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ABSTRACT 

This research was conducted to obtain information to 

clarify the nature of the relationship between degree of 

prematurity and associated perinatal complications and 

academic achievement. Previous investigations have 

suggested that children born prematurely do experience 

academic deficits, however, significant relationships 

between prematurity and achievement have not consistently 

been reported. Advances in neonatal medical care in the 

past 20 years has ensured the survival of extremely fragile 

premature infants that previously would have perished. There 

has been great interest in the developmental progress of 

these premature survivors. In spite of this interest, 

questions still remain about academic progress. 

The present sample included 188 first grade students 

who were born prematurely. All students were enrolled in a 

prospective longitudinal follow-up program upon graduation 

from the neonatal intensive care nursery. structural 

equation model testing (LISREL) was used to examine the 

structure of the relationships between the independent 

variables and academic achievement. Independent variables 

included the following; degree of prematurity, perinatal 

illness, socioeconomic status, ethnicity, and preschool 

experience. 
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structural equation model testing revealed that none 

of the eleven models tested provided a good fit for the 

data. Hierarchical model testing indicated that one model 

was preferred over the others. The model that provided the 

most parsimonious representation of the data specified that 

there was no direct relationship between degree of 

prematurity 

relationship 

This model 

and achievement nor was there a direct 

between perinatal illness and achievement. 

also included direct relationships between 

ethnicity, socioeconomic status, and preschool experience 

and achievement. 

This analysis revealed that within this sample of 

premature survivors of neonatal intensive care, neither 

degree of prematurity nor perinatal illness were 

significantly related to academic achievement. The 

significance of socioeconomic status has been well 

documented in the literature and is supported by this 

investigation. While preschool experience was significantly 

related to achievement, the relationship was not in the 

anticipated direction. That is, children with preschool 

experience had lower achievement scores than children with 

no preschool experience. 

discussed in terms of 

preschool measure. 

These unexpected results 

the lack of sensitivity of 

------------.~- - -

were 

the 
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CHAPTER 1 

INTRODUCTION 

Since the early part of the twentieth century there 

has been a great deal of interest in the developmental 

difficulties experienced by children born prematurely. It 

is now well established that premature infants are "at risk" 

to experience a variety of developmental deviancies during 

infancy and early childhood ranging from delays of growth, 

motor development, and speech/language development, to 

hearing impairment, visual impairment, cerebral palsy and 

mental retardation (Cohen & Parmelee, 1983; Stewart, 

Reynolds, & Lipscomb, 1981). Previous research has also 

indicated that premature school-age children, with no 

evidence of significant difficulties in the preschool years, 

are more likely than their full-term counterparts to 

experience academic learning problems (Rubin, Rosenblatt, & 

Balow, 1973; Wiener, 1968). Interest in examining the 

relationship between prematurity and achievement has 

recently been renewed because improved neonatal medical care 

has ensured the survival of very fragile premature infants 

who previously would have perished. Little is currently 

known about the specific factors most related to academic 

- -- ---------- - --
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learning problems in this new population of premature 

children. 

The first published reports documenting the academic 

difficulties experienced by premature children appeared in 

the literature over 60 years ago. In one of the earliest 

reports, Capper (1928) found that 10 per cent of his sample 

of premature children attended schools for the mentally 

retarded. Capper also reported that as many as two-thirds 

of the premature children attending regular schools were 

one-year, or more, below grade level academically. In 

summarizing, Capper (1928) was quite pessimistic when he 

concluded that the premature infant "will become the 

backward school child, is the potential future psychopathic 

or neuropathic patient and even the potential inmate of the 

home for imbeciles or idiots" (p.459). 

There was general agreement in subsequent reports 

that premature children were experiencing significant 

academic learning problems at school-age (e.g. Blegen, 1953; 

Douglas, 1956; Eames, 1945; Kawi & Pasamanick, 1958). 

However, due to the frequency of methodological deficiencies 

in the research reported prior to the 1960's, it was not 

possible to reach definitive conclusions about whether 

prematurely born school-age children were more likely than 

their full-term counterparts to experience significant 

academic learning problems. This was reflected in Wiener's 
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(1962) summary of this early research when he tentatively 

concluded that "premature subjects are apparently impaired 

on measures of reading and writing achievement" (p.142). 

Wiener (1962) noted that the research reported prior 

to the 1960's suffered from a variety of methodological 

weaknesses that severely limited the validity of early 

findings. First and perhaps most importantly, investigators 

frequently failed to provide adequate control for the 

confounding influence of socioeconomic status. This was 

despi te the fact that it had been noted earlier in the 

literature (cf. Benton, 1940), that both prematurity and 

measures of outcome (i.e. intelligence and academic 

achievement) were related to socioeconomic status. 

Secondly, investigators frequently used subjective or 

unstandardized measures of achievement of questionable 

reliability. Wiener further noted that some studies failed 

to provide a statistical analysis, and that none of the 

studies utilized statistical techniques capable of examining 

mUltivariate relationships. 

It was not until the 1960's and 1970's that the 

research improved and more definitive conclusions could be 

made about the nature of the relationship between 

prematurity and academic achievement. There generally was 

an increased interest in the development of prematurely born 

children in these two decades. This corresponded with a 
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growing research interest in all types of perinatal risk 

factors and their subsequent impact on the developing child. 

Kopp and Krakow (1983) noted that by the late 1950's medical 

researchers had eliminated many of the life-threatening· 

diseases of childhood and infancy, and consequently were 

turning their attention to the impact of perinatal risk 

factors on development. 

The research efforts of Pasamanick and his co-

workers at Ohio state University during the late 1950's and 

early 1960's were instrumental in focusing attention 

specifically on the impact of prematurity and related 

perinatal complications on subsequent development. These 

investigators concluded that prematurity and associated 

perinatal complications were related to a variety of 

subsequent disorders. Based on their research they 

developed the concept of "continuum of reproducti ve 

casualty" which suggested that a range of outcomes could 

occur subsequent to perinatal stress (Kawi & Pasamanick, 

1959; Pasamanick & Knobloch, 1966; Pasamanick & Lilienfeld, 

1955). Pasamanick and Knobloch (1966) reasoned as follows: 

Since prematurity and complications of pregnancy are 
associated with fetal and neonatal death, usually on 
the basis of injury to the brain, there must remain 
a fraction so injured who do not die. Depending on 
the degree and location of the damage, the survivors 
may develop a series of disorders. These extend 
from cerebral palsy, epilepsy and mental deficiency 
through all types of behavioral and learning 



disabilities which are the result of lesser degrees 
of damage sufficient to disorganize behavioral 
development and lower thresholds to stress. (p.7) 

15 

The work of these investigators had a tremendous impact on 

all facets of the research on the growth and development of 

premature children. Kopp and Krakow (1983) noted that the 

"continuum of reproductive casualty" formed the 

philosophical basis for much of the research to come in the 

following two decades. While there was little empirical 

evidence in support of the inclusion of academic problems in 

the continuum of reproductive casualty prior to the 1960's, 

more evidence was to come from the research reported in the 

1960's and 1970's. 

Methodological improvements were evident in many of 

the studies published in the 1960's and 1970's. Based on 

this improved research, it was possible to draw more 

sUbstantive conclusions about the relationship between 

prematurity and academic achievement. The literature 

reported in these two decades documented significant 

deficits for premature children in all academic areas. More 

specifically, premature children were found to score 

significantly lower than full-term children on measures of 

reading achievement (DeHirsch, Jansky, & Langford, 1966; 

Rubin et al., 1973; Wiener, 1968), arithmetic achievement 

(Rubin et al., 1973; Wiener, 1968), and spelling (Rubin et 

--------_._- --
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a1., 1973) in the elementary grades. Additionally, it was 

reported that premature children were more likely than their 

full-term counterparts to receive special education services 

and to have repeated a grade (Rubin et a1., 1973). 

The prospective longitudinal investigation reported 

by Wiener (1968) was particularly instructive in revealing 

the strength of the relationship between prematurity and 

measures of achievement. Wiener's study was the first to 

use multivariate statistical analytic techniques capable of 

examining the differential predictive utility of prematurity 

(i.e. birth weight) and socioeconomic status on measures of 

reading and arithmetic achievement. Wiener's analysis 

demonstrated that the relationship between birth weight and 

measures of achievement was highly significant. However, 

this study was the first to demonstrate that while the 

relationship between prematurity and achievement was 

significant, it was not of sufficient magnitude from which 

to make individual long term predictions. The results of 

Wiener's step-wise multiple regression analysis revealed 

that birth weight was significantly related to reading 

achievement at 12 to 13 years of age (e.g. partial 

correlation, rp=.10, p<.Ol) as was social class (e.g. 

partial correlation rp=.30, p<.OOl). Similarly, the 

relationship between birth weight and arithmetic achievement 

was highly significant (e.g. partial correlation, rp=.12, 

---------_._- --
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p<.OOl), as was social class (e.g. partial correlation, 

rp=.33, p<.OOl). In summarizing, Wiener (1968) noted the 

following regarding the contribution of prematurity (i.e. 

birth weight) and socioeconomic status in the prediction of 

reading and arithmetic achievement; "Although the effect of 

birth weight is small, compared to socioeconomic factors, it 

is highly significant" (p.249). 

The moderate relationship between prematurity and 

achievement reported by Wiener (1968) and other researchers 

during the 1960's and the 1970's (cf. Rubin et al., 1973) 

generally agreed with the results of related research on the 

impact of perinatal variables on subsequent development that 

was generated during these two decades (cf. Broman, Nichols, 

& Kennedy, 1975; Corah, Anthony, Painter, stern, & Thurston, 

1965; Werner, Bierman, & French, 1971). Sameroff and 

Chandler (1975) concluded from their cogent review of the 

"biological risk" literature that the research reported in 

the 1960's and 1970's offered some support for the continuum 

of reproductive casualty which was earlier proposed by 

Pasamanick and Knobloch (1966). However, these studies 

demonstrated that the relationship between prematurity and 

associated perinatal complications with outcome measures 

(i.e. intelligence and achievement) was small in magnitude 

at school age. Additionally, these studies consistently 

documented the powerful mediating effects of measures of 
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socioeconomic status on outcome variables. This led 

Sameroff and Chandler (1975) to conclude that the 

prediction of outcome was dependent upon both perinatal 

variables and environmental variables as indexed by measures 

of socioeconomic status. 

Successful predictions regarding long-range 
developmental outcomes cannot be made on the basis 
of a continuum of reproductive casualty alone. An 
equally important "continuum of caretaking casualty" 
exists to moderate or perpetuate earlier 
developmental difficulties. The continuum of 
caretaking casualty will be seen to run from 
conditions in which the child dies from abuse or 
neglect, through sublethal variations such as 
battered children and infants who fail to thrive, to 
more subtle manifestations of mental retardation and 
psychiatric disturbance. (Sameroff & Chandler, 1975, 
p.190) 

A better understanding of long-term developmental 

influences came from the research reported in the 1960's and 

1970's. Based on this research, it was clear that while 

prematurity does have a significant impact on long-term 

development, the impact is relatively small at school-age. 

However, many researchers in the 1980's have suggested that 

stronger relationships may be found in recent samples of 

children born prematurely. The longitudinal study of 

premature children has received an increasing amount of 

attention in the literature in this decade. This resurgence 

of interest has been due to the profound impact that 

changing techniques of medical management has had on 

survival rates of premature newborns. These new medical 

--_. ------------
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techniques have resulted in the routine survival of 

extremely fragile premature infants who previously would 

have perished. In effect, a new population of premature 

children has been created. 

The medical management of the premature newborn has 

changed dramatically in the last 25 years. Prior to the 

1960'S, little intervention was offered following birth. 

Typically, the premature infant was isolated, kept warm in 

incubators, fed and otherwise left alone (Francis-Williams 

& Davies, 1974). However, revolutionary changes took place 

in the early 1960's that included breakthroughs in 

technology, methods of treatment, and philosophy of medical 

care. The concept of "intensi ve care," which had been so 

successful with adult patients, was applied to these fragile 

newborns. This new philosophy of care included the 

aggressive application of new treatments and technologies as 

well as constant nursing supervision. By the early 1970's 

Neonatal Intensive Care unit nurseries were established in 

major hospitals throughout the United states. 

The impact of Neonatal Intensive Care was 

immediately seen in dramatically improved survival rates for 

premature infants. While many larger birth weight (e. g. 

1,501 to 2,500 grams) premature infants were now surviving 

complications that previously proved fatal, the greatest 

gains in survival rates were seen in the most vulnerable of 

---- ----- -" --
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premature infants, those weighing 1,500 grams (3.3. lbs.) or 

less at birth. Prior to the introduction of Neonatal 

Intensive Care, approximately 50 per cent of newborns 

weighing 1,001 to 1,500 grams (2.2 - 3.3 lbs.) survived the 

neonatal period. However, subsequent to Neonatal Intensive 

Care, survival rates as high as 90 per cent have been 

reported for this birth weight group (Goldberg & Divitto, 

1983; Hunt, 1981). A similar increase in survival rates has 

been documented in the group of newborns weighing less than 

1,001 grams (2.2 lbs.) at birth. Prior to the introduction 

of Neonatal Intensive Care, 15 per cent or less of these 

extremely fragile newborns survived the neonatal period. 

Whereas, subsequent to Neonatal Intensive Care , survival 

rates of 50-60 per cent are commonly reported (Goldberg & 

Divitto, 1983; Hunt, 1981). 

The developmental outcome of these premature 

survivors of Neonatal Intensive Care has been of great 

interest and concern among investigators. Some researchers 

were initially pessimistic about the impact of Neonatal 

Intensive Care on survivors. For instance, Drillien (1958) 

suggested that the extreme measures taken to ensure the 

survival of very low birth weight infants (i.e. birth weight 

less than 1,501 grams) would result in a concomitant 

increase in the number of handicaps and developmental 

disabilities among survivors. Fortunately, early follow-up 
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reports indicated that this was not the case, in fact, the 

opposite was true. For example, prior to Neonatal Intensive 

Care, rates of severe handicap (including; cerebral palsy, 

mental retardation, severe hearing loss, severe visual 

impairment and hydrocephalus) ranged from 33 to 60 per cent 

in very low birth weight infants. Whereas, subsequent to 

the introduction of Neonatal Intensi ve Care, handicapped 

rates dropped to as low as 6 to 8 per cent (Knobloch, Rider, 

Harper, & Pasamanick, 1956; stewart, Reynolds, & Lipscomb, 

1981). 

Subsequent short-term follow up reports have also 

been quite encouraging indicating that following initial 

recovery from stressful neonatal events, most of these very 

low birth weight infants make good developmental progress in 

the preschool years (Cohen, Sigman, Parmelee, & Beckwith, 

1982; siegel, 1982). It was not until relatively recently, 

in the 1980's, that school-age studies documenting the 

academic achievement of these premature survivors of 

Neonatal Intensive Care began to appear in the literature. 

The majority of recent school-age achievement 

studies have focused on the group of premature children 

weighing less that 1,501 grams at birth, frequently referred 

to as "very low birth weight" (VLBW). It has been difficult 

to reach sUbstantive conclusions about the academic progress 

of these survivors of Neonatal Intensive Care due to the 

--------- --
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surprisingly inconsistent results of recent investigations. 

Some researchers have reported significant academic deficits 

for premature children. For example, Noble-Jamieson, 

Lukeman, silverman, and Davies (1982) and Michelsson, 

Lindahl, Parre, and Helenius (1984) both reported that very 

low birth weight (i.e. less than 1,501 grams) school-age 

children scored significantly lower than full-term children 

on measures of reading achievement. Michelsson et ale 

(1984) also reported significantly lower performance on a 

measure of spelling. In another recent study, Lindahl, 

Michelsson, Helenius, and Parre (1988) also found 

significant deficits in spelling when the performance of a 

slightly heavier birth weight group (less than 2,000 grams) 

of premature children was compared to that of full-term 

controls. 

However, it is interesting to note that significant 

deficits have not consistently been reported in the 

literature, in fact, even within the same investigation, 

contradictory results have been reported. For instance, the 

previously discussed study by Lindahl et ale (1988) found no 

difference between the premature (i.e. less than 2,000 

grams) and full~term groups on a measure of reading 

achievement. Similarly, Kitchen et al. (1980) found that 

very low birth weight 7 year-olds were doing as well as 

heavier birth weight premature children (i.e. 1,501-2,500 
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grams) on a measure of reading achievement. Additionally, 

the previously discussed study by Michelsson et ale (1984) 

reported the that very low birth weight school-age children 

were performing as well as full-term children on a measure 

of "school marks" as rated by teachers. 

The results of predictive studies have more 

consistently documented nonsignificant relationships between 

prematurity and measures of achievement. For example, Cohen, 

Parmelee, Beckwith, and sigman (1986) found that indexes of 

prematurity (i.e. birth weight and gestational age) were not 

significantly related to a measure of reading achievement at 

8 years of age. Similarly, Lindahl et a1. (198?) reported 

that birth weight was not significantly related to a global 

measure of "school performance" at 9 years of age. The 

research of Dril1ien, Thomson, and Burgoyne (1980) also 

found that birth weight and gestational age were not 

significantly related to a global "impairment" score which 

included measures of reading, spelling, and math, as well as 

other variables. 

Neonatal Intensive Care has resulted in the reu~ine 

survival of life-threatening perinatal complications for an 

increasing number of children born prematurely. Some 

investigators have suggested that prematurity will have a 

significant impact on later measures of developmental 

progress to the extent that severe perinatal complications 
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are associated with it. There has been some interest in the 

recent literature in the relationship between perinatal 

complications and achievement. However, based on the 

research to date, the impact that perinatal complications 

have on academic achievement has been difficult to 

determine. No complication has emerged that singly or in 

combination with other complications is consistently related 

to achievement. For example, Lindahl et ale (1988) reported 

that "smallness for gestational age" (i. e. significantly 

poor intrauterine growth) and hyperbilirubinemia were 

significantly related to a global measure of "school 

performance" at 9 years of age. Eilers, Desai, Wilson, and 

cunningham (1986) also reported that "smallness for 

gestational age" was significantly related to the need for 

"specialized instruction" to remain at grade level on 

academic sUbjects. In another recent investigation, Sell, 

Gaines, Gluckman, and Williams (1985) found that the only 

significant neonatal predictor of "learning problems" was 

the length of hospitalization before graduation from the 

Neonatal Intensive Care unit nursery. While Drillien et a1-

(1980) reported that it was not possible to identify 

individual complications or clusters of complications that 

were significantly related to impairment at school-age. 

The inconsistent and frequently nonsignificant 

relationships reported in these post-intensive care studies 

- - -----------
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are seen in marked contrast to the consistently documented 

relationship between prematurity and achievement reported in 

the pre-intensive care literature of the 1960's and 1970's. 

The inconsistent results reported in the 1980's are perhaps 

best understood in terms of the many deficiencies that are 

apparent in recent investigations. Examination of the 

recent research reveals many weaknesses that lead to serious 

questions about the validity of both significant and 

nonsignificant findings. In this respect, recent 

investigations are reminiscent of the research reported 

prior to the 1960's. It is interesting, but, unfortunate to 

note that many of the criticisms noted by reviewers of the 

research reported prior to the 1960's are equally applicable 

to the research reported subsequent to the 1980's. 

Deficiencies in recent studies include the following; small 

sample size, inadequate control for the confounding effects 

of socioeconomic status, the use of inadequate dependent 

measures, and the infrequent use of mUltivariate statistical 

analytic techniques. Considering the history of 

difficulties in these areas, it is unfortunate that these 

issues continue to be problematic in the recent literature. 

The small sample sizes noted in recent 

investigations are, of course, problematic because a small 

sample may not be representative of the population from 

which it was drawn, and consequently, spurious results may 

------ -- --



26 

be obtained from analysis of relationships based on such a 

sample (Kerlinger, 1973). The small samples employed in 

recent investigations may, in part, be due to the nature of 

the premature population. As previously noted, the majority 

of recent studies employ samples of premature children 

weighing less that 1,500 grams at birth. Very low birth 

weight premature births are relatively rare event. Recent 

reports indicate that approximately 1 per cent of all births 

are less than 1,500 grams birth weight (Desmond, Wilson, 

Alt, & Fisher, 1980). 

The second maj or problematic issue in the recent 

research concerns the provision of adequate control for the 

confounding influence of socioeconomic status (SES). Some 

recent researchers failed to provide a measure of SES (e.g. 

Hunt, 1981; Noble-Jamieson et a1., 1982). Other researchers 

provided only incomplete measures such as maternal or 

paternal level of education (e.g. Nickel, Bennett, & Lamson, 

1982; Sell et ale 1985). When more formal measures of SES 

are used, the most commonly used index is the Hollingshead 

Index (Hollingshead, 1969). The use of the Hollingshead 

Index is problematic in light of recent evidence suggesting 

that it is outdated and therefore, does not provide an 

adequate measure of SES (Muller & Parcel, 1981). 

Further problems arise when researchers fail to 

statistically control SES in their analysis of outcome. An 

'----~----- - - - -
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example of the confusion this has created in the literature 

can be seen in Kitchen et al.'s (1980) investigation 

comparing the reading ability of very low birth weight (i.e. 

less than 1,500 grams) 8 year-olds to that of their heavier 

premature counterparts (i.e. greater than 1,500 grams). 

Kitchen et al. (1980) reported that the very low birth 

weight group was doing as well as the heavier birth weight 

group on a standardized measure of reading achievement. 

This unexpected result may have been due to the failure to 

equate the two groups on a measure of socioeconomic status. 

The authors did report that the SES of the very low birth 

weight group was higher than that of the heavier birth 

weight premature children. However, despite this fact, no 

statistical control was provided for socioeconomic status. 

Difficulties concerning the provision of adequate 

control for the confounding influence of socioeconomic 

status have severely limited the conclusions that can be 

drawn from many recent investigations. Sameroff (1981) 

noted the importance of this issue and suggested the 

following regarding the recent research: "We are continually 

left with the unanswered question: are the later 

developmental problems associated with prematurity the 

effect of prematurity or of the fact that poorer and less 

educated groups are more likely to have preterm babies?" (p. 

391) • 
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Further difficulties have arisen in the recent 

literature due to the frequent use of inadequate dependent 

measures of academic aChievement. Some recent investigators 

have used subjective measures of achievement (e.g. teacher 

or parent ratings of academic performance) of questionable 

reliability (e.g. Michelsson et al., 1984; Eilers et al., 

1986) • Other recent investigators have used a composite 

"impairment" score as the dependent variable. For example, 

Drillien et al. (1980) used an additive impairment score 

that included a measure of reading, spelling and arithmetic, 

as well as intelligence, behavior problems, motor abilities, 

perceptual skills, and speech. Children were assigned a 

score of "0,1,2, or 3" (O=no impairment, 3=severe 

impairment) based on certain criteria of impairment 

determined by the authors. As previously discussed, this 

study found that indexes of prematurity (i.e. birth weight 

and gestational age) were not significantly related to 

impairment at school-age. The use of the global 

"impairment" score by Drillien et al. (1980) may have 

"masked" the true relationship between prematurity and 

achievement that may have been evident if achievement had 

been examined singly and analyzed as a continuous variable. 

A final issue with regard to the dependent measure 

used in recent investigations concerns the psychometric 

properties of the most commonly used measure of achievement 
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in recent investigations, The Wide Range Achievement Test 

(WRAT) (Jastak, Bijou, & Jastak, 1978). While the WRAT was 

designed to provide three content area scores, (i.e. 

reading, math, and spelling) frequently, the only portion of 

the test used by recent investigators was the "reading" 

measure. The sole use of the WRAT reading score is 

problematic in light of recent evidence suggesting that this 

score may not be an accurate reflection of classroom reading 

skills. It appears that the WRAT reading score may 

overestimate grade level reading equivalents by a much as a 

full year (Hall, Reeve, & Zakreski, 1984; Jenkins & Pany, 

1978; Newville & Hamm, 1985). 

Collectively, these issues have severely limited the 

informational yield from recent investigations. In spite of 

almost a decade of research, little is currently known about 

the relationship between prematurity and achievement in this 

new group of premature survivors of Neonatal Intensive Care. 

These problematic research issues were less frequent in the 

studies reported in the 1960's and 1970's. This pre-

intensive care era research more consistently indicated that 

premature children were increasingly impaired on measures of 

academic achievement as a function of decreasing birth 

weight (Rubin et al., 1973; Wiener, 1968). Some 

investigators in the pre-intensive care era were impressed 

by the strength of the relationship between prematurity and 
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achievement. For example, Rubin et ale (1973) noted the 

following regarding their investigation; "the present study 

reveals a surprisingly strong association between moderately 

low birth weight and later manifestations of intellectual 

and educational impairment" (p. 362). 

The relationships documented in the 1960's and 

1970's were found in samples of premature children that were 

relatively "mature" when judged by current (post-Neonatal 

Intensive Care) standards. That is, the majority of 

premature subjects in the pre-intensive care era research 

were within the 1,500-2,500 gram birth weight range. Few 

premature infants weighing less than 1,500 grams survived in 

the pre-intensive care era. Those that did survive were 

frequently excluded from analysis due to the severity of 

handicap. The research reported in the 1980's generally has 

focused on the most fragile of the new survi vors--those 

children weighing less than 1,500 grams at birth. If the 

relationships documented in the pre-intensive care era 

research generalize to the post-intensive care population, 

it seems reasonable to anticipate that stronger 

relationships may be forthcoming from analysis of the 

relationship between prematurity and achievement in this new 

group of survivors of Neonatal Intensive Care. 

The primary objective of this dissertation is to 

more clearly understand the structure of the relationship 
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between degree of prematurity and academic achievement in a 

sample of prematurely born school-age children who received 

Neonatal Intensive Care. The Linear structural Relations 

(LISREL VI) program developed by Joreskog and Sorbom (1984) 

will be used to analyze the data. This dissertation will 

improve upon previous investigations by addressing many of 

the deficiencies noted in the recent research. For example, 

this investigation will include a larger sample than many 

other recent investigations. Secondly, this dissertation 

will include an updated measure of socioeconomic status (i.e 

the revised Duncan Index) (Stevens & Featherman, 1981). The 

Duncan Index is widely regarded as the best measure for use 

in psychological research (Mueller & Parcel, 1981). 

Thirdly, the present investigation will employ the Woodcock

Johnson Tests of Achievement (Woodcock and Johnson, 1977) as 

the dependent measure. Recent research indicates that the 

Woodcock-Johnson provides a more accurate measure of 

achievement than other commonly used instruments (i.e. the 

WRAT) (Hall et al., 1984). However, the Woodcock-Johnson 

Tests of Achievement have never been used as a dependent 

measure in a published report of academic achievement in a 

sample of premature children. 
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CHAPTER 2 

LITERATURE REVIEW 

Introduction 

The research on the academic achievement of children 

born prematurely has a long and interesting history. This 

chapter will review this literature in an effort to clarify 

the issues which the present study addresses. To facilitate 

the present discussion, the research that has been generated 

over the past 60 years has been divided into three periods. 

The first period includes the research published prior to 

the 1960's. It was not possible to reach sUbstantive 

conclusions about the relationship between prematurity and 

achievement during this early period due to the frequency of 

methodological deficiencies in the research. The second 

period includes the research reported in the 1960's and 

1970's. Methodological improvements were evident in many of 

the investigations published at this time, and consequently, 

great advances were made in our understanding of the 

relationship between prematurity and academic 

underachievement. This was followed by the final period of 

research which included the studies documenting the progress 

of extremely fragile premature survivors of Neonatal 

Intensive Care that began to appear in the literature in the 
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1980's. Unfortunately, the informational yield from recent 

studies has been severely limited due to the poor quality of 

the recent research. Because of this, little is currently 

known about the relationship between prematurity and 

academic achievement in this new population of premature 

children. 

Before discussing the research concerning the 

relationship between prematurity and academic achievement 

def ici ts, issues regarding research design, theory, and 

methodology need to be examined. Three research designs 

have been used to study the influence of prematurity on 

academic achievement. These are generally referred to as 

retrospective, retrospective follow-up, and prospective 

(Rubin & Balow, 1977). When using a retrospective design, 

the investigator, may select the sample of children to be 

studied on the basis of identified low achievement (e. g. 

reading disability). The investigator then examines 

hospital records or relies on maternal report of perinatal 

information, such as birth weight and associated perinatal 

complications thought to be related to the dependent 

variable. Wohlwill (1973) has pointed out, that problems 

with retrospective research can arise due to the potential 

inaccuracy and unreliability of this type of information. 

For example, hospital records that were not compiled for 

research purposes may contain measurement errors. 
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Additionally, the fallibility of human memory for past 

events may introduce error when the researcher relies upon 

maternal recall of perinatal events that occurred years 

prior to data collection. Rubin and Balow (1977) also noted 

that the retrospective design yields backward-contingency 

probabilities when forward contingencies are of primary 

interest. 

For example, it may be more useful to know the 
probability that a perinatally stressed infant will 
have reading difficulty (a forward contingency) than 
to know the probability that a child with reading 
difficulties has had perinatal stress (a backward 
contingency). In addition, previous evidence 
strongly indicates that retrospective studies 
limited to identified handicapped populations yield 
a distorted picture of the origins and development 
of handicapping conditions. (p. 121-122) 

Sameroff and Chandler (1975) also recognized this difficulty 

and noted that retrospective investigations frequently 

suggest an inevitability of outcome which may not be 

justified. 

When a retrospective follow-up design is used, the 

researcher typically establishes the sample of children to 

be studied by retrospectively examining birth records for 

information concerning prematurity and other relevant 

perinatal complications. The researcher then evaluates the 

academic progress of these subjects. Rubin and Balow (1977) 

noted that this design does yield forward contingency 

probabilities, "but the reliance on old clinical records 

--------------.-- - -
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maintained for the deli very of service rather than for 

research purposes introduces the same data problems 

associated with the retrospective method" (p.122). 

The prospecti ve design is characterized by well 

planned and ongoing data collection from infancy through 

childhood. Dependent measures are typically selected 

carefully and analysis of the relationship between 

prematurity and academic achievement is part of the overall 

plan. Rubin and Balow (1977) noted that the prospective 

design avoids the errors of data collection associated with 

retrospective designs and allows the researcher to evaluate 

forward contingency probabilities. However, researchers 

have noted that many problems may arise in prospective 

investigations, for example great expense may be involved 

due to the protracted length of time before subjects reach 

school age. Additionally, researchers involved in 

prospective investigations must deal with the difficult 

problem of subject attrition (Wohlwill, 1973). However, in 

spite of these difficulties there is widespread agreement 

that this is the preferable design for research concerning 

the relationship of prematurity to academic achievement 

(Rubin & Balow, 1977; Sameroff & Chandler, 1975; Wohlwill, 

1973). 

The developmental model subscribed to by researchers 

has obvious implications for the variables considered to be 

------------ _ .. - -
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of importance when examining the developmental outcome of 

children born prematurely. Werner and Smith (1982) noted 

that much of the research reported prior to the 1960's, 

which will be discussed in the forthcoming section, was 

predicated on a main effect model of developmental 

influences. This model assumes that constitution and 

environment exert independent effects on development, 

whereby predictions may be made about the effects of 

prematurity regardless of environmental influences. After 

the mid-1960's, the majority of investigators adopted an 

interactional model of developmental influences in which the 

effects of prematurity are balanced against the influence of 

environmental variables (Werner & Smith, 1982). 

The research to be reviewed in this chapter 

indicates, as we would anticipate, that the effects of 

prematurity do not function independently to influence 

academic achievement. Many premature children come from 

home environments that are not conducive to academic 

learning. Sameroff and Chandler (1975) described these 

environmental hazards as causing a "continuum of caretaking 

casualty" analogous to Kawi and Pasamanick's (1959) 

continuum of reproductive casualty. If one is to understand 

the learning problems of premature children from a 

developmental perspecti ve, both types of casual ty-

reproductive and caretaking--must be considered (Sameroff & 

- ------- ---- -_.- _. 
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Chandler, 1975). As will be noted in the following review 

of the literature, control for the confounding effects of 

socioeconomic status has been a problematic issue in much of 

the research published to date. 

Another issue that has made it difficult to 

interpret the previous research has been the wide variety of 

measures of achievement used by different investigators. 

This has made it difficult to compare results across 

studies. The unknown reliability and validity of many of 

these measures has also been problematic. If measures do 

not accurately assess academic skills, spurious 

relationships may be reported and "true" relationships that 

do exist between prematurity and academic achievement may be 

obscured. 

A final issue that has caused some confusion in the 

literature has been the variation in terminology and 

definitions of prematurity used across research studies. 

The majority of previous investigators have operationalized 

prematurity as a birth weight of less than 2,501 grams (5 

lbs. 8 oz.). These children are frequently referred to as 

"low birth weight". other investigators have noted that 

children whose birth weight falls below 2,501 grams do not 

necessarily have shortened gestational periods, and have 

therefore used the dual criteria of birth weight and 

gestational age (e.g. 37 weeks or less) for the designation 

-- - --- -----------.~- . -
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of prematurity. Much of the research reported in the 1980's 

has focused on the most vulnerable of premature infants, 

those weighing less than 1,501 grams (3.3 lbs.). This group 

of infants is typically referred to as "very low birth 

weight" to distinguish them from their heavier premature 

counterparts. To facilitate communication in this review of 

the literature, the term "prematurity" will frequently be 

used when discussing trends in the research, however, when 

discussing the details of individual investigations, the 

definitional criteria for prematurity will be specified. 

Capper's 

The Research Reported 
Prior to the 1960's 

(1928) investigation was the first 

published report to discuss the academic progress of 

children born prematurely. This retrospective follow-up 

study documented the progress of 51 premature children (i.e. 

birth weight of less than 2,501 grams) at an average age of 

14.5 years. Capper interviewed children to obtain 

information about academic progress. 

Only one-third of the immature children that were of 
school age were in classes that corresponded to 
their ages; twelve, or 27 per cent, were one year 
behind and nine, or 20 per cent, two years; two were 
three years behind and two were four years behind in 
school. Five children, or 11 per cent, of immature 
children of school age were attending schools for 
mentally inferior children. (p. 478) 

--------- -- - -
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The difficulties Capper (1928) noted at school age 

were matched by deficits during infancy and the preschool 

years. For example, premature children began to walk and 

talk at later ages than full-term children. Speech defects 

were also more frequently encountered in the premature 

group. Capper's summary of results was quite pessimistic: 

The fate of immature children is not enviable, 
almost one half of them die during the first year of 
life. Of those that remain alive, the majority are 
physically as well as mentally underdeveloped. Some 
of them show a late mental development; others show 
a condition of psychic infantilism, while still 
others show permanent and severe mental diseases. 
When they are passed in review, one is surprised at 
the variety and amount of abnormality encountered •.• 
In brief, the immature infant becomes the backward 
school child, and is a potential psychopathic or 
neuropathic patient and even a potential candidate 
for the home for imbeciles and idiots. (p. 479) 

Capper's (1928) investigation represented the first 

published report to suggest that premature children may 

experience significant academic learning problems. However, 

the validity of Capper's conclusions regarding the academic 

progress of these premature children was severely restricted 

due to a variety of methodological weaknesses including his 

failure to include a control group, the subjective nature of 

his dependent variable, and his lack of control for 

socioeconomic status. In spite of these problems, Capper's 

investigation is of interest historically because it sets 

the stage for the research to come in the years that follow. 

----------- -~ - -
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Eames (1945) was one of the first investigators to 

suggest that premature children were "at risk" to experience 

reading disability at school age. Eames randomly selected 

100 children identified as having significant reading 

problems. Reading problems were not defined and the author 

did not state how the children were located for study. This 

retrospecti ve analysis found that 15 per cent of these 

children were born prematurely. Eames suggested that this 

percentage was "considerably greater" than would be expected 

by chance factors alone; however, no statistical analysis 

was provided. Eames failed to discuss the fact that his 

liberal definition of prematurity may have contributed to 

his findings. Prematurity was defined as birth before full

term (i.e. 40 weeks gestation), or, birth weight of less 

than 2,500 grams (5.5 lbs.). Additionally, the source of 

this birth information was not given. 

Eames (1945) reported that the premature and full

term groups were "closely parallel" in the proportion of 

each sex, in median chronological age, and in median IQ 

score. The source of the information concerning IQ was not 

specified. Eames also suggested that "neurological lesions" 

were present in 40 per cent of the premature children and in 

9 per cent of the full-term children. However, Eames 

offered no information regarding the definitional criteria 

employed in the determination of neurological lesions. 

---- ------------
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A subsequent retrospective follow-up study by Beskow 

(1949) found no evidence of significant reading problems in 

a large group of premature children. Beskow's follow-up of 

273 premature children (birth weight less than 2,501 grams) 

at 9 to 15 years of age found that 25 per cent of the 

children had been referred to a child guidance clinic for 

school difficulties: 49 for difficulty following 

instructions, 16 for pronounced nervous disturbances, and 3 

for reading disability. This last figure is perhaps most 

notable because it yields a surprisingly low incidence of 1 

per cent. The validity of Beskow's results are limited due 

to his failure to measure the reading achievement of each 

child directly. We cannot rule out the possibility that 

many children with reading problems were not referred for 

evaluation at the school guidance clinic. 

Blegen's (1953) retrospective follow-up compared the 

academic progress of 150 premature children with that of a 

matched full-term control group. Recognizing the importance 

of socioeconomic factors, Blegen reported "very good" 

agreement on father's occupations between premature and 

control children. The performance of these groups in all 

subject areas was compared at the end of primary school. 

This analysis found no significant differences in "practical 

subjects" such as, sewing and woodworking but concluded that 

premature children were impaired in reading and writing. 
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However, chi-square tests of these differences were not 

significant. Interestingly, Blegen also compared 18 very 

low birth weight (less than 1,501 grams) children with the 

heavier birth weight premature children and found no 

significant differences between the groups on school 

subjects. 

Uddenberg (1955) reported a retrospective follow-up 

study in which 62 ten year-old premature children (i. e. 

birth weight less that 2,501 grams) were matched with a 

group of full-term children (i.e. birth weight greater than 

3,000 grams) for age, sex, hospital of birth, social class, 

and ordinal position in the family. Uddenberg compared the 

performance of the two groups on measures of reading (i.e. 

the Terman-Merrill Reading Test) and writing. The writing 

tests were developed by the author, these included measures 

of spelling, penmanship, and the number of corrected 

mistakes in forming letters. No significant differences 

between premature and control children's scores were found 

on the writing tests. On the reading measure, no difference 

was found in the number of children failing to read a 

passage in the required time. However, Uddenberg reported 

that significantly more premature children "read poorly" on 

the reading test. "Reading poorly" was determined from a 

subjective measure of the fluidity of the children's reading 

style. 

----- ---------
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Unfortunately, Uddenberg (1955) failed to carefully 

match the premature and control groups on socioeconomic 

status. In fact, the premature children came from families 

of higher socioeconomic status than controls. The 

possibility remains that this factor may have accounted for 

the lack of significant results on the majority of the 

achievement measures. It was interesting to note that in 

spite of the lack of compelling evidence of performance 

deficits for the premature children, Uddenberg felt that the 

evidence was sufficient from which to conclude that the 

premature children had significant perceptual difficulties 

which may have resulted from subtle brain damage associated 

with the premature birth. 

During the 1950's Pasamanick and co-workers at Ohio 

State University published a series of investigations from 

which they concluded that prematurity and associated 

perinatal complications may be responsible for a range of 

developmental deviancies, this was referred to as the 

"continuum of reproductive casualty". Academic learning 

problems were added to this continuum following the 

publication of Kawi and Pasamanick's (1958) study relating 

reading disability to prematurity and perinatal 

complications. An expanded version of this study was 

subsequently published in 1959 in the Monographs of the 

Society for Research in Child Development. This 

----- ----~-- -. 
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retrospective study included 205 boys aged 10 to 14 years 

old identified by the public schools as having severe 

reading disabili ties and a matched control group with no 

significant reading problems. Children were assigned to the 

"reading disabled" group if their 1Q score was 85 or above 

and they were reading two or more years below grade level. 

Kawi and Pasamanick (1959) found a greater frequency 

of prematurity in the reading disabled group than in the 

control group. The percentage of premature births (i. e. 

birth weight less than 2,500 grams) in the group with 

reading disorders was 11.5 per cent, this was significantly 

higher (p=.05) than the rate of 4.6 per cent in the control 

group. This investigation provided the first evidence of an 

association between reading disability and complications of 

pregnancy and labor. Kawi and Pasamanick reported that the 

percentage of mothers of reading disabled children with one 

or more complications was 45.4 per cent. This was compared 

to a rate of 21.4 per cent for the control children. This 

difference was significant at the .05 level. 

In discussing these results, Kawi and Pasamanick 

(1959) noted that the complications most highly associated 

were preeclampsia, hypertensive 

during pregnancy. The authors 

with reading disorders 

disease, and bleeding 

suggested that these complications were more likely to 

produce fetal anoxia than other complications, and that 

------------ .--. -
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depending on the severity of this anoxia, brain damage may 

occur. It was also noted that premature infants are more 

susceptible to anoxia than full-term infants. 

Kawi and Pasamanick (1959) concluded that reading 

disorders were found to be significantly associated with 

fetal and maternal factors thought to be related to cerebral 

injury. However, Pasamanick did acknowledge that finding 

this association does not necessarily establish the 

etiological character of prematurity and associated 

perinatal complications in the determination of reading 

disability. Unfortunately, these results were confounded by 

socioeconomic status. The authors admitted that the reading 

disabled group was of lower socioeconomic status than the 

control group. In spite of this, Kawi and Pasamanick 

suggested that socioeconomic status could not account for 

the difference obtained between toe groups. 

The results of this investigation led to the 

inclusion of reading disorders in the continuum of 

reproductive casualty. 

The configuration of previous reproductive 
casualties, prematurity, and maternal complications 
found in abortion, stillbirth, neonatal death, 
cerebral palsy, epilepsy, mental deficiency, and 
behavior disorders has also been found to exist 
among this group of children with reading disorders. 
In view of these findings it would appear that a 
certain proportion of reading disorders might be 
added to the continuum of reproducti ve casual ty . 
The concept of this continuum appears to be a most 
useful one for investigating the possibility that 

---------- -- - -



brain damage occurring during the prenatal and 
perinatal periods may have caused sufficient insult 
to result in one or more of a number of 
neuropsychiatric disorders of childhood. These 
conditions, of which reading disorders is one, can 
no longer be regarded as distinct clinical entities 
but rather as syndromes or symptom complexes. One 
probable cause of these is organic brain damage, 
manifested, depending on the degree and area of 
injury, by cerebral palsy, mental deficiency, 
epilepsy, behavior disorder, reading disorder, and 
possibly tics. (Kawi & Pasamanick, 1958, p. 1423) 
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Two studies reported by Douglas (1956; 1960) 

provided the first direct evidence of the powerful 

confounding effects of socioeconomic status in the 

determination of the impact of prematurity on academic 

achievement. Douglas originally reported significant 

academic deficits for premature children when compared to 

full-term children in both of these studies. However, 

Douglas could find little support for the relationship 

between prematurity and academic deficits when scores were 

reanalyzed following a more careful consideration of 

socioeconomic status. Douglas concluded that the deficits 

for premature children found in both studies were more 

likely due to factors related to socioeconomic status rather 

than to the prematurity per see 

The initial report of this (Douglas, 1956) 

prospective investigation involved the comparison of the 

performance of a large group (N=407) of premature children 

(i.e. birth weight less than 2,501 grams) to that of their 
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heavier birth weight controls ( i • e. hirth weight greater 

than 2,500 grams) at 8 years of age (Douglas, 1956). The 

groups were matched on the following variables; sex, ordinal 

position in the family, age of mother, socioeconomic status, 

and degree of crowding in the home. Douglas found that 

premature children scored slightly, but, significantly lower 

than controls on measures of reading, vocabulary, and a 

picture intelligence test. These three dependent measures 

were designed by the author. Premature children were found 

to be more impaired on the reading measure than on the 

measure of vocabulary. On the average, premature children 

scored 17. 5 per cent less than controls on the reading 

measure, while they scored 6.5 per cent less than controls 

on the vocabulary measure. It was interesting to note that 

the performance deficit of premature children did not 

increase significantly with either decreasing birth weight 

or decreasing length of gestation. 

Douglas (1956) also examined the impact that 

specific complications of pregnancy have on school age 

achievement. He reported somewhat surprisingly, that 

premature children of uncomplicated pregnancies were 

significantly more impaired on the vocabulary measure than 

premature children from pregnancies in which there was a 

history of toxemia, antepartum hemorrhage, or induction. 

-------- --- -. 
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The difference in scores on the reading measure was not 

statistically significant. 

In his subsequent report on the same group of 

children (N=355 premature and control pairs) at 11 years of 

age, Douglas (1960) found that premature children continued 

to experience significant deficits in reading, vocabulary, 

arithmetic, and a measure of verbal and nonverbal 

intelligence. Again, all of the dependent measures were 

designed by the author. This study was the first to 

document that premature children experience significant 

deficits in arithmetic, as we have seen, previous 

investigations tended to focus on reading achievement. 

Douglas also noted that scores for premature children were 

lower at 11 years of age, than they had been at 8 years of 

age, while the control children made similar scores at each 

age. Douglas concluded that the premature children appear 

to become more handicapped as their age increases. 

In spite of initial attempts to match the children 

on socioeconomic variables, Douglas (1960) noted that there 

were marked social differences between the groups which grew 

larger with time. For, example, mothers of control children 

showed greater interest in their children's academic 

progress, and were rated as managing child and home care 

consistently better than mothers of premature children. 

Douglas also noted that unemployment and lower educational 

-~-.~ ._-----------
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attainment were more common in premature children's 

families. 

These findings led Douglas (1960) to re-evaluate 

results with socioeconomic variables specifically in mind. 

He found that when socioeconomic variables favored the 

premature children they tended to do better than controls, 

however, this difference was not statistically significant. 

On the other hand, when socioeconomic variables favored the 

control children, he found that the premature children were 

at a statistically significant disadvantage. From this 

analysis, Douglas concluded that when socioeconomic 

variables were taken into consideration, premature children 

were no longer significantly impaired on the measures of 

achievement or intelligence. 

In discussing the results of these studies, Douglas 

(1960) noted the difficulties involved in adequately 

matching groups on socioeconomic variables and suggested 

that the significant academic deficits found for premature 

children in both of his studies were more likely due to 

socioeconomic variables rather than to the effects of low 

birth weight per see 

These handicaps, however, are to be attributed to 
adverse home conditions--in particular to lack of 
parental care and low educational aspirations-
rather than to the effects of low birth weight or 
cerebral damage associated with it. The problem 
then reflects the complex social causes of 
prematurity. (p. 1012) 

------- -
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There was mounting evidence in the research reported 

prior to the 1960's which suggested that premature children 

were more likely than full-term children to experience 

academic learning problems. Researchers primarily focused 

on reading ability because many felt that this academic area 

was more influenced by the hypothesized brain damage 

associated with prematurity than other academic areas. The 

weight of the evidence from these early studies led Wiener 

(1962) to tentatively conclude from his review of the 

related literature that premature children seem to be 

impaired on measures of reading and writing achievement. 

Wiener drew the following conclusions from the related 

literature published between 1940 and 1962: 

Many recent studies ... tend to find premature 
subjects impaired on measures of intelligence for 
all ages of childhood. Infants born prematurely 
tend to have slower developmental rates. Premature 
children of all ages are seemingly prone to a wide 
variety of personality aberrations. The data 
inconclusively suggest that premature children are 
increasingly impaired as a function of decreasing 
birth weight. Also premature subjects are apparently 
impaired on measures of reading and writing 
achievement, which may reflect a perceptual 
disability, as some studies indicate. Negative or 
inconclusive findings were obtained concerning 
language development and speech disorders. Whether 
prematurity is associated with impairment in the 
absence of other obstetric and neonatal 
complications has not been definitely studied. (p. 
142) 

The slow emergence of a coherent view of premature 

children's academic performance was primarily due to the 
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frequency of methodological deficiencies in the early 

literature. Wiener noted that the methodological weaknesses 

pointed out by Benton (1940) in his classic review of the 

literature, applied equally to the subsequent literature. 

Benton had criticized the research reported prior to the 

1940's because of the use of subjective dependent measures, 

small sample sizes, and the failure to control for the 

confounding influence of socioeconomic status. Wiener noted 

that the last deficiency, control for the confounding 

influence of socioeconomic status, had been particularly 

problematic in the research reported between 1940 and 1962. 

Wiener also criticized these early studies for their failure 

to use mUltivariate statistical analytic techniques which 

would provide useful information regarding the unique 

contribution of prematurity and socioeconomic variables in 

the determination of academic achievement. The importance 

of this issue was dramatically seen in the two studies 

reported by Douglas (1956; 1960). 

The Research Reported 
in the 1960's and 1970's 

Premature children were found to score significantly 

lower than full-term children on the Durrell Analysis of 

Reading Test at 11 to 12 years of age in a retrospective 

follow-up study reported by Caplan, Bibace, and Rabinovitch 

(1963). The sample included 50 male premature children and 

- --- ------------
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50 male full-term control children. Prematurity was 

operationalized as a qestational aqe of 36 weeks or less and 

birth weiqht of 1,500-2250 qrams. Children with birth 

weiqhts qreater than 2,600 qrams were considered "full

term". The premature and full-term qroups were equally 

divided between two aqe qroups consistinq of 7-8 year-olds 

and 11-12 year- olds. 

Caplan et ale (1963) attempted to control for 

socioeconomic status by selectinq only those children whose 

mothers had received semiprivate or private hospital 

accommodations for their delivery. It was interestinq to 

note that the authors included a measure of the mother-child 

relationship called the Parent Behavior Ratinq Scale. This 

represented one of the first attempts to specifically 

address the impact of this variable on the premature child's 

development. 

Caplan et ale (1963) found no siqnificant difference 

in readinq test performance between the 7 to 8 year-old 

premature children and their controls. However, amonq the 

11 to 12 year-old qroup, the premature children's readinq 

scores were siqnificantly lower than controls. Similar aqe 

differences were found on other measures employed in this 

study. For example, 11 to 12 year-old premature children 

scored siqnificantly lower on the Wechsler Intelliqence 

Scale for Children. A 10 point difference was reported on 
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the Full Scale score. similarly, the 11 to 12 year old 

premature children scored significantly lower than full-term 

children on the Bender-Gestalt, and the Lincoln-Oseretsky 

Test of Motor Development. While the younger premature 

children differed significantly from the controls only on 

the Lincoln-oseretsky. From their analysis of the results 

of the Parent Behavior Rating Scale, the authors concluded 

that control children tended to be "well-adjusted" coming 

from "growth-stimulating" families while premature children 

were more likely to be described as "problem children" from 

"growth-inhibiting" families. Caplan et al. (1963) further 

noted that "the homes of the prematures were 

characteristically more saturated with worries and anxieties 

about their children. There was more indulgence, less 

decisiveness, and a general lack of confidence, as well as 

doubt on the part of the parents in their own ability to 

manage their children" (p.445) • These results are 

interesting in that they represent one of the first attempts 

to evaluate the dynamic interplay between biological 

variables (i.e. prematurity) and environmental variables. 

More specifically, Caplan et al. suggested that a reciprocal 

interaction existed between these variables. 

In some cases studied, one fel t that the deviant 
child affected the home in upsetting a delicately 
balanced dynamic system which then exerted feedback 
influences. In other cases, pathological forces in 
the home could be seen as aggravating and 



reinforcing deviant cogni ti ve development. Thus the 
reciprocal interaction between organism and object 
is seen. (p.448) 
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Caplan et al. (1963) concluded that premature 

children have a greater incidence of cogni ti ve disorders 

than full-term children, a difference which is greater in 

older children. The authors did not discuss why such an 

age difference might exist, although they did suggest that 

their results may have been due to the tests greater 

accuracy with older children. However, it should be noted 

that the validity of this suggestion is questionable. 

The first investigation to statistically control for 

the confounding influence of socioeconomic status was 

reported by Robinson and Robinson (1965). This prospective 

investigation compared the performance of 8 to 10 year aIds 

of three different birth weight groups (e.g. less than 1,501 

grams, N=33i 1,501-2,500 grams, N=102i and greater than 

2,500 grams, N=92) on a variety of dependent measures 

includingi the reading score obtained from the Wide Range 

Achievement Test (WRAT), the Stanford-Binet IQ, the 

Goodenough Draw-a-Man Test, as well as behavior ratings. In 

order to help clarify the role that prematurity plays in 

long-term development, children with major physical defects 

were excluded from the analysis. The results of the analysis 

of variance and covariance revealed that there were no 
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siqnificant differences between the birth weiqht qroups on 

any of the measures when the variance in scores accounted 

for by social class was statistically removed from the 

analysis. The measures of readinq, intelliqence, and 

behavior, were all siqnificantly related to social class. 

Robinson and Robinson (1965) concluded that low 

birth weiqht was not necessarily a precursor of low 

intelliqence, impaired readinq ability, or overall measures 

of behavioral inadequacy, unless the child sustains a major 

physical defect. 

Extensive comparisons of data from physical and 
psycholoqical examinations, social histories, and 
school reports tended to find only a few siqnificant 
differences amonq the qroups, all of which were 
probably related more closely to social backqround 
than to birth weiqht per se. The data indicate 
that, aside from physical size and major physical 
defects, social class assumes much more importance 
than does birth weiqht in determininq a child's 
developmental proqnosis. (p. 433) 

The prospective study reported by DeHirsch, Jansky, 

and Lanqford (1966) offered evidence suqqestinq that 

premature children were not performinq academically at the 

same level as their full-term counterparts. DeHirsch et al. 

found that premature children (birth weiqht less than 2,501 

qrams, N=53) scored siqnificantly lower than full-term 

children (birth weiqht qreater than 2,500 qrams, N=53) on 

measures of readinq and writinq at the end of Grade 1, and 

on measures of readinq, writinq, and spellinq taken at the 
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end of Grade 2. The Grade 1 reading tests included the Gray 

Oral and the Gates Primary Sentence and Paragraph Reading 

Tests. The Grade 1 writing test was developed by the 

authors. The Grade 2 tests included two reading tests (the 

Gray Oral and the Gates Primary Reading Tests), one spelling 

test (the Metropolitan Spelling Test), and the writing test 

was designed by the authors. 

DeHirsch et ale (1966) also examined the performance 

of the premature children to determine whether differences 

existed between very low birth weight children (less than 

1,501 grams) and those of moderately low birth weight 

(1,501-2,500 grams). Children weighing less than 1,501 grams 

at birth were found to score lower than heavier birth weight 

premature children on four of the five academic measures. 

However, the authors offered no indication of the 

statistical significance of this deficit. 

The primary weakness of this study was the authors' 

failure to control for the confounding influence of 

socioeconomic status. The authors did recognize the 

importance of control of this variable, but, suggested that 

it was unlikely that socioeconomic differences contributed 

to the lower performance of the premature children. 

DeHirsch et ale (1966) offered the following rationale: 

--~--------- --.- -



In the present study, however, in which the 
educational achievement of the mothers in the 
prematurely born group was higher than that of the 
mothers of the maturely born, it seems highly 
unlikely that socioeconomic differences would have 
been the determining factors in the poorer 
performance of the prematures. (p. 624) 
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Two studies were published in 1968 by a group of 

researchers in Baltimore that represented the cUlmination of 

the largest prospective longitudinal investigation published 

to date (Wiener, 1968; Wiener, Rider, Oppel, & Harper, 

1968). The first study was designed primarily to investigate 

the relationship between birth weight and intelligence test 

scores. However, the authors did include a brief discussion 

of performance on an achievement measure. This will be the 

focus of the present discussion. 

Wiener et al. (1968) compared the performance of 417 

premature children (birth weight less than 2,501 grams) to 

405 full-term children (birth weight greater than 2,500 

grams) on the reading and spelling subtests of the Wide 

Range Achievement Test (WRAT) at 8 to 10 years of age. Test 

scores were analyzed using the statistical techniques of 

analysis of variance and covariance. This allowed the 

investigators to statistically control for the confounding 

influence of socioeconomic status. The results of the 

analysis of variance revealed that premature children scored 

significantly lower than full-term children on the reading 
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and spelling sUbtests. When scores were re-analyzed 

following removal of the variance accounted for by 

socioeconomic status, the premature children's deficit in 

reading still reached statistical significance, however, the 

deficit in spelling was no longer statistically significant. 

Wiener et al. (1968) also reported significant 

deficits in intelligence test scores for the group of 

premature children. 

Children, Full Scale 

The Wechsler Intelligence Scale for 

IQ score difference between the 

premature and full-term groups was 4.9 points (F= 10.87, 

p<.OOl). An analysis of covariance revealed that the IQ 

score difference remained statistically significant 

following removal of the variance accounted for by 

socioeconomic status. Interestingly, the authors reported 

that there was no evidence of a statistical interaction 

between birth weight and socioeconomic status on the 

intelligence test scores. This was also true on the reading 

and spelling measures. The authors concluded that the 

effects of birth weight appeared to be uniform in each 

social class group, that is, children of the lower 

socioeconomic group were not relatively more impaired as a 

function of low birth weight. 

There was some evidence in the early research 

suggesting that perinatal complications may be associated 

with reduced performance on measures of reading achievement 

- -- - ------------
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(Kawi & Pasamanick, 1959). However, this association was 

noted in a retrospective investigation that failed to use 

statistical analytic techniques capable of examining 

mUltivariate relationships. Because of this, little was 

known about the impact of perinatal complications on the 

academic performance of premature children prior to this 

time. wiener et ale 's study offered some interesting 

evidence in support of the significant impact of perinatal 

complications on measures of academic achievement. 

Wiener et ale (1968) attempted to examine the impact 

of neurological risk factors by developing a measure 

referred to as a "neurologic scale". This scale is relevant 

to the present discussion because nearly half of the 

variables included in this scale involved perinatal 

complications of the mother or infant. More specifically, 

this scale was comprised of an additive index of the 

presence or absence of 19 different variables. Nine of 

these were perinatal complications such as; maternal 

preeclampsia, hypertensive disorders, bleeding during 

pregnancy, breech delivery, cyanosis, convulsive disorders, 

etc. The remaining ten variables were neurological 

abnormalities noted during an examination of the infant at 

10 months chronological age. Examples of these variables 

included the following; abnormal muscle tone, reflex 

- - --- ----------
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disturbance, strabismus and other eye disorders, tilting or 

sagging of the head, etc. 

As anticipated, premature children were found to 

have significantly more neurological abnormalities than 

control children. Interestingly, when the variance in 

achievement scores accounted for by neurological status was 

statistically removed by the analysis of covariance 

procedure, the deficit in reading scores for the premature 

children was no longer statistically significant. 

Therefore, the authors therefore concluded that prematurity 

was associated with reduced achievement scores to the extent 

that neurological disturbance accompanies the prematurity. 

Neurological status also had a significant impact on 

intelligence test scores. However, it was not possible to 

evaluate the impact of neurological status on Full Scale IQ 

scores, or Verbal and Performance IQs, because of the way in 

which the authors analyzed intelligence test scores. These 

summary scale scores were not included in this analysis. 

The 10 WISe subtests were analyzed separately. When the 

effect of the presence of possible "neurological 

abnormality" was removed from the scores by analysis of 

covariance, the statistical significance of the association 

between birth weight was reduced for each of the 10 

subtests, and only three (i.e. Information, Arithmetic, and 

Vocabulary) remained with significant associations. In 

-----------. -. 
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discussing these results, Wiener et ale (1968) noted the 

following: 

The perinatal and neurological data, which we have 
called "indicators", are to some extent unreliable. 
Unfortunately, no estimate of this is available. 
Also, combining these data into a "scale" has 
unavoidable statistical flaws previously alluded to. 
Each of these two deficiencies may be expected to 
have decreased the predicti ve value of the 
"neurologic" indicator scale score, and it is 
probable that their removal would strengthen the 
conclusion that low birth weight is associated with 
impaired performance in a wide variety of 
psychological measures largely to the extent that a 
neurologic disturbance is present. (p. 116) 

Unfortunately, Wiener et ale failed to provide information 

regarding which of the neurologic index variables (i.e. the 

perinatal variables or the neurological examination 

variables) were most highly related to the dependent 

measures of achievement and intelligence. 

Wiener (1968) begins the final report generated from 

this longitudinal investigation with a discussion of the 

results of achievement testing at 9 years of age that wasn't 

reported in the previous publication (i. e. Wiener et ale 

1968). The Metropolitan Achievement Test had previously 

been administered to premature and full-term children when 

in the third grade. The analysis of scores indicated no 

significant difference in group scores on the reading 

subtest but significant performance deficits were found on 

the arithmetic subtest. Significant differences in grade 

level attainment were also noted. 

_._-. -----------



The ability to reach an appropriate grade level for 
age varies significantly with birth weight. Forty
five per cent of the smaller prematures (e.g. birth 
weight less than 2,000 grams), 57% of the larger 
prematures (e. g. birth weight of 2, 000 to 2,500 
grams), and 72% of the children weighing more than 
2,501 grams at birth were in their age-appropriate 
grade. (p. 244) 
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The focus of Wiener's (1968) final report was the 

academic achievement of premature (N=419) and full-term 

(N=429) children at 12 to 13 years of age. All children 

attended regular schools in the Baltimore metropolitan area. 

Children wi th severe impairments (e. g. retardation, 

blindness, physical handicaps) were not included in the 

analysis. Achievement test information was obtained from 

district records of school administered group achievement 

testing. 

Wiener's (1968) presentation of results can be 

divided into three phases. The first phase includes the 

results of a Pearson univariate correlational analysis. 

This analysis found significant correlation coefficients 

between birth weight and both reading and arithmetic scores 

(e.g. r=.15, and r=.19, p<.OOl, respectively). However, it 

should be noted that these coefficients are not of practical 

significance due to the small magnitude of the correlations. 

Correlations between socioeconomic status and the 

achievement measures were of greater magnitude (e.g. reading 
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r=.44, and arithmetic r=.48). The "neurologic" index used 

in the previous report (wiener et al., 1968) was also used 

in this study. Significant correlations between this 

neurological score and the reading and arithmetic measures 

were also reported (e.g. r= -.11, and r= -.10) but these 

correlations were quite low. 

In the second phase of the analysis of results, 

Wiener examined variation in achievement scores, 

socioeconomic status, and neurological scores by dividing 

the sample into three birth weight groups: those weighing 

less than 2,000 grams, those weighing 2,000-2,500 grams, and 

those weighing greater than 2,500 grams. The analysis of 

variance revealed a significant positive association between 

birth weight and both reading and arithmetic test scores. It 

was interesting to note that socioeconomic status was not 

consistently related to birth weight, while the neurological 

score did significantly vary with birth weight groups. 

Further analysis demonstrated that the relationship between 

birth weight and achievement remained significant even after 

removal of the variance accounted for by both socioeconomic 

status and neurological scores. Wiener noted that when 

socioeconomic status and neurological scores were covaried, 

the F ratios became smaller but remained statistically 

significant. 
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Wiener (1968) also ran a step-wise multiple 

regression analysis to examine the prediction of academic 

achievement from these variables (i.e. birth weight, social 

class, and neurological score). The results of this 

analysis confirmed the earlier results from the analysis of 

variance and covariance procedures. Birth weight was 

significantly related to reading achievement at 12 to 13 

years of age (partial correlation coefficient, r=.10, 

p<.Ol), as were social class (rp=.30, p<.001), and 

neurological score (rp=.07, p<.05). The regression analysis 

results for arithmetic achievement were quite similar. 

Birth weight had a partial correlation of rp=.12 (p<.OOl) 

when the effects of social class (rp=.33, p<.OOl) and 

neurological score (rp=.07, p<.05) were partialed out. 

Wiener concluded that social class, birth weight, and 

neurological score have meaningful independent predictive 

values (rp). The overall predictability (R) of reading and 

arithmetic achievement was .49 and .54, respectively. 

A subsequent study of a sample of scottish children 

reported by Drillien (1969) compared the performance of 

premature children (i.e. birth weight less than 2,000 grams, 

N=75) to that of full-term children (Le. birth weight 

greater than 2,500 grams, N=140) on school administered 

tests of "English" and arithmetic at 11-13 years of age. 

Unfortunately, there were a number of serious methodological 

---- ---- -
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deficiencies in this report. For example, Drillien reported 

that the groups were equated on socioeconomic factors but 

failed to specify the method in which this was accomplished. 

Drillien found that premature children scored consistently 

lower than full-term children on both academic measures. 

However, no statistical analysis was provided which would 

indicate the significance of these differences. In spite of 

these methodological weaknesses, Drillien concluded the 

following: 

Even when children with moderate or severe mental, 
neurological, and physical defects are excluded, 
children of low birth weight attending normal school 
are still seen to be at a disadvantage as compared 
to their larger born contemporaries. This is not 
due to socioeconomic factors, being equally evident 
when comparing children of different birth weight 
reared in the best homes with those reared in the 
worst. There is no evidence that low birth weight 
children "catch up" as they become older. (p. 569) 

Kappelman, Rosenstein, and Ganter (1972) conducted 

a retrospective investigation in which the perinatal history 

of 125 children with learning and behavior problems was 

compared to that of 125 control children with no identified 

problems. The children ranged in age from 5 to 14 years. 

Members of the two groups were individually matched for age, 

sex, and neighborhood of residence. Children with learning 

problems had been referred to a remedial clinic by their 

teachers, while the controls were selected from the same 

school population . Birth information was obtained from a 

. _-_. ---.---------
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questionnaire filled out by the children's mothers and from 

the records of all medical facilities caring for the mothers 

and children. 

Kappelman et ale (1972) found that the children with 

learning problems had a significantly higher incidence of 

prematurity (Le. birth weight less than 2,012 grams), 

breech extraction, and preeclampsia. A higher incidence of 

antepartum bleeding was also found, however, this difference 

was not statistically significant. When all neonatal 

complications were combined, 12 per cent of the children 

wi th learning problems and 9.5 per cent of the control 

children had one or more of the problems. This difference 

between the groups was not statistically significant. 

Kappelman et ale (1972) indicated that children in 

the learning problems group tended to have mothers with 

lower levels of education than control children. The 

children in the learning problems group scored lower on 

intelligence testing, however, the authors failed to provide 

a statistical analysis of these scores. Additionally, the 

authors suggested that environmental factors may have 

interacted significantly with prematurity and perinatal 

complications aggravating their effect. However, no 

statistical information was provided in support of this 

contention. 

------- -- -.- .. 
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Rubin, Rosenblatt, and Balow (1973) reported a well 

designed prospective longitudinal investigation that added 

greatly to the understanding of the academic achievement of 

premature children. These investigators followed the 

developmental progress of 241 children born at the 

University of Minnesota 

aspects of this study 

Hospitals. 

was the 

One of the unique 

examination of the 

significance of the length of period of gestation as well as 

birth weight in the determination of achievement at school 

age. These authors recognized that children whose birth 

weight falls below 2,501 grams do not necessarily constitute 

a homogeneous group. That is, some of these low birth 

weight children may have gestational periods in excess of 37 

weeks which is the upper limit for prematurity when 

gestational age is included in the operational definition of 

prematurity. It was for this reason that these 

investigators were interested in examining the relationship 

between both birth weight and gestational age and measures 

of outcome. 

The 241 children were grouped on the basis of both 

birth weight and gestational age. Low birth weight was 

defined as less than 2,501 grams, and preterm birth as 

gestation equal to or less than 37 weeks. Full birth weight 

was defined as greater than 2,500 grams, and full-term birth 

as gestation greater than 37 weeks. The sample was divided 
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into four groups: 1) Low birth weight preterm births, 

(N=32); 2) Low birth weight full-term births, (N=46); 3) 

Full birth weight preterm births (N=78); 4) Full birth 

weight full-term births (N=85). 

All subjects were given the Wide Range Achievement 

Test (reading, spelling, and arithmetic subtests) as well as 

the Wechsler Intelligence Scale for Children at 7 years of 

age. Information regarding school problems and placement 

were also obtained from classroom teachers. Mean 

achievement and intelligence test scores were compared 

through three-way analysis of variance procedures with 

subjects classified by sex, birth weight, and length of 

gestational period. Significant differences were found 

favoring high birth weight over low birth weight subjects on 

all measures of academic achievement (p<. 01) • Similar 

differences were found on the Full Scale WIse IQ scores 

(p<. 01) . Interestingly, no significant differences were 

found between gestational age groups nor between the sexes 

on any of the measures. 

Rubin et ale (1973) also offered an interesting 

analysis of children in various "school problem" categories. 

School problems included retentions, special class 

placements, and the receipt of special school services. It 

was apparent from this analysis that birth weight rather 

than gestational age was more closely associated with the 

---- --- -----
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occurrence of educational problems. Among low birth weight 

subjects, those who were born at term had a significantly 

higher incidence of special educational problems than did 

those who were low in gestational age as well. Rubin et ale 

(1973) noted the following regarding these findings; 

To the extent that the low birth weight full-term 
subjects are analogous to what some researchers have 
identified as "small for date" (SFD) infants, 
evidence presented here supports findings of 
increased manifestation of psychological impairment 
over time for SFD children when compared with 
children for whom low birth weight was associated 
with a shorter period of gestation. Although 
preterm infants of low birth weight were at an 
initial disadvantage as shown by a higher incidence 
of abnormal neonatal conditions, and of neurological 
abnormalities at four months, by elementary school 
age the small-for-date subjects were more frequently 
in special educational problem categories than were 
the preterm children whose low birth weight was more 
appropriate for gestational age. (p. 361) 

Other perinatal variables were not significantly related to 

measures of outcome but were found to be associated with low 

birth weight, these included; low Apgar scores, elevated 

bilirubin levels, and number of diagnosed abnormalities. 

The unique contribution of socioeconomic status to 

outcome measures was not addressed in this study. However, 

Rubin et ale (1973) analyzed mean group differences on the 

measure of socioeconomic status and found that there were no 

significant differences between subjects grouped by 

gestational age, birth weight, or by sex. There was no 

indication that low socioeconomic status was associated with 

-------- -
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low birth weight in this population. The authors presented 

information indicating that the mean value on the measure of 

socioeconomic status for all four of the birth 

weight/gestational age groups was very close to the mean 

value for the population of the united states. 

The results of this study tend to refute the 

contention of caputo and Mandell (1970) who noted that 

studies of heavier birth weight premature children seemed to 

indicate minimal, if any, intellectual impairment while 

impairment was frequently found in samples of very low birth 

weight children (i.e. birth weight less than 1,501 grams). 

Regarding this issue Rubin et ale (1973) noted the 

following: 

Where previous investigations linking prematurity to 
later intellectual impairment have typically 
included a significant proportion of infants of very 
low birth weight, the present study reveals a 
surprisingly strong association between moderately 
low birth weight and later manifestations of 
intellectual and educational impairment. (p.362) 

Rubin et ale reported that only three of the 78 low birth 

weight subjects weighed less than 1,501 grams at birth (i.e. 

very low birth weight), while 13 weighed between 1,501 and 

2,000 grams, and 62 weighed between 2,001 and 2,500 grams at 

birth. 

The majority of previous research focused on 

elementary school age samples of premature children. The 

study reported by Douglas and Gear (1976) documented the 

---- ---'-"--
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academic proqress of premature children at 15 years of age. 

This prospective longitudinal investigation compared the 

academic progress of 67 children weighing less than 2,000 

grams at birth to matched control children weighing greater 

than 2,500 grams at birth. Few very low birth weight 

children (i.e. birth weight less than 1,501 grams) survived 

the neonatal period, therefore the sample was composed 

primarily of premature children of moderately low birth 

weight (e.g. 1,501-2,000 grams). All children were born in 

Great Britain (i.e. England, Wales, or Scotland) and were 

part of the previously discussed reports by Douglas (1956; 

1960) . As in the earlier investigations, subjects were 

originally matched on the following variables; sex, age, 

birth order, home circumstances, mother's age, father's 

occupation, and geographical location. 

Achievement and intelligence tests were administered 

to all children at 15 years of age. These tests included 

the Watts-Vernon reading test, a mathematics test developed 

by the authors, and the Alice Heim verbal and nonverbal 

intelligence test. Results of testing indicated that 

premature children scored consistently lower than controls 

on each of the measures, however, none of these deficits 

were statistically significant. The failure to find 

significant differences between groups is somewhat 

surprising in light of the fact that the authors noted that 

---------.-- - -
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the socioeconomic status of control families tended to 

improve over the 15 years of the study. 

In summary, it is apparent from the preceding 

discussion that many methodological improvements were 

evident in the research reported in the 1960's and 1970's. 

Prospective longitudinal investigations were more common, 

obj ecti ve standardized measures of achievement were more 

commonly employed, and investigators typically controlled 

for the confounding influence of socioeconomic status. 

Based on this improved research, it was possible to draw 

more SUbstantive conclusions about the relationship between 

prematurity and academic achievement. 

The results of the three major studies reported 

during these two decades (i.e. Rubin et al., 1973; wiener, 

1968; Wiener et al., 1968) indicated that premature children 

scored significantly lower than full-term children on 

measures of reading, arithmetic, spelling, and writing. 

Additionally, Rubin et ale (1973) reported that premature 

children were more likely than their full-term counterparts 

to receive special education services and to have repeated 

a grade. 

Wiener's (1968) study was of great interest because 

it was the first to demonstrate that while the relationship 

between birth weight and achievement was highly significant, 

it was not of suff icient magni tude from which to make 
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individual long-term predictions. This analysis also 

revealed that socioeconomic status exerts a powerful 

influence on school-age achievement. Interestingly, Wiener 

(1968) found that there was no statistical interaction 

between social class and birth weight as these affect 

achievement. 

Apparently a child of low birth weight is impaired 
regardless of his environment. There is no 
differential impairment consequent to variations in 
environmental background for the sample of subjects 
used in this study. Wi thin the population of 
children attending school there is a group whose 
educational defect is primarily associated with low 
birth weight (and presumably other perinatal 
defects) rather than with environmental variables 
such as social class. (p. 248) 

The possibility that stronger relationships may be 

found between prematurity and academic achievement has 

continued to fuel research efforts in the 1980's. The 

studies reported in the decade of the 1980's have focused on 

the progress of premature graduates of Neonatal Intensive 

Care Unit nurseries. 

The Research Reported 
in the 1980's 

Neonatal Intensive Care Unit (NICU) nurseries were 

established in major hospitals in the United states and 

abroad during the 1960's and early 1970's. studies of 

premature graduates of these nurseries published during the 

1960's and 1970's focused on preschool-age samples. It 

- - -- ----------



74 

wasn't until the 1980's that investigations of the academic 

progress of this new group of premature children began to 

appear in the li terature. Generally, these studies have 

focused on the group of NICU graduates weighing less than or 

equal to 1,500 grams (3.3 lbs.) at birth, frequently 

referred to as very low birth weight (VLBW). Unfortunately, 

due to great methodological variability across studies and 

frequent deficiencies within studies, the informational 

yield from the research to date has been severely 

restricted. These studies will be reviewed in the following 

section. 

Researchers in London, England (Noble-Jamieson, 

Lukeman, silverman, & Davis, 1982) conducted a retrospective 

follow-up investigation that compared the reading 

achievement of a small sample (N=23) of premature children 

to full-term control children matched for sex, and social 

class at nine years of age. The premature group was 

comprised primarily of children weighing less than 1,501 

"grams at birth (Le. 20 of the 23 premature children weighed 

less than 1,501 grams). The authors reported that all 

children were enrolled in regular school programs and 

evidenced no major handicapping conditions. Reading was 

assessed using the Schonell Graded Word Reading Test. The 

authors also used five subtests from the Wechsler 

Intelligence Scale for Children-Revised as an estimate of 

------- ----
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intelligence. The Children's Behavior Questionnaire was 

also completed by parents and teachers to provide a measure 

of problem behavior. 

Reading scores and 

compared using paired t-tests. 

WISC-R subtest scores were 

Noble-Jamieson et al. (1982) 

found that the reading deficit for premature children was 

highly significant (p<.OOOl). It was noted that the reading 

deficit was found regardless of the relatively high 

socioeconomic status of the two groups. Unfortunately, the 

authors did not report the scores in a form that would make 

it possible to evaluate the degree of performance deficit 

for the premature group. The authors also reported that 

premature children scored significantly lower than full-term 

children on four of the five WISC-R subtests (p<.02), while 

no significant differences were found on the behavioral 

measure. 

In a subsequent prospective follow-up study reported 

from Helsinki, Finland, Michelsson, Lindahl, Parre, and 

Helenius (1984) investigated the academic achievement of a 

group of 9 year old children weighing less than or equal to 

1,500 grams at birth (N=41). The authors excluded premature 

children with severe handicapping conditions from the study. 

The performance of the premature children was compared to 

that of a control group of thirty-nine children attending 

the same schools. The birth weight range of the control 



group was not specified by the authors. 
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It was reported 

that the socioeconomic backgrounds of the two groups were 

roughly equivalent. 

Michelsson et ale (1984) used information from 

school administered tests of reading and writing as well as 

teacher ratings of academic performance. The premature 

children were found to read significantly slower than the 

controls (p<.Ol). However, no significant difference was 

found in their ability to pronounce words when reading. 

Additionally, the premature children were found to have 

significantly more errors on the spelling test than control 

children (p<.OOl). It was interesting to note that on the 

more subjective measure (i.e. the teacher ratings of 

academic performance) the premature children were rated 

lower than controls, but this difference was not 

statistically significant. 

A subsequent prospective investigation was reported 

by these same authors with a larger group of premature 

children (N=386) of slightly heavier birth weight (i.e. less 

than 2,000 grams) (Lindahl, Michelsson, Helenius, & Parre, 

1988). The premature group's performance on measures of 

reading and spelling were compared to a control group 

(N=107) of similar socioeconomic background at nine years of 

age. The control group was chosen from schools within the 

local district. The authors agai,n, failed to provide 
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information regarding the birth weight range of the 

controls. Achievement information was obtained from school 

administered tests of reading and writing. The Finnish 

language version of the Wechsler Intelligence Scale for 

Children was also administered to all children. 

Lindahl et ale (1988) found that the premature group 

scored significantly lower than control children on the 

spelling test, however, no difference was found on the 

reading measure. Significant differences were also found on 

the WISC Full Scale, Verbal and Performance IQ scores 

favoring the control children. The relationship between a 

number of perinatal complications and on overall measure of 

"poor achievement" was also investigated. Poor achievement 

was defined as scoring below a cut-off score in reading or 

spelling, or the receipt of special education services. 

This multiple regression analysis revealed that several 

perinatal complications were related to poor achievement. 

Concerning this, Lindahl et ale (1988) noted the following: 

Poor school progress was also associated with 
factors connected with disturbed placental transport 
of oxygen and nutrients, i. e. maternal smoking, 
placental infarct, and smallness for gestational 
age. signs of cerebral depression and 
hyperbilirubinemia associated with isoimmunization 
were also significant adverse factors. Diazepam 
medication during labor was an unexpected factor of 
significance. However, the conditions for which it 
was used may have been more significant than the 
medication itself. Diazepam was used during labor 
to sedate and relax the mother, and also to lower 
blood pressure in toxaemic mothers. Intrapartum 



administration of diazepam was significantly 
associated with toxaemia (p<.Ol), pathological 
oestriol and a low one-minute Apgar score (p<.Ol), 
as well as with hypotonia (p<. 05) • It was not 
associated with low five-minute Apgar scores. (p. 
583) 
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It was interesting to note that the effect of low 

birth weight present at the beginning of the stepwise 

procedure disappeared when other variables associated with 

low birth weight were entered into the model. As has been 

noted in previous investigations, low socioeconomic status 

significantly increased the risk of poor school progress 

(r=.24) . 

In discussing their results, Lindahl et ale (1988) 

noted that the neonatal risk factors were less important 

predictors of school performance than originally anticipated 

when the study was designed. The authors suggested that 

this may have been due to the moderately low birth weight 

composition of the premature group. Only 19 of these 

children weighed less than 1,500 grams at birth. In light 

of this information, the possibility exists that this may 

also have been the reason that birth weight was not 

significantly related to achievement in this regression 

analysis. 

Drillien, Thomson, and Burgoyne (1980) reported a 

prospective investigation comparing the academic performance 

of large group of premature children (N=261) weighing less 
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than 2,000 grams at birth to a control group eN=lll) 

weighing more than 2,000 grams at birth. The control group 

therefore included both "premature" and full-term children. 

All children were given a battery of tests at 7 years of 

age, these included; the Burt-Vernon Word Recognition Test, 

the Burt-Inglis Spelling Test, the Wechsler Intelligence 

Scale for Children, and the Bender Gestalt Test. Results of 

the analysis of group differences indicated that low birth 

weight children scored significantly lower on the word 

recogni tion test (p<. 05) and the spelling test (p<. 05) • 

Significant deficits for low birth weight children were also 

found on the WISC Full Scale, Verbal, and Performance IQ 

scores (p<.Ol), and on the Bender Gestal t Test. 

Unfortunately, due to the limited discussion of test scores, 

it was not possible to examine the degree of deficit for 

premature children on these instruments. Based on the 

information that was presented, the deficit appears to be 

rather small. 

As anticipated, socioeconomic status was 

significantly related to all dependent measures. Drillien 

et al. (1980) noted the following regarding the impact of 

socioeconomic factors on the children's scores: 

Low birth weight children scored consistently worse 
than control children of like social grade, but in 
general the disadvantage of low birth weight as 
compared with controls was more obvious in children 
from middle-class homes than it was in children from 



poor working class homes, where presumably the 
effect of low birth weight itself was diluted by the 
effect of environmental disadvantages common to low 
birth weight and control children. (p. 30) 
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In the second phase of the study, the reading and 

spelling tests were combined with other measures to form an 

additive impairment score. These other measures included 

the WISC, the Bender Gestalt, a questionnaire to assess 

social adjustment, a test of motor abilities, and a test of 

speech impairment. Individual children were assigned an 

additive impairment score based on a series of cut-off 

scores on each of these measures. Members of both groups 

were then categorized according to probable status at birth. 

That is, the authors examined the primary cause of premature 

delivery and/or low birth weight and whether the infant 

appeared to have been affected by adverse factors prenatally 

or was likely to have been potentially normal at birth. 

Children were thus assigned to one of the following four 

groups; potentially normal at birth, adverse factors 

operating in early pregnancy, adverse factors operating in 

late pregnancy, or unclear status at birth. Analysis of 

group differences on the overall school impairment score 

revealed a significant association between evidence of 

"early intra-uterine insult" and the school-age impairment 

score. Early intra-uterine insult was inferred from 

physical exams of these infants revealing minor anomalies of 
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skull shape, ears, palate, palmar creases, and external 

genitalia. Interestingly it was noted that 70 per cent of 

these infants were "small for gestational age" suggesting 

poor intra-uterine growth due to nutritional 

insufficiencies. 

Based on this analysis it was not possible to 

identify individual perinatal complications or clusters of 

complications which were significantly related to impairment 

at school age. However, it was noted that children with 

evidence of early intra-uterine insult were significantly 

more likely than others to experience moderate or severe 

perinatal complications. Drillien et al. (1980) suggested 

that in some of these infants perinatal complications may be 

due to existing abnormality in the infant. 

The third phase of the study included a multiple 

regression analysis with the overall school impairment score 

as the dependent variable. This analysis revealed that the 

influence of birth weight and gestational age was not 

statistically significant (r=.Ol and r=.004, respectively) 

while socioeconomic status was highly significant (r=.34, 

p<.05). 

Kitchen et al. (1980) prospectively investigated the 

reading achievement of a large group of very low birth 

weight (Le. less than 1,501 grams) children (N=159). A 

comparison group of 75 children with birth weights of over 
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1,500 grams was selected from the same hospital population 

in Melbourne, Australia. Unfortunately the authors failed 

to provide detailed birth weight information for the control 

group. It is likely that the control group was not 

restricted to the premature birth weight range (i.e. less 

than 2,500 grams). In light of this issue, it is not 

possible to evaluate the differential academic performance 

of children within the premature birth weight range. 

The children were administered a battery of tests at 

8 years of age, these included; the Neale Analysis of 

Reading Ability, the Wechsler Intelligence Scale for 

Children-Revised, and the Bristol Social Adjustment Guide. 

Statistical analysis of scores revealed that the performance 

of the groups on the reading measure was not significantly 

different. However, significant differences were found on 

the WISC-R Full Scale, Verbal, and Performance scores in 

favor of the control children. The mean Full Scale score 

for the very low birth weight group was 89, while the 

corresponding score for the control group was 99. This 

difference was significant at the p<. 001 level. The authors 

failed to mention the reason that the results of the social 

adjustment questionnaire were never analyzed or discussed. 

It is interesting to note that Kitchen et al. (1980) 

reported that the socioeconomic status of the very low birth 

weight group was somewhat higher than that of the heavier 
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birth weight children. Unfortunately, the authors failed to 

statistically control for SES in the analysis of reading 

scores. For this reason, it was not possible to evaluate 

the impact that SES may have had on the nonsignificant 

reading score differences. 

In adddition to the failure to statistically 

control for SES, another methodological issue may have 

influenced the results of this investigation. Specifically, 

Kitchen et a1. (1980) apparently "corrected for prematurity" 

when scoring the reading measure. This correction effect 

would have more of an impact on the very low birth weight 

groups' scores because of the shorter period of gestation 

for these children. This may have contributed to the 

failure to find significant differences in reading test 

scores between the groups. There has been considerable 

debate about the practice of considering premature 

children's gestational age when scoring developmental 

measures in the recent literature. It currently is accepted 

practice to no longer "correct for prematurity" when scoring 

standardized measures of development beyond the child's 

second birthday (Ungerer & Sigman, 1983). 

The prospective follow-up study reported by Cohen, 

Parmalee, Beckwith, and Sigman (1986) investigated the 

predictive utility of prematurity and associated perinatal 

complications in the determination of reading achievement 

--------- --- --
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test scores in a group of 93 prematurely born children at 8 

years of age. Prematurity was operationalized using the 

dual criteria of birth weight (less than 2,501 grams) and 

gestational age (37 weeks or less). Children in this study 

were born at the University of California, Los Angeles or 

were transferred to the Neonatal Intensive Care Unit shortly 

after birth between July 1972 and December 1974. Children 

with severe handicapping conditions were excluded from the 

analysis and all evaluations were adjusted for gestational 

age. Twenty-two of the children in the sample weighed less 

than 1,501 grams at birth (very low birth weight). 

Therefore, the majority of the sample was of moderately low 

birth weight (i.e. 1,501-2,500 grams). 

The following dependent measures were administered 

to these premature children at 8 years of age; the reading 

subtest from the Wide Range Achievement Test, The Wechsler 

Intelligence Scale for Children-Revised, and the Bender

Gestalt. The Hollingshead four-factor index, based on 

maternal and paternal education and occupation, was used to 

measure socioeconomic status. A significant number of 

children in the sample came from Spanish-speaking families 

(N=27). Because of this, Cohen et ale (1986) analyzed some 

of the information separately by splitting the sample into 

English-speaking (N=61) and Spanish-speaking groups. 

-------------- --
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At 8 years of age, approximately 20 per cent of the 

English-speaking children and 30 per cent of the Spanish

speaking children were receiving special education services. 

The authors however, provided no specific information about 

the nature of these services. Five children in each 

language group had been retained in a grade. Among the 

English-speaking children, nine (15%) obtained WISC-R Full 

Scale IQs of less than 90. The corresponding figure in the 

Spanish-speaking group was 32 per cent. The authors 

suggested that the Verbal portion of the WISC-R is less 

valid for bilingual children. It was suggested that the 

Performance IQ may provide a better indication of cognitive 

functioning for these children. When the Performance IQ was 

used as the criterion, only two (7%) of the Spanish-speaking 

children were functioning below 90. 

statistical analysis of group differences indicated 

that the very low birth weight children were not 

significantly different from the premature children of 

moderately low birth weight on any of the dependent 

measures. Unfortunately, Cohen et al. (1986) failed to 

provide detailed information about the level of performance 

on these measures. Additionally, there was some evidence to 

suggest that the very low birth weight children came from 

socioeconomic backgrounds that were higher than the children 

of moderately low birth weight. However, the authors 
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apparently failed to statistically control for the 

confounding influence of socioeconomic status in their 

analysis. Due to the author's cursory presentation of this 

information it is not possible to make definitive statements 

about the details of the analysis. 

A second analysis was reported in which Pearson 

product moment correlations were computed for perinatal risk 

factors and all dependent measures. The results of this 

analysis indicated that gestational age, birth weight, and 

associated perinatal complications were not significantly 

related to any of the dependent measures in the total group 

or in the English-speaking group. Unfortunately, it was not 

possible to evaluate the magnitude of these correlations due 

to the authors' failure to report nonsignificant 

correlations in the presentation of results. Different 

results were obtained for those children from Spanish

speaking families. The following variables; birth weight, 

postnatal complications (e.g. respiratory difficulties, 

metabolic disturbance, infections, seizures, etc.), and 

length of hospitalization were significantly related to 

intelligence test scores (i.e. Full Scale, Verbal, and 

Performance scores) in the Spanish-speaking group. However, 

none of the correlations between prematurity and associated 

perinatal complications and the WRAT reading score or the 
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Bender-Gestalt score were statistically significant for 

Spanish-speaking children. 

The final statistical analysis reported by Cohen et 

al. (1986) was a multiple regression analysis in which the 

authors discussed the variance in Full Scale 1Q scores 

accounted for by perinatal variables. Unfortunately the 

authors failed to report a regression analysis for the 

reading scores. No rationale was offered for this 

exclusion . Results of this analysis for the Spanish

speaking group revealed that the best single predictor of 

Full Scale 1Q was birth weight (adjusted R2=.21). None of 

the perinatal variables was significantly related to 1Q 

scores in the English-speaking group. 

As we have seen in previous investigations, 

socioeconomic factors contribute significantly to measures 

of outcome. Cohen et ale (1986) reported that socioeconomic 

status was significantly related to reading subtest scores 

for the total group and the English-speaking children 

(r=. 49, and r=. 39, respectively). The authors did not 

report this correlation for the Spanish-speaking group 

ostensibly because it was not significant. The magnitude of 

these correlations were similar to those obtained for the 

W1SC-R Full Scale score for the total group and the English

speaking group. The authors suggested that the failure to 
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find significant correlations for the Spanish-speaking group 

may have been due to the restricted range of socioeconomic 

status in this group. These children tended to come from 

families of low socioeconomic status. 

Cohen et ale (1986) also presented information 

indicating that there was no significant interaction between 

social class and perinatal complications on the WISC-R Full 

Scale Score. The analysis of variance yielded F (1,57) = 6.4, 

p<.05 for social class, F(1,57)=.01, p>.90 for perinatal 

complications, and F(1,57)=.01, p>.90 for the interaction 

between social class and perinatal complications. 

The investigation reported by Sell, Gaines, 

Gluckman, and Williams (1985) examined the utility of a 

variety of variables (perinatal, social, and a measure of 

preschool ability) in the prediction of school learning 

problems. All children (N=74) included in this sample had 

received Neonatal Intensive Care in one of two nursery units 

in Tucson, Arizona. The majority of children were premature 

(i.e. birth weight less than 2,501 grams and gestational age 

less than 37 weeks), however it should be noted that some of 

the children included in this analysis were full-term 

children. Unfortunately, the authors failed to specify the 

number of premature or full-term children included in the 

sample. Sell et ale did note that the premature children 

included in the sample were relatively. mature with only four 
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children of birth weight less than 1,000 grams and only 

three with gestational ages of less than 28 weeks. The 

authors noted that the children were born between 1972 and 

1976 but failed to provide more detailed information about 

the age range of the sample at the time of the 

investigation. 

A discriminant function analysis was used to 

investigate the variables predictive of status in one of two 

groups; "school problems" vs. "no problems". Children were 

assigned to the "school problem" group if they had repeated 

a grade, or received special education resource assistance. 

Independent variables included mother's level of education, 

the McCarthy Scales of Children's Abilities scores 

(including the General cognitive, and five scale scores), 

and a number of perinatal variables including the following; 

duration of hospitalization, duration of assisted 

ventilation, duration of oxygen therapy, duration of 

phototherapy, and the number of red blood cell transfusions. 

Sell et al. (1985) reported that 12 of the 74 

children (16.2%) were repeating a grade in school. Of these 

children, six were receiving special education resource 

assistance. Of the remaining 62 children, 20 were receiving 

resource assistance. Therefore a total of 43.2% (N=32) of 

the sample children had either repeated a grade or required 

special education resource assistance. 
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Performance on the McCarthy Scales for the total 

group was within the average range, for example, at four 

years of age the General Cognitive Index score was 98, with 

a standard deviation of 16. However, significant 

differences were found when McCarthy scores for children in 

the "no problem" group were compared with those in the 

"school problem" group (e.g. General Cognitive Index score 

of 105 vs. 87 at four years of age, p<.Ol). 

Sell et ale (1985) reported the following regarding 

the results of the discriminant function analysis: 

The only significant (p<.05) perinatal variable was 
length of hospitalization. Growth and neurological 
status from 3 to 7 years was not predictive. The 
McCarthy scale GCI was the first entry into the 
stepwise discriminant analysis and it was predictive 
of school problems beginning at 4 years of age. 
Correct classification from preschool development 
increased with age to a maximum of 25/29 (86.2%) at 
6 years of age for those with no school problem and 
to 14/18 (77.8%) in those with school problems. 
Another discriminant analysis without specification 
of which McCarthy variable entered at the first step 
correctly classified problems as follows; at 4 
years, perceptual-performance scores predicted 26/37 
(70.3%) of those without and 19/24 (79.2%) of those 
with school problems; at 5 years, motor scores 
predicted 23/30 (76.7%) of those without and 14/18 
(77.8%) of those with school problems. (p. 461-462) 

Sell et al. (1985) suggested that the lack of a 

significant relationship between birth weight or gestational 

age and the dependent measure may have been due to the 

relative maturity of the sample. The nonsignificant 

relationship between level of maternal education was 
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unexpected but may have been due to the way in which this 

information was categorized for analysis. Education level 

was classified as having completed grade school, high 

school, college, or graduate school, rather than using the 

actual number of completed years of school. The authors 

recognized this deficiency in their research and suggested 

that home environmental variables would have been more 

adequately measured by an index of socioeconomic status. 

Eilers, Desai, Wilson, and Cunningham (1986) 

described the teacher rated educational status and need for 

"specialized instruction" in a small group (N=33) of 

premature children weighing less than 1,251 grams at birth. 

All children were graduates of the neonatal intensive care 

unit nursery at the University of Kentucky Medical Center. 

Eighteen of the children were in kindergarten, 12 were in 

the first grade, and three were in the second grade. 

Eilers et al. (1986) reported that 16 of the 33 

children (48.5%) were rated by their teachers as functioning 

at their grade level, requiring no remedial instruction. 

Three of the children (9.1%) were in classes for children 

with major handicaps. While the remaining 14 (42.2%) were 

in regular classrooms but required remedial instruction 

(e.g. Chapter One reading and/or math). The authors briefly 

discussed the confounding influence of socioeconomic status 

noting that children requiring remedial instruction tended 

---------.-- ---- - -
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to come from families of lower socioeconomic status, (e.g. 

56% of the children came from families of lower SES) as 

measured by the Hollingshead Index, but this difference did 

not reach statistical significance. 

Eilers et al. (1986) reported that when the 

premature children were matched with their own full-term 

siblings (N=13), the difference in educational needs was not 

statistically significant, again suggesting the salience of 

home environmental variables. However, due to the small 

sample size, the validity of this finding is questionable. 

Significant differences were found when the incidence of 

"specialized instruction" in the premature sample of 51.5% 

(note:this includes the previously mentioned children with 

major handicaps) was compared to the district wide incidence 

of similar services of 19.9% (p<. 001, chi square test). 

However, no indication of the socioeconomic status of the 

district as a whole was provided. 

Eilers et ale (1986) also examined the relationship 

between perinatal risk factors and special educational 

needs. The only risk factor that reached statistical 

significance was a discrepancy between birth weight and 

gestational age. That is, three of 11 small-for-gestational 

age infants were in regular classes compared with 13 of 22 

appropriate-for-gestational age infants (p<.05). 

- - -- -----------
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A great deal of methodological variability and 

frequent methodological deficiencies are evident in the 

research reported in the 1980's. 

to make sUbstantive statements 

It is therefore difficult 

about the relationship 

between prematurity and associated perinatal complications 

and academic achievement based on the studies reported in 

this decade. The goal of this dissertation is to clarify 

the nature of the relationship between prematurity and 

associated perinatal complications and academic achievement 

in a sample of Neonatal Intensive Care Unit nursery 

graduates. 
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CHAPTER 3 

METHOD 

Subjects 

This investigation includes 188 first grade students 

(N= 95 male; N= 93 female) enrolled in public or private 

schools in Southern Arizona. All of these children were 

born prematurely as defined by a birth weight of 2,500 grams 

or less and a gestational age of 37 weeks or less, as 

determined by the Oubowitz assessment (Oubowitz, Oubowitz, 

& Goldberg, 1970). All children had received neonatal 

intensive care in one of the two level III nursery units in 

Tucson and were prospectively enrolled in the Newborn 

Follow-Up Clinic's longitudinal follow-up program upon 

discharge from the hospital. The mean birth weight of the 

sample was 1,534 grams (SO=449 grams). The child with the 

lowest birth weight in the sample weighed just 700 grams at 

birth. The mean gestational age of the sample was 31. 8 

weeks (SO=2.7 weeks). Three infants were born at 25 weeks 

gestation. This gestational age is currently considered to 

be the lower limit for extra-uterine viability. The mean 

number of days hospitalized following birth was 51 days 

(SO=35; range=5-220 days). 
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The sample was composed of the following ethnic 

groups: Blacks (2%); Hispanic (28%); Native American (.5%); 

Caucasian (70%). In order to facilitate the analysis 

discussed in the next chapter, the number of minority group 

children were summed across groups. This resul ted in a 

total of 57 minority children. The ethnic variable was 

dichotomized (minority, caucasian) in this way due to the 

small number of Blacks and Native Americans in this sample. 

Measurement 

Perinatal Variables 

The relationship of a number of perinatal variables 

to academic achievement were examined in the present 

analysis. Selection of these variables was based on 

associations suggested by previous investigations. The 

following variables were included in the present study: a) 

birth weight; b) gestational age; c) hyperbilirubinemia; d) 

respiratory distress syndrome (ROS); e) bronchopulmonary 

dysplasia (BPO); and, f) intraventricular hemorrhage (IVH). 

A total illness score was obtained for each child by summing 

the number of illnesses experienced in the perinatal period 

(i.e. hyperbilirubinemia, RDS, BPD, and IVH). 
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Demographics 

The revised Duncan Socioeconomic Index (stevens , 

Featherman, 1981) was used to provide a measure of the 

socioeconomic status of the head of household of each of the 

children's families. The original Duncan Index (DuncaJ:l, 

1961) was based on education and income data from the 1950 

census. stevens and Featherman's revision represents 

essentially an update of Duncan's original index based on 

the 1970 census classification of occupations. Information 

concerning the occupation of head of household of each 

family was obtained from a parent questionnaire which was 

developed by the follow-up clinic staff. 

Achievement 

The Woodcock-Johnson Psycho-Educational Battery is 

organized into three parts. Part One consists of 12 

subtests that measure cognitive ability. Part Two consists 

of 10 subtests that measure several aspects of academic 

achievement. Part Three consists of five subtests that 

measure level of preference for participating in scholastic 

or non-scholastic activities. The three parts of this 

individually administered Battery were designed to be 

administered separately (Woodcock, 1978). The present 

discussion will be limited to Part Two, the tests of 
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achievement, because only this portion of the Battery was 

given to subjects in this investigation. 

Part Two of the Woodcock-Johnson is comprised of 10 

subtests which are combined to form the following five 

"cluster" scores; Reading, Mathematics, written Language, 

Knowledge, and Skills. These cluster scores provide the 

primary basis for interpretation of Part Two: Tests of 

Achievement. The Reading Cluster includes the following 

subtests; Letter-Word Identification, Word Attack, and 

Comprehension. The Mathematics Cluster includes two 

subtests; Calculation, and Applied Problems. The Written 

Language Cluster includes the Dictation and Proofing 

subtests. The Knowledge Cluster consists of the Science, 

Social Studies, and Humanities subtests. Finally, the 

Skills Cluster consists of a combination of the Letter-Word 

Identification, Applied Problems, and Dictation subtests. 

The test authors reported that these were the easiest 

subtests, and that the Skills Cluster was primarily intended 

to provide a measure of early scholastic achievement at the 

pre-school level. The Skills Cluster score has been 

eliminated from the present investigation due to the overlap 

in content with the previously discussed achievement 

clusters. 

Selection of the Woodcock-Johnson' s normative sample 

involved stratification by sex, race, occupational status, 

. - -_. --------------------
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geographic region, and urban-rural residency in accordance 

with the 1970 United states Census data. The school-age 

normative group consisted of 3,935 children in grades K 

through 12. The reliability coefficients for the 

Achievement Clusters and individual subtests were qui te 

high. Corrected split-half reliabilities for the 

achievement subtests have median values ranging from .83 to 

.95. While median coefficients for the Achievement Clusters 

ranged from .92 to .96 (Woodcock, 1978). 

The Woodcock-Johnson Technical Manual provides 

comprehensive evidence of concurrent validity by reporting 

correlations between the Achievement Clusters and several 

individually administered achievement tests (e.g. Peabody 

Individual Achievement Test, Wide Range Achievement Test, 

Woodcock Reading Mastery Tests, KeyMath Diagnostic 

Arithmetic Test) and a group administered battery, the Iowa 

Tests of Basic Skills. Reported correlations were generally 

in the .70 to .90 range, thus providing evidence of the 

concurrent validity of the Achievement Clusters. 

Further evidence of the concurrent validity of the 

Achievement Clusters was provided by Hall, Reeve, and 

Zakreski (1984) • The Woodcock-Johnson: Tests of 

Achievement, the Peabody Individual Achievement Test, and 

the Wide Range Achievement Test were administered to a 

sample of learning disabled children. Correlations between 
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the measures were of a similar magnitude to the previously 

reported results from the Woodcock-Johnson standardization 

group--generally ranging from the high .70's to the low 

.90's. 

Procedure 

The follow-up program was established in 1972 to 

assess the developmental progress of neonatal intensive 

care unit graduates during infancy, early childhood, and the 

first three years of elementary school. Enrollment in the 

follow-up program was voluntary and was based on certain 

medical criteria and parent interest. 

Scheduling of Clinic Assessments 

Parents were contacted by follow-up clinic staff and 

appointments for assessments were scheduled when the infant 

was 4-months, a-months, 12-months, la-months, and 24-months 

of age. Following the 24-month visit, parents were asked to 

return to the follow-up program on a yearly basis around the 

child's birthday. Children generally were graduated from 

the follow-up program when they had reached the third grade 

of school. However, some children were followed longer than 

this if there were questions about progress in school. 
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Assessments at Follow-Up 

Assessments at follow-up visits varied depending on 

the age of the child. Four-month and eight-month visits 

included a physical examination and administration of the 

Denver Developmental Screening Test. Beginning at the 12-

month visit, assessments consisted of two components. At 

the 12, 18, and 24-month visits, infants were first given 

the Bayley Scales of Infant Development, this was followed 

by a physical examination and neurological screening. At 

the three-year, four-year, five-year, and six-year visits, 

the McCarthy Scales of Children's Abilities was 

administered. This again was followed by a physical 

examination and neurological screening. When children had 

reached the first grade in school, the Woodcock-Johnson 

Tests of Achievement were administered. This again was 

followed by a physical examination and neurological 

screening. 

The Woodcock-Johnson Tests of Achievement were 

administered by examiners with graduate level training in 

the theory and practice of individual assessment. Examiners 

were experienced in the administration and scoring of these 

instruments and followed the standard procedures outlined in 

the test manual during each assessment. Follow-up program 

files were reviewed in order to retrieve Woodcock-Johnson 

scores. 

---- --- --- --
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Perinatal variables were obtained from a review of 

medical records and entered into a computer data bank at the 

university of Arizona Health Sciences Center following each 

child's discharge from the hospital. Demographic variables 

were obtained from a questionnaire administered to parents 

during their visit to the follow-up program. Questionnaires 

were mailed to parents in cases where this information had 

not previously been obtained. If clarification of responses 

was necessary, this was done by the pediatric nurse 

practitioner or the psychological examiner during the 

follow-up program visit or by phone contact. 

The follow-up program is a voluntary, state funded, 

no-fee service for families of infants requiring neonatal 

intensive care in southern Arizona. Due to the fact that 

the present investigation involved the retrieval of pre

existing information from clinic files, it was not necessary 

to obtain expressed consent from each family for use of this 

information. Parents are routinely asked to sign consent 

forms when their infant is enrolled in the Newborn Follow-Up 

Program. Parents therefore understand from the beginning of 

their involvement in the program that information gathered 

during clinic evaluations may be used in research concerning 

the developmental progress of premature children and that 

this information will be treated confidentially. 

- - ---- ----------
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Data Analysis 

The linear structural relations (LISREL VI) program 

developed by Joreskog and Sorbom (1984) was used to examine 

the relationships between the independent and dependent 

variables in this investigation. There are two major 

subdivisions of LISREL VI, the structural equation model and 

the measurement model. Through a set of general linear 

equations the structural model expresses the theoretical, 

causal relationships among the unobserved, latent variables. 

The structural model is used to specify the 
phenomenon under study in terms of putative cause 
and effect variables and their indicators. Because 
each equation in the model represents a causal link 
rather than a mere empirical association, the 
structural parameters do not, in general, coincide 
with coefficients of regressions among observed 
variables. The structural parameters represent 
relatively unmixed, invariant and autonomous 
features of the mechanism that generate the 
observable variables. The use of structural 
equation models requires statistical tools which are 
based upon, but which go well beyond, conventional 
multiple regression analysis and analysis of 
variance. (Joreskog & Sorbom, 1985, p. I.1) 

The measurement model describes the relationship between 

unobserved, latent variables and observed, manifest 

variables and allows evaluation of how well the observed 

variables measure the latent constructs. 

Analysis of the research sample began with a 

structural model that postulated five independent variables 

(i. e. degree of prematurity, perinatal illness, 

socioeconomic status, ethnicity and preschool experience) 
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and one dependent variable (i.e. academic achievement). The 

LISREL VI analysis, tested the fit of this model to the data 

by reconstructing the observed correlation matrix through a 

procedure that imposed the structural parameters 

hypothesized in the theoretical model on the data. This 

procedure will be detailed in the following chapter. 
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CHAPTER 4 

RESULTS 

This chapter is divided into two sections. 

Descriptive statistics will be presented first. This will 

be followed by a presentation of the results of the 

structural equation model testing. 

Descriptive Statistics 

Means, standard deviations, and other information 

for the dependent variables (i.e. the Woodcock-Johnson Tests 

of Achievement scores) are presented in Table 1. The 

range of scores on all four Woodcock-Johnson achievement 

Table 1. Summary statistics for the Woodcock-Johnson: Tests 
of Achievement Scores 

Variable Mean SO Skewness 

Reading 104.335 13.334 -.180 

Mathematics 104.176 15.610 -.099 

written 102.761 13.471 -.050 
language 

Knowledge 102.516 14.915 .018 

Note. Achievement scores are expressed as standard scores: (mean = 100, 
SO = 15). so = standard deviation. 
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clusters were identical (65-135). The values reported in 

Table 1 indicate that each of the achievement measures is 

approximately normally distributed. The means for each of 

the achievement measures are slightly, but not 

significantly, above the mean of the standard score 

distribution. 

Independent Variables 

Table 2 presents data for two of the independent 

variables. The mean value for birth weight was 

approximately 3.3 pounds. Birth weight values ranged from 

a low of 700 grams to the defined upper limit of 2,500 

grams (5.5 lbs.). This sample included a large number of 

very low birth weight infants. Approximately half (52.4%) 

Table 2. Summary statistics for Birth Weight, and 
Gestational Age 

Birth weight 

Gestational 
age 

Mean 

1,534 g. 

31. 77 wks. 

~. SD standard deviation. 

so Skewness 

44.88 g. .270 

2.7 wks. -.348 
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of the sample weighed less than or equal to 1,500 grams at 

birth. Gestational ages ranged from a low of 25 weeks to 

the def ined upper 1 imi t of 37 weeks. The extremes of 

gestational age can be seen in the following statistics: 62% 

of the sample was born at or before 32 weeks gestation (2 

months premature); while 15% of the sample was born at or 

before 28 weeks gestation (3 months premature). 

The incidence of perinatal illnesses is presented in 

Table 3. A high number of children experienced respiratory 

distress syndrome (ROS) and hyperbilirubinemia following 

premature birth (79%,& 86%, respectively). On the other 

hand, bronchopulmonary dysplasia (BPO) , and intraventricular 

Table 3. Perinatal Illnesses 

Yes No 

Respiratory distress 
syndrome (ROS) 148 40 

Hyperbilirubinemia 161 27 

Bronchopulmonary 
dysplasia (BPO) 43 145 

Intraventricular 
hemorrhage (IVH) 24 164 

~. Many children experienced more than one perinatal illness. 
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hemorrhage (IVH) were less frequent illnesses in these 

premature newborns (23%, & 13%, respectively). Due to the 

disproportionate numbers of children that had or did not 

have a particular illness, the decision was made to sum 

across illness categories to obtain a "total perinatal 

illness" score for each child. This total perinatal illness 

score was then used in the structural equation model testing 

to be discussed subsequently. 

Values for the three remaining independent variables 

(i.e. ethnicity, preschool, and socioeconomic status) will 

be briefly presented before discussing the details of the 

LI5REL analysis. The ethnic breakdown of the sample was as 

follows: Hispanic (28%, N= 53); Black (2%, N=3); Native 

American (.5, N= 1); Caucasian (70%, N=131). The majority 

of children in this sample attended preschool (62%, N=117). 

While the mean revised Duncan socioeconomic index score was 

40.61 (5D=20.17). As a point of reference, numerical values 

for the revised Duncan index range from a low value of 13.81 

to a high of 90.45. The occupational category corresponding 

to the lowest value is "private household worker", while the 

occupational category corresponding to the highest value is 

"law professor". The mean revised Duncan socioeconomic 

index score for the present sample was 40.61. This falls 

approximately in the middle of the range of possible values 
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and corresponds roughly to the occupational category of 

"retail sales manager". 

structural Equation Model Testing with LISREL VI 

The linear structural relations (LISRELVI) computer 

program, developed by Joreskog and Sorbom (1985), was used 

to evaluate the effects of the independent variables on 

first grade academic achievement. Maximum likelihood 

parameter estimation was used in evaluating structural 

equation models. The first step in the analysis included 

running a confirmatory factor analysis to determine whether 

the four Woodcock-Johnson achievement subtests could be 

combined into a single latent achievement factor. A single 

dependent variable is desired because it provides a more 

parsimonious representation of the data than models with 

more than one factor. The chi-square statistic for this 

proposed model was 2.28 with 2 degrees of freedom (p=.320). 

This model,provides a good fit which indicates that the four 

achievement subtests can b~ expressed as a single latent 

dependent variable. This will simply be referred to as 

"achievement" in the following presentation of results. 

The next step in the analysis involved the testing 

of structural equation models to identify the most 

parsimonious model that provides an acceptable fit for the 

data. This procedure began with the model presented in 
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In diagrams of structural equation modeling, 

manifest indicators are represented by squares while latent 

variables, or unobservable variables, are represented by 

circles. Observable exogenous variables are denoted by X's; 

while observable endogenous variables are denoted by Y's. 

Latent (i.e. unobservable) exogenous variables are denoted 

by ~ (xi), while latent endogenous variables are denoted 

by ~ (eta). The gamma (~) parameters are structural 

coefficients representing the effects of exogenous variables 

on endogenous variables. Beta (P) parameters are structural 

coefficients representing the effects of one endogenous 

variable on another (e.g. degree of prematurity on 

achievement). The phi (¢) parameter represents the effects 

of exogenous variables on each other. The lambdas (X) are 

structural coefficients indicating the effects of latent 

variables on manifest indicators (e.g. achievement on 

reading, math, written language, and knowledge). Errors in 

measurement of exogenous variables are represented by delta 

(5). While errors in the measurement of endogenous 

variables are represented by epsilon (E). 

Model 1 combined birth weight and gestational age 

into a single latent variable referred to as "degree of 

prematurity" and hypothesized that perinatal illness was a 

separate variable. 

the relationships 

Figure 1 demonstrates the complexity of 

hypothesized under this model. Modell 
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assumes that degree of prematurity and perinatal illness 

have separate direct effects on achievement. Additionally, 

this model allows degree of prematurity to indirectly 

influence achievement through it's association with 

perinatal illness as well as preschool experience. 

Similarly, perinatal illness is allowed to indirectly 

influence achievement through the relationship with 

preschool experience. This model also includes the 

parameters representing the associations between both 

endogenous variables (i. e. socioeconomic status and 

ethnicity) and degree of prematurity and perinatal illness. 

The correlation matrix computed by the LISREL VI 

program is presented in Table 4. This matrix includes 

product moment, polyserial, and polychoric correlations. 

Table 5 presents the maximum likelihood estimates as well as 

the T-values for the parameters specified in Modell. The 

maximum likelihood estimates are structural coefficient 

values associated with the parameters specified in Modell. 

These structural coefficients may be interpreted as 

reflecting the amount of change in the dependent variable 

resulting from one unit of change in the associated variable 

when all other varia.bles are held constant. It should be 

noted that the structural coefficients are not standardized. 

For this reason, comparisons of the magnitudes of these 

coefficients should not be made (Long, 1983). T-values are 
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Table 4. Correlation Matrix 

BW 1.000 
GA 0.793 1.000 
PERI ILL -0.276 -0.397 1.000 
PRESCH -0.153 -0.204 0.295 1.000 
READ 0.003 -0.001 -0.054 0.008 1.000 
MATH 0.111 0.055 -0.121 0.109 0.605 1.000 
WRIT -0.020 -0.053 -0.085 0.079 0.808 0.623 
KNOW -0.022 -0.095 0.014 0.002 0.553 0.430 
SES -0.029 -0.017 -0.028 0.451 0.386 0.384 
ETH 0.144 0.083 0.143 0.214 0.353 0.385 

WRIT 1.000 
KNOW 0.506 1.000 
SES 0.393 0.434 1.000 
ETH 0.279 0.603 0.648 1.000 

NOTE. Abbreviations refer to the following variables: BW = Birth weight, 
GA = Gestational Age, PERI ILL = Perinatal Illness, PRESCH = Preschool, 
READ = Reading, MATH = Mathematics, WRIT Written Language, KNOW = 
Knowledge, SES = Socioeconomic Status, ETH = Ethnicity. 

presented in parentheses below the corresponding structural 

coefficient. T-values greater than 2.00 are generally 

considered indicative of a significant relationship (Hayduk, 

1987). The chi-square value of Modell was 103.72 with 24 

degrees of freedom (p<. 001) . This was not significant, 

indicating that this model provided a poor fit for the data. 

Hierarchical model.testing was conducted in an 

effort to determine whether a better fitting model could be 

identified. A hierarchical relationship exists when two 

models have nearly identical parameters except that one of 

the models includes one or more additional parameters 

(Hayduk, 1987). Hierarchical models can be readily compared 
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Table 5. Maximum Likelihood Estimates with Corresponding 
T-Values (in parentheses) for Model 1 

LAMBDA Y 
Deg Prem Peri III Presch Achieve 

Birth weight 1.000 0.000 0.000 0.000 

Gestational age 1.219 0.000 0.000 0.000 
(8.534) 

Perinatal illness 0.000 1.000 0.000 0.000 

Preschool 0.000 0.000 1.000 0.000 

Reading 0.000 0.000 0.000 1.000 

Math 0.000 0.000 0.000 0.769 
(10.922) 

Written language 0.000 0.000 0.000 0.979 
(15.419) 

Knowledge 0.000 0.000 0.000 0.689 
(9.377) 

BETA 

Deq Prem Peri III Presch Achieve 

Deg prem 0.000 0.000 0.000 0.000 

Peri ill -0.542 0.000 0.000 0.000 
(-6.253) 

Presch -0.057 0.325 0.000 0.000 
(-0.668) (4.732) 

Achieve -0.122 -0.086 -0.148 0.000 
(-1.419) (-1.183) (-2.016) 

(table continues) 



Table 5, continued. 

GAMMA 

SES 

Deq prem -0.108 
(-1. 363) 

Peri ill -0.267 
(-3.133) 

Presch 0.600 
(7.388) 

Achieve 0.350 
(3.755) 

PHI 
SES 

SES 1.000 
Ethnicity 0.648 

PSI 

Deg erem 
0.639 

(5.538) 

THETA EPSILON 

Binh weight 

0.349 
(4.554 ) 

Reading 

0.189 
(4.821) 

Ethnicity 

0.142 
(1. 791) 
0.355 

(4.146) 
-0.217 

(-2.606) 
0.203 

(2.391) 

Ethnicity 

1.000 

Peri ill 
0.767 

(9.372) 

Gut age 

0.033 
(0.327) 

Mathematics 

0.520 
(8.718) 

Presch 
0.670 

(9.669) 

Peri ill 

0.000 

Writ lang 

0.222 
(5.548) 

114 

Achieve 
0.587 

(7.332) 

Preschool 

0.000 

Knowledge 

0.614 
(9.031) 

Note. Variable abbreviations refer to the following: Deg prem - dcgree of prematurity, Pcri ill : pcrinalal illness, Presch : 
preschool, Achicve : achicvcment, GCI! Agc = gC'lationsl age, Writ Lang = written languagc. 
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with the chi-square test. The X2 and degrees of freedom for 

this test are obtained by subtracting the X2 and degrees of 

freedom obtained from the two models. If the difference X2 

is significant, this indicates the extent to which the model 

with fewer degrees of freedom improves upon the fit of the 

original model (Hayduk, 1987; Loehlin, 1987). 

The results of the hierarchical model testing are 

presented in Table 6. The gamma (.,), beta (/3), and phi (cp) 

parameters listed in the table correspond to the effects 

specified in Figure 1. 

parameter than Model 

Model 2 contains one less 

1. This is the beta 

estimated 

parameter 

representing the effect of neonatal illness on achievement 

({342) • Model 1 does not improve significantly on the fit 

provided by Model 2. The difference X2 value is 1.4 and has 

1 degree of freedom. Therefore, the hypothesis that the 

effect of neonatal illness on achievement is zero cannot be 

rej ected. Model 2 is more parsimonious than Model 1 because 

it has one less parameter to estimate. For this reason, 

Model 2 is preferred over Modell. However, the chi-square 

value of 105.12 with 25 degrees of freedom (p<.OOl) 

indicates that Model 2 does not adequately fit the data. 

Each of Models 3 through 6 contain one less 

estimated parameter than in the preceding model. For 

example, in Model 3 there is one less parameter to estimate 

------ - --
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Table 6. The Effects of the Independent Variables on 

Achievement 

Model Hypothesis X2 d.f. p. 

MQg~J J JOJ 2~ 2~ ~ 001 

111 112121122131132 141 142 ~21 ~31 ~41 ~32 ~42 ~43 cj)21 

MQg~l 2 10~ l~ 2~ ~ 001 

111112121122131132141 142 ~21 ~31 ~41 ~32 ~43 cj)21 

MQg~l J 10~ ~f2 2f2 ~ 001 

111112121122131132 141 142 ~21 ~41 ~32 ~43 cj)21 

MQd~l 4 106 ~6 ~2 ~ 001 

111 112121122131132 141 142 ~21 ~32 ~43 cj)21 

MQd~J 5 J06 ~g 26 ~ 001 

112121122131132 141 142 ~21 ~32 ~43 cj)21 

MQd~l 6 J O~ 2J 2~ <.Q01 

121122131132141 142 ~21 ~32 ~43 cj)21 

MQd~J 2 11J 2J JQ ~ Q01 

121122131132 141 ~21 ~32 ~43 cj)21 

MQd~l 6 ll~ 2~ JQ ~ QQ1 

121122131132 141 142 ~21 ~32 cj)21 

MQd~l 51 1~51 ~~ JQ ~ QQ1 

121122131132 141 142 ~32 ~43 cj)21 

MQd~l 1Q 1J51 QJ JQ ~ QQ1 

121122131132 141 142 ~21 ~43 cj)21 

MQd~l 11 126 J51 JQ ~ Q01 

121122131132 142 ~21 ~32 ~43 cj)21 

.---~----- -- - - -.-
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than in Model 2. This is the beta parameter «(J31) 

representing the effect of degree of prematurity on 

preschool experience. The difference X2 is less than 1 with 

1 degree of freedom. Thus, the hypothesis that the 

effect of prematurity on preschool experience is zero 

cannot be rejected. Model 3 is therefore preferred over 

Model 2. However, the X2 value of 105.56 with 26 degrees of 

freedom (p<.OOl) indicates that this model does not provide 

an acceptable fit for the data. 

Similarly, in Model 4, there is one less parameter 

to estimate than in Model 3. This is the beta parameter 

representing the effect of degree of prematurity on 

achievement ({34'> • In Model 5, the gamma parameter 

representing the effect of socioeconomic status on degree of 

prematurity ('YIJ) was removed from the model. In Model 6 the 

gamma parameter representing the effect of ethnici ty on 

degree of prematurity ('Y 12 ) was removed from the structural 

equation. When each of these models was compared to the 

preceding model, the X2 difference was not significant. This 

indicated that the effects of these parameters were 

nonsignificant. For this reason, these effects were 

excluded from subsequent model testing. Examination of the 

chi-square values in Table 6 reveals that none of these 

models adequately fit the data. 



The next model tested was Model 7. 
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This model 

includes one less estimated parameter than Model 6. This is 

the gamma parameter representing the effect of ethnicity on 

achievement ('Y42). This model did not provide a good fit for 

the data as indicated by the chi-square value of 113.61 with 

30 degrees of freedom (p<.OOl). However, the difference 

X2 value is 3.88 with 1 degree of freedom. This difference 

is significant at the .05 level. For this reason, Model 6 

is preferred over Model 7. Therefore, this parameter ('42) 

is retained in subsequent model testing. 

Model 8 is hierarchically related to Model 6. In 

Model 8, the beta parameter representing the effect of 

preschool experience on achievement (1343 ) was removed from 

the structural model. Comparison of the chi-square value 

with Model 6 resulted in a difference chi-square value of 

5.51 with one degree of freedom. This was significant at 

the p<. 02 level. This indicated that the effect of 

preschool experience on achievement was significant and 

should therefore be included in the structural equation. 

For this reason, this parameter (1343 ) was retained in 

subsequent model testing. 

Model 9 examined whether the effect of degree of 

prematurity on perinatal illness differed significantly from 

zero. This model has one less estimated parameter than 
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Model 6. In Model 9, the beta parameter representing the 

effect of degree of prematurity on perinatal illness (/:121) 

was set to zero. Again, the chi-square statistic for this 

model was not significant indicating that this model 

provided a poor fit for the data. However, the difference 

X2 was 39.71 with 1 degree of freedom (p<.Ol). This 

indicated that the relationship between degree of 

prematurity and perinatal illness was highly significant. 

For this reason, this path was included in subsequent model 

testing. 

The effect of perinatal illness on preschool 

experience was examined in the next model. In Model 10, the 

path representing the effect of perinatal illness on 

preschool experience (/:132) was set to zero. The X2 value for 

this model was 139.03 with 30 degrees of freedom (p<.OOl). 

This indicates that this model does not fit the data. 

However, when this X2 value was compared to the X2 value for 

Model 6, a difference X2 of 29.30 with 1 degree of freedom 

was obtained. This indicated that the effect of perinatal 

illness on preschool experience was highly significant 

(p<.Ol) . 

Model 11 was the final model tested. In this model 

the path representing the effect of socioeconomic status on 

achievement ('Y41 ) was set to zero. Model 11 included the 

- -' -_._-------
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effect of perinatal illness on preschool experience (/J32) 

because of the significance of this effect demonstrated in 

the previous model. The X2 obtained for Model 11 was 128.39 

with 30 degrees of freedom. When compared with Model 6, the 

obtained difference X2 value was 18.66 with 1 degree of 

freedom (p<.Ol). This demonstrated that the relationship 

between socioeconomic status and achievement was highly 

significant. 

In summary, the previous model testing revealed that 

none of the models provided a good fit for the data. Of the 

eleven models tested, Model 6 provided the most parsimonious 

representation of the data. This model is presented in 

Figure 2. Model 6 specifies that there is no direct 

relationship between degree of prematurity and achievement 

nor is there any direct relationship between perinatal 

illness and achievement. However, both of these variables 

are indirectly related to achievement through the 

association with preschool experience. This model also 

includes the relationships between ethnicity and achievement 

as well as socioeconomic status and achievement because of 

the significance of these effects demonstrated in this 

analysis. The maximum likelihood estimates and 

corresponding T-values for Model 6 are presented in Table 7. 
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Table 7. Maximum Likelihood Estimates with corresponding 
T-Values (in parentheses) for Model 6 

LAMBDA Y 
Deg prem Peri ill Presch Achieve 

Birth weight 1.000 0.000 0.000 0.000 

Gestational age 1.292 0.000 0.000 0.000 
(7.644) 

Perinatal illness 0.000 1.000 0.000 0.000 

Preschool 0.000 0.000 1.000 0.000 

Reading 0.000 0.000 0.000 1.000 

Math 0.000 0.000 0.000 0.766 
(10.913) 

written language 0.000 0.000 0.000 0.975 
(15.421) 

Knowledge 0.000 0.000 0.000 0.685 
(9.337) 

BETA 

Deg prem Peri ill Presch Achieve 

Deg prem 0.000 0.000 0.000 0.000 

Peri ill -0.542 0.000 0.000 0.000 
(-6.236) 

Presch 0.000 0.346 0.000 0.000 
(5.641) 

Achieve 0.000 0.000 -0.162 0.000 
(-2.367) 

(table continues) 



Table 7, continued 

GAMMA 

Deq prem 

Peri ill 

Presch 

Achieve 

PHI 

SES 
Ethnicity 

PSI 

THETA 

SES 

0.000 

-0.259 
(-3.066) 

0.610 
(7.598) 
0.389 

(4.418) 

1.000 
0.648 

Deg I2rem 
0.614 

(5.134) 

EPSILON 

Birth weiKht 

0.386 
(4.679) 

ReadinK 

0.184 
(4.708) 
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Ethnicity 

0.000 

0.344 
(4.080) 
-0.230 

(-2.827) 
0.161 

(2.007) 

Ethnicity 

1.000 

Peri ill Presch Achieve 
0.777 0.672 0.600 

(9.349) (9.670) (7.373) 

Gut aKe fm.i!! ~ 
-0.025 0.000 0.000 

(-0.208) 

Mathematics Writ lanK KnowledKe 

0.521 0.224 0.617 
(8.727) (5.575) (9.042) 

~_ Variable abbreviations refer to the following: Deg Prem = degree of prematurity, Peri DI = perinatal iIIocn, Preach = 
preschool. Achieve = achievement. Gest Age = gestational age. Writ Lang = written language_ 

------------ -- - -



124 

CHAPTER 5 

DISCUSSION 

The present study was generated out of a concern for 

the developmental progress made by the qrowing number of 

severely premature infants who survive the neonatal period. 

Advances in neonatal medical care in the past two decades 

have contributed to dramatically improved survival rates as 

well as decreasing rates of major handicaps among premature 

survivors. However, as was noted earlier, the fate of these 

premature survivors beyond the neonatal period has been the 

topic of continued interest in the literature. 

For over fifty years investigators have reported 

evidence indicating that premature children are likely to 

experience significant academic learning problems. The 

primary body of literature in support of this contention was 

reported in the 1960's and 1970's. A number of studies 

reported in these two decades demonstrated statistically 

significant deficits for premature children when compared to 

full-term children (Rubin, Rosenblatt, & Balow, 1973; 

Wiener, 1968). 

It was not until the 1980' s that reports of the 

academic performance of premature survi.vors of neonatal 

intensive care began to appear in the literature. The 
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results of these investigations were at variance with the 

earlier studies. Significant deficits for children born 

prematurely were not consistently demonstrated. As noted 

earlier, there were many methodological weaknesses in these 

recent investigations. Because of this, it was difficult to 

make definitive statements about whether the inconsistent 

results were due to these methodological weaknesses or to 

the tenuous nature of the relationship between prematurity 

and achievement. The present investigation was designed to 

help clarify this issue. 

As noted in the previous chapter, none of the 

structural equation models provided a good fit to the data. 

However, a great deal was learned about the relationship 

between the variables of interest by examining the 

significance of the change in X2 value when paths of 

association were eliminated from the structural models. 

This analysis found no significant direct 

between degree of prematurity and achievement. 

relationship 

This finding 

is in agreement with other recent investigations (e.g. Cohen 

et al., 1986; Kitchen et al., 1980; Michelsson et al., 

1984). While this finding was not totally unexpected, it 

was somewhat of a surprise in light of the fact that this 

investigation included such a large number of severely 

premature children. 

---- ---- - --
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When considering these results, it is important to 

bear in mind that the present sample included only children 

born prematurely. The restriction in range of gestational 

age and birth weight may have contributed to the 

nonsignificant relationship between degree of prematurity 

and achievement. Future investigations including both full

term and premature children seem warranted and may help to 

clarify this issue. This analysis also revealed that a 

measure of perinatal illness had no significant effect on 

first grade achievement. It should be recognized that this 

lack of a relationship was anticipated based on the 

inconsistent results reported in previous investigations. 

However, the possibility remains that the failure to find a 

stronger relationship may have been due to the way in which 

these variables were recorded for analysis. First, each 

child was scored for the presence or absence of each 

illness. Then these scores were summed for each individual. 

Problems with this method include the fact that within each 

illness category, children with severe illness received the 

same score as those with mild illness. Additionally, 

summing scores across illness categories implies that each 

illness is comparable, which of course, is not the case. 

Previous investigations have consistently documented 

the significance of the relationship between measures of SES 
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and achievement. A significant relationship was also 

reported in the present investigation. Correlations between 

the revised Duncan index and the four Woodcock-Johnson 

achievement subtests ranged from .384 to .434. The 

magnitude of these relationships are very similar to those 

reported by previous investigators (Cohen et al., 1986; 

Sameroff & Chandler, 1975; Wiener, 1968). Once again, the 

present results underscore the importance of the home 

environment, as indexed indirectly by the measure of 

socioeconomic status, on the school-age child's academic 

achievement (cf. Sameroff & Chandler, 1975). 

This investigation also demonstrated that preschool 

experience was an important variable in the structural 

equation. However, this analysis indicated that preschool 

experience was negatively associated with achievement. In 

other words, children that had been involved in preschool 

tended to have lower achievement scores than children with 

no preschool experience. This unusual finding may be 

related to measurement issues with regard to this variable. 

Unfortunately, no information was available regarding the 

duration and extent of involvement of a particular child in 

preschool. Because of this, the score for each child simply 

indicated whether or not they had been involved in 

preschool. Therefore, a child with a total of one month's 
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involvement in preschool received the same score as a child 

who had been involved for one or two years. 

An issue that is problematic in all longitudinal 

research is subject attrition. Unfortunately, it was not 

possible to empirically evaluate the extent to which 

attrition influenced the present results. Therefore, it was 

possible that the_ children remaining in the follow-up 

program through first grade came from families that differed 

in significant ways from those families who had dropped out 

of the program. For example, parents of children that 

continued to participate in the follow-up program may have 

been more interested in their children's progress than those 

who chose not to participate. This parental interest may 

have in turn, influenced children's academic performance. 

It was also possible that families with developmentally 

delayed children did not continue to participate in the 

follow-up program due to difficulties adjusting to the 

reality of a delayed child. 

A final issue needs to be kept in mind when 

considering the results of this study. A number of 

researchers have recently cautioned against the use of 

maximum likelihood estimation with categorical variables 

(Hayduk, 1987; Joreskog & Sorbom, 1988). It appears that 

the use of this information may result in biased parameter 

estimates and distortion of the chi-square statistic used to 

--------- ---.- -. 
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assess the fit of the model. Unfortunately, it was not 

possible to assess the significance of these potential 

sources of bias in the present analysis. 
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