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The Scottish low birthweight study:
II. Language attainment, cognitive status, and
behavioural problems

The Scottish Low Birthweight Study Group*

Abstract
Of the 636 survivors of a total geographicaliy
based population born in Scotland in 1984,
who weighed less than 1750 g at birth, 611
(96%) were assessed at 4-5 years to determine
the prevalence of language, cognitive, and
behavioural problems.
Language development was significantly

related to birth weight, gestational age, and
social class for comprehension, less so for
expressive language.
Mean (SD) intelligence quotient (IQ) on the

British ability scales was 92-9 (14-7). Within
this population there were no signficant
differences between birthweight groups.
Overall they peformed poorly on visual recog-
nition, verbal comprehension and number
skills subscales-in the latter those with birth
weights <1000 g were significantly worse than
the heavier children. Only 5% had IQs <70,
but a further 3% could not be tested because
of other physical disability. Among those with
normal IQs were groups of children who exhi-
bited patterns of skill deficits in different
subscales raising the possibility of specific
learning difficulties.
Poor attention span was reported in 47%,

and parents said the study children had more
behavioural problems than their siblings.

Many studies have reported the prevalence of
disorders of language, cognitive impairments,
and behavioural problems in selected popula-
tions of low birthweight children. 16 Fewer
have described these outcomes in geographically
defined populations.7- 1 Comparisons of the
prevalence of these outcomes are confounded by
several factors which include low follow up
rates, different ages at assessment and therefore
the need for different test procedures that may
not be comparable,'2 and different exclusion
criteria so that children with disabilities in other
domains may not be included. In this study we
have attempted to address these problems to
provide a more complete picture of the perfor-
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Methods
The methodology of the study is described in
detail in the accompanying paper.'3 Of 908
liveborn infants born in Scotland in 1984 who
weighed less than 1750 g, 896 (99%) were
included in the study. There were 636 survivors
(71% of the original cohort); 611 (96%) were
assessed at 4- 5 years.
Twenty selected clinical medical officers from

all the health boards in Scotland were brought
together for discussion and demonstration of
the techniques to be employed in the assessment
of the children. A six week pilot period was
allowed for them to familiarise themselves with
the tests and was followed by sessions to assess
interobserver reliability. Where necessary,
verbal and written instruction on the adminis-
tration of the tests was given in an attempt to
maintain comparability between examiners.

CONTENT OF THE ASSESSMENT
Language competence was assessed using the
Renfrew action picture test (APT) and the bus
story test of continuous speech (BSTCS).'4 15
At 4 years these tests have been shown to be the
most highly predictive of persistent language
problems.'6 In the APT a standard sentence is
used to ask the child to give a description of
what is happening in a picture. It is scored,
first, on the number of accurate items of infor-
mation given, and second, on the grammatical
correctness of the response. The BSTCS con-
sists of a short story with pictures which is read
to the child who is then asked to repeat the story
while looking at the pictures. Some aspects of
the story can be told by looking at the pictures
but an additional component relies on auditory
recall of the story as told. The number of items
of correct information are scored and the
average length of sentence produced is noted.
The tests were tape recorded and the tapes were
scored by the test author (CR) who had no other
information about the child.

Parents were asked to comment on their
perception of the child's maturity in respect of
understanding and speech and to categorise him
or her as being at, above or below the child's
chronological age.

Cognitive ability was assessed using the British
ability scales (BAS) covering verbal comprehen-
sion, visual recognition, naming vocabulary and
recall of digits (which allowed the calculation of
a short form intelligence quotient (IQ)) and
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basic number skills.'7 The BAS were standard-
ised on a sample of British children in 1973. In
order to provide more recent Scottish norms, a
sample of 100 Scottish children were assessed;
these children were aged between 54 and 57
months, and were attending nurseries in
Edinburgh and Glasgow. The mean (SD) IQ of
this group was 99 (13-4) which is close to the
test norms of 100 (15).

Parents completed the modified Rutter
behavioural questionnaire for the index child
and for a sibling where there was one of an
appropriate age.'8 As part of the test of motor
impairment,'9 the examiners completed a
questionnaire which described the child's ability
to cope with the test situation.

ANALYSIS
All test results were examined to ensure that
there were no statistically significant differences
between the examiners in the proportion of
children who refused or failed the individual
tests. In one component of the BAS, one
examiner had significantly more children who
refused or were reported as unable to do the test
of number skills. This group of children did not
differ from the rest of the cohort in either their
social class distribution or nursery school
attendance. In none of the other tests carried
out was this examiner different from the others.
Data on all the number skills tests administered
by this examiner were therefore excluded from
the analysis.
Some children had scores on the subscales of

the BAS which indicated a level of ability level
below the first centile for the child's age. A total
of 24 children scored less than the first centile
for their age on at least one of the subscales.
This meant the child could not be allocated a T
score for that scale. The T scores of these sub-
scales are used to calculate the overall IQ. It
would have been wrong to omit these children
from the analysis as they attempted the tests but
were unsuccessful; excluding them would have
artificially raised the mean scores. In order to
overcome this anomaly of the test construction
these children were given an arbitrary T score of

Table I Number (%) of children with scores <25th and >75th centiles on language
attainment scales by birthweight group

<1000 g 1000-1499 g 1500-1749 g Total

Action picture test
No of children tested 49 277 232 558

Information score:
<25th centile 14 (28-5) 47 (17-0) 42 (18-1) 103 (18 5)
>75th centile 11 (22-4) 50 (18-1) 65 (28 0) 126 (22 6)

Grammar score:
<25th centile 14 (28 5) 80 (28 9) 63 (27 2) 157 (28-1)
>75th centile 6 (12 2) 26 (9 4) 48 (20 7) 80(14 3)**

Bus story test of continuous speech
No of children tested 40 249 203 492

Information score:
<25th centile 23 (62 5) 128 (51-4) 80 (39 4) 233 (47 4)'*
>75th centile 9 (22 5) 38 (15 3) 49 (24-1) % (19 5)

Sentence length:
<25th centile 18 (45-0) 109 (43 7) 70 (34 5) 197 (40 0)
>75th centile 7 (17-9) 31 (12-4) 40 (19 7) 78 (15 9)

Vp<0-02 <1000 g v rest; ' 'p 0 005 <1000 g v rest.

26-that is, one point less than the lowest score
the test recognises. As a consequence, the mean
IQ derived from these four scales may be over
estimated. On the other hand, in the verbal
comprehension subscale a child of 4 5 years
with all the answers correct, cannot achieve
more than a T score of 59 which represents the
81st centile, thus underestimating his or her
performance.
Comparisons between groups and the strength

of associations were tested using the X2 test and
X2 for trend, where appropriate; comparisons of
means were tested by Student's t test. Paired t
tests were used for comparison between index
children and their siblings.

Results
Twenty children (3%) could not be tested using
the standardised assessments because of severe
disability, either blindness, severe cerebral
palsy, multiple congenital defects or, in one
case, autism. These children were assessed
using modifications of the tests which took
account of their remaining skills and this will be
reported separately. Technical problems with
tape recorders in the language tests means that
the number of children whose results were
dependent on the tapes to be available for
scoring, was less than the total assessed on other
fields.

LANGUAGE ATTAINMENT
The number and proportion of children with
scores below the 25th and above 75th centile for
the Renfrew tests in each birthweight group are
shown in table 1. The study population as a
whole differed from the test standards for the
information score in the APT with fewer than
expected performing <25th centile and fewer
>75th centile (p<0-001). Significantly more of
the extremely low birthweight infants scored
below the 25th centile of the test than those with
higher birth weights (p<002). In the grammar
score of this test, twice as many of the children
with birth weights over 1500 g, compared with
those below, scored above the 75th centile
(p<0rOOS).

In the BSTCS, which involves auditory
memory as well as visual recognition and
expression, 47% of the whole study population
scored less than the 25th centile in respect of
information retrieval; the group with birth
weights less than 1000 g performed less well
than those over 1500 g (p<0 005). There was
little difference between the birthweight groups
in the length of sentence produced.
The information score of the APT was

significantly associated with birth weight
(p<005), gestational age (p<0005), and the
social class of the father (<0 0005), but was not
affected by the mother's educational qualifica-
tions. In the BSTCS the information score,
which involved, in addition, auditory recall,
there was a significant association only with
father's social class (p<005). The grammar
score of the APT was significantly associated
with birth weight (p<002), gestational age
(p<005), social class (p<0 005), and mother's
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Table 2 The distribution of psychometric scores (IQ) on the British ability scales: number
(%) of children by birthweight group

<1000 g 1000-1499 g 1500 g+ Total

No of children assessed 60 297 254 611

British ability scales:
Mean IQ (SD) 91 9(15-3) 92-3 (15 2) 93-8 92-9 (14 7)
<70 4 (6 7) 15 (5-1) (14-0) 30 (5 3)
70-84 12 (200) 73 (246) 11 (43) 137 (24-1)
85-115 34 (56 7) 174 (58-5) 52 (20 5) 367 (64-5)
115+ 2 (3-3) 21 (7-1) 159 (62-6) 35 (57)

Not scored because of 12 (4 7)
disability 7 (11-7) 6 (2-0) 22 (3 6)

Refused someofthe tests 1 (1-7) 9 (3-0) 9 (3 5) 20 (3 3)
10 (3 9)
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Figure 1 Distribution ofverbal comprehension at 4-5years ofall children <1750g at birth,
1984. Based on 591 children; 20 missing cases.
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Figure 2 Distribution ofvisual recognition at 4-5years ofall children <1750 g at birth,
1984. Based on 589 children; 22 missing cases.

30

25

20

Centile
Figure 3 Distribution ofnaming vocabulary at 4-5years ofall children <1750 g at birth,
1984. Based on 589 children; 22 missing cases.
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educational qualitications (p<0 05). There was
no relationship between birth weight or gesta-
tional age and the length of sentence used by the
child in the BSTCS, but again father's social
class (p<0 005) and, in this case, the mother's
educational qualifications significantly affected
the score (p<005).
An articulation defect was identified in 20%

of the children; this finding was not birthweight
related. Although this was sometimes an isolated
finding, it was more commonly present in
association with other evidence of neuromotor
disability. Its presence was regarded by parents
as evidence of immaturity. Parents' perceptions
of their child's maturity with regard to compre-
hension and expression correlated well with
scores on the verbal comprehension (p<0005)
and naming vocabulary (p<0 005) subscales of
the BAS.

COGNITIVE STATUS
The mean IQ for the whole group was 92-9 (SD
14-7, SE 0-6) which was lower than the test
norm of 100 (SD 15, SE 4-1); this difference is
not statistically significant. There were,
however, no differences between the mean IQs
of the birthweight subgroups (table 2). Five per
cent of the study children had IQ scores under
70 indicating moderate mental retardation, but
71% of the children scored 85 or more, indicat-
ing average or above average cognitive develop-
ment.
The distribution of the scores on the subscales

of the BAS is shown (fig 1-5) and the numbers
of children assessed on each of the subscales
together with their mean scores (SE) is shown in
table 3. The mean scores for verbal comprehen-
sion, visual recognition, and number skill scales
were significantly lower than the test standards.
The study population did not differ from the

test standards in the proportion of children with
scores less than the 10th centile for the subscales
of naming vocabulary in the digit recall (testing
short term memory) (table 4). A significantly
higher proportion of the total study population
scored below the 10th centile on the visual
recognition scale (which tests both short term
memory and visuoperceptual skills), and on the
verbal comprehension and number skills scales
(p<0 001). Statistically significant differences
relating to birth weight were found in the
number skills component of the test (p<005)
(table 4).
There was good agreement between the

verbal comprehension score on the BAS and the
information scores on the Renfrew tests
(Po oool1).

BEHAVIOUR
Significant behavioural problems, denoted by a
score of 11 or more on the modified Rutter
questionnaire, were present in 15% of the
cohort with no significant differences between
the birthweight groups; nor was there a signifi-
cant effect of birth weight on the mean score of
the total Rutter score or its component parts,
the neurotic and conduct scores (table 5). Both
of these latter scores were unaffected by sex, but
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Figure 4 Distribution ofdigit recall at 45 years ofall children <1750 g at birth, 1984.
Based on 571 children; 40 missing cases.
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Figure S Distribution ofnumber skills at 4 5 years ofall children <1750 g at birth, 1984.
Based on 538 children; 73 missing cases.

Table 3 The number ofchildren assessed on each ofthe subscales, mean and 95% confidence
intervals (CI), and the number scoring below the 1st centile

No of children Mean (95% CI) No <Ist centile

Verbal comprehension 591 45 0 (44 3 to 45-7)-" 8
Visual recognition 589 432 (424 to 440) 13
Naming vocabulary 589 48-9 (48-1 to 49 7) 2
Digit recall 571 49-1 (48-3 to 49 9) 13
Basic number skills 538 442 (436 to 448) 12

'p<O0OS significantly lower than test standards.

Table 4 Numbers (%) children scoring <10th centile on subscales of British ability scales:
by birthweight group

<1000 g 1000-1499 g 1500 g+ Total

Verbal comprehension 15 (27-8) 66 (22-7) 47 (19-1) 128 (21-7)
Visual recognition 12 (22-6) 96 (26 8) 66 (26 8) 174 (29-5)
Naming vocabulary 6 (11-3) 33 (11-4) 33 (13-4) 72 (12 2)
Digit recall 6 (11-3) 39 (13-8) 23 (9-8) 68 (11-9)
Basic number skills 12 (24-0) 49 (18-4) 30 (13-5) 91 (16-9)'

'X2 for trend, p<O-OS.

Table 5 Mean scores (SD) on Rutter parental questionnaire for study children by
birthweight group and for siblings

<1000 g 1000-1499 g 1500-1749 g All <1750 g Siblings

Total score 6-3 (4-3) 6-6 (4-4) 6 5 (4-3) 6-5 (4 3) 5 6' (4 4)
Conduct score 4-7 (3-4) 4-7 (3-5) 4 5 (3-5) 4-6 (3 5) 3-7-* (3 4)
Neurotic score 1-6 (1-9) 1-8 (1-9) 2-0 (1-9) 1-8 (1-9) 1-9 (2-0)
No(%)scoring>ll 13 (220) 58 (203) 41 (166) 112 (190) 52 (146)

All <1750 g v siblings: 'p<0001, '*p<O0001.

children from social classes III manual, IV, and
V or with an unclassifiable social class, had
higher conduct disorder scores than those from
more advantaged homes.

In the 357 families where a questionnaire was
available for a sibling, the study children had
significantly worse scores than their siblings
(p=OOO1); this difference was confined to the
conduct part of the score (p=OOOOl). In
families where the study children had high
scores, those of their siblings were also high.
The examiners recorded their perception of

the child's response to the test situation using
the 'faults of coping style' component of the
Henderson revision of the test of motor
impairment.'9 Poor attention span, defined as
being unable to settle for more than a short time
to carry out the test items, was reported in 47%
of the children. These items were grouped to
reflect the same behaviours outlined in the
conduct and neurotic parts of the Rutter
questionnaire (M Rutter, personal communica-
tion). There was a high level of agreement
between parents and examiners both on the
factors reflecting the conduct score (p<O0OOOl)
and those which corresponded to the neurotic
component of the Rutter score (p<0005).

Discussion
The normal development of language in children
is an interactive process requiring in the first
place intact hearing, and secondly, exposure to
speech. The ability to name objects is an early
stage in this development but the ability to
describe situations and give clear explanations
using grammatical sentences requires contact
with more sophisticated speech. Where a child
is perceived by the parents to be younger than
he or she is, by reason of size or disability, the
speech to which he or she is exposed may be
tailored by adults to conform to this perception.
In this study when children with a known
hearing deficit affecting both ears were
excluded, a relationship was found between the
parents' positive response to a question asking
'do you still regard your child as premature?',
and the child's performance on the language
tests involving scoring of grammar. There was,
however, no relationship between the child's
height centile and measures of sentence length,
although the other measure of grammar compe-
tence was significantly related to height.

Delays in verbal comprehension are described
in otherwise normal preterm survivors and
problems in phonology are reported in motor
impaired children.20 Problems of phonological
awareness21 and a poor standard oforal lanuage22
have been identified as predictive of poor
reading skills.
We found a good correlation (p=0O0001)

between the verbal comprehension test in the
BAS and the Renfrew information scores. Poor
performance in these latter scores has been
shown to be predictive of continuing speech and
language deficits that are not amenable to
maturational influences,16 suggesting that quite
a high proportion of the cohort will continue to
have such problems.
Low birthweight children are known to
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686 The Scottish Low Birthweight Study Group

underachieve at school, not necessarily because
of lower intellectual ability.5 10 23 Their
academic failure can be secondary to specific
learning difficulties which may have their origin
in lesions in the developing brain.24 Our finding
that the distribution of IQ scores in this
population was not directly related to birth
weights is not new. Francis-Williams and
Davies in 1974 reported similar data from a
cohort of very low birthweight children born
between 1961 and 1968 who were followed up
for 4 to 12 years.' Using multivariate analysis
the full IQ was, however, independently asso-
ciated with father's social class, single parent-
hood, non-cephalic presentation, intraventicular
haemorrhage, maternal smoking in pregnancy
and, in this population, spontaneous onset of
labour (table 6). The adjusted parameter esti-
mates suggest, for example, that for children in
social class I and II at birth the mean IQ is 105-6
(99- 17+6-438) in the absence of other factors in
the table. After standardising the scores for
father's social class there was an independent
effect of maternal educational qualifications on
the psychometric scores.
Only 5% of the study population scored

below 70 on the psychometric test; a further 3%
could not be tested because of disability; the
majority will be attending normal schools.
Composite measures ofintellectual performance,
however, mask important problems associated
with specific areas of intellectual ability which
may affect later school competence. The visual
recognition subscale, which assesses short term
visual memory and visual organisational skills,
was most affected, with 30% of the cohort
performing below the 10th centile for the test.
Together with oral language competence, these
skills are among those required for learning to
read, so it is likely that a proportion of the
cohort will require learning support in school.

It should be noted, however, that the patterns
ofperformance for individual subscales described
in the low birthweight children were mirrored
in a random sample of 100 children seen in local
nurseries, except that these children had a mean
intelligence quotient approximating the test
mean. These different patterns of performance
in the subscales and their relationship to motor
performance are explored further in a following
paper.

Although, like many others,7-'0 we found
that a high proportion of the low birthweight
children exhibited features of attention deficit,
many of the other behavioural problems usually

Table 6 The association between maternal pregnancy and
perinatal factors and overall IQ using multivariate analysis.
In the absence ofthefactors below mean IQ is 99 17 (1 265)

Adjusted parameter estimates (SE)

SC I+II at birth +6-438 (1-729)
SC IV at birth -5 156 (1-587)
SC not known/missing at birth -7-910 (1-741)
> 1cigarettes/day -2-786 (1 31 1)
Single mother at birth -6-978 (1-656)
Non-cephalic presentation 3-686 (1271)
Spontaneous onset of labour -2 814(1-205)
Intraventricular haemorrhage -14 21 (6 779)

SC=social class.

reported in such populations were not identified.
The test used to identify problems was, how-
ever, originally designed for use with children
of school age.'8 If the consequences of the
impaired cognitive performance reported for
these children means they experience later
failure in school, then it may be that the
behaviour problems reported in similar
populations7 will become manifest at some later
stage.

This study highlights important deficits in
the performance of low birthweight children,
even among those whose overall psychometric
scores fall within the normal range. These
specific problems are likely to have implications
for their success in learning to read and in
acquiring numeracy. Further assessment of
the cohort is planned at 8 years of age.
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