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SUMMARY This investigation tested the hypothesis that high risk infants showing immaturity in
localisation of a sound stimulus would be more likely to have appreciable neurodevelopmental
dysfunction. The cohort comprised 112 infants, 66 of whom were classified as 'high risk'. Every
infant underwent a neurological and developmental assessment, a sound localisation response
test, and an audiological examination when necessary. The first examination was performed at
age 8-9 months and was repeated between six and eight months later. It was found that if the
sound localisation response was mature at the first examination normal development could be
anticipated at the second examination. If an immature sound localisation response was shown
then considerable dysfunction could be anticipated in about half of the infants. It is suggested that
special attention be paid to the maturity of the sound localisation response in infants during
auditory screening procedures, and an immature response should alert the examiner to the
possibility of appreciable abnormality in development.

Preterm infants often show developmental delay or
dysfunction during early life. Many of these infants
have normal potential and will subsequently catch
up their peers. A proportion, however, remain
delayed and will later manifest signs of mental
retardation or cerebral palsy, or both.' With the
advent of sophisticated, modern techniques of perinatal care, many more preterm infants are being
saved, and the clinician is faced with the dilemma of
diagnosing important psychomotor development
problems requiring early intervention.2 Any procedure that might aid the correct early identification of
these high risk infants would therefore be of

study was planned wherein a mixed sample of
infants, comprising a high risk group and a low risk
group, underwent a test for sound localisation
response. The results were correlated with their
developmental attainments at that time and six
months later. It was hypothesised that those infants
who showed an immature sound localising response
would be more likely to have appreciable abnormal
development subsequently.
Patients and methods

One hundred and twenty two infants between the
considerable value.
ages of 8 and 9 months, attending well baby clinics,
The sound localisation response seemed an were selected by a clinic nurse (who was not
appropriate area of investigation when a number of participating in the study and was not aware of the
infants were referred to our child development developmental state of the infants). Of these, 66
centre by an audiologist with the comment that the were classified as high risk by virtue of having been
infants' hearing was normal but that their ability to exposed to gestational or perinatal events known to
localise the source of a sound stimulus was not be potentially damaging to the central nervous
appropriate for their age. On developmental assess- system (Table 1). The remaining 56 infants, who had
ment a high proportion of these infants were found not been subjected to known risk factors, comprised
to have important neurodevelopmental dysfunction the low risk group. The two groups were similar with
regard to ethnic origin and socioeconomic state of
requiring intervention.
Various authors have described a developmental the father. The examiners participating in the study
sequence of auditory localisation.3 4 On this basis, a were unaware of the classification of the infants.
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Table 1 Distribution of risk factors among the high risk
group
Full term
infants
(n 15)
Fetal distress
Meconium aspiration
Asphyxia
Small for dates
Respiratory distress syndrome

4
2
8
6
2

Jaundice
Apnoeic episodes
Patent ductus arteriosus
Hypoglycaemia
Convulsion
Sepsis

2
2

Premature infants
> 1500g

< 1500 g

(n= 43)

(n 4)

2
7
8
14
18
7
3
17
2
2

2
3
3
1
1
1

The developmental assessment of the preterm infants was corrected for gestational age. The study
was divided into two stages, initial examination and
follow up.
Initial examination comprised the Bayley scale of
infant development,5 including mental developmental index and psychomotor developmental index,
the Stycar hearing screening test,6 and sound
localisation response test.3 The mental and psychomotor developmental indexes provide an objective
assessment of mental and psychomotor development
and have a low degree of observer bias; they were
reported separately to provide a more reliable
profile of developmental skills.
In the hearing tests the infant was placed on the
mother's lap opposite an observer. The examiner,
stationed one metre from the infant and outside his
range of peripheral vision, produced sound stimuli
of various frequencies, at and 45° below and above
ear level. The infant's response was recorded as
normal if, at 8 months, he was able to look directly
at the sound source below ear level or in an arc when
the stimulus was above ear level.
Any infant who showed an immature sound
localisation response was referred for complete
audiologic evaluation, including brain evoked response audiometry.
The cohort was re-examined between six and
eight months later. All babies again underwent the
Bayley developmental assessment5 as well as complete physical and neurological examination.
Any health or developmental problems occurring
over this period were treated according to the
routine procedure operative at the time in the clinic.
Results

Of the 122 originally recruited subjects, 112 (92%)
completed the study. Of the 10 who dropped out of

the study, four belonged to the high risk and six to
the low risk group (Table 2). They all failed to
complete the second stage of the study. The sound
localisation response was normal in all 10 of these
children, and their developmental quotient was
similar to the cohort group.
An immature sound localisation response was
shown by 12 infants, 10 (16%) of whom were from
the high risk and two (4%) from the low risk group.
This figure was significant only at the level of p<O-1
(by x2 analysis) but probably indicates a trend.
Significantly lower mental and psychomotor developmental indexes were found in subjects with an
immature response when compared with those with
a mature response. These differences were already
evident at the age of 8-9 months and became more
pronounced by the age of 14-15 months (Table 3).
In Tables 4 and 5 the scores of the mental and
psychomotor developmental indexes of the total
cohort are analysed with reference to the type of
sound localisation response. Mean scores for the low
risk group minus 2 standard deviations were used as
the cut off point for normal developmental performance (mental and psychomotor developmental indexes <76 and <73-5, respectively). This analysis
showed a significantly lower performance in the

Table 2 Cohort tested for sound localisation response

Sex (M:F)
Initial examination (months/days):
Age range
Mean age
Follow up examination (months/days):
Age range
Mean age
Dropouts
Completed study (No (%)
Mature:immature sound localisation
response (No ('%.))

Group

Total

High risk

Cohort
(n= 122)

(n =66)

Low risk
(n =56)

37:29

33:23

7/5-1(1/14

7/S- 11(/19

8/21

8/21

7(0:52

8/21

13/(0-18/17 13/4-18/11
15/1(1
15/26
15/18
4
62 (94)

6

511 (89)

52:1(1(16) 54:2(4)

1(

112 (91)
106:12 (11)

Table 3 Relation between developmental quotient
(mean (SD)) and maturity of sound localisation response
Developmental
index
At 9 months:
Mental

Psychomotor
At 15 months:
Mental
Psychomotor

Sound localisation response

t Value

p Value

3-743

<01(1)-(5

Immature

Mature

84.2 (26-0)
66-5 (16-9)

1(1.7 (12-6)
89-( (14-8)

4-980

72.4(20-4)

99-1

(11-8)

68.2(14-1)

94-1 (12-6)

66(05
6-559

<0-(X)(1)5

<01(X)05
<1()1()115
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group with an immature response. The sensitivity
for the mental and psychomotor developmental
indexes was 58% and 50%, respectively, while the
specificity was 95% and 94%, respectively. Positive
predictive value was 58% and 50% and negative
predictive value 95% and 94%, respectively. Total
accuracy was 90%.
Ten of the 12 infants in the group with an
immature response were premature and suffered
from additional risk factors. No specific combination of potentially damaging events could be implicated (Table 1). No hearing defect was found in the
infants with an immature sound localisation response.
Table 6 shows that, irrespective of risk category, it
was in fact the maturity of the sound localisation
response that was associated with the performance
Table 4 Screening value ofsound localisation response
test for mental developmental index
Sound
localisation
response
Immature
Mature
Total

Developmenetal qucotient

Total

<76

> 76

7
5

5
95

12
1()

12

1)

1t12

Sensitivity 58%; speetiicity 95%/o; positive predictive vaIlue 58%; negative
predietive value 95%; total accuracy 91%;

X2=26-511; p<l(I)0I.5

Table 5 Screening value of sound localisation response test
for psychomotor developmental index
Sotnd
localisation
response

Immature
Mature
Total

Deielopmenrtal quotient
> 73 4
<7314

Total

12

6
6

6
94

11(1)

12

11111

112

Sensitivity 51%0; specificity 94%; positive predictive value 5n0; negative
predictive value 94%n, total accuracy 89%; X2 1732; P<()(()5.

the Bayley test. Despite the difference in
score of psychomotor developmental index
(p<0O05) between those with a mature response in
favour of the low risk group, when maturity of the
sound localisation response was considered this
disparity became much more significant (p<00005).
on

the

Discussion

Auditory screening programmes in infancy are being
used increasingly for the early detection of hearing
defects in infants. The purpose of this study was to
determine whether the incorporation of an assessment of the infant's ability to localise a sound source
might provide information on his neurodevelopmental state.
In an attempt to address this question a simply
performed assessment of the infant's ability to
localise the origin of a sound source was evaluated
by comparing the maturity of the response of his
developmental performance at the time and again
six to eight months later. While other studies have
shown an association between an immature sound
localisation response and subsequent language delay
at age 36 months,7 8 our study showed the correlation between sound localisation response and subsequent development at an earlier age.
Analysis of the validity of the sound localisation
response indicated that if this was mature at the age
of 8-9 months then the clinician could reliably
predict normal development six months later. An
immature response, however, was associated with
significantly delayed mental and psychomotor developmental indexes in 58% and 56% of subjects,
respectively, thus yielding a large number of false
positives.
Our study group comprised 54% high risk infants.
This might resemble the situation seen in neonatal
special care follow up clinics, and the positive
predictive value of the sound localisation response
test would therefore be similar to our findings. The
well baby clinic population is, however, a different
one, and it might be assumed that the pretest

Table 6 Analysis of the relation between maturity of sound localisation response, developmental quotient, and risk
category. Values are mean (SD)
Developmental
index

Sound localisation response
t Value

Mature

p

Value

Immatuire

t Value

p Value

6-46
727

<)-(X)()5
<0l(X)05

(n= 12)

Mental
Psychomotor
NS=not significant.

Low risk group
(n= 48)

High risk grouip

98-9 (11-5)

98-9 (12-(1)
917 (13.7)

964 (11.5)

(n= 52)

NS

NS

1-82

<10.115

71-5 (2114)

682 (1411)
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