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The study involved a neuropsychological investigation of a sample of
children aged 9 - 14 with Premature birth histories (<2500 grams and/or <37
weeks gestation; n = 32) and a sample of normal-birthweight Siblings (Control)
aged 9 -14 (>2500 grams and/or >37 weeks gestation; n = 8), using the
Haistead-Reitan Neuropsychological Test Battery for Oider Children (HRNB-C).
WRAT-R, WISC-R, Bender-Gestalt, SIDAC, and Structured Interview. The aim
of tha smdy was ta datermine the extent aﬁd nature of Learning Disabilities

and beha\ncral deﬁctts for bath groups (F‘rematures VS, Siblmgs) as well as
within Prematures (Very Low Birthweight or VLBW <1500 grams n=12; Low
Birthweight or LBW 1500 - 2500 grams, n = 20). It was hypot ' th
groups would differ on the above variables with the Prematuras showung more
impaired performance in general. Differences between the VLBW and LBW
Prematures were also hypothesized. The results indicated that Prematures (n =
32) differed significantly (lower scores) from the Sibling Controls (n = 8) for
FSIQ (p = .009) and PIQ (p = .006), but not VIQ (p = .055). VLBW / LBW
Prematures, and Siblings differed significantly from each other for FSIQ (p

.05), and PIQ (p = .02), but not VIQ (p = .06). Prematures differed from Siblin

on all WRAT-R subtests (lower scores), contained al the LD sample; and
required more special education (56%) compared to Siblings (0%; p = .004). A
higher proportion of VL.BW Prematures (gsx)weaﬂsmaaaskm LD
(p 02), compared to LBW Prematures (0%), however, no signific
srences were noted between these groups for Global LD (VLBW = 163%;
LBw 24§)aergaggLD(VLBw 16.6%; LBW = 30%). Prematures
showed more impai ological performance on the HRNB-C (p =
M)MmmmVLEWILmem Prematures showed
more impaired (78% abnormal) scores on the Bender-Gestalt (p = .000)
compared to Sibiings (0%), NMMHMNﬁ
SIDAC (p = .000). The results suggested that Leaming Disabiities are
associsted with Prematures, possiility due to early ¢m and/or
dysfunction of cersbral white matter associated with right cerebral hemisphere
disorders as noted by Rourke's Nonverbal Leaming Disabiity model (1982;
1987;1968).
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Advances in medical technology have lead to a significant improvement
in heaith care services for children and adults worldwide. A plethora of iiness
and diseases have virtually disappeared or reduced to very manageable levels.

Mmtammbrmprmpmmynm;mﬂmm
expected. Children who arrive early are referred to as Prematures based on
their birthweight (< 2500 grams) and/or their gestational period (< 37 weeks).
However, increased survival rates for premature infants has also resulted in a
host of accompanying medical nplications which are known to cause
significant difficulties in the quality of survival of these children. The quality of
survival can vary as some children appear to be unaffected in latter kfe while

ummmmqummmmﬁhm

mmmmmmmmmmwm
is apparently well-formuiated treatment a guarantee of safety or efficacy (Avery,
1987; Britton, Fiizhardinge & Ashby, 1981; Stavis & Krauss, 1980). Theee
mnmm-:mmmﬁmgyﬂmw physiologics
mmmmmm and deve




[ ]

A review of the literature indicates that children with premature birth
Mappearmbasogﬁrﬁcmﬂymestmkfwmmmm
problems as a result of either subtie or more pronounced brain impaim
and/or dysfunction (Koop & Krakow, 1983). Since most prcblarmmba—mng
mmﬁmmaﬁﬁmm ufve'latent'mgfaaﬂy
(subtie) neur lopmental in are n not identified clearly and
frequently fall under the “developmental difficulties of unknown origin*
category. As a result, prmandadueatarsyeaﬂsnnatapprmﬂaﬂha
potential long-term effects of these problems since most medical asse
have resulted in a diagnosis implying that the child is simply "immature®, or a
prognosis that he or she will "grow out of it". In many cases however, these
ditandanatwtgrowm and require a great deal of academic

sdiation. Early identification of children at risk academically has been the
Mmdchnmphdpsydﬂogy it has led to the development
of a number of psychometric assessment tools and proceduwres that have
mmmgmddﬁmam-fﬁ;'*jﬁmﬂ

With advances in neonatology, it is hoped that some answers to medical
eoncerns ll:mt t outcome nuybahmd hardar" hkﬁpmwﬁ medical

m:nmmmmmmmﬂm
of remediating developmental difficuities. Developmental outcome for the
mdﬂdhdvﬁmm-ﬂ,,, Mﬁﬂn
mmﬁmymimmﬁm r

mnmwm m;;;;,,; ,mmwm
m:ﬂuﬁmmwmm il n:udy vital wh-n one
mnmmmndmmuﬂnmam
mm mmmmm-mm
for medical personnel, and the focus has been a description of more organic
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and overt disabilities. Little attention has been focussed on such subtie and
covert disabiiities such as Learning Disabilities which are often observed within

Many studies have negiected to examine the occurrence and nature of
low-severity but high-incidence difficulties such as Learning Disabilities within
this population. Thisispﬁmarilyd:etoﬂnfacthatttngeneralfomofmany
studies has been on physical and/or overt developmental disabiities for
younger chidren. In a few cases, the existence of Leaming Disabilities has
been documented using standard psycho-educational procedures which do not
describe the specific nature of these disabilities with respect to brain-behavior
relationships, or Learning Disability subtypes. This apparent ‘gap” in technical
Mwmmmwmmmmmmm
not been well documented and requires closer investigation.

The current study evoived out of the authors own clinical work with
school aged chidren with a variety of leaming, developmental and/or
mm.mnmmmnmmmamgo
proportion of these cases. On further examination, it was aiso noted that the
pattern of leaming and/or cognitive deficits manifested by children with
premature birth histories was quite different when compared to other
handicapped children with normal birthweight and that these differences
MMWWWM*\WW
uunm.Ammdwmmmmm
mwumwmmvmwaugmp
ammd\owmmmm-mmm
sbing controls and neuropsycholocial procedures as this had not been
documented in the iterature. it was hypothesized that children with premature
birth histories are ikely to have suffered subtie neurodevelopmental deficits that
may meke them more susceptible to Leaming Disabilities. The premeture
Wwoupdmﬂu&om.bwmum
10 be the most common risk factor in early e which accounts for 1.2% of all live
mmbwmmmmamumm
problems such as school fallure (Drillen, 1964). Low birthweight is also the
MMWMW&*WM(SM
amam.mmm-mmmqummn



' pint of vi opsychological format was employed in order to
mﬁwmﬁmﬁmﬁuﬁmfii;fmrnlabantnLD
andLDlubtypﬁ Other disorders that are often noted to coexist among LD

pulations (ADHD, Conduct Disorders, stc)warealsasuwsyedawaﬁasa
vuulyafaﬂnrﬂamagrmvmabbsmcludmgmadmal pmplica

Recognizing that research estabiishing the connection between Learning
Disabilities and premature birth would be a very complicated endeavor, this

study sought to investigate the following general questions:

1. Do children with premature birth histories differ in intek

2. mmwmdmmmmprMa
birthweight children when compared to their normal birthwe
Siblings ?

3. (Isthere a difference in cognitive performance for children with lower

4. Is premature birth associated with the development of Learning

5. Do chidren with premature birth histories differ in academic

Learning Disabilities compared t0 a group of Siblings with normal
birthweight ?
Leamning Disabilties

» birth histories show specific subtypes of
compared to Sbings with normal




8. Isthere a difference in academic performance for children with lower
vs. higher birthweight within the premature birth group ?

9. Is there a difference in subtypes of Leaming Disability for children
with lower vs. higher birthweight within the Premature group ?

10. Do children with premature birth histories differ in neuropsychological
performance compared to Siblings with normal birthweights ?

11. Are there any patterns of neuropsychological brain dysfunction noted
for children with premature birth histories compared to normal

birthweioht Siblings ?

12. s there a difference in the neuropsychological performance between
children with lower vs. higher birthweight within the Premature
group ?

13. Do children with premature birth histories differ in visual-motor
integration skills compared to Siblings with normal birthweights ?

14. Do children with premature birth histories differ in behavioral and/or
emotional deficits compared to Siblings with normal birthweights ?

15.Dodﬂdronwimpmmtuebimhistorium»odﬁcpmunsof
psychopathology compared to their normal birthweight Siblings ?

The relstionship if any, between prematwre birth and Leaming
mmmwmammmmm
premature birth history (N = 32 children between the ages of 9 - 14; birthweights
<2500m.9“on<37mdo).mdcomptmmmma
mummdsum(n-e.mo-u.mmu>aoogm.
gestation > 37 weeks). Both groups of children were examined using selected
neuropsychological measures to determine if the criteria for Leamning
mammpuaw)mummmu
exclusively within the Premature group of children.compared 0 normal controls
mmmm.mmummmwmm



(Haistead-Reitan Neuropsychological Test Battery for Olider Childraﬁ [ages 9

14}, [HRNB-C]), as well as on tasks measuring academic achievement (Wide
inteligence Scale for Children - Revised, WISC-R), visual-motor integration
(Bender Visual-Motor Gestalt Test, BVMGT), behavioral and emotional status
(Structured Interview for the Diagnostic Assessment of Children, SIDAC), and

general developmental and psychological functioning (Clinical Interview, C),
ﬁmmpﬁmﬂgmtammmﬁmmhaum
(LD), including subtype analysis in accordance with the classification system
advocated by Rourke (1985). Thaprmarabaaneaofbmndysumfnr
baﬂamafmuanwasmmsdmm classification system
outiined by Seiz & Reitan (1978). In addition, the presence or absence of
psychopathology for both groups of children was assessed based on the DSM-
i criteria

Test score performance of the two groups of prematwre and non-
premature children, as well as children within the Premature group with very
low birthweight (VLBW) versus low birthweight (LBW) was compared
stically (t-test, Anova, Chi-square, Pearson correlation) in order to
mummmmmmamdmm
academic achievement (WRAT-R Reading, Speling, Arithmetic scores),
mu Abiity (WISC-R Verbal, Performance, Full Scale scores),
' | performance (HRNB-C), visual-motor ﬁmgrm (BVMGT)
-ﬁbﬁ-viordlﬁnﬁbaruhm@lmc) it was hypothesi
mmmmdymmmummu;
pattern of lower Performance IQ compared to Verbal 1Q, lower academic
mﬂﬁm&mﬂﬁmmmmdm
mi'npnhd, wopeychologics mmﬁmmﬂ
h:im:of i",'hmmﬂnmﬁm‘mﬂ
mmmmmqumm nmm
above varisbles compared to chidren within the premature birth group with




it was hoped that this research would lend support to a growing body of
knowiedge that suggests that LD in addition to lower academic achievement in
general is frequently observed among premature birthweight children when
compared to normal birthweight children. It was further hoped that subtype
analysis may shed further light on unique patterns that may be evidenced within
this population of children compared to the published results on subtypes of
other LD chidren. The fundamental objective of this research was to
demonstrate that leamning deficits resuling from cognitive  and/or
neuropsychological dysfunction tend to persist among children with premature
birth histories well into the late childhood and early adolescent period and are
Mrmmuammawmmwﬁcwmmmaf
prematurity. Prior research in this field has not directly evaluated the
mopsydwdogcdpeﬂormmoeofﬂmoldergromofpremmbﬂmm
children. nsmmmmmwmmmnnm
identification of these children who appear to be at risk but also provide
wmmmwmmmmmm
remediation for chiidren with premature birth history.

In order to view the potential benefits of conducting this study, as well as
to document the rationale for evaluating the specific needs of this particular



lnviewofﬂncanpbxnyofmoonexmdit!pmbngeddavﬂopnmiit
nrmmmmmmmmmmmmmby
mmmmmmwwdumgmmmmbrmmm
development. Mmmmmdmaﬁmmwmm
neural growth, hﬂuonmdoxwmmgtamcmg'
brain trauma resulting from anoxia, hemorrhage or other complicati
premature birth, mdnutrmnalorottmenvmrmucrm cha
brain is damaged during development, it is reasonable to suppose that its
development might be fundamentally altered.

Thehunmbrdnfolowsamﬂp&ternafdavabpnm_wg
a neural tube, and gradually acquires the features of the adult brain. The basic
mmmm-mmmmnmmmm
ventriciar wall and then migrate out to their proper location. During
mumbmmmmmmm
anmmmmmnmmma
become transformed so that they are no longer identifiable in the adult nervous
system. Sadlmmdﬂdoc(wn)hmprodtmdnmmydﬁmm
phases of cortical development and suggest appro ' ,
mtnmonddovdopum mom&anﬁﬂwmndﬂhﬂ

MWp«b&drﬁdmmmnm
development of the human brain. A minor growth spurt occurs from
spproximately 10 to 18 weeks from gestation, followed by a major growth spurt
occurring from about the fourth to fifth prenatal month to about the end of the
fourth yeer of e (Dobbing & Sands,1973). The first period of brain growth is by
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farmommablotomoredmbpmomaldisordenrelatedtogonetic
and chromosomal defects, viral infections, and the effects of irradiation. During
Mpoﬁod.mostofmemwobgicalsoquelaeareassodatedwimhypoxic-
ischemic and hemorrhagic lesions that occur in the newborn infant (Voipe,
1963).

Thosocondporiodofbraingrowthissigniﬁoanﬂybngerandsubjecttoa
host of other potential disorders that may alter the pre-designed function of a
variety of brain systems. For example, the nature of the cerebrovascular
asymmetry is such that the left hemisphere is more likely to be affected sooner
wwaqmmmmmmpnmm.mhmuw.
mmmmndbmmpmuhmm
(Carmon, Harishanu, Louringer, & Lavy,1972). Others have argued that the
cerebral hemispheres deveiop at different rates and times (Thatcher, Walker, &
m,mn.mmmmmnmmumm
of development. For example, language regions of the left temporal lobe
donbpmabﬁymu&nwymachgrmmmdconpbmyof
organization (Benson, 1979). This longer period of growth may make these
areas more vuinerable to disrupting lesions. Reversal of cerebral asymmetry
W\gammm-omm(mwmm
mww)mmmmmmmmmm
verbal intellectual deficits (Hier, Le May, Rosenberger, & Perio, 1978,
Rosenberger & Hier, 1960; Hynd & Wilis, 1968). These asymmetries could aiso
mmmmmm-mwmmm
mmmmummwmmmm
(Gorelick & Swiontoniowski, 1989).

mmshmmndhhvadwmmaﬂnmm
hemisphere by Mustrating that due to the relative abundance of white matter in
um,mmmummmqmwawwa
mmm»mmuwm.wm
Or association fibres (Rourke, 1988), whils complex language functions of the
loft cerebral hemisphere may remain intact . The view thet right hemispheric
development precedes linguistic meturation is aleo supported by other
mmmmmmhmmm
including poor problem solving, vieual-motor skill, peychomotor and mental
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efficiency and behavioral disturbances among children with cranio-cersbral
trauma including acceieration-deceleration injuries and shearing of white
matter, intensive radiotherapy for the treatment of cancer, and other conditions
that may cause general or diffuse destruction of white matter (Fletcher &
Copeland, 1988; Rutter, 1982 Taylor, 1984; 1987; Taylor Albo, Phebus, Sachs,
& Bierl, 1987). Children and aduits with significant head injury aiso
demonstrate more deficits in “right hemisphere skilis® than “left hemisphere
skils" as basic language functions which are overlearned tasks thought to be
mediated by the left hemisphere, are generally spared while visual-spatial
abilities, abstract and novel thinking skills, and complex memory and learning,
are often affected. In some cases, this can readily be seen in lower
Performance 1Q ratings relative to Verbal 1Q rating on the WISC (Rutter, 1962).

These important neurodeveiopmental periods are often referred to as
“critical periods” mnm:mmmnmgmn
maximally sensitive to particular exogenous or external influences (Novick &
Amoid, 1968). As noted above, the potential for trauma to the developing brain
occurs early and likely within the first eight to ten weeks of conception. It should
also be noted that the second period of brain growth (from about 20 weeks of
mwds)admwwbammmamm
development as developmental vuinerability is at its peak, particu ,
mmmkdymmmmmmmmﬁnmmn
anwprmomﬂm Iﬂmwtﬁlﬂlﬁ“ﬁk
neurodevelopmentally, when compared to their normal birthweight
counterparts.

From the moment of conception, celis begin to grow and differentiate into
determined by genetically-encoded information, mhﬂmam
this process will lead t0 the development of "healthy” brain tissue. When this
mbmwwmmllmbmm

development. nmm&a-wmmmmnm
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hdmsmmmdcﬁannﬁmmmwmmgcgnm
skills such as mental retardation, or other developmental disorders. If the insult
mmmmmmabrmgrmw organization,
more subtie deficits may arise based on the severity of the initial trauma as well
a8 male / female differences in brain growth and maturation. In other words, the
outcome of early brain injury in males or females may depend at least in part
mmmmmmmm(svmwm&mmz)rmmﬁg
in males being at perhaps greater risk. The fact that brain maturation occurs
ﬁihpﬁﬁﬁﬁdﬁﬁmmﬂmm&sﬂmaeﬁﬁﬂ@ﬂ)
period may make it more susceptible to neonatal insult; a finding also well
noted in animal research (Stewart & Kobb, 1988). More importantly, research
Mﬁﬂubyyutmﬂﬁrsmmﬂfmw
including Leamning Disabilities, tends to support the idea that the developing
mmmnmmmmmsmm 1986) as

mmmmm&mMMthmﬁoﬂ
several states in the animal brain. The stages of cell proliferation and migration
ﬁﬁmhhmmhmm:mmd
mmmmwﬂMmhﬂmw It
sonable to assume therefore, that early traumatic events including
mmm Or anoxic events that jeopardize cell growth
and ntiation, dendritic or axonal growth, a8 well as synaptic growth, may
ﬁﬁﬁmﬁﬁmm“hﬂ“ﬂﬁm
mmﬂnﬁmmmhm ﬂhmata
maturational states. In addition to the increased growth and different
sslective desth of cells, axons, dendrites and synapees, is al’hn seen
ricularly in the postnatal period. The postnatal period is aleo considered 1o
hmaﬂnliﬁﬁmﬂm synaptic formation as noted in
primates (Rakic, Bourgeois, Eckenhoff, Zekevic, & Goldman-Rakic, 1908),
mnmmmmgnmﬂ:mm
of synaptic contacts. lbmﬁnmﬁ“ﬁmm
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the synaptic formation period will likely be more debilitating than those that
occur later during synaptic loss. It is equally likely that these subtie but gross
ﬁuphmmmphahgyﬂﬂﬁe@eﬂularlwﬁmaymﬁyhmnmmm
the brnnta support (later) complex functions such as reading,
lpallngand thematice mlalyfarmalubram that not only mature at a
slower rate, m;lsaappearmbemeresmcaphblemdmatmucﬂula
level. There is also a growing body of research identifying sex-related
differences in brain growth and potential sources of insult in the fetal brain
nmwmdmmmhm
mmmm@mwm&m 1992). In;similar
niwmllgrawm mmdsvuhprmm wmgﬂmﬂu davelopng
brain, and hypothesize that this leads to a delay in maturation of the left
hemisphere leading to disruptions in the lablishment of normal language

R would appear, therefore, that the effects of brain insult appear to be
more profound on the developing brain than for the mature brain. This is due to
ﬁmdmmﬁﬁmmmew
There are, however, at least two theoretical exceptions to this rule that relate to
the concept of "plasticity” (Hynd & Wilis, 1968). The first theory postulstes that
the younger, immature brain is less affected by hypoxia than the mature brain.
mmmmmmwuﬁhmmmm
hmhﬁhbymmmmtyarm:hwbuhh—l
Qreater recovery potential due to neuronal plasticity. in essence, the theory
mm:hmammymwmmmarbymm
entiatin Thbmoaryiibnidm mmhw
Mipﬂyﬁrm(iynlmhm:mﬂyhmm
insukt than a mature brain. However, some differences are cbeerved between
males and females. For example, early lesions or dysfunction of the left
(dominant) hemisphere can be demonstrated t0 show more generalized
cognitive retardation in males whereas intellectual deficks appeer 10 be linked
m-mnmpmhm Trhmm-mm
diference in outcome due 0 interrug ] o . | ots nd/or
the influences of gonadal homn
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the cortex and hippocampal regions (Strauss, Wada, & Hunter, 1992). This
relative "sparing" of language functions in females following early insult to the
left cerebral hemisphere attests to the plasticity issue and is attributable to the
acquisition of speech and language functions by intact regions in the left or right
hemisphere (Rasmussen & Milner, 1977, Satz, Strauss, Wada, & Orsini, 1988).
On the other hand, this "plasticity" comes with a heavy price particularly for
males who may show a shift of language functions from the damaged left
hemisphere to the "nondominant” right hemisphere (Kolb & Whishaw, 1989;
Strauss, Satz, & Wada, 1990). These individuals frequently display more
generalized cognitive deficits including language production, leaming and
memory (Strauss, Wada, & Hunter, 1992).

it seems apparent that the idea of "plasticity® is limited in the child's brain
and even more limited in the immature or developing brain. The effects of an
early insult due to prematurity, for example, may not be evident at the time it
occurs, mttham ol maymge;ubﬂymmcmdhm . whanm

emerge. Tmﬁmmayrmmemﬂﬂmdthemﬁrm&mme
etiology of Leaming Disabiities in addition to linking this field to deficits in the
higher-order cognitive processing required for most academic tasks. Many of
mgnsmstomebramafaprmehnldammadbymedncal

Many conditions associated with premature birth are known to assault
the central nervous system. In turn, the central nervous system which reguiates
behavior and development may show varying degrees of impsirment as a result
ddﬂwiﬂkﬁadﬁ&mﬂtmﬁﬁuhmwm
These conditions, either singly or in some combination, may effect or
mhmwmmmmm
of the child, thereby contributing to a variety of neurodeve | disorders
including Leaming Disabilties (Commey & me 1979 Pleiffer,
Heffernan, & Pleiffer, 1965).
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From the physiologic point of view, respiratory difficulties resulting from
immature lungs pose a serious threat, not only in terms of lung collapse, but
aiso in terms of diminished oxygen transport to brain tissue. As many as 35% of
all Prematures seem to be affected by this condition (Field, Dempsey, Ting,
Hallock, & Shuman, 1882). Respiratory Distress Syndrome (RDS) is often
associated with apnea, where immature breathing control mechanisms in the
brain cause lapses in breathing of significant duration. Eposodes of
bradycardia, or siowed heart rate, can occur concomitantly which may further
reduce oxygen flow to the brain (Fitzhardinge & Ramsay, 1973; Periman &
Voipe, 1985). The extended use of mechanical ventilation to reduce the risks of
RDS can lead to damaged lung tissue and scarring. This t00, reduces the
aeration of the blood which in turn would effect brain tissue in the form of
hypoma Anoxia or anoxic episodes are centrally linked to a number of serious
neurodevelopmental and cognitive disorders ranging from cerebral paisy to
mental rctardghan

At the other end of the spectrum, Retrolental fibroplasia (RLF), a condition
ociated with high concentrations of oxygen applied during mechanical
ntilation procedures, results in hyperoxaemia which may damage the

devabpngruﬁnaandlsadmmﬂd madarate nrsavaraformafmual
Krauss, 1980). V\mumrmmnmdadaamafm?nmm
1960's as oxygen inspiration became more carefully monitored (Stewart,
Reynoids, & Lipscomb, 1981), other researchers contend that it is again on the
vurylawbirmwdgm(VLBW) mmﬁnm Pramaturnmd
the incidence of visual difficulties may be as high as 22% to 42%, includs

to 11% for cases of bliindness alone (Henig, 1983; Moore, 19681).

Another complicating medical condition is intraventricular hemorrhage
(IVH), MhmmhMuﬂ-rﬁmeﬂm
in part by a highly fragile and permeable blood/brain barrier. Birth asphyxi
mamhbhodm- mdprmnnnhhnﬁdwhglﬂarm
@lso lead to intraventricular hemorrhage (Landry, Fletcher, Zariing, Chapieski,
Fm&ﬁnm‘lm) IVH has profound effects on developmental outcome
and is cited as an etiological factor for both subtie and profound
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dysfunction (Ahman, Lazzare, & Dykes, 1880; Gaiter,

1& Krﬂmmﬁy Shannon, Delong, Todres, & Davis, 1979; Papille,
Munsick-Bruno, & Schaefer, 1983, Pfeiffer, Heffernan & Pteiffer, 1985).

Physiologic jaundice or hyperbilirubinemia affects approximately 70% of
all premature infants to some degree (Rossetti, 1986). Bilirubin is a potentially
toxic substance which results from the breakdown of fetal red biood cells
following birth. While in the mature infant this substance is converted into a
harmiess waste product, the immatwre liver of the premature infant allows
diirubin to accumulate in the bloodstream. So-called “free” bilirubin can enter
mmmmmmdmmmmmmm
thrombocytopenia, and passibls ':?" ricular Itmorrhaga are pmble
um-mmﬂnnmmmm(m&wm 1960).

mmwmnyafmmsmmmm
can be transmitted to the infant either in utero or by exposure within the
m“mwit(cumy&&ark 1930) mmmdﬂ'ﬁ
hipﬁéﬁﬂh:ﬁmmmmnmm

mwmmm&m1m) lmﬁmm

in the intensive care unit include sepsis and meningitis. Sepsis can predispose

the infant t0 increased chances of developmental delay, mental retardation, and

heering impairment. Meningitis can lead to a variety of neurodevelopmental

mmmm cognitive deficits, speech disorders, and
tor difficulties (Mcintosh & Lauer, 1984).

Major advances in medical care and trestment have contributed to the
and/or less than 2500 grame at birth. Many early researchers expressed a feer
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that increased survival rates, especially among very low birthweight infants,
could lead to increased morbidity (Drillien, 1961). No doubt one of the most
complicating factors affecting both mortality and morbidity figures to this day is
the reiation of gestational age at birth to future adverse neurodevelopmental
outcome. Obse,vations made by early researchers are only recently receiving
increased attention as advances in the field of neonatal medicine has led to a
dramatic "downward" extension in what is known as the "age of viability" or
successful birth and survival for Prematures who have completed less than 25
weeks of gestation and who weigh less than 1000 grams. This has created a
“new" population of Prematures of very low birthweight (VLBW), who appear to
be at significantly higher risk for developing a host of neurological as well as
neuropsychological deficits (Black, Brown, & Thomas, 1977, Horwood, Boyle,
Torrance & Sinclair,1882; Pape, Buncic, & Fitzhardinge, 1978).

increasing at a rate commensurate with increased Suwm ﬁiyne&
and Lipscomb (1981), in a survey of literature on outcome for very small
premature infants (under 1000 grams), noted that the incidence of major
handicapping conditions among survivors had remained less than 10% despite
an increasing survival rate. Other researchers aiso noted a lower handicapping
rate (Fitzhardinge & Ramsay, 1978; Friedman, Chipman, Segal & Cocking,
1682). Although some recent studies indicate that the overall incidence of
major handicapping conditions may be decreasing, the actual incidence of
specific types of handicap such as cerebral palsy (Kitchen, Ryan, Richards,
McDougall, Billson, Keir, & Naylor, 1980; Atkinson, 1981) and retrolental
fibroplasia (Pheips 1981) may be on the increase. Other researchers add that,
in many cases, increased survival rates for the small premature infant may in
fact predispose & to & host of adverse medical, neurological, and developmental
sequeias. Therefore, even though mortaiity rates appear to have decreased by

Sinclair, 1962). As more and more of these very low birthweight infarnts (VLBW)
survive with apparently “few" medical complications, lh-ymurﬂh-n
significant risk for developmental difficulties including Leaming Disabilitie
momnmymnmadﬂdmwndarmmm
& Wilis, 1068).
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Wiederhoit (1974) in his historical review of the education of Learning
Disabled children, points out that the roots of scientific and philosophical
interest in LD is kkely as oid at those two disciplines themseives. Prior to the
1960's for example, few public school services were available for students with
Leaming Disabilities in North America. Since then however, there has been a
WMmmdmmmmaﬁaﬁmmmﬂunpﬁMmﬂahm
of educational services to handicapped individuals.

rocomdforaevarﬂdaaades gﬁymﬂﬁcaﬁmmmg

mmwmmmammmm
were later termed ‘Leaming Disabilities’, largely due to the efforts of
mmmmmmmmfmmmm
leamning problems (Kirk, 1976). Having recognized the existence of learning
disorders, the task of identifying those at risk as well as specific criteria for
mmmmbymmmmmm-mw
Disabiity was a ‘peychological handicap caused by a possible cerebral
dysfunction and/or emotional retardation, sensory deprivation, or cultural or
mmmmn:.m&mmmarmm
development® in speech, language, reading, writing, arithmetic, or other “school
subjects® (Kirk & Bateman, 1962, p. 73). At the time, clinicians and researchers
viewed LD as a single all inclusive disorder or Wmmﬂ
included all children with significant deiays in academic achieven
regardiess of the etiology of the handicap. nmmmmmm
& complex disorder that required more rigid inclusion and exclusion criteria.
mmmmmmmnmmu

The most prominent feature of these early definktions was the attention
given 10 the discrepancy between the child's estimated intellectual abilty, or
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(1964), recognizing the need for exclusionary criteria, concluded that a
Learning Disability could be diagnosed in children who:

‘manifest an ficant discrepancy between their

mmﬁmmpmmmmmmmﬂamrmum
basic disorders in the learning processes, which may or may not be

Wndwmaﬂemdnmmmm and

nraﬂu.nraldepnvahon mammm EMM
(p. 220)

mnmmaﬂdren ﬂmprmorhﬁtytammm
dysfunction, was not considered to be crucial to the diagnosis. The actual
cause or etiology of LD was not addressed by these definitions until Johnson
mwmm(innmmr:mmmﬂnmumhd

opsychological dysfunctions by describing these children as having a
eurological Learning Disability" being due to “a dysfunction of the
mvﬂ "altered processes" as opposed to "a generalized incapacity
mlnm(pa) These authors aiso underscored the importance of uneven
md:ﬁhnhmnlh&nafm lmmﬁm

With further revisions of the definition, it soon became apparent that LD
mmmamwn@-mmmﬂm
mqmmmwma,gip,,
factors, but relsted more to uneven patterns of devel It including
docum=nied or inferred neurological dysfunction. ummmnm
time that a wide array of specific lsaming disorders were diagnosable based on
hmammmaﬁeﬂdw These eerly
definllions aleo established the central role of neuropey dysfunction
nﬁdohadLDthuﬁnﬁnamdm
m“wﬁﬂythwnaubﬁmmm
individual 1 bilty. This is consistert with many recent definitions of LD
mﬁmﬂmmMmmhm
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demonstrated both in post-mortem studies and ‘in vivo" via sophisticated
diagnostic imaging techniques (Hynd, Marshall, & Gonzalez, 1991; Gaddes,
1985; Galaburda & Eideiberg, 1982; Galaburda & Kemper, 1979, Galaburda,
Sherman, Rosen, Aboitiz, & Geshwind, 1985).

The National Joint Committee on leaming Disabilities (NJCLD),

prised of representatives from a variety of prafassnansl organizations and

mnrmmﬂneedfara,,’ mnsive and current
definition of LD, proposed the following definition in 1981:

"Learning disability" is a generic term that refers to a heterogeneous
group of disorders manifested by significant difficulties in the acquisition
!ﬂdmafm speaking, reading, writing, reasoning or

smatical abilities. These disorders are intrinsic to the individual and
Mmmmmcmumsymmmm Even
mwle":’*f mmmﬁﬁywﬂhm

apping conditions (eg., sensory impairment, mental retardation,
mmmm)mmmmm
Culture differences, insufficient/inappropriate instruction, psychogenic
factors), it is not the direct result of those conditions or influences.”

The importance of recognizing LD as a heterogeneous group of
mmmmwm-mnnm
ﬁmmmn to children in order to incorporate aduits,
for Leaming Disabilities to occur within varying handicapping conditions and in
number of other recent definitions of LD have been proposed with subtie
mmmwmnmmmm The first

e ",’:MWﬂmm:dLDhmmm
i“ﬁﬁﬁﬁﬁﬂ;hmm i is generally accepted
ﬁmhmpﬂa mmmmhmma
behavioral m 8 Or indicators of strengths and weekn
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=]

in academic and language areas for LD children. The third dimension reiates to
dﬂgﬂﬁr&llmagntyufﬂﬂeondmmwhereLDBdrﬁarmgdﬁmm
dicapping conditions. The fourth dimension of similarity between definitions
ofLDmdudesafmaonmepnmary explanation of the learning prablam
DiﬂargmdaﬁnMQfLDhmansengaresultafvmshdtSmiif, . '
whleh have focused attention on deve ntal problems, neurclogtcal
unctions, psychological processes, language problems, and task /
aﬂ\nranmglfactors




m:bla eminge gnd w:luben (Ga,ddes’lsao, Hynd & Dbrzm1961a
Rourke,1965; 1991a), and currently enjoys remarkable exposure both with
respect to research on children as well as adults (Goidstein, Katz, Slomka, &
Kelly, 1993; Mattis, French, & Rapin, 1975; McCue, Shelly, Goldstein, & Katz,
1986). The heterogeneous nature of LD has aiso been clearly recognized in
ﬁanmmmmﬁmrmmhmdﬂndmrdﬁ
This | geneity implies the existence of certain subtypes of LD and
rmmmmaxﬂaﬁadwdmmmlynm
areas of reading disabilities (Boder,1970; Mattis, French & Rapin,1975;
Pirozzolo,1979; Pirozzolo & Rayner,1979; Rourke,1985; Rourke, Bakker, Fisk &
Strang, 1983), aithough npelng (Naidao1972 Neison & Warrington,1974;
Sweeney & Rourke,1978), and ; disability (Rourke, 1985; 1991a:
Rourke & Strang,1978; Rmkc&FﬂaymﬁTB):&ypuﬁﬁamd
mmmmmmmummﬂa
deficits (M ust, 1975; Rourke, 1962;19687; 1988b; 19689; 1991a; Rourke &
Fi'hpen 1978 Rourke & Strang, 1978 ; Rourke, Young, Strang, & Russel,
(1968).

mmrmm:mﬂmnm
1§ hnson kiebust , Fm & ﬁq‘:pn 1975)
m -eeardna tn patterns af academic underachisvement or
) : function (Fisk & Rourke, 1979; Hynd & Wikis, 1988;
mm&samm Rourke, 1985; 1991a; Rourke & Finlayson,
1978; Rowke & Strang, 1978; Strang & Rourke, 1963), and statistical
mmmmmmmmmm
ﬁapﬁm,, trauskas & Rourke, 197§Fh|.m 1985; 1ﬁ1a)nr
cluster analytic techniques (Batchelor & Dean, 1993:Doetvris
Byrons 1979, Rourke, 1985; Spreen & Haaf, 1966).
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, . ification systems for diagnostic or clinical purposes often
rdynnmafm achievement to identify LD subtypes. This
wm“mmwmﬁmwm(msnmm
mmmmmarmmgMamm
iﬂ.ﬂuﬁ nnar—lmguagadyﬂem maama ntagrm

ormdnglmtpaarwm uﬂmdyshm paﬂmtaeagim
mdltoimng mwmmmnmmm
mm&mmmmwmﬂmm in
MWMMEWMFMNDM@W
processes”. These early attempts at classification were very creative but were
criticized due to a fallure in demonstrating the existence of clear and distinct
subtypes in research, However, this early research was able to consistent
demonstrate the existence of at least two types of reading disabilities with
mwmuwmmmm@mmmﬂﬂ

mmn:mm“mmmmm

Mﬁhrmwmmmmam
(1973)mmmmmmmmeﬁ
qﬁwnﬂmpdm;* torns.
’*,"::Eaﬂc(i%)mmmmmmm
1) Dysphonetic dysiexics who have auditory-linguistic deficits that ke at the root
dﬁ“hmﬁmmﬂmem
mﬁdmmﬁms?mdhm)htnmh

@ - ,j;ﬁwaﬂmmm‘ﬁn“
DPros ’j,:fioplrmalhrmph) but who show intact auditory-
wm-ﬂmm L bic/c jstic dysiexics who display
mmmmmm' atial ability related 0 the
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reading process. Boder's classification system assumed that dysphonetic
dysiexics appeared to have deficits in the left cerebral hemisphere, dyseidetic
dysiexics had deficits in the right hemisphere, and mixed dysiexics had deficits
in both cerebral hemispheres. Studies evidencing electroencephaiographic
asymmetries in normal and dyslexic readers have been noted (Fried, 1979;
Fried, Tanguay, Boder, Doubleday, & Greensite, 1981), as well as studies
indicating nerceptual asymmetries in the processing of verbal and nonverbal
information (Pirozzolo & Rayner, 1979; Daby & Gibson, 1981), appear in
support of Boder's classification system.

Six distinct reading disability subtypes were aiso described by Denckia
(1977,1979), based upon clinical observation, including 1) a giobal-mixed
mmmpe.z)mmwmqmmmmm
articulation and fine-motor dexterity, 3) an anomic-repetition disorder identified
bypoam(mmu)mmmmm
mm.4)ammmmmbymmm
sentence recall and naming but with phonemic substitution or reversal erors in
reading, 5) a verbal leaming and memorization disorder, and 6) a correlational
mmmmmmma.wmmu
than measured intelligence.

mmammmmamwwm
MGWMMmMMdeM
: mmmmwunmmmm.
chidren with brain damage and dysiexia, and chiidren with dysiexia but no
evidence of structural brain damage. in researching these groups of children,
Mattis, French and Rapin (1975) found no significant whole group differences
between the two dysiexic groups, however, three identifable subgroups
emerged within both dysiexic groups. Approximately 38 percent of their
dysiexic sample evidenced a pattern of genersiized language disability,
anm,mm,mw,m
speech sound discrimination. The second group comprising 37 percent of the
mam,mwmwmnu(m
graphomotor  dyscoordination), including deficits in sound blending and
graphomotor abilty. A third group was aiso identified, meking up about 16
mdumdmmmwm



24

WISC Performance IQ, Raven's Progressive Matricies, and the Benton Visual
Retention Test.

One of these researchers (Mattis, 1978), went on to conduct a cross-
vaiidation study with a larger sample of reading disabled children and found
essentially similar results except that 63 percent of this second sample was
classified as having a language disorder, 10 percent as having articulation-
graphomotor dyscoordination deficits, 10 percent classified as having a
temporal sequencing disorder, 5 percent evidencing visual perceptual
disturbance, and 9 percent showin madmmmmﬁrm::r
more of the classification types. These neurog QiCa
mmmwmmmsmmdauw
auditory-inguistic subgroup (although divided into three distinct subtypes), and
a reiatively small visual-perceptual disorder subgroup of reading disabled
children.

Bakker (1973, 1979, 1982, 1983), provides yet another example of a
ciinically based diagnostic classification system of reading disabiity subtypes
based on Iateralized brain deficiencies. Bakker proposed that reading skills
develop in stages based on devel ”i,"mmmﬂ‘lwﬂ
thmmmdm-ﬁyuﬂf:ﬁ,,
mmmmmmnmm A@rﬁ\gtﬁ
Bakker, processing deficiencies of either hemisphere could give rise to different
manifest a relatively fast reading rate but who make numerous errors of
omission, substitution or addition, based on an inability to recognize the vieusl-
spalial features of the text. Chidren displaying the opposite patiern (P-type
inguistic ability tend 10 ignore the symbolic representation nature of words and
would therefore show a siower reading rate or evidence errors of fragmentation
and repetition, according 10 Baldcer. Em&mmhmm
in dichotic stimulation studies showing differential petterns of Isteralization of
language functions with P-ype dyslexics dieplaying a higher than normel
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ncic of right hemispheric domi for | , h function by
showing a left ear advantage on verbal dichotic listening tests (Bakker, Licht,
Kok, & Bouma, 1960).

Another popular approach to subgrouping using neuropsychological
data involves the use of a priori groupings (Fisk & Rourke, 1979; Morris,
Blashfield, & Satz, 1981; Petrauskas & Rourke, 1979). In this approach,
Lomingobabloddﬂdronarowbtypodaprbﬁmmobasisottmirpmgmaf
performance on academic achievement tests in an attempt to determine if the
differential academic problems are related to different pattemns of
neuropsychological impairment. in an early attempt Rourke and Finlayson
(1978) succeeded in classifying LD children based on the results of the Wide
Range Achievement Test (WRAT; Jastak & Jastak, 1965) for reading, spefing
and arithmetic achievement, into three a priori groups: Chidren in Group 1
mmmmmdwum;ms
children showed average or better performance in arithmetic but weaknesses in
mmm;mmsdidnndwmdmmorbwuﬂyh
performance of these three groups was then contrasted on a series of 16
messures of intellectual and neuropsychological ability resulting in the
mmmmummmempz(mmm
Speling but good math), were superior to Group 3 (low math but good reading
mm)mmammmmwmm
mammwm1m2mmmmmm

Wmm Gm:pad'ildnn(lowmugood
mmmmwmhhmmm
mmumuov«a)mmz(mmmmm
good meth) Hustrated signs of left hemisphere dysfunction. This hypothesis of
Mmammmwmmum
Disabilty, mmmmhamamm
mmmmmwmm&m 1978; Rourke,
Yanni, MacDoneld.& Young, 1973), and on tasks involving sequential analysis
NMWMGWAM).
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Spelling Disabilities (Spelling Dyspraxia)

Spelling disability subtypes have often been identified in relation to
reading patterns as they tend to share considerable similarity as discussed in
the above research findings. Until recently, knowledge pertaining to the
procossingakilsnocmafytoforspemngorrosponsibleforaspooiﬁc
dysfunction in speliing has been lacking. Early studies of speliing dysfunction
(Bannatyne & Wichiarojote, 1969; Newton, 1961; Russel, 1955), failed to find
mmdropﬁcabbruultsandwoﬁoquonuyunbiguousormadictay
since a “level of performance” approach was used which did not take into
account the many subskills that are required and the fact that these subskills
may vary with different stages of development of speling skills. Recognizing
that these variables exist and that there may be qualitatively different deficits in
mmmmmdﬂam.rmmmgm
mmwmwmmmwmammmmm
view. These early studies noted a preponderance of phonetically inaccurate
errors and significant Verbal<Performance IQ discrepancies on the WISC
(Nelson & Warrington, 1974), or more generalized impairment of language
mmmmmmunoa(m&wm. 1964;
Newcombe, 1969). Sweeney and Rourke (1978), in addition to others
(Naidoo,1972; Neison & Warrington,19874) have identified distinct patterns of
speling disability (speling dyspraxia) from a neuropsychological perspective
that are particularly useful for classification purposes.

On the basis of academic underachievement on the WRAT, Sweeney
and Rourke (1978) defined speliing "retardation” as centile score of 20 or below
on the Spelling portion of the WRAT. This group was further divided into those
who were phonetically inaccurate (P1) or accurate (PA) spellers, based on their
error pattem, and their performance on a variety of neuropsychoigical measures
taken at different age levels, was compered to normal speliers with centiie
scores in the 50 or above range (WRAT). The results suggested that the
differences in speling were not due to problems in selective attention as both P)
and PA spellers did not differ on tests of selective attention and discrimination
when compered t0 normais. In addition, differences between PA, Pi, or
Normals, were not found on tests of visual closure or Performance Q.
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intefiectual dysfuncugn al«:ns was not rasponsuble for spemng deﬁcrts!
Differences were found among the three groups for older children as children
with phonetically inaccurate spelling errors (Pl) performed much poorer than
oider normais on tests of auditory-verbal receptive skills, suggesting a basic
deficiency in these psycholinguistic subskills for children with specific spelling
disability. This finding would tend to explain why the most deficient spellers
also showed global language deficits including verbal intellectual ability
(Neison & Warrington, 1974), that could also be detected as dysphasia in
aduithood (Newcombe, 1969; Kinsbourne & Warrington, 1964).

it would appear that the children exhibiting phonetically inaccurate
misspeling have a significant deficiency in carrying out basic, receptive
Wnguistic operations and therefore would have similar difficulty performing
phonemic operations, including the phonemic segmentation required for
speliing. Problems in phonemic analysis and synthesis were aiso noted by
the left temporal lobe. On the other hand, the psycholinguistic deficit of
phonetically accurate misspellings seemed much lass debulltatmg as they did
m,mmwmmm(m)mmamﬂmwta
ntheatudy Swunyandﬁaurke(ﬁ?&)hm natedmdaﬁats in
complex psycholinguistic functions for this group on tests that required
Mﬂrmmwdmammmmﬁmcmm
PA‘:math:cﬁfﬁanynmﬁankm mrdwm v-udw
information. This lack of awareness or appreciation for the visual-spatial
features of a word (ie., what the word "looks like"), may be the result of a "rigid
Mhﬁmwmm‘miﬁ) lndmym

mamhmmmmmmmmm
deficits was also noted by Luria (1960) who suggested that lesions of the ieft
hemisphere (parietal-temporal-occipital a/ea) tertiary zone, nuybornpomabh
a8 patients would manifest difficulty selecting appropriate graphem
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represent the spoken word even though they could comprehend the word quite
well.

In longitudinal study (4 years) testing the stability of the hypothesis that
‘etically inaccurate speliing was a good indicator of serious reading deficit,
Burgher and Rourke (1976) evaluated the performance of younger children
(Grades 2, 4, 5 & 6) with phonetically inaccurate (Pl) and phonetically accurate
(PA) misspeliings with that of normal controls (N) in a similar fashion to the
study discussed above and found essentially similar results (Pis<PAs<N). In
other words, children in the PI group were persistently found to display
significantly more reading problems than the PA children or the controls. It was
suggested that the impact of phonetic inaccuracy on reading disability was
progressively more serious over the developmental sequences investigated,
indicating that the apparent deficiency in certain receptive linguistic skills such
ﬂphanemncsymhescsandsegmemamnremmmsadeﬁatmatdoasnm
correct itseif with age (Rourke, 1976). The results of several other more recent
urpubl:shadsmauesalsaappearmeanﬁrmmcsgmalﬁndmg(sm &
Rourke, 1985).

Learning disabilities have been traditionally defined as reading and/or
speliing deficits largely due to a focus on these areas from both a research
perspective and academic remediation. This interest was aiso due to the
mmmﬁmmcmmmﬂmmmﬁm:nmg
children when compared to arithmetic difficulties which are frequently identified
much later in a child's academic career. This may have contributed to the
Ommon notion that genuine disabilities in arithmetic did not exist or existed in
addition to rndmg and speling difficulties or due to more giobal
underachievement. In fact, arithmetic disabilities were not clearly recognized
mmwmﬁm)mmmmma
reading and speliing difficulties. With these observations in mind, Rourke and
mmmmmmm
mbnﬁmmmmmhmT(ﬁmﬁo&Fm
1978; Rourke & Strang, 1978; Rourke, 1985; Strang & Rourke, 1983, 1085).
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Unlike reading, mechanical arithmetic is a complex academic subject as
even simple problems require stepwise application of rules and procedures that
frequently result in an error due to small mistakes that can be made at any point
in the calculations. In reading however, one can omit or skip significant portions
of the material and still be able to comprehend a good portion of the material.
This relationship has been well documented by Strang and Rourke (1985), who
noted that young reading disabled children with average or better arithmetic
abilty, tended to perform better in comprehension tasks than in decoding tasks.
While it can be argued that deficits in arithmetic skills can also be due to poor
instruction, immaturity, inexperience or insufficienc with the teaching
curriculum, poor motivation, anxiety or even emotional disturbance (Slade &
Russell, 1971), others have argued that these factors alone do not account for
the patterns of arithmetic disability frequently encountered in children. In fact,
researchers have demonstrated that due to the complex nature of learning and
using arithmetic skills, a wide variety of neuropsychological impairments are
likely to be involved ranging from verbal memory deficits (Rourke & Finlayson,
1878; Tuoko, 1982), to more cognitve and brain-related disorders of right
hemispheric dysfunction (Batchelor & Dean, 1993; Rourke & Finlayson,
1978'Strang & Rourke 1978 1%3 1985) that caanﬁnuad wsll bayand

dysfunction (Goidstein, Kag. Slanta & K-Iy. 1993; Haurkg, Yaung Strang; &
Russell, 1985; Spreen, 1987; White, Moffitt, & Sitva, 1992).

Rourke and his colleagues have completed three neu
studies with children who illustrate the pattern of specific arithmetic disabilty. In
the first two studies (Rourke & Finlayson, 1878; Rourke and Strang, 1978) ihe
discussed earfier with respect to reading disabiity patterns, three groups of
on all three subtests (all 2 grade levels below their peers on all subtests), while
below average on age-norms), but poor in reading and spelling ( st least 1.8
grades below the Arithmetic scores), and Group 3 children were poor in
arithmetic but at average or above levels in reading and speling (grade scores
handed and had Full Scale (WMISC) Qs within the 86-114 range (N = 15, ages =
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9 - 14). They were administered a series of tests designed to measure auditory-

perceptual, verbal, and visual-perceptual skills (Rourke & Finlayson, 1978) as

well as motor, psychomotor, and tactile-perceptual ability (Rourke & Strang

1978) None of the children were reported to have sensory-motor handica
tional disorder, or "cultural® deprivation including lack of schooling.

The results of the first study (Rourke & Finlayson, 1978) illustrated that
GmmEandGraupScmldraﬂhadmasmg patterns of academic

vement as both were equally impaired on the Arithmetic subtest of the
WRAT but were vastly different on the Reading and Spelling subtests. Group 3
Manmmpmrarmmmmquateraadmgandspdhngpanmhad
well developed auditory-perceptual and verbal skills and somewhat deficien
visual-spatial-organizational skills. ChnldraanraupEanmmhandwho
were relatively adept at arithmetic but poor in reading and spelling, scored well
on tests of visual-perceptual-organizational skiks but poorly on measures of
mmmﬂmmm@wdbbm sound-symbol
matching (Speech-Sounds Perception Test, Reitan & Davidson, 1974) and
sentence memory (Rourke & Finlayson, 1978). In the second study (Rourke &
Strang, 1978), it was found that Group 2 and Group 3 children aiso performed
differently on measures of complex psychomotor and tactile-perceptual ability.
It was further noted that Group 2 children (with better developed arithmetic than
reading and speling skills), performed within the average range on tests of
plydnmatormm ’f:'f ?]'mmﬁﬂw(ﬂanm)mm
ﬂiauthrfarmme m&m:.msn) Gﬂdrannermpawim
specific deficiencies in arithmetic on the WRAT, ilustrated bilateral impairment
on two measures of psychomotor ability (Grooved Pegboard Test and Maze
Tost; Kiove, 1963). Furthermore, performance on the TPT for Group 3 children
mmnmmdmz normal (dominant) right hand
ance and impaired left-hand on single triais of the TPT, with very poor
";mmmhmm msmmm
mmNHﬁﬂﬁhm in fact, ﬁmmmmzm
appeared to perform significantly better on this task with the left (nondominant)
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in the third study evaluating the specific nature of arithmetic disabilities
among oider (ages 9-14) children (Strang & Rourke, 1883), only Group 2 and 3
Mﬁodhammmnwtomeeaﬂiermaudies)mrecomparedwnh
mddudﬂdren‘smionomealsteadCategoryTem(Renan&Dawdson.
1974). The resuits of this study showed that Group 3 (deficient Arithmetic
m).madesigmﬁcumymoremorsonmistestofabstractreasonmgmd
probbmooivhg.comparodtoeroupz(deﬁdontreadingandspeuing).and
mwomesiqiﬁwummmmmmatroqukadamdogmeof
complex visual-spatial analysis. In addition, it was noted that while the
perfonnmofGroupzwasage-appropriate.mepedormanceoferps
children was approximately one standard deviation below the mean for that
age. Thocormmdrawntrommesostudies(ﬂourke&l’idayson. 1978;
Rourke & Strang, 1978; Strang & Rourke, 1983), suggest that deficits in skills
omdbymoloﬁcerebralhemispfmoarolikalytooxistamonguaming
Dbauoddﬂdfenmdisplaypoorpoﬂormmonmewnﬂnemm
Speling subtests in relation to their (better) performance on the Arithmetic
m(&mz).mmmmmmmmmmmwto
mmmmmmwmumme. in contrast, the opposite
mwmuwummmmmm
performance on the WRAT Reading and Speling subtests but poor
performance on the Arithmetic subtest (Group 3). These chidren tended to
mhmmmmmmmmmm
(Strang & Rourke, 1985).



As discussed eariier, Learning Disabilties are the most commonly
condition as afflicting a greater number of children than the combined
population of children with seizure disorders, cerebral paisy, or severe mental
handicap (Duane,1879). As a result, this field has historically received little
research interest or funding, compared to other more prominent developmental
disorders including mental retardation. Funded research and greater
mmofwm\gprmdmmhsrasunedmanwﬂerdrm
breakthroughs including the identification of children with subtie
mwmmmwﬁm(wmm&amm1mwmcma
Nieves, 1988; Hynd, Marshall, & Gonzalez, 1991) and with relatively enduring
patterns of deficient academic performance (Trites & Fiedorowicz, 1976):!1&
can be traced well into aduithood (Goldstein, Katz, Slomka & Kelly, 1993;
Rourke, Young, Strang & Russell, 1986, Spreen, 1987). In many cases, the
effects of a Leaming Disability have aiso been shown to extend well beyond
scholastic underachievement to include self-concept (Bloom, 1976) behavioral
disturbances and psychopathology (Rourke, 1988a; Rourke & Fisk, 1981; Watt,
1987).

Researchers are beginning to understand the  underlying
neuropsychological factors contributing to this condition, This explosion of
mwmmm Mﬂmm

producodagrowhgbodyofmmﬁnﬂy,i ',irmhtatha
etiology of LD. mmnm-Mmmwﬁmﬁm:d
academic difficuly have largely abandoned their efforts in favor or more multi-
modal research peradigms including biological modeis to identify children at
mnmmmmmnmwnm

Wuwm“muhwmmdenlm
death or seversly handicapping conditions at the other (Pasamanick &
Knoblock, 1961).
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Reveiopmental Modeis of Premature Birth Qutcome

Most of the research concerning developmental outcome of Prematures
has been conducted using a variety of theoretical modeis to account for the
long-term outcome associated with premature birth. This variety heips to
underscore and reflect the diversity of disciplines that share an interest in low
birthweight children. An analysis of the major theoretical paradigms should
therefore provide an appropriate perspective in which to gauge the relevance of
the current research project.

Much of the thrust of both the early and current medical research has
focussed on the impact of biological trauma during pregnancy and the perinatal
period on subsequent development. This research operates from the
“biological model® in the adoption of a near or main effect manner where
ressarchers assume that it is possible to specify particular events during the
pregnancy or delivery that predict long-term consequences, regardiess of
intervening experience (Gisel & Amatruda, 1941). The concept of adverse
ovents was later stated in terms of a continuum of causality resulting in various
degrees of brain damage. The link with more subtie forms of brain damage,
resuking in a variety of observed leaming deticits, was established early in the
1980's, iabelled as "minimal brain damage” by the early 1970's, and finally
presented as “Learning Disability" in the late 1970's to the current year.

There is itie doubt that the biological model greatly influenced early
research as it gave rise to large scale follow-up studies of the 1950's and
19080's, both in Britain and the United States. As noted above, these classic
studies reported the incidence of major and minor handicapping conditions
among Prematures and clearly established low birthweight as a biological risk
factor. Wmmmwmhmodhmrhkby
mmmm.mmmmam.
#insss factors such as anoxia or respiratory difficulties, and treatment effects
such as amount of oxygen and feeding practices. Outcome measures were
8iso refined to include more subtie areas of damage associated with school
fallure in the absence of major and minor physical handicaps. The biclogical
model's final and continuing theoretical contribution 10 reseerch among
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Premm;;ismauﬂaﬂarmfamPrgdictarsaﬂstertmcﬁminghavmm
areas.

condition and childhood functioning asmﬂuerﬂedbymmmg vanables such
as family background or socio-economic si..s (SES), on premature birth
outcome. mmmmsssmmmmm
known since the 1940's, ltw;natunhlmemmsmmmgmﬁcarm
for the effect of SES on low birthweight children (Benton, 1940). This research
mwtnmwmmwprmurewﬂmmthm

"f’fﬁ'mdnmﬁdmmhmtamm w:thPramgmres
dHMﬁSESMvmm in performance relative to
controls (Douglas, 1960; Wiener, 1968).

mmamwmmnormmdmmm
incongruities in that, on re-e " Be re-inte
cﬁdrnmpracbcaarmmaanWparn Bignific '
influenced outcome (Douglas, 1960). In some cases (Drilien, 1967), Rmalla
observed that low birthweight children from high SES backgrounds did not
mﬁymd-ﬁciubyscmdaga This led some researchers to propose
a third and more interactional model, rather than an additive model, to help
expiain the influence of low birthweight and SES on outcome. The overall
mmmmmwmmﬁwmmm
characteristics of the environmen &re more important than any single critical
incident such as low birthweight in determining later outcome (Sameroff &
Chandier, 1975). mmmmmm-ﬁmses
MMWﬁMdmmwmm or that
h,,,;,,ii;maﬁmsesmmmmh

mmmnmmanmam
mental factors to outcome and resulted in a shift in thinking from simple
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to multiple predictors of childhood development. Recent research tends to
support the view that low birthweight children perform less well than their full-
term counterparts. However, there appears to be less agreement as to whether
this can be ascribed to biological vs. environmental factors.  Predicting
mwmm.mamwkumeremtobe
a number of significant variables that may interact in negative ways to effect
future outcome. What follows is a brief discussion of both early and recent
research which exempiifies these theoretical positions.

Predicting Deveiopmental Outcome for Prematures

Ammborofoanysmdieslookodatprodictingmnmfrom
Dragomm\ody(wee)triodtomaommmnpndicﬁvavdidtyof
hm.mmmmmmmmmmmbmm
mmm,mm.mmdunMonammm.
conducted 1 and 5 minutes after birth. Healthy full-term infants usually have
Apo-rmotawwmpnt«mmoﬂonfalwmnmsmnmgo.
Scores of 4 or lower usually indicate severe distress and are associated with
poorer developmental outcome. More recent investigations attest to this
system's predictive sensitivity to specific neurological handicaps such as
cerebral paisy (Neison & Elenberg, 1981) and general neurodevelopmental
disabilities (Paneth & Fox, 1963).

mmmwmammmmmmmmm
mmu.onmas,mmmmwmmnmmm
m.mmmmmmmw approximately
mmmmw,mm1umm-w.mmy
mmmmm(mummam.
-mnmu.wmuamammmm
which permitted these infants 1o survive. Today, with even more advances in
medical technology, the age of viabilty or survival appeers to be continually
mnmmqa.mwmmmwm
high risk infants. R is also conceivable, therefore, that many of these children
will develop neurodevelopmental dificulties.
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Comonely.Cohen.Sigmm.ParmdoomdBockwith(wez).hms
yufolowwsmdy.cornondmatmanypretermimmnotonlyswvivom
bommmmmmmrmmmm measures,
mmmmatgroatvaiabiﬁtyisobumdmmfm. They
state that most developmental outcomes are not related to hazardous events in
mmdp«bd.mmnmldbemomcttommmmﬂo
dmrm.mm:mdy.mmucompﬁcaﬁmsdidnotpmdctomoomo.
MdofﬂniﬂmwhoperformodpoorlyatageSonoutmmmoshad
conmdidplaoodﬂdrenatrisk,tmwgmnmwasnotconww
determined by them. The strongest predictors for outcome were, in fact, social
mmmmmm.mmwyposmmm
mmmamwmmwammmm
mmmmwwmmmmmfamm
(Sameroft & Chandier, 1975; Sigman & Parmalee, 1979 Sigman, Cobhen,
Beckwith & Parmalee, 1961).

mmmmmwmbmmm
dmom.ciﬁngmdiﬂormhcogrmummmuhmn-
mmwmmmmwmwmagmmm
mmmmmmwmmnmummpm
in both groups (Feckerman, Strum & Gross, 1984). Other researchers cite heart
monitoring (Fox & Porges, 1985) and polygraphic recordings (Karch, Rohmer &
Lemburg, 1864) as important predictors of developmental outcome. Dubowitz
thbowuum)mMmrmwm.M.orm
neurological procedures may be adequate predictors of normal and abnormal
neurclogical development when aggregated. It is aiso conceivable that more

MMhmmmmmwymh
future prediction research.

From a medical perspective the nature of a perticular iiness, rather then
gestational age or birthweight alone, can be a significant factor in outcome.
m,mm.m.mmsuuum)muw
Distress Syndrome (RDS) did not account for the significant differences noted
Mpmwm“tmhhhdzmdmhhmdmm
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cognitive and language delays. Frequent cc ications from respiratory
Mfmwmﬁtomfamgmﬂﬁvmn

developmental outcome than did either ¢ 'al age or birthweight.

m“ﬂmmmmmmmm
mmwammm &mmm

(IEB)MAmthmsAm(AGA)Prmnﬂsmmm
immmmﬁmdaplmummmwmmw
&ge 2), such infants had a higher incidence j '

including lower psycho-motor performance, mmeﬂedrmaﬂ‘vypm'n anﬂ
poorer muscie development. Kitchen et al (1982) noted an improved survival
mwaﬁamwrmdmmmmmm
An increased rate of cersbral paisy was noted, however, indicating perhaps that
this handicapping condition may be inversely related to law
survival (Staniey & Atkinson, 1961; Rantakalia & Van Wendt, 1985; Lppor&
Auld, 1985).

mmm-mdwmmmm
mnwmmm \
birthweight children. These studies have generally included the adminie
ﬂmmmamm Anmafhﬁhr
studies have been well summarize by Wiener (1962) and Caputo and Mandell
(1970), only a few selected studies will be discussed below.

Early studies tended to focus on 1.Q., birthweigiht, socio-e status,
and, 10 some degree, mmmmmmh
nature. Benton's classic study (1940) found that socic status
correlated better with 1.Q. than did birthweight. hlwmm
conducted in Sweden, Mn(iﬁ&)mﬁdﬁﬁtﬂ:ud%@mam
mmhmﬁmnhﬂhmmwﬂ-ﬁm
ematures were also found in institutions at approxims y 4 times the
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Pmmmanadunswamehkdymbedﬁaadunﬁtbrmmim
ﬁwmmwmAmmrm“smmmm
ﬂﬁpapulaunn It is significan

mM(wm)MManaFrmmmm 9096
were in school grades appropriate for their age, implying that no il effects were

grams, Douglas (1956) found significant intellectua impairment and academic
MnamﬁMMﬁamdmamm

wficantly lower than matched controls on standardized tests of intellectual
andlﬁﬂamc Th:dcﬁatwnmmnmﬂ (Douglas,
1m)nmnum1a(nugm&en1s75)mammm
be small, Mnmm idﬂumnmmmmm
mm mq: wmmlppns Dmggﬁ@nmdm
Prematures of high socio- nomic status were relatively less impaired than
mmmm implying a interactive effect between social
dﬂEﬂWhﬁmdﬁwm lnnﬂﬁan mm
mmmmwmmmm
Dougias also noted that the smallest Prematures had greater 1.Q. decrer , @
finding corroborated by many other studies (Caputo & Mandell, 1970; leiu
1965; Drilien, 1961 and 1964; Harper & Wiener, 1965).

Harper, 1963, Wiener, 1968, Wiener, Rider, Oppel & Harper, 1968) attempted to
m-mammmmmmnm
121913 ﬁhﬂﬁmﬂbhmmﬂﬁm
Langford (1908), as premature children were noted 10 perform less well than
controls on & wide veriety of academic tests after their first and second yeer of
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Rubin, Rosenbilatt and Balow (1973), aiso found that poor academic
performance in the early years was noted in a greater proportion of low
birthweight chiidren and that this trend continued well into the later years. More
recent studies have confirmed the earkier findings that low birthweight children
are over-represented in special education classes and tend to score poorly on
standardized tests well into adolescence. Thueﬁﬂngsmmma
the importance of conducting retrospective evaluations in addition to long-term
mmgmwmmmm at early

rinata mndtanmfestadmapamdy
mmmmmum in a two-year study, Commey and
Fizhudngo(wm)mmm%aimmhﬁmmum
mmmdmmm .
delays. In other words, approximatel mammam
mm-uﬁmmmnmmmmnmcf
W%M(ﬂawmﬁfmﬂm)m
admission to the neonatal intensive care unit (NICU).

In a recent study which followed a group of premature children at 10
mmwmammmahummimmmn
mumﬁmmmmmmmm
mammmmmnmm pdly or
mwmmnmio mmmhm
achievement.

in another recent study (Pleiffer, Herrernan & Pleiffer,1965) aseessing the
cognitive, behavioral, femperamental, and language functioning ﬂm
high-risk children (all with histories of prematurity andior medical compiical
such as intraventricular hemorrhage, seizures, and perinatal asphyxia), lwn
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noted rlmar aearly that these children were more lkely to experience cognitive,
mental, and behavioral problems later in life.

Eartyrmcﬁmmgareaaluammgmammasauquelagm
"‘;facassadmla and scholastic

peﬁamfar
Hwnmas(cwa&llandeu 1970 Dnlhan 1987 Harper & Wiener, 1965;
inovitch, Bibace & Caplan, 1961; Rubin, Rosenblatt & Balow, 1973; Siener,
1mwamr1m wlanarclal 1%5) Other research indicated no
mﬁmﬁmmmmmmmmea
exciuded from the sample (Churchil, 1965: Douglas, 1956; Drilen, 1961:
Wllrman& , 1967). ThsgswadbyMMrmmnmﬁaﬂ
isabilities in that intelk nce alone does not distinguish Learning
mmmmﬂmmmumm
intellectual capability. hnmappraprmtnaxmrm
mmmﬁcmdbm including
language, mathematica hunctic
mmmmﬂmrﬁmmmm
and Leaming Disabilities.

ﬁmmmmm(mnm-am dwnlopmamal

"1,,,,,1mmhnv-uyulmm R-nmhm
wmm:mﬁhimmaimdm
dﬁmmmmmmmhnm
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speling (Gaddes, 1980, Wiig, 1984). In addition, early research on language
development among Prematures provided support for the hypothesis that these
children, even at 5 or 6 years of age, had poorer language skills than their full-
term counterparts (DeHirsch, Janski, & Langford, 1966; Erhlich, Shapiro,
Kimball, & Huttner, 1973).

motor cnmpetm aral langu,agg and reading re;aduness at Ksndarggngn,
Grade 1 and Grade 2. Uniformly poorer results were noted for Prematures with
the greatest decrements found in oral language and reading readiness.
Writing, spelling, and reading were significantly poorer at the end of Grades 1
and 2 for Prematures. Prematures also performed more poorly on tests of
visual-motor integration and perceptual-motor tasks. The authors concluded
absence of learning difficulties at school age. Subtie dysfunctions seemed to
persist, especially with respect to higher cognitive tasks.

An early study investigatin reading disabled boys of average
ntalbgeneabtnpaarrgadmgammmnﬂtadmatﬂﬁﬁafﬁnmmm
were premature at birth while only 4.6% of the control group had been
premature (Kawi & Pasaminick, 1959). This study confirmed earlier findings
matmrndurssa significantly more often Prematures, perhaps with more
birth ations in their neonatal history, than good readers (Eames, 1945).

More recently, Hertzig (1981) noted a high number of neurological "soft”
Sigmprmntnprm: infants.  Mild distuwrbances in visual-motor
integration, fine-motor coordination, mmﬂmm“mgum
reflect a primary disturbance of central nervous system organization in the strict
abeence of “hard" neurological signs such as seizures, hydrocephaius, and
(Von Hilsheimer & Kurko, 1971).

In a recent study examining language development in very low
birthweight children (VLBW), Bowﬂﬂﬂﬂhmd&uthlmuwﬁs
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year old children with VLBW performed significantly poorty on tests of language
and cognitive ability when compared to normal birthweight peers. In fact, the
low birthweight children selected from a hospital population (birthweight < 1501
grams) performed well below controls on two of the three language measures
and poorly on all three of the cognitive measures. Clinically significant deficits
were aiso identified in five of the 23 VLBW children, suggesting that the learning
deficits often observed among these children frequently invoive language-
based deficits and aiso represent the most common pattern of Learning
Disability. Since the sample was carefully selected to exclude children with
more pronounced developmental deficits, and since significant impairment of
language functions was still evident in the results, Boswell (1987) conciuded
that and “less carefully* selected sampie of VLBW to include those who with
more pronounced neurodeveiopmental impairment, would have likely
performed even poorer in her study. Despite the fact that SES factors were
noted as the VLBW children from high SES backgrounds performed better than
VLBW children from low SES, when compared to normals, Boswell (1987)
conciuded that no significant statistical interactions were noted between groups
for SES on any language or cognitive tests. in addition, the research noted that
since the sampie was collected in Canada, where the general quality of heaith
care is better, it represented a relatively advantaged group of children who
despite this advantage, clearly demonstrated on-going deficits in language
funcﬁonmgmmmglyindependomofmeonwonmommeygrewmm The
study concluded that VLBW children appear to remain at deve antal ri
least until school entry, and quite consistent with reports af cognitive
academic difficulties from early follow-up studies (e.g.. Douglas, 1960; Dnlhan
1964, Wiener et al, 1968).
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There is much that we do not know about the develiopmental outcome of
premature birth. Despite the well-documented “high-risk* status of this group,
Clear prognostic data is extremely hard to establish, especially during the
neonatal period. Biological, genetic, pathological, iatrogenic, and
environmental considerations all interact to make research a difficult venture.
From a medical perspective, only the most severe of enduring handicaps are
Clearly detectable during the first year of kfe. Such impairment might occur as a
resuit of premature birth or medical complications or, as was mentioned
previously, treatment-related effects. The relative incidence and severity of the
damage is thought to relate to several factors, including degree of prematurity,
level of neonatal care available at birth, type and severity of of complication(s),

Early researchers attempting to explain developmental outcome focused
MmmmomofMWmmMMhmmmﬁ
was possible to specify specific events during pregnancy or delivery that wouid
Amatruda, 1941; Lubchenco, Delivoria-Papadopouios, & Searls, 1972). The
concept of a continuum of reproductive "wastage® was proposed by Lilienfeld
and Parkhurst (1951), in an attempt to differentiate the importance of biological
trauma on future outcome. This concept as well as other biologically driven
mmmwum&mmmammm

The major driving force of the large scale follow-up studies in the 50's
mmmwmuawmmmaﬁm
mummmmﬁmm
birthweight as a biological risk factor. These early attempts are exemplified by
the Scottish studies (Drilien, 1964, 1967), the British Populstion Maternity
Survey of 1948 (Douglas, 1956; 1960; Dougias & Geer, 1976), and U.S. based
studies conducted in Bakimore (Harper & Wiener, 1965; Wiener, Rider, Oppel,
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Fischer & Harper, 1965; Wiener, 1968; Wiener, Rider, Oppel, & Harper, 1968).
Attempts were then made to examine and refine the specific factors invoived in
outcome for these children including infant factors (precise birthweight, degree
of prematurity), iliness factors associated with prematurity (anoxia, respiratory
distress), and treatment factors related to the medical care of Prematures
(amount of oxygen needed, feeding practices). Specific outcome measures
were aiso identified as researchers became interested in more subtie
manifestations of brain dysfunction particularly those that related to school
failure (Asbury, Orgill, Bajuk, & Yu, 1985; Lubchenco, Horner, Reed, Mix,
Metcalf, Cohig, Eliot, & Bourg, 1973). During this period of research interest in
premature outcome and learning deficits, two broad areas of investigation were
followed including perceptual-motor dysfunction (Caputo, Goidstein, & Taub,
1981; Lis, 1969; Phillips, 1972), or more giobal deficits (Michaelis, Parmeiee,
Stern, & Haber, 1973).

The concept of minimal brain dysfunction associated with Learning
proponents of the biolo~ical model whose legacy continues to this day.
Evidence connecting prematurity to brain damage as wel as growth failure is
well supported by several studies (Bjerre, 1975; Drilien, Thompson, &
Burgoyne, 1960; Hack & Breslau, 1986). Early signs of subtie neurological
dysfunction, which is frequently associated with transitory or benign problems in
children with normal birthweight, has been found to be predictive of poorer
outcome at later ages (Drillien, et at., 1960; Hack, DeMonterice, Merkatz, Jones,
& Fanaroff, 1981, Jordan, 1971). Recent investigations have also found a
school learning difficuities (Fawer, Calame, & Furrer, 1985; Hynd & Willis, 1968;
Sameroff, 1968; Pape, Buncie, Ashby, & Fitzhardinge, 1978).

The second major approach to the study of long term outcome of
birth condition and childhood functioning under the influence of intervening
variables such as family background or socio-economic status (SES). The link
between SES and prematurity as well as school achisvement was well
documented by Benton (1940), however, the strongest studies showing the
offect of SES on outcome for Prematures were not conducted til the 1960's.
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These retrospective studies reviewed thoroughly by Knobloch and Pasamanick
(1968), identified social condition and premature birth as two major factors
predictive of iater outcome and suggested that SES and prematurity acted in an
additive fashion to influence outcome. Specifically, Prematures at all leveis of
SES showed a deficit in performance relative to controls (Douglas, 1960;
McDonaid, 1967; Wiener, 1968). In some cases, researchers proposed that
poor chiid-rearing conditions rather than low birthweight contributed to the
outcome of Prematures and that SES aiso influenced outcome under an
interactional rather than an additive model (Douglas, 1960). The general
findings of the British studies were consistent with the view that low SES was
mwmmmmmmmmmmmmm
status. in these studies, low birthweight children from high SES backgrounds
were found to have no deficit by school age when compared to low SES
Prematures (Drikien, 1967). These findings pointed to the increasing
importance of background variables such as SES in relation to birth factors and
led to the formulation of yet another model to explain outcome.

Smmoummum)mmmwmmwm
ressarching outcome among Prematures and proposed their transactional
model which identified characteristics of the environment as being more
wwmmmmmmwwamm.
mmmmmmmmmmwaw\ses
mwumwmmmmmwwn
time a child reached school age. The evolution of this as well as other models
mmm«mm,mmmmm
hmmmmmmm-wammmm
predictors of childhood development. Although it is generally recognized that
WMNMMMMW.MbN
agresment about whether these differences are due to biological factors, or to
other equally important environmental factors (Field, 1960). The transactional
model hes found support in recent studies (Cohen, Sigman, Parmeiss, &
m.tm).m.mmmwmumuuh
performance are stil noted in Prematures who come from "middie® or better
SES backgrounds (Boswell, 1987; Caputo, & Mandell, 1970; Drilien ot al.,
1080).
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Frananoducaﬁondperspoctivo.uwmajorhandicappingcondiﬁomof
premature birth are the more subtie and “sub-clinical® neurological dysfunctions
that are frequently manifested later in life. in reviewing the research, it appears
plausible that these dysfunctions are etiologically linked to Learning Disabilities
and are one of the major outcomes of prematurity (Pasamanick & Knobiloch,
1961;Parmelee, Sigman, Koop, & Habner, 1975). These subtie
modovobpnnmudoﬁdtsarodifﬁcmttodetoctatanomyaoebymd
modiedovduaﬁmmdmostarenotdiwabbwithuwdogruofcoﬂainty
unti school progress has been evaluated. Standard psychological
assessments may fail to establish an accurate diagnosis. Neuropsychological
procedures must be employed if brain function is to be specifically measured
within this population. More specifically, descriptive ciinical studies are
essential in order to document the needs and quakty of future kfe for
Prm.outhismaybomomywaytomtmmmdﬁcxyof

Asnotodbytmﬁtorannrevicw.prmohfmmm&pbya
mmmmmmmmmmummm
(Astbury, Orgit, Bajuk, & Yu, 19686; Bell, Taylor, & Dockwell, 1985; Douglas,
1956; Lubchenco, Horner, & Feed, 1963; Weiner, 1968; Weiner, Rider, Oppel, &
Harper, 1968). Deficits in such specific academic areas as reading, arithmetic,
or written language are noted (Balow, Rubin, & Rosen, 1975-1976; Brown,
Bendersky, & Chapman, 1966; Colletti, 1979; Davies, 1974; Drilien, 1980;
Eames, 1945; Francis-Wiliams & Fitzhardinge, 1975; Grigoroiu-Serbanescu,
1984; Hubatch, Johnson, Kistier, Bruns, & Moneka, 1985; Hunt, Tooley, &
Harvin, 1962; Jacob, Benedict, Roach, & Blackiedge, 1984; Kawi & Pasaminick,
1956; Nobel-Jamieson, Lukeman, Siverman, & Davis, 1982; Siegal, 1963;
Wemer, 1968). Deficits in intellectual functioning leading to the diagnosis of
mental retardation are also documented (Ahman, Lazarra, & Dykes, 1960;
Gaiter, 1982; Grigoroiu-Serbanescu, 1984). A number of investigations have
been conducted on the physical, neurological, intellectual, behavioral, and
school performance of very young, preschool, and school-age survivors of
neonatal intensive care (Battle, 1987; Brown & Bakeman, 1960; Graham,
Matarazzo, & Caidwell, 1958, Hertizig, 19681; Jacob, Benedict, Roach, &
Blackiedge, 1964; Koops & Battagiia, 1984; Lubchenco, Homer & Feed, 1963;
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Hilsheimer & Kurko, 1979; Watt, 1987).

Although not all neonatal survivors display developmental deviations into
school age, a description of neurodevelopmental performance that clearly
ﬁﬂwﬁmmPrMQsﬁmummhedﬂwm“m
mdmm mwwswaduaheter&gmgrmpaf
disorders. It follows then that the incidence of Learning Disabilities is expected
tahcrmanﬁﬁ;hﬂbrthumﬁhonnﬂnmmdm

nmmmumunafmmmmmm
related to psychc tional diagnosis and treatment needs for these "high-
risk® children. Innﬁuan this study attempted to shed valuable light on the
mmmdﬁmmmmmm Disabilities, cognitive
impairment and psyc ithology for older Prematures in comparison to normal
Mdﬁmuﬂudﬂasmﬂyﬁff Thnnudfarm
ormation is clearly demonstrated in a variety of clinical and educat
mnummmummmmﬁ
identifying, planning, and implementing effective early intervention strategies for
such chiidren. In addition, ummmmm&hﬁm
regarding the possible etiology of Leaming Disabilities )
WMxmnmﬁﬂdﬂm
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'ﬁ’:, andmgflmenng spedmg
raﬁng mung reasoning or mathematical abiities. These
mm:-mmmuanmmprmmmmm

bilities, 1981)

haar:) nnmmmmam conditic

“Leaming Disorder” refers to any observed leaming difficulty.
“Learning Disabiiity” is a subset of Learning Disorders (as above).
“Specific Leamning Disabilty" is a subset of Learning Disabilities
and is specific to one or more academic areas (as above).

A severe and chronic disability of a person which;

(s) is atiributable to a mental or physical i
combination of mental or physical impairment;

(c) is ikely to continue indefinitely;

(d) results in substantial functional imitations in three or more of
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(e) reflects the person's need for a combination and sequence of
special, interdisciplinary, or generic care, treatment, or other
services which are of lifelong or extended duration and are
1986).

less than 2500 grams at birth. They may aiso be referred to as low
birthweight infants, preterms, or Prematures.

Subgrouping of Premature infants:

Small for Gestational Age (SGA): infants who are inappropriately small
relative to their gestational age (<10th %'ile). This group can be further
subdivided into those Prematures who are of Very Low Birth Weight
(VLBW), weighing less than 1500 or 1000 grams.

Average for Gestational Age (AGA): Infants who fall within 2 standard
devistions above or below the mean weight and length for their
gestational age. These are aiso referred to as "normal® Prematures.

Large for Gestational Age (LGA): infants who are inapp
(>80th %'ile) for their gestational age.

below 1500 grams.

between 1500 and 2500 grams.
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Gestational Age:

of the last menstrual period and expressed in completed days or weeks.
it is aiso referred to as the “corrected age” as opposed to chronological
age (age according to birth).

W,i, Ji, :

The newborn period from birth to 29 days.

Perinatal Period:




51

Since research indicates that Prematures are more at risk for developing
LﬁﬁgﬂiﬂﬂnlﬂmﬁIhnﬁammmmm
DEraMoun hm Thl mpmneh wuhinbmid
mmnnmmmwmnmam
group. ﬁﬁﬁmﬂmmmmba:mmon
m I.D m ﬁin b slhn ﬁnn-d fram trﬂnnd

_ mert (Reitan & Davidson, 1974, Rourke, 1985:
1mmmam1m)

Neuropsychology attempts to relate observable behavior to brain
mmnmwummnmman

mnmmmmuﬂnmmnm
of deficks in speciic areas of the cortex. The use of the test battery approach,
Hmﬁﬁmm is preferred as these batteries allow for
' mprehensive evaluation of a wide variety of skils. They are designed
ﬁMﬂﬁMMvﬂmmmmm
mmm mm mmma
behevior R represents n most comprehensive psychoiogical evaluation
avalisble. A neuropsychological examination, with roots in both peychology
ﬁWMIWWhMWM
and educational data may be synthesized into a comprehes understanding
of the subject. mmmmmnmnmm
rehabillation or remedial programs for individuals.

mdnmmmmm:-hﬁa
mnmnmhmﬂ.mmﬁmmmm
) nmental verisbles influence their performence on
’mammmmmm:-m
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nﬁﬁﬁ with Eﬁin There are fundamental differences in the

plo velopment and functioning of the child's brain versus that
dmlﬂul. ﬁﬁnmnmﬁmmmm
-mwnmnmwmmmmmm
relate 10 the generalizabiity of results. Considerable caution must therefore be
enercised in generaiizing from adults to children regarding brain-behavior

From an anstomical point of view, the gross features of neonatal and
matwe braing are the same. The immature brain, hawivn' mmou
considerable development coneisting largely of increasing myelinatios
development of neuronal ¢ ,,,’jjimmmm
mmhm-wm-mmmms
Sands,1973; Novick & Amoid,1988)).

Ancther area of difference between child and adult brain functioning is
noted by observing the effects of injury. Damage or injury to the fully developed
insuk 10 the brain regions whose functions are not yet developed, however, the
ofiects of the resulling dysfunction are “sient’ and may go unrecognized unti
hﬁ-mmmmmmnwnm
This makes & dificukt not only 1o detect early insukt 10 the brain in children, but
mmmmm;* BNCO ON tests is due to early insult or due
1 disturbed devek

Furthermore, the causes of brain dysfunction differ fom adults 1o
chilren. In adults, brain dysfunction resuling from some form of rauma is
usually foosl in nature, perticularly in the case of cerebrovasculer events,
cus 10 prenatal infections, chemical insults, perinatal raume, intractable seizure
MEm m iﬂﬁmmwﬁﬂ

Mlhﬂﬂdq
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mmmmmmmmdogum@m
aiso be seen in intellectual functioning. Adult intellectual functioning depends
mmmmmmmwmmrmm
information and integrate new information. Children, lacking a vast store of
acquired information, tend to focus their intellectual efforts on the acquisition of
new information or new leaming experiences. The abiity to lean is
fundamentally affected by brain dysfunction and as a consequence, the child
ndmammmmmm.nmmwm
brain insult. For example, if insult to the receptive language region is noted, the
adukt brain will primarily show dysfunction of receptive language skils, whereas
the chid's brain with its capacily to lsarn language skills interrupted, will likely
show expressive as well ss receptive language disturbances.

M.nmummaﬂdnnonwmmm
difler, highlighting differences in neuropsychological functioning. As
performance on tests is largely the function of the interaction of three factors,
Mum.wm.umm,ub
ofien assumed that social/cultural and test behavior are constant over time for
adults and therefore changes in test performance are assumed to be due to
changes in the underlying skils. In chidren, however, test behavior and
social/ouliural influences cannot be assumed to be comparabie as children are
wnmmammmmm
types of test behavior. In addition, the same tests do not measure the same
maunmmw.uwmwhmm
language on the performance of nonverbal tasks for some children due o the
development of linguistic siills. Performance is further influsnced by changing
sirategies employed by the developing chid.

ammmmmmmmwmum.
neuropeychological evaluation can be a veluable 100l in determining subtie
mummmumnmamm
of impairment oflen noted among severely Leaming Dissbied chidren. The
major advantage of using a neuropsychological approach in the assessment of
newodevelopmental dissbillies among atrisk populstions s thet &
m.wum.Amemyb
@dromely usshd as R considers & wider spectrum of cognitive-cortical
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mmmforbymﬂudiﬁondpcychooduuﬁond sssessment
Wu&oum.mw).mbmmmwgmofmm
uad\nu'm\gmdwdronwhonpruemalugonmofrﬂ-rrm
in schools and other pediatric assessment faciities. The challenge in
diagnosing and remediating LD is that these chidren represent a
mmmmvuymmmwmm
etiologies (Rourke, 1975; Rourke, 1985; 1991). Neuropsychological procedures
mmmmhmmmmmmmd
mmmmmmmmmmmh
accompiished in a reliable manner (Morris, Blashfield & Satz,1981; Rourke,
1985). Thouﬁltyofuinmopcyd\ologiedprocoduunmolpoyﬁﬂagy
hmwwammmmumaﬂ
WMMWM.MWIM
0 predict academic achievement for LD chidren (Strom, Gray, Dean &
Fischer,1967). mmmmwmmw
MWMNWWMWM&
wmm)ammfymmm«mwmm
Clearly demonstrated s utiity for evaluating brain-behavior relationships in
children. (Reitan & Davidson, 1974; Rourke & Finlayson, 1978, Rourke, 1985;
1991).



Studies conducted on premature infants often take into account 3 major
classes of variables, including input, mediating, and output variables (Friedman,
Chipman, Segal & Cocking, 1982). Input variables are indicators such as
health status of the mother, health of the neonate, or environmental factors
which are highly associated with the health status of the neonate. This health
status can be given as an overall score by combining scores for respiratory,
cardiac, or central nervous system assessments (such as the APGAR).
Mediating variables are medical and/or psychological, famiiial, and
social/environmental interventions, The later two variables include parental
profession(s), income or education level, the infant/caregiver interaction, and
home environment. Psychological intervention is often either stimulation
programs for infants or parenting skilis programs for parents. Outcome
varisbles are medical and peychological functioning measures in terms of
months or years following the neonatal period. Measurement of medical
integrity is easily established, uniike psychological integrity which is more
dificukt 10 measure as it often refers to adjustment, t-ﬂwm and other
behavioral varisbies. Performance on intellectual, achievement, or other
Wmhﬂwﬂmhfﬁmdmm
studies including the current study.

Mum&m nnduﬁng and outpm vnmblu the
Nwmmrmdhmdup ubmmm
infants encounter a continuum of difficuties. This continuum has a significant
impact on outcome and is & source of difficulty for most studies which examine
discrete categories or sequeias by classifying the presence or abeence of
specific symptoms such as neurological handicapping conditions, mental
retardation, or school achisvement problems. Sequelas, however, do not occur
in an unidirectional or “all or none fashion®. Rather, a continuum of causality
& Chendier, 1978). For the purposes of the current study, only the most obvious
intellectuai-cognitive or academic impeirment was noted in addition to aspects
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of general emotional and behavioral functioning in relation to reported medical
history and compilications derived from the clinical interview or other historical
data.

Revelopmental Continuity in Prior Research

Developmental continuity is another problematic area for existing
ressarch in this area. While it is generally true that some developmental
functions, such as height and weight are continuous, many aspects of
development are discontinuous or transformational. Studies which focus only
on continuity may disregard vital information regarding how or when high-risk
infants pass through such transformational deveiopmental stages. Issues of
developmental delay, dysfunction, or deficit may aiso apply to transformation in
specific areas of functioning.  Significant disabiities including Learning
Disabiities which may not be amenabie to early diagnosis, may emerge iater in
school-aged chidren, when greater demands are placed on higher
(dysfunctional) brain functions. In fact, research conducted in the late 1970's
and 1960's began to evaluate the relationship between dysfunction at different
Disabilties. Presumably, these factors may play an even more important role in
the long term outcome of Prematures who may show few ‘“medical
compiications™ or serious developmental problems and yet develop Learning
Disabiiities in school-age.

The current study assumes the existence of both developmental
continuity and discontinuity since it was not a longitudinal investigation but
more cross-sectional in its scope. The assumption is that preterm children may
display a variety of deficits in various functions at different phases in life. The
middie childhood 10 eerly adolescent phase (ages 9-14) was chosen for this
study as most disorders reiated t0 development (deveiopmental delay) or
immaturity are less frequently diagnosed as the child is expected to have
‘grown out® of these problems by this time. On the other hand, a diagnosis
involving a “defickt’, “disorder, or “disability” is more frequently noted within this
age range for precissly the opposite reason (ie., not dus to developmental
immaturity).
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Correction for Prematurity in Prior Research

Many studies conducted after the early 1960's noted that premature
infants often lagged behind their ful-term counterparts in general development.
This general delay was often evident unti the preterm infant attained a
chronological age of 2 to 3 years. Many authors therefore concluded that a
correction for prematurity is necessary in situations where gestational age is
important, such as in attaining developmental milestones (Dubowitz, Dubowitz
& Goidberg, 1970; Palisano, 1906 Siegal, 1983) Thoyarguodth:twhen

mummmofﬁmubymmmzasm
been argued in the research, there are subtie manifestations of outcome not
essly detected ¥ assessment is conducted solely at the neurological,
intsllectual, or behavioral levels. For the purposes of the current study however,
mmmmmmuudhtmdotmnimﬁonofmudm
(uncorrected) as it was felt that oider Prematures (ages 9-14) would not require

the application of corrected age.

Expermental Designs of Prior Research

The large scale outcome studies published in the 1960's served to
in question. Research methodology aiso appeared to increase in sophistication
@ more important veriabies were identified. The major methodological
mmmmmmmmmmmmn
choice of control groups.

A mejor problem with many studies has been the fallure 10 take into
sccount background varisbles related 1 the incidence and degres of low
biweight, and independently, 10 Outcome variables. One previously
discusesd important varieble is SES of the famlly. Although Benton in his
classic study (1940) pointed out the possible confounding effects of background
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variables on outcome measures, researchers continued to ignore the problem.
memmmmgmmmdﬁww controls.
hh&mdaw&dmmmammbuwmm
group of tests is often used. Some have argued that while this procedure
mmwwm&nﬁmmmmumn
reiation to children with similar backgrounds. This problem is generally
alleviated if local normative distributi 18 for a group of tests are available or if a
Shiing Control group is used.

One might expect that the prediction of developmenta
mmmummwwrmmm
mmmmmmmai&munﬁwwmﬂh
desired research strategy. Thﬂomminuﬁanpl-gmdm
wdeommhmafdiﬂirmm;rmmnmm
prognosis. in other words, some researchers included all children in their
mwmnmmummmmm
with major cognitive handicaps. Mwmmw
research is therefore a difficult propositi

Matched cohort studies aiso appear to have kmitations as differences in
background variabies between famiies of Prematures and their controis often
contribute to differences on later examination. in order to combat this, some
then at birth. An allernative 1o this approach has been 10 examine a selected
group of low birthweight children and compare their performance with their own
mw-mmm:a:mm@mmmm
plagued cohort studies. The mejor disadvantage of sibling controls would be
uwummmnmﬁmmi-hmmnn
control subject or in some cases, may suffer the same type of genetic or familial
disorder that could confound the results of the study. in any case, the following
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study chose to incorporate a sample of Siblings within the same age range as
controls to account for a number of intra-individua! variables.

Sampie Seiection In Prior Research

The other important methodological problem encountered in the
research reistes to sampie selection. On the one hand, there appears to be
mmnmrmmmmmrmmmmmm
forms “preterm®, “premature”, and “low birthweight. The term “premature” was
used prior to the 1960's to denote babies who were considered il-equipped to
survive at birth dus 10 immaturity reisted to early birth (Benton, 1940). Also at
the time, a birthweight of less than 2500 grams was used as the criterion of
biological immaturity by the World Health Organization (1948). It was noted,
however, that many of these small infants behaved kke mature babies that were
mmmmm,mmmm'mmwo'ww
Misisading. In 1961, the World Health Organization changed the term to “low
grame).

With further ressarch conducted on this population, it soon became
mMMMmmmmowmmaWpoim
of view as several subgroups existed based on the continuous variable of
W-m-mmwmmm(s«um
WMaSGA.AWuWAooaAGA.NWM
Gestational Age or LGA). During the early period of research, two general
groups were identified. The first group consisted of those children who were
mmmmmhmummmm.mm
mmmammmmmmwm
MWNMW(&M.WWOIMW
infents in terms of the joint criteria of gestational age and birthweight had
important implications for future research which lster concluded thet broad
mmmmmmmmwmm.
Wm.mmum.mmsmmm
much worse overall (Commey & Fitzhardinge, 1979; Ellenberg & Nelson, 1979;
Francis-Wiliams & Devies, 1974; Neligen, Kovin, Scott, & Garside, 1976;
Schulte, Linke, Michesiis, & Noke, 1960).
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.lmﬁuﬂﬁnaldllawbnmm infants Mpod later
developmental problems. Bﬁaﬁnpsﬂarmmwamuﬂyfmndnmly
mmmmwoogrmwhﬂcmmgmgmupdbwbﬂmgm
infants born between 1500 and 2500 grams, apparently showed few difficultie
with respect to both mortality and morbidity (Driltien, 1964). Somcafﬂnmara
recent studies have selected only those infants with birthweights less than 1500
mmmmmmhm-upmmm anﬂnmetﬁat

mmﬂhﬁmw ﬁnmmmnm
current research is that few, if any, VLBW children are identified in the sample
selection thus reducing comparability between studies. Smmmchars
(Fizhardinge & Pape, 1960) have suggested that the low birthweight infants at
Mﬂkﬂﬂmmwmm1mwmmdm;iﬂ'”
m“ﬂmﬁm nmnmmp,;jiimmmw
WMMthdmm1mwm) Byhr.
mummmmwm&,;f,’n:l:rga
group appears to be birthweight iess than 2500 grams and gestational age
below 37 weeks, which was used for the purposes of this study (see
and birthweight in excess of 2500 grams.

mmmmeammdm-mmmqmma
Prematures and their Siblings. This is consistent with most other educatior!
nwm:mnmwmmm
on individual subjects than those required from subjects chosen to perform
employed. informed coneent and ethical guidelines pertaining to the
assssement of children, in addition 10 incressed demands required from the
follow-up programs, R was fekt that the majority of these subjects may have had
adverse medical conditions and may therefore represent a very biased sample
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require follow-up from the hospital. Volunteer subjects were also used as it was
fokt that a broader sampling of children was required in order to evaluate the
more subtie types of dysfunction such as Learning Disability which is often
described as affecting approximately 10% to 15% of the general population.
Every effort was thersfore made to include as many volunteer parents of
Prematures as possible including those with no apparent "difficulties” either
medically or from a psychological or educational perspective, despite the
imitations invoived in using volunteer subjects.

The rationale for direct solicitation of subjects from the general public
Wes 1 try 10 avoid undue bias by selecting only hospital-based samples as they
may have a greater incidence of medically-related difficuities at birth. Using
only special education students wouid have aiso resuited in the selection of a
biased sample. By direct solicitation, it is hoped that children with medical
complications, Leaming Disabiities, developmental disabiities, as well as
Wﬁm(mouhavingmidonﬂﬁodprobbm)woudbow.
The rationale for choosing sibling controis wherever possibie was to evaluate
and possibly control for SES factors and within-family differences and t0 serve
&8 important subjects for comparative purposes. Normative (published) tables
were also Used as a comparative sampie in order to rate the performance of ail
subjects on standardized instruments.
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:hﬁ'inq-dﬁ 14mmmm(n-32)mdm-
them 0 a group of age-match sawngaafnarmﬂbﬁﬂmmmn

mmmmmmmﬁm-&mm
Low Birthweight or VLBW <1500 grams, n = 12; compared to Low Birthwe

LBW 1500 - 2500 grams, n = 20), for the above variables, nndnrlllhaﬂlt:ﬂﬁ
Sbing Control Group. The performance of this sampie of “non-referred”
Flm lﬂd Sbhp was m u:ing ﬁlndnrdizod mu in
mmmnhmmmmmmmm
respect to the presence or absence of Leamning Disabiities, presence or
abesence of brain impairment andfor cognitive dysfunction, prumar
mummmamaj, '
ﬁiﬁmﬁmm-@ﬁmm(ﬂ-mmm
anmm mmmmmmm-
further nination of the cognitive, academic and neuropeyc -
mmmmmmumﬁwm-ﬁ)
and LBW (n = 20) subgroups of Prematures in reiation to the Sibing Control
Group (n = 8). Additional comparieons were also conducted on a variety of
variables related to the primary and secondary research themes.

ﬁhﬂihﬁﬂﬂﬂdmwm-ﬁmlm
mdem -wﬂnm-ﬁMll
premature birth history, pariicularly with respect 10 the cognitive, academic or
behavioral dimensions thet appeer 10 be very crucial as far as quellty of
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outcome is concerned. In addition, no current studies were identified that
incorporated neuropsychological procedures in studying oider Prematures.
Furthermore, there has been no research conducted comparing the
neuropsychological performance of oider Prematures to normal children;
environment. The current research was therefore undertaken to help fill this
&pparent void and to thoroughly examine a “non-referred® group of Prematures
-mmmwwmmwmm'popumm:umy

in order 10 investigate the relationship between premature birth outcome

MmhmmmmMMhmmam
mmummmmmmm
Neuropsychological functioning, Visual-Motor functioning, and Behavioral
m-mmwmmmmmm The
mmmdmwm(mnmm
comparisons or differences between the performance of the Premature Group in
relation 1o the normal birthweight Sibling Control Group, in accordance with the
fve basic themes deecribed above. Primary hypotheses were aiso constructed
nmnwammmm-mmmm
birthweight and the above themes (Section |). A number of Secondary research
mmuamdhmwmmmmdéﬁm
variables (Section N). A description of the Primery (Section I) and Secondary
ressarch hypotheses were created in this regerd (Section ).
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Section I: Primary Research Hypotheses

muowhghypoﬂmwoermodtoinmﬁgmembroﬁ cognitive
mmmmsc-auamdmmmummof
MMN'WM(“.,WWM) and more
wmmmm..mmmmscNu)brPrmum
Sibling Controls.

Cognitive Functioning Hypotheses (WISC-R)

huﬂbw&mhmmm.amﬁm
hypotheses were generated in order to compare the differences in mean 1Q
scores for Prematures versus Sibling Controls. Hypotheses were aiso created
10 investigate the relationship between birthweight and IQ and differences in
WISC-R subtest scores by examining patterns that could be clustered into
factors for both groups based on their performance on the WISC-R.

Hvoothesis 1: Prematire Bithwaioht va, IC

There will be significant reiationships between birthweight and Verbal,
Performance, and Full Scale 1Q scores on the WISC-R for the Premature

Group.
Hypothesis 2. IQ: Premature va, Control Group

There wil be significant differences in mean Verbal, Performance, and
Ful Scale 1Q scores on the WISC-R between chidren from the
Premature Group and the Sibling Control Group.

Hypothesis 3: Kaufman Faciors: Prematures va, Control Group

MﬂhWWhmww

Perceptual Organization, and Freedom From Distractibilty Factor scores
on the WISC-R for chidren between the Premeture Group and the

Sbing Control Group.



65

Academic Functioning Hypotheses (WRAT-R)

A series of hypotheses were created to examine the academic ability
scores of the Premature Group and the Sibling Control Group. Correlational
anslysis wes conducted with respect to birthweight and children from the
premature. mmmcnmtomomrﬂmpmporﬁom
dMMboﬂameadmiﬁodaLuminngabbdhall
m.wuhmm.bmdonmmmmonm
WRAT-R.

There will be significant relationships between WRAT-R Reading,
m,mmmw«.wMMMmmm

There will be significant differences in mean WRAT-R Reading, Speliing,
and Arithmetic scores for children from the Premature and Sibling
Control Groups.

MﬂthMhuwmﬁmo{Mmm
hmmmmmﬁmmm&mmg
Control Group.
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A“dmmwnﬁmmnmamh
mm&wﬂlﬁde sychological performance of
chidren from the Premature Group. Hypotheses were also created to
mﬁm-n:afﬁm-smm” sl major
subtests of the HRNB-C.

mnhiWMhMMMhm

orTor scores between children from the Premature and Sibling Control

ﬁmﬂhnﬁhﬂﬁmhmmﬁﬂmﬁh

ﬁiﬂhlﬁﬂiﬂhﬂhmmwm
Perception Test / Seashore Rhythm Test standerd scores of children
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There wil be a significant difference in mean HRNB-C Tactual
Performance Test standard scores of children between the Premature
and Sibling Control Group.

There will be a significant difference in mean HRANB-C Finger Tapping
Test standard scores of children between the Premature Group and the

There wil be a significant difference in mean HRNB-C Grooved

There wil be a significant difference in mean HRNB-C Aphasia
mummammnﬁmm
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There wil be a significant difference in mean HRNB-C Sensory-
Perceptual Exam composite scores of children from the Premature Group

A single hypothesis was created in order to evaluate the global
mmmmmmmmmmpsdmﬁmn

,'dﬂhrmmmBenduGaﬂaﬂTm

N birthweigh . .,':'71arbaﬂ19rmaumamdm
mmmmﬁnamc lnmam:nn the relative proporti
differences in subtypes of p od arr he P

There will be significant differences in the proportions of children with a



69

There wil be significant differences in the proportions of children with a
clinical rating of Alention Deficit Disorder with Hyperactivity (ADD-H) on
the SIDAC between the Premature Group and Sibling Control Group.

Hynothesis 21: ADD: Prematures vs. Control Group

There will be significant differences in the proportions of children with a
ciinical rating of Attention Deficit Disorder (ADD) on the SIDAC between

the Premature Group and Sibling Control Group.

There will be significant differences in the proportions of children with a
clinical rating of Conduct / Oppositional Disorder on the SIDAC between
the Premature Group and Sibling Control Group.

There will be significant differences in the proportions of chiidren with a
ciinical rating of Anxiety Disorder on the SIDAC between the Premature

Group and Sibling Control Group.

There will be significant differences in the proportions of chiidren with a
clinical rating of Depression on the SIDAC between the Premature Group

and 8Sbiing Control Group.
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in order to further evaluate the cognitive ability dimension of subgroups
dmhmwmcenﬁm:maﬂmndwhym
mmmhghdmmmmmlemuhrmgnw
Birthweight Prematures (VLBW), Low Birthweight Prematures (LBW), and
Sibling Controls.

There will be significant differences in mean Full Scale 1.Q. scores
between chidren from the Premature Group with birthweights below
1500 grams (Very Low Birthweight or VLBW), children with birthweights
M15wvm(LawBirﬂ1wﬁgﬁgﬂrLEW)_indehildrén from the

(Very Low Birthweight or VLBW), chidren with birthweiohts above 1500
mmmmmmm-ammsmngcma
Group.

1MMMLNWﬁVLBW)mmM
above 1500 grams (Low Birthweight or LBW), and children from the
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A series of secondary hypotheses were created to examine the academic
abiity (WRAT-R) within the Premature Group with respect to Very Low
to the proportions of chiliren dispiaying various Learning Disability subtypes,
b.odonMpodormmonﬂnWﬁATﬁmdthanSC-ﬁ

There will be significant differences in mean WRAT-R Reading scores
between children from the Premature Group with birthweights below
1500 grams (Very Low Birthweight or VLBW), children with birthweights
above 1500 grams (Low Bithweight or LBW), and children from the
Sibling Control Group.

Mw!mmmmmmeHSﬂanmu
between chidren from the Premature Group with birthweights below
1500 grams (Very Low Birthweight or VLBW), children with birthweights
above 1500 grams (Low Birthweight or LBW), and children from the
Sibling Control Group.

Mnumm-rmhmwﬁﬂ-ahmmﬁcm
1swm(VuyLowWarVLBM ﬂﬁmmm
above 1500 grams (Low Birthweight or LBW), and children from the
Sbiing Control Group.




Thﬁ-ﬂb-dmiﬁcamdiﬁarmmm-pmpamom of children
identifed as Globally Learning Disabled (mean WRAT-R Reading,
m&mmmurdmngmmms@mm;sonm
ﬁﬁm-ermuﬁmgswmsoom:zsoogrm)mwsw
(<1500 grams).

identified as Language Learning Disabled (mean WRAT-R Reading
&Spﬁgmiearﬁ:aobutf—un&ahlgs:amﬁamh
Premature Group with LBW (>1500 but <2500 grams), and VLBW (<1500
grams).

There will be significant differences in the proportion of chiidren identified
&8 Leaming Disabled in Arithmetic (mean WRAT-R Arithmetic standard



73

pstigate the relationship between
, 'pcrfnrmanca of subgroups of premature
hildre ‘”,f,_arLBWmVaryLachmwmghtarVLBW)md
mmmmmanﬁnua-c

There will be significant differences in mean HRNB-C Composite scores
between children from the Premature Group with birthweights below
1500 grams (Very Low Birthweight or VLBW), children with birthweights
above 1500 grams (Low Birthweight or LBW), and children from the
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METHOD

estigated a group of children aged 9 - 14 with premature
ﬁmmmﬁmﬁmﬂmﬂpﬂmg&lﬁnmﬁyh
Gdnraiaﬁ(lﬂﬂﬂ-(:),nwﬂnmmﬂmmg academic
achisvement (WRAT-R), inteflectual ability (WISC-R), visual-motor integration
(Bender-Gestalt) and general psychological, developmental and behavioral
functioning (Structured Interview), in order to determine the presence and
natwre of Learning Disabilities that may be attributable to subtie forms of brain
dysfunction. Thopiﬁmnmanmlﬂﬂpbafﬁ:mltwu(azmldraﬁ)wn
mmmmwmnmdmmmdﬂadmm
mwmmwmmmmﬂﬁnac The
Tance was aiso compared to a sample of Siblings aged 9 - 14 ( 8
M)mmwmmammﬂmﬂﬂmwm
differed significantly from each other with respect to the presence or absence of
mmmmm presence or absence of brain
Dairment mm‘m mdﬂm-afmmﬁcm
mm Opsychoiogical test data. A diagnostic assessm of
"f'j'tﬂﬁbﬁlﬁﬂmm“mm&
ﬁlﬂm The iterature review indicated that while a variety of earlier
medical stigations have been conducted on younger chidren and
m-mw hysiclogical and/or developmental disabilities
resulling from premature birth, more subtie forms of dysfunction including a
wﬂyd_ﬁqmmmmiiifqmm
p‘m Fm-mmmlﬁm
bmﬁﬁm mmmmmmm
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Rescription of Subjects

A sample of 32 children with premature birth histories were given a
comprehensive ciinical neuropsychological evaluation. ANl subjects in the
Premature Group had birthweights below 2500 grams and/or were less than 37
weeks gestation at birth. The birthweights of the premature sampie ranged
between 928 grams and 3009 grams, with a mean of 1874 grams. Within the
premature sample, there were 12 subjects who were classified as having very
low birthweight (VLBW, <1500 grams), and 20 subjects classified as low
birhweight (LBW, >1500 but <2500 grams) The gestational ages of the
Prm.efapr-wmumoknowmko.withammmaﬁond
8g® of 30 weeks. These Prematures were born between 1976 and 1983 and
were between the ages of 9 and 14 (mean age = 11 years), at the time of the
investigation. The Premature sample consisting of 15 maies and 17 females,
were selected based on direct public solicitation (volunteers). All subjects in the
wmmmm.mwomwse.a%wm
envolled in special education classes or received resource room assistance
(N=18), whie 438 % (N=14), were ervolled in reguiar classes. Grade
placements for subjects in the Premature Group ranged from 3 to 10, with a
mean grade level of 8. This sample aiso consisted of 26 right hand dominant
individuais (81%) and 6 left hand dominant chiidren (19%). The mean Full
unuummmu.mmuwm. Five
subjects were adopted (16%) and there was one set of twins included in the
sample. Mdmaqmwommapﬂmﬂymdm (28%), while
23 subjects indicated and urban residence (72%).

deamMMMQW(m
WMWmmm7mmem.ma
mean birthweight of 3283 grams. The selection process involved volunteers
mmnmmmunmmm
within the same age group. Al subjects within this Sibling group had
mqummummummammm
0f 30 wesks. These subjects were aiso bom between 1976 and 1983, with an
8g® range of 9 10 14 (mean = 11 years), 10 match the subjects of the Premature
growp. Mm:uﬂu“ﬁhnduhhsm Control
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m.m->25009rm.>37m:m).mmﬁh:g¢
range 9 - 14. Mmmhﬁaﬂingcwﬂgraupwﬁ-wﬂod in
mol(ondamm-atoo.mnngf:éabvnl-!;). However, none of the
MWomhMWquqwﬂmym
ThouandSedtlemUnSibﬁngimm?wimumgeframsstaiza
TM.mQubpcunﬂuoroupmmmngmhlnd dominant (75%), while
2Mmbnhmddominam(25'—&)§ There were no adopted or twin
subjects in this sampie and no medical complications were reported aside from
4 subjects (30%) who experienced a past history of ear infections.
Approximately haif of the Sibling subjects were ving in a primarily rural setting
(N-4).Mnncunpuodtoubanscttinga(l\li4). The entire sample of subjects
magmoupoofﬁmailmmrizcdhﬁblugﬁ;m:
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Medical compiications among the Premature sample were surveyed by
requesting prior medical documentation and seff-report during the clinical
interview with the perents. The predominant medical history of this sample is
summarized in Table 2 as follows:

Condition N (%)

|
!
é

1;
i

:
.-

““Wm«ﬁnﬂammhhhﬂy Thl
umwwmnm) lemdonmmﬂ
on an ordinal scale from high to low with Managerial / Professional at the top,
folowed by Technical / Sales, Service Occupations, Farming / Forestry,
Precision Production, and finally Operators or Fabricators, as well as other
similar professions. Parental Education was similarly rated from top to bottom
meummnmmeﬁp&mm«w
nnm.mwmamucmummm.m

who were mainly employed as laborers or fabricators (00%), as well as another
lerge group who worked in the technical or sales fleld (28%). The mothers
whhin this group were similarly employed mainly as laborers or fabricators
(50%), and ancther smaller group who worked in the technical or sales fleld
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(19%), as well as an additional group who worked in the service field (13%). A
summary of parental occupation for t o Premature Group is found in Table 3

Females (%)
1 (3)
6 (19)
4 (13)
3 (9
2
6

2 (6)
i

Tmmuvﬂafplrmnmﬁmwagmupmudodfam
mmgm-ﬁmmmuﬂs)mamhrgmphmm
loast 1 t0 3 years of college (25%). However, a large number aiso indicated
(ﬂ%)ﬁﬁmhﬁﬁﬁﬂm(ﬁ%)m1m3nnﬂm
education (16%), or were college graduates (6%). A summary of the parental
education levels for the Premature group is found in Table 4 below:

110 3 Yoars C 8 (25) 5 (16)
High School 15 (47) 7 (2

The ocoupation level of parents in the Sibling Group included fathers
mmMMhﬁmﬁ“hﬂ(ﬁi)mm
mmmmnmaﬂnﬁd(&ﬂnﬂn
mnﬂmﬂmﬂnmﬁdnhmﬁaﬁd(iﬂ)ahhﬁnﬂn)
A summaery of parental occupations for the Sibling Group is found in Table 5



79

Occupation Level Males (%) Females (%)
Managerial / Professional 0 0 0 0
Technical / Sales S (é3)) S (43))
S S e 1
Precision Production 11) (0) ';’ (13)

Operator / Fabricator / Labor (13)

The educational leve! of parents in the Sibiing group included fathers
mhaddbuaﬁmmmcaﬁon(&%).wimahrg«groupmvingm
isast 1 10 3 years of college (83%). The mothers within this group showed more
v-idmnmwbnmmwwmol(&%).whilomhadnosyom
of college (38%) or high school (25%). A summary of the parental education
levels for the Sibling group is found in Table 6 below:

Table 6. Parertal Education (Sibling Groug)

Education Level Males (%) Females (%)

College or 0 0 0 0

103 Mm 5 (43)) 3 (éﬂ))

High School 3 (38 2 (28)

Less Than High School 0 (0 3 (38)
Besearch Design

Compering Prematures to their full-term counterparts is an important
mumumawmummamvawya
developmental and cognitive variables. As noted above, this type of research
mmmwmmmmm
m.mmmmmbummmam
mmnwaﬁmmmwmm
mmmnmmummmm
any cleer neuropsychological besis. The author therefore devised the following
wm,mwmnwumm
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uropsychologically based learning disorders among an oider group
dﬁm:-hmm:wgrmdwm The study
used a retrospective design with descriptive statistics since the

hological performance of these children is reflective of their birthdate
mnmmmmnmprmnmm Clinical
mmmnmmwmmdmmnnmmd
sample of individuals on a variety of dimensions if further infos nation regarding
this group is required. mmmmmmmmﬂm
concemning the occurrence and nature of a particular handic condition
mnmmmmmummﬁn

anhmmmdmmtmmwst
mm-ﬂmm lﬂh;mmmispedﬁcnnﬂsef

Thﬂnﬂﬁmmmmym“bmm
chidresn on a wvaristy of neuropsych tasks (Haistead-Reitan
MWHBﬁyhrmuclﬁm[qnn 14), [HRNB-C)), as
ﬁgmm_ﬁqm; ievement (Wide Range Achievement
Tost - Reviesd, WRAT-R), visual-motor integration (Bender Visual-Motor Gestait
Test, BYMGT), mmmmmum
mmmmmmmmmn
mmam SIDAC), and general developmental and

cal functioning (Clinical interview), with respect o the extent to which
mmnm&-mmw) includ.ng subtype analysis in
accordance with the classification system advocated by Rourke (1985). The
presence or absence of brain dysfunction for both groups of children was also
mmnmmhﬁm-cnmwsua
ﬁnﬂm hmnmwma,’

based on the presence or abesence of a premature birth history. Children in the
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premature birth group (N = 32) all had ithweights below 2500 grams and/or
mmmwmﬁmnw Children in the non-Premature

group (N = a)mmmlwwwory(:zﬁmgrm
m:wmmnm) Each subject was seen for approximately
7 10 8 hours based on at least 2 assessment sessions (parents were seen for an
procedures. Tﬁlmmw-mwm(m
m-mmmmmm Dobmﬁngwimplr-nu
mmmhmmmwmmm
mmm,wmmgmbyumm. All
of trained test administrators for portions of the comprehens ftutb-mry The
mm&mmwwdmmmmm
mnmwnmmqmm The
uﬁpaimﬂmmﬁhmmndalﬁsibimn;

Both groups of chidren were ministered the full Halstead-Reitan
mwamhrmmmnwnsc-a WRAT-R,
mm m-mmm Thormmhuv-‘myufm

m)hmnmimmmmwurm:mm

’,*Q""MQVLEVHLENWN)
_mmmﬁnm Werences on Ful Scale, Verbal and
Q. hﬂmﬂﬁﬁmmﬂ“mm
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m'ndoneoodﬁvopoﬂormmeebmdonwnfactonouuimdby
Kautman (19 79).

Bohmmmmarodwnhrnpecttothoirpeﬂormmon
the WRAT-R subtests as an index of academic achievement. Learning disability
criteria for Reading, Speling and Arithmetic were established using standard
scores and percentiles for each WRAT-R subtest . A standard score of 80 (1.33
WM)mmduacriteriontoformthoLuming Disability
mummmwmmwm.wonmmmmm
advocated by Rourke (1985). A second criterion for inclusion within the LD
mmMWmeswolomuaamw(omem
children with FSIQ at or beiow 79). A third criterion for inciusion within the LD
mmammmwmmm.mpammmm
the Verbal and Performance IQ on the WISC-R, and a 20 point difference
bumnehofﬂnWRAT-RMmuhmdmwﬁhmm
mdwbﬂ\gm.umlnmormmormm
Mvmm”eummyapplbdtodot«m:ubtypaofw. This
mmmemmwupuawmmmm
ovaluated on s own since the statistical analysis yieided very simiar
groupings. Wlsc-RVubdvs.Pndormml.Q.woruwomidondtobo
mmmmmmummmamns
m)hmm.mmmmwmm
inclusion within the LD group. The LD group was further divided into a
L-wLD(u.D)mbyeombhthRA‘llRM\gmdsm
umm.smmmmmonmmmmmmm
mtammwwuammmmnmm).
Mnmmummmmmmm
umn-mmmmvwwwwwm
mm)hrudonbﬂnmemp.

mmnmm“WMmmd
mmlmd1wmammdw impaired
Mmmdmmmdmmhmmm
WMlabmmumammW
MMHNUMbwwm.m
mmummamm.
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The neuropsychological performance of the Premature group and the
Shiing group was compared using the HRNB-C. Poor performance including
the presence or absence of brain dysfunction on the HRNB-C was based on
established rules advocated by Seiz & Reitan (1979), using an index of 37 rules
which summarizes all HRNB-C performance for each subtest with four standard
methods of inference (level of performance, right-left differences, patterns of
performance, and pathognomonic signs) being applied. This system converts
mmmmmmmamaﬂruBMQnammm
scoring scale ranging from a score of 0 for adequate or normal performance; a
score of 1 for performance slightly below normal standards; a score of 2 = for
below normal performance but not indicative of clear brain damage; and a
score of 3 for clistinctly abnormal performance and the presence of brain
damage. The Aphasia Battery was scored in a somewhat different manner, in
which normal performance was scored 0, and abnormal performance scored 1,
2, or 3, based on the judged significance for impaired brain functions or deficit
on that particular task for the age group employed. In other words, any efrors
however errors on more difficult tasks for this age group such as spefling were

mﬂMﬂmmmﬁmdmhﬁm
mwm Theee nies were found to reiably classify children into three

groups (normal, mmwmm with 73% accuracy,
mﬂmbb-unﬂnh, 0pe logical differences (Seiz & Reitan,
1979). Q!ﬂhﬁﬁhmdﬂmmnﬁmtﬁvﬂjm
then calculated with scores of 19 or below for classifying normal individuals,
mdﬁﬁ&ﬁmmmmmm

ychological dysfunction, and scores at or above 36, as indicative of
mmm Bﬁdmmm-lwilnbym-ﬁim
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The structured interview (SIDAG) was ;umm;ﬁzaﬂ using DSM-llI criteria
and grouped according to particular manifestation of psychopathology as rated
wnmammm(m ADD-H, AnxmyDuordar
Depression, Conduct Disorder, Oppositional Deticient Disorder). An a
cinical interview conducted with the parents established aaﬂy burth
WmmwﬂWNMMmfwammldm

Data Analyses

MMMafmmﬁmﬁm-nWI
as the degree of, brain dysfunction within this population of Prematures using
WMMMFM mmmmﬂ
frequency and nature of Leaming Disabilities was documented based both on
instruments and in relation to published test norms (Klonoff & Low, 1974,
Knights & Tymchuk, 1968; Spreen & Gaddes, 1969; Trites, 1977). Subtypes of
MMmﬁthmmmmm

ogical tests as outined by Rourke (1891a).
mﬂfmmfGM‘IMMHﬁhMMﬁlﬁ
appropriate conversions 10 standard scores.
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Yariables

The data analyses consisted of determining the relationship of
birthweight and comparisons between Prematures to Sibling Controis, as well
as comparisons within the Premature Group (VLBW / LBW) to the Sibling
Control Group using the following dependent variables: 1.Q. scores (WISC-R
subscale standard scores), Academic Achievement (WRAT-R standard scores),
Visual-motor integration performance (Bender-Gestalt standard scores),
Neuropsychological performance (HRNB-C standard scores), and Emotional /
Behavioral performance (rating scores on the SIDAC). Independent variables
consisted of birthweight of the subjects, age, sex,SES factors or current grade

placement.
' Statistical Analyaes

Statistical analyses consisted of the application of a variety of procedures
sultable for the data being evaluated including, Analysis of Variance with
Muliple Comparisons, t-test, Chi-Square, Pearson, Point-Biserial correlation,
and Frequencies.



The following tests were administered to subjects in the following order:

Visual-Motor lnhgmlﬁn ﬁlti

m Aehhvmnt Mtl

Wide Range Achisvement Test - Revised Part | & Il (WRAT-R)
Wechsier intelligence Scale for Children - Revised (WISC-R)
Neuropsychological Tests:

gical Test Battery for Children (Ages 8-14)

ﬂwmﬁﬂm

Grooved Pegboard Test (GPT)

Aph-hm*ht(AST)
lohavlﬂlhuen:my lmurn

What follows is a brief description of the tests used in the study. They
appeer in random order but are grouped together in the case of the HRNB-C.
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Rourke,1976). hﬂmdnhmhumpmmaimmdmbam
namely comprehensiveness, sensitivity to the domain sampled, and validity.
c::mmmmhmmsmm“shﬁjrmm
abilities subserved by the brain, including higher and lower cerebral functions.
This would include dive 3e sensory and motor functions in the auditory, visual,
mmmmm Scmihvﬂymtnu'tabmw:
ability to detect general or overall brain functioning as well as the capability of
detecting deficits in particular parts of the brain. In this manner, the battery
could be used to screen for the presence or absence of brain impairment as
well as to permit the differentiation of sensory and motor functions invoived in
the perception and/or execution of a given task, for example. Validity refers to
the inclusion of standardized and objective measures of a broad range of
functions that are amenable to neurops ical inference, interpretation,

Wih respect t0 meeting the previously outined criteria for a
comprehensive neuropsychological test battery, the HRNB easily satisfies the
ﬁtmmﬂl;;i shen ,,;:-ﬁnmwty lng-nirul ﬂlﬁm
Mm-ﬂm mﬁwﬁ mﬂ

perceptual and motor sidlis. In addition 10 these measures, other alled
mnWhﬁﬂyiﬁﬂﬁﬁmm Scales,
because of their sensiiivity to certain types of functioning and their ability 1
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mmmﬁammmmmppea in addition to sensitivity, a good

plogical test battery should be able to maasure these diverse
MHMum In this regard, a recent study with children
found that at least 90% of the variability of the HRNB was found to be non-
redundant with the functions measured by the WISC-R, whereas the overlap
thet did occur was largely attributable to “general” cognitive abiity in each
measure (D'Amato, Gray & Dean,1988).

The HRNB aiso appears to satisfy the third and perhaps mes mporant
criteria of validity, including the ability to provide neuropsychologes' - nee
inference. The purpose of this approach is to adapt and ewprov. . wcal
mdmwmcﬂ&aﬂmﬁmaqﬁmﬂrm
These taxonomic rules (Selz & Reitan,1979), inciude level @ performance
(lmmdimmapaﬁmmm_m
among various tests), nﬁi—hﬂﬁfhm(mdmﬁm
two sides of the body), and pat IMONIC signs (performance © ey nermal
or deviant). m-mmmmmﬂmmm
mmmmfa-m,,, Ve GMalysis of
mmmm;mmm@nm

The HRNB is also perhaps the most widely used and best known
comprehensive battery of neuropsychological functioning. The majority of the
fests within the battery are adaptations of existing clinical and experimental
measures. The current battery consists of 10 measures which were shown to
be the best discriminators of brain damage (Reitan,1060; 1070a). Orﬁﬂy
the HRNB was designed for adults (over 15 yre). Eﬂmn1§1 1953,
ﬁtﬁhﬁ'ﬂﬂﬁh(ﬁgﬂnmmmmm
WMM'IH This version, known as the Halstead
,,:i’*'*,iumﬁmﬁmmmn
mmshﬂlbﬁymﬂﬁlwﬂﬁm
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sultable for children, including an age-appropriate version of the Wechsier
scales (WISC-R).

Validation studies have repeatedly shown both versions of the HRNB to
be sensitive to cortical dysfunction (Boll,1981; Nici & Reitan, 1987, Reed, Reitan
& IGove,1965; Reitan, 1979b). The battery has a high accuracy rate ( >90%) in
discriminating normal controis from neurological patients (Kelly & Dean,1990).
s usefuiness in the assessment of pediatric populations has aiso been well
documented (D'Amato, Gray & Dean,1988; Reitan, 1981, 1882, 1984, Selz,
1981; Selz & Reitan, 1979).

As mentioned earkier, individual tests comprising the HRNB were
selected on the basis of their ability to discriminate between normal controis
and brain damaged patients. In the development of the test battery, specific
festing procedures were included based on empirical displays of their sensitivity
10 brain dysfunction. Neuropsychological inferences were then made relative to
correlations between scores and an independent neurological diagnosis. The
HRNB-C tests represent a downward extension of the HRNB to incorporate age-
appropriste tasks. The subtest are briefly discussed below:

Achasia Screening Test (AST)

Reitan developed this test by modifying Wepman's Aphasia Screening
Test for receptive and expressive aphasia. This screening test briefly measures
the various major language functions as well as visual-constructional and motor
repetition, reading, comprehension, simpie memory, writing, enunciation, and
caiculstion. There are tasks that assess left-right orientation and the ability to
follow oral commands. The subject is also asked t0 demonstrate the use of a
famiier object and 10 copy simpie geometric designs. This test requires 10 to
15 min. 10 administer and censists of 32 tems. The results obtained with this
scresning messure provide information regarding the functioning of the right
and sk hemispheres. Specific signs of deficiencies usually warrant a more
thorough investigation.
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This series of examinations evaluate tactie, auditory, and visual
perception both unilateralty and bilaterally in order 10 investigate the presence
or absence of sensory suppressions. Tactile perception is assessed unilaterally
wmmmmammmmmm.mm
must indicate which side of the body has been touched, and whether double
simutaneous (hand-hand or hand-face) stimulation has been presented. in this
manner, one can determine if the subject has right or left-sided tactile-
perceptual difficulties (suppressions). Auditory perception is assessed by
presenting a soft stimuli behind the subject's back both unilaterally and
bilsterally, again to check for suppressions. Visual perception is measured by
having the subject determine whether the examiner is moving one or two hands
from a peripheral level (above, at, or beiow eye-level quadrants), again to check
for the presence of suppressions in the visual field. These sensory exams are
sensitive to parietal, temporal, and occipital lobe functioning respectively and
provide methods for isteralizing and localizing brain damage.

Tactie Finoer Locaization (TAEL]

This test assesses tactie localization (agnosia) by having the examiner
allernately touch the subject's fingers (bilaterally) and having the subject
correctly identity them without the use of vision. Lateralizing signs for parietal
iobe integrity are measured by this test.

Complex tactie-perceptual skils are measured by this test as the
examiner races & eeries of numbers in a preecribed order on each of the

subjects fingers. Prior 10 beginning the test, large versions of the same
numbers are writien on the subject's paims while biindioided. As with the
previous tacile-kinesthetic awareness tests, this sublest is sensitive 10 perietal
lobe dystunclion and is ohen performed poorly by children with language-
relsted Leaming Disabilties.
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On this task the subject is required to place. one hand through an
opening in a board while the examiner places geometric shapes into the
subject's hand one by one. The subject must then point to the same shape
placed on top of the same stand (which hides the objects from view) with the
other hand. Both hands are tested for tactile discrimination as well as speed of
response and right-left differences. This test is designed to measure the
general integrity of the contralateral parietal lobe.

This test employs a calibrated hand dynamometer to assess an
individual's strength of grip bilaterally. Traditionally, this measure has been
used 0 assess the integrity of the frontal lobes as deviations from the expected
pﬁnﬂwﬁmhyﬁmﬂmweﬁvﬂh&nﬂsmrﬂm
isteraiizing signs.  Interpretatic using this test take into account an
individuai's sex, occupation, level of education, history of peripheral injury, and

This test requires individuals to tap a key-ike lever (attached to a
mechanical counter) as rapidly as possible using the index finger of their right
mmmmmm This test assesses motor speed and

ination and sllows for a comparison of the relative performance of the right
ﬂﬂm As with the HOT, deviations from normal performance with the
mﬁmwm offer good Isterakzing indicators of the
nctional integrity of the frontal lobes.

mmmnmnummmmdm
mHIMMMMMHMhM
directions. Time scores are noted for trials using the right and left hands. As
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noted earlier, this test evaluates fine motor dexterity and speed and, like other
motor tests of the HRNB, deviations from normal performance with the preferred
versus nonpreferred hand offer good lateralizing indicators of the functional

This test is a modified version of the Seguin-Goddard Form Board. It
utiizes a form board and 10 geometrically shaped blocks (6 biocks for the
HRNB-C), that fit into cut-out recesses. The subject is blindfoided and never
allowed to see the board and instructed to place as many blocks into their
proper locations as quickly as possible, ﬁmwnghdammanthandmen
nondominant hand, and finally both hands simulta sly. The time to
m(b!nmdmmmnmlnd)srm&d After all
thvee trisls are completed and the form board placed away from the subject's
view, the subject is asked to draw an outiine of the form board and ndicate the
mmmanmmm mTFTmmﬂﬁmdds
w&mm Thsmnlgaod af nlurologtedly
impeired individuals and appears to be particularly sensitive to parietal lobe
-spatis mmnmmmmhnmﬂ-
ptbldnﬁnn mwnmdmmnmﬂm

mmmm“bﬁmdﬁmm

This test requires that the subject listen t0 an audio tape consisting of a
series of 60 nonsense syliabies. A single stimuius is presented and the subject
is required 10 choose from 1 of 4 akernatives ( 1 of 3 for the HRNB-C). This test
output), and the ability 10 discriminate between similar sounding syliables. 1t is
also a uselul fest of attention and concentration skills a8 subjects are required to
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aftend to a mechanically delivered and somewhat repetitious task. It is sensitive
10 brain impairment in general but significantly low scores often indicate giobal
dysfunction of the left or right hemisphere, particularly with respect to the
temporal lsbe region.

Seashore Rhythm Test (SRT)

This test was originally adapted from the Seashore Test of Musical
Talert. Like the SSPT, this test requires the subject to listen to a standardized
tape recorded presentation of 30 pairs of rhythmically patterned sounds, and
indicate whether they are similar or dissimilar. This test measures sustained
attention and concentration ability as it is relatively nonstructured and delivered
&t a quick pace. As such, it is a good indicator of generalized brain impairment.
R also requires recognition, perception, and discrimination of symbolic sound
pattens that are nonverbally-mediated and therefore is senstive to
dystunctions of the nondominant hemisphere and, in particular, the temporal
lobe region.

Tail Making Test (TMT)

This is a two-part timed paper and pencil test. Part A consists of circled
numbers randomily scatered and the subject is required to order them in the
comect sequence by drawing a line among them as quickly as possible. Part B
is essentially equivalent except that both numbers and letters of the aiphabet
are randomly scattered and the subject is required to alternately connect a
number and then a letter in the correct sequence as quickly as possible. Part A
provides a good measure of attention and concentration skills as well as visual
scanning ability, tracking, and sequencing skills, and is sensitive to brain
dystunction in general. As & incorporates numerical information and invoives
the use of visusl scanning, R ailso appears sensitive to nondominant
hemisphere deficits. Part B measures attention and concentration as well as
more complex visual sequencing skills including the abiity to process both
language-reiated information (lstters) and nonverbal information (numbers) in
rapid format. Due 10 ks requirement of cognitive flexibility, & is highly sensitive
o brain dysfunction in general and deficits involving the language dominant
hemisphere, in particuler.
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Haistead Category Test (HCT)

This test is a concept-identification procedure in which the subject must
discover the concept or principle that governs the relationship between various
series of geometric forms. The stimuli (which can be presented through the use
of a projection screen or in a bookiet format as in the Booklet Category Test
{intermediate Bookiet Category Test (IBCT)- HRNB-C}), are presented visually
to the subject who is toid that the point of the test is to see how well he or she
can lsam the concept or principle that underlies the geometric forms in each of
seven subgroups ( 6 for the HRNB-C). The subject's effort is facilitated by the
provision of feedback concerning the correctness of responses. The number of
error scores are analyzed using either a norm-referenced approach or a
ciinical cut-off approach to establish the presence or absence of brain
cognitive flexibility, and conceptual problem-solving ability. R requires the
subject 10 generate possibie soiutions based upon concepts that he/she
formulates and then modifies based upon corrective feedback. As such, itis a
very good discriminator of brain dysfunction in general. [t is also considered to
be a good predictor of everyday problem-solving skilis involving the ability to
lsarn and benefit from situational feedback.

of children's imeligence. It is based on Dr. Wecheler's concept of intelligence
a8 a multitaceted overall or giobal entity that can be inferred from a child's
performance on a series of tasks, both verbal and nonverbal. The Verbal
Sceles measure the child's understanding of verbal concepts and his/her ability
%0 respond orally 10 questions that tap acquired knowledge, short term memory,
Performance Scalss messure the child's ability 10 soive problems requiring
associate lsaming including perceptual speed. Deviation 1.Q.s are provided for
the Verbel, Performance, and Full Scele Scores.
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The BVMGT is useful as a maturational test of visual motor gestalt
ﬁmhmmnﬂumandsahanuﬂdudadinanmdard
Dk bﬂﬁy lteon:m:vfammafnmaﬁgur-s nchpﬂmed

puﬁpﬁon whal [ ] moeuatad wilh languaga abulrty and wrth various fustcnans
of inteligence including visual perception, motor coordination, memory,
temporal and spatial concepts, and organization or representation. It has aiso
been useful in the diagnosis of organic deficits.

This is a widely used test of academic achievement in reading (word
recognition), speling, and arithmetic. First published in 1938, it has been
hiin mﬁ i't cﬁﬁﬂm wim most nnmpsycl'nobgcd wdumru and
published test norms are provided with respect to its use with the HRNB-C. The
WRAT-R (1984) includes separate test forms for Level | (ages 5-0 to 11-11
m)mwl(qnﬁ-ﬂm:dum it yields raw scores, grade equivalents,
m m lnd poreirﬂu Dupim am rog-rdhg its us

WHAThnbnnmﬂ-:Ih, uropsychologice rnnn:hnnd
mmmwmmhmmwm
studies. In a recent study examining the clinical and research Wity of the
mfhmanmsc-ﬁmmammmu

chological impairment among normal and LD children, lwnnend
ﬁhm’l‘wﬂhnmmd,, —
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Structured Interview for Diagnostic Assessment of Children
(SIDAC)

The SIDAC is a modified and updated version of the Kiddie - Schedule
for Affective Disorders and Schizophrenia (K-SADS) (Puig-Antich & Chambers,
1978). It provides a structured interview format using DSM il or DSM n-R
diagnostic criteria, in order to screen for the presence or absence of clinical

psychopathology in children ages 6-12.
Clinical Interview (Cl)
The C! was developed by the author as a structured interview designed

to gather information pertaining to the developmental, medical, educational,
social, and family history of chiidren and their families.
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ﬁmﬂym“um:&nglgmmdddﬂprmum
bisthweight children on selected cognitive, academic, neuropsych | and
MMmmﬁt@mm uwalnmgritrve
plogh ,ﬁmmmmmnmm
mmmmmmmmw The initial investiga
mnmmamummmmmm
gestation, N = 32), as well as their Siblings within the same age range (9 - 14)
mmhﬁmm(szsoo;mmauwmmn = 8).
The two groups of premature and non-premature (sibling) children, as well as
premature children with very low birthweight (<1500 grams; VLBW) or higher
birthweight (>1500 but <2500 grams; LBW) were then compared statistically in
order 10 determine ¥ they differed from each other (and/or the Sibling Group) on
a wveristy of varisbles including academic achievement (WRAT-R Reading,
suropsychological performance f’:’:,:j-ﬁahn Bnbry) :ﬁadmimll
holog mmmmmmﬁm

HWMMWHMMMHMM
mmmhma-mmmm
subtypes of LD, more indicators of brain dysfunction on the HRNB, more
m of visual-motor integration deficts and more indicators of
opathology and/or attentionsl deficks when compared 10 & sample of
mmnmmm)mmmmmm
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ik was further hypothesized that children from the Premature Group would
display more specific psttems of Leaming Disability, particularly in
mathematics, including more variation in Verbal or Performance 1.Q., with
perhaps lower Performance 1Q, differences in WISC-R Factor scores, more
Mmmmmmmmemd
abstract reasoning skills, more dysfunction in basic sensory-perpceptual skills,
and more indicators of psychopathology including attentional deficits, when
compared to chidren from the Sibling Group with normal bithweight. In
addition, t was hypothesized that the Very Low Birthweight Prematures (VLBW
= <1500 grams) would likely display more deficits on all the above varisbles
when compared to Prematures with Low Birthweight (LBW = 1500- 2500
grams), and in comparison with the Sibling Group, who would likely not display
deficits in all or any of the above variables. A Sibliing Control Group was used
primarily to try to control for socio-economic factors which often account for the
ion's share of variabilty between groups used in previous studies.

Raw scores for the test battery were converted to standard scores (mean
= 100, standard devistion = 15), using standardized procedure and age-
appropriste published norms. Learning disability criteria were established
using standard scores for each WRAT-R subtest (standard scores < 80 and Ful
Scale 1Q >80). Giobal LD was categorized by low performance on all three
WRAT-R subtests (standard scores <80, FSIQ >80). Language LD was
categorized by Reading and Spelling performance (standard scores <80, FSIQ
>80); Arthmetic LD wes categorized by Arithmetic performance (standard
scores <80, FSIQ >80). Verbal vs. Performance |.Q. scores were considered to
be significantly different from each other based on one standard deviation (15
points) in ekher direction. Poor performance including the presence or absence
of brain dysfunction on the HRNB-C was based on established rules using and
index which summarizes all HRNB-C performance (Index Scores < or = 19 =
normal; index Scores between 20 - 35 = Leaming Disabled; index Scores at or
> 38 = Brain Damaged). Visuai motor integration was 280eeeed using standard
scores for the Bender Gestakt (< 80 = Abnormal; >80 = Normal). The structured
imerview (SIDAC) wes summerized using DSM-l criteria and grouped
according 10 clinical festures (rating) of psychopathology (ADD, ADHD, Amxiety
Disorder, Depression, Conduct / Oppositional Deficient Disorder.
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The data was analyzed statistically (t-test, ANOVA with Multiple
mmrm&mﬂa)m:mﬁmnmd
Secondary ressarch hypotheses that were grouped according to five general
mmmcw% ance, (2) Academic performance, (3)

pych al performance, (4) V‘m-matur integration performance,

(5)*:: ral/Peychopathology indicators. Primary hypotheses compared
hmmnmmmmmmagmpm

mmﬁﬁm‘mmwmnrmmh

mmanmmmfwmanﬁmm
Secondary hypotheses (Section | and Il of this chapter) as summarized in Table
7 below. No signif ,,,;mmummaermmm
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20 ADD-H; Prem. / Sibiings Chi-Square NS
21 ADD; Prem. / Siblings Chi-Square NS
2 Conduct / Op.; Prem./Sibs  Chi-Square SD*
2 Arudety; Prem. / Sibs Chi-Square NS
24 Depression; Prem. / Sibs Chi-Square NS
Section . Secondary Hypotheses:

25 FSIQ; VLBW / LBW / Siblings Anova sDo*
26 VIQ; VLBW /LBW / Sibliings  Anova NS
7 PIQ; VLBW /LBW / Siblings  Anova SD*
28 Reading; VLBW / LBW Anova SD*
20 Speling; VLBW / LBW Anova SD*
30 Arkthmetic; VLBW / LBW Anova sD*
3 Giobel LD; VLBW / LBW Chi-Square NS
32 Language LD; VLBW /LBW  Chi-Square NS
3 Arthmetic LD; WBW /LBW  Chi-Square SD*
34 HRNB Comp.; VLBW/LBW/Sibs Anova SD*

With respect 10 the Primary research hypotheses, the cognitive
performance of the Premature Group (n = 32) differed significantly from the
Sibling Control Group (n = 8) for FSIQ (p = .009) and P1Q (p = .006), but not for
VIQ (p = .085). Premstures scored lower than Siblings and with greater
varigtion in subtest performance on the WISC-R. Prematures aiso differed
significantly from Siblings on all three Kaufman (1979) WISC-R Factor scores
inchuding Verbal Comprehension (p = .036), Perceptual Organization (p = .086),
and Freedom From Distractibility (p = .000). Significant correlations were also
noted for birthweight and FSIQ (p = .012) as well as for PIQ (p = .003); but not
VIQ (p = .080), for Prematures (n = 32).

on ol fves WRAT-R subtests with significant differences noted for the Reading
(P = .011) and Arthmetic subtests (p = .048), but not for the Speliing subtest (p =
078). Chiliren from the Premature Group (n = 32) differed significantly from
Sbiings (n = 8) whh respect 10 special education placement (p = .004) as
approximately 50% required special education intervention compared o the
Sibiing Group who did not require any special assistance (0%).



101

weight of children in the Premature Group (n = 32) was associated
MMmﬁadglobal(compcsna)masmmHﬁNBC Differences in

ngical test scores on the HRNB-C were apparent for Prematures
(n::g)mm(n-a) including more indicators of neuropsychological
mdyﬂu@mmyabd(mwss)madMHﬁNchz

mmm(p OO'l) Tﬁuﬂﬁﬁarm(p:os?) Finger
m(psam sﬂGrmdPWdTasls(p: M) Biﬂarm

mw(psﬂﬂ)ﬁdWSSﬁ‘mTﬂt(p 000)
wmmmmedewammh
the Trail Making Test or Hand Dynamometer Test, however children from the
mmmmmmmmmmm
interestingly, lower birthweight was not correlated with more impaired

MMMHRNB-CcmmW(ps .824) for the Premature
Group (n = 32).

= 8) was noted for Visual-motor integration (p = .000), with approximately 78%
of the Prematures classified as having “abnormal® Bender-Gestakt Test
performance, compared to 0% in the Sibling Group.

Differences between the two groups of children was aiso noted on the
SIDAC peychopathology subtypes. A higher proportion of children with some
mdmmmmmmnmm-
ﬁp-ﬂ)MﬂhSﬂ\gmm:m Prm-m

m-wmd@nﬂlwmm oa)hmwrm
mmwm-mmmmm!mm
m(p = .38) or Depression (p = .07). in all cases, the Premature Group (n
= 32) demonstrated a higher proportion of children with specific subtypes of
peychopathology compared to Siblings (n = 8).
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Results of the Secondary research hypotheses comparing the
podormofdﬂdronwmmmePrematureGraupmmVeryLaw ithweight
(VLBW, n = 12), Low Birthweight (LBW, n = 20), and:heSnblmgGrouﬂ(nss)
were aiso generally supported by the data.

The three groups of chidren (VLBW, LBW and Sibiings) differed
Mﬁmo&chohormﬂwapeammw,”@,,gimm
WISC-R Full Scale IQ (p = .05) and Performance 1Q (p = .02), but not for Verbal
IQ (p = .06). It was further noted that children from the Sibling Group (n = 8)
differed significantly (higher IQ scores) from the LBW subgroup (n = 20) of
Prematures for Full Scale IQ, however, no significant difference was noted
between the Siblings and the VLBW (n = 12) Prematures. A significant
difference in Performance IQ was aiso noted between the VLBW subgroup (n =
12) and the Sibling Group (n = 8), but not within the Premature subgroups
mean Full Scale IQ and Verbal IQ compared to the LBW subgroup. However,
the VLBW subgroup was observed to score slightly lower than the LBW
subgroup for Performance IQ. Al Prematures displayed lower mean |Q scores
when compared to Siblings.

including Reading (p = .001) and Speling (p = .018), but not on the Arithmetic
subtest (p = .153). A significant difference was noted in Reading scores of
children in the Sibling Group (n = 8) and the LBW subgroup (n = 20), and
between the LBW and VLBW (n = 12) subgroups. However, no significant
Mhﬂnﬂhgmmmdb:mnhvmwmmh
scores of the VLBW and LBW subgroups when compared to the Sibling Group.

children within the Premature Group (VLBW, n = 12; LBW, n = 20). Children
from the two groups did not differ significantly from each other with respect to
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mpropaﬁonofd\ildrendassiﬁedasGlobalLaamingDisabled(VLBW=
16.6%, LBW = 25%; p = .58) or Language Disabled (VLBW = 16.8%, LBW =
30%; p = .40). However, both subgroups of Prematures differed significantly
from each other with respect to the proportion of chikdren with a Learning
Disability in Arithmetic (VLBW = 25%, LBW = 0%, p = .02). None of the children
in the Sibling Control Group (n = 8) were classified as Learning Disabled in any
category.

Awmenoemmwopsyd\dogicalpeﬂormmbmm
VLBW(n:12).LBW(n=20).andSibling(nse)groups.wasnotedforHRNB-C
Composite scores (p = .01). It was further noted that the composite performance
of children in the Sibing Group (n = 8) differed significantly from the LBW
subgroup. The Sibiings also differed significantly from the VLBW subgroup on
composite HRNB-C scores. However, no significant differences were noted
between the VLBW and LBW subgroups.

Additional or ancillary results pertaining to the performance of both the
Premature and Sibling groups, subgroups of Prematures, and the entire sample
of children, is noted in Section Iil of this chapter.



Hypothesis 1 stated that there will be significant reiationships between
WNW.M«W.NF&S&DIQmesmMWISC-R
for the Premature Group. Correlation coefficients (Pearson r) for all subjects in
the Premature Group (n = 32) are noted in Tabie 8 below:

As noted in Table 8 above, Birthweight correlates negatively with Full
Scale 1Q for chidren in the Premature Group with r = 0.33 (p < 0.05
significance). Birthweight of children in the Premature Group aiso correlates
negatively with Verbal IQ (r = -0.22), however, the result was not significant at
the .05 level. The correlation coefficient for birthweight and Performance 1Q
score of children was aiso negative (r = -0.42), and was significant at the p < .05
lovel.

This hypothesis was partially supported by the data indicating that there
is a significant relationship between birthweigth and Full Scale |Q scores as
wel as Performance IQ scores, but not Verbal IQ scores, on the WISC-R for
children from the Premature Group. Furthermore, the value obtained in the
correlation coefficients for Full Scale |Q scores and Performance Q scores
indicated that higher birthweight vaiues were associated with lower |Q scores

on the WISC-R for the Premature Group.
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Hypothesis 2 stated that there will be significant differences in mean
Verbal, Performance, and Full Scale IQ scores between children in the
Premature Group and the Sibling Control Group. The mean WISC-R 1Q scores
of children in the Premature Group (n = 32) and the Sibling Control Group (n =
8) are noted in Table 9 below:

FSiQ  95.3;14.0 1076, 9.4
vIQ 94.9; 15.7 103.3; 8.4
PIQ 96.8; 13.6 111.6;, 11.0

As noted in Table 9 above, there were significant differences

the mean Full Scale 1Q scores (t = 2.96; p = ms)mmmmn(t

= 3.26; p = .008) of children in the Prematwre and Sibling Control Groups.

mnmmvﬁhﬂmmgdmmmmmwm
,,i”i(t 203 p: 055) Trﬁhynoumbm

msmnmummmmmmm*ip,

MhmlﬂmdMMﬁmwmm

Verbal |Q scores did not differ significantly between these two groups. In

Hypothesis 3 stated that there will be significant differences in mean
and the Shiing Control Group. The mean WISC-R Subtest Factor scores
Control Group (n = 8) are noted in Table 10 below:



As noted in Table 10 above, a comparison of the mean Verbal
rehension Factor scores (t = 2.21; p = .036), and the Perceptual
stional Factor (t = 3.12; p = .008), and the Freedom From Distractibility
Fm(t 4.01; p = .000), of children in both groups, showed significant
differences at the .05 significance level. This hypothesis was supported by the
data as significant differences were noted when comparing the mean Verbal
Comprehension, Perceptual Organization, and Freedom From Distractibility
meafﬁMSCRbrMQnﬁomﬁaPrmhﬂGmupmdchndmn
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Hypothesis 4 stated that there will be significant reiationship between
WRAT-R Reading, Speling, and Arithmetic Test Scores and birthweight of
children from the Premature Group (n = 32). The correlation coefficients
(Pearson r) for all three subtest scores of the WRAT-R and birthweight of
children appear in Table 11 below:.

As noted in Table 11 above, birthweight of children correlates negatively
with their Reading subtest scores (r = -0.35) at the .05 significance level. The
correiation coefficient for birthweight and the Spelling subtest score was ( = -
0.23, however, t was not significant at the .05 level. The correlation coefficient
for the Arithmetic subtest score and birthweight of children was r = -0.27 and
was significant at the .05 level. This hypothesis was partially supported by the
mmumnwmmm&am
muxmwmwmmwmmmunh
Prematures.

Wsmummumm&nm
mtam.m,mmmmumwmﬁ
Premature and Sibling Control Groups. The means of the WRAT-R sublest
scores of children in the Premature (n = 32) and Sibling Group (n = 8), appear
in Table 12 below:
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Reading  89.3;148 102.6; 10.8
Spelling 87.9; 12.3 955, 15.8
Arithmetic 87.6; 10.8 95.1; 12.4

As noted in Table 12 above, the difference of the mean Reading subtest
scores of both groups was significant at the .05 level (t = 2.87; p = .012), but not
for the Speling (t = 1.26; p = .238), or Arithmetic subtests (t = 1.57, p = .148).
This hypothesis was therefore partially supported by the data as significant
differences were noted when comparing the mean WRAT-R Reading scores for
mmnﬁme&mwmmﬁmmamcwaemp

":"’,,mmmwﬁmdm&eﬂwanm

pothesis 6 stated that there will be significant differences in the
mdmmhwmmmmm
none (0%) of the children in the Sibling Group were in special education (Chi
Squ-'o 3133-1;»-094) This hypothesis was supported by the data
”,;Mhmmmmhw
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Hypothesis 7 stated that there will be a significant relationship between
birthweight and composite scores on the HRNB-C for children from the
Premature Group (n = 32). The correlation coefficient (Pearson r = .44) between
these two variables was significant at the .05 level (p = .002). This hypothesis
mnmpaﬁdbyﬂd&tauamgmﬁcam relationship was noted between

hweight and HRNB-C composite scores for the Premature Group of children,
hdnesﬁng that higher (more impaired) composite scores were associated with
Premature birthweight.

A comparison of the differences in performance (t-tests) between the
Premature Group (n = 32) and the Sibiing Control Group (n = 8) for HRN2-C
Composite Scores, Category Test error scores, Tral Making Test, Spoech
Smrﬂ:PﬁcaphmTut wmngm.appgarshTmm

Hypothesis 8 stated that there will be a significant difference in mean
composite HRNB-C scores for children from the Premature and €* ing Control
Group. As noted in Table 13 above, there is a significant difference in the
mmdmmnmmnﬁ mmll(l--sd’l
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Premature Group and the Sibling Control Group differed very significantly from
owhmmfupoatomokconmositemepeﬂormanceonmoHRNB-cg
Children from the Premature Group had significantly higher (more impaired
Wm)mu%rupoatomoirmpoﬂtoworepodormanoeonm

Hypothesis 9 stated that there will be a significant difference in mean
HRNB-C Category Test error scores for children from the Premature and
children from the Sibling Control Group. As noted in Table 13 above, there is a
significant difference in the mean error scores of children between the two
groups at the .05 level (t = -3.49; p = .002). This hypothesis was supported by
the data indicating that the Premature Group and the Sibling Control Group
differed very significantly from each other with respect to their test performance
on the HRNB-C Category Test. Chidren from the Premature Group had
significantly higher (more impaired performance) error scores on the Category
Test of the HRNB-C.

Hypothesis 10 stated that there will be a significant difference in mean
standard scores for Part A and Part B of the HRNB-C Trai Making Test for
children from the Premature and Sibling Control Group. As noted in Table 13
above, there is no significant difference in the mean standard scores on the
TMT Part A for chiidren from the Premature Group and Sibling Control Group at
the .05 level (t = 1.95; p = .088). Differences in standard scores on the TMT Part
8 for children from the Premature and Sibling Control Group was aiso not
significant at the .05 level (t = 1.05; p = .303). This hypothesis was not supported
by the daeta indicating that the Premature Group and the Sibling Control Group
did not differ significantly from each other with respect to their mean test
performance on either Part A or Part B of the HRNB-C Trail Making Test.
Generally speaking, children from the Premature Group scored lower than the
Sibing Group on both Part A and B of the TMT.



pothesie ignificant difference in mean
mcwmmmewm:ammenma
mﬁmﬁmmﬁmawsungmerm Almt-dh

hﬁmlmdsmcawa&mwu i’ attha 05“0:
3.16; p = .003). ThadiﬂnrmmmanSﬁdemuhrMmﬁm
the Premature and Sibling Control Group was also significant at the .05 level (t
= 3.67; p = .001). This hypothesis was supported by the data indicating that the
each other with respect to their mean test performance on the HRNB-C Speech
mmmwhHﬁN&CMﬂmﬁm Children
from the Premature Group scored significantly lower than the Sibling Group on

both the SSPT and SRT of the HRNB-C.

W12WMM“H!WMH1M
HRNB-C Tactual mance Test of children between the Premature Group (n
-ﬁ)ﬂmw@up(n-a) Table 14 summarizes the performance
of both groups on the TPT.

TFTDnnMH $7 185 100.4; 9.2 200 .048*
TPT Nondom.H 101.2; 20.9 112.0; 5.4 257 .014
TPT Both H 101.9; 20.7 1114, 40 240 .022*
TPT Memory 97.2,10.7 99.0,11.2 040 .005
TFT Lmﬂ H 8 11 B 1046; 59 261 .016*

As noted in Table 14 above, significant differences in mean SCores were
noted between children in the two groups in all comparisons except the TPT
Memory subtest. The difference in the meen standard scores of children
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the Premature Group and the Sibling Control Group, was significant at the .05
level (t = 2.09; p = .048). The difference in mean standard scores of children
between the two groups on the Nondominant Hand Trial, was significant at the
.05 level (t = 2.57; p = .014). Tmmmmmmdmad children
between the two groups on the Both Hand Trial was significant at the 05 level
(t = 2.40; p = .022). Thcdsﬂarmmmemstmdardmsafﬂldmnbetwaan
the two groups on the Memory Test however, was not significant at the .05 level
o-.w;p-.M).TMMhmmamaféﬂdrsnm
the two groups was significant at the .05 level (t = 2.61; p = .016).

mwmmwwmmmmm
ﬁmo&apmmsmconualsrmpdrﬁarad ,? 7 frmnm

TMWTHMMMW] Hand
Trial, Both Hand Trial, and Locakization Subtest performance. Thishypamuu
mnotuppomdbyhm:mﬂnTPTMQnmsmﬂw
differences between the two groups was not noted. In most cases, the

A comparison of the differences in performance (i-tests) of children
mnmmmxﬁ)ﬂﬁmmm(n_m“

H 1074 124 112.0; 143 0.84 .423
H 109.9; 12.2 100.7; 159 -0.03 .978
H 108.2; 17.5 121.5; 133 2
H 103.7; 17.9 1148; 185 1
H 98.9; 10.4 1076, 60 3.10
H 98.2; 10.8 998 80 0.46




MQMWTmmamadewm
Prematwre and Sibling Control Group. As noted in Table 15 above, a
comparison of the mean standard scores between the two groups on the
Dominant Hand Trial of the HDT, was not significant at the .05 level (t = 0.84; p
= .423). The difference in mean standard scores of children between the two
groups on the Nondominant Hand Trial of the HDT, was also not significant at

the .05 level (t = -0.03; p = .978). This hypothesis was not supported by the data
indicating that the Premature Group and the Sibling Control Group did not differ
significantly from each other with respect to their test performance on the HRNB-
C Hand Dynamometer Test. Children from the Premature Group performed
mmn Group for the Dominant Hand Trial, however, their

ormance was generally similar for the Nondominant Hand Trial of the HDT.

Hypothesis 14 stated that there wil be a significant
mcmemdeaﬁmmn
emature Group and the Sibling Control Group. As noted in Table 15 above, a

' rison of the mean standard scores of children between the two groups on
nmmwanmmmnm O5ievel (t =272, p =
017). The difference in mean standard scores of children between the two
mthMMWﬂﬁFﬁmmthﬁ
livil(t 168'9-123) Trhhymb wup-mdy uppomd" DI bythidﬂ'n

wm&mmmmmmmwm
the Sibling Group in general on both trials of the FTT.



Wismmmemnbeasngnmmamﬁmmmn
HRNB-C Grooved Pegboard Test standard scores of children between the
Premature and Sibling Control Group. As noted in Table 15 above, a
mdﬁﬁmnmmﬁmﬂmﬂm&adm&mmm
two groups on the Dominant Hand Trial, was significan at the .05 level (t = 3.10,
pim)ﬂUMnmmdmnmmmwmm
the Nondominant Hand Trial however, was not significant at the .05 level (t =
0.46; p = .652). mwmmwwmmm
that the Premature Group and the Sibling Control Group differed signific
mmmmmmmmnsﬂfmmmmm
not ther Nondominant Hand Trial performance on the HRNB-C Grooved

Pegboard Test. in general, dﬁmﬁmhﬁmﬂa&mmﬁm
than the Sibling Group on both trials of the GPT.

Hypothesis 16 stated that there wil be a significant difference in mean
Premature Group (m = 0.87; sd = 0.60) and the Sibling Control Group (m = 0.14;
od = 0.16). A comparison of the mean composite scores of children between
ﬁmmmmih osma -616 p = BDO) Thi:

hﬁmﬂbﬁwﬁmmﬁhﬁﬁ&“&mﬂ
mmnmmm anth m(mhpﬂid

Hypothesis 17 stated that there Wil be a significant difference in mean
composhe HRNB-C Sensory Perceptusl Exam scores for chidren from the
Premature Group (m = 0.95; sd = 0.60) and the Sibling Control Group (m = 0.27,
od = 0.28). A comperison of the mean composite scores of children between
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the two groups was significant at the .05 level (t = -4.28; p = .011). This
hypothesis was supported by the data indicating that the Premature Group and

the Sibling Control Group differed significantly from each other with respect to
Examination. Children from the Premature Group scored significantly higher
Perceptual Examination composite score.

Hypothesis 18 stated that there will be a significant difference in mean
Bender Gestalt Test standard scores for children from the Premature Group (m
= 71.3; sd = 22.9) and the Sibling Control Group (m = 100.1; sd = 3.4). A
comparison of the mean standard scores between the two groups was
significant at the .05 level (t = 6.83; p = .000). This hypothesis was supported by
differed very significantly from each other with respect to their test performance
on the Bender Gestait Test. Children from the Prematwe Group scored
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Paychopathology/Behavioral Hypotheses Resuits (SIDAC)

Table 16 below (Hypotheses 19 - 24) compares the proportion (Chi-
mo)ofdﬂckonfranﬂnPremMeGroup(n:&)mdmeSiblingComrd
Group (n = 8) with a cinical rating of global psychopathology and/or
psychopathology subtypes on the SIDAC:

Hypothesis 19 stated that there will be significant differences in the
proportions of children with a clinical rating of psychopathology on the SIDAC
between the Premature and the Sibling Control Group. As noted in Table 16
above, a comparison of the proportions of the two groups was significantly
different at the .05 level (Chi-Square = 15.74; df = 1; p = .000). This hypothesis
was supported by the data as significant differences were noted in the
proportions of children with clinical rating of peychopathology from the
Premature Group (87.5%) when compared to the Sibling Control Group (15.6%)
on the SIDAC.

Hypothesis 20: ADD-H: Prematures va, Control Group

Hypothesis 20 stated that there will be significant differences in the
proportions of children with a clinical rating of Attention Defict Disorder with
Hyperactivity (ADD-H) on the SIDAC between the Prematurs and Sibling
Control Group. As noted in Table 16 above, a comparison of the proportions of
children rated as ADD-H between the two groups, was not significantly different
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at the .05 level (Chi-Square = 3.15; df = 1; p = .08). This hypothesis was not
supported by the data indicating that the Premature Group (46.9%) and the
Sibling Control Group (12.5%) did not differ significantly from each other with
respect to clinical rating of Attention Deficit Disorder with Hyperactivity on the
SIDAC.

Hypothesis 21 stated that there will be significant differences in the
proportions of children with a clinical rating of Attention Deficit Disorder (ADD)
on the SIDAC between the Premature and Sibling Control Group. As noted in
Table 16 above, amdﬂawmmddﬁeﬂrmmﬂ
between the two groups was not significantly different at the .05 level (Chi-

Square = 2.90; df = 1; p = .09). This hypothesis was not supported by the data
indicating that the Premature Group (28.1%) and the Sibling Control Group
(0%) did not differ significantly from each other with respect to clinical rating of
Attention Deficit Disorder on the SIDAC.

on the SIDAC between the Premature and the Sibling Control Group. As noted
in Table 16 above, amdhprapamﬂmrm-icmduﬁ
Disorder / Oppositional Disorder, between the two groups, was significas

different at the 05“(0"-8@“14.29 dft‘l p- 04) TI'HW
(37.5%) differed significantly from the Sibling Control Group (0%) for clinical

between the Premature and Sibling Control Group. As noted in Table 16
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between the two groups was not significantly different at the .05 level (Chi-
Square = 0.83; df = 1; p = 0.36). This hypothesis was not supported by the data
MMmelaﬁonshipexistsbetweendmdmnfromme
Premature Group (28.1%) and the Sibling Control Group (12.5%) for the clinical
rating of Anxiety Disorder on the SIDAC.

Hypothesis 24 stated that there will be significant differences in the
mamm-m:mmWMmm&mc
between the Premature and Sibling Control Group. As noted in Table 16
above, a comparison of the proportions of chiidren rated with Depression
between the two groups was not significantly different at the .05 level (Chi-
Square = 3.33; df = 1; p = 0.07). This hypothesis was not supported by the data
mm.wmmmmmdﬂwmm
the Premature Group (31.3%) and the Sibling Control Group (0%) for the
clinical rating of Depression.
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The cognitive performance (WISC-R) within the Premature group of
children with Very Low Birthweight (VLBW; n = 12) and Low Birthweight (LBW.; n
= 20) was compared with the performance of the children in the Sibling Control
Group (n = 8) using one-way ANOVA and Multipie Comparisons as noted below
in Table 17:

Hypothesis 25 stated that there will be significant differences in mean
Full Scale 1.Q. scores between chidren from the Premature Group with
birthweights below 1500 grams (Very Low Birthweight or VLBW), children with
birthweights above 1500 grams (Low Birthweight or LBW), and children from
the Sibling Control Group. Mean WISC-R IQ scores of chidren with Very Low
Birthweight (VLBW; n = 12), Low Birthweight (LBW; n = 20), and the Sibling
Group (n = 8), are noted in Table 18 below:

Tabia 18, WISC-RIQ. VLEW / LBV Prematures & Sibings

FSIQ 97.1;125 92.8;16.1 1076, 94
viQ 100.3;13.4 90.3;17.1 103.3; 84
PIQ 94.3;13.4 98.7:15.4 111.8; 110




As noted in Table 17 above, one-way Analysi
WMnMMSCEFﬂScﬂeIQmadmﬂmmm
three groups (F = 3.23; df = 2; p = 0.05). Muttiple comparisons of the means of
the three groups revealed a difference at the .05 significance level, between the
mmFdScdolQacorasafmldrennﬂwahngConmleupwﬂnLBw
subgroup. However, no significant difference was noted between the mean Full

smnddaamnmwswwmpmmsmﬂgcmmerm ln
mmmmmmmrmmmﬂmm
Scale 1Q scores.

Hypothesis 26 stated that there wil be significant differences in mean
Verbal 1.Q. scores between children from the Premature Group with birthweights
below 1500 grams (Very Low Birthweight or VLBW), children with birthweights
sbove 1500 grams (Low Birthweight or LBW), and children from the Sibling
Control Group. Mean WISC-R Verbal IQ scores of children with Very Low
Birthweight (VLBW: n = 12), Low Birthweight (LBW; n = 20), and the Sibling
Group (n = 8), are noted in Table 18 above.

significant differences in mean Verbal IQ scores between children in the three
groups (F = 3.00; df = 2; p = 0.08). Multiple comparisons were therefore not
fifferences between the three groups with respect to

birthweights below 1500 grams (Very Low Birthweight or VLBW), children with
birthweights above 1500 grams (Low Birthweight or LBW), and children from
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the Sibling Control Group. Mean WISC-R Performance IQ scores for children
with Very Low Birthweight (VLBW,; n = 12), Low Birthweight (LBW; n = 20), and
the Sibling Group (n = 8), are noted in Table 18 above.

As noted in Table 17 above, one-way Analysis of Variance indicated
significant differences in mean Performance |Q scores between children in the
three groups (F = 4.20; df = 2; p = 0.02). Multiple comparisons of the means of
the three groups revealed a difference at the .05 significance level, between the
mean Performance IQ of children in the Sibling Control Group and the LBW
was noted between the mean Performance IQ scores of children in the VLBW
indicating that the three groups differed significantly from each other with
respect to their Performance 1Q scores.
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Differences in academic performance (WRAT-R) of children within the
Premature group with Very Low Birthweight (VLBW; n = 12) and Low
Birthweight (LBW; n = 20), was compared with the Sibling Control Group (n = 8)
mMANQVAmmCanmﬂnmamﬂTﬂe@

subtypesb“anhmr

Hypothesis 28 stated that there will be significant differences in mean
wmwoogmmymwarvwm dﬁmwﬂh
weights above 1500 grams (Low Birthweight or LBW), and the Sibling

Control Group. Mean differences in WRAT-R achievement scores for children
-mmmwmsw n = 12), Low Birthweight (LBW; n = 20), and
Sihiing Groups (n = 8), are noted in Table 20 below:

1@6 108

Reading  97.4:129 822,155
Speling 943 10.1 82.0; 139 95.5; 15.8
3.1; 11.1 95.1; 12.4




As noted in Table 19 above, one-way Analysis of Variance indicated
significant differences in mean WRAT-R Reading scores between children in the
three groups (F = 7.96; df = 2; p = 0.001). Multiple comparisons of the means of
the three groups revealed a significant difference at the .05 level, between the
mean Reading scores of children in the Sibling Control Group and the LBW
subgroup. In addition, a significant difference was noted in the mean Reading
scores of children between the LBW and VLBW subgroup. However, there was
no significant difference in the mean Reading scores of children in the VLBW
subgroup and the Sibling Control Group. This hypothesis was supported by the
respect to their mean scores on the WRAT-R Reading subtest.

 differences in mean
mTﬁmmmmmmHMQqu)m
birthweights below 1500 grams (Very Low Birthweight or VLBW), children with
birthweights above 1500 grams (Low Birthweight or LBW), and the Sibling
Control Group. MWT—EMMMMMWW
viryst (VLBWn:‘lz) LGWW(LBW n = 20), and the

Hypothesis 20 stated that there will be significant

As noted in Table 19 above, one-way Analysis of Variance indicated
significant differences in mean WRAT-R Spelling scores between children in the
three groups (F = 4.51; df = 2; p = 0.018). Mukiple comparisons of the means of
the three groups revesied a difference at the .05 significance level, in the mean
scores of children in the VLBW and LBW subgroups when compared to the
thet the three groups differed significantly from each other with respect to their
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Hypothesis 30 stated that there will be significant differences in mean
WRAT-R Arithmetic scores between children from the Premature Group with
wthweights below 1500 grams (Very Low Birthweight or VLBW), children with
irthweights m 1500 grams (Low Birthweight or LBW), and the Sibling
Cmual Grmp Mean WRAT-R Arithmetic achievement scores for children with
Very Low Birthweight (VLBW; n = 12), Low Birthweight (LBW; n = 20), and
Sibling Group (n = 8), are noted in Table 20 above.

As noted in Table 19 above, one-way Analysis of Variance indicated no
significant differences in mean WRAT-R Arithmetic scores between children in
the three groups (F = 1.98; df = 2; p = 0.153). Multiple comparisons were
therefore not performed for the three groups. This hypothesis was not
supported by the data, indicating no significant differences between the three
groups with respect to their mean WRAT-R Arithmetic subtest scores.

children from the Premature Group with Very Low Birthweight (VLBW, n = 12)
and Low Birthweight (LBW; n = 20) diagnosed with Global LD, Language LD,
and Arithmetic LD, based on their performance on the WRAT-R subtests
(standard scores < 80) and the WISC-R (FSIQ > 80):

Hypothesis 31 stated that there will be significant differences in the
mammnmmmmbd(mwmr-a
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between the Premature Group with Very Low Birthweight (<1500 grams or
VLBW) and Low Birthweight (>1500 but <2500 grams or LBW).

As noted in Table 21 above, a comparison of the proportions of children
with Global LD using Chi-Square was not significantly different at the .05 level
(Chi-Square = 0.31; df = 1; p = .58). This hypothesis was not supported by the
data indicating that no significant differences exist between VLBW (16.6%) and
LBW (25%) Prematures for Global Learning Disability rating.

Hypothesis 32 stated that there wil be significant differences in the
proportions of children identified as Language Learning Disabled (mean
WRAT-R Reading &Spelling standard scores <80 but Full Scale 1Qs >80)
between the Premature Group with Very Low Birthweight (<1500 grams or
VLBW), and Low Birthweight (>1500 but <2500 grams or LBW). As noted in
Table 21 above, a comparison of the proportions of children with Language LD
between the two groups was not significantly different at the .05 level (Chi-
Squn 071'61 1p 040) Thbhypndmwanatuppambymadm

deBnnﬁﬁndnLomDubbdmArﬂma(m
WTENWMdm:BDMFﬂSﬁaIO::&D)mm
Premature Group with Very Low Birthweight (<1500 grams or VLBW) and Low
Birthweight (>1500 but <2500 grams or LBW). As noted in Table 21 above, a
two groups was significantly different at the .05 level (Chi-Square = 5.52; df = 1;
p:oﬂ) This hypothesis was supported by the data indicating statistical
bitwnn VLBW (25%) and LBW (0%) Prematures identified as
L-.nngﬂhnhhdhkm




Differences in neuropsychological performance (HRNB-C Composite
scores) within the Premature group of children for Very Low Birthweight (VLBW,
n = 12) and Low Birthweight (LBW.; n = 20), was compared with the performance
of the Sibling Control Group (n = 8) using one-way ANOVA and Multiple

Wmmmm-wmwmmmnm
HRNB-C Composite scores between children from the Premature Group with
birthweights below 1500 grams (Very Low Birthweig t or VLBW, n-12 mean =
25.33), children with birthweights above 1500 grams (Low Birthweight or LBW,
n = 20; mom-318)andﬁ$ublhgcanmlermp(n-8mean 912) C)ne
mmmuwmmmﬁ,-5_17;3132:920.01). mnpb
mmdmmdManmadmmmoﬁ
level, in composite HRNB-C scores of children in the Sibling Control Group and
supported by the data, mmnmmmﬁwm
each other with respect to their mean HRNB-C Composite scores.
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,,,,,f'GaTﬂahandmﬂym(ﬁmr)mmGQﬁuctﬁm
mamfmwmmw A signific :
ﬁﬂPMaGrmp(nsae)mMng
as well as Arithm ,'f—mutmesafﬂﬂWHATFt but not the Spelling subtest.
These results suggested that lower scores on these WRAT-R subtests were
ociated with birthweight of children from the Premature Group. A summary
dmmmmummdm
Hm:@u(nsﬁ)mﬂmsc-ﬁnwﬂﬂwaATRMEMm

(niﬁ) Amm(ﬁmr)mmdmmm
Distress Syndrome, frequently present in Prematures, and birthweight. An
mmmm Birthweight of the Prematures was not
associsted with Retrolental Fibroplasia, Cerebral Palsy, Seizures, Head Injury,
Fetal Aicohol Syndrome, Delayed Language or Motor development, but was
associsted with High Fever (Point-Biserial). Birthweight of ths Prematures was
associated with the clinical manifestation of Attention Defick Disorder with
wmmmmm)mwm

Biserial). A summary of the correlation mpé
(n-&)mnmmmhmzam
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mmmwMﬁmmmmmm
mhmﬂMMdmme-ﬁmmmmm
or Reading subtests. A summary of these values is noted in Table 24 below.

mmmmwmmﬁmmnmﬂ
associated with lower WRAT-R Reading, Speling and Arithme 3
mmmmmmmmwm
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subtest. A summary of these resuits is noted in Table 25 below.

Reading / HRNB Composite  -.53 .000*™*
Speling / HRNB Composite  -.41 .004™
Arithmetic / HRNB Composite  -.56 .000™
Reading / HRNB Category -31 02
Spelling / HRNB Category -15 A7
Arithmetic / HRNB Category  -.37 01+

The relationship (Point-Biserial r) between academic achieve

HRNB Aphasia Screening Test (wﬂmmammdnm
clinical indicators of aphasia were only noted in the performance of children in
Wmmwmwmmmmwmm
Dysnomia. Lower scores on the Speling subtest of the WRAT-R was
sssociated with Dyscaiculia, Speling Bpwm and Dysiexia, but not
Constructional Dyspraxia, Dysgraphia, | axia, Right-Left Confusion or
Dysnomia. mmm-mnmwmmﬂ
indicators of aphasia including Constructional Dyspraxia, Dyspraxia, Right-Left
wmmmmwmm:mmm
26 below.
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MMWH(SPE)W“W-W
pum“aﬁymtndhcﬂdmnmwmerm Lower
mmmmmmﬁwmaw
MMmmhM“mmmmwd
muﬂwmQGNSFE Amuydﬁ
correlation coefficients (Point-Biserial r) relating to the above variables is noted
in Table 27 below.
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Myﬁm(:ﬁumﬁ)nfmnm(:iammm
Whﬁlﬁyﬁmmmm&m Lmﬁcm
subtest scores on the WRAT-R were associated with children who displayed a

Mﬂcmmmmdﬁmmamdmm
(Point-Biserial r) for these variables is noted in Table 28 below.
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mmmmmmamefdﬁw
development were only noted in the history of children from the Premature
Group. Lower scores on WISC-R Verbal, Performance and Ful Scale scores
were associsted with chidren having a history of delayed language
m(ﬂsm)mmmmm(ﬂam)
AmthW(MMﬂhMWu
noted in Table 29 below.

MNMWQMMmﬂm

mmmmmmm-mdm
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W(s‘lsmonﬂu)mdmfﬁ
of ,’;”ﬁDysprmmmwafmmanmmm
hmmaptmbbedysfmgn was associated with chidren who
m-mﬂmmmmmmummg
('litramancr) Amﬂduﬂmmmmfwm

mmmmmmwm amyaf
delayed language and motor development, lower scores for the WRAT-R
Reading and Arithmetic subtests, bulnatonﬂWﬁAT—RSp-hgnﬁnn)
Puﬁauﬂnmmmwmwmmw

ormance and Full Scale 1Q scores on the WISC-R. Lower scores on the
hﬂﬁmmwmmmmmmﬁywtﬁdh
special education settings (none in the Sbiing Control Group). Impaired
Bender performance was ailso associsted with higher (more impaired)
m@hmm:dcmymmnﬂnﬁ
Dynpmdn(PaH—Einﬁlr) miﬂudmm

mmmadnwmummmmA Lmaind-r
mmﬂomm dniul mhm D-la m
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Biserial r). Lower Bender test pe srmance as aiso highly associated (Point-
Biserial r) with children having snormalities in basic personality functioning on
NSIQAC(MMMMHMQ@m) A summary of the
correlation coefficients for these variables is noted in Table 31 below.

Additional analysis was aiso conducted on selected variables in order to
further investigate differences noted between the Premature Group and the
Sbing Group. Differences in parental background including education level
iovel of the fsthers from the Premature Group (Table 4 above) compared to the
Sbing Group (Table 6 above) did not differ significantly. However, the
educationsl level of the mothers of both groups of children (Table 4 above) did
difler significantly as mothers from the Sibling Group (Table 6 above) reported &
siightly higher level of education . The occupetionsl status of fathers from the
Premature Group (Table 3 above) differed significantly from fathers of children
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mmsmngermpﬁathM)ﬁmastwgempbyadiﬁavsmd
mmﬁuﬂmgfarmmgwhdemfaﬂnmdﬂ%ﬂm&rm

mm::mmﬁmtheﬁm:érmpﬁabbsmnm
MMWQWMWWMMM(MW)
mmmmmsdaﬁmﬁmmsuhgemup(ﬁﬂasmH)
wlwnpartedmkmmﬂwtadwcalsﬂoraﬂuaea mmm

Father Education 171,085 200,092 076 48
Mother Education 1.96; 0.74 262: 051 292 .01
Father Occupation 4.46;1.75 2.75; 1.16 -3.33 .00*
Mother Occupation 4.50; 1.86 2.75; 1.38 -295 .01*
Dwowepe<05 T

nﬁmmwnmammmm
problems compared 10 approximate ) 25% of the tathers from the Sibling Group
(ax)mmmmdmmndnmmy A famiy
mamwmmmmmm-ndﬁm&m
(ﬁ)ﬂmmhmmﬂnmddﬁmhﬁ
Fr-mm-am mmmmdmmmm

Mmﬂdﬁmmmmm-ﬁﬁw
mdmﬁmﬁmﬂmmﬂyhﬁ
Reading, Speling and Arithmetic areas. This diagnosis was applied using
pattern analysis, IQ scores and diecrepancies, standard score cut off merkers
mmmmmmh-mmmm




136

rules for chinical practise. Children were then classified into subtypes of LD
based on the above criteria and compared across the Premature Group and the
Sibling Control Group (Frequencies). The resuits indicate that none (0%) of the
chidren from the Sibiing Control Group (n = 8) were classified as Reading
Disabled while approximately 53% of the Premature Group (n = 32) were
mummbmdmmabmmgna With respect to a

cinical rating of Speling Disability subtype, approximately 63% of the
ﬁmoerwpmzs%ofmosumContrdgmupwedﬂmﬁedaLD
for Spelling. The diagnostic (clinical ) rating for Arithmetic Disability was noted
in approximately 59% of the Premature Group but only 13% of the Sibling
percentage of children with a clinically derived diagnosis of LD subtype
(Frequencies) is noted in Table 33 beilow.

neuropsychological deficits. With respect to the clinical presence or absence of
Constructional Dyspraxia, mdhdﬁmhnmcmm
(“)mudmpdwmicdmma 37515
mmmmamnmﬁmmm

pathognomonic sign of aphasic M was in
mmuummmﬁm) Eﬁ'ﬂ—uﬂ
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Confusion was demonstrated in approximately 40% of the Prematures
compared to 0% from the Sibling Group. Dyslexia on the AST was
demonstrated in approximately 56% of the Premature Group compared to 0%
from the Sibling Group. Dyscaliculia was noted in approximately 69% of the
Prematures compared to 37% for the Siblings. Dysnomia was demonstrated in
approximately 50% of the Premature Group compared to 25% of the Sibling
Group. A summary of these values (%) for both groups is noted in Table 34

neuropsychological deficits. wm\mmmﬂnmmafmm
errors on the Sensory-Perceptual Examination, approximately 41% children
from the Premature Group were noted to display demonstrated abnormal
performance (presence of pathognomonic signs) compared to none (0%) of the
children in the Sibling Group. Similar results were noted for Finger Agnosia as
none of the Sibling Control Group children (0%) demonstrated this sign while
Mmummmmmmmﬁ
MWMM(M)M&:S&@WGW
demonstrated errors in 13% of the time. On the Tactile Form Recognition subtest
of the SPE, both groups of children made errors (68% for Prematures; 62% for
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Sibings). A summary of these values (%) for both groups is noted in Table 35
below.

T;allaForm ﬁmgnmon 68 62

Differences in intellectual ability for Prematures (n = 32) and Siblings (n =
mmmwﬁhaughm,;ﬁ;‘jafsubteﬁpsﬂmmaﬁm
WISC-R since statistically si ificant results were noted for the global IQ scores
for both groups. Generally speaking, children from the Premature Group did not
mwﬁmmmmcmmemupmmmscaw
MWWWMWHIMMWQMW
However, children from the Premature Group differed significantly from children
in the Sibling Control Group on sl remaining WISC-R Performance subtests as
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Verbal Scale:

information 84,

Similarities 9.5,

Arithmetic 8.3;

Vocabulary 9.1;

Comprehension 9.5,
. 7.8;

Performance Scale:

Picture Compietion 10.9;
Block Design 8.5;
Object Assembly 8.7,
Coding 9.2;
Mazes 9.0;
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*Denotes p = < .05
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Results of any neuropsychological study wiﬂ'i children are Dbest
understood within a theoretical framework of a deveic mental model of child
neuropsychological  functioning. Untii  recentty, modeis of gdult
memmmbemﬁﬁQdGMMtam&g h
conform to the rigorous demands imposed by developmenta research
variables invoived in the study of children. it has been demonstrated in the
ierature review, that there are vast differences in normal brain development
and functioning between children and adults. These differences are even more
mmmmmmmwmﬁmmmm-nn
mmmwmnmmpﬁmﬂnﬂm
outcomes when compared to adults since the ‘“trajectory” of normal
mmumwm-wmmmmms
dysfunction throughout an individual's ifespan. in addition, impairment and/or
mdvmmnﬂﬁmdmmmmm
MW'M'mmmﬁnqundmprm-M
or altered function later in development. These features can readily be seen
mmmmmmmmnm
be due to the fact that one cannot die from a Leaming Disability and therefore it
mmummmu-mmmhm
known to occur in children and the most frequent resson for referral to most
MhMMMMhEﬁWﬂm
memﬂdmdﬁﬁmmdmﬁi
Wmawumammmmmmm
NMWWNWWMHﬁﬁd
education and psychology. The lerature review suggests that this fieid is in s
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infancy particularly with respect to the more powerful investigative techniques
and neuropsychological assessment procedures available today that can better
measure brain-behavior relationships throughout an individual's lifespan.

The literature review indicated that children with premature birthweight
have consistently demonstrated a higher incidence of Learning Disabilty when
compared to their normal birthweight counterparts. This early research has
however, only demonstrated more giobal patterns of Learning Disabiity while
more recent research with this population has focused on reading disabilities
but paid little attention to other subtypes. Early and current research has aiso
concentrated on younger children with relatively known medical complications
since the research was based on sampies of outpatient groups. These children
may therefore have more obvious deficits and may be evidencing more learning
deficits simply due to their higher risk status. The current study chose to sample
a group of oider voluntesr and their Siblings as it was felt that these children
may be more representative of the larger “population” of Prematures including
those with relatively few problems. This group was aiso chosen as the author
was interested in surveying a group of children who may have more subtie
dysfunction that likely cont: utes to the development of LD and its subtypes. A
Sibliing Control group was used primarily to try to control for SES factors which
often account for the lion's share of variability between groups used in previous
studies.

The major focus of the current study was to investigate Leaming
Disabiiities among a sample of oider children with premature birth histories
using a neuropsychological perspective and including an evaluation of the
and compering their performances with a group of normal birthweight Siblings
acting as controls. An assumption was made that this group of premature
chidren would likely display a variety of deficits in leaming, cognition,
neuropeychological function and psychopathology compared to Siblings with
normal bithweights dus 0 more subtie neurodevelopmental deficits that
resulted from some type of early trauma and/or dysfunction to the developing
brain. A review of the resserch indicated that neurodevelopmental deficits are
often manifest in children with premature birth histories primarily due to the
plsthora of medical compiications associsted with prematurity as well as
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uoguicmcurdatodtomoumaﬁematureswhileinmenoonaw
intensive care unit. It was therefore hypothesized that children form the
Premature Group would likely display lower IQ and more variation between
VIQ/PIQ, more indicators of a Learing Disability including certain subtypes of
LD, more indicators of brain dysfunction on the HRNB, more indicators of visual-
motor integration and more indicators of psychopathology and/or attentional
deficits when compared to a sample of Siblings acting as controis (Sibling
Group). It was further hypothesized that the Premature group would display
mspodﬁcpmmofuumngoisability.parﬁculaﬂyinmmm.
including more variation in Verbal or Performance |1.Q., with perhaps lower
Performance |Q, more impaired performance on the HRNB particularly for
complex nonverbal skils as well as sensory-perpceptual function, and more
indicators of psychopathology including attentional deficits, when compared to
their Siblings with normal birth histories. In addition, it was hypothesized that
the very low birthweight Prematures (VLBW = <1500 grams) would likely
display more deficits on all the above variables when compared to Prematures
with siightly higher birthweight (LBW = 1500- 2500 grams).

The literature review included a discussion of Leaming Disabiity
ressarch including subtype analysis with respect to premature birth outcome.
The results appear to be quite consistent with previous observations and
suggest that Leaming Disabiities likely arising from more subtie brain
dysiunction, are frequently noted among Prematures well into the middie
chikhood period and into early adolescence. Furthermore, the pattern of
Learning Disability appears to follow conventional research findings suggesting
some dysfunction of the linguistic functions including reading and arithmetic but
not speling. A unique pettern of arithmetic deficits was noted for the
Prematures with lower versus higher birthweight when compared to other non-
premature LD groups who appeer to have more linguistic deficks. Significantly
lower Ful Scale and Performance Q ratings were also noted among the
Premeture group suggesting the possibiity of early destruction and/or
dysfunction of cerebral white matter associated with right cerebral hemisphere
disorders as noted by Rourke in his deecription of “Nonverbal Leaming
Dissbilties® (1962; 1987; 1988). Significantly more impeired performance on
broad measures of neuropsychological integrity were also noted for the
Premature Group in relstion 10 the Sibling Group indicating the presence of
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more subtie brain dysfunction within this group of chikiren despite
improvements in medical technology and service delivery to this new and
unique group of children. Arelstmmh:pwasalsonatadbcﬂenm
Mwmmmmny | Bt  scores, more
impaired neuropsychological psﬂomianca more impalrad visual-motor
rngrmmmdmamlndocatmalpsyi thology. These resuits provide
mmmmﬁmmmmgmmm:mm
ghﬁmkfwahﬂtafmapsydmandlordevebpmenu disorders
including pe: ,,;nagomymﬂwreaﬂyclﬂdwodpemdumﬁby
wmmwmmmmwm years,
mrmammmmmmmwmm
including the in ical assessment procedures for
mﬁmprm:bu‘mhmary The comprehensive format of

’,_Tj:;alawsbrthaavmalma
mmmnnmmmbyumu_ '
mﬁrﬂaﬁyﬂwhmwﬂmmﬂm&ewm
would aid in the construction of better and more appropriate remediation

programming.

mmm ,,,mmmﬁmh
Hmn&ummmﬁmns@ymﬂmmbym

chuding Rourke. In addition, it was noted that the current group of
Prumlnmiudmdﬁmm *nonverbal Learning Disability”
dnﬁhdbyﬁowko(’lm.iﬁn in fact, Rourke's developmental model of
wological functions in children provides an excellent framework for
ﬁﬁaﬂnﬂﬂmdﬁmmmmmh
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Nonverbal Learning Disabilities (NLD)

Rourke (1967; 1988), has postulated a neurodeveiopmental model of
Mdprmumwdysfuncﬁommdﬂdrenbmdonmm
principles outined by Goidberg & Costa (1981). Rourke indicates that any
complete model of neuropsychological functioning in children should account
for the following: (a) the full spectrum of chidren's perceptual, leaming,
mnestic, and other cognitive abilities and disabilities and (b) the three principal
sxwes of concemn in human brain-behavior relationships inciuding the
progression from lower to higher centers, from posterior regions of the cerebrum
to the anterior regions, and the right hemisphere to left hemisphere progression.
in other words, @ model that simply explains a child's Leaming Disability in
reading for example, is grossly inadequate with respect to (a) above.

Rourke's early formulation of the NLD model (1982), was aimed at
mmmmmwmnmmmmofmminnw
as the development of the individual's approach to the material to be leamed.
Rourke recognized the fact that his early model had limited applicability since it
took into consideration only the relative salience of the right versus left
hemispheral system contributions to central processing and adaptive
functioning. In other words, it did not provide an explanation of the full range of
neurodevelopmental phenomena or more general brain-behavior relationships.
Nevertheless, this early version of the NLD model was an important contribution
to developmental neuropsychology since it evoived from Rourke's own
developmental research with children as opposed to an attempt to “downscale”
existing aduk models of neurcpsychological function.

in the Rourke (19682) "Right-Left® model, it was suggested that this
subtype of Learning Disability could be identified in children who were suffering
from some type of disordered functioning of systems within the right cerebral
hemisphere, or from some lack of access to such systems. In the Rourke (1987)
model, focus is exdended 10 include differences and interactions between white
and grey matter in the brain. Rourke (1987; 1968) has termed his Nonverbel
Leaming Dissbility model (NLD) as the °Right-Left, Down-Up, Back-Front®
Model (p. 206), primarlly dus 10 s emphasis on the three dimensions and
progressions in neurodevelopment noted above. The model emphasizes the
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mmdmﬁbﬂmdmmdmngmm
course of cognitive development as well as deveic mal progression of
m:m“ﬁwm in doing 80, Rourke has
Mnmﬂdﬂhﬂmmpmarmlybmadrmged

Rourke (1982; 1987, 1989) postulated that early trauma to the
developing brain often leads to a variety of de daﬁutsm
according to his theoretical model of child neuropsychological functioning, wi
mmw,’,?,ﬁ,,;mammmmmma
long myelinated fibres in the brain. This destruction or dysfunction of white
mﬂw&ﬁﬁdymhmdfhnsﬂuhwcm
simiar regions of both the right and left hemispheres,
association itnl radiating from posterior to anterior regions and
inmterconnecting cortical regions of the same cerebral hemisphere, and
prqoaionﬁ- projecting from “top" to “bottom® and m the

cephalon to the cerebral hemispheres, the brain stem and the spinal cord.
Rmkimmmﬂdmmeidutoyodarm

inctional by various sorts of neurological diseases or early birth trauma.
hmmtﬁmﬂmaﬁmmnnmm

Wmhm ponﬂdieir-bdpﬁy poorlym
hydrocephaius, and in children with significant tissue removal particularly from
the right cersbral hemisphere. He concluded that a variety of “nonverbal®
Mnmhmmmmmngﬁwﬂam
since It containg a higher ratio of white matter to grey matter than the left
hemisphere (Goldberg & Costa, 1981; Rourke, 1962; 1987, 1988). He aleo
concludes that increased destruction of white matter fibers (relative to total brain
m)mﬁmmmauwmm
(mﬂymmhdmhlﬂtﬂulﬂbaﬂy) ]

solving abilties. mmmmnmwdﬂmm
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is lesioned, removed or dysfunctional and at which stage of development it is
lesioned, removed or rendered dysfunctional has an important bearing on the
NLD syndrome. In addition, Rourke conciudes that since the white matter
Mnmmwmﬂmmaumummwmw
maintenance of specific functions early in life, including intermodal integration
particularly of novel information processing, matdasﬁucbanarpermm
disruption of right hemisphere white matter would lead to the mani n of
NLD. ﬁmdmﬂmmnmwgﬂﬂrﬂas
permanent handicap to the acquisition descriptive systems at any
wmwmmemmmmw

Rourke's extensive research with Learmning Disabled children over the
past 20 years has resulted in the identification of certain subtypes of LD children
(Rourke, 1975; 1985; 1891, Rm-&Fﬂny:aﬂ 1978; Rourke & Strang, 1978;
1963). Hﬂ;kl‘lublypﬁmﬁhdyﬂhﬁudbypuhﬁiﬁﬁmmﬁ
waﬂ recognition, speling and arithmetic performance on an academic

vement test (WRAT). Since 1971, in addition to identifying other subtypes,

as noted in the Werature review, Rourke concentrated on two particular
mdmmmmmmmn-smm
A masmammwmm
,i’rmhmmmmmhm
mﬂﬂlﬂn mAmmnwmdw
Dl ""*j“-ﬂmmwmm
Wmm:mmmmmm
meiching, amount of verbal output, and verbal classification. Rourke indicated
MMAWW“MMWMH
thmetic while showing advanced levels of word-rec and
mmmn-smmmmmmﬂmm
pcmu mmmm mmm GmmA
children Bustrated a "nonverbal Leaming Disabiity” pattern similar in theory to
the the subgroup first identified by Mykisbust (1978).
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Rourke (1987, 1988)mmaNanvarbaannngD=ﬂly(NLD)
syndrome in terms of primary or secondary neuropsychologic: 8"
dcliem dbpiayodbyd\wmmmﬂﬁmmngmamdpem
intact simple motoric skills particularly at okler age levels, intact auditory-
perceptual skills, and intact ability t0 learn rote material particularly in the
and well practiced skills such as handwriting that eventually develop from early
stages of developmental “lag" to an average or above average level in middie
to late chidhood. Secondary neuropsychological assets include intact rote
verbal memory for material that is readily coded, excellent phonemic hearing,
segmentation, blending, repetition, and well developed receptive language
skills. A high volume of speech output including a large store of rote verbal
material and verbal associations are aiso noted as secondary verbal assets for
theee children, with more skills noted with advancing years. Following initial
problems with visual-motor skills and with much practice in using a pencil,
also tends t0 develop t0 an average or even above average level with most
oral and written material could aiso develop to high levels in the middie to iate
elementary school years.

Mwwm mﬂymmﬁﬁmhhﬂ
side of the body, becoming less prominent with advancing age. (impaired
mmmammmmmnm
noted with significant deficits in visual-spatial-organizational ability, tending to
increase with age. Mmmmmm“prmm
with more merked deficiency on the left side of the body, and except for well-
practiced skills such as handwriting, tend 10 increase in severity as these
children grow oider. mmmmmmmm
impaired ability t0 deal with novel material including pPoor 8Qe-8pprc

accommodation to, mmmwmmam
ovents as they meture. Secondery neuropeychological deficits include poor
mnwmmmm-mmwammmm
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performance with increasing age, axaptfarwarbsnedmm:npmtad
text, where the performance may not deteriorate with age. sployment of
mmmm-ppuﬂmbamuehmhrmmpb
repetitive verbal material (particularly if delivered auditoraly) when compared to
complex, novel or nonverbal material (particularly if the mode of presentation is
vieual or haptic). Rourke adds that the difference between attentional
deployment capacities for these two sets of material also tends to increase with
age. Included in the list of secondary neuropsychological deficits illustrated by
NLD children, are deficits in exploratory behavior as Rourke indicates that these
children engage in little physical exploration of any kind even for objects within
easy reach that could be expiored visually or through tactile means. He notes a
tendency toward more sedentary and physically limited modes of functioning for

Since NLD children often manifest a host of complex
m and social deficits, Rourke summarizes these as mary
gical deficits including poor memory for tactie and visual input
wmm_nnahdwim-g: mm“wmm-sm
mammm-mﬁmmmhm
coded in a verbal fashion. Relatively poor memory of complex, meaningful, and
with NLD. The difference between good t0 excellent memory for rote material
fashion, tends t0 aleo increase with age. Marked deficits are also obeerved in
concept-formation, problem solving, mmﬂwm
including appreciation for information feedback, p.hdﬁyiflhl N is
novel or complex, are common features of tertiary neur ogical defici
displayed by NLD children. WMHMWM
relstionships or appreciation of incongrulties including age-appropriate
mamnmmmmmu Theee
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Verbal neuropsychological deficits of children with NLD include mildly
deficient oral-motor praxis, littie or no speech prosody, combined with much
verbosity of a repetitive or rote nature. Praphasic errors are often of the
phonological rather than semantic variety. Poor psycholinguistic pragmatics
such as “cockiail party speech”, and a reliance upon language as a principal
means for social relating, information gathering, and relief from anxiety, are aiso
noted in NLD chiidren, according to Rourke (1887). He further states that all of
these features, except for oral-motor praxis, tend to become more prominent

Academic deficits llustrated by children with NLD include considerable
with a better prognosis noted for handwriting with increasing age and following
much practise. Reading comprehension tends to be much poorer than single
word reading (decoding), with deficits noted particularly in the comprehension
of novel material, increasing with age. Significant deficits are obeerved in
mechanical arithmetic when compared to proficiency in single word reading
and spelling skills with the gap between these two groups of skills widening
with increasing age. Rourke further notes that the mechanical arithmetic
performance of children with NLD rarely exceeds the Grade S level, and that
mathematical reasoning as opposed to over-leamned arithmetic operations,
remains poorly developed for these children. Persistent difficulties are also
obeerved in other academic subjects involving problem solving and compiex
concept-formation such as physics, with observable gaps noted between theee
subjects and other subjects demanding more rote or over-leamed skills,
increasing with age.

in addition to these neuropsychological and academic deficits, Rourke
(1967) describes a unique set of socio-emotional and/or adaptive deficits
among children with NLD. He indicates that these children have extreme
dificully in adapting to novel and otherwise complex situations since theee
situations require organization, analysis, and synthesis of material. He notes
thet these children demonestrate and over-rellance on prosaic, or rote behaviors
in such situations with increases in these deficits noted as children mature.
Significant deficits are also noted in social perception, social judgement, and
social interaction skills with increased defict noted with advencing age. A
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mumwammermmmsmm
with advancing years. The early childhood histories of children with NLD often
mommm-mmmwmwmmnmmngmm
children become at risk for more ‘internalized" forms of ps h

indicators of excessive anxiety, depression, and associated marnaluzadfnnns
of socio-emotional disturbance tend to increase with age, according to Rourke.
chidhood but with advancing years, tend to become more normal in their

in summarizing the essential features of the NLD syndrome, it is
important t0 note that virtually all the potential "assets" displayed by these
children center in their capacity to process auditory information, despite the fact
that these chiidren often also manifest weaknesses in a variety of auditory
domains in their early developmental period and are frequently described by
others as "hard of hearing®. mmmmmmnm
delay in the acquisition of speech as well as in other developmental milestones
and therefore, ummmmmmnmnmmm
early in their development, only to be "mis-diagnosed” as “immature”. Indeed,
parents are often relieved with this prognosis as they aiso notice a steady
mmdmdﬂmmnﬁymnmhmﬁignﬁmdmmhm
mmwuu.nm Inthignd mmmmm
develop a high rate of speech production, they stil appear to be behind their
mmmmwm“mhﬂ- Reading
comprehension is typically poor but single word-recognition arn , ’
frequently adequate. Arit ”:i}lkllnthoarnnwnalydm
mmmmm ',,,';hahninpdrod
bilsterally with more deficits noted for the left side of the body. Social-emotional
deficks including poor social judgement, lack of prosody in conjunction with a
high rate of speech, poor adaptabiity 10 novel situations, poor nonverbal
communication are manifest in NLD chidren. He has aleo concluded thet
young children with NLD remain essentially sedentary and do not expiore their
environment through vision or locomotion but rather through verbal means or by
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receiving answers to questions, possibly leading to different patterns of
cognitive development and the manifestation of NLD. Rourke has aiso

wmmbehudrgnmmfmmdmbpmwmmd
*hyperactivity" to "normoactive” behavior and finally to a "hyrp r -
style" with increasing withdrawal, mbmmfsdmgsafbmhnass Reurkg
has therefore argued for the "developmental presentation® of the NLD syndrome
since the early clinical manifestation of deficits for the syndrome may occur in
very different form compared to later clinical presentation (1988).

(1W1m)anMdﬂdM";j: f'jj’aanwndasngnedta
mnmm«:mmnMdnﬂwdwdmmdbmhmand
disabled learning. Its focus on the importance of noveity and familiarity
ﬂudmﬁgﬁﬂndﬂdsmmmw«mmm
aldsvuhplm'lt ilps'hcuarlyvaluabla Theeanﬂlmufmm
i b odal and intramodal integration of informat
wnmwmmmmmdmhm
various stages of cognitive development. mﬁmﬂmm
for the field of Learning Disabilities as it provides a sound new al
bases from which a discussion of subtypes can emerge. Smﬂunmdwn
developed specifically within the context of child neuropsychological research,
it has direct applicability to disorders of the developing brain. The current study
was conducted with an aim toward investigating the neuropsychological
aspects of learning disorders that are frequently manifest in children with
premature birth history. The results of the study appear to support the general
Wmﬁwﬂbyﬂmﬂnnﬁddmmmmﬁwm
ogical, psychomotor, and behavioral performance of older
mmmwmmwﬁm-ymdm
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Research evaluating premature birth outcome has consistently
demonstrated a variety of cognitive deficits arising from the high-risk status of
this group of children (Caputo & Mandell, 1970; Wiener, 1962). These cognitive
deficits are associated with a variety of developmental and learning deficits
frequently noted among children with premature birth histories well into their
middie chilchood years and on into adolescence. The relationship between
premature birth and subsequent cognitive and neurodeveilopmental deficits was
clearly demonstrated by a series of early studies both in the United Kingdom
(Douglas, 1956; 1960; Douglas & Gear, 1976), and later replicated by studies
Wiener, 1968; Wiener, Rider, Oppel & Harper, 1968). More recent studies have
siso demonstrated this relationship in terms of generalized central nervous
system damage and/or dysfunction resulting from perinatal complications
associated with premature birth (Commey & Fitzhardinge, 1976; Nickel, Bennett

Mhm nomglawarlaicorumngﬁgmutum
Ressarch conducted in the late 1960's noted no significant differences between
were used and very low birthweight Prematures were excluded from the sample
(Churchill, 1985; Drilien, 1961; Wikerman & Churchill, 1967). More recent
mmmmmmmmmnﬁmmwm
have noted more mﬁﬂawmwmmmmm
handicap among surviving Prematures (Ahman, Lazarra, & Dykes, 1980; Gaiter,
1mmm 1964). These findings are ailso quite consistent
hological investigations that have concluded giobal or
mmm:ndhr lysfunction of the cerebral hemispheres (Hynd
lWh‘lmmlAmddim) mmnﬁmm
g ’jnﬁd-hafbrnhﬁnﬁonhr
mnnmw mﬂdmmm
(Hynd & Obraut, 1981b; Hynd & Wilis, 1988; Rourke, 1962, 1985; 1987; 1901).
in other words, early damage 1o the developing brain appears to have more




153
pervasive effects on future cognitive development. The importance of
evaluating more subtie deficits in cognitive functioning among Prematures has
been highlighted and a variety of studies have been conducted recently as
these deficits are often implicated in children with Learning Disabilities.

Resuits of the current study suggested a significant relationship between
birthweight, Full Scale 1Q, and Performance IQ (but not Verbal 1Q) on the WISC-
R for the Premature subjects. As expected, birthweight and 1Q was not
correlated among the Siblings, and it was concluded that the relationship
between birthweight and Full Scale and Performance IQ and was strongest
among the Prematures and therefore quite consistent with observations made
by pnar research. It was further noted that the Premature Group differed

ficantly from the Sibling Group for Full Scale and Performance 1Q, with the
Prmu;ennngmmrupactmmwmpaﬂmmmmsc-
R. This finding was also noted to be quite consistent with prior observations
and suggests that children with low birthweight histories appear to have lower
cognitive ability scores in general (and particularly for PIQ) when compared to
Siblings.

When compared to prior studies evaluating the cognitive perforn
lower (VLBW) versus higher (LBW) 'T(ﬁ(:"'mildv‘enwmwpmnmgbiﬁ
history, in comparison to Siblings, resuits of the current study were somewhat
m On the one hand, FdScﬁlQmancnmLEWaf
hweight (1500 - 2500 grams), were statistically different (lower) when
mmmmmwmmmm Dn
ﬂathnrh:ﬂ FmsaolnmudmmVLBWQrViryLm

mmmmsw-mmnmmsm IQ
mmwmmmmmqmmmmm
nulhr: mmmml@mmﬁmﬁmd
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differences in sample selection as all Prematures involved in the current study
were "non-referred” volunteers as opposed to children who were being followed
up via hospital studies where the subjects are more likely to have encountered
adverse perinatal "events" which may predispose them to later deveiopmental
deficits.

mermatom/vwwammmmla
eonwodtoSihlng;itmnamdthnLEWnndVLEWPrammurudrﬂarad
significantly from Siblings for their mean PIQ scores. However, PIQ scores of
the LBW versus VLBW subgroups of Prematures did not differ significantly from
mmmmﬁmmammﬂmmwm
Prematures compared to LBW Prematures. These results are consistent when
WummmmWemﬂPlamabrPerﬁ
However, somo inconsistencies are noted as VLBW Prematures scored only
siightly lower (not sta mﬁcam)mmmeLwaQupwhenhm
children with VLBW are frequently noted to score lower on cognitive tests
memmmmwwmﬁmm
Prematures are more likely to have adverse medical histories leading to more
muwﬂwuagrmbﬂadaﬂmmmﬁdm

mwmmsmnuvw“ LBWPrm:tutu hdic;ﬁm-
strong relationship between lower bithweight and lower academic
achisvement, with the poorest performance associated with VLBW Prematures,
compered 10 normal controls (Waber, McCormick, & Workman-Daniels, 1993).
This ressarch concluded that the increased risk factors for children with
mmmmmwﬁmmnm
referable 10 premature birth iteelf. In other words, neurologically significan
Mwmmmmmw
Mhmﬁnﬁhhmﬁﬁﬁmmﬁmm
MW“Mhnmmﬂmﬁlﬂ
VLBW sample (n = 12) that was not truly representative of the broader
*populatior” of VLBW children. On the other hand, the above results may aleo
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serve to ilustrate that |IQ scores alone may not be sensitive enough to more
subtie neurodevelopmental deficits when compared to scores reflecting more
direct neuropsychological processes. This can be clearly illustrated by noting
the composite neuropsychological performance of LBW versus VLBW
Prematures as both groups of Prematures differed significantly (more impaired
functioning) from Siblings who were clearly within normal limits with respect to
global brain dysfunction. The importance of including neuropsychological tests
as part of a more comprehensive assessment system is underscored by these
results as more useful information can be gained that may provide vital clues for
the diagnostic and treatment process.

Uniike the significant findings noted for the above giobal subscales of the
WISC-R, Verbal |Q scores were not associated with lower birthweight values for
Sibings or Prematures. Statistically significant differences in Verbal 1Q were
also not observed when comparing Prematures to Siblings, or in comparing
LBW Prematures to VLBW Prematures, even though the actual mean scores for
Prematures were lower than those noted for Siblings. Significant differences
were noted however, on the remaining two Kaufman (1979) Verbal
Comprehension and Freedom From Distractibiity Factors which indicates that
these subscales may be more sensitive and therefore more useful to include in
a test battery designed for children with Premature birth history.

These results suggest therefore that the giobal differences noted in Full
Scale or Performance |IQ for the Premature Group compared to the Sibling
&ummmmdn«mmmmmmwn
Additional support for differences in perceptual-motor or nonverbal problem
solving skills among the two groups of children was further noted as the factor
scores on the WISC-R Perceptual Organization (Kaufman, 1979) for the
Premature Group differed significantly (lower mean scores) from those obtained
for the Sibling Group. Supplemental comparisons conducted for the WISC-R
subtests aleo yislded highly significant differences between the Premature and
Sbing Groups in five of the six subtests comprising the Performance Scale.
However, no differences were identified for the two groups on any of the Verbal
Scale subtests. In any case, since the Premature Group tended to perform at a
iower level then their normal birthweight counterparts, and since lower
birthweight values strongly aseociated with more impeired performance on the
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HRNB-C, it seems likely that children born with premature birth histories appear
to hav: more gbbd andlar peﬁofmanca based deﬁats in intellectual ability
dyﬂurmn anordeﬁmnnhﬁarmm l(’)areaftanasmated
with central nervous system damage or dysfunction since many of these
subtests tap speed of information processing, visual-gestalt skills, inductive and
deductive reasoning, perceptual speed and other aspucts of "fluid” intellectual
skils. Children from the Premature Group appear to reflect many of these
deficits and therefore PIQ is likely a good indicator of neuropsychological

This is not surprising as both groups of children were aiso signific

different with respect to their performance on global neuropsychologi
mmﬁﬁmturasm illustrating more mpmredpgﬂormm
The reiationship of poor performance on neuropsychological measures and
Wlﬂmmmmm:mmmmwmm
mance of a large sample of LD children in relation to global
veuropsychological measures. A subsequent regression analysis indicated
MWIQWMMMdmrmmﬂ impairment in
the sample while traditional Verbal - Performance discrepancies were not

Prior studies have not directly evaiuated the dimensions of PIQ / VIQ for
have been formulated t0 account for greater variation and/or deficit noted for
P1Q compared to VIQ for high-risk children. Among these is the notion that VIQ
scores often tap more “crystalized” or acquired leaming and/or knowledge
concepts while PIQ scores often relate to more “fluid® or abstract, non-verbal
and perceptusl-motor leaming concepts including mental efficiency, leading to
mwanmmmmmmﬂwwmwu
m under time mﬂm Thn ological dgm of
respect 10 subtypes of dysfunction especially for those functions that appeer to




157

raprmnt avaﬂeamed gknlls and are thereﬁ:re less sensitive t0 more subtle
brain dysfunction when compared to PIQ scores which appear to be more
sensitive 10 a variety of neurodevelopmental deficits leading to “nonverbal”
deficits (Rourke, 1982; 1987; 1989; Rutter, 1982). This finding has been
consistently demonstrated by a number of studies conducted on children with
known or acquired early trauma to the central nervous system including early
cranio-cerebral trauma and head injuries (Ewing-Cobbs, Fletcher, & Levin,
1965; Fletcher & Levin, 1988; Taylor, 1984), acute lymphocytic lukemia
(Copeland, Fietcher, Plefferbaum-Levine, Jaffe, Reid, & Maor, 1985; Fletcher &
Copeland, 1968; Taylor, 1887), untreated hydrocephalus (McNitzky & Bigler,
1980; Rourke, Bakker, Fisk & Strang, 1983; Rourke, Fisk, & Strang, 1986), and
cerebral paisy of perinatal as opposed to postnatal etiology (Rourke, 1988b). In
many of these cases, deficits in nonverbal intellectual performance (relative to
vntdhtnhctualskﬂb)mnateﬂnaﬂdﬂnntapooruudnﬂorsﬁ

mwm ﬂdﬁim:etappedbyﬂam m:
mmmm::ummw pstruction and/or dysfunction of
' matter icularly within the right hemisphere as noted by the above

Recent in lions provide convincing support for the white matter
mmmdﬂnmmmmwﬁm- lngrm
(ﬁl)mdwﬁﬂmwnhy&mh&cm-namm
mmmmmmmmdcusm Tha

mm&mﬁﬁmm&w1m) The
mawwwmhmmmm
the developing brain , particularly with respect to cerebral white matter i also
noted in another recent study eval ting developmental outcome for children
mWWanmdmmM
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mmmm@fmwtmpr ,,-mdymédalmnn
early language development, gross motor problems, deficits in visuo-spatial,
psychomotor, and auditory processing skills, arithmetic and reading
nsion, attention and social competence, consistent with the NLD
nﬁdll mrmﬁmmmrmmwmmmm
encoding the genes for myelin-associated-glycoprotiens which form a large
proportion of white matter and that dysfunction of these vital hormones at the
molecuiar level provides convincing evidence for the white matter destruction or
malformation hypothesis outiined by Rourke.

hnmmﬂycmmmfﬁ,‘”ii of cognitive skils and

mml)mmwmdmmh hydrocophalic
mdhmmmmmmmmﬁ
Glﬁdyﬂurmn The researchers conciuded that there appears to be a
nship between early malformations of the corpus callosum, other
whmmwmmhmmm
(Fletcher, Bohan, Brandt, Beaver, Throstad, Brookshire, Francis, Davidson, &
Thamplan'lm) The connection between early destruction of white matter
and subsequent development of NLD is further supported by recent research
evaluating two situstions known to destroy cerebral while matter; early
exposuUre to neurotoxing in children and aduits, and Multiple Scierosis in adults,
Mhm“ﬁmhﬂmﬂhumﬂmmﬂwhm
individuals with neurn pgical changes that occurred later in development
(White, 1983).

The effect of early damage or dysfunction in specific neuroc
mechanisms of the developing brain , mmmnmm
matter is aleo noted in another recent study evaluating developmental outcome
for chiiren with congenital hypothyroidiem compared t0 a group of normal
controls (Rovet, 1903). mmmmmwnnm
gland have been known to effect a variety of neur
including myelin formation. Thmnﬁofhbng-mmmm
dﬁphmm mmm d-ﬁﬂihvbua-
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encoding the genes for myelin-associated-glycoprotiens which form a large
proportion of white matter and that dysfunction of these vital hormones at the
molecular level provides convincing evidence for the white matter destruction or
malformation hypothesis outined by Rourke. Thammnm
destruction of white matter and subsequent neuro-deveiof deficits
mwanmmnmmngwmAspgrgsﬂ:yndrm
(Sparrow, 1983).

The findings of the current study appear to support the hypothesis that
iower Performance IQ scores indicative of possible deficits in nonverbal
problem solving particularly in novel situations, are more likely to exist among
Prematures compared to normal birthweight children since Prematures are
more likely to sustain early trauma to the developing central nervous system.
The cognitive, neuropsychological and academic performance of children from
the Premature Group appears to bear close resemblance to the neuro-cognitive
characteristics of Rourke's Nonverbal Learning Disability paradigm.
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Premature Birthweight and Academic Function

With respect to the results of the current study, children from the
Premature Group and the Sibling Group were initially compared on their
performance on the WRAT-R subtests alone. Significant differences between
ﬂnwww«onotodfameﬂeadingandknhmoﬁcwbtostsbmmforme
Speling subtest, even though children from the Premature Group scored
mproxinato!yommddeviaﬁonbwormanthemeanfornormaISiblings.
When examining the results further, it was aiso noted that a significant
relationship existed between birthweight of children form the Premature Group
and Reading as well as Arithmetic subtest scores on the WRAT-R. In other
words, the Premature birthweight group in general showed lower Reading and
Arthmetic performance on the WRAT-R even though mean deferences in group
performance failed to reach statistical significance when compared to Siblings,
at least for the Arithmetic subtest. It may have been that both groups found the
Asithmetic subtest to be difficult due to its inclusion of imperial measurement (as
opposed to metric) kems used in the United States. This is entirely possible
mﬁomummmmmmmmmemm
wmmm.mmmmmmmmmmm
of words that may not be directly reflective of Canadian educational curriculum,
since both groups performed below normative standards in general.

Analysis of the WRAT-R Reading subtest for LBW versus VLBW
Prematures was also conducted in order to investigate potential differences in
test performance as prior studies have demonstrated a higher incidence of
lsamning disorders among children with Very Low Birthweight (VLBW),
compared to LBW and normative samples. Current resuits suggest that the
LBW Prematures differed significantly from the Sibling Group on the Reading
subtest of the WRAT-R while the VLBW Prematures did not. In fact, the mean
Reading scores for the VLBW subgroup was siightly higher than the LBW group
(statistically significant) and closer to the performance of sibling controls, which
was an unexpecied finding since VLBW Prematures should have scored lower
than controls or the LBW subgroup in most cases. It is possible that reduced
sample size may have effected these results or that the VLBW subgroup
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sampled here may not be entirely representative of the larger population of
VLBW Prematures. In can be conciuded therefore, that the children from the
Premature Group tend to score significantly lower than a group of normal
Sbiings on tests of reading recognition and that chidren from the LBW
subgroup (heavier Prematures) are likely to display this pattern compared to
VLBW (smalier) Prematures.

Analysis of the Spelling subtest performance of the WRAT-R for LBW
versus VLBW Prematures resulted in significant differences between the VLBW
and LBW subgroups but not when compared to Sibling Controis for each
subgroup. in other words, the mean speling performance on the VLBW
Prematures was higher and more like the performance of sibling controls when
compared to LBW Prematures who scored more than one standard deviation
below test norms. It is possibie that reduced sample size may have effected
these results or that the VLBW subgroup sampled here may not be entirely
representative of the larger population of VLBW Prematures. in can Je
concluded therefore, that children from the Premature Group did not differ in
their Spelling performance when compared to Siblings likely due to differences
within the Premature Group as the VLBW subgroup scored higher (statistically
wmmmm)mwwwdmmm«momm
overall mean performance on the WRAT-R Speling subtest when compared to
Sbings. Subgroup differences may therefore exist in larger samples of LBW
and VLBW Prematures with respect to WRAT-R Speliing performance, however,
the results of the current study suggest that children from the LBW subgroup
ammmu)mmm«mmmmmwvww
(smaller) Prematures.

Analysis of the Arithmetic subtest performance of the WRAT-R for LBW
versus VLBW Prematures did not resul in significant differences when
compared to siling controls for each subgroup even though ther meen
performance was clinically lower than their Silings. This is an unexpected
munmmummmmmmmormm
sublest. In fact, a significant reistionship was noted between birthweight of
children from the Premature Group and Arithmetic subtest performance. Again
umm«.mmwmmmummm
the fact that both the Premature and Sibling Groups may have found the test
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mmummﬁmmmmc;nadmn-dmﬂ

Wdrﬂsmbmmmﬂﬁﬁmfumd&blmgs groups of
dﬂdrmmnatwﬂynatedaaassleﬁATRsubtm(gﬂeﬁmme
Rudingumst)mmmfnprﬂemadwectnrobsewm
puhrmmdboﬁgraupaddﬂﬁanwmmmdspeaﬁcmaﬂa
such as clinical cut off scores required for Leaming Disabiity diagnosis.
MmedLDMmﬁamnaummmdbaudmﬂ
must reside within the "average range" while academic achie res
Mummﬁmmrmhmawmm
Depending on the setting, researchers and clinicians have frequently used a
one standard devistion below the mean cut off (15 standard score points) as
mmwmmmmmmmmsmmw
mmlG(FSIsz)ﬁmdmmfwumm
mmnmmmmmmmm
children were not be considered as LD.

aoud\tto ' b-m-nLBandluw
Mﬁmdﬂﬁmmmﬁjjj” NG

mwmﬁnmnhwmmmm
mmmmmhmmmm':ﬁm)
general criteria for LD subgrouping (modified). A Global LD group was
identified based on underachievement on all thvee WRAT-R subtests and
average FSIQ. A Language LD group was identified based on poor
performance on the WRAT-R Reading and Speling Subtests and average
onInWHAT-R a.m-rﬂwFSlQ hﬁ.hm
mmhﬁdmmwﬁcﬂ-rh(mmmﬁmmd

o
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deviation) than described by Rourke (1985), in an attempt to incorporate more

Current results indicate that none of the children in the Sibling Group
could be classified as LD for any of the subgroups described above. Therefore
LD subgroups were only identifiable among children from the Premature Group
which is a highly significant finding, indicating the strong association between
LD and premature birthweight with this particular sample of non-referred
Prematures in comparison to Siblings. The results aiso suggest that children
from the Sibling Group are likely representative of the normal population since
none of their test scores were outside normal limits when compared to
published norms. It is interesting to note that despite the relatively “normal®
mdaﬁmﬁmﬁm&m some of them had brothers or
mmprm- , ”;"j,'nLD Shﬂ!ﬂﬂBﬁf
(ﬁ)mmm-mmnmmam
ppment of Learning Disability. However, the powerful influence of SES
mmmmwmmsmmmnmmmn
many Prematures did not have Siblings t0 act as comparative normals (within
the family). In fact, wmm:::nmm
indicated that the education levels of mothers in the Sibling Group was
significantly different (higher) than mothers of the Premature Group. This was
ﬁamﬁmwmmmrﬁ\gmmmmh
tistically different for the two groups. ptional level also differed
mmmﬁﬁmaummsmm
Wmhﬁmmmmmmmﬂmﬂ
dﬂmhhsﬂﬁm&mmﬂﬁlff?: that both groups
mddﬁmmﬁmﬁﬂmm“hmmh
both admitted to having had some degree of learning difficulty. Theee results
suggest that SES variables may stil have exerted a stweng influence in the
development or expression of LD among children in the Premature Group.
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Since LD was identified only in children from the Premature Group, an
MﬂdmmnrmmmeBMmmghar(LBW)
Prematures, was conducted. The proportion of chiidren with Gilobal LD
(impairment on word recognition, spefing and arithmetic with average FSIQ
M)wunotfoundtnba’“fr,',_'diﬂarantamcngcmdraﬁmeBw
versus VLBW as both subgroups of Prematures contained children classified as
Giobal LD. Clinically, however, a difference was noted as approximately 17%
of the VLBW children were identified as Global LD compared to approximately
m\gummldh-w-xpﬁodpumpsamrmﬁm
mVLBWPrmmnnmaﬂdranmtabawmmﬁskbr
mmmm afGlodeDmcyhavamtada
mmmlmdyﬂuﬂonafﬁbmnupﬁhm:marm
Rourke's model. Tmmdmmwmcanﬁﬂw

Other subtypes of LD were aiso investigated by the current study. Among
these included Language LD classified by poor performance on WRAT-R
Reading and Speliing subtests with average FSIQ on the WISC-R. Again, none
of the children in the Sibling Group were identified as Language LD when
compered to the Premature Group where several children met the criteria. No
significant differences were noted with respect to subgroups of LBW and VLBW
Prematures and Language LD. However, approximately 30% of the LBW
mmmmimﬂnmmm
mm:mmmnﬂmmnmmn
development of Language LD compered to VLBW Prematures sampied in the
size and/or sampling error may have contributed to these unusual findings as
lerger samples of both subgroups may have identified significant differences in
the proportions noted above. mmmmmm
generaiizabilty to the larger population of Prematu icularly since other
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(Boswel, 1887).

The most interesting results of the current study can be found when
evaluating the performance of Prematures for the ithmetic LD subtype;
WbybwswumﬂwWﬁAT—HArﬁhmmmandmaganlﬁan
the WISC-R. Once again, none of the children in the Sibling Group could be
identified as Arithmetic LD, mmmmmm&m:amm
Arithmetic LD children. However, statistic ificant differences were noted
hmﬁmﬁanLﬂWmVLEWPrammnbrAﬂﬂwﬁc

25%ufﬁaVLEw
mw“coddbedagiﬁethmm The results suggest that
mmmmmmmmmmﬂmm
mmmwmmfmwwpmmmmmﬂaydm
huboonrooondymﬂipeﬁﬁm H;ttmnndSq-mky(*lss’l)wha
investigated visual-spatial, suditery-temporal, and visual-temporal patterns in
relation to reading and mathematical performance among LD children. Their
MWWMW:WW
between auditory and temporal skils essential to the reading process as
wwmmmmmmmmm
Mmmmmmnwmﬂm-m
MWW&&WQE&R&N@MM@H&ﬁ
cersbral hemisphere since their deficits were likely due to earier
m.mmmmn;swmmmmm
dMMMamwﬁﬁWmﬁmmm
the LBW subgroup, wmmﬁﬁw Some
caution should be exercised in these neuropsych [ stations in the
mammmmnm

The current results suggest a much stronger associstion between
wmmmnmwmammmm
compered t0 VLBW children at least from a ciinical perspective. Generally
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speaking however, only children from the Premature Group were identified as
Learning Disabled for either the Global, Language or Arithmetic subtypes.
Children in the Sibiing Group were not identified as having any Learning
Disability and therefore performed more like the normal population.

It would appear therefore, that the current results tend to support earlier
conclusions that children with premature birthweight history tend to have a
higher degree of association with Learning Disabilities in general, compared to
their counterparts (in this case Siblings) with normal birthweight. This may
expisin yet another finding from the study that clearly highlights the continued
high-risk nature of presentation for children with premature birthweight histories.
As noted eartier in the literature review, Prematures tend to be over-represented
in special education classrooms. This is clearly supported by the current study
in a sample of non-referred Prematures as significant differences between
Prematures and Siblings were noted with respect to enroliment in or need for
mmmomnmn Nona (096) afﬂ'lceﬁildr’an inmeSibling Graup
56% of children in the Promlture Groupwho roquurad suchmm Thesg
findings provide convincing evidence that children with premature birthweig
momfaqkomwdmdmgrmd iducman
support kikely due to a variety of learning deficits and/or deficiencies that may
not be severs enough to be classified as Learning Disabiiities, but which clearly
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Pramature Bithweight and Neuropsychological Function

As noted earlier, the general results of the current study appear to
support Rourke's NLD model particularly with respect to neuro-cognitive
dysfunction. This can be demonstrated by an analysis of the
neuropsychological  performance of Prematures compared to normal
birthweight Siblings. In accordance with this model, children with NLD are
notodtohm;igniﬁcantneuropsydwologicaldeﬁcitsin bilateral tactile-
porooptualskils.usuaﬂymoromarkedonmeleﬂsideofmebody, impaired
vbuddbamwon.rooogniﬁmofdetailandvisualremm.dcﬁﬁtsm
visual-spatial organizational abilities and bilateral psychomotor coordination
problems.again.moromarkedonmeleftsidoofmebody. Their attention to
tactie and visual input is often poor. However, their attentional skills for
complox.novolnonvubalmaterialisoﬂenmopoor. These children also
dioplaymdoﬁduinconcoptformaﬁon.problemodvhgmdmﬂ
fiexibility particularty for novel information. Rourke adds that children with NLD
d-omdwdbplaymonmmﬁmphropoﬂtmm«icmks.iuditay-
pvooptudd(h.npoﬂﬁonofrotematetial.mdbuwymostmﬁn
suditory function, including excellent phonemic hearing, segmentation,
m.ropoﬁﬁonmrecopﬁvolmguagoskius.

mmmmmmmmmmnat
momydmwwadﬁmemhuwmomm.a
mmmmmmwmmommuﬂaua
mm.mmmemmunmnywmmm
wmummmommw
performance on the HRNB-C. meonmmmcmumed
mmmmdaom(m)md
mwm-m)mmMmmmm
with Premature birthweight.

mmwmmydwwnmmdm
mmummmwmm in the
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Sibkng Group for composite performance on the HRNP In fact, the mean
scores for children in the Premature Group were well into the mild to moderate
range of brain dysfunction when compared to the mean scores for children in
the Sibling Group which were notably in the normal range. In comparing the
performance of LBW and VLBW Prematures to normal Siblings, on global
HANB scores, significant differences were again observed. However, it was
noted that the mean for LBW Prematures was well into the moderately impaired
rmmmﬁmmeﬂmvgﬂw Prematures which was slightly

anificantly lower (less impaired performance). Both groups of
ﬁmg.hamverddpeﬁormﬂgmﬁcanﬂybebwm "normal® mean for
mﬂ%gﬂﬁm.mmwmmmwmwm
have more indicators of brain dysfunction, consistent with Rourke's model.

calmunanwrbdprabbmmngandiii rmmMnn
novel situations, umsuppmndwmemmmm it was noted that
Prematures as a group performed significantly beiow the normative mean on
ﬂuHﬁNECatagoryTul eamparedtonormal&bhngswhapeﬁamd well
birthweight and Cntagoly Test error scores, indicating thgt lawar birﬂ‘!wdgm
was strongly associated with more impairment on this test. in a recent study
found to be highly correlated with perceptual organization measures including
PIQ and moderately correlated with giobal IQ, suggesting to the researchers
thet this test is a good measure of right hemispheric functioning, folowed by
global intelligence. These results suggest that the performance of Prematures
nnﬁﬁmmmmmmﬁsmmmd
global n shological integrity. Since many of the items invoive novel or
mmmmm poor performance among children
with NLD would be expected and appears to have been confirmed by more

sequencing such as the Tral Making Test, the performance of Prematures
compered t0 Siblings was not statistically different even though k was obeerved
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that the premature mean was below the sibling mean. This nonsignificant
ﬁﬁﬁm:ﬁtaﬁﬂN@m@gluMhﬁhWﬁMMramm
subtests should have resulted in more impaired performance for Prematures.
muu&wmensubtmwenmwwmthmddm
present enough novel stimuli to elicit the NLD response deficits in visual
processing. In addition, the stimuli, consisting of numbers and letters, may be
encoded and processed verbally or are "overiearned" stimuli and therefore did
icant difficulties for these children. It was observed however, that
scores on the Trail Making Test Part A, were hnghly mrrelated with birthweight
(uniike Part B), which suggests that lower birthweight was associated with
paarerpeﬂummeemPaﬂAafmeTMT h'admnanynmerpretedasam:ﬂ
right-he heric visual processing speed. This may explain the observed
mmmbemnthemmaupsandaddmsuppmmmeNLD

Attentional skills measured by the HRNB SSPT and SRT subtests did
wmmwumnmmewﬁm
Prematures. On tests of phonemic discriminatior , and auditory-perceptual
skills, the performance of Prematures dlﬂ!rad significantly from sibling controls.
wum&wmmmmmmmmm
above the normative mean on these subtests. In other words, the performance
of Prematures as & group was not significantly below the normative mean,
wmmummwdﬁaﬂasmmmx
mwmﬂmmmmwm Th:swmld
hmﬁMﬁﬁﬂNmpsmﬂmmﬁsemm

have well developed auditory skills in general.

mm-nd m:mumﬁmﬂm Th-mnn
mdﬁwm wadmﬂsmagampanm
mmmmmmmmmﬂwn”_f:
Mmmﬂdmﬂmtiﬁdhmhmnmd
: inan ,,iii':iﬁlndbmm:cnimmmdm
ic leaming. mhmhminmh
m&nﬁmmmﬁmmmﬁumnm
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average range compared to the normative mean, they performed below the
Mdmﬂ&bﬁngsmddndn@tﬂnsplaythamrmalpgﬂarndmlaasta&O%
reduction in speed of learning, compared to Siblings. A more striking difference
hmmﬂmmgrmdmiﬂrmﬁmﬁhm,mm
remaining measures of the TPT. On the one hand, no significant differences
Winaﬁdaﬂmmmmblminwhichtheehildrgnmdtcrgeﬂltha
mmmdnmm While this subtest clearly has some
tactual memory component, there aiso appeamtubaasﬁmgvarbalmemory
mwmwannpmbufargummmmenmdmg
strategies to perform well on this task. This may account for the relatively
namdmnnpgﬂnrmmmeﬁamatumemupmdlendﬁmharsuppmta
hNLDhypoﬂms However, significant differences were noted on the

~alization subtest of the TPT in which the subject has to correctly locate the
blaétsonam dimensional surface (drawing). The Prematures as a group
ﬁﬁdmmmmmmmmpsﬂmwsmlings
mmmﬂmﬂmmammwmdﬁnﬁmmm

mmnw:mmmmw from normal
Siblings with respect to their mean NEUropSYCNOGICA mance on tests of
emmhm-pﬁmumn(SPE)mﬂHﬁNB These subtests
m&mmmmmmmhmmm

U \ DPE 'jigbmndytlmcﬁonafhmemmdm
p-‘litdmnndaﬁ Smpmfnrmmﬁdmﬁmlnmmﬁ
wmmmmmmmﬁw
cnrriﬂan coefficients between academic achievement scores and
JMance on more complex sensory-perceptual subtests of the SPE.
Wmemmmmnsm
Mﬁnﬂnhmwmﬂ both measuring
mmﬂmmmmﬂpﬁﬂm
region. WMMQ::W&MM:&
Fingertp Number Writing and Tactile Form Recc nition, again in support of
“Md-mmmmmmn
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substrate required for later development of some academic skills. Complex
sensory deficits are frequently also observed among Prematures as noted in the
literature review, and results o1 the current study tend to support this. In fact,
significant differences between the Premature Group and the Sibling Group
were noted for specific subtests of the SPE, including the presence of
imperception errors, Finger Agnosia and Fingertip Number Writing, for the
Premature Group to a much higher degree than noted for the Sibling Group.
mmﬂmmﬂmhmmmdmmWa
cﬁwﬂymhﬁm“butwanmmad to be statistice
nificant when compared to Siblings, likely due to small sample size.

mﬂynmfnundtoba;' '? iﬁ"ﬂgmﬁcm ndncahngthalbothgraupsal
children performed adequately on tests of motor strength, simple motor speed
and fine motor dexterity, even though the Premature Group mean was clinically
were observed in comparing the performance of the dominant versus
nondominant hands for both groups of children. Specifically, it was noted that
dominant hand function for Prematures was si ,T,i’:"_ danr-ntthanSbhr@

mdhlﬁiymplﬁtiv-nlnn hmmmmmmmmw
i‘dm maynntbathobutmm dmp subtie ﬂy:ﬂ.sncﬁan’ ction since

e wlogical performance of Prematures compared to
M@m-ﬂnwﬂumdmmmmmmw
compared to Sibiings. This is not a surprising finding as children with a
diagnosis of Learning Disability tend to display a variety of aphasic symptoms,
hﬂmdmmmmmmmmm

mental analysis on selected subtests of the AST indicated 8
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significant correlation between birthweight and Spelling Dyspraxia, Dysnomia,
and Central Dysarthria, aphasic symptoms more likely indicative of left-
hemispheric disorders, and Constructional Dyspraxia, often implicated in right-
hemispheric disorders. Significant correlations were aiso observed between
these indicators of aphasia and performance on the Reading, Speling and
Arithmetic subtests of the WRAT-R. That is to say, lower birthweight was
associated with these specific pathognomonic indicators of aphasia and with
performance on achievement test. It was further observed that Prematures
mod.iwﬁﬁcmuyﬁmn&bﬁngswimfupocttomprmormm
these symptoms associated with aphasia including Constructional Dyspraxia,
Speling Dyspraxia, Dysgraphia, Right-Left Confusion and Dyslexia. Since
none of children from the normal Sibling Group displayed these symptoms, it
can be concluded that Prematures in this sample evidenced a significant
number of aphasic symptoms, consistent with neuropsychological brain
dysfunction. in addition, there appeared to be a significant pattern to the
number and magnitude of differences observed among Prematures compared
to Siblings. Virtually all of the highly significant differences noted between the
wmweobumdonaphuicsymptomsfrmnﬂyoonmctodwimtight-
hemisphere disorders including Constructional Dyspraxia, Dysgraphia, R-L
Confusion and to some extent, Spelling Dyspraxia, while only one symptom
(Dysiexia) connected with left-hemisphere disorder, was noted. This provides
some possible evidence for the NLD hypothesis with respect to greater
involvement of right hemispheric systems among children with premature
birthweight as these systems are noted to precede later developing luft
hemisphere systems from an ontological point of view.

The literature review indicated that a host of neurodeveiopmental deficits
are noted among chidren with premature birth histories. [t was also
hypothesized that significant differences in neuropsychological performance
would likely emist within this populstion and that these deficits would likely
involve global brain dysfunction resulting in deficits of “fluid” abilities or those
invoiving higher conceptual reasoning particularly when novel problem solving
stimuli are encountered. The results of the current study suggest that this
sample of non-referred chikiren with premature birth history appeared to
Sustrate more impaired performance on giobal neuropsychological measures
compered %0 Sbings with normal birthweight history. R was also noted thet



173

significant differences existed between the two groups on selected measures of
complex nonverbal and abstract reasoning, nonverbal or spatial memory skills,
nonverbal attentional skills, complex sensory-perceptual processes and
aphasic symptomatology, as the performance of Promatures was clearly
impaired compared to Siblings. In many cases, the pattern for dysfunction
among Prematures suggested greater involvement of right hemispheric
systems, consistent with the Nonverbal Learning Disability paradigm outiined
by Rourke (1982, 1987).

While these global differences provided evidence for many of the central
hypothesis of the current research, some aspects of the results with respect to
subgroups of Prematures were not consistent with prior research. This research
frequently noted greater dysfunction among children with VLBW as these
children appear to have more adverse medical complications and therefore a
grester degree of morbidity and mortality. Thﬂhasdemybeandamanstratad
by early medical research on deve ntal outcome including “hard”
mmdsﬁanmﬂcycbml?dsy Hyﬁroeephalm andothermnra
mnnrehhnbuneanduaadmmambﬂedﬂarmmgum
hﬁmmmprm“wmmmmma
mﬁmmwmmﬁmvmmum
mﬂanuappuodmhuﬂnrmm:bhmmw

mmmwmhmmmmw
assessment prae-duu earnplradta mar- trldihmnl

mm-lvﬁﬁdlﬂ mmmmmm
mmmmwﬁﬁmammamnn
wmm::mmﬁﬁwmm To
mmmmmypﬂnmﬂmﬁghrmdm
production often noted among Prematures or the fact that they tend to perform
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well on auditory-linguistic measures. In fact, underlying "nonverbal" deficits
may not be directly evident in traditional psycho-educational procedures or be
only manifest in global scores such as low Performance IQ in relation to Verbal
IQ, low scores on arithmetic achievement tests, or perhaps other measures of
visual processing. In addition, these low scores could also be explained by
other means such as speed factors or perhaps emotional difficulties including
low motivation, depression, or attentional problems, instead of essential
features of NLD. The findings of the current study strongly support the utility of
mapayehalogocal procedures particularly for the a ent of more subtie

unction even among older children with premature birth history. In a recent
:tudy evaluating the utility of neuropsychological procedures on a very large
sample of LD children with low, average or high 1Q, it was noted that a modest
Mrlq: exists between IQ measures and neuropsychological indicators of brain

nction, indicating that these measures assess different sets of abilities
(Kmdaﬂ Mclntash & Dean, 1992). Neuropsychological procedures therefore
kkely tap more subtie functions which in some cases appear to be less related
hlawwwideﬂmamwﬁn-bahmmmmémldmm

hm:rmnn
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Premature Birthweight and Visuai-Motor integration

Perceptual-motor deficits in younger children with premature birth
histories have been well documented by prior studies noted in the literature
review. However, this analysis has not occurred among the older Prematures
who are often observed clinically to display complex visual-motor integration
deficits in addition to Learning Disabilities. In other words, these children often
fail to display the normal developmental progression of visual-motor integration
observed in their normal birthweight counterparts. The results of the current
study noted significant differences between Prematures and normal birthweight
Siblings on a measure of complex visual-motor integration (Bender Test).
Deficits in this area are oftan noted among children with Learning Disabilities
primarily due to the high degree of correlation often observed between low
achievement, IQ and neuropsychological performance, and poor visual-motor
integration (VMI). This was aiso demonstrated by current results where
significant correlations were noted for Bender test performance and Full Scale
IQ, Verbal IQ, Performance IQ, Reading and Arithmetic scores, Trail Making Test
B, and composite HRNB performance. In addition, lower scores for visual-motor
integration were also correlated with indicators of delayed language and motor
skills, lower birthweight and psychopathology. This is not an unusual finding as
poor visual-motor integration is often indicative of brain dystunction particularly
among older children who should have improved in these skils based on
developmental maturity alone. The reiationship between poor visual-motor
integration and brain dysfunction is aiso evident as the neural cCircuitry required
for adequate performance on these tests tends to folow well established
association, commissural, and projection fiber pathways often implicated in a
variety of learning disorders particularty for the left cerebral hemisphere. The
impaired performance of children from the Premature Group is demonstrated by
their mean score which was notably in the impaired range and approximately
performance of the Sibling Group was exactly at the normative mean for other
children of the same age. Impaired performance of the Premature Group can
aleo be lustrated by noting that approximately 78% were classified as naving
sbnormal Bender performance based on the number and magnitude of errors,
while only 22% had normal Bender performance. None of the children in the
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Sibling Group evidenced any abnormal Bender performance. These results
tend to support the NLD hypothesis which indicates that complex visual-
perceptual deficits are more likely to exist in among children with NLD. In the
case of oider Prematures, this finding may suggest a greater degree of
dysfunction and/or destruction of white matter fiber tracts for both cerebral
homisphoroswithnotablodoﬁcitsforrighthomisphoricdisorders.as
hypothesized by the NLD model.
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numt , vestigations have frequently implicated the presence
of a variety of psychopathological disorders among children with developmental
disability, high-risk birth and hnd trauma including brain dysfunction (Rutter,
1982; Tramontana & Hooper, 1992). In some cases these children run a five
times greater risk for developing psychopathology compared to children who
have not suffered brain insult. mmmmmﬁmmﬂm
specific brain injury run a two times higher risk of developing psychc
mmm-mmamaﬁmmm
handicaps not involving the brain. Furthermore, it was noted by Rutter (1882)
that children with severe head injuries (post-traumatic amnesia greater than 7
days) aiso had a two times higher risk for developing psychopathology
compared to children with mild head injuries (post-traumatic amnesia less than
7 days), and 1o a matched sample of children with orthopedic injuries. While it
was known in early research that brain damage often lead to a host of social-
Wmddﬁm ltwnal;amm brmmrym
randomly distributed in the population. Current studies have clearly noted the
mmdbrmmidmwnmdMHthe
not evenly distributed in the population. The mere fact that chidren with
Attention Deficit Disorder (ADD) are more likely to get into accidents and
therefore subject to their fair share of head injuries attests to this. m
have also noted that the risk factors for the development of peychops
mwmmmmmﬂmnhmm

h:iﬁdﬁhpﬂhmmmmunmd
mﬁﬂmlﬂmuwﬂnm\dﬁe H‘Idlhl
presence of more indicators of disordered or dysfunctional right hemispheric
mm&M1mm1mm1mm

1988). In addition 10 advocating the relative superiority of neur
procedures over tradiional techniques, mmmm-m
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of neuropsychologically-based psychopathological disorders which they feel
ae more ltmbutabla to right hémispheric dtﬁats (Earan 1987' Flctehér &

Eﬁf & Danlt 1993. St-’lam:ss Hand. Sgals & C)ﬂtlvaros, 1990 Str:ng &,
Rourke, 1985; Tramontana & Hooper, 1992; Tranel, Hall, & Tranel, 1987;
Weintraub & Mesulam, 1983). These studies have noted the relative superiority
of the right hemisphere in the recognition and processing of emotional
responses in relation to left hemispheric self-inhibitory processes. They note
that displays of emotion are frequently noted on the right side of the face or that
mmrmsammmanmmmmmebody Some
mical processes related to mood aiso appear to be lateralized to the
right hemisphere, particularly with respect to increased receptor sights for
mmdnor, inepherine both cortically and subcortically at the level of
the right thalamus (Corbalis & Morgan, 1978; Kertesz 7 Dobrowoiski,
1981;Tranel, Hall, & Tranel, 1987).

These findings are entirely consistent with Rourke's NLD model (1982;
1987; 1988) in which he describes a unique set of socio-emotional and/or
0 have significant difficuity adapting to novel situations and display an over-
reliance on prosaic or rote behaviors that are frequently judged by others as
inappropriste. They aiso display significant deficits in social perception, social
judgement and social interactions skills with a marked tendency toward social
mmwmmmm Hnmmm

mmmmgf‘ji:j‘” ,

into hypoactive behavior with advancing years. mmmwm
compensate for social judgement deficits by an over-reliance on verbal skills
mmnm“ﬁuﬂm Mnmﬂﬂmnaﬂnﬁﬁnh
reading or speling and appeer 10 have no significant deficits with respect to
MM(ﬂ)mMmhm&mm Thﬁ
watics may not even be coneidered as significant
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since these deficits are frequently disregarded by classroom teachers as
manifestations of ‘“instructional weakness". Furthermore, their apparent
manifestations of internalizing disorders particularly in older children, may also
go mnotiood oomparod to thc more ﬂambﬁynm or digruptive behavior disgrdcrs

short, these children appoarta ba at grgat,ast nsk since thenr prabm may be
more subtie yet quite incapacitating.

The results of the current study provide some evidence for NLD among
Prematures compared to normal birthweight Siblings.  Generally speaknng
Prematures differed significantly from Siblings for specific indic of
psychopathology on clinical rating. In other words, approximately 8896 of
chidren from the Premature Group were rated as having some type of
psychopathology compared to only 16% of children from the Sibling Group..
Significant correlations were aiso noted between birthweight of the Prematures
and psychopathology, suggesting that lower birthweight values were
associated with more indicators of social-emotional and behavioral deficits.
suggests that Prematures may have significant psychopathology that appears to
exceed their Learning Disabiity deficits and therefore may present more of a
problem with respect to remediation.

With respect to the pattern of psychopathology noted among Prematures
it was hypothesized that attentional deficits are likely to exist since these deficits
are often obeerved among children with brain dysfunction and/or impairment. In
47% of the Prematures and only 13% of the Siblings were classified as ADD-H.
The lack of significance is likely related to small sample size particularly for the
Sibing Group. However, there appears to be a clinical difference between the
compared 10 none (0%) of the Sibiings. However, significant correlations were
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ADD-H. This is significant in that the relationship between ADD and lower
birthweight values likely indicates that Attentional Deficits (with or without
hyperactivity) may be associated with prematurity but perhaps may not be of
sufficient magnitude to be classified as a disorder. The idea that there may be
more indicators of attentional deficit among Prematures was readily observed in
the authors own clinical work on a case by case basis, and was hypothesized in
the current study. Although statistical differences between the Premature Group
and the Sibling Group were not evident, clinical differences between the groups
were apparent particularly for ADD as noted also by significant correlations
between Premature birthweight and ADD as well as ADHD. A age-related
breakdown of the data related to this disorder did not take place which is
unfortunate as it may have provided some support for the NLD hypothesis
particularly if younger children displayed ADD-H wiile older children did not.
However, these relationships between attentional deficits and prematurity must
notbengnoradgﬂﬁremaybesamenmpoﬂamwnectms between these and
the NLD hypothesis noted earlier.

pssibility is further supported by some researchers who have
nmmﬂumgnmmdyﬂexuaalsatandmdsplaymmal brain
symmetry particularly in the region of the planum temporale and paﬂatooccnpnal
m:mﬂymmmmuagadﬁaymdpmm‘:;;
m-mmm ,,,andaduﬁibuhanafhcal; splasie
involving the left frontal, bﬁmﬂmﬂrﬁﬁﬁmrw(w&w
Clikeman, 1989). More importantly, relationships between dysiexia and ADD-H
were further investigated with respect to differences in brain morphology in a
md@*ﬁcdﬁthamﬁAﬂD—Hdﬁm This study
noted that both the dysiexics and ADD-H children had significantly smaller right
anterior width measurements of the planum temporal, compared to normals.
M(my)maiyw%dhdymmmﬂﬁm Th-y
concluded that this symmetry or reversed sym ,
mmmmmhmmd; ticogenesis (

Willis, 1088). The im nt finding of normal brain asymm
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wilhmt hyper, ji," ’f ' (Hy,né. Lprys-\lerncon. Semrud—clukemani Nneves. Huettneri
& Lmey 1991). This study noted that children with ADD alone displayed
nificant deficits in academic achievement particularly in mathematics. These
:iirnn were aiso sliower in rapid naming tasks and approximately 60% had a
anosis of Developmental Reading and Arithmetic disorder while none of
thi ADD H children were classified in this manner. On the other hand,
approximately 40% of the ADD-H children were classified as having a Conduct
Disorder and were rated by their parents as being significantly more active,
impuisive and deviant with respect to age-appropriate skills. It was concluded
by the researchers that ADD children without hyperactivity may suffer from a
right hemisphere syndrome.

syndrome is further supported by research indicating that these children
ﬁmmmmﬁdbmmmlnaddmm
underachievement and the presence of Learning Disabilities, while ADD-H
d‘ﬁmdonut(Hynd&vaudChkaman 1989, Hynd, Lorys-Vernon,
Semvud-Clikeman, Huettner, & Lahey, 1991; King & Young, 1982; Lahey,
Schaughency, Strauss & Frame, 1984;Saunder, DeMarco, Fruitiger, & Levey,
mmmasm&mmmm Some studies have aiso noted
Mh_, *,,mmmmﬂ@m

mmmﬁdwmwnmdmm
Mmmmmmmm-mdm
was not possible. Trested as a unitary disorder, significant diferences were
mmnwmwnmmnm
m:m-m«wmnnmm
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and birthweight indicating that lower birthweight values were associated with
clinical ratings for both these disorders. This appears to be a significant finding
that was not readily evident in the authors own experience in working with these
children since attentional deficits were more apparent. However, it appears that
a detailed analysis of background variables in addition to in-depth interviews
with parents, y'elded data that suggested a connection between low birthweight
and conduct / oppositional behavior. If this is indeed the case, these children
may hkely be more at nsk for behavioral problems in addition to learning deficits
which is likely why a high proportion of low birthweight children often require

Children from the Premature Group were not noted to differ significantly
""jiwmnafmalbum“qhtinrAnxnetmedasarDapremevan
mappmxmwmam&ematmes were classified as having an
Anxiety Disorder and 31% were classified as displaying features of childhood
Depression on the SIDAC. In some cases such as depressive symptomatology,
mean rating scores for the two groups of children were close to significar
vdun(p m)mmmmwanmlargamghtcorm
i ""ikdyduatasmdmplemnbam;rm A significs
ted however, bet ofﬂﬁePrerechildran
-ﬂDaprm hdnchnqapassobbmdaﬂym rglamm Clnical analysis
including overall performance during the interview and with respect to parent
WW!MMMMM!ﬂﬁMMPTMQGFM
wlhﬂtm'ﬁ;:'f mmmﬂﬂynmhmmﬂme
compared directly to the Sibling Group, except for the fact that none of the
normal birthweight children evidenced symptoms of depression. Since there
mmMWﬁbMW@M:Mm
' BE ﬂmmmmmMQ

fndings of this study.
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The resuns of the study provided support for many of the hypotheses
rificant differences between the Premature Group and the Sibling
Group for cognitive, academic, neuropsychological, visual-motor, and
emotionalbehavioral functioning. A higher propoition of children from the
Premature Group were classified as Learning Disabled and demonstrated
lower achievement scores particularly for reading among LBW Prematures and
arithmetic for VLBW Prematures. More variations in intellectual skills with lower
Performance IQ compared to Verbal IQ were noted in the Premamre sample
and Performance 1Q, compared to Siblings wﬂh normal bvrlhwaght hutary
moandehandwmwamm
the Prematures with specific deficits noted in more complex, novel and
nonverbal problem solving tasks as well as global measures of
neuropsychological integrity, complex sensory-perceptual functions and
symptoms of aphasia, compared to the Sibling Group who displayed normal
performance. Prematures aiso mmd more impaired visual-motor
Maboncompandmf*'f”: afugmrprapofhonafpsy:f’j, 0
mmmmmmmwmmfmawm
with premature birth history as this comprehensive format allows for the
evaluation of more subtie deficits that are not captured by traditional psycho-

mﬁmmmmmmmu:
MNMiMnamm mmmn

Mw\tmd ,,,dlﬁm‘ﬂﬁmnmhmpmd
the current study. hwiirwwﬁ mmmm blmi-n
the variables. There are a host of other possibilities and variables that can exert
an influence on oulcome, not to mention the very powerful effect of SES which
Shings. The purpose of the study was t0 simply survey a sample of "non-
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referred” older children with premature birth histories as defined by birthweight
vaiues as well as by gestational age, and to compare their performance on
academic, intellectual, neuropsychological and behavioral measures, with a
small sample of age-matched Siblings acting as controls. The results are
ﬂ‘terefnre mry directly applicable to the children surveyed as well as their

weight Siblings. However, inferences may be drawn to the larger
cahoﬂ popdahon of Prematures born between 1976 and 1983, based on the
medical technology available at that time and the age of viability for survival of
those Prematures with very low birthweight.

Results of the study suggest a pattern of deficits for Prematures that
appears t0 be consistent with the Nonverbal Learning Disabiity Syndrome
outined by Rourke (1882; 1987), resulting in a broad spectrum of neuro-
cognitive, wc and behavioral deficits possibly due to the destruction
mdlardyshmhonafmtem particularly for the right cerebral hemisphere
as postulated by Rourke and others. Based on the theoretical assumption of
early maturation of the right cerebral hemispheres and specifically with respect
to white matter ontogenesis, it seems plausible that preterm birth places
dﬂmﬁhﬁﬂﬁmﬂmmmmm
respect to more subtie deficits such as Leaming Disabilitie which are
wmmmmmcuswm(mmmmlmmsn it
hpﬂthWmmﬁmﬁahf,,,,,
mﬁmmfbﬁwms@um@rmcmﬂﬂu
ﬁMﬁm%d“mﬂym

3 particularly in the right hemisphere as these structures are quite fragile,
mmmmmﬂ-mmmmm mhgar

nwﬂnmmmllwﬁm duﬂypln
these children at significant risk for developmental disabilities ikely due to
mwdﬁnbhmmmm Shannon,
mm&n-vb1muﬂymzmmﬁm&
Denson, 1984; Nickel, Bennett, & Lameon, 1962).




The results of this study appear to provide some evide~ s LD
hypothesis to hold for children with premature birth histon O es
conducted on Prematures noted earlier, as well as Stud - or
children with other medical complications during or shortly “cmowin, . "~ may
also provide some additional support for the NLD hypothesis #hie support for
this hypothesis is growing, it must be pointed out that R <«es ' ™ jstons
goncerning right hemisphere white matter destruction, are oesed ornary on

ropsychologica mawesmmrelatwetysmall carefully seie~tad greups of
ﬁﬁm bang surveyed, and not on clinical postmortem -~ rownaging
evidence. According to Rourke (1988), futura resemrch may provide

iological evidence for his theory and therefore add significant substance for
rﬁm

The general findings of this study should aiso be interpreted with caution
as children with a history of premature birthweight also demonstrate a variety of

ﬂmmﬂmnldﬂﬂm itnd:ﬁiallﬁandonﬁlyﬁw
mmmmm",",’,"’,fm:ﬁrhkmlyrdeﬂchls
injury from associated complications and/or insult referable to prema birth
tsol. AN of these factors including SES, may therefore be contributing in
varying degrees to eventual outcome implicating an interactive or dynamic

On the other hand, as noted in the current study, significant ¢
mmwﬂnmmnmﬂmum
mmﬁmmmmmmnrﬁkﬁmq-
mﬁwhﬁmmmmnmmﬁfm

mental outcome than many medical complications in a number of
mmmmm&m1mmm
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Vinecer, Allen, & Stinson, 1993). This is particularly significant for children born
with very low birthweight (<1500 grams). There is increasing evidence that the
survival rate for these Prematures is increasing by approximately 10% per
decade and that the age of viability is moving in a downward direction with
smaller and younger Prematures surviving outside the natural environment of
the womb. As a direct consequence of advances in neonatal medicine, the
mortality rate for this subgroup has decreased significantly as many more
neonates with very low birthweight survive. This has been met with positive
reviews by 2ome researchers since many of these children would not have
survived even thirty years ago. However, survival rates versus quality of life
Mnmmmﬁmmm in many cases children
r Ve ,lmwmﬁsmsmbamemmk
_ tl/c nitive deficits as shown in the lterature
review. In many cases, these chidren may not display the more overt deficits
moaatedmeLBWhﬁtancaly Hmvarmesubﬂedeﬁatsmaysﬂbe

mmﬂmmmmﬂamnnimsmmmum
due t0 the fact that more medical complications, such as a 40% to 50% co-
occurrence af mmm he

Mwb-nnnvmﬂhwm

What is clearly evident from both early and current research is that
among surviving Prematures, there appears to be an increased demand for
display a host of neuro-cognitive, leaming and behavioral deficits. With respect
0 one of the most important institutions that they may encounter in their
Mespan, theee chidren are aleo found to be over-represented in special
education settings or require special isarming assistance. There is also a good
ikslhood that theee chidren would have or will require the services of
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psychologists as well as other professionals in the health care and educational
fieids. Tha need for current clinical data investigating more specific
sychological processes among subgroups of children who appear to be
-t Tllk is mﬂerseared by some researchers such as Hynd and Willis (1988),
and Rourke (1991b), who have predicted that the specific study of “at risk"
groups wil be a major trend in human neuropsychology in the 1980's. It is
hoped that this study is a step in the right direction as further end perhaps more
detailed longitudinal research is required particularly in the arena of Learning
m a handicapping condition affecting as many as one third of all
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Premature Group were identified with FAS and in each case a distinctive
Frmre chidren. This included global intellectual deficits, academic
underachievement, poor eye-hand coordination, and giobally depressed
paﬂamoanRNB-Cndudhgmpaﬂmmaﬂﬂmmd
the HRNB-C. This pattern was also observed in children with Cerebral Palsy (2

Prematures = 6.3%). In addition, these two groups of children were also
observed to have many features of Attention Deficit Disorder (ADD) including
the Hyperactivity component (ADD-H), including other more subtie behavioral
deficits that may not be severe enough to fit a category on the SIDAC, yatsnl
Mnmﬂuwnaf?iff mmadmmlsvalarnuwmiﬁ

db@ﬁﬂmgrmddﬁ@rdmanm

Qualitative analysis at the family level also resulted significant
prvations that could not be summarized quantitatively. For example, it was
observed that the families of these children often faced significant hardship in
mmﬁmﬁmmmmm in addition to
trying t0 cope with the behavioral manifestations that these children displayed
iatter in ife. In fact, k was not unusual for both couples to separate or divorce
mmma-mmmmummm
obvious developmental problems. The more subtie effects of family dynamics
-ﬂsﬁsmmmmmmmm
the interview and in obeerving the test behavior and performance of these
children. At this level of inquiry, t may have been possible t0 elucidate more
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detailed comparisons between the groups of children on a case by case basis
and perhaps develop a more complete picture of the strengths and weaknesses
of this group of children that would be valuable for other clinicians to use.

An example of the difficulties often encountered by older prematures
without obvious or handicapping conditions at birth, is perhaps best lllustrated
by a brief case study. This information could not be summarized quantitative
or analyzed statistically, however, cases such as the one below represent the
modal pattern of performance of these children in daily life as well as in their
educational environment. With respect to birth history, the case in point is a
child who was born at 30 weeks gestation with a birthweight of 1900 grams. He
did not have any significant medical complications but did require ventilation
and incubation for approximately 3 weeks. His progress in the Neonatal
intensive Care Unit was rather smooth, considering his birthweight, and his
parents were quite pleased with the outcome at the hospital. He was followed
upbyﬂuhaepﬂlbraﬁnddmonsliympenodmmmnwnmm
hah:dcﬁmlungandlarmpntawnﬁhcnms including ear infections and
many allergies. nentally, his speech and language skllls were
mmhmmmwsknbmmm
with respect to fine motor coordination, balance, eye-hand control, andvuual
spatial skills. mmmmrﬂaagmmw@ammm
able to tie his shoelaces by age 7. At play school, he did not appear to be weil
He seemed to be easily distractible and was described by others as
number concepts however, his overall skils were rather average. By Grade 1,
mdaﬂm ayerma mﬂﬁaﬂuhm(ﬂﬂﬁc)
skils were identified and his mathematical skills were quite weak. However,

mmmmmmmm he was never
referred for psychological assessment or resource room assistance. By Grade
Surs mwmmmmmm“mm

ﬂﬁiﬁmﬁme Qrd ﬂ rimiinid w-l m
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referred for an evaluation in this regard. Based with the prospect of being
retained or repeating his current grade, due to these "deficits”, his parents
insisted that some type of evaluation occur since they noticed that he was quite
capable in other areas. After considerable pressure, the school officials
decided to have a specialist (School Psychologist) evaluate his skills. He was
administered a brief version of an intellectual measure suitable for his age
(WISC-R), and it was determined that he has average |Q. By now his premature
birth history had largely been forgotten including his relative difficulties in
motoric functioning, poor mathematical skills written language skiis and

ttentional deficits. FullScaleleas,, pntioned in the brief report however, the
mmﬁmﬁcyunfmdmwmallawasnmdw Academic
assessment was not provided since it was determined that his reading skills

were largely appropriate for his age.

Thamuﬁnﬁcﬂaeonfarmwiﬂihisparmhdicaﬂdmathawas

mmm Matwabenmstagmaﬂre naddmmto
counseling to improve his self-esteem. Mﬂmmwmm
mmﬁm;m;kmmmhemmmaw
change to this academic program in High School with an emphasis on
vocations. In short, the underlying strengths and weaknesses in this child's
general functioning were never clearly identified unti a comprehensive
neuropsychological assessment was conducted at age 12.

This a t clearly identified deficits in mathematics, written outpul
skils, eye-hand caardin:tian visual-spatial  skills, mnanu skils lnd

,*i,’,,,mmmmmmm D-ptm
al amﬂﬁﬁnﬂmﬂmm-ﬂaﬁmmm

mmmnmamwvmmm;m
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While cases such as this are frequently encountered in clinical and
educational settings, they are often poorly understood since the pattern of
difficulties that these children display are not well recognized. Inadequate
screening procedures would also add to this confusion and may even
contribute to inappropriate remediation strategies or in some cases, not lead to
further evaluation which clearly would be indicated. The importance of applying
hmﬁlsofquanﬁtaﬁverﬂearmtnindmdualmuumadbyma
qualitative information discussed above. Only through greater understanc of
the needs of these children, can parents, clinicians and educators be prapared
0 meet the demands of the future.




