?om the children with autism in 

their ievel of fine and gross motor skills, show a much higher degee of definite hand 

preference. 
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APPE3DIX A: Letter to Parents in the Autism Calgary Association 



December 1996 
Programme in CIinicaI Psycholog 
Ed B 292 
University of Calgary 

Dear Parents. 

We would like to invite you and your chiId to participate in a study that we are 
conducting through the University of Calgary and the Alberta Children's Hospital. 
Researchers at the University of Calgary and the Chtldren's Hospital are conducting a 
study examining hand preference, abiiity to understand spoken Ianguage, intelligence and 
motor skills of children with autism. Past research has indrcated that there is a group of 
children with autism who do not develop a hand preference as they get older. This study 
aims to identi@ how hand preference (i.e., right, left or no hand preference) may be 
related to intellectual, verbal and motor skills in children with autism- in cornparison to 
delayed and normaily developing chldren. 

The researchers are looking for chiidren, and tbeir parents to be part of this snidy. 

What would we ask of your child? For the study, each chld will be observed on 
simple activities to determine hand preference. Intellecrual, verbal and rnotor skills will 
also be assessed. However, if there has been recent testing of your child through their 
program, this data can be taken fiom their file. Therefore, where current data is already 
available, there will be little conducted in the way of assessrnent of your chrld. If there is 
no information available that is being looked at in this study, testing and observation of 
your child will take approximately 2 hours in total, which will be spread out over several 
occasions where required by the needs of the child. Yom child cm be assessed at The 
Society for Treatment of Autism, the Alberta Children's Hospital, the University of 
Calgary or a suitable location that is more convenient for you (also at home if that 1s 
more convenient). 

What would we ask of you? One parent in the family will be asked to cornplete 
questionnaires about their child's motor skills, any pregnancy or birth complications, 
hand preference within the family, and general sociodemo_mphic information. The 
questionnaires should take between 30 to 60 minutes to complete. 

If you are willing for your chld to take part in the study, please complete the 
enclosed consent form. After you have returned the form, the questionnaires wilI be sent 
to you to complete and return. Participation in ths study is entirely voiuntary. I f  you 
have M e r  questions or concerns please contact Dr. Deborah Dewey or Joy Hauck at 



229-7365. 

Thank you for your time and cwperation. 

Joy Hauck, B.Sc.(Hons) 
Clinical Psycholo_ey Graduate Student 
University of Calgaq 

Deborah Dewey, PkD. 
Assistant Professor 
University of Calagay 



.QPPEXDIX B: Consent Form for the Children with Autism 

recrnited throngh the Autism Calgary Association 



CONSENT FORM 

RESEARCH PROJECT: Hand preference, receptive verbal ability, intelligence and 
motor functioning in children with autism. 

INVESTIGATORS: Joy Hauck B.Sc. (Honsj, and Deborah Dewey, Ph.D. 
University of Calgary and Alberta Children's Hospital 

This consent form is only part of the process of informed consent A copy of this form 
has been provided for you to keep, and a photocopy of this completed fonn vriill also be 
given to the agency your child attends, in order for them to release pertinent information - 
from your child's file to the researchers. This form should give o u  the basic idea of 
what the research project is about and what your participation will involve. If you wouid 
like more details about something that is mentioned here, or information not included, 
you shodd feel free to ask. Please take the tirne to read this carefidly and to understand 
any accompanying information. 

This research is being conducted to meet the thesis requirements of the principal 
investigator (Joy Hauck) for an M-Sc. degee at the University of CaIgav. Supervision 
will be provided by Deborah Dewey, PhD, Chartered Psychologist in the Department of 
Pediatrics, University of Calgary. The main purpose of this project is to examine the 
relationship between hand preference. intelligence, verbal ability and motor skills in 
chldren with autisrn, in comparison to children who are deveIopmentaIly delayed, and to 
chrldren who are developing nonnally. 

Your child will be given a Hand Preference Demonstration Test, where the child's hand 
preference on several simple activities will be observed. Yom chiId wiII  also be assessed 
regarding their intelligence Ievel, receptive vertial ability and motor shIls. However, if 
any elements of this testing have been performed recently, the results will be obtained 
fiom you in order to keep assessrnent and possible disrupon to your chrId's routine to a 
minimum. Therefore, we also ask your permission to have access to your child's file at 
their current place of education or agency where they were tested. Where there are no 
current test rcsults available, testing will take approximately 2 hours, spIit into shorter 
sessions over several days. Parents will also be asked 10 cornplete questionnaires about 
their child's motor skills, possible pregnancy and brrth complications, hand preferences 
withn the farnily, and general sociodernographic information questions. Completion of 
these questionnaires should take approximately 30 to 60 minutes of your time in total. 

Your child and farnily rnay benefit from partïcipating in this study, as any information 
gathered during the project regarding your child may be made available to their agency if 
you desire, and thus may be used in regards to program planning. Separate written 
consent to release test results to the child's agency is required fiom y o y  should you wish 
them to receive the infirmation. Feedback regarding your child's abilities noted during 



the testing process will be made available to parents. AIso by seniing as a subj ect you 
may contribute new information whch rnay provide future benefit to children wi?h 
autism, 

Al1 information collected during this study will be completely confidentid and will be 
used for research purposes only by the principal investigtors. The results of the 
research will be reported as group data so that no individual identities will be revealed. 
Neither your name nor identity will be used for publication or pubiicity purposes. 
Information will be kept in a locked filùlg cabinet and wiIl be destroyed afier five years 
of completion of the research project A summary of the study's results will be mailed to 
you upon cornpletion of the study. 

Your sigature on t h s  fonn indxates that you have understood to your satisfaction the 
information regrding taking part in this study, and agree to your child's participation. In 
no way does this waive your IeyaI ri&s nor release the investigators, sponsors, or 
invoived institutions fiom their legal and professional responsibilities. You are free to 
withdraw your chiId from the study at my time wtthout jeopardizing your child's services 
and care. Your continued participation shodd be as informed as your initial consent so 
you shouid feel fiee to ask for clarification or new information throughout the study. If 
you have M e r  questions conceming matters related to this research, please contaçt Joy 
Hauck at (403) 279-7574. 

If you have any questions about your child's rights or your ri@s as a possible participant 
in this research please contact the Ofice of Medical Bioethcs, Faculty of Medicine, The 
University of Calgary, at 220-7990. 

(Name of Child) (Date) 

(Name of Parent or Le,d Guardian) (Signature of Parent or Legal Guardian) 

(Name of Witness) (Sigaime of Witness) 

Joy Hauck 
Narne of Investigator (Signature of ~nvesîi~ator) 

A copy of this consent form is provided for you Please keep it for your records and 



future reference. 

The investigator will, as appropriate, exphin to your child his or ber invoIvement, and 
wiil seek his or her ongoing cwperation throughout the project. If your child is able to 
si@ or mark their assent to their involvement in îhis project pIease have them complete 
the line below: 

(Si-gnaîure of Child) 

PIease note that the principal investigator will ensure that breaks during testing will be 
provided for your child when needed (based on the child's behaviourd presentation ). 



APPENDIX C:  Letter to Parents of Children who Previously Attended the Society 

for Treatment of Autism 



September 1996 
Progamme in Clinical Psycholorn 
Ed B 292 
Universiry of Calgary 

Dear Parents, 

The Society for Treatment of Autism has been iund enough to send this to yo y so 
that we rnay invite you and your chdd to participate in a study that we are conducting 
throua the University of Calgary and the Alberta Chrldren's Hospital. Researchers at the 
University of Calgary and the Children's Hospital are conducting a study examining hand 
preference, ability to understand spoken Ian,ptge, intelligence and motor skills of 
children with autism. Past research has indicated h t  there is a group of children with 
autism who do not develop a hand preference as they get older. This study aims to 
identi@ how hand preference (i-e., right, left or no hand preference) may be related to 
intellectual, verbal and motor skills in children with autisrn, in cornparison to delayed 
and normaily developing children. 

The researchers are looking for children, and their parents to be part of ths study. 

What wouId we ask of your child? For the study, each child will be observed on 
simple activities to determine hand preference. Intellectual, verbal and rnotor skills will 
also be assessed. However, if there has been recent testing of your child through their 
program, this data can be taken fiom their file. Therefore, where current data is already 
availabfe, there will be little conducted in the way of assesment of your child. If there is 
no information available that is being looked at in this study, testing and observation of 
your chld will take appro'ximately 2 hours in totai, whch will be spread out over severai 
occasions where required by the needs of the child. Your chdd \vil: be assessed at The 
Society for Treatment of Autism, the Alberta Children's Hospital, or the University of 
Calgary or a suitable location that is more convenient for you. The principal researcher 
of this project - Joy Hauck - previously worked in the Eady intervention Program before 
being accepted into graduate school, therefore some of the children who have been in 
ElP will be familiar with Joy. 

What wouid we ask of you? One parent in the family wi l  be asked to complete 
questionnaires about their chiid's motor skills, any pregancy or birth complications, 
hand preference within the family, and general socio-demopphic information. The 
questionnaires should take between 30 to 60 minutes to complete. 

If you are willing for your child to take part in the study, please complete the 



enclosed consent form. M e r  you have retumed the form. the questionnaires will be sent 
to you to complete and retum. Participation in this study is entireIy vo1unm-y. If you 
have further questions or concerns please contact Dr. Deborah Dewey or Joy Hauck at 
229-7365. 

Thank you for your tirne and CO-operation. 

Joy Hauck, B. Sc.(Hons) 
Clinical Psychology Graduate Student 
University of Calgary 

Deborah Dewey, Ph-D. 
Assistant Professor 
University of Calgry 



APPENDM D: Consent form for Children who Previously Attended the Society for 

Treatrnent of Aotism 



CONSENT FORM 

RESEARCE PROJECT: b d  preference, receptive verbal ability, intelligence and 
motor functioning in children with autism. 

I-i'VEST-IGATORS: Joy Hauck B.Sc. (Hons), and Deborah Dewey, Ph.D. 
University of Calgary and Alberta Children's Hospital 

This consent f o m  is only part of the process of informed consent. A copy of this form 
has been provided for you to keep, and a photocopy of this completed f o m  will also be 
given to the agency your child attends, in order for them to release pertinent information 
fiom your chMs file to the researchers. This form shouid give you the basic idea of 
what the research project is about and what your participation wiII involve. If you wodd 
like more details about something that is mentioned here, or information not included, 
you shouid feel free to ask. Please take the time to read this careNIy and to understand 
any accurnpanyin~ information. 

This research is being conducted to meet the thesis requirements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of Calgary. S u p e ~ s i o n  
will be provided by Deborah Dewey, PhD, Chartered Psychologrst in the Department of 
Pediatrics, University of Calgary. The main purpose of t h s  project is to examine the 
relationship between hand preference, intelligence, verbal ability and motor skills in 
chrldren with autism, in cornparison to children who are developmentally delayed, and to 
children who are developing normaily. 

Your chiId will be piven a Hand Preference Demonstration Test, where the chiid's hand 
preference on several simple activities will be observed. Your child will aIso be assessed 
regarding their intelligence Ievel, receptive verbal ability and motor shlls. However. if 
any eIements of üiis testing have been performed recentiy, the resuits will be obtained 
from your child's file in order to keep assessrnent and possible disruption to your chrld's 
routine to a minimum. Therefore, we also ask your permission to have access to your 
child's file at The Society for Treatment of Autism, or their current place of education. 
Where there are no cment test results available fiom your child's agency, testing will 
take approxirnateIy 2 hours, split into shorter sessions over severai days. Parents will 
aiso be asked to complete questionnaires about their child's motor skills, possible 
pregnancy and birth complications, band preferences within the family, and generd 
socio-demographic information questions. Completion of these questionnaires should 
take approximately 30 to 60 minutes of your time in total. 

Your child and family may benefit fkom participating in this study, as any uiformafion 
gathered during the project regarding your child may be made avaiiable to their agency if 
you desire, and thus may be used in regards to pro- planning. Separate written 
consent to release test results to the child's agency is required fiom you, should you wish 



them to receive the information. Feedback regarding your child's abilities noted during 
the testing process will be made availabie to parents. Also by seMng as a subject, you 
rnay contribute new information which may provide future benefit to children with 
autisrn. 

A11 information collected during this study will be cornpletely confidential and w d I  be 
used for research purposes only by the principal investigators. The results of the 
research will be reponed as group data so bat no individual identities will be revealed. 
Neither your name nor identity wili be used for pubIication or publicity purposes. 
Information wiII be kept in a locked f i h g  cabinet and wilI be destroyed afier five y m s  
of completion of the research project. A summary of the study's results will be mailed to 
you upon cornpletion of the study. 

Your signature on this form indicates that you have understood to your satisfaction the 
information re,oarding taking part in this study, and agree to your child's participation. In 
no way does this waive your legal ri@ nor release the investigators, sponsors, or 
involved institutions fiom their le_& and professionai responsibilities. You are fke to 
withdraw your child fiom the study at any time without jeopardizing your child's services 
and care. Yow continued participation should be as informed as your initial consenf so 
y u  should feel fiee to ask for clarification or new information throughout the study. If 
you have m e r  questions conceming matters related to this research, please contact Joy 
Hauck at (403) 379-7574. 

If you have any questions about your child's rights or your rights as a possible participant 
in this research, please contact the Office of Medical Bioethics. Faculty of Medicine, The 
University of Calgary, at 220-7990. 

(Name of Child) mate) 

(Name of Parent or Legal Guardian) (Signature of Parent or Legal Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
Name of Investigator (Signature of Investigator) 



A copy of this consent fom is provided for you Please keep it for your records and 
future refefence. 

The investigator will, as appropriate, expiain to your child his or her involvement, and 
wiIl seek his or her ongoing co-operation throughout the project. I f  your child is able to 
sign or mark heir assent to their involvement in this project please have them complete 
the line beiow: 

(Signature of Child) 

Piease note that the pncipaI investigator will ensure that breaks during testing will be 
provided for your chiId when needed (based on the child's behavioural presentation). 



APPEBDM E: Letter to Parents with Children in the Early Intervention Program, 

at the Society for the Treatment of Autism 



September 1996 
Programme in Chnical Psychology 
Ed B 292 
University of Calgary 

Dear Parents. 

The Society for Treatment of Autism has been kind enough to send this to yoy so 
that we may invite you and your chiId to participate in a study that we are conducting 
through the University of Calgary and the Alberta Children's Hospital. Researchers at the 
University of Calgary and the Children's Hospital are conducting a study examining hand 
preference, ability to understand spoken language, intelligence and motor skills of 
children with autism. Past research has indicated that there is a group of children with 
auîism who do not develop a hand preference as they get older. This study airns to 
identiQ how hand preference (Le., ri&& Iefi or no hand preference) may be related to 
intellechial, verbal and motor skills in children with autisrn, in comparison to delayed 
and normally developing children. 

The researchers are looking for children, and their parents to be part of t h s  study. 

What wouId we ask of your child? For the study, each chld will be observed on 
simple activities to determine hand preference. Intellectual, verbal and motor skills will 
also be assessed. However, if there has been recent testing of your child through their 
program, this data can be taken fiom their file. Therefore, where current data is already 
available, there will be little conducted in the way of assessrnent of your child. If there is 
no information available that is being looked at in this study, testing and observation of 
your child will take approximately 2 hours in total, whch will be spread out over severai 
occasions so that your chld's routine has a minimum of disruption. Your child will be 
assessed at The Society for Treatment of Autism, and you will be notified in advance of 
when your child will be tested. The principal researcher of this project - Joy Hauck - 
previously worked in the Early Intervention Program before being accepted into "graduate 
school, therefore some of the children in EIP will be familiar with Joy. 

What would we ask of you? One parent in the family will be asked to complete 
questionnaires about their child's motor skills, any pregnancy or birth complications, 
hand preference within the famil y, and general socio-demographic information. The 
questionnaires should take between 30 to 60 minutes to complete. 

If you are willing for your child to take part in the sîudy, please complete the 
enclosed consent form. M e r  you have returned the form, the questionnaires will be sent 



to you to complete and return. Participation in ths study is entirely voluntary. If you 
have further questions or concerns please contact Dr. Deborah Dewey or Joy Hauck at 
229-736 5.  

ïha& you for your time and co-operation. 

Joy Hauck, B. Sc.(Hons) Deborah Dewey, PhB.  
Clinical PsychoIogy Graduate Srudent Assistant Professor 
University of Calgary University of Calgary 



.QPPENDIX F: Consent Form for ChiMren with Autism in the Early Intervention 

Program, at the Society for the Treatment of Aotism 



CONSELNT FORM 

RESEARCE PROJECT: Hand preference, receptive verbal abiiity, intelligence and 
motor functioning in children with autism. 

LNVESTIGATORS: Joy Hauck BSC. (Hom), and Deborah Dewey, Ph.D. 
University of Cal-- and Alberta Chikiren's Hospital 

This consent form is ody  part of the process of informed consent. A copy of this form 
has been provided for you to keep, and a photocopy of this completed form will also be 
eiven to the agency your child attends, in order for them to retease pertinent information - 
from your child's file to the researchers. This form should give you the basic idea of 
what the research project is about and what your participation wiII involve. if you would 
like more details about something that is mentioned here, or information not included, 
you should feeI free to ask. Please take the time to read this carefirlly and to understand 
any accompany-ing information. 

This research is being cunducted to rneet the thesis requirements of the principal 
investigator {Joy Hauck) for an M.Sc. degee at the University of Calgary. Supervision 
wilI be provided by Deborah Dewey, P O ,  Chartered Psychofogist in the Department of 
Pediatrics, University of Calgary. The main purpose of ths project is to examine the 
relationship between hand preference, intelligence' verbal a b i I i ~  and motor shlls in 
children with autism, in cornparison to children who are deveIoprnentally delayed, and to 
children who are developing normally. 

Your child wilI be gïven a Hand Preference Demonstration Te. where the child's hand 
preference on several simple activities will be observed. Your child wiil also be assessed 
regarding their inrelligence level. receptive verbal a b i l i ~  and motor skifls. However. if 
any elements of Vils testing have been performed recently, the results wifl be obtained 
from your chld's file in order to keep assessrnent and possible disruption to your child's 
routme to a minimum. Therefore, we also ask your permission to have access to your 
chiId's file at The Society for Treatment of Autism. W e r e  there are no current test 
results availabie from your child's agency, testing wiIl take approximately 2 hom, split 
into shorter sessions over several days. Parents will also be asked to complete 
questionnaires about their child's motor skills, possible pregnancy and birth 
complications, hand preferences within the family, and general socio-demographic 
information questions. Completion of these questio~aires shodd take approximately 30 
to 60 minutes of your time in total. 

Your child and family may benefit fiom participating in this study, as any infornation 
gathered during the project regarding your child rnay be made available to their agency if 
you desire, and thus may be used in regards to program planning. Separate written 
consent to release test results to the child's agency is required fiom yoy should you wish 



them to receive the information. Feedback regarding your chiid's abilities noted dunng 
the testing process will be made available to parents. Also by serving as a subject, you 
rnay contribute new information which may provide future benefit to children with 
autism. 

Ail information collected during this study will be compietely confidential and will be 
used for research purposes only by the piincipl investiptors. The results of the 
research will be reported as goup data so that no individual identities will be revealed. 
Neither your name nor identity will be used for publication or publicity purposes. 
Mirmation wili be kept in a locked fiIing cabinet and will be destroyed afier five years 
of compietion of the res-such project. A sumrnary of the midy's results will be mailed to 
you upon completion of the study. 

YOLU signature on this fom indicates tfiat you have understood to your satisfaction the 
information regarding taiung part in this study, and agree to your child's participation. In 
no way does this waive your legal rights nor release the investigators, sponsors, or 
involved institutions from their Iegal and professional responsibilities. You are fiee to 
withdraw your child frorn the a d y  at any time without jeopardizing your child's services 
and care. Your continued parûcipation should be as informed as your initial consent so 
you should feel free to ask for darification or new information throughout the snidy. If 
you have m e r  questions concerning matters related to this research, please contact Joy 
Hauck at (403) 279-7573. 

if you have any questions about your chiid's rights or your rights as a possible participant 
in this research, please contact the Office of Medical Bioethics, Faculty of Medicine, The 
University of Calgary, at 220-7990. 

(Narne of Child) (Date) 

(Name of Parent or Legal Guardian) (Signature of Parent or Legal Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
Name of Investigator (Signature of Investigator) 



A copy of this consent form is provided for you. Piease keep it for your records and 
future reference. 

The investigator wilI, as appropriate, explain to your child his or her involvement, and 
wilI seek his or her ongoing CO-operation throughout the project. If your child is able to 
sign or mark their assent to their involvement in this project, please have them complete 
the line below: 

(Signature of Child) 

Piease note that the principal investigator will ensure that breaks during testing wiI1 be 
provided for your child when needed (based on the chld's behavioura1 presentation). 



APPEBDIX G: Letîer to Parents of ChiIdren with Developmental Delays at 

Providence Children's Centre 



September 1996 
Progamme in Clinical Psychology 
Ed B 392 
University of Calgary 

Dear Parents, 

Providence Children's Centre has b e ~ a  kmd enough to send this to yoy so that we 
may invite you and your child to participate in a study that we are conductin,o through the 
University of Calgary and the Alberta Children's Hospital. Researchers at the University 
of Calgary and îhe Children's Hospital are conducting a study examining hand 
preference, abil ity to understand spoken lan-page, intelligence and motor skills of 
chiIdren with autism. Past researcli has indicated that there is a group of children with 
autism who do not develop a hand preference as they get older. This study airns to 
identifi how hand preference (i-e., ri& ieft or no hand preference) may be related to 
intellectual, verbal and rnotor skills in children with autism, in cornparison to 
developrnentalIy delayed and normally developing ctiildren. 

The researchers are looking for ctiildren. and their parents to be part of this study. 

W hat would we ask of your chiid? For the study, each child will be obsemed on 
simple activities to detemine hand preference. Intellectual, verbal and motor skills \vil1 
also be assessed. However, if there haç been recent testing of your child throua their 
progam, this data can be taken fiom their file. ïherefore, where current data is already 
available, there wiI1 be litîle conducted in the way of assessrnent of your child. If there is 
no information available that is k i n g  looked at in this study, testing and observation of 
your chiid will take approxirnately 3 hours in total, which \vil1 be spread out over several 
occasions so that your child's routine has a minimum of disruption. Your child will be 
assessed at the Providence Children's Centre, and you \ d l  be notified in advance of when 
your child will be assessed. 

What would we ask of you? One parent in the family will be asked to complete 
questionnaires about their child's motor skills, any pregnancy or birth cornpiications, 
hand preference within the family, and cgeneral socsodemo~mphic information. The 
questionnaires should take between 30 to 60 minutes to complete. 

If you are willing for your child to take part in the study, and would like more 



- - irdbrmation, please complete the information overpage and r e m  it to Pro\ï;idence Y ~ G  

wi11 then be contacted re-grding consent forms and the questionnaires will be sent to you. 

You may withdraw your participation in the study ut as, rime. Participation in this study 
is entirely votuntmy. If o u  have m e r  questions or concem piease contact Dr. 
Deborah Dewey or Joy Hauck at 229-7365. 

ïhsink you for your time and co-operation. 

Joy Hauck, B.Sc.(Hons) 
Clinical Psycholog Graduate Student 
University of Calgary 

Deborah Dewey, Ph.D. 
Assistant Professor 
Universi- of Calgary 

1 am interested in receiving more information about the research study on hand 
preference and other skills. 

Child's name 

Parent's name 

Daytime telephone + 
Evening teIephone # 



APPENDIX H: Consent F o m  for ChiIdren with DeveIopmentaI Delays at 

Providence Children's Centre 



CONSEXT FORM 

RESEARCH PROJECT: Hand preference, receptive verbal ability, intelligence and 
motor hctioning in children with autisrn. 

I;r,VES'IIGATORS: Joy Hauck, BSc. (Hom), and Deborah Dewey- Ph-D. 
University of Calgary and Alberta Children's Hospital 

Tlüs consent form is only part of the process of informed consent. A copy of t h s  form 
has been provided for you to keep, and a photocopy of this cornpkted fonn wili also be 
gven to the agency your child attends, in order for them to release pertinent information 
from your child's file to the researchers. This f o m  shodd gve you the basic idea of 
w%at the research project is about and what your participation wiIl involve. If you would 
like more details about something that is mentioned here, or information not included, 
you should feel free to ask. Please take the time to read this carefufiy and to understand 
any accompanying information. 

T h s  research is being conducted to meet the thesis requirements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of C a l g q .  Supervision 
wiI1 be provided by Deborah Dewey, PhDy Chartered Psychologist in the Department of 
Pediatrïcs, University of Calgary. The main purpose of this project is to examine the 
relationship between hand preference, inteltigence, verbal ability and motor skills in 
children with autism, in comparison to chikiren who are developmentally delayed, and to 
children who are developing normally. 

Your child will be given a Hand Preference Demonstration Test, where the child's hand 
preference on several simple activities will be observed- Your c hild \vil1 aIso be assessed 
regarding their intelligence leveI, receptive verbal ability and motor skiIls. However. if 
any eIements of this testing have been performed recently, the results wi11 be obtained 
from your child's file in order to keep assessrnent and possible disruption to your child's 
routine to a minimum. Therefore, we also ask your permission to have access to your 
child's file at Providence Children's Centre or the agency where they were tested. Where 
there are no cment  test results available, testing will take approximately 2 hours, split 
into shorter sessions over several days. Al1 testing will take place at the Providence 
Children's Centre. Parents will also be asked to complete questionnaires about their 
child's motor skills, possible pregnancy and birth complications, hand preferences withn 
the farnily, and general socio-demographic information questions. Cornpletion of these 
questionnaires should take approximately 30 to 60 minutes of your time in total. 

Your child and family may benefit from participating in this study, as any information 
gathered during the project re-girdin- your child rnay be made avaitabie to their agency if 
you desire, and thus may be used in regards to program planning. Separate written 
consent to release test resdts to the child's agency is required from yoy should you wish 



thern to receive the information. Feedback regardinz your chld's abilities noted during 
the testing process will be made available to parents. 

Ail information collected during this study will be completely confldential and will be 
used for research purposes ody by the pnncipd investigators. The resuits of the 
research will be reporteci as  group data so that no individual identities will be reveaied. 
Neither your name nor identity will be used for publication or publicity purposes. 
information will be kept in a locked filing cabinet and will be destroyed afler five years 
of cornpietion of the research project. A summary of the study's resuits will be mailed to 
you upon completion of the study. 

Your signature on this form indicates that you have understood to your satisfaction the 
information re,wding taking part in this study, and agee to your child's participation. in 
no way does this waive your legai rights nor release the investigaton, sponsors, or 
involved institutions fiom their legal and professiona1 responsibilities. You are fiee to 
withdraw your child from the shrdy at any time without jeopardizine your child's services 
and care. Your cantinued participation shouid be as informed as your initial consent so 
you shouid feel fiee to ask for clarification or new information throughout the study. If 
you have m e r  questions conceming rnatters related to this research, please contact Joy 
Hauck at (403) 279-7574. 

If you have any questions about your child's rights or your nghts as a possible participant 
in thrs research, please contact the Office of Medical Bioethics, Faculty of Medicine. The 
University of Calgary, at 220-7990. 

(Name of Parent or Legai Guardian) (Signature of Parent or Legai Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
Name of Fnvestigator (Signature of Investigator) 

A copy of ths consent fom is provided for you. Please keep it for your records and 
fiirure reference. 



The investigator will, as appropriate, explain to your chiId his or her involvement, and 
will seek his or her ongoing CO-operation throughout the project. If your child is able to 
sign or mark their assent to their invoIvement in this project, please have thern complete 
the line below 

(Signature of Child) 

Please note that the principal investigator will ensure that breaks during testing will be 
provided for your chxld when needed (based on the chlds behavioural presentation). 



APPENDM 1: Letter to Parents of Children with Developmental Delays Recruited 

Through the Alberta Children's Hospital 



March 1997 
Programme in Clinical Psychology 
Ed B 292 
University of Cal-9ary 

Dear Parents. 

Thank you for provisionally agreeing to participate in a çtudy that we are 
conducting through the University of Cal,oary and the AIberta Children's Hospital. 
Researchers at the University of Calgary and the Children's Hospita1 are conducting a 
study examining hand preference, ability to understand spoken language, intelligence and 
motor skills of children with autism. Past research has indicated that there is a group of 
children with autism who do not develop a hand preference as they get oIder. TtiIs study 
aims to identify how hand preference (i-e., ri& lefi or no  hand preference) rnay be 
related to intellectual, verbal and motor skilIs in children with autism, in cornparison to 
chldren who have k e n  identified with delays in certain areas, and to nonnally 
developing children. 

What would we ask of your child? For the mdy, each ctiild will be observed on 
simple activities to determine hand preference. InteIIectual, verbal and rnotor sluIls will 
also be assessed. Howeveq if there has been recent testing of your child through the 
Children's Hospital or their place of education, ths data c m  be taken from their file. 
Therefore, where current data is already available, there will be Iittle conducted in the 
way of assessrnent of your chld. If there is no information availabk that is being looked 
at in this study, testing and observation of your chiid wilI take approxirnately 2 hours in 
total, which will be divided into two sessions. Your child can be assessed at a suitable 
location that is convenient fm you and your child, such as their place of educatiodagency 
(also at home if that is more convenient). 

What wodd we ask of you? One parent in the family wiil be asked to complete 
questionnaires about their child's rnotor skilIs, my pre-mcy or birth complications, 
hand preference within the family, and general socio-derno-mphc information. The 
questionnaires should take between 30 and 60 minutes to compiete. 

If you are still willing for your child to take part in the study, pIease complete the 
enclosed consent fom and the three questionnaires. You will be contacted by telephone 
by Joy within the next week to 10 days, regarding setting up a time to meet with your 
child, and collecting the consent form and questionnaires. Participation in this study is 



entirely voluntary. If you have fûrther questions or concems pIease contact Dr. Deborah 
Dewey at 229-7365, or Joy Hauck at 379-7574. 

Thank you for your time and CO-operation. 

Joy Hauck, B. Sc. (Hons ) Deborah Dewey. Ph.D. 
Clinical PsychoIoey Graduate Student Assistant Professor,. University of Calgary 
University of Calgary Behaviour Research Unit, ACH 



APPENDM J: Consent F o m  for Cbildren with Developmental Delays Recniited 

Throogh the Alberta Children's Hospital 



CONSENT FORM 

RESEARCE PROJECT: Kand preference, receptive verbai ability, intelligence and 
motor functioning in children with autism. 

IBWESTIGATORS: J O  Hauck B.Sc. (Hons), and Deborah Dewey. PhD. 
University of Calgary and Aiberta C hildren's Hospi ta1 

This consent form is o d y  part of the process of informed consent. A copy of this form 
has been provided for you to keep. This form should give you the basic idea of what the 
researeh project is about and what your participation will involve. If you would like 
more details about sornething that is mentioned here, or information not included you 
should feel free to ask. Please take the time to read this carefidly and to understand any 
accompanying information. 

This research is being conducted to meet the thesis requirements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of Cal"-. Supervision 
will be provided by Deborah Dewey, PhD., Chartered Psychologist in the Department of 
Pediatrics, University of Calgary. The main purpose of this project is the examine the 
reIationship between hand preference, intelligence, verbal ability and motor skilts in 
chiIdren with autism, in cornparison to children who are developmentally delayeci, and to 
chiIdren who are developing normal ly. 

Your chiid will be gïven a Hand Preference Demonstration Test, where the chilci's hand 
preference on several simple activities will be observed. Your child will also be assessed 
regarding their intelligence level, receptive verbal ability and motor skilIs. However, if 
any elements of this testing have been performed recently, the results can be obtained 
from your chrld's file at their place of education/agmcy, or fiom you, in order to keep 
assessrnent and possible disruption to your child's routine to a minimum. Therefore, we 
also ask your permission to have access to this information if it is available. Where there 
are no current test results available, testing wili take approximately 2 hours in total, 
divideci into two sessions, Testing will take place at a location most convenient for you 
and your chld, for exampie, at your child's place of educatiodagency, or at home. 
Parents will also be asked to complete questiomaires about their child's motor skills, 
possible prepancy and birth complications, hand preferences within the farnily: and 
general socio-dernogaphic information questions. Completion of these questionnaires 
ghould take approximately 30 to 60 minutes of your time in total. 

Your chdd and family rnay not persondly benefit fiorn participating in this study, but by 
serving as a subject, you and your child may contribute new information regarding hand 
preference in relation to intellectual, verbal, and motor skdls. Testing results wilI be 
made available to parents of their child's performance, and if parents request the resuits 
cm also be made available to your child's place of education for use in program 



planning 

AI1 information collected during this study will be completely cordidentid and will be 
used for research purposes only by the principal investigators. The resuits of the research 
will be reported as goup data so that no individual identities will be revealed. Neither 
your narne nor identity wiII be used for publication or pubIicity purposes. information 
wilI be kept in a locked filing cabinet and will be destroyed after five years of completion 
of the research project. A summary of the study's results will be mailed to you upon 
completion of the study. Should you wish that any individual or agency be informed of 
any test resdts, your written permission for release of information wiII be required. 

Your signature on this form indicates that you have understood to your satisfaction the 
information regardhg taking part in this study, and agee to your child's participation. In 
no way does this waive your legal rights nor release the investigators, sponsors, or 
involved institutions from their legai and professional responsibilities. You are free to 
withdraw your child fiom the study at any time. Your continued participation should be 
as informed as your initial consent, so you should feel f k e  to ask for clarification or new 
information throughout the study. If you have m e r  questions concerning matters 
related to this research please contact Joy Hauck at (403) 279-7574. 

If you have any questions about your chilci's right. or your rights as a possible participant 
in this research please contact the ûfïïce of Medical Bioethics, Faculty of Medicine: The 
University of Calgary, at 220-7990. 

(Name of Chld) (Date j 

(Name of Parent or Legal Guardian) (Signature of Parent or Legal Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
(Name of Investigator) (Signature of investigator) 



A copy of this consent form is protided for you Please keep it for p u r  records and 
firture reference. 

ïhe  principal invesbgator will, as appropriate, explain to your child his or her 
involvement, and \vil1 seek his or her ongoing co-operation throughout the project. If  
your child is of appropriate age to sign or mark their assent to involvement in this project, 
please have them cornpiete the Iine betow: 

(Signature of Child) 

The investigator will be alert at al1 times to any gestures, and verbal or non-verbal s i g s  
fiom your child that they do not wish to be involved in a testing procedure, and they will 
be given a break or be withdrawn fiom testing at that t h e ,  and retested at a later 
occasion 



APPENDIX K: Letter to Parents of NomaUy Deveiopino, Chldren at Providence 

Children's Centre 





you have M e r  questicns or concems please contact Dr. Deborah Dewey or Joy Hauck 
at 229-7365. 

Thank you for your time and cwperation. 

Joy Hauck, B.Sc.(Hons) 
Clinical Psychof ogy Graduate Student 
University of Calgary 

Deborah Dewey, PbD. 
Assistant Professor 
U~versity of Calgary 



APPENDIX L: Consent Form for Normaily Developing ChiIdren at Providence 

Chitdren's Centre 



CONSENT FORM 

RESEARCH PROJECT: Hand preference, receptive verbal ability, intelligence and 
rnotor hct ioning in children with autism. 

INV-ESTIGATORS: Joy Hauck, B k  (Hons), and Deborah Dewey, Ph.D. 
University of Calgary and Al berta Children's Hospital 

This consent f om is only part of the process of informed consent. A copy of ths  form 
has been provided for you to keep. This f o m  should give you the basic idea of what the 
research project is about and what your participation will involve. If you would Iike 
more details about something that is mentioned here, or information not included, you 
shodd feel fiee to ask. Please take the time to read this carefully and to understand any 
accompanying information. 

This research is king conducted to meet the thesis requirements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of Calgary. Supervision 
will be provided by Deborah Dewey, PhD., Chartered Psycholo~st in the Department of 
Pediatrics. University of Calgary. The main purpose of this project is the examine the 
relaticinship between hand preference, intelligence, verbal ability and rnotor skills in 
children wïth autism, in cornparison to children who are developrnentally delaye4 and to 
children who are developing normally. Your child will be part of  the normal 
cornparison group of ctiildren. 

Your chld will be given a Hand Preference Demonsiration Test, where the child's hand 
preference on several simple activities will be observed. Your child will also be assessed 
regarchg their intelligence level, receptive verbal ability and motor slulls. However, if 
any elements of tfiis testing have been performed recentiy, the results can be obtained 
fiom you in order to keep assessrnent and possible disrupion to your child's routine to a 
minimum. Therefore, we also ask your permission to have access to t h s  information if it 
is available. Testing will take approximately 3 hours in total, spread out over several 
shorter sessions. All testing will take place at the Providence Children's Centre. 
Parents will also be asked to cornpiete questionnaires about their child's motor skills, 
possible pregnancy and birth complications, hand preferences within the family, and 
general socio-demographic information questions. Completion of these questionnaires 
should take approximately 30 to 60 minutes of your time in total. 

Your child and fmily may not personaily benefit from participating in this study, but by 
serving as a subject, you and your child may contribute new information regarding hand 
preference in relation to intellectual, verbal, and motor skills. Testing results will be 
made availablc to parents of their child's performance. 

Ail information cokcted during this study will be completely coddential and will be 



used for research purposes ody  by the principal investigators. The resuits of the research 
will be reported as goup  data so that no individual identities will be revealed. Neither 
your name nor identity will be used for publication or publicity purposes Information 
will be kept in a Iocked filing cabinet and will be destroyed after five years of completion 
of the research project. A summary of the study's resulîs will be mailed to you upon 
completion of the study. Shouid you wish that any individual or agency be infonned of 
any test results, your written permission for release of information will be required. 

Your signature on this fonn indicates that you have understood to your satisfaction the 
information re-mdmg taking part in tins study, and agree to your child's participation. In 
no way does this waive your le@ rights nor release the investigators, sponsors, or 
involved institutions fiom their legal and professional responsibilities. You are fiee to 
withdraw your chdd fiom the study at any tirne. Your continued participation should be 
as informed as your initial consent, sri you should feel fiee to ask for clarification or new 
information throughout the study. If you have further questions concerning mafiers 
related to this research, piease contact Joy Hauck at (403) 279-7574. 

If you have any questions about your chld's rights or your rights as a possible participant 
in this research, please contact the Office of Medicai Bioethics, Faculty of ~Vedicine, The 
University of Calgary, at 230-7990. 

(Name of Child) (Date) 

(hfame of Parent or Le_d Guardian) 

(Name of Witness) 

Joy Hauck 
(Narne of Investigator) 

(Signature of Parent or Le-d Guardan) 

(Signature of Witness) 

(Signature of Investigator) 

A copy of ths consent form is provided for you. Please keep it for your records and 
future reference. 

The principal investigator will, as appropriate, explain to your child his or her 



involvement, and will seek hrs or her ongoing co-operation throughout the project. If 
your child is of appropriate age to sign or mark their assent to involvement in this projeet, 
piease have them complete the line betow. 

(Signature of Child) 

The investigator will be alert at al1 times to any gestures, and verbal or non-verbai s i p  
from your child that they do not wish to be involved in a testing procedure, and they will 
be given a break or be withdrawn fiom testing at that time, and retested at a Iater 
occasion. 



AFPENDM M: Letter to Parents of Normally Developing Children at the 

University Chiid Care Centre 



November 1996 
Programme in Clinicai Psychology 
Ed B 292 
University of Calgary 

Dear Parents. 

The University Child Care Centre has been kind enough to send this to you, so 
that we may invite you and your child to participate in a study that we are conducting 
through the University of Calgary and the Alberta Children's Hospital. Researchers at the 
University of Cal-9ary and the Children's Hospital are conducting a study exarnining hand 
preference, ability to understand spoken language, intelligence and motor skills of 
chldren with autisrn. Past research has indicated that there is a group of ciuldren with 
autisrn who do not develop a hand preference as they get older. This nidy aims to 
identi- how hand preference (Le.- righht, lefi or no hand preference) may be related to 
intellectuai, verbal and motor skills in children with autisrn, in cornparison to delayed 
and normally developing chikiren. YOUR CHILD WOLiLD BE PART OF THE 
CO-'ARiSON GROUP OF NOkïiAi C ~ U ~ I i .  

-- 
1 he researciiers are iooicing for ciiiidren, ana tneir parents ro be part or this stuciy . 

W T  7.  . .. .R w nat wouici we ask of your cnua r For the sniciy, eacil ch ia  wiii be observeci on 
simple activities to determine hand preference. Intellectual, verbal and motor skills will 
also be assessed. However, if there has b e n  recent testing of your child on the tests to be 
usea the researchers wiii nor repear rnose tests. Tnerefore, wnere current ciam is aireaay 
available, there will Se littk conducted in the way of assessrnent of your child. If there is 
no information available that is being looked at in this study. test in and observation of 
your chiia wiii mke approximareiy S hours in rorai, whicn wiii De spreaa our over severai 
occasions so that your child's routine has a minimum of disruption. Your child will be 
assesseci at the Chiid Care Centre. 

-- *- 
W mat W O U ~ ~  we a& of ~ O U ?  Chie parent in the f m l y  wili be asked to complete 
questionnaires about their child's rnotor skills, any pregnancy or birth complications. 
hand preference within the family, and general socio-demographic information. The 
queeonnaires siiouid d e  between 36 ana 621 minures ro compiere. 

Ir'you are wiiiing for your chiid to mice part in tne study, please complete the 
endosed consent form. After you have returned the form, the questionnaires will be sent 
for you to complete and return. Participation in ths study is entirely voluntary. If you 
have m e r  questions or concerns please contact Dr. Deborah Dewey or Joy Hauck at 



Thank you for your time and co-operation. 

Joy Hauck, B.Sc.(Hons) 
Clinical Psychology Graduate Student 
University of C a I w  

Deborah Dewey, Ph-D. 
Assistant Professor 
University of Calgary 



APPEhBIX N: Consent Forms for Normally DeveIoping Children at the u'niversity 

Chiid Care Centre 



CONSENT FORM 

RESEARCH PROJECT: Hand preference, receptive verbal ability, intelligence and 
motor functioning in chldren with autism. 

IlrNESTIGATORS: Joy Hauck, M c .  @Ions j, and Deborah Dewey, Ph.D. 
Universiîy of Calgary and Alberta ChiIdren's Hospital 

This consent form is only part of the process of infUrmed consent. A copy of this fonn 
has been provided for you to keep, and a photocopy of ths completed fom will be dven 
to the asency involved with your child, in order for them to reIease any information that 
is relevant to this study. This fom should give you the basic idea of what the research 
project is about and what your participation will involve. If you would like more details 
about something - that is rnentioned here, or information not included, you shouid feel free 
to ask. Please take the time to read this carefully and to understand any accompanying 
information. 

This research is king  conducted to meet the thesis requïrements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of Calgary. Supervision 
will be provided by Deborah Dewey, PMI, Chartered Psycholo@st in the Department of 
Pediatncs, University of Calgary. The main purpose of this project is the examine the 
relationshp between hand preference, intelligence, verbal ability and motor skills in 
children with autism, in comparison to children who are developmentally delayed, and to 
children who are dweioping normally. Your chld wiIl be part of the normal 
comparison gronp of children. 

Your chiId will be given a Hand Preference Demonstration Test, where the chld's hmd 
preference on several simple activities will be observed. Your child will also be assessed 
regarding their intelligence level, receptive verbal ability and motor skills. However, if 
any elements of this testing have been performed recently, the results can be obtained 
fiom you in order to keep assessrnent and possible disruption to your child's routine to a 
minimum. Therefore, we also ask your permission to have access to ths information if it 
is available. Testing will take approximately 2 hows in total, spread out over severai 
shorter sessions. Testing will take place in the University Child Care Centre. Parents 
will also be asked to complete questionnaires about their child's motor skills, possibk 
pregnancy and birth complications, hand preferences within the family, and general 
socio-dernogaphc information questions. Completion of these questionnaires should 
take approximately 30 to 60 minutes of your time in total. 

Your chiId and famiIy rnay not personally benefit from p c i p a t i n g  in this study, but by 
serving as a subject, you and your child rnay contribute new information regarding hand 
preference in relation to intellectual, verbal, and motor skills. Testing results will be 



made available to parents of their chiId's pefiarmance. 

Al1 information collected during this study will be completely confidential and will be 
used for research purposes only by the principal investigators. The results of the research 
will be reporteci as group data so that no individual identities will be revealed. Neither 
your narne nor identiw wiIl be used for publication or publicity purposes. Lnformation 
wiIl be kept in a locked fiIing cabinet and will be destroyed after five years of completion 
of the research project. A summary of the study's results will be mailed to you upon 
completion of the study. Shodd you wish that any individual or agency be informed of 
any test resuits, your witten permission for reIease of information will be required. 

Your si-mature on this f o m  indicates that you have understood to your satisfaction the 
information regarding taking part in this study, and agree to your child's participation. Jh 
no way does this waive your legal rights nor release the investigators, sponsors, or 
involved institutions from their iegai and professionai responsibilities. You are free to 
withdraw your chld from the study at any time without jeopardizing your child's services 
and care. Your continued pamcipaion shodd be as informed as  your initiai consent so 
you should feel free to ask for clarification or new information throughout the study. If 
you have M e r  questions concerning matters reiated to this research, please contact Joy 
Hauck at (403) 279-7574. 

If you have any questions about your child's rights or your rights as a possible participant 
in this research please contact the Offlce of Medical Bioethics, Facuity of Medicine, The 
University of Calgary, at 220-7990. 

(Date) 

(Name of Parent or Legal Guardian) (Signature of Parent or Legai Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
marne of Investigator) 

- - 

(Signature of Investigator) 



A copy of this consent form is provided for you. Piease keep it for your records and 
future reference. 

The principal investigaior will, as appropriate, explain to your child his or her 
involvement, and will seek his or her ongoing CO-operation throughom the project. If 
your child is of appropnate age to sign or mark their assent to involvement in this project, 
piease have them complete the line below: 

(Signature of ChiId) 

The investigator will be alert at al1 times to any sestures, and verbal or non-verbal signs 
fiom your chiId that they do not wish to be involved in a testing procedure, and they will 
be given a break or be withdram fiom testing at that time, and retested at a later 
occasion. 



A3PEh-DIX O: Consent Fom for Parents of Normally Developing Children 

(non-agency) 



CONSENT FORM 

RESEARCH PROJECT: Hand preference, receptive verbal ability, intelligence and 
motor functioning in children with autism. 

INVESTIGATORS: Joy Hauck, RSc. (Hons), and Deborah Dewey, Ph-D. 
Universi- of Cal,gq and Alberta Children's Hospital 

This consent form is only part of the process of infonned consent. A copy of this form 
has been provided for you to keep. This fom should give you the basic idea of what the 
research project is about and what your participation will involve. If you would like 
more details about something that is mentioned here, or information not included, you 
should feel free to ask. PIease take the time to read this carefulIy and to understand any 
accornpanying information. 

f i s  research is being conducted to meet the thesis requuements of the principal 
investigator (Joy Hauck) for an M.Sc. degree at the University of Calgary. Supervision 
will be provided by Deborah Dewey, PhB., Chartered Psychologist in the Department of 
Pediatrics, University of Calgary. The main purpose of this project is the examine the 
relationshp between hand preference, intelfigence, verbai ability and motor skills in 
children with autism, in cornparison to children who are developmentally delayeci, and to 
children who are developing normally. Your child will be part of the normal 
cornparison group of children. 

Your child will be given a Hand Preference Demonstration Test, where the child's hand 
preference on several simple activities will be observed. Your child will also be assessed 
regarding their intelligence level, receptive verbal ability and motor skrlls. However, if 
any elements of ùiis testing have been performed recently, the results can be obtained 
from you in order to keep assessrnent and possible disruption to your child's routine to a 
minimum. ïherefore, we also ask your permission to have access to this information if it 
is available. Testing will take approximately 2 hours in total, spread out over several 
shorter sessions. Parents will also be asked to complete questionnaires about their child's 
rnotor skills, possible pregpancy and birth complications, hand preferences within the 
family, and general socio-demographic mfonnabon questions. Completion of these 
questionnaires should take approximateiy 30 to 60 minutes of your time in totai. 

Your child and family may not persondly benefit fiom participating in this study, but by 
servine as a subject, you and your child may contribute new information regarding hand 
preference in relation to intellectual, verbal, and motor skills. Testing resuits will be 
made availabfe to parents of their child's performance. 

Al1 information colIected during this study wiIl be completely confidentid and will be 
used for research purposes only by the principal investigators. The results of the research 



will be reported as goup data so that no indiviàuai iàentities wiii 'oe reveaiea. Neiuier 
your name nor identity will be used for publication or publicity purposes. Information 
will be kept in a locked filing cabinet and will be destroyed after five years of cornpletion 
of the research project. A surnmary of the study's results will be maited to you upon 
completion of the study. Should you wisb that any individual or agency be informed of 
anytest results, your written permission for release of information will be required. 

Your signature on this form indicates that you have understood to your satisfaction the 
information repding taking part in this study, and agree to your child's participation. In 
no way does this waive your legd rights nor release the investigators, sponsors, or 
invoived institutions fiom their legal and professional responsibiiities. You are free to 
withdraw your child f?om the study at any time. Yow continued participation should be 
as informed as your initial consent, so you should feel free to ask for ~Iarification or new 
information throughout the study. If you have further questions concenring matters 
reiated to this research, please contact Joy Hauck at (403) 279-7574. 

Ifyou have any questions about your child's rights or your rights as a possible participant 
in tkis research, piease contact the Office of Medical Bioethics, Facdty of Medicine, The 
Universisr of Calgary, at 230-7990. 

marne of Child) (Date) 

(Name of Parent or Legal Guardian) (Signature of Parent or Legai Guardian) 

(Name of Witness) (Signature of Witness) 

Joy Hauck 
(Name of Investigator) (Signature of Investigator) 

A copy of this consent form is provided for you. Please keep it for your records and 
future reference. 

The principal investigator will, as appropriate, explain to your chiId his or her 
involvement, and will seek his or her ongoing CO-operation throughout the project. If 



your child is of appropriate age to sign or mark their assent to involvement in this project, 
please have them complete the line below: 

(Signature of Child) 

The investigator will be alert at al1 times to any gestures, and verbal or non-verbal sips  
fiom your child that they do not wish to be involved in a testing procedure, and they will 
be aven a break or be withdrawu tiom testing at that tune, and retested at a later 
occasion. 
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APPE3iM P: Hand Preference Demonstration Test (HPDT; Soper et al., 1986) 



Hand Preference Dernonstration Tes: 

Name of Child: 

Date A: 

Date B: 

Time A T h e  B 

L = Lefi 
R = right 
B = Bimanual 
N = No response 

1. ~ a t  with a spoon 1 
' 2. Drink from a cup 

3. B m h  teeth 

4. Write with 
peddraw with 
crayon 

5 .  Throw a bal1 

6.  Harnmer a nail 

7. Pick up a raisin 

8. Pick up a &me 

1 

1 I l 



,UPEhiIX Q: Hand Preference Questionnaire, and Pregnancy and Birth 

Complications Questionnaire 



SELF-ADMIMSTERED QUESTlOIrr-NAIRE 

for jName of Child). 

Name of Person@) answering the questionnaire: 

Relationshp to child: Date: 

EiXhD PREFERESCE 

First, we wouid iike to ask a few questions about your family's nanti preference. 

i. 3iease indicate hana preference for the child's BIOLOGICAL -MOTER on 
the following tasks, by putting a circle around your answer. If you don't 
know her preferred band to complete these task and cannot find out, please 
go on to question #3, on page 2. 

(Circle your answer) 

To eat with a spoon ALWAYS USUALLY EITHER USUAUY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To throw a bal1 ALWAYS USUALLY EITHER USUALLY AL WAYS 
LEFT LEFT KAND RIGHT RiGHT 

To drinic fiorn a cup ALW-AYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAi\ï WGHT RIGHT 

To write ALWAYS 'JSUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To brush your teeth ALWAYS USUALLY EITHER USUAUY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To hammer a nad ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To pick up a raisin ALWAY S USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To pick up a dime ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 



2. Piease indicate hand preference for the child's BIOLOGICAL FATHER on 
the following tasks, by putting a circle around your answer. If you don't 
h o w  his preferred hand to complete these tasks and cannot Îind out, piwse 
go on to question #4, below. 

1 PFLEFERRED EL4N1) TO C O - W L E n  TASK 1 
I (Circle your answer) 

To eat with a spoon ALWAYS USUALLY EITHER USUALLY AL WAYS 
LEFT LEF'T HAND MGHT RIGHT 

To throw a bal1 ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

To drink fiom a cup ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT HGHT 

To write U W A Y S  USUALLY ETTHER USUALLY ALWAYS 
LEFT LEFT HAND RiGHT RIGH'T 

To bmsh your teeth ALWAYS USUALLY EITHER USUAL.LY ALWAYS 
LEFT LEFT W RIGHT HGHT 

To hamrner a nail ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RZGHT RZGHT 

To pick up a raisin ALWAk-S USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT RIGHT 

Topickupadime ALWAYS USUALLY EITHER USUALLY ALWAYS 
LEFT LEFT HAND RIGHT NGHT 

Sa. How many biolo~cal brothers and sisters does this child have? 

hKJMBER OF BROTHERS 

NUMBER OF SISTERS 

3b. How many of this child's bioloPical brotherv an9 sisteru are iefi-handd 
(particularly for writing)? 



M-JMBER OF LEFT-HANDED BROTHERS 

NUMBER OF LET-HANDED SISTERS 

4. Do you know of any other left-handed biologicaI rdatives of this child? 

If YES, please sme the relationship of the relative to the child; for exarnple, 
paterna1 grandfather, father's sister, motheis brother's son. 

5. Piease inaicate the cnaracterisrics of rne pregnancy with your cniia, Dy circiing 
rour answers. 

CHARACTERISTICS OF PREGNANCY 
(Please circle vour answer) 

Mother had bleeding dunng first 3 months. TRUE NOT TRUE CANNOT SAY 

Mother had bleeding during second 3 months. TRUE NOT TRUE CANNOT SAY 

Mother b d  bleeding during last 3 months. TRUE NOT TRUE CANNOT SAY 

Mother had toxaemia TRUE NOT TRUE CANNOT SAY 
(Pregancy-induced high biood pressure) 

Mother smoked 1 or more packs of cigarettes TRUE NOT TRUE CANNOT SAY 
&Y. 

Labour was induced. TRUE NOT TRUE CANNOT SAY 

Had a caesarean section. T'RUE NOT TRUE CANNOT SAY 

Had a difficult delivery. TRUE NOTTRUE CANNOT SAY 

Was put to sleep for delivery. R U E  NOTTRUE CANNOTSAY 



Mother had to take medications. *** TRUE NOT TRUE CANNOT SAY 

***Speci@ any medications given for pregnancy, if applicable: 

6. Please specify other pregnancy problems: 

7. Did the mother have a virus or bacterial infection (colds, fiu, or any other virus)? 

and what month of pregnancy ciïd it occur in? 

13. dow many pounds or kiiograms did the muther gain during this prqnancy? 

Lbs. or kg. (Please mark the weight as pounds or iulograrns.) 

9. When was this chiid due? 1 / 
MonWaflear 

10. When was this chiid boni? 1 / 
Month/Day/Year 

I l .  How oId was the mother when this child was born? v e a r s  months 

12. How many pregnancies (including miscarriaga and abortions) has the motner 

had'r; 

Wbich pregnancy was this child? 

Thank yorr. We would now like to ask you a few quesîions about th& child at birth. 

13. Please indicate below whether there were any probiems witb this chiiu AS A 
YEWBORN AT THE TIME OF BIRTH. PIease pot a circle around your answer in 
the appropriate eolumn. 

NEWBORN INFANT PROBLETVIS AT BKTfi 

hj ured during birîh. 

Had trouble breathing. 

Got yeIlow Cjaundice). 

(Please circle vour answer) 
TRUE NOTTRUE CANNOT SAY 

TRUE NOTTRUE CFLNNOT SAY 

TRUE NOTTRUE CANNOT SAY 



Turned blue (cyanosis). TRUE 

Was a twin or a triplet TRUE 

Had seizures (fits, convulsions). TRUE 

Needed oxygen. TRUE 

Had trouble sucking. TRUE 

Was in hospital more than 7 days. TRUE 

Born with hem defect. TRUE 

Born with other defect(s). ** TRUE 

** Please s p i @  other defect(s), if applicable: 

NOT TRUE 

NOT TRUE 

NOT TRUE 

NOT TRUE 

NOT TRUE 

NOT TRUE 

NOT TRUE 

NOT TRUE 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

CANNOT SAY 

b w  much did thïs child weigh at birth? Ibs. or kg- 
(Pfease mark the weight as pounds or kiio,mms.) 

14. Was this chiId breastfed? NO- Es- 

If YES, Number of months fed solely with breast milk - months 

Month of life when non-breast milk introduced - months 

Month of Iife when ail breastfeeding stopped - rnonths 

r7iank you very much for taking the time to compfete fhis questionnaire Your 
coninfution to this stuày IS greatiy appreciated 



AFPENDIX R: Fine and Gross -Motor Questionnaire 



H3-E AEiD GROSS MOTOR Ot'ESTIOWAiRE 

Please circle one of the following as it applies to this child: 

2 = Yes, usually 1 = Sometimes, O = No, never 

partiaily 

GROSS MOTOR SKILLS 

1. - Standing, Walkinp and Sitting 

Maintains a sitting position in chair 

Sits down in chair 

Gets out of chair by self 

Stands unsupporteci 

Walks with two-hand support 

Walks with one-hand support 

Walks without any support 

WaIks done with good co-ordination 

P uIls self up to standing position 

Stands up by self fkom sitâing position 

Stands on tiptoes momentarily 

Walks around rooms avoiding stationary objectsl 
persons 

Carries objects avoiding collision with stationary 
objects/persons 

Walks around rooms avoiding moving persons 

2. - Stairs and Ciimbing 
Walks up stairs, with both han& held 

WaIks down mirs, with both han& held 

Walks up stairs, with one hand held 

Walks down stairs, with one hand held 

Waiks up stairs putting both feet on each step (no help) 

Walks down stairs forward, putting both feet on each 



step 

Walks up stairs with aIteniating feet 

Walks down sairs with aiteniating feet 

Gets up and d o m  fiom low structure 

Climbs up and down stationary play equipment 

Uses non-stationary playgound equipment, such as 
swings, unassisted 

3. - Running 

Walks fast 

Runs stiffly, with some falling 

Runs smoothly, with changes in speed and direction 

4. - Jumping 

Atternpts jump with one hand held 

Atternpts jump without hand held 

Jmps off floor with both feet 

Jumps fiom low structure (bottom step) 

Jumps over srnail objecf such as chalkboard eraser 

Broad-jurnps (both feet together) a distance of 
3 inches (km) 

Broad-jumps over an object or string 2 inches 
(5cm) h& 

Jumps forward 5 rimes 

Jumps backward once 

Jumps backward 5 times 

5. - H o ~ ~ i n g  

Hops once with one hand heId for b a h (  

Hops on spot without support 

cing support 

Hops a distance of 10 feet (3m) with ease 

6. - KiclO,ng/Hitting 



Rolls l w e  ball by pushing foot against it without losing 

balance (no backward swing) 3 - 1 O 

Kicks flexing Iower leg on bachvard swing and with 
very little movement 2 I O 

~ a l k s  up and kicks a stationary large bail - 7 1 O 

Kicks a large bal1 with a definite backward and 
forward leg swing and with definite arm 
movement 

Does a CO-ordinated kick with a sood bacbard 
and forward leg swing, ann movement and 
follow-through 

Takes two or more CO-ordmated steps and kicks 
a piayground ball 

Kicks an approaching ball using the foot, while 
standing still 

Runs forward and hcks a rolled large ball 

Runç to kck an approachins ball 

Hits a moving ball using a bat/rac ket or stick 

3 Balance Beam 
Stands on beam with hands heid 

Stands on beam alone 

Walks balance beam with both han& held 

Stands with both feet on b a h c e  beam without 
assistance 

Waiks forward using a m  to aid balance 

WaIks balance beam with arms at side 

Walks batance barn heel-to-toe 



8. - Catching 

intercept and stops a rnoving object (car, ball) as 
it cornes into reach 

Catches a bounced large ball with both hands, arms 
away fiom body 

Catches a bounced tennis bail with both han& 

Catches a thrown large bal1 by "hugjjng" it to the body 

Catches a thrown large bal1 with both han&, arms 
away from body 

Catches a thrown tennis bal1 with both han& 

Catches a thrown tennis  bail with one hand 

Runs to catch an approaching ball 

9. - Roiiine and Throwing 

Rolls a large ball back and forth, with another person, 
while in a sitting position 

Hurls a tennis ball, or similar size bal1 with one hand 

Throws a bal1 with both han& fiom an overhead 
position 

Throws an object (ball, beanbag) into a container 
using an underarm action 

Throws an object (bail, beanbagj into a container 
using an overarm action 

Throws a large bal1 by holding the bal1 above 
the shoulders, using almost exclusive arm 
movernent, with no change in feet position 
and with little or no body rotation 

Throws a tennis bal1 a distance of 10 feet (3m) 

Throws a baI1 fkom a position in back of the head, 
with horizontal rotation of the body and 
with a step fonvard 

Throws a tennis ball a distance of 20 feet (6m) 

Throws a balfiean bag for a moving child to catch 



10. Pedaliin~: and Steerin~ Obiects - 
Pushes wheeied vehicles, wagons, etc. 

Pulls wfieeled vehicles, wagons, etc. 

Sits on riding toy while adult pushes 

Pushes riding toy with feet without steering 

Pushes riding toy with feet whle steerïng 

PedaIs and steers mcycle 

Pedals and steets 2-wheeled bicycie with training 
wheels 

Rides and stem a 2-whee1ed bicycle 

11. Other 
7 

Continually bounce a Iarge bail whle standing still 

Moves amund keeping conml of a bouncing bal1 

Turns a rope with sufficient force and accuracy to 
dlow another child to jump or skip 

Keep time to musical beat by clapping hands or 
tapping foot 

Skips rope 

May have difficdty learning new motor skills, 
dthougb may perform them well once they 
are learned (e -g  swirnming, skiing, skatin~) 

MOTOR SKCLLS 

1. - General EvdFin~erIHand Maniauhtive Skilis 

Grasps hand sized objects with whole hand 1 1 - L G 

Picks up srna11 objects (raisins) with thumb and index 
finger - 7 1 O 

Takes objects such as blocks out of a container - 3 1 O 

Assembles toys/objects that require putting pieces 



F i s  shapes into corresponding space 2 1 O 

Completes non-inset puzzle of at least 6 pieces - 3 1 O 

Uses band to activate objects 2 1 O 

Uses index finger to activate objects (pushing buttons) 2 1 O 

Tums the pages of a book in order - 7 1 O 

Opens doors by turning and pulling doorknobs 3 1 O 

Screws and unscrews lids of jars - 7 1 O 

Uses one hand consistently in most activities 2 1 O 

Unlocks key locks 2 1 O 

Puts a paper clip on paper - 7 1 O 

Creases paper with fingers 

2. - Block Tower Building 

Attempts to build a tower 

Builds a 2 block tower - 3 1 O 

Builds a 4 block tower 

BuiIds a 6 block tower 

Builds a 10 block tower 

Builds a 13 block rower 3 - 1 O 

Marks with pencil, crayon, or chalk on appropriate 
witing surface 2 1 O 

Irnitates scnbble - 7 1 O 

Scribbles, seldom going off page 2 1 O 

Holds penciVcrayon with fingers, perhaps incorrectly, 
with hand not fisted - 7 I O 

Draws somewhat recognisable picture 2 1 O 

Grasps pencil correctly 2 1 O 

Traces easier uppercase letters such as H A T 2 1 O 



Copies easier uppercase letters such as H A T 3 

Copies f k t  name - 3 

Prints first name - 3 

Colours withxn Iines 

Traces more difficult lowercase letters 

Copies more difficuit lowercase letters 

Uses appropriate tension or effort when printing or 
writing - 7 

4. - Draw a Person 

Can the chiid draw a person? If so, does the picture include: 

head 2 

legs? 

ears 

feet? 

shodders? 

tnink 

eyes? 

hair? 

nec k 

hands? 

5. - Forms 

Copies: Vertical line 

Square 

Horizontal line 



Rectangie 

Cïrcle 

- icross or plus) 

dramond 

X 

0 Cuttin~ with Scissors 

Opens and closes scisson 

Snips or rnakes mal1 cirts in paper 

Holds paper for cutting 

Cuts paper in haif 

Moves papa while cutting 

Cuts out circles close to iines 

Cuts out circles on lines 

Cuts out shapes with h g h t  tines (tnangie, 
rectangle, square) 

Cuts out items such as pictures from ma-gazines 

7. - Self H e l ~  Skills 

DrinIis fiom cup without spilling 

Eats with a spoon 

Eats with a fork 

Uses a knife to spread with 

Cuts with a Knife 

Brushes teeth unassisted 

Bnishes hair 

Puts on iong pan& 

Puts on front-opening grnent 

Puts on puHover garment 

Puts on shoes 

Differentiate ktween lefi and right feet when putting 



on shoes 

Puts on underwear 

Dresses and undresses self without assistance 

Stands stable On one leg to put on pants, etc. 

Pulls up zipper 

Fastens buttons 

Threads zïpper (and pulls up) 

Ties shoe taces 



APPENDIX S: Sociodemographic Questionnaire 



Generai Ouestionnaire for Parents 

First, we would like to ask you some questions about your family. 

1. Please cornplete the following information about ail members in your househoid. 

Name Sex Date of Birth 

Father 

Mother 

Child 

Child 

Child 

2.  Have an- children in your farnily been diagnosed with a chronic illness, langage 
disorder, learning disability, deveiopmental probiem or attention problerns? 

Yes No 

2. IF YES, what specific illness or type of problem and which child is affected: 

FOR MOTER:  

4. What is your present marital status? 

Married 

Living with someone 

Divorced 

Separated 

Never married and 
not living with 
someone 

Widowed 

5. From the list below, piease indicate the highest level of education that you 



cornpleted (please circle). 

a) No hi& school 
b) Some high schooI, didn't -p;raduate 
C) High x h w I  diploma 

- d) Some post-secondary, but no diploma or degree 
e )  Post-secondary diplorna (e. g. technical) 
f) Universiq degree 

6 .  What is your occupation? 

FOR FATHER: 

7. What is your present marital status? 

Manied Separated 

Living with someone Never rnarried and 
not living with 
someone 

Divorced Widowed 

8. From the list below, please indicate the iughest ievel of education that you 
completed (please cirete). 

a) No hi& school 
b) Some hi& school, didn't _gaduate 
c j h g h  school diploma 
d) Some pst-secondary, but no diplorna or degree 
e) Post-secondary diplorna (e.g technical) 
f, University degee 

9. What is your occupation? 
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