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ABSTRACT 

S t a b i l i t y and continuity in cognitive performance from e a r l y to 
l a t e infancy, by Rachel Cooper 

This research i s concerned with the s t a b i l i t y and continuity of 
cognitive measures throughout the infancy period. 

A review of the l i t e r a t u r e showed that standardised infant 
i n t e l l i g e n c e t e s t s f a i l to predict subsequent i n t e l l e c t u a l 
performance, and one reason for t h i s may be the dominance of motor 
based items in the t e s t s , and the r e l a t i v e dearth of measures 
r e f l e c t i n g cognitive a b i l i t y . Furthermore, i t has been suggested 
that measures from rec e n t l y developed procedures, which are 
considered to r e f l e c t learning, memory and discriminative a b i l i t y 
in infancy may constitute more useful predictive measures of l a t e r 
i n t e l l e c t u a l functioning. However, the r e l i a b i l i t i e s and 
inter-<x>r r e l a t i o n s between these measures have not been 
systematically studied. 

At 3 and 5 months of age infants were presented with a v a r i e t y of 
tasks, including, v i s u a l prefersnces, v i s u a l habituation, concept 
acquisition, cross-modal integration, operant conditioning and 
other measures of attention and vocalisation. From these, 
measures were examined in terms of t h e i r across and within 
sessions r e l i a b i l i t i e s . Age appropriate tasks were given to the 
same sample of infants at 9 months of age, and a s e r i e s of infant 
i n t e l l i g e n c e s c a l e s and subscales were administered at 18 months. 
Corr e l a t i o n s between the r e l i a b l e measures across age were 
examined. 

The r e s u l t s indicated that a number of measures at 3 months were 
r e l i a b l e , and predictive of performance on tasks at 9 months and 
18 months. Sp e c i f i c a l l y , the predictive measures from e a r l y 
infancy tended to r e f l e c t aspects of fixation duration, and these 
were re l a t e d to measures of attention and manual exploration at 9 
months, ar:-1 .•'=ii\A'.\ -al-lViLy =1 10 rrvoirulto. Tiie pr:i?cu.ci:'i:d i::3a3ur'^ 
at 9 months were also related to the 18 month v e r b a l measures, 
indicating some degree of continuity across these ages. The data 
are t e n t a t i v e l y interpreted in terms of a speed of processing 
model of i n t e l l i g e n c e and the implications for models of 
continuity and the implications for future research are discussed. 
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CHAPTER 1 

PREDICTING SUBSEQUENT DEVELOPMENT FROM INFANT BEHAVIOUR 

1.1 INTRODUCTION 

An important goal in developmental research has been to determine 

whether there are measures in infancy which r e l i a b l y predict a 

child's l a t e r i n t e l l e c t u a l a b i l i t y . I t has been w e l l documented 

that current standardised infant developmental scales, based 

e s s e n t i a l l y on motor performance, f a i l i n t h i s respect and there 

has increasingly been a search for al t e r n a t i v e measures. 

Throughout the mid 1960'3 methodologies for the study of attention 

and memory in infancy were developed. These measures have been 

considered as possible alternatives, as potential predictors, to 

the conventional tests. The f i r s t two chapters of t h i s thesis put 

t h i s research into context. 

Chapter 1 i s divided into 6 sections. I n the second i s presented 

a brief history of infant testing, and a discussion of the 

r e l i a b i l i t y and predictive v a l i d i t y of the standardised infant 

t e s t s and scales. Infant t e s t s have repeatedly been found not to 

be predictive of l a t e r intelligence, and a c u r r e n t l y popular 

explanation for t h i s i s that t e s t items on the sca l e s do not 



r e f l e c t i n t e l l e c t u a l abUity, and that other measures of behaviour 

in infancy may be more suitable i n t h i s respect. This argument i s 

developed in the t h i r d section of Chapter 1. 

In sections four and five, theoretical issues r e l a t i n g to the 

question of prediction are considered. These include theories and 

issues r e l a t i n g to: a) the nature of inte l l i g e n c e i n infancy; and 

b) the nature of i n t e l l e c t u a l growth throughout infancy, whether 

t h i s i s characterised by quantitative or qu a l i t a t i v e change, and 

the implications of each for the question of prediction. 

Chapter 2 describes procedures developed recently which are 

thought to measure aspects of s p e c i f i c a l l y cognitive functioning 

in infancy, for example, memory, discrimination and learning 

a b i l i t y . I t i s measures from these tasks taken i n infancy which 

many consider to be potential predictors of cognitive or 

i n t e l l e c t u a l functioning i n childhood. Also, l i t e r a t u r e examining 

the predictive v a l i d i t y of these measures i s reviewed. F i n a l l y , 

related psychometric issues are discussed and an overview of the 

aims of the thesis i s presented. 



1^ THE HISTORY OF INFANT INTELLIGENCE TESTING 

1^1 The Development of Infant Testing 

Infant i n t e l l i g e n c e testing has i t s roots in the l a t e nineteenth 

and e a r l y twentieth centuries. I n i t i a l i n t e r e s t stemmed from a 

number of influences throughout Europe. For example, in France 

the need for standardising infant behaviours arose from the 

suggestion that mentally retarded adults behaved in a similar 

manner to young children (Binet and Simon, 1905), and in England 

the work of Darwin and Galton generated i n t e r e s t in the a b i l i t i e s 

of infants and young children. Darwin (1872) believed that the 

f a c i a l expressions of young children were biological in nature and 

he studied the emotional development of young children which was 

characterised by individual differences i n rates of development 

(Goodenough, 1949). Further, i n Germany, psychologists, 

p a r t i c u l a r l y J. C a t t e l l , studying sensation and perception 

emphasised the importance of the consistency of individual 

differences. 

As a r e s u l t of such influences, childhood a b i l i t i e s were 

meticulously studied throughout the e a r l y part of t h i s century and 

the f i r s t infant t e s t s were developed. Brooks-Gunn and Weinraub 

(1983) present an excellent review of the history of infant 

intelligence testing. 



The f i r s t r e a l attempt to assess mental development in infancy was 

made by Kuhlman <1922) who attempted a "downward" extension of the 

1916 Stanford-Binet, since the l a t t e r did not include items for 

pre-verbal children. Kuhlman used measures of coordination, 

speech, imitation and recognition for infant testing. This scale, 

however, was standardised on few infants and was never adopted 

widely for general use. 

A more popular "downward" extension of the l a t e r (1937) 

Stanford-Binet scale was made by Psyche C a t t e l l (1940). C a t t e l l 

developed her scale for infants aged between 2 and 30 months and 

many of the items were drawn from other scales ( p a r t i c u l a r l y from 

Gesell, see below) although she did limit the s c a l e to items 

e a s i l y administered and eliminated many items which were dependent 

on home learning and those which required gross muscular 

behaviour. 

One of the most important and i n f l u e n t i a l e a r l y scale developers 

was Arnold G e s e l l who divided infant behaviour into a number of 

dimensions or "major f i e l d s of functional organisation" (Gesell, 

1954, p.338). Four such f i e l d s were defined: 

1. Motor items including balance, movement and coordinated motor 

ac t i v i t y ; 

2. Adaptive behaviours defined as prehension and grasping of 

objects; 
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3. Language, assessed in infancy by vocal and v i s u a l communication 

(facial- gestures and vocalisations); 

4. Personal-social items, including reaction to people and 

environmental events. 

The G e s e l l schedules, which are s t i l l used, give behavioural norms 

for each of these f i e l d s for ages at 4 week i n t e r v a l s from b i r t h 

u n t i l 56 weeks, then at 3 month i n t e r v a l s to 24 months and at 6 

month i n t e r v a l s up to 42 months. The scales were standardised on 

a group of infants from middle c l a s s families, which ranged in 

number between 26 and 49 in the f i r s t year and between 10 and 18 

for subsequent ages. The behavioural norms were determined by the 

general impression of the examiner concerning the age at which a 

par t i c u l a r response seemed most c h a r a c t e r i s t i c of the infants. 

V i r t u a l l y a l l s c a l e s and t e s t s developed for the infancy period 

have drawn and adapted items from Gesell's schedules. Other 

sca l e s include the G r i f f i t h s Scale of Mental Development 

(Griffiths, 1954) which incorporates subscales resembling those of 

Gesell, and the Bayley Scales of Infant Development (Bayley, 

1933, 1969) which consists of separate scales for mental and motor 

tasks. 

L2.2 R e l i a b i l i t y of Infant Tests 

Many of the t e s t s mentioned above were o r i g i n a l l y developed in the 

9 



e a r l y 1930's. Throughout the l a t e 1930's awareness grew of the 

importance of the r e l i a b i l i t y of the tests, and as a r e s u l t 

v i r t u a l l y a l l the t e s t s were revised and restandardised. I f an 

infant, for whatever reason, does not perform consistently on a 

specific measure or t e s t when tested twice over a short period of 

time, then the test or measure concerned may not be providing any 

useful information regarding individual or o v e r a l l development in 

infancy. Two types of s t a b i l i t y were considered: 

1. I n t e r n a l or s p l i t - h a l f r e l i a b i l i t y , r e l a t i n g to the s t a b i l i t y 

of a measure within a testing session; 

2. Across session or t e s t - r e t e s t r e l i a b i l i t y , r e l a t i n g to the 

s t a b i l i t y of measures across testing sessions. 

S p l i t - h a l f r e l i a b i l i t i e s for the restandardised tests, where 

reported, are t y p i c a l l y high. Bayley (1970) for example, reports 

corrected s p l i t - h a l f r e l i a b i l i t y coefficients to average .82 for 

her f i r s t year mental scale. These correlations were lower in the 

f i r s t 3 months (ranging from .51 to .74) but increased between 4 

and 36 months (with correlations ranging from .75 to .95). 

Test-retest r e l i a b i l i t i e s are r a r e l y reported within age, since 

most of the s c a l e s were developed by testing infants at one, two 

or three monthly i n t e r v a l s , rather than say, twice in one week. 

These short-term t e s t - r e t e s t r e l i a b i l i t i e s are generally not quite 

as encouraging as the s p l i t - h a l f r e l i a b i l i t i e s , and appear to be 

affected by the length of the delay between testing sessions. I n 
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general, the further apart the two testing sessions the lower the 

correlations. For purpose of i l l u s t r a t i o n . Table 1:1 shows the 

correlations between scores taken from the Calif o r n i a F i r s t Year 

Mental Scale (Bayley, 1933) from 1 to 15 months and the California 

preschool scale (Jaffa, 1934) given at 3 monthly i n t e r v a l s to 3 

years. Items from both of these scales were used extensively in 

the development of the Bayley Scales of Infant Development (1969). 

TABLE 1:1 

C o r r e l a t i o n c o e f f i c i e n t s between a g e - l e v e l s t a n d a r d s c o r e s of t h e 
C a l i f o r n i a f i r s t y e a r mental s c a l e ( f r o m 1 t o 15 months) and t h e 
C a l i f o r n i a p r e s c h o o l s c a l e ( a t t h r e e month i n t e r v a l s up t o 3 
y e a r s ) . ( B o t h s c a l e s were u s e d f o r t h e l a t e r B a y l e y - 1969 
s c a l e s . ) 

The t a b l e i s t a k e n from d a t a p r e s e n t e d by B a y l e y ( 1 9 4 9 ) . 

Average Age 
(Months) 4,5 

& 6 

7,8 

& 9 

10,11 

& 12 

13,14 

& 15 

18,21 

S. 24 

27,30 

& 36 

1,2 &3 

4,5 &6 

7,8 &9 

10,11 &12 

13,14 £.15 

18,21 fit24 

57 .42 

.72 

28 

52 

81 

10 

50 

67 

81 

04 

23 

39 

60 

70 

.09 

.10 

.22 

.45 

.54 

.80 

I t can be seen from the table that the highest correlations emerge 

between adjacent testing ages (those correlations l y i n g on or 
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close to the major diagonal), and as the period of time between 

testing sessions increases the magnitude of the correlations 

decreases. Reviews of these and other similar data have been 

presented by Thomas (1970) and McCall (1979). 

Since the majority of the a v a i l a b l e t e s t s yield good s p l i t - h a l f 

and moderate t e s t - r e t e s t r e l i a b i l i t i e s , at l e a s t over f a i r l y short 

time periods, i t was not long before the question of predictive 

v a l i d i t y was raised. 

1-2.3 Predictive V a l i d i t y of Infant Tests: 

"Diagnosis involves Prognosis" (Gesell and Armatruda, 1941, 

p.349) 

Most of the e a r l y infant scales were developed in an attempt to 

e s t a b l i s h normative sc a l e s of behavioural development. However, 

although these e a r l y t e s t s were not s p e c i f i c a l l y developed for 

predictive purposes, the i r predictive v a l i d i t y became of 

increasing i n t e r e s t (Brooks-Gunn and Weinraub, 1983). In 

p a r t i c u l a r the relationship between these standardised t e s t s in 

infancy and the subjects' l a t e r performance on standardised 

childhood int e l l i g e n c e t e s t s was examined, and within the normal 

range the r e s u l t i n g correlations were in v a r i a b l y close to zero. 

One review of a number of studies which examined the predictive 

v a l i d i t y of these t e s t s has been produced by Stott and B a l l 

(1965), They concluded: 

"Although the t e s t s have been found to be valuable 
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aids i n the o v e r a l l appraisal of health and 
developmental status of. babies, ... (the) lack of 
predictive value has raised serious doubts of their 
v a l i d i t y as t e s t s of intelligence." (p.24) 

Bayley (1955) has also acknowledged that the 

standardised infant t e s t s do not predict subsequent 

development: 

"These findings (ie. the low correlations) give 
l i t t l e hope to our being able to measure a stable 
cind intellecftual factor in the very young..." 
(p.807) 

Clarke (1978) has claimed that, o v e r a l l , the studies 

reported, which examine the relationship between 

performance on infant tasks and childhood l e v e l s of 

intelligence, comply with 2 behavioural laws:-

1. The e a r l i e r the measure taken, the lower the 

long-term r e l i a b i l i t y and 

2. The longer the predictive period the lower the 

r e l i a b i l i t y . 

Indeed, McCall (1979) reviewed the predictive v a l i d i t i e s 

from a number of studies and reported median 

correlations of .06 between infant t e s t s administered 

between 1 and 6 months and childhood t e s t scores taken 

between 8 and 18 years, and of .49 between scores 
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obtained at 19 to 30 months and childhood t e s t s from 8 

to 18 years. Thorndike (1940) having collated a number 

of both short and long-term r e l i a b i l i t i e s from infants 

ranging in age from b i r t h to about 5 yecu:s, concluded 

that below 4 months of age there i s l i t t l e chance of 

finding correlations between any t e s t s given more than 

one month apart. Above the age of 4 months, 

correlations do begin to increase, but i t i s not u n t i l 

the c h i l d reaches 4 years of age that correlations 

between in t e l l i g e n c e t e s t scores reach approximately .7 

over a one year period. I n conclusion, i t appeared that 

prediction of i n t e l l e c t u a l a b i l i t y , at l e a s t from e a r l y 

infancy, within the normal range was not possible, 

although the a b i l i t y to predict does improve in l a t e 

infancy and e a r l y childhood. 

The f a i l u r e of the infant t e s t s and s c a l e s (at l e a s t for 

the e a r l y infancy period), to predict l a t e r i n t e l l i g e n c e 

scores gave support to a number of discontinuity 

hypotheses. For instance: that the concept of 

intelligence i s not applicable to e a r l y infancy; that 

in t e l l i g e n c e changes q u a l i t a t i v e l y from infancy to 

childhood; and that i n t e l l e c t u a l growth i s characterised 

by v a r i a b i l i t y rather than s t a b i l i t y . These issues are 

considered in l a t e r sections of t h i s chapter, where 

theories of development are considered in terms of their 

potential implications for the a b i l i t y to predict 

intelligence scores. 
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The following section i s concerned with the c u r r e n t l y 

popular view that infant intelligence t e s t s have f a i l e d 

to predict due to the inappropriateness of the t e s t 

items they employ. 

1.3 A CHALLENGE TO THE FAILURE TO PREDICT 

1.3.1 Introduction 

While some researchers seem to be sa t i s f i e d with the 

f a i l u r e to predict, others have persisted i n the search 

for predictive measures. Indeed the a b i l i t y to predict 

int e l l i g e n c e from infancy has important p r a c t i c a l , as 

well as theoretical implications; at present we are not 

able to detect infants who w i l l experience minor 

learning and i n t e l l e c t u a l deficits. The a b i l i t y to 

detect such infants i n the e a r l y months may lead to 

intervention programs, which may help to a l l e v i a t e such 

d i f f i c u l t i e s . At the very least, the a b i l i t y to detect 

such individuals i n infancy allows caregivers to prepare 

for the problems. Such issues, coupled perhaps with a 

stubborness on the part of psychologists to accept a 

n u l l hypothesis, has led to a continuing search for 

predictive measures. 

As a r e s u l t , the conclusion reached from the evidence 
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cited above, which suggested that prediction of 

i n t e l l e c t u a l a b i l i t y i s not possible from e a r l y infancy, 

has been challenged. This challenge has not emerged 

from the quality of the data, but rather from the way i n 

which mental int e l l i g e n c e i n infancy has been conceived. 

Specifically, i t has been suggested that the 

standardised in t e l l i g e n c e t e s t s are dominated by motor 

based items, and do not contain the types of measure 

which are more l i k e l y to be r e f l e c t o r s of i n t e l l e c t u a l 

a b i l i t y (for example, measures of memory, learning and 

discriminative a b i l i t y ) . Furthermore, due to rapid 

development in technology and methodology over the past 

few years, we now have the means to measure such 

a b i l i t i e s i n infancy, and these measures may constitute 

better predictors of l a t e r i n t e l l e c t u a l behaviour. This 

argument i s qualified below. 

1.3^ The Content of Standardised Infant I n t e l l i g e n c e 

Tests 

Zelazo (1979) suggested that items on tr a d i t i o n a l infant 

t e s t s f a l l into 3 major categories; 1) gross and fine 

motor performance, 2) imitative behaviours, which 

require fine motor a b i l i t y , and 3) comprehensive and 

productive language, which, argues Zelazo, also requires 

a degree of motor a b i l i t y , although t h i s l a t t e r category 

of behaviour would seem l e s s l i k e l y to be dominated by 

motor a b i l i t y . 
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The general dominance of motor orientated tasks in 

standard infant intelligence t e s t s i s also apparent when 

the individual measures of the scales are examined. The 

Bayley scale: of infant development i s a good example, 

since i t i s made up of scales designed to r e f l e c t 

s p e c i f i c a l l y mental and motor a b i l i t y . The motor scale, 

as one might expect, i s based on measures of gross and 

fine motor a b i l i t y . Gross motor a b i l i t i e s include 

measures of when infants are able to turn over in their 

c r i b , when they can s i t alone for 30 seconds or more (5 

to 8 months), throw a b a l l (9 to 18 months) and in l a t e r 

infancy a b i l i t y to stand, walk and jump are examined. 

Measures of finer motor s k i l l s include holding a red 

r i n g (up to 3 months) and picking up a small p e l l e t 

with thumb and forefinger at 7 to 12 months. 

The mental scale includes a number of measures 

comparable to the fine motor s k i l l s measured in the 

motor scale. For example, "fingers holes in peg board" 

and "successively placing pegs in holes" at 6 to 12 and 

13 to 20 months, respectively, and items concerned with 

the manipulation of a small p e l l e t are in fact the same 

in both the motor and the mental scales. For e a r l y 

infancy, i t i s extremely d i f f i c u l t , i f not impossible, 

to distinguish types of behaviours being measured by the 

Bayley s c a l e s that are either wholly motoric or wholly 

mentalistic in nature, the two e s s e n t i a l l y being 
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interdependent. However, the nature of test items does 

become more apparent as the testing age of the infant 

progresses. At l e a s t by the time the infant has reached 

18 months of age i t i s possible to differentiate t e s t 

items with respect to whether they r e f l e c t 

language-based, or other a b i l i t y (for further discussion 

of t h i s see Chapter 8). Since during l a t e infancy, the 

predictive correlations, from infant i n t e l l i g e n c e t e s t s 

to childhood IQ scores, do tend to increase and t h i s may 

be a reflection of the changing nature with age of the 

infant t e s t items. 

I n conclusion i t seems that in general items on infant 

t e s t s , at l e a s t those for the e a r l y infancy period, are 

l a r g e l y dominated by motor a b i l i t i e s . The relationship 

between mental and motor a b i l i t i e s i s considered next. 

1*3.3 The Relationship between Mental and Motor 

A b i l i t i e s 

H i s t o r i c a l l y i t has been assumed that motor and mental 

development are c l o s e l y related in e a r l y childhood. 

Indeed, Piaget viewed the infant as an active seeker of 

knowledge and regarded sensorimotor interactions as the 

foundation of l a t e r cognition. This reinforced the 

already popular belief of an intimate relationship 

between motor behaviour and cognition; cognitions being 

a matter of sensori-motor actions performed by the 

18 



subject. However, questions r e l a t i n g to the specific 

nature of the relationship between mental and motor 

development arise. For instance: i s mental development 

a consequence of motor a c t i v i t y ; are the two equivalent; 

and are motor behaviours effective means of measuring 

infant cognition? 

The view that motor a b i l i t y and cognition are c l o s e l y 

r e l a t e d in infancy has been challenged by a number of 

researchers; Decarie (1969) and Kopp and Shapperman 

(1973) for instance have reported cases where infants 

with thalidomide poisoning have demonstrated normal 

cognitive and i n t e l l e c t u a l development. Also i t has 

been reported that approximately one in three of those 

children with symptoms of c e r e b r a l palsy i n infancy 

exhibit normal i n t e l l e c t u a l a b i l i t y in adulthood 

(Crothers and Paine, 1957; Holman and Freedhiem, 1959). 

Segalowitz (1980) reviews a case study reported by 

Jordan (1972) of a woman with the head of a normal 40 

year old and a body comparable to that of a neonate, who 

was considered i n t e l l i g e n t and able to lead discussions. 

Kopp (1975) suggests that since learning can occur when 

motoric development i s impaired, then motor behaviours 

may not be important in terms of language development 

and other i n t e l l e c t u a l s k i l l s . She goes on to suggest 

that we should perhaps consider attentional, 

motivational and object-person i n t e r a c t i v e factors as 
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possible precursors of l a t e r i n t e l l e c t u a l functioning. 

Stott and B a l l (1965) also concluded that infant 

intelligence may more usef u l l y be defined in terms of 

cognitive processes and that c a r e f u l study of 

a l t e r n a t i v e behaviours r e f l e c t i n g memory, conceptal and 

reasoning s k i l l s may provide greater indications of the 

potential for i n t e l l e c t u a l growth. 

The implication apparent here i s that the infant 

behaviours which are measured in the standardised infant 

t e s t s are' u n l i k e l y to predict subsequent i n t e l l i g e n c e 

scores in l a t e r childhood because, at l e a s t in e a r l y 

infancy, the t e s t items are e s s e n t i a l l y motoric in 

nature, while childhood int e l l i g e n c e t e s t s are concerned 

with cognitive or mental a b i l i t i e s . As Zelazo (1979) 

has pointed out, why should we expect a relationship 

between the age at which a c h i l d can s i t , stand or grasp 

an object, etc., and his intelligence score in 

childhood? There i s l i t t l e , i f any, correlation between 

motor a b i l i t y and int e l l i g e n c e in adults and we should 

therefore not expect measures of the former in infancy 

to predict the l a t t e r in chUdhood. 

1.3.4 Are there cognitive measures that w i l l predict? 

C l e a r l y the s o r t s of behaviours that have been 

considered as potential predictors from infancy have 

tended to be limited by existing conceptions of the 
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infant's behavioural repertoire, and by technology, and 

by what could e a s i l y be measured. I n view of t h i s i t i s 

not suprising that t e s t s developed in the e a r l y part of 

th i s century are dominated by motor responses since t h i s 

type of response at the time was, with a few ejoreptions 

(see references to Marsdon, 1903 and Valentine, 

1913-1914 i n the following chapter), considered the only 

method of assessing a b i l i t y i n the infancy period. 

However Butter worth (1983) appropriately points out that 

"An intensive period of research over the l a s t fifteen 

years has had the effect of changing the stereotype of 

the-young baby from one of "incompetence" to one of 

"competence'"' (p.25). 

I n conclusion, i t i s apparent that although performance 

of young infants on infant s c a l e s has been found not to 

predict their l a t e r i n t e l l i g e n c e l e v e l , we should not 

yet completely abandon the search for predictive 

measures. I t has been pointed out that a l t e r n a t i v e 

measures are av a i l a b l e which may be more useful for 

predictive purposes. Indeed, a number of researchers 

have reported significant correlations between these new 

measures from infancy and l a t e r childhood i n t e l l i g e n c e 

scores (these studies are reviewed and discussed i n 

Chapter 2.) Hence, although i t would appear that infant 

scales i n general f a i l to predict l a t e r intelligence, i t 

i s possible that an a l t e r n a t i v e set of measures might. 
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1.4 THE NATURE OF INTELUGENCE IN INFANCY. 

1.4.1 I n t e l l i g e n c e as a Unitary or Multi-Dimensional 

Construct 

There has been considerable debate in the l i t e r a t u r e 

r e l a t i n g to adult i n t e l l i g e n c e regarding the s t r u c t u r e 

of intelligence, and t h i s i s also relevant to 

conceptions of the nature of in t e l l i g e n c e i n infancy. 

For instance, one can ask whether i t i s characterised by 

a s i n g l e unitary construct 'g', or, as a number of 

authors have argued, whether i n t e l l i g e n c e i n infancy 

subdivides into a number of at l e a s t semi-independent 

a b U i t i e s (Lewis and McGurk, 1972). The suggestion that 

adult i n t e l l i g e n c e i s subdivided into a number of 

a b i l i t i e s i s by no means new; Guilford (1967) has 

suggested that at le a s t 120 unique i n t e l l e c t u a l 

a b i l i t i e s exist and also that to reduce t h i s number by 

forming, for instance, j u s t two composites (such as 

ver b a l a b i l i t y and s p a t i a l a b i l i t y , the two major group 

a b i l i t i e s suggested by Vernon 1969), does a great 

inj u s t i c e to the nature of intelligence. However, other 

researchers point out that when factor a n a l y t i c a l 

procedures are applied to data from adult i n t e l l i g e n c e 

te s t s , although at le a s t some semi-independent factors 

do emerge, they are usually subsumed by a general 

all-embracing cognitive factor which Charles Spearman 
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referred to as 'g'. Indeed, some authors have suggested 

that the f a i l u r e to find prediction from infancy, i s due 

to there being no measurable 'g' in t h i s period. 

G a r r e t t (1946) for instance, suggested that the concept 

of i n t e l l i g e n c e i s not applicable to infancy, and only 

emerges as the c h i l d begins to invest words and symbols 

with meaning, ie. when a c h i l d i s able to. represent 

ideas. This implies of course, that no measures from 

the infancy period are ever l i k e l y to be predictive. 

Alternatively, i t i s possible that the f a i l u r e to 

predict i n t e l l i g e n c e from infancy may be due to the 

inappropriateness of measures for r e f l e c t i n g or 

measuring 'g'. 

I f infant i n t e l l i g e n c e i s considered to be made up of a 

number of separate a b i l i t i e s (which are at l e a s t to some 

extent independent of 'g'), i t i s possible that some, 

but not a l l , items of the infant t e s t s predict aspects 

of l a t e r intelligence, ie. individual items or groups of 

items from the scales may predict l a t e r i n t e l l i g e n c e 

scores with more accuracy than would a single composite 

measure. Stott and B a l l (1965) factor analysed items 

from f i v e scales: the C a t t e l l at 3 and 6 months; the 

Bayley at 6 and 12 months; the G e s e l l at 6 and 12 months 

the Merrill-Palmer at 24, 30, 36, 48 and 54 months and 

the Stanford-Binet at 36, 48 and 60 months. One of the 

conclusions reached from t h i s massive study was that in 

infancy the s c a l e s were more "diversified" and covered a 
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wider range of a b i l i t i e s than the t e s t s with young 

children. The infancy t e s t s a l l contained factors 

characterised by manual a b i l i t i e s as well as cognitive 

convergent and divergent production s k i l l s , but with 

r e l a t i v e l y l i t t l e emphasis on memory. The t e s t s from 12 

to 24 months, however, contain an increasing number of 

memory based items with only the Merrill-E^lmer 

containing items measuring manual a b i l i t y at these ages. 

The Stanford-Binet at 60 months i s p a r t i c u l a r l y narrow 

i n factor content, containing two memory and two 

cognitive factors only. The implication here i s that 

the measures of manual a b i l i t y i n the e a r l y months may 

be different in kind from the types of measures assessed 

in l a t e r scales, hence reducing the predictive 

correlations to approximately zero. 

Further, a number of researchers have performed item and 

or factor analyses on various infant i n t e l l i g e n c e t e s t s 

and have reported that individual items, groups of 

items, or factors from the t e s t s ( p a r t i c u l a r l y those 

pertaining to infant vocalisations and verbal a b i l i t y ) , 

produced higher predictive v a l i d i t y than the o v e r a l l 

t e s t scores (Richards and Nelson, 1939; Nelson and 

Richards, 1938; Hunt and Bayley, 197D. Richards and 

Nelson (1939) also reported that a number of what they 

describe as measures of alertness, (for example 

•splashes i n bath', 'regards p e l l e t t ' and 'quietens to 

music' from the Ge s e l l schedules) correlated s l i g h t l y 
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higher with l a t e r childhood int e l l i g e n c e than with the 

global infant test measures. For example, •splashes in 

bath' from the 6 month G e s e l l schedules correlated .47 

with the o v e r a l l s ix month te s t score but alone produced 

an r of .58 with scores of the Stanford-Binet taken at 3 

years. 

A recent study has been reported by Roe, McClure and Roe 

(1983), i n which they administered the G e s e l l s c a l e s to 

a sample of middle c l a s s white English infants at 3, 5, 

7, 9 and 15 months and correlated these scores with 

scores from the same infants on in t e l l i g e n c e s c a l e s and 

subscales at 5 and 12 years. They found that 

performance on the G e s e l l s c a l e s ( p a r t i c u l a r l y from 5 

months) correlated more highly with I l l i n o i s Test of 

Psycholinguistic A b i l i t i e s (ITPA) visual-motor scale at 

5 years (with r's ranging from .41 to .62), and the 

performance subscale of the ̂ V ^ J r S j f i f "Intelligence Scale 

for Children - Revised (WISC-R) at 12 years (r's ranging 

from .43 to .66), than with the verbal subscale from the 

Stanford-Binet at 3 years (r's ranging from -.17 to 

.25), the Peabody Picture Vocabulary Test (PPVT) at 5 

and 12 years (r's ranging from -.26 to .29 and from -.15 

to .54, for the two ages, respectively) or the ITPA 

auditory-vocal scale at 12 years (r's ranging between 

-.44 to .28). These findings l e d Roe, McClure and Roe 

to suggest that the f a i l u r e i n the past to find 

prediction of l a t e r i n t e l l i g e n c e from infant t e s t s may 
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have been due to a tendency to regard "intelligence" as 

a unidimensional quality. 

I n summary, one implication apparent from these findings 

i s that globally, infant t e s t s are not measuring the 

same a b U i t y (or a b i l i t i e s ) as do the childhood tests, 

but there i s some indication that some of the t e s t items 

i n the infant t e s t s may be tapping some of the a b i l i t i e s 

examined i n childhood tests. As discussed i n section 

1.3, infant s c a l e s are dominated by motor-based items, 

which in them se l v e s may be predictive of nothing, and 

therefore have the effect of obscuring the few items 

which may r e f l e c t other aspects of a b i l i t y in infancy 

and constitute predictive measures. 

1.5 THE GROWTH OF INTELLIGENCE IN INFANCY 

1*5.1 Qualitative and Quantitative Changes in 

Inte l l i g e n c e and Implications for E^ediction 

The popular view of in t e l l i g e n c e at the time the f i r s t 

infant developmental scales were produced was one which 

assumed a predetermined or f i n i t e potential with which 

the infant was endowed from b i r t h (Brooks and Weinraub 

1976). This view of in t e l l i g e n c e originates from 

Darwin's theories of biological evolution and was 
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reinforced by the work of Galton, Spearman and more 

recently Burt. Indeed the notion of a fixed 

i n t e l l i g e n c e i s to some extent implicit i n attempts to 

predict i n t e l l i g e n c e from measures taken in infancy; 

int e l l i g e n c e thereby representing a predetermined 

c h a r a c t e r i s t i c of the infant which develops through 

steady quantitative increments from b i r t h . 

Whether or not an ultimate l e v e l of in t e l l i g e n c e for any 

given individual i s predetermined i s , however, of l e s s 

concern for the question of prediction than the way in 

which the l e v e l i s reached. I n t e l l e c t u a l growth may be 

characterised by continuous steady quantitative 

increments over time or may r e f l e c t a pattern of 

i n s t a b i l i t y with much fluctuation over time. Neither of 

these p o s s i b i l i t i e s precludes the notion of a fixed 

l e v e l of intelligence, although they do have different 

consequences for prediction of intelligence. For 

instance, i f a high degree of concordance were to be 

found between in t e l l i g e n c e t e s t scores between a l l ages 

then i n t e l l e c t u a l growth would seem to constitute a 

continuous and consistent developmental process. 

However the f a i l u r e to find such continuity may indicate 

that either i n t e l l i g e n c e i s a var i a b l e a t t r i b u t e or that 

i n t e l l e c t u a l growth i s characterised by periods of both 

s t a b i l i t y and fluctuation at various points in time. 

There i s an a l t e r n a t i v e theoretical view to that which 
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suggests a quantitatively increasing intelligence, which i s that 

i n t e l l i g e n c e changes q u a l i t a t i v e l y , over age. Indeed as Wohlwill 

(1973) has pointed out, 'development' i t s e l f implies change. 

Binet and Simon (1905) were perhaps among the f i r s t to suggest that 

childhood i n t e l l i g e n c e differed from adult in t e l l i g e n c e not only 

i n degree and quantity, but also i n form. Others who have also 

acknowledged the p o s s i b i l i t y of cognitive growth being 

characterised by qu a l i t a t i v e change include G e s e l l (1940), who 

held the belief that the child's mind does not grow merely by 

li n e a r increments but i s characterised by transformations over 

age. 

I f i n t e l l i g e n c e i s considered to be characterised by qu a l i t a t i v e 

changes, then i n t e l l e c t u a l growth can also s t i l l be regarded as 

either s t a b l e or va r i a b l e i n nature, and hence a q u a l i t a t i v e l y 

changing i n t e l l i g e n c e does not necessarily preclude the 

p o s s i b i l i t y of prediction. For instance, i f i n t e l l e c t u a l 

development i s considered to change q u a l i t a t i v e l y as well as being 

stable, then one might find prediction from one stage to the next. 

I f on the other hand, inte l l i g e n c e i s considered to change 

q u a l i t a t i v e l y and be variable, then prediction i s un l i k e l y to be 

found. E ^ g e t assumed that i n t e l l e c t u a l growth i s characterised 

by qu a l i t a t i v e change, and Piagetian theory, and i t s implications 

for prediction i s discussed next. 
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Piagetian Theory 

Piagetian theory (Piaget, 1S54) i s based on the changing nature of 

i n t e l l i g e n c e during development. The f i r s t two years or so of 

l i f e for Piaget are characterised by "sensori-motor' development. 

E>iaget in his book The Origins of Intelligence', traced the 

course of development through six sequential stages, for each of 

six specific content areas. As actions are performed within and 

upon the environment and as the infant organises and adapts these 

actions, he creates "invariant functional laws' which eventually 

become 'schemata* and which ultimately determine future 

interactions with the environment. Each successive stage i s 

characterised by specific schemata organisation. The six content 

areas covered by Piaget are; c i r c u l a r reactions, imitation, the 

understanding of time, space and causality, and the permanence of 

objects. For the purpose of i l l u s t r a t i o n the development of j u s t 

one of these, the permanence of objects w i l l be described. 

The f i r s t two stages of Piaget's sequence (0 to 4 months) are 

dominated by, i n i t i a l l y , the use of reflexes and the onset of 

adaptation and primary c i r c u l a r reactions. These two stages in 

the development of the permanent object are characterised by a 

lack of search for a hidden object; for instance when a moving 

object disappears behind a screen infants tend to continue to 

fixate at the point at which they l a s t saw the object. Stage 3 (4 

to 8 months) i s characterised by 'secondary c i r c u l a r reactions' -

the development of "movements centred on a r e s u l t produced in the 

external environment and the sole aim of t h i s action i s to 
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maintain t h i s result.' (Piaget, 1953, pl57). At t h i s stage 

infants do begin to adjust to a disappearing object. When a 

moving object disappears, for example, infants tend to anticipate 

i t s reappearance by v i s u a l l y following the direc±ion of t r a v e l . 

Infants at stage 3 w i l l also recover a p a r t i a l l y covered object. 

Stage 4 occurs at 9 to 12 months, and Piaget described t h i s as the 

stage at which infants show coordination of secondary schemata and 

apply i t to new situations- I n object permanence, infants w i l l 

now search for a completely hidden object, but should the object 

be seen to be hidden in a new hiding position, infants w i l l tend 

to continue to search i n the origincil hiding position (the "Stage 

IV" or "AB" error). Stage 5 (occurring at 12 to 18 months) sees 

the onset of " t e r t i a r y c i r c u l a r reaction" and the "discovery of 

new means • through active experimentation" (Piaget, 1966). At t h i s 

stage infants tend to have overcome the e r r o r made at stage 4, 

although d i f f i c u l t i e s may s t i l l a r i s e i f the complete object i s 

not seen to be hidden at the new hiding place, ie. the infants 

have d i f f i c u l t i e s with i n v i s i b l e displacements of objects. The 

f i n a l stage 6, sees the onset of the intervention of new means 

through mental combination. At t h i s stage a l l e r r o r s in the 

search task have been overcome. 

For Piaget development subsequent to the sensori-motor period i s 

defined as being operational i n nature and q u a l i t a t i v e l y different 

from sensori-motor development. 

Although Piaget was not d i r e c t l y concerned with the prediction of 

i n t e l l e c t u a l a b i l i t i e s (Uzgiris, 1983) his work c l e a r l y has 
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important implications for t h i s area of enquiry. 

Plaget, for InstancBt viewed progression through h i s stages as 

cumulative, each new development being dependent on previous 

attainments and each new stage emerging from the processes 

Involved i n the previous stage. Hence, although behaviours 

characterising i n t e l l e c t u a l performance are different at different 

points i n time, Piaget seems to suggest that a precocious c h i l d at 

one stage i n development should also show precocity at other 

stages. I n other words, although the nature of inte l l i g e n c e 

changes over age, the r e l a t i v e performance of an individual c h i l d 

within a group may not. This implies that prediction may be 

possible even though the nature of in t e l l i g e n c e undergoes 

qual i t a t i v e changes as development continues. 

A number of developmental s c a l e s based on Piagetian theory have 

been developed: Uzgiris and Hunt, 1975; Escalona and Gorman 

(1969), being the most popular and most commonly used. Although 

these scales provide a useful means of examining whether 

development through stages i s stable, empirical evidence i s 

sparse. I n fact many of the studies reported have been concerned 

with determining the s t a b i l i t y of individual performance on 

different types of task within a given stage, rather than 

assessing s t a b i l i t y or prediction across stages. The Uzgiris-Hunt 

sc a l e s (1975) constitute a p a r t i c u l a r l y useful tool for t h i s 

purpose since they include separate sets of sc a l e s for each of 6 

content areas, namely: the development of v i s u a l pursuit and the 

permanence of objects; the development of means for obtaining 

desired 
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environmental events; the development of vocal and gestural 

imitation; the development of operational causality; the 

construction of object relations in space; and the development of 

schemes for r e l a t i n g to objects. However, d i f f i c u l t i e s a r i s e when 

one attempts to use these s c a l e s to determine concordance of 

performance across s c a l e s at a par t i c u l a r point i n time, since 

defining the stage reached by a given individual appears to be 

problematic- Gorman and Escalona (1969) for excunple, reported 

that infants often would pass items spanning two or more sca l e s 

and Piaget himself has acknowledged that some of the behaviours 

characterising a pa r t i c u l a r stage disappear very gradually and 

that behaviours of a subsequent stage can occur on occasions when 

infants are s t i l l predominantly i n the previous stage. One 

conclusion to be reached from t h i s i s that i t seems unlikely that 

attempts to determine the stage which an individual infant has 

reached at a pa r t i c u l a r time would be of use for assessing either 

within stage consistency of performance, or long term predictive 

v a l i d i t y . Indeed those few studies which have attempted to assess 

across-stage s t a b i l i t y have reported correlations predominantly 

close to zero (Kopp, Sigman and Parmelee, 1974; Bates et al., 

1979). Literature r e l a t i n g to the development of Piagetian stages 

has been reviewed by Siegler and Richards (1982). They concluded 

that i t i s possible to teach children various aspects of concept 

understajiding at an e a r l i e r age than E*iagetian theory suggests, 

and also that tasks which are formally similar (and therefore 

should f i t into a par t i c u l a r stage) are often performed by 

children at different ages. This seems to suggest that 

performance on similar tasks within a Piagetian stage may not be 
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consistent, and performance of any individual may be affected by 

previous experience on that p a r t i c u l a r (or a related) task. 

1.5.2 Models of Continuity 

I n the preceeding sections i t i s apparent that conceptions of the 

way in which i n t e l l e c t u a l development occurs have different 

implications for the a b i l i t y to predict i n t e l l e c t u a l development. 

Cur r e n t l y we do not know how i n t e l l i g e n c e manifests i t s e l f and 

develops throughout the infancy period. Theory in the past has by 

and large been dependant on data from the a v a i l a b l e standardised 

in t e l l i g e n c e tests, and the most prominent theories have 

emphasised discontinuity. However, in view of the fact that there 

are now a l t e r n a t i v e methodologies which provide measures which 

appear to r e f l e c t i n t e l l e c t u a l behaviour more c l o s e l y (see Chapter 

2), as yet we are not able to reject the notion of prediction. 

There are a number of ways in which continuity of development, 

from one developmental period to another, may be caused. For 

instance, supposing two identical measures of behaviour c o r r e l a t e 

with each other over time, then i t would seem reasonable to 

suggest that the continuity was due to the two identical measures 

re f l e c t i n g the same behaviour and underlying process on each 

occasion. This type of continuity i s referred to as continuity of 

identical behaviour (Bornstein and Sigman, 1986), and i s similar 

to homotypic continuity as defined by Kagan (1971). Kagan (1971), 

however, does point out that often a similar or identical 

behaviour may have completely different causes at two different 
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ages. For instance, a c h i l d at 3 months may c r y due to hunger, 

while at 9 months, the same c h i l d may c r y due to separation 

anxiety. Although the observed behaviors are identical the 

underlying causes are different. C l e a r l y , where continuity of 

identical behaviour i s concerned, the provision of a theoretical 

base r e l a t i n g to the processes causing the continuity i s 

important. 

A second type of continuity i n f e r s a relationship between two 

measures which are manifestly different, but which can be 

t h e o r e t i c a l l y related. Kagan r e f e r s to t h i s as heterotypic 

continuity, and t h i s i s similar to the continiuty of underlying 

process as defined by Bornstein and Sigman (1986). For example, 

the a b i l i t y of infants to acquire concepts as determined through 

the use of v i s u a l habituation paradigms (which are described in 

Chapter 2), have been considered to r e f l e c t measures of 

i n t e l l e c t u a l functioning in infancy. These same v i s u a l fixation 

measures are hardly l i k e l y to be useful indices of intelligence 

when taken from a population of older children, although measures 

of verbal proficiency might also r e f l e c t infants' a b i l i t y to 

acquire concepts. Here, two different behaviours which may be 

related, can be t h e o r e t i c a l l y linked. 

A t h i r d continuity model implies a relationship between two 

completely different measures at two different points in time when 

there i s no theoretical l i n k which obviously l i n k s the measures. 

Bornstein and Sigman (1986) suggest that t h i s r e f l e c t s continuity 

of developmental status. Essentially, t h i s implies that a 
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correlation may be found between two completely different 

behaviours which follow similar developmental trajectories, linked 

by the maturational status of the child, rather than being linked 

by a common underlying process. 

Each of these models would have different implications for 

longitudinal predictive studies. Homotypic continuity predicts 

that the same measure i s related at different points i n time. 

Continuity of underlying process, or heterotypic continuity, 

predicts that different measures which are conceptually linked 

should c o r r e l a t e over time, while continuity of developmental 

status predicts that a greater v a r i e t y of measures w i l l c o r r e l a t e 

over time. These models of continuity are discussed further in 

Chapter 10. 

1^.3 Conclusion 

The way in which int e l l i g e n c e develops has a number of 

implications for whether or not prediction i s possible. 

Primarily, there i s the issue of whether int e l l i g e n c e develops in 

a stable or variable manner. I f i t i s stable, then prediction may 

be possible, whilst a developing int e l l i g e n c e characterised by 

v a r i a b i l i t y would be l e s s l i k e l y to show prediction. I n t e l l e c t u a l 

development may be characterised by quantitative increment or 

q u a l i t a t i v e transformations over age. Should either of these be 

characterised by v a r i a b i l i t y , then we may not expect to find 

prediction, and equally should either be characterised by 

continuity then prediction may be possible. 
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1.6 GENERAL DISCUSSION 

The i n i t i a l part of t h i s Chapter focused on the history of infant 

i n t e l l i g e n c e testing, and discussed how standardised t e s t s have 

fa i l e d to be predictive of l a t e r i n t e l l e c t u a l development. I t was 

suggested that the most popular recent explanation of t h i s was in 

terms of the nature of the actual measures used in the tests, 

which tended to r e f l e c t aspects of motor a b i l i t y rather than 

i n t e l l e c t u a l a b i l i t y . Methodologies have been developed which 

appear to r e f l e c t a b i l i t i e s which can be considered more 

i n t e l l e c t u a l i n nature, and these measures may be better 

predictors. 

In the second part of the Chapter, a number of theoretical issues 

were discussed, r e l a t i n g to the nature, and the development, of 

intel l i g e n c e i n infancy. The implications of these theories for 

the question of prediction were discussed, and i t was apparent 

that much theorising had been influenced and r e s t r i c t e d by the 

f a i l u r e of standard t e s t s to predict. I f these comparatively new 

methods of assessing infant a b i l i t y prove to be more useful for 

prediction (as the review in Chapter 2 suggests), then i t may be 

possible to further our understanding of in t e l l i g e n c e and 

i n t e l l e c t u a l growth in infancy. 
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CHAPTER 2 

THE CHANGING VIEW OP INFANT ABILITIES. 

2.1 INTRODUCTION 

In Chapter 1, i t was pointed out that t r a d i t i o n a l scales of infant 

development f a i l to predict childhood in t e l l i g e n c e scores. I t was 

suggested that one of the many possible reasons for t h i s was due 

to the t e s t s themselves being based on e s s e n t i a l l y perceptual and 

motor-orientated behaviours rather than cognitive or i n t e l l e c t u a l 

behaviours. Tests of infant a b i l i t y are limited by the conception 

of infants' behavioural repertoire at any given time, and this 

chapter focuses on the the ways i n which our view of a b i l i t i e s i n 

infancy has changed, over the l a s t twenty years or so, and the 

implications of these changes for predictive research. 

Methodologies and procedures recently developed have been used to 

measure behaviours which are considered to r e f l e c t cognitive or 

mental functioning i n infancy. Furthermore, since i t i s has 

become apparent that infants are capable of r e l a t i v e l y complex 

tasks involving perceptual discriminative and memorial s k i l l s , i t 

i s these a b i l i t i e s which are now considered by many researchers to 

r e f l e c t infant 'intelligence'. 
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As w e l l as support from theoretical viewpoints r e l a t e d to the 

processes which govern infants' performance on these tasks, a 

number of studies provide concurrent validation for the suggestion 

that these measures may constitute better predictors of l a t e r 

i n t e l l i g e n c e than tr a d i t i o n a l infant scales. The following three 

types of studies can be distinguished: 

1. Those which report differences i n performance between different 

populations of infants of the same age, where one population i s 

"at r i s k " for subsequent cognitive impairment. E*re-term infants 

for example tend to display a greater than average number of 

i n t e l l e c t u a l , behavioural and physical disorders (Sameroff and 

Chandler, 1975); 

2. Those studies which report changes in performance over age, 

since i f older infants perform i n a different manner on a task 

compared to younger infants, then one can often assume that the 

older infants are displaying a more mature pattern of behaviour. 

Individual differences i n performance at a given age may r e f l e c t 

individual differences i n cognitive development, such that younger 

infants performing most l i k e t h e i r older counterparts should be 

the more cognitively advanced; 

3. Those studies which examine the relationship between individual 

infants' performance on a task and measures from subsequent 

childhood tests-

A number of researchers have assessed the usefulness of measures, 
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taken from these recently developed techniques and procedures, as 

predictors of l a t e r childhood intelligence. The findings of these 

studies, however, cu:e not clear-cut, and produce correlations 

ranging between .0 and .7 from the infancy measure to childhood 

s c o r ^ . A correlation coefficient in the region of .7 accounts 

for only approximately half of the common variance between scores. 

Furthermore, explanations for these inconsistencies are c u r r e n t l y 

d i f f i c u l t to ascertain for a v a r i e t y of reasons. For example, 

there i s : r a r e l y any consistency in the dependent measures taken 

from studies adopting similar procedures; a lack of concern 

r e l a t i n g to the psychometric consistency of measures; and a lack 

of consistency in the age of subjects at testing sessions, or the 

type of t e s t used i n childhood. These issues are discussed 

further following the l i t e r a t u r e review. 

I n t h i s chapter a number of recently developed procedures, most of 

which have been considered potentially predictive of i n t e l l e c t u a l 

status, are discussed, along with a review of studies which assess 

concurrent and / or predictive v a l i d i t i e s ̂ f various measures 

derived from the tasks. Tasks involving looking responses from 

the infant are reviewed f i r s t . These include, v i s u a l preferences, 

novelty preferences, v i s u a l habituation and concept acquisition. 

Then, other types of tasks considered to produce potentially 

predictive measures are considered, including auditory habituation 

and vocal measures. This i s followed by a review of predictive 

studies which employ motivational, social and environmental 

measures, and then those predictive studies which employ 

combinations of these measures are discussed. F i n a l l y , issues are 
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considered r e l a t i n g to why the predictive studies are on the whole 

inconclusive, and the aims of the current thesis are then 

presented. 

2.2 NEW PROCEDURES AND PREDICTIVE STUDIES - A REVIEW 

As mentioned in the previous section, many of the procedures 

developed to explore cognitive development in infancy, have used 

looking behaviours as the infants' response. The f i r s t of these 

to be developed was the visusil preference testing technique, and 

i t i s t h i s which i s discussed f i r s t . 

2.2.1 Visual Preferences 

The development of the v i s u a l preference testing technique has 

been credited to Fantz (1958), although use of the technique 

infact began in the e a r l y 1900's (Marsden, 1903; Valentine, 

1913-1914). The technique involves simultaneous presentation of 

two v i s u a l stimuli equi-distant from some c e n t r a l point, and 

merely looking at the infant's eyes to see which of the two 

stimuli the infant fixates most. This i s usually determined by 

either presenting the stimuli for a fixed period of time and 

measuring the proportion of time spent fixating each, or 

a l t e r n a t i v e l y allowing infants to accumulate a fixed amount of 

fixation time to either one or a combination of both stimuli. I f 

infants consistently look longer at one of two paired stimuli, 

t h i s indicates that they can at l e a s t differentiate between them. 
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Even newborn infants w i l l show v i s u a l preferences for some stimuli 

over others and one application of t h i s technique has been to 

measure v i s u a l acuity i n both newborn and older infants (Fantz, 

1965; Fantz, Ordey and Udelf, 1962). Other aspects of perceptual 

development have also been examined, including form, contrast and 

depth perception (see review by Fantz, Fagan and Miranda, 1975). 

Furthermore, Fantz and Fagan (1975) reported both age-related 

changes in preferences for pa r t i c u l a r types of stimuli and 

differences in the age at which these preferences occur for 

different populations (e.g. normal versus disadvantaged 

populations). I t i s these findings which lead to the suggestion 

that preference testing may provide potentially predictive 

measures. Fantz (1958) and Fantz and Nevis (1967) for example, 

found consistent preference for a bullseye over a set of s t r i p e s 

in infants older than two months of age, but an absence of t h i s 

preference in younger infants, a finding which suggests that the 

more "mature' infants w i l l prefer bullseyes e a r l i e r than those who 

are l e s s mature. Also Fantz Fagan and Miranda (1975) reviewed 

studies which report age changes i n preferences i n relation to 

size and number of elements, such that as infants reach 3 months 

of age they show an increasing preference for greater number of 

elements regardless of their size, where prior to t h i s a 

preference for greater size of elements, regardless of number i s 

apparent. For instance, a number of infants were shown a variety 

of pairs of stimuli varying in terms of the number (8, 32 and 128) 

and size (one, half and quarter inch squares) of elements. At 6 

weeks of age infants showed a preference for a stimulus made up of 
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8 one inch squares, with a pattern of 32 half inch squares a close 

second. At approximately 10 weeks the 32 half inch squares were 

preferred, followed by 128 quarter inch squares, whilst at IS to 

20 weeks the 128 quarter inch squares was preferred over a l l . 

Fantz, Fagan and Miranda (1975) also report studies in which a 

selection of home reared infants of university f a c u l t y were 

compared with infants reared in an institution. The r e s u l t s 

indicated preference curves similar in shape for each group, 

suggestive of a similar basic developmental change, but often the 

curves were displaced from each other along the scale with the 

difference favouring the home-reared infants. A number of 

differences i n performance between Down's Syndrome infants and 

normal infants were also reported by Fantz et a l . (1975). For 

example the i n i t i a l development of the bullseye preference 

occurred l a t e r for the Down's syndrome than the normal subjects. 

Theories r e l a t i n g to the development of v i s u a l preferences have 

generally been bound by stimulus c^racHr^cT. Greenberg (1971) 

put forward a theory r e l a t i n g stimulus complexity to preference, 

r e f e r r i n g to a perceptual-cognitive interaction. Karmel (1969), 

on the other hand, offered a theory r e l a t i n g changes in 

preferences to contour density and the effect of neurological 

maturation of the v i s u a l system-

However, findings such as those mentioned above led Fantz and 

Nevis (1967) to suggest that the development of v i s u a l preferences 

may r e f l e c t more than maturation of perceptucil processes; 
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'There i s some basis for a tentative conclusion 
that development of s e l e c t i v e v i s u a l attention to 
oonfigurational va r i a b l e s represents an e a r l y 
stage of basic conceptual-cognitive development- a 
stage which may be-not only predictive of l a t e r 
stages i n t h i s development but also may f a c i l i t a t e 
further development by making a v i s u a l exploration 
of the environment a more effective learning 
process." <p. 105) 

To conclude, t l ^ v i s u a l preference testing technique may provide 

a re f l e c t i o n of cognitive functioning but, since no predictive 

studies using t h i s procedure have been reported, further research 

i s necessary i n order to c l a r i f y t h i s position. 

?,?•? Novelty Preference Testing 

Novelty testing procedures are thought to r e f l e c t memory 

formation and have therefore been considered to be potential 

predictors. Novelty preference tes t i n g i s an adaptation of the 

vi s u a l preference testing technique and was f i r s t investigated by 

Fantz (1964), but has also been researched extensively by Pagan 

(Pagan, 1976 (a,b), 1977, 1979, Eagan and Singer, 1983). The 

method involves presenting infants with one stimulus, or more 

commonly a pair of identical stimuli, during usually one 

familiarisation t r i a l , a fter which a further two stimuli are 

presented, one being familiar, ie. the same as those shown 

i n i t i a l l y , the other being novel. Stimulus presentations either 

l a s t for a fixed time period (which may s t a r t when the infant 

f i r s t fixates the stimulus), or u n t i l infants accumulate a 

certain duration of fixation time towards the stimuli. The te s t 

presentation, ie. 
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the novel stimulus paired with the familiar one, i s usual l y 

presented over two t r i a l s with the l e f t - ri g h t position of each 

stimulus alternated across t r i a l s . This controls for effects of 

position preferences on the part of the infant, or biases on the 

part of the observer (since u s u a l l y observers are located on one 

side of the infant, and hence detection of fixation to each 

stimulus position may differ i n accuracy). 

When given a lengthy familiarisation period, infants t y p i c a l l y 

show a v i s u a l preference for the novel stimulus, although a 

number of researchers have reported fam i l i a r i t y preferences to be 

the norm esp e c i a l l y for very young infants, (this finding i s 

discussed in the following section on Visual Habituation.) The 

tendency of infants to fixate a novel stimulus, as opposed to one 

to which they had previously been exposed, demonstrates 

recognition memory in infancy, as well as the a b i l i t y to 

discriminate between stimuli. 

Pagan (1970, 1972) reported that different types of stimuli 

produced variations i n the age at which novelty preferences were 

f i r s t exhibited. For instance, multidimensional!y varying 

stimuli can be discriminated by infants as young as two and a 

half months; stimuli which are made up of the same type and 

number of elements, but which vary i n terms of their pattern or 

arrangement, f a i l to produce novelty preferences i n infants below 

the age of four months; while discriminations between photographs 

of faces i s not demonstrable u n t i l between five and six months. 

This sequence of development, of the a b i l i t y to discriminate 
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different types of stimuli across age, i s given further support 

by Fagan (1974) who found that the study time of the familiar 

stimuli needed to e l i c i t novelty preferences from f i v e and a half 

month old infants followed a similar pattern. 

Multi-dimensionally varying stimuli produced a novelty preference 

after an average of 3.4 seconds of fixation to the familiar 

stimuli, while the change i n pattern arrangement showed similar 

novelty preferences after 17.1 seconds fixation to the familiar 

stimuli, and 22.4 seconds were required for photographs of faces, 

and no novelty preferences emerged for a l i n e drawing of a face 

even after a 35 second exposure to the familiar stimuli. 

These r e s u l t s together suggest that t h i s technique can be 

considered to r e f l e c t some form of cognitive processing i n 

infancy. Furthermore, a number of studies, comparing normal 

samples with ones which can be considered disadvantaged i n some 

way, provide concurrent v a l i d i t y in support of t h i s suggestion. 

Miranda and Fantz (1974) compared novelty preferences of 16 

Down's Syndrome infants with 16 normal infants across three ages, 

8 to 16 weeks, 17 to 29 weeks, and 30 to 40 weeks. Three types 

of problem were used. The f i r s t included pattern and colour as 

the independent novel features, such that the familiarised 

stimulus was paired with, both a different pattern with the same 

colour, and with one of the same pattern of a different colour. 

In t h i s comparison then, memory for two stimulus features was 

tested. The second set were photographic p r i n t s of two faces, 

one of a baby, the other of a woman. The t h i r d set of stimuli 
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each cx>nsisted of 25 small squares arranged i n a ci r c u l a r -

configuration, and the other a checkerboard. Familiarisation 

periods las t e d for 60 seconds, followed by two 10 second testing 

periods, over which the l e f t - r i g h t position of each stimulus was 

counterbalanced. 

Results of t h i s study indicated that the a b i l i t y to solve each 

problem differed across ages and across groups. For the f i r s t 

stimulus set preference for novelty for the normal infants began 

at 8 to 16 weeks, while for the Down's infants the preference did 

not show u n t i l between 17 and 29 weeks. E*reference for novelty 

for the remaining two stimulus s e t s began between 17 and 29 weeks 

for normal infants, but the Down's babies showed a l a t e r novelty 

preference for stimulus set two (at between 30 and 40 weeks) and 

fa i l e d to show any novelty preference for stimulus set three. 

Although the wide age ranges within testing sessions make i t 

d i f f i c u l t to assess the precise time l a g of the Down's subjects, 

Miranda and Fantz <1974) suggested that the l a g was at le a s t 2 

months. At the very least, these data do imply a basic 

developmental process which i s delayed i n Down's Syndrome babies, 

a conclusion also reached by Cohen (1981) having also reported 

significant novelty preferences occurring e a r l i e r for normal 

infants than for Infants suffering from Down's Syndrome. 

Jacobson, Fein, Jacobson, Schwartz and Dowler (1985) point out 

that adverse neonatal outcomes have been associated with exposure 

to environmental toxins, in p a r t i c u l a r with polychlorinated 

biphenyls (PCBs). PCBs are a type of synthetic hydrocarbon and 
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are used In many i n d u s t r i a l products, such as p l a s t i c s and copy 

paper. They also accumulate i n a i r , water, s o i l s and human 

bodies, since they are d i f f i c u l t to excrete. Some of the 

neonatal d e f i c i t s associated with exposure to such toxins appear 

to be transient, and some infants have continued exposure v i a 

breast milk, although as yet we know l i t t l e of the conditions 

under which d e f i c i t s occur, or whether any of the effects appear 

only l a t e r i n l i f e . 

Jacobson et a l . compared performance on novelty preference t e s t s 

of infants who had been exposed to PCBs and non-exposed control 

group of infants, at 7 months of age. Infants with mothers who 

had eaten f i s h from Lake Michigan, known to be contaminated with 

PCBs, constituted the 'exposed* group and two measures of 

exposure were obtained. One was the cord serum PCS l e v e l which 

constituted an intrauterine exposure l e v e l ; the other was a 

post-natal measure of exposure, measured from the mother's milk 

after leaving hospital. Results showed that preference for 

novelty (measured as the percentage preference for the novel 

stimuli averaged over 3 novelty preference tasks) decreased 

s i g n i f i c a n t l y with greater l e v e l s of PCB exposure although t h i s 

effect was only found for the intrauterine measure of exposure 

and was not evident for the post natal measure of exposure. 

Nevertheless, since the effect of PCB exposure on the novelty 

preference task was not predicted by smaller b i r t h size nor by 

the other d e f i c i t s associated with PCB exposure, the infants 

performing "poorly' on the preference task could not be detected 

by such measures at bi r t h . Hence novelty preference testing may 
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be potentially useful for assessing damage from exposure to 

toxins. 

These studies, then, do suggest that novelty preferences can 

change over age (although t h i s i s affected by stimulus 

char a c t e r i s t i c s ) , and can be used to differentiate between normal 

and disadvantaged samples. Furthermore, Pagan and McGrath (1981) 

adopted the novelty preference testing technique and reported 

significant correlations between novelty preferences from a t o t a l 

of 93 infants at 5 or 7 months, and subsequent childhood 

inte l l i g e n c e scores. Subjects had been given either pairings of 

photographs of different faces and / or pairs of abstract 

patterns at 5 or 7 months, and a s e r i e s of vocabulary and 

language subscales (including the Peabody Picture Vocabulary Test 

(PPVT), the Stanford-Binet picture vocabulary section, and the 

vocabulary sub-tests of the We^hsler Preschool and Primary Scale 

of I n t e l l i g e n c e (WPPSI) and the WechJiler I n t e l l i g e n c e Scale for 

Children - Revised (WISC-R) at 3.8, 6.5 or 7.5 years. Each c h i l d 

i n t h i s study was given a recognition memory score constituting 

the o v e r a l l mean of their novelty preferences i n infancy, and a 

vocabulary score for the childhood measures defined as the mean 

of the standard scores obtained on vocabulary te s t s . Results 

showed that the novelty preference measure correlated 

s i g n i f i c a n t l y with the vocabulary score of infants at the younger 

(3.8 years) and the older (6 to 7 years) age groups. The 

correlations were .37 and .57 respectively. 

Rose and Wallace (1985) followed-up a group of pre-term infants, 
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for whom novelty preference data had been collected when the 

infants were s i x months of age. Premature infants were defined 

as those having a gestational age of 37 weeks or l e s s and also a 

b i r t h weight of l e s s than 2,500 grams. Other measures taken from 

these infants included the Bayley s c a l e s (both mental and 

psychomotor indexes) at 6, 12 and 24 months, the Stanford-Binet 

at 34 and 40 months and the Wechsler I n t e l l i g e n c e Scale for 

Children - Revised (WISC-R) including scores for verbal and 

performance IQ as we l l as the f u l l - s c a l e , at 6 years. The 

r e s u l t s indicated that v i s u a l novelty scores correlated 

s i g n i f i c a n t l y with a l l of the cognitive measures beginning with 

those administered at 24 months, although of the 24 month 

measures, only the mental developmental index of the Bayley 

s c a l e s correlated s i g n i f i c a n t l y with the novelty preference 

scores. The Stanford-Binet at 34 and 40 months correlated with 

the 6 month novelty measures with r's of .66 and .45, 

respectively, while the 6 month novelty scores correlated .56, 

.52 and .56, with the WISC-R IQ ( f u l l scale), v e r b a l IQ and 

performance IQ scales, respectively, at 6 years. Since none of 

the correlations with the Bayley psychomotor t e s t were 

significant, the authors concluded that recognition memory, as 

measured by the novelty preference testing technique, i s 

s p e c i f i c a l l y related to l a t e r measures of cognitive a b i l i t i e s . 

Results such as those mentioned above l e d Pagan (1984) to claim 

that the a b i l i t y of infants to detect a s i m i l a r i t y between, and 

to abstract common features from a stimulus set i n e a r l y infancy, 

i s an i n t e l l e c t u a l process and mirrors the type of processes 
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required to perform tasks in l a t e r infancy and e a r l y childhood 

int e l l i g e n c e tests. For instance, i n vocabulaury and 

comprehension t e s t s infants and children are asked to detect and 

point to p a r t i c u l a r objects and in order to be able to do t h i s 

the c h i l d must be aware of p a r t i c u l a r a t t r i b u t e s common to 

different instances of an object, and the features distinguishing 

a p a r t i c u l a r object from other objects. This suggests that to 

perform su c c e s s f u l l y on these tasks, children need to be able to 

detect i n v a r i a n t s and abstractions of features r e l a t i n g to 

objects. Novelty testing shows that infants can do t h i s at a 

very e a r l y age. 

2.2.3 Habituation Procedures 

The v i s u a l preference and novelty preference testing techniques 

were developed more or l e s s concurrently with other similar 

methods allowing measurement of performance considered to r e f l e c t 

aspects of cognitive functioning. Perhaps the most popular and 

p r o l i f i c of these, i n terms of the extent to which they have 

encouraged research, have been habituation procedures. 

Habituation procedures involve the repeated presentation of 

usu a l l y a s i n g l e stimulus, to which, over t r i a l s , infants 

t y p i c a l l y show a decrement in fixation time. Following this, a 

novel stimulus i s presented, to which the infant often "recovers* 

in terms of showing an increase in fixation time towards t h i s 

stimulus. These changes in fixation time seem to be apparent in 

infants from b i r t h . Slater, Morison and Rose (1982) found 
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evidence to suggest that even newborn infants would habituate 

v i s u a l attention to a familiar stimulus and subsequently recover 

to a novel one. 

Most theories of the basic habituation paradigm (for a review see 

Lewis cind Baldini, 1979) accept Sokolov's (1963) basic principle, 

that habituation i s accompanied, or caused, by the formation of an 

i n t e r n a l representation of the stimulus by the infant, which i s 

developed over t r i a l s . When the infant i s presented with a novel 

stimulus i t i s compared with the current engram and because there 

i s a mismatch, a longer fixation time i s exhibited to the novel 

stimulus. Measures from t h i s task are therefore considered to 

r e f l e c t aspects of cognitive functioning i n infancy: the extent 

and rate of decline i n responding to the familiar stimulus have 

been considered to r e f l e c t the speed at which individual infants 

are able to form the engram or i n t e r n a l representation of the 

stimulus, and i t has r a r e l y been disputed that some form of 

memory a b i l i t y i s necessary for infants to habituate to a familiar 

stimulus and subsequently recover to a novel one (Werner and 

Perlmutter, 1979). 

Two major habituation procedures have been developed. I n the 

f i r s t , the infant i s presented with a fixed number of 

familiarisation' t r i a l s , each l a s t i n g for a specific length of 

time, followed by novel t r i a l s of the same duration. This 

procedure i s referred to as the fixed t r i a l procedure. T r i a l 

periods may begin as soon as the stimulus i s presented to the 

infant, or when the infant i s f i r s t judged to have fixated the 
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stimulus (the l a t t e r of these two p o s s i b i l i t i e s i s favourable, 

since in the former the infants may not fixate the stimulus at 

a l l on some t r i a l s ) . The second procedure allows infants to 

reach a prespecified c r i t e r i o n of fixation decrement r e l a t i v e to 

the i J i i t i a l fixation times- This i s referred to as the infant 

control procedure and was developed as an a l t e r n a t i v e to the 

fixed t r i a l procedure by Horowitz, Padan, Bhana and Self (1972). 

The most commonly used decrement i s for the duration of three 

consecutive looks, from t r i a l four on, to t o t a l half or l e s s of 

the t o t a l fixation time in the f i r s t three t r i a l s . Following the 

familiarisation period a novel stimulus i s presented. Usually, 

in both habituation procedures, single stimuli are presented on 

test (novel) t r i a l s although some researchers do use a novel 

stimulus paired with the familiar i n t e s t t r i c i l s , for a fixed 

time period, or accumulated fixation duration. 

Support for the suggestion that measures of habituation do 

r e f l e c t measures of cognitive functioning comes from studies 

which show that age changes occur i n rates of habituation; older 

infants give shorter fixations and require l e s s time to habituate 

(Lewis, (Goldberg and Rausch, 1968; Lewis Goldberg and C:ampbell, 

1969; McCall, Hogarty, Hamilton and Vincent, 1973). 

Further a number of studies provide concurrent v a l i d i t y for the 

suggestion that habituation paradigms do i n fact tap individual 

differences i n cognitive functioning. Several studies have 

compared performance on habituation tasks between full-term and 

pre-term infants. Werner and Siqueland (1978) examined 
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performance of pre-term infants with a mean gestationcil age of 

35.03 weeks, and aged on average 6.5 weeks at the time of 

testing. They adopted an infant control procedure of habituation, 

using high-amplitude sucking rate as thei r dependent measure: 

f i r s t a base-line measure of sucking rate on a bl i n d teat was 

established for each infant, and then a r e l a t i v e decrease from 

t h i s sucking rate to a pre-set c r i t e r i o n was required to a 

repeated v i s u a l l y presented stimulus, followed by subsequent 

increase to a novel stimulus. A number of significant 

correlations were reported between the recovery measure (ie. 

response to novelty) and measures of mortality r i s k (r= .62) and 

the number of medical complications (r= .57) and the gestational 

age (r= .50) of the infants. 

I t seems then that habituation measures do c o r r e l a t e with 

aspects of r i s k and number of "aberrations" i n infancy. Further 

corroborative evidence has been reported by Schexnider, B e l l , 

Shebilske and Quinn (198D who examined the effect of the number 

of minor physical anomalies, indicating disorders of f e t a l 

development, suffered by individual male infants on measures of 

habituation. The anomalies they assessed included aberrations 

of: the hands such as curved f i f t h finger; head, including soft, 

pliable, assymetrical or malformed ears, high steeped palate, 

outsized head circumference; and feet, such as webbed toes or the 

t h i r d toe being longer than the second and / or l a r g e toe. 

Schexnider et a l . claim that these anomalies may affect attention 

in infants," especially since children with high numbers of them 

are reported often to be hyperactive. Two groups of 12 month old 
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infants were identified: a high anomaly group showing 5 or more 

physical anomalies; and a low anomaly group consisting of infants 

with 3 or l e s s . A l l infants were habituated, by means of fixed 

t r i a l procedures, to two sets of stimuli, one made up of 3-

Dimensional d o l l s , the other consisting of curved and str a i g h t 

lines- The f i r s t of these fail e d to differentiate between 

groups, but for the second set of stimuli a difference in the 

recovery measure between groups was reported, i n terms of both 

the t o t a l fixation time and the longest single fixation to 

stimuli. The high anomaly group showed s i g n i f i c a n t l y l e s s 

recovery than the low anomaly group, and further analysis 

revealed that the low anomaly group in fact continued to show a 

decrease in fixation to the novel stimuli. 

Further a number of studies have been, reported which examine the 

relationship between measures of habituation in infancy and 

measures of in t e l l i g e n c e i n l a t e r childhood- O v e r a l l these 

produce a confusing picture of the value of these measures for 

prediction of l a t e r a b i l i t y -

A s e r i e s of studies by Miller and co-workers (Miller, Ryan, 

Short, Reis, McGuire, and C u l l e r , 1977; Miller, Ryan, Aberger, 

McGuire, Short and Kenny, 1979; Miller, S p i r i d i g l i o z z i , Ryan, 

Cal l a n and McLaughlin, 1980) reported relationships between 

habituation measures taken at 2, 3 and 4 months, and at 27, 39 

and 51 months; scores from a group of object concept and 

operational c a u s a l i t y tasks, derived from the Uzgiris and Hunt 

(1975) Piagetian-based scales at 15 months; and measures of 
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language comprehension and production at 27 months and at 39 

months, as w e l l as measures of memory and performance on a paired 

associates task at 39 months. The sample of infants at the 

outset of t h i s study numbered 48, although only 24 children 

completed a l l of the testing sessions up to 51 months. The 

habituation tasks at each age were presented in the form of a 

fixed t r i a l procedure with 8 presentations of the familiar 

stimuli (Miller and co-workers were only concerned with 

habituation r a t e s and not with recovery measures since no novel 

stimuli were presented at the end of the habituation sequences). 

Two indices of habituation ratio were examined; the f i r s t was in 

terms of f i r s t fixation time per t r i a l , the second i n terms of 

t o t a l fixation time per t r i a l . Both r a t i o s were calculated in 

the same way, using the formula 

( (S7 + S8)-<S1 + S2) ) / (SI + S2) 

where Sx = either the duration of the f i r s t fixation i n t r i a l x 

or the t o t a l fixation duration on t r i a l x for the two ratios 

respectively. Miller et a l . (1977) reported that the measure of 

the ratio of the the f i r s t fixation duration taken at 2, 3 or 4 

months, correlated s i g n i f i c a n t l y (r= -.49) with scores from a 

group of object concept and operational c a u s a l i t y tasks, derived 

from the U z g i r i s and Hunt (1975) EHagetian-based scales, at 15 

months. Subjects with greater habituation ra t i o s in terms of 

f i r s t fixation duration earned higher scores on the cognitive 

tasks. However, r a t i o s taken from the t o t a l fixation time per 

t r i a l were not correlated with the 15 month scores. The pattern 
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of intercorrelations reported by Miller et a l . (1979) and Miller 

et a l . (1980), show that, o v e r a l l , neither measure of habituation 

r a t i o produced a c l e a r pattern of predictions over t h i s period. 

However, a number of significant correlations did emerge. For 

example, t o t a l fixation ra t i o of habituation taken at 2, 3 or 4 

months correlated s i g n i f i c a n t l y with performance on a memory 

task and a paired-assodate learning task at 39 months (r's of 

-.40 and -.26 respectively), whereas f i r s t fixation duration 

r a t i o of habituation also at 2, 3 or 4 months, correlated with 

language comprehension scores (r= -.39) and memory (r= .42) at 39 

months (note that t h i s correlation was the only one to go in the 

unexpected direction - t h i s i s somewhat d i f f i c u l t to i n t e r p r e t 

and may be spurious). None of the fixation measures at 2, 3 or 4 

months predicted any of the cognitive measures at 51 months. The 

studies reported by Miller and co. workers produces a confusing 

pattern of r e s u l t s , with no c l e a r indication that any p a r t i c u l a r 

measure i s a r e l i a b l e predictor over a l l age periods. 

Lewis and Brooks-Gunn (198D reported a number of significant 

relationships between measures from habituation procedures and 

subsequent novelty scores. Lewis and Brooks-Gunn followed up 2 

separate groups of infants, with 22 infants in the f i r s t sample, 

and 57 in the second. A l l infants had been given a fixed t r i a l 

habituation task at 3 months. They used a measure of "duration 

of fixation' (total fixation time divided by number of fixations) 

to c a l c u l a t e both habituation and recovery to novelty scores. 

The habituation measure was calculated using the formula: 
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( T r i a l 1 - T r i a l 6) / T r i a l 1 

and the novelty score by: 

(T r i a l 6 - T r i a l 7) / T r i a l 6 

Both of these scores were related to the Mental Development Index 

of the Bayley Scales at 24 months: for the f i r s t group (N=22), 

r's were reported of .61 and .52 for the habituation and recovery 

measures, respectively, although for the second group (N=57) only 

the recovery measure was significant (r= .40). The correlations 

indicate that the most effective habituators, and those infants 

who showed most recovery, had the higher int e l l i g e n c e scores as 

children. I t i s not c l e a r why only the recovery measure was 

significant for the second group, but t h i s may suggest that the 

significant relationship between habituation r a t e s and the Bayley 

found for group 1 i s suspect. 

Ruddy and Bornstein (1982), obtained measures from 4 month old 

infants on a habituation task. These infants were also 

administered the Bayley scales, and t e s t s of vocabulary at 12 

months. I n the habituation task a fixed t r i a l procedure was 

employed, during which infants were presented with fifteen, 10 

second presentations of a stimulus made up of 5 v e r t i c a l red 

bars, followed by 4 t r i a l s of faces. The measures of habituation 

derived were based on the infants' f i r s t fixation duration on 

each t r i a l , and two measures were calculated. The f i r s t was a 

57 



measure of amount of habituation and was calciilated as the 

percentage decline from the average of the f i r s t fixations in the 

f i r s t two t r i a l s to that of the f i n a l two t r i a l s ; the second was 

a measure of habituation rate, measured as the f i r s t pair of 

consecutive t r i a l s for which the average f i r s t look declined to 

80 percent or l e s s of the average for the f i r s t two t r i a l s , 

without a subsequent rebound to above 90 percent. The 

longitudinal analyses revealed that the faster habituators and 

those who habituated most at 4 months, had the higher Bayley 

scores (r= .49 and .46, respectively), and greater speaking 

vocabxjlaries (r= -39 and .52) at 12 months. 

Fourteen of the infants who had taken part in t h i s study, were 

administered the Wechsler scales at 4 years, and Bornstein (1985) 

reports a correlation of .54 between t h i s measure and the 

habituation r a t e s at 4 months. 

In summary then, i t seems that habituation procedures may provide 

measures which are useful for prediction,and t h i s includes 

habituation rates and recovery measures. However the pattern i s 

rather jumbled and although, as mentioned above, habituation 

rates are considered to r e f l e c t speed of engram formation or 

something similar, i t i s not yet c l e a r which measures are l i k e l y 

to constitute the better predictors, nor what the measures are 

reflecting. For instance, the habituation procedures are similar 

to novelty preference testing procedures, in that a preference 

for novelty i s sought in both. One question then, r e l a t e s to 

whether the habituation procedures offer any different 
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information about processing in infancy than does novelty 

preference testing techniques. 

In the habituation procedure, emphasis i s placed on a decline in 

fixation to a stimulus over t r i a l s with subsequent recovery to 

novelty, whilst the novelty preference technique seeks novelty 

preferences u s u a l l y after a brief exposure to the familiar 

stimulus. Indeed preference for novelty in 5 month old infants 

(Cornell 1979) and in 6 and 9 month olds (Rose, 1981) has been 

reported following j u s t 5 and/or 10 seconds familiarisation time. 

Further, since memorial a b i l i t y in these tasks i s defined in 

terms of the novelty preferences, and since novelty preferences 

have been reported after very brief familiarisation periods 

( p a r t i c u l a r l y when compared to the amount of familiarisation time 

t y p i c a l l y given in v i s u a l habituation procedures), the meaning of 

the decline i n responding i n the habituation procedures i s 

somewhat unclear. This issue however, has i n part been resolved 

from i n t e r e s t i n a number of studies which report f a m i l i a r i t y 

preferences i n infants under 2 months of age (Friedman, Nagy and 

Carpenter, 1970; Friedman and Carpenter, 1971; Weizmann, Cohen 

and Pratt, 1971; Friedman, 1972; Wetherford and Cohen, 1973). 

The finding of significant preferences for familiar stimuli led 

Hunt (197© to suggest that as infants develop the a b i l i t y to 

recognise novelty, they f i r s t take pleasure in recognition 

i t s e l f , i n terms of recognising familiarity. A study by Rose, 

Gottfried, Melloy-Carminar and Bridger (1982) found that s h i f t s 

in preference were affected by both the age at which infants were 

tested and familiarisation time, and that f a m i l i a r i t y preferences 
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were not always c h a r a c t e r i s t i c of very yoiing infants, e s p e c i a l l y 

i f they were cillowed lengthy familiarisation periods- Three and 

a half and six and a half month old infants were used for t h i s 

study. The younger infants were allowed 5, 10, 15, 20 or 30 

seconds of familiarisation, whilst the older group were allowed 

5, 10 or 15 seconds fixation to the familiar stimuli. A l l the 

stimuli were three-dimensional white p l a s t i c shapes. Results 

indicated a significant preference for the familiar stimulus 

after 5 seconds exposure for both age groups, but t h i s shifted to 

a novelty preference after 30 and 15 seconds exposure for the 

younger and older groups, respectively. Rose et a l . concluded 

that at the s t a r t of processing infants prefer familiarity, but 

as processing gets more advanced, novelty i s preferred. 

Furthermore, Rose and Slater (1983) examined the p o s s i b i l i t y that 

memories after brief exposures have different c h a r a c t e r i s t i c s 

than those formed after longer familicurisation periods. I n part 

of one experiment, 3 and 5 month old infants were given both a 

novelty preference task and an habituation task- I n the novelty 

preference task, infants were allowed 10 and 20 seconds 

familiarisation time for the older and younger groups 

respectively, and in the habituation task an infant control 

procedure was adopted although paired stimuli were presented in 

the post-criterion t r i a l s . I n both conditions the familiar 

stimuli consisted of a simple yellow shape, and the novel stimuli 

a different yellow shape paired with the origin a l . Results 

showed that when infants had been f u l l y habituated, a significant 

preference for the novel shape emerged, although no s i g n i f i c a n t . 
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preference emerged for the brief exposure condition. 

In a further experiment reported by Rose and Slater (1983) 

infants were again given both a novelty preference and an 

habituation task, although in a l l tasks a 30 second delay was 

included prior to the te s t t r i a l s - The habituation procedure 

s t i l l produced novelty preferences after t h i s delay, but no 

significant preferences emerged from the brief exposure 

condition. These r e s u l t s suggest that the memory trace developed 

in brief exposures i s l e s s robust and more susceptible to decay 

than that developed i n f u l l habituation procedures. 

Measures of decline and of novelty preference then, may well 

r e f l e c t measures of some form of i n t e l l e c t u a l functioning. 

Individual differences i n rates of habituation may r e f l e c t 

processing speeds, although one can never assume that infants who 

exhibit similar measures of decline are eqinvalent i n terms of 

the extent to which the stimulus has been processed. Similarly, 

since novelty preferences of equivalent magnitude can be obtained 

from novelty preference t e s t s following brief exposure and 

habitupiion procedures (Rose and Slater, 1983), one cannot assume 

that the size of t h i s measure r e f l e c t s the extent of processing 

achieved i n the familiarisation phase. So although there i s 

abundant evidence to suppose that measures from novelty 

preference and habituation testing procedures do r e f l e c t some 

aspect of cognitive functioning, as yet i t i s neither c l e a r which 

measures should constitute the most appropriate predictors, nor 

what individual measures are re f l e c t i n g . 
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2 ^ 4 Auditory Habituation 

As reviewed above measures from novelty preference and 

habituation techniques In the v i s u a l modality, appear to be 

potentially r e f l e c t i v e of l a t e r i n t e l l e c t u a l a b i l i t y . The 

relationship between measures of habituation and recovery in the 

auditory modality and subsequent i n t e l l i g e n c e t e s t scores has 

been investigated by O'Conner, Cohen and Parmelee <1984). 

Preterm infants were defined as those who have a gestational age 

of 37 weeks or l e s s and also a b i r t h weight of l e s s than 2,500 

grams. At 4 months corrected age, pre- and full-term infants 

were presented with a sequence of pure tones alternating between 

400 and 1000 Hz presented continuously for 2 seconds, each for a 

period of 12 seconds, and the inter-stimulus i n t e r v a l was also 12 

seconds. Infants were presented with t h i s stimulus sequence 

u n t i l they reached a c r i t e r i o n of habituation measured by cardiac 

de-celeration: c r i t e r i o n was met when no apparent decceleration 

to the stimulus was recorded for 3 successive t r i a l s . 

Presentation of 3 novel tones followed and the change i n heart 

rate <in terms of deceleration) to the f i r s t novel tone was taken 

as the recovery measure (no reason i s given as to why response to 

the f i r s t novel tone only was used as the recovery measure). The 

Stanford-Blnet was administered to the subjects when they reached 

5 years of age. No difference was found between f u l l - and 

pre-term infants of equivalent conceptual age on the following 

measures: heart rate change in response to novelty in Infancy 

and the Stanford-Binet scores in childhood. The predictive 
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analyses were therefore done with the combined sample. These 

revealed that the magnitude of cardiac change in response to 

novelty correlated s i g n i f i c a n t l y (r= .6) with the 5 year 

inte l l i g e n c e score, such that those infants who showed the 

greater cardiac deceleration to novelty were also those infants 

who scored highest on the i n t e l l i g e n c e measure. These r e s u l t s 

suggest that individual differences i n perceptual memory within 

the auditory modality may be predictive of l a t e r i n t e l l e c t u a l 

performance* 

Concept Acquisition 

Habituation procedures have been used to investigate concept 

acquisition in infancy. Infants are presented with a s e r i e s of 

concept exemplars, or stimuli which can be categorised on one or 

more dimensions, and a decrement i n fixation over time t y p i c a l l y 

occurs. The t e s t phase involves presentation of a novel stimulus 

which does not r e p r ^ e n t a concept exemplar, to which the infant 

tends to exhibit increased fixation. Both the fixed t r i a l and 

infant control procedures, described under Visual Habituation can 

been used i n concept acquisition tasks. 

Using t h i s technique and also adaptations of the novelty 

preference testing procedure, infants have been reported to be 

able to distinguish between male and female faces by 28 weeks of 

age (Cornell, 1974; Fagan, 1976); distinguish a specific female 

face from female faces i n general, regardless of orientation, by 

30 weeks (Cohen and Strauss, 1979); and to abstract a 
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prototypical representation of a face by means of averaging a 

number of presented feature c h a r a c t e r i s t i c s at approximately 43 

weeks of age (Strauss, 1979). 

The theories related to how Infants are able to acquire concepts 

are similar to those r e l a t i n g to habituation and v i s u a l memory 

(see previous sections), and hence measures from t h i s type of 

task (for example, the number of category exemplars required to 

acquire a concept reflected by t r i a l s to c r i t e r i o n i n the 

habituation procedures, and the extent of novelty preferences i n 

novelty preference and habituation procedures), have been 

considered to r e f l e c t aspects of cognitive functioning i n 

infancy. 

Furthermore, there i s an Indication that age changes occur i n 

performance on t h i s type of task. Cohen and Strauss (1979) 

report that 30 week old infants respond in a way which i s 

compatf.ble with the suggestion that they are capable of 

abstracting conceptual categories r e l a t e d to the human face 

Including: (a) a p a r t i c u l a r orientation of faces; (b) a 

par t i c u l a r face regardless of orientation; and (c) female faces 

i n general. The younger groups of infants used i n t h i s study 

(aged 18 and 24 weeks) appeared to be sensitive to the f i r s t of 

these, ie. change from side to f r o n t a l orientation of faces, but 

they did not show evidence of having abstracted invariant 

features of a face or female faces i n general. 

The importance of the a b i l i t y of infants to be able to acquire 

64 



concepts or to abstract r e l a t i o n a l information for normal 

cognitive development, has been emphasised and researched by 

Caron and Caron (198 D. They compared the performance of a 

sample of healthy f u l l - t e r m infants with that of a group of 

pre-term infants who had a mean gestational age of 33 weeks and 

a l l of whom had been in intensive care for complications varying 

in degree of severity. The tasks used involved showing infants a 

number of concept exemplars i n a fixed t r i a l habituation 

sequence. The stimulus set s used reflected r e l a t i o n a l 

invariance, for example a small figure being consistently above a 

l a r g e r one, or a s e r i e s of faces a l l of which were smiling, and 

so on. Novel stimuli were paired with r e l a t i o n a l l y Invariant 

ones, and represented a deviation from the norm, ie. i n the above 

examples novel stimuli would consist of a small figure below a 

l a r g e r one, and a sad non-smiling face, respectively. The 

infants were tested at 52, 58, 61 and 64 weeks' conceptual age. 

Infants were presented with a s e r i e s of familiar invariant 

stimuli in an infant control procedure. Infants were considered 

to have reached c r i t e r i o n when either fixation time on 3 

consecutive t r i a l s was 50 percent or l e s s than fixation time on 

the f i r s t 3 t r i a l s , or when infants ' looked for 8 seconds or l e s s 

on any 3 consecutive t r i a l s (this l a t t e r absolute c r i t e r i o n was 

included to allow those infants who tend to give very brief 

fixations at the s t a r t of the habituation sequence a chance to 

reach criterion). Further familiar and novel t r i a l s were 

presented after either c r i t e r i o n was reached. Five of the 

dependent measures were the following. 1. A measure of 

conflgurational discrimination: the t o t a l fixation to the two 
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novel configurations r e l a t i v e to that to the f i n a l two familiar 

configurations. 2. A score of component discrimination: t h i s 

being the t o t a l fixation time to the two familiar configurations 

(presented after the habituation c r i t e r i o n had been reached), 

r e l a t i v e to the l a s t two familiarisation t r i a l s . 3- Total 

fixation time to c r i t e r i o n . 4. Number of t r i a l s to c r i t e r i o n . 

5. Total fixation time throughout the complete task. The r e s u l t s 

indicated that at each age the pre-term infants had a lower 

configurational score than the f u l l - t e r m infants: t h i s was 

significant at a l l ages esorept at 64 weeks conceptual age. 

E*re-term infants a l l recovered to a change in components, and 

t h i s did not differ from that shown by the f u l l - t e r m infants. 

However the pre-terms' pattern of responding was l e s s conceptual, 

with 71 percent of fu l l - t e r r a infants responding to a 

configurational rather than component change, while only 36 

percent of pre-term infants responded so. Attention measures 

f a i l e d to r e v e a l any c l e a r differences between groups. Caron and 

Caron conclude that pre-term dysfunction i s not an information 

processing dysfunction per se, but rather i s a deficiency in the 

content in information processing such that pre-term infants 

appear to have encoded part of the stimulus information during 

habituation, but were i n s e n s t i t i v e to the invariant relationships 

li n k i n g the elements. 

Again then the implication here i s that concept acquisition may 

r e f l e c t apects of cognitive functioning, although to date no 

predictive studies have been reported using t h i s measure. 
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2 ^ 6 Vocal Measures 

One study i n p a r t i c u l a r Investigated the predictive v a l i d i t y of a 

measure in Infancy r e f l e c t i n g vocalisation. Roe (Roe, 1978; Roe 

and McClure, 1980) reported high correlations between a measure of 

d i f f e r e n t i a l vocal responsiveness (DVR) taken at 3 months from 12 

male infants and performance on a s e r i e s of v e r b a l sub-scales of 

i n t e l l i g e n c e t e s t s at 3, 5 and 12 years- The DVR measure used by 

Roe was the difference between the amount of vocalisation e l i c i t e d 

from the infant by the mother and that e l i c i t e d by a stranger, 

each over separate 3 minute periods. On the basis of t h i s 

measure, subjects were divided into high and low scoring groups. 

The two groups gave a significant difference between the 

respective means of scores on the Stanford-Blnet at 3 years 

(t=2.25 p<.03) and also the high scoring DVR group had a 

s i g n i f i c a n t l y higher mean score on the I l l i n o i s Test of 

Psycholinguistlc A b i l i t i e s QTPA) than those i n the low DVR group 

at 5 years. The ITPA i s made up of a number of subscales and each 

of these was s i g n i f i c a n t l y correlated with the DVR scores, with 

mother's educational l e v e l and parents' socio-economic l e v e l 

p a r t i a l l e d out. Significant correlations emerged with the 

following scales: auditory association (r= .79); v i s u a l 

association (r= .80); auditory reception (r= .59); v i s u a l 

reception (r= .64); and the grammatical closure subtest (r= .77). 

A l l of these correlations are positive suggesting that infants 

with the highest DVR scores also had the highest scores on 

int e l l i g e n c e subscales. The correlations presented by Roe and 

McClure (1980) are very impressive p a r t i c u l a r l y with measures of 
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subsequent v e r b a l a b i l i t y : the v e r b a l s c a l e of the.WISC-R at 12 

years correlated .85 with the 3 month DVR measure, such that the 

greater the difference measure the higher the subsequent 

inte l l i g e n c e measure. Roe and McClure argue that i t i s the 

a b i l i t y of the infants to respond d i f f e r e n t i a l l y to the mother as 

compared to the stranger which i s of importance, since measures of 

the sheer amount of vocalisation e l i c i t e d from the infant were not 

predictive. However, a point of caution should be made i n 

relation to these r e s u l t s : the sample size used by Roe was small, 

only 12 infants, and the use of parametric correlations produces a 

p o s s i b i l i t y of i n f l a t i n g the r s i f any outlying Individuals are 

included in the sample. 

2 ^ 7 C>3nclusion: Visual Preference, Novelty EYeference, Visual 

Habituation, Auditory Habituation and Vocalisation Measures as 

Potential E^edlctors of Later I n t e l l i g e n c e 

A summary of the predictive studies described in previous sections 

i s presented i n Table 2.1. 

Results of the predictive studies mentioned so far lead one to 

conclude that measures in infancy, which appear to r e f l e c t 

cognitive a b i l i t i e s , can predict subsequent int e l l i g e n c e l e v e l s i n 

childhood with greater accuracy than t r a d i t i o n a l infant t e s t s . 

For instance, Fagan and Singer (1983) having examined data from 27 

studies comparing correlations from tra d i t i o n a l infant t e s t s with 

l a t e r intelligence, report the following mean correlations: from 3 

- 4 months to between 3 and 6 years, .06; from 5 - 7 months to 
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TABLE 2:I Cognitive Measures i n Early Infancy i n Relation to Various Measures of Cognitive Competence i n Late Infancy 
and Childhood. Longitudinal Studies 

(O 

AUTHORS N INFANCY MEASURE AGE CHILDHOOD MEASURE AGE CORRELATION 

-.49 
-.46 
-.39 
-.52 

Ruddy & 
Bornstein (1982) 

20 Habituation Rate 
Habituation Decline 
Habituation Rate 
Habituation Decline 

Am 
4m 
4m 
4m 

Bayley MDI 
Bayley MDI 
Vocabulary Score 
Vocabulary Score 

1 yr 
1 yr 
1 yr 
1 yr 

CORRELATION 

-.49 
-.46 
-.39 
-.52 

Bornstein (1985) 20 Habituation Decline 4m WPPSI 4 yrs -.54 
Cohen & Parmelee 
(1983) 

100 
(pre-term) 

Visual F i x a t i o n 
Duration term Stanford-Binet 5 yrs -.29 

Fagan & McGrath 
(1981) 

93 Novelty Preference 5-7 
months 

Vocabulary Score 
Vocabulary Score 

3.8 yrs 
6-7 yrs 

.37 

.57 
Lewis & 
Brooks-Gunn 
(1981) 

22 

57 

Habituation Decline 
Novelty Response 
Novelty Response 

3m 
3m 
3m 

Bayley MDI 
Bayley MDI 
Bayley MDI 

2 yrs 
2 yrs 
2 yrs 

-.61 
.52 
.40 

M i l l e r e t . a l . 
(1977) 

48 Habituation Decline 2-4m Operational Causality tasks 
( U z g i r i s & Hunt) 

1.3 yrs -.49 

M i l l e r e t . a l . 
(1979) 

29 Habituation Duration 
Habituation Decline 
Habituation Duration 

2-4m 
2-4m 
2-4m 

Paired Associate Learning 
Memory Casks 
Language Comprehension 

3.3 yrs 
3.3 yrs 
3.3 yrs 

-.26 
-.40 
-.39 

0*Conner, Cohen 
& Parmelee (1984) 

28 Auditory Response to 
Novelty (Habituation) 

4m Stanford-Binet 5 yrs .60 

Roe (1978) 12 
(male) 

D i f f e r e n t i a l Vocal 
Responsiveness 3m 

ITPA subscales: 
Auditory Association 
Visual Association 
Auditory Reception 
Visual Reception 
Grammatical Closure 

5 yrs 
.79 
.80 
.59 
.64 
.77 

Roe & McClure 
(1980) 

12 
(male) 

D i f f e r e n t i a l Vocal 
Responsiveness 

3m WISC-R 12 yrs .85 



TABLE 2.2: M o t i v a t i o n a l , Social and Environmental Measures i n Relation to Various Measures of Cognitive 
Competence i n Late Infancy and Childhood. Longitudinal Studies. 

AUTHORS 

Ruddy & 

Bornstein (1982) 

Bornstein (1985) 

Bakeman & Brown 
(1980) 

Cohen i Beckwith 
(1979) 

o 

Cohen & Parmelee 
(1983) 

Messer e t . a l 
(1983) 

N 

20 

20 

A3 

(low-income) 

50 
(pre-term) 

100 

Crockenburg (1983) 25 

75 

INFANCY MEASURE 

Mother's encouragement t o 
s t i m u l i i n the environment 

Mother's encouragement t o 
s t i m u l i i n the environment 

I n f a n t responsiveness i n 
feeding 

Social Behaviour 
Smiling at Mother 
Social Behaviour 
Social Behaviour 
Smiling at Mother 
Mutual Gazing 
Smiling a t Care-giver 
Mutual Gazing 
Mutual Social Behaviour 
Smiling a t Observer 

*Schemas i n object 
e x p l o r a t i o n 
I n f a n t / c a r e - g i v e r behaviour 
Maternal Education 

Smiling and eye contact 
Mother's response to d i s t r e s s 
Mother's Education 
Mother's r o u t i n e contact 

•Peripheral E x p l o r a t i o n of 
objects 
*Task Directed Behaviour to 
objects 
*Goal Directed Behaviour 

AGE CHILDHOOD MEASURE AGE 

4m Vocabulary score 1 .55 

4m WPPSI yrs .51 

5m Social competence 3 yrs .32 
Social p a r t i c i p a t i o n 3 yrs .32 

Iro Receptive Language 2 yrs .44 
1m Bayley MDI 2 yrs .42 
1m Bayley MDI 2 yrs .33 
1m Gesell Schedules 2 yrs .41 
1m Gesell Schedules 2 yrs .39 
3m Gesell Schedules 2 yrs .33 
3m Gesell Schedules 2 yrs .30 
3m Bayley MDI 2 yrs .32 
8m Gesell Schedules 2 yrs .40 
8m Gesell Schedules 2 yrs .32 

Stanford-Binet 5 yrs .25 8m 
yrs .25 

8m Stanford-Binet 5 yrs .28 
8m Stanford-Binet 5 yrs .46 
3m Bayley MDI 1. 9 yrs .61 
3m Bayley MDI 1. 9 yrs .44 
3m Bayley MDI 1. 9 yrs .66 
3m Bayley MDI 1. 9 yrs -.44 

6m McCarthy Scales 2. 6 yrs .45 
6m McCarthy Scales 2. 6 yrs .36 
12m McCarthy Scales 2. 6 yrs .38 

45 (females) 
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AUTHOR 

Olson, Bates 
& Bayles 
(1984) 

O'Conner, Cohen 
& Parmelee (1984) 

Siege! (1982) 

VanDoornink 
ec. a l . (1981) 

N 

121 

28 

96 

50 
(low-income) 

INFANCY MEASURE 

Maternal S t i m u l a t i o n 
Maternal close contact 
Baby communication 
Maternal Teaching 
'HOME* Scales 

Mother's Education 

•HOME' Scales 

•HOME' Scales 

ACE 

6m 
6m 
13m 
13m 

6m+13m 

Am 

12m 

12m 

CHILDHOOD MEASURE AGE 

Bayley MDI 
Bayley MDI 
Bayley MDI 
Bayley MDI 
Bayley MDI 

PPVT 
PPVT 
PPVT 
PPVT 
PPVT 

Stanford-Binet 

yrs 
yrs 
yrs 
yrs 
yrs 

yrs 

Language Comprehension 4 yrs 

Reading + Maths a b i l i t y 5-9 yrs 

CORRELATION 

.31 

.23 

.42 

.49 

.23 to .38 

.42 

.27 to .37 

.37 

^ * denotes m o t i v a t i o n a l measures. Remaining infancy measures are so c i a l and environmental measures. 



between 3 and 6 years, ,15; and from 8 - 1 1 months to between 3 

and 6 years, ^ L , The studies using a l t e r n a t i v e cognitive 

measures reviewed in the previous sections, however, with Infant 

testing ages ranging from 2 to 6 months, and childhood tasks taken 

between 2 and 12 years produce a mean correlation of .53. These 

studies then provide a strong indication that greater prediction 

i s possible from cognitive based measures than from standardised 

Infant tests, i n spite of the fact that the studies reported to 

date do not produce a c l e a r indication of which p a r t i c u l a r 

measures are the most potentially predictive. This issue i s 

discussed further l a t e r i n t h i s chapter. 

There i s a further body of l i t e r a t u r e which assesses the 

predictive v a l i d i t y of measures r e f l e c t i n g social, environmental 

and motivational factors in infancy. These studies are summarised 

i n Table 2:2, and they are discussed next. 
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2.3 MOTIVATIONAL, SOCIAL AND ENVIRONMENTAL MEASURES. PREDICTIVE 

STUDIES - A REVIEW 

This section reviews studies which have looked at the predictive 

v a l i d i t y of social, interactive, environmental, and what can be 

loosely defined as motivational measures, from infancy to 

childhood intelligence. Studies dealing with motivational 

measures are discussed f i r s t . 

2.3.1 Motivational Measures 

Motivational measures, as defined here, r e f l e c t the ways in which 

infants approach p a r t i c u l a r tasks and objects. Messer, McCarthy, 

MacQuiston, MacTurk, Yarrow and Vietze (1986) examined infants' * 

exploratory behaviour towards objects on a number of tasks eind 

looked at the relationship of these measures with l a t e r 

i n t e l l i g e n c e scores. Twelve age-appropriate tasks designed to 

e l i c i t exploratory behaviours were presented to the infants at 6 

and 12 months. The tasks were divided into 3 major types: f i r s t , 

'effect production tasks', which involved manipulating a piece of 

equipment in order to produce a sensory effect; second, 

•practising sensori-motor s k i l l s tasks', for example removing 

objects from, or putting objects into, a container at 6 and 12 

months, respectively; and third, 'problem solving tasks', such as 

obtaining an object which i s out of reach, and removing and 

replacing objects to and from specific positions in a peg-board. 

From these tasks measures were also taken of task involvement. 
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These were graded as follows: <D the time spent by infants merely 

looking at objects was considered a period of low-level 

Involvement with the task; (2) peripheral exploration, defined as 

minimal contact with u s u a l l y Just one modality other than looking; 

(3) general exploration, when Infants performed two simultaneous 

behaviours i n exploring the task; (4) task directed behaviour, 

which included more positive schemes which appeared to be attempts 

to master the object and task, but are not the appropriate 

behaviours for reaching the goal; and <5) goal directed 

behaviours; which included behaviours leading to success on the 

task and those which re-set the task to allow the goal to be 

repeated. The measure for each of these was the amount of time 

infants spent in each category, and the categories, as l i s t e d 

above were considered to r e f l e c t increasing task Involvement. 

These measures were obtained at both 6 and 12 months and the 

McCJarthy s c a l e (McCarthy, 1972) was administered at 30 months. 

The McCarthy scale i s an o v e r a l l scale of cognitive development 

and also gives scores for motor and memory sub-scales. 

The r e s u l t s showed that infants' success on tasks (success being 

defined by the number of times infants achieved one of the goals 

posed by the toys) did not predict l a t e r a b i l i t y as measured by 

the Mc(^rthy scales. These correlations did not differ from 

chance expectancy, and those which were significant did not exceed 

the magnitude of .38. However, measures r e f l e c t i n g task 

Involvement did in general predict l a t e r competence more 

convincingly. At 6 months measures of peripheral exploration were 

positively r e l a t e d to the McCarthy sc a l e s for females (this 
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measure correlated with the combined McCarthy scales, r= .45, and 

with the memory and motor subscales, r= ,43 and .49 respectively). 

For both sexes, task directed behaviours also correlated 

s i g n i f i c a n t l y with a l l the McCarthy measures <rs ranging from .36 

to .66) whilst measures of looking without manipulation were only 

related to the memory subscale. E s s e n t i a l l y , children at 6 months 

who enje^^^H; i n l e s s d i r e c t i v e forms of involvement had higher 

McCarthy scores and these correlations were stronger and more 

abundant for females. The measures at 12 months, again produced 

more indication of prediction for females, although the types of 

measures which were predictive at t h i s age were those r e f l e c t i n g 

more d i r e c t i v e l e v e l s of task involvement, with goal directed 

behaviours on practising sensori-motor s k i l l s and problem solving 

producing r's of .48 and .38, respe c t i v e l y with the McCarthy 

scales. I n discussing the implications of these r e s u l t s Messer et 

a l . refer to Wagetian theory, pointing out that at 6 months 

infants are l i k e l y to be in Piaget's stage 3, during which infants 

tend to explore objects by u t i l i s i n g their established repertiore 

of actions including mouthing, manipulating and shaking objects 

(peripheral and general exploratory behaviours i n t h i s study were 

characterised by these types of behaviour). According to Piaget, 

at 6 months infants are not able to understand means-ends 

relationships and therefore may be unl i k e l y to perform the actions 

leading to task success. At 12 months however, infants do 

understand means-ends relationships so at t h i s age one might 

expect (as Messer et c i l . found) task directed behaviours to be 

more l i k e l y to be predictive-
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Kopp and Vaughn (1982) reported a relationship in 76 pre-term 

infants between "sustained attention" at 8 months and the Bayley 

Mental Index and G e s e l l Developmental Quotient at 2 years. The 

G e s e l l scale was also administered at 9 months. The infants had a 

mean gestational age of 32 weeks at the time of b i r t h and a mean 

b i r t h weight of 1,979.5 grams. At 8 months of age from b i r t h 

infants were presented with a group of small cubes for a 2 minute 

period and the occurrence of exploratory behaviours (eg. contact, 

mouthing, manipulation and so on) was recorded. These measures 

formed the basis of the "sustained attention measure". This 

measure f a i l e d to c o r r e l a t e s i g n i f i c a n t l y with either outcome 

measure, although did significantly-contribute towards prediction 

for both (as assessed by regression analyses). The other measures 

contributing towards prediction of the Developmental Quotient and 

Mental Index were socio-economic status, gestational age, 

ethnicity, and 9 month Ge s e l l scores. 

These motivational or attentional aspects of performance in 

infancy appear to predict, at l e a s t to some degree, l a t e r 

i n t e l l e c t u a l functioning. I t i s interesting to note that these 

measures, i n some cases, do not r e f l e c t achievement on specific 

tasks but rather measures of how infants approach specific tasks 

presented to them. These types of measures are potentially 

important in the search for prediction, since the way in which 

infants approach and react in different situations i s not only 

l i k e l y to affect their performance, but also the way in which 

others (ie. caregivers) react to them. 
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A considerable number of studies have examined the predictive 

v a l i d i t y of measures r e l a t i n g to social and environmental factors 

experienced by the infant. A number of these studies are reviewed 

next. 

2*3.2 Social and Environmentcil Measures 

VanDoornink, Caldwell, Wright and Frankenburg (198 D found that 

measures from the ''HOME" (Home Observation for Measurement of the 

Environment) inventory, designed to assess parent support of 

development throughout infancy, a t 12 months correlated 

s i g n i f i c a n t l y and posit i v e l y with l a t e r school achievement 

(incorporating current reading and maths d r r i c u l u m l e v e l s and 

l e t t e r grades) between 5 and 9 years for a sample of 50 low-income 

children (r= .37). The most predictive sub-scales of the HOME 

were, emotional and ver b a l responsivlty of the mother, and 

provision of appropriate play materials. The HOME was not useful 

for differentiation of middle-income families since there was 

insufficient variance amongst the scores. 

Olson, Bates and Bayles (1984), observed i n t e r a c t i v e behaviours 

between mothers and infants at 6, 13 and 24 months of age for. two 

3 hour periods for a sample of 121 mother-infant pairs. Also the 

Bayley scale mental index was administered at each age, whilst at 

24 months, additional measures including the Peabody E^cture 

Vocabulary t e s t (PPVT) and other measures of language and 

communicative a b i l i t i e s were assessed (these measures, since they 

intercorrelated highly, were combined to form a measure c a l l e d 
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Mature C h i l d Communication). At each age, measures were factor 

analysed to determine principle components of behaviour within 

each age. The HOME inventory was also administered at each age. 

Only the longitudinal predictive data w i l l be reported here, and 

these r e s u l t s suggest that there i s a relationship between 

measures of mother-infant behaviours at 6 and 13 months and a 

composite measure of cognitive a b i l i t y <ie. Bayley Scale mental 

index and PPVT combined) at 24 months. For example, measures of 

maternal stimulation, and maternal close contact, at 6 months 

correlated p o s i t i v e l y at .31 and .23, respectively, with the 24 

month measure, and at 13 months the strongest predictors of the 24 

month measure included baby communication (r= .42), and maternal 

teaching <r= .49). Further, subscales from the HOME inventory 

also correlated s i g n i f i c a n t l y with the 24 month measure. These 

included: maternal emotional and verbal r e s p o n s i t i v i t y (r= .23 at 

6 months and .26 at 13 months); provision of appropriate play 

materials (r= .28 at 6 months and .24 at 13 months) and maternal 

involvement <r= .38 at 6 months and .32 at 13 months) and 

avoidance of r e s t r i c t i o n and punishment <r= .26 at 13 months). 

Subscales from the HOME inventory in p a r t i c u l a r appeeu: to 

constitute useful measures for prediction of l a t e r cognitive 

competence, and t h i s i s given further support from a study by 

Siegel <1982). She reports 12 month HOME scores to cor r e l a t e 

s i g n i f i c a n t l y with language comprehension scores from the Reynell 

Language Scales at 4 years. The HOME subscales included were 

provision of appropriate play materials (r= .37), opportunities 

for v ariety and dai l y stimulation (r= .27). 
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Bakeman and Brown (1980) reported a study i n which they compared 

interaction between mother and both pre- and f u l l - t e r m infants 

before and after hospital discharge, and also interaction at 9 and 

20 months, with cognitive a b i l i t y (as measured by the 

Stanford-Binet) and s o c i a l competence and participation at 3 

years. 21 pre-term infants and 22 full-term infants and their 

mothers were used- A l l the mothers were from low-income families. 

The pre-term infants weighed between 1,000 and 1,950 grams and 

had spent no longer than 24 hours in intensive care. The sample 

of pre-term infants had an average gestational age of 32.4 weeks. 

Results indicated that no measure of mother-infant interaction 

during feeding predicted subsequent Stanford-Binet scores at 3 

years, despite the fact that significant differences on these 

measures were found between pre- and full-term infants. Higher 

ratings of Infant responsiveness during feeding were pos i t i v e l y 

related to s o c i a l competence, and participation, at 3 years ( r s -

.32 in both cases). The extent to which mothers vo c a l l y and 

emotionally responded to their 20 month old infants was p o s i t i v e l y 

r e l a t e d to the Stanford-Binet scores at 3 years (r= .42), even 

though only on the l a t t e r measure could pre- and full-term infants 

be differentiated. 

Cohen and Beckwith (1979) also report significant relationships 

between e a r l y i n t e r a c t i v e measures and l a t e r cognitive performance 

for a sample of 50 pre-term infants. Their c r i t e r i a for subject 

inclusion were a gestational age of 37 weeks or l e s s and b i r t h 

weight of l e s s than 2,500 grams. At 1̂  3 and 8 months (controlled 
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such that a l l infants were tested at equivalent conceptional ages) 

a l l infants were assessed on at l e a s t a half hour period (at 8 

months usually a one and a half hour period) of mother infant 

interaction, which included feeding and waking periods. Measures 

from each age were factor analysed to determine major factors of 

behaviour at each age. Other measures included the Ob s t e t r i c a l 

Complications Scale (see Littman and Parmelee, 1978) including 

health and history of the mother, pregnancy events and intrapartum 

and postpartum events and the Postnatal Complications Scale (see 

Littman and E^melee, 1978) which included measures of respiratory 

d i f f i c u l t i e s , convulsions, disturbances and so on. At 24 months 

the Gesell Developmental Schedules were given along with an 

adapted version of the Casati-Lezine sensori-motor scales (Kopp, 

Slgman and Parmelee, 1974); receptive language s k i l l s were also 

assessed and the Bayley Mental Scales administered at 25 months. 

Correlation analyses indicated that competence on the G e s e l l at 

age 2 was predicted at each age by mother-infant interaction and 

in addition the G e s e l l score at age 2 was also s i g n i f i c a n t l y 

predicted by soci a l behaviour and smiling at mother at 1 month 

(r*s = .41 and .39 for the two measures, respectively), and by 

mutual gazing at 3 months (r= .33); and mutual socia l behaviour at 

8 months was related to the 2 year G e s e l l score (r= .40), as was 

smiling at the observer (r=.32). The 2 year receptive language 

measure was po s i t i v e l y associated with s o c i a l behaviour at 1 month 

(r= .44), whilst no behaviour at 3 or 8 months was associated with 

t h i s 2 year score. The 2 year Bayley mental score weis also 

predicted by smiling at the mother (r= .42), soci a l behaviour 

(r=.33) at 1. month, and by mutual gazing (r= .32) at 3 months, but 
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not by anything at 8 months. 

The reported significant relationship between smiling and eye 

contact between infants and mothers, and l a t e r i n t e l l e c t u a l 

a b i l i t y i s further supported by a study c a r r i e d out by Crockenburg 

(1983) on 25 mother-infant pairs. From a three and a half hour 

home observation at 3 months t h i s measure was found to cor r e l a t e 

in the region of .61 with scores on the Bayley Mental Development 

Scale at 21 months. Mothers' responsive attitude to infant 

d i s t r e s s also correlated with the 21 month score (r= .44) as did 

mothers' education <r=.66), whilst measures of the extent of 

routine contact with the infant correlated negatively with the 21 

month score <r=-.44). 

To summarise, i t seems that aspects of the home environment and 

measures of mother-infant interaction do to some extent predict 

l a t e r i n t e l l e c t u a l abUity. 

2.3.3 Conclusion: Motivational, Social and Environmental Measures 

as potential predictors 

I t i s apparent then that aspects of mother-infant interaction, 

the home environment, and measures which appear to r e f l e c t infant 

motivation, can also predict l a t e r i n t e l l i g e n c e to a reasonable 

degree. As can be seen from Tables 2:1 and 2:2 the correlations 

from the motivational, social and environmental measures are not, 

ov e r a l l , e s p e c i a l l y higher than those from the cognitive based 

measures. However, the studies discussed here are by no means 
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conclusive, only a few researchers consider how these different 

measures r e l a t e to and or interact with each other, and in few 

cases have researchers examined the r e l i a b i l i t i e s of their 

measures. These issues are discussed l a t e r in t h i s chapter. 

There are a number of studies which have examined the 

inter-relationships between the cognitive and motivational, soc i a l 

and environmental measures. Some of these studies have further 

attempted to e s t a b l i s h which type of measure has the greater 

effect on l a t e r i n t e l l i g e n c e scores by the use of step-wise 

multiple correlations and path-analyses. I t i s these studies and 

their findings which are discussed next. 

2.4 STUDIES INCORPORATING COGNITIVE AND SOCIAL MEASURES 

2.4.1 Review of Studies Incorporating Cognitive and Social 

Measures 

The study by O'Connor et a l . (1984), described i n Section 2.2.4 

above, i n which a relationship was reported between recovery 

measures in an auditory habituation task and subsequent 

intel l i g e n c e scores, a l s o reported that measures of the number of 

years the mother spent in education correlated s i g n i f i c a n t l y with 

the infants' 5 year Stanford-Binet scores (r= .42). These 

measures of the mothers' education and the infants' novelty 
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scores, were entered into a step-wise multiple regression to 

assess their r e l a t i v e contribution to prediction of the 5 year 

i n t e l l i g e n c e scores. When the novelty response measure was 

entered f i r s t i t produced an R-squared of .36, which increased 

marginally, although not significantly, to .43 as a r e s u l t of 

adding the mothers' education. However, when the l a t t e r variable 

was entered f i r s t the amount of variance explained by t h i s alone 

(17 percent) increased considerably to 43 percent when the novelty 

preference measure was added. The measures of mother's education 

and the novelty response predict better i n unison than either 

measure independently, which suggests that childhood performance 

on int e l l i g e n c e t e s t s i s affected (as one might expect) by both of 

these measures. 

Cohen and Parmelee (1983) conducted a la r g e scale longitudinal 

study i n which 100 pre-term infants were assessed on various 

measures from b i r t h u n t i l they reached 5 years of age. 62 of 

these children were from English speaking families and the 

remainder were Spanish. Prematurity was defined as a gestational 

period of 37 weeks or l e s s and a b i r t h weight of 2500 grams or 

le s s . At b i r t h infants were rated on ob s t e t r i c and postnatal 

complication scales and a measure was also taken of how long 

infants fixated a v i s u a l l y presented stimulus. At 4 months v i s u a l 

attention was assessed In terms of stimulus and novelty 

preferences. Caregiver interaction In the home was measured at 1, 

8 and 24 months. The Ge s e l l s c a l e s were administered at 4, 9 and 

24 months, and at 8 months hand manipulation and the way in which 

infants explored objects was assessed. The Bayley scales were 
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administered at 25 months, receptive language development at 2 

years, and the Stanford-Binet at "5 years. Results for the t o t a l 

sample indicated that term v i s u a l fixation correlated with the 5 

year scores (r=-.29) such that the infants who fixated the 

stimulus for the shorter duration had higher IQ scores. The 

infants who demonstrated the more advanced schemas at 8 months 

also had higher Stanford-Binet scores at 5 years (r= .25). Other 

measures to c o r r e l a t e s i g n i f i c a n t l y with the 5 year score 

included, caregiver-infant behaviour at 8 months (r= .28) and 

years of maternal education (r= .46). Regression analyses 

indicated that the best single predictor was maternal education, 

although one t h i r d of the variance could be accounted for by four 

variables: materncil education, term v i s u a l attention, (Resell 

scores at 9 months, and manipulative schemas at 8 months. For the 

English speaking sample alone, however, over one t h i r d of the 

variance (R-squared =.36) was accounted for by 3 measures: the 

G e s e l l scores, term v i s u a l attention and manipulative schemas at 8 

months. This suggests that the term v i s u a l attention measure, 

which was found not to be r e l a t e d to s o c i a l c l a s s , does contribute 

towards prediction of l a t e r i n t e l l e c t u a l a b i l i t y . 

Bornstein and Ruddy (1984), obtained measures from 4 month old 

infants from a habituation task (see section 22.3), and the 

infants were also observed in the home for a half-hour period with 

their mothers. The measures taken included the extent to which 

mothers directed infants' attention towards objects. At 12 months 

the Bayley Scales were administered along with a further 30 minute 

observation of mother and infant during which measures of the 
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extent to which mothers encouraged their infants to attend to the 

environment, the amount of time spent talking to the child, and 

the size of the child's speaking vocabulary were taken. The 

r e s u l t s indicated that a l l measures at 4 months (that i s measures 

of habituation and of mother-infant interaction) correlated 

s i g n i f i c a n t l y with speaking vocabulary size and the Bayley at 12 

months. The 4 month measure of the mother encouraging attention 

to objects in the environment correlated with the 12 month 

speaking vocabulary (r= .55). Regression analyses indicated that 

habituation rate alone accounted for 21 percent of the variance, 

while encouragement to the environment alone accounted for 31 

percent of the variance. 

Ruddy and Bornstein attempted to determine whether stimulation 

from the mother fo s t e r s cognitive development or whether a greater 

amount of vocalisation by individual infants e l i c i t s maternal 

stimulation. Cross-lagged panel analyses were performed and the 

r e s u l t s indicated that, i n fact, maternal stimulation affects 

infants' vocabulary (maternal stimulation predicted infant 

vocabulary, r= .55) whilst vocalisation to the mother at 4 months 

fa i l e d to predict maternal involvement at 12 months, r=-.OD. 

These r e s u l t s led the authors to conclude "... that mothers who 

frequently encourage thei r young infant's attention foster their 

cognitive development." (Ruddy and Bornstein, 1984 p.l85). 

Bornstein (1985) reports a follow-up study in which the sample of 

infants used in the study reported above were tested again with 

the Wechsler Scales at 4 years. Measures of habituation and 
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maternal encouragement at 4 months were s i g n i f i c a n t l y correlated 

with the Wechsler, and unrestricted path analyses revealed that 

habituation measures at 4 months constituted the single strongest 

influence on the i n t e l l i g e n c e scores, revealing a beta weight of 

.58, whilst maternal encouragement produced a weight of .48. The 

12 month measures, including the Bayley s c a l e s and measures of the 

extent to which mothers encouraged infants to attend to their 

environment, were found to have l i t t l e predictive significance for 

childhood IQ. This suggests that although measures of 

mother-infant interaction do influence cognitive performance, 

these measures have no greater predictive power than measures from 

habituation tasks. 

2.4^ Conclusion: Studies Incorporating Cognitive and Social 

Measures 

Many of the studies reported indicate that cognitive measures in 

infancy may r e f l e c t some aspect of performance which aids 

prediction of l a t e r i n t e l l e c t u a l a b i l i t y , along with environmental 

and soci a l measures, which also appear potentially predictive. 

The use of cognitive measures however, i s of p a r t i c u l a r interest 

for the search for a means of detecting those infants who are 

l i k e l y to suffer subsequent i n t e l l e c t u a l deficit. 

The evidence r e l a t i n g to the ways in which cognitive and social 

measures influence each other i s by no means c l e a r . The sample 

size in many of the studies i s low, which can a r t i f i c a l l y bias 

beta weights in regression analyses. 
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2 ^ CONCLUSION AND INTERPRETATIONS OF PREDICTIVE STUDIK 

5.2.1 Introduction 

I n general, the picture created by the predictive studies reviewed 

i s extremely complicated. The studies incorporating soc i a l and 

environmental measures are perhaps the most e a s i l y interpretated, 

l a r g e l y due to the fact that the measures adopted are i n many 

cases more comparable. For example, specific measures from the 

HOME inventory seem consistently to constitute potential 

predictors, and these measures are l i k e l y to be e a s i l y and 

consistently asspsspd by different researchers. 

However t h i s i s not the case for the measures taken from cognitive 

predictive studies. Most of the recently reported predictive 

studies incorporating cognitive measures, constitute post-hoc 

investigations in that Infants who acted as subjects in previous 

Investigations some months or years e a r l i e r were traced, and a 

follow up study of some description was c a r r i e d out. Fagan and 

McGrath (1981) for example, found that novelty preference measures 

taken from a whole host of experiments incorporating different 

stimulus s e t s and different age groups of Infants predicted to 

some degree l a t e r l i n g u i s t i c scores. 

A further important point r e l a t i n g to cognitive studies and which 

was mentioned e a r l i e r , i s that many of the studies have adopted a 
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wide Veuriation of measures, and even i n cases where comparcible 

measures have been used they have often been calculated in 

different ways. For example, the amount of fixation decrement to 

a familiar stimulus has been defined as a r a t i o from i n i t i a l 

t r i a l s to l a t e r t r i a l s in the habituation sequence from a variety 

of different measures: the f i r s t fixation duration of each t r i a l 

(Miller et a l . 1977); mean fixation length per t r i a l (Lewis and 

Brooks-Gunn, 1981) and t o t a l fixation per t r i a l (Bornstein and 

Ruddy, 1984). This creates d i f f i c u l t i e s when one t r i e s to 

determine which measures are potentially the most predictive. 

Furthermore, in habituation procedures for example, certain 

measures are r e s t r i c t e d by the p a r t i c u l a r procedure adopted. 

Total fixation time i s limited in the fixed t r i a l procedure since 

there i s always a maximum amount of time for which infants can 

fixate the stimulus (this i s not the case in the infant control 

procedure), and also i f infants tend to exhibit a l a r g e number of 

fixations by giving a l o t of looks away from the stimulus, they 

may be l e s s l i k e l y to get a long fixation duration than infants 

who exhibit fewer long looks. Also, i f an infant i s fixating the 

stimulus at the end of the habituation sequence in a fixed t r i a l 

procedure, then the measure of number of looks may be spurious. 

On the other hand, in the infant control procedure t o t a l fixation 

time i s dependent on the rate of decline infants show, and infants 

who exhibit many looks of a similar duration are l i k e l y to f i n i s h 

with a l a r g e t o t a l fixation duration. 

Measures of decrement are also d i f f e r e n t i a l l y affected by the 
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different procedures. I f infants exhibit short i n i t i a l looks at 

the s t a r t of the task, they may have d i f f i c u l t y in reaching the 

defined c r i t e r i o n in the infant control procedure, although in a 

fixed t r i a l procedure they may s t i l l be able to exhibit a lengthy 

look before the end of t r i a l one, and hence have a better 

opportunity show a decrement in l a t e r t r i a l s . 

However, i n spite of these d i f f i c u l t i e s , the predictive 

correlations r e s u l t i n g from the studies based on cognitive 

measures are in general encouraging, and the variation i n terms of 

measures, testing conditions, and stimuli in infancy can arguably 

be considered to add to the robustness of cognitive measures as 

potential predictors. A l t e r n a t i v e l y , i t may be that had a l a r g e 

number of studies been s p e c i f i c a l l y directed towards the question 

of prediction, with a l l infants being tested under the same 

conditions with the same stimuli, then. greater evidence for 

prediction (i.e. higher correlations between infant and childhood 

scores) may have emerged. I n recognition of t h i s point, Fagan 

(1984) i s c u r r e n t l y standardising his measures of novelty 

preferences for use as t e s t s of infant recognition functioning. 

I n view of the evidence suggesting that cognitive measures 

contribute at l e a s t as much to our a b i l i t y to predict as do 

measures of social and environmental factors, there i s a need to 

create a better understanding of what these cognitive measures are 

a c t u a l l y r e f l e c t i n g . C l e a r l y further research i s c r u c i a l . 

However before discussing which approaches may be the most 

f r u i t f u l , one should perhaps consider in further d e t a i l what the 
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current l i t e r a t u r e has to offer. 

2^.2 The nature of the c r i t e r i o n measures i n predictive studies 

T y p i c a l l y the measures of l a t e r cognitive functioning in the 

studies diisrnsspd above are either scores on standardized infant 

s c a l e s or childhood i n t e l l i g e n c e te s t s . Since scores on infant 

t e s t s tend to c o r r e l a t e highly with performance on childhood t e s t s 

especially from the age of about 18 months (Caron and Caron, 

1981), i t seems that intelligence, at l e a s t as measured by 

childhood t e s t s i s , to some degree being predicted from infancy. 

I t i s interesting that many authors have used measures of language 

development as the measures of l a t e r i n t e l l e c t u a l functioning 

(for example, vocabulary subscales of the Stanford-Binet, WPPSI, 

and WISC-R, by Fagan and McGrath 1981; speaking vocabularies, by 

Bornsteln and Ruddy, 1984; the ITPA and WISC-R v e r b a l s c a l e by 

Roe, 1978, Roe and McClure 1980). The use of language-based 

outcome measures has been f r u i t f u l , and the significant ones 

reported are no lower and often higher, in magnitude than the 

f u l l - s c a l e outcome measures. The implications and interpretations 

of t h i s (including those r e l a t i n g to the models of continuity 

discussed in Chapter D are discussed in Chapter 10. 

2^.3 Inter-Relatedness of Measures 

I t i s apparent from the e a r l i e r sections of t h i s chapter that a 

number of different measures i n infancy c o r r e l a t e with scores on a 
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r e l a t i v e l y small v a r i e t y of tasks i n l a t e r childhood (primarily 

f u l l - s c a l e Childhood I n t e l l i g e n c e tests, and sub-scales, and 

language s c a l e s and sub-scales). For example. Roe (1978) found 

her measure of d i f e r e n t i a l vocal responsiveness (DVR) to be 

related to subsequent l i n g u i s t i c a b i l i t y , and Pagan and McGrath 

(1981) also report their novelty preference measure to be 

indicative of l a t e r language a b i l i t y . What i s not known i s 

whether the DVR measure i s rel a t e d to the novelty preference 

measure i n infancy. I f these two measures, for instance, were 

correlated with one another, then t h i s might suggest that some 

form of general discriminative a b i l i t y i n infancy i s predictive of 

subsequent language a b i l i t y , whilst other types of measures may 

r e f l e c t general i n t e l l i g e n c e as opposed to s p e c i f i c a l l y language. 

Information of t h i s nature i s c r u c i a l for the understanding for 

the development of i n t e l l e c t u a l a b i l i t y throughout the infancy 

period. 

Indeed within the l i t e r a t u r e r e l a t i n g to environment and 

mother-infant interaction there has been considerable i n t e r e s t i n 

how these measures i n t e r - r e l a t e (see Cohen and Beckwith, 1979; 

Olson, Bates and Bayles, 1984), but t h i s i n t e r e s t seems c u r r e n t l y 

to be lacking among researchers in the cognitive domain. This i s 

probably in part due to the fact that most of the predictive 

studies have been done after collection of the i n i t i a l Unfancy) 

data, and therefore within individual studies, only a limited 

number of measures from usua l l y one task are available. On the 

other hand, studies which examine aspects of mother-infant 

interaction have tended to encompass a much wider range of 
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measures^ 

2J5A The Psychometric Consistency of Measures 

One of the most important issues r e l a t i n g to the search for 

predictive measures concerns the r e l i a b i l i t y of the measures used. 

A common principle of t e s t s and measurement i s that unless there 

i s evidence of t e s t - r e t e s t r e l i a b i l i t y and i n t e r n a l consistency of 

measures there i s l i t t l e hope of predictive v a l i d i t y (Brooks and 

Weinraub, 1983). I f a t e s t does not predict i t s e l f i t w i l l 

predict nothing else. Furthermore the extent to which a measure 

i s r e l i a b l e w i l l r e s t r i c t how predictive a measure can be (McCall, 

1981). 

As discussed in Chapter 1, the e a r l y t e s t developers in the 1930's 

soon became aware of this, but i t s importance i n rela t i o n to more 

recent searches for prediction from cognitive measures i n infancy 

by and l a r g e seems to have been ignored (again, there has been 

some research on the s t a b i l i t y of measures of infant-mother 

interaction, maternal involvement with infants and infant 

behaviours (for example, Beckwith, 1978; Lewis and Starr, 1978). 

There i s only a small number of studies concerned with cognitive 

tasks which have acknowledged the importance of the r e l i a b l i t y of 

measures, and i t i s these studies which are discussed next. 

Fenson, Sappir and Minner (1974) attempted to determine the 

within-session s t a b i l i t y of the measures of f i r s t fixation 

duration and t o t a l fixation time, from two fixed t r i a l habituation 
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procedures administered to one year old infants in the same 

session. I d e n t i c a l stimuli were used on the two tasks and 

correlations were calculated for each pair of equivalent t r i a l s 

across the two sessions* The correlations were higher for t o t a l 

fixation duration <r's ranging from .65 to .28, a l l of which were 

significant to at l e a s t the ,05 l e v e l ) than for f i r s t fixation 

duration (r's ranging from .54 to non significant .18). Fenson et 

a l . also examined the t e s t - r e t e s t r e l i a b i l i t i e s over a 3 week 

period. Again the measures of t o t a l fixation duration were 

generally higher for t o t a l fixation duration than for f i r s t 

fixation duration, although averaged across a l l stimuli shown on 

each session both measures had high r e l i a b i l i t i e s <r= .64 for 

f i r s t fixation duration, and .74 for t o t a l fixation duration). 

Fenson et a l . <1974) also examined the r e l i a b i l i t y across sessions 

of the amount of decrement in fixation over t r i a l s . Their measure 

of t h i s was t o t a l fixation time in the f i n a l two habituation 

t r i a l s subtracted from that exhibited i n the i n i t i a l two t r i a l s , 

divided by the t o t a l fixation time in the f i r s t two t r i a l s . This 

index was calculated separately for the measures of t o t a l fixation 

and f i r s t fixation duration but neither measure produced 

significant correlations across testing sessions. Hence no 

evidence was found to suggest that rate of habituati* on was 

r e l i a b l e over a 3 week period. 

Miller et a l . (1980) reported across-age r e l i a b i l i t i e s of the 

decrement r a t i o s to familiar stimuli, including ratios of both 

f i r s t and t o t a l fixation durations, from 2, 3 and 4 months to 27 
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and 51 months (see Miller's studies reviewed above) and found no 

relationships between these measures over these time periods. 

Pecheux and Lecuyer (1983) examined t e s t - r e t e s t r e l i a b i l i t y of 

habituation measures over a 1 week period in 4 month old infants. 

They adopted an infant control procedure and infants received 

either the same or different stimuli on each session. The stimuli 

used were geometric patterns, bulls-eyes and faces. The number of 

t r i a l s to reach c r i t e r i o n f a i l e d over a l l to emerge as a r e l i a b l e 

measure with the correlation from only one of the s i x stimulus 

combinations reaching significance, but when tot a l fixation time 

to c r i t e r i o n was used, then r e l i a b i l i t y across sessions was found 

<rs ranging from .48 to .70). 

Rose, Slater and Perry (1986) habituated 3 and 5 month old infants 

to a different stimulus on 3 occasions with a minimum of 24 hours 

between each testing session. An infant control procedure was 

again employed and habituation measures were taken from the 

measures of t r i a l s to cr i t e r i o n , f i r s t fixation and to t a l fixation 

duration. A reasonable degree of s t a b i l i t y was found for a l l 

measures and for both age groups: no one measure emerged as being 

any more or any l e s s r e l i a b l e than the others, although 

r e l i a b i l i t i e s between sessions 2 and 3 for a l l measures were 

higher than for those between sessions 1 and 2, or between 1 and 

3. 

Ove r a l l , these studies indicate that there i s some degree of 

r e l i a b i l i t y of habituation measures both across and within 
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sessions. The r e l i a b i l i t i e s seem to lie._ within measures 

r e f l e c t i n g quantitative measures of fixation (such as t o t a l 

fixation time and number of fixations) rather than more 

qual i t a t i v e measures such as rate of decline to the familiar, or 

recovery to the novel, stimulus. This i s solarising since the 

qual i t a t i v e measures have been assumed to be the best predictors. 

Further research i s c l e a r l y required to obtain a better 

understanding of what individual measures r e f l e c t . 

2.6 CONCLUSIONS AND THE AIMS OF THE THESIS 

Having presented the a v a i l a b l e data pertaining to the search for 

measures predictive of l a t e r i n t e l l e c t u a l a b i l i t y , i t i s . apparent 

that although in general the r e s u l t s are encouraging, i n that 

there are reports of significant correlations between measures in 

infancy and l a t e r i n t e l l e c t u a l behaviour, the f i e l d of research i s 

lacking the psychometric framework required i n order to offer any 

sound p r a c t i c a l or theoretical conclusions. 

The research reported i n t h i s thesis i s an attempt to increase our 

understanding of cognitive or i n t e l l e c t u a l performance i n infancy 

and to determine whether aspects of mental functioning are stable 

over a 15 month period. 

Two major assumptions were made. 
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F i r s t , i f a measure i s to be considered potentially predictive i t 

must show t e s t - r e t e s t and within-session r e l i a b i l i t y , unless i n 

the l a t t e r case there i s sufficient j u s t i f i c a t i o n for i t not to do 

so. Measures of learning for example, may not be expected to show 

r e l i a b i l i t y across sessions since i f infants l e a r n that a 

par t i c u l a r response produces a p a r t i c u l a r reinforcement on one 

session t h i s w i l l c l e a r l y affect performance on the task in any 

subsequent session. Similarly, measures of decline in fixation in 

an habituation procedure may not be expected to show s t a b i l i t y 

within sessions depending on the pattern of habituation displayed. 

Second, any relationship (correlation) between measures, either 

within or across age, implies some underlying a b i l i t y common to 

both measures. 

The specific aims of the thesis are as follows: 

1. To examine the within-session and t e s t - r e t e s t r e l i a b i l i t i e s of 

a number of measures i n infancy which can be thought to r e f l e c t 

cognitive or i n t e l l e c t u a l behaviour. A s e r i e s of tasks, including 

four which were administered i n the laboratory, and two in the 

home, were given twice to the same group of infants at 3, and 5 

months of age. 

2. To examine the inter-relationships of measures both within and 

across age. The within-age analyses might reve a l something of the 

nature of i n t e l l e c t u a l a b i l i t y i n infancy at each age. That i s , 

whether i n t e l l i g e n c e i s made up of general a b i l i t y (g) with many 
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infancy measures c o r r e l a t i n g with one another, or whether 

different types of a b i l i t y emerge, for example c l u s t e r s of re l a t e d 

measures. The comparison from 3 to 5 months might determine the 

extent to which the pattern of r e s u l t s from 3 months i s r e l i a b l e 

over t h i s 2 month period. 

3. To compare performance on the tasks at 3 and 5 months with 

performance on a different set of age-appropriate tasks at 9 

months. This should indicate whether any measures from 3 and or 5 

months r e f l e c t any aspects of performance on tasks i n l a t e r 

infancy. 

4. To determine how the measures obtained at 3, 5 and 9 months of 

age r e l a t e to performance on subscales from standard infant t e s t s 

and language tasks at 18 months. 

This program of research was undertaken in the hope that i t would 

cdd our understanding of e a r l y i n t e l l e c t u a l functioning, and the 

implications of the r e s u l t s for p r a c t i c a l and theoretical issues 

are discussed l a t e r . 

The next chapter i s concerned with the choice of tasks and p i l o t 

studies for the i n i t i a l phase of the investigation. 
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CHAPTER 3 

TASK SELECTION AND PILOT STUDIES 

3,1 INTRODUCTION 

This chapter i s concerned with the choice of tasks to be given to 

the infants at the 3 and 5 month testing ages, and the preliminary 

pilo t studies of these tasks. The choice of tasks for the 9 and 

18 month testing ages and the pilot studies are described i n l a t e r 

chapters. 

This chapter i s organised into 3 major sections. Sections 3.2 i s 

concerned with the choice of the tasks, the rationale and very 

brief d e t a i l s of the tasks themselves. F u l l d e t a i l s of a l l of the 

Pilot studies, the stimuli and procedures used are presented in 

sections 3.3 to 3.5. The laboratory based tasks requiring a 

v i s u a l response are presented i n sections 3.4, and C^jerant 

Conditioning and home based tasks i n sections 3.5. 
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3 ^ TASK SELECTION 

3 ^ 1 Introduction 

One of the conclusions to be reached from Chapter 2 was that a 

vast number of different types of task have been used as potential 

predictors, although as yet there are no cl e a r indications that 

some tasks are, or reasons why some tasks should be, better 

predictors than others. Issues such as these made the choice of 

tasks for use in t h i s research d i f f i c u l t . C l e a r l y not a l l 

potentially useful tasks could be employed due to a number of 

constraints, i n pa r t i c u l a r resources and time. 

Six tasks i n t o t a l were selected for t h i s study i n the hope that 

to some degree each could be considered to r e f l e c t some different 

aspectCs) of mental functioning i n infancy and therefore also 

constitute potential predictors. Further, since within testing 

sessions infants were required to perform a la r g e number of tasks, 

effort was also made to vary the tasks i n terms of the nature of 

the stimulation and response, i n order to obtain as much data from 

each infant as possible. Nevertheless, many of the tasks required 

v i s u a l responses from the infants to various types of stimuli. 

The reasons for selecting the tasks are discussed i n the following 

sections. Each study was also included in a set of pilot studies 

and these studies, the r e s u l t s , and any resu l t a n t changes made to 
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the experimental design as a consequence of these pilo t studies, 

are also described in t h i s chapter. The tasks selected are 

discussed next under the following headings: Visual [References; 

Visual Habituation; Concept Acquisition; Audio-Visual Integration; 

Operant Conditioning; Differential Vocal Responsiveness; and 

Attention to a Novel Toy. 

3.2^ Visual Preferences 

As outlined i n the Chapter 2, the possibUity that the v i s u a l 

preference technique provides measures potentially indicative of 

l a t e r i n t e l l e c t u a l a b i l i t y , comes from two l i n e s of evidence: 

f i r s t , from reported age differences in the s o r t s of stimuli for 

which infants show preferences; and second from studies which 

compare different subject samples. 

Studies r e l a t i n g to these two l i n e s of evidence have been 

discussed i n Chapter 2. I n sum, the implication i s that the 

extent to which individual infants show a v i s u a l preference for 

certai n stimulus types over others at p a r t i c u l a r ages may provide 

some indication of how cognitively advanced they are, and 

therefore may predict l a t e r i n t e l l e c t u a l a b i l i t y . 

A v i s u a l preference task was included in t h i s research. Four 

pairs of stimuli were used in a l l , one consisted of a 

stripe-bullseye comparison, and the other 3 pairs were each made 

up of a two element and a six element stimulus. Size was held 

constant within stimulus pairs and varied across stimulus pairs. 
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This design was adopted as i t forced a v i s u a l preference of number 

of elements (large or small) across s t i m u l i of different sizes, 

and therefore the o v e r a l l extent of number preference should not 

be a t t r i b u t a b l e to differences i n preference for size. 

3,2.3 Visual Habituation 

The v i s u a l habituation paradigm and I t s potenticil for producing 

possible predictive measures has been discussed i n chapter 2, and 

w i l l only b r i e f l y be mentioned here. Essen t i a l l y , differences i n 

the rates or amounts of habituation and subsequent recovery have 

been considered to r e f l e c t measures of individual processing 

rates. 

The two paradigms which are commonly employed to determine 

habituation r a t e s and recovery measures of individual infants have 

also been described i n Chapter 2. H i s t o r i c a l l y , the fixed t r i a l 

procedure was the f i r s t of these paradigms to be developed. The 

infant control procedure was described by Horowitz, Padan, Bhana 

and Self (1972). Horowitz et a l . claimed that the infant control 

procedure was a more successful technique since data from fewer 

infants had to be eliminated due to infant fussing. 

When vi s u a l habituation testing f i r s t commenced in the Plymouth 

laboratory a number of 3 month old infants were administered an 

habituation task employing the infant control procedure. In many 

cases however, t h i s was not successful since infants often gave 

very brief looks at the beginning of the habituation sequence. 
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thus making i t d i f f i c u l t for them to reach c r i t e r i o n thereafter. 

This problem of short i n i t i a l fixation times has also been 

reported by Caron and Caron (1981). They attempted to a l l e v i a t e 

the problem by allowing infants to reach one of two c r i t e r i a of 

habituation. The f i r s t of these was the usual one of r e l a t i v e 

decrease i n fixation from the i n i t i a l fixation time, and the 

second was that infants were judged to have habituated i f they 

exhibited 8 seconds or l e s s of t o t a l fixation time on 3 successive 

t r i a l s from the fourth t r i a l on. However, t h i s method would be of 

l i t t l e use when individual differences are of i n t e r e s t since 

measures of decline in fixation are hardly comparable across 

infants who have reached different c r i t e r i a . For the purpose of 

t h i s research then, the fixed t r i a l procedure was adopted, as 

indeed i t was for many of the predictive studies (including the 

studies by Miller and co-workers, and Lewis and Brooks-Gunn, 198 B 

as reviewed in Chapter 2. 

E)±fferent stimulus s e t s were used on each of two testing sessions, 

although the nature of the stimuli (black and white patterns and 

photographs) remained the same within sessions. Different 

stimulus s e t s were used across sessions because i f habituation 

measures are useful for prediction, then performance should be 

consistent not only across sessions, but also across different 

stimulus types. A l l of the infants' fixations towards each 

stimulus were recorded. 
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3.2«4 Concept Acquisition 

As discussed i n Chapter 2 preverbal concept acquisition i s 

t y p i c a l l y investigated through the use of habituation procedures. 

Caron and Caron (198D have suggested that infants' a b i l i t y to 

process r e l a t i o n a l information i s c e n t r a l to other disciplines: 

memory, perception, psycholinguistics, comprehension and so on. 

Gibson (1979) claimed that a l l perceptual development i s a 

hie r a r c h i c a l progression from the detection of isolated features 

to invariant configurations of features defining individual 

objects i n event contexts. Also, the connection between language 

development and concept formation i s considered to be important; 

Brown (1973) and Nelson (1977) for instance, have pointed out that 

i n i t i a l l y children tend to name categories and therefore must be 

able to perceive equivalences between instances on a 

non-linguistic basis. 

I n sum, the l i t e r a t u r e provides a suggestion that the extent to 

which infants are able to acquire concepts may be indicative of 

some form of i n t e l l e c t u a l growth. A concept acquisition task was 

therefore included i n t h i s research and, as for the v i s u a l 

habituation task, a fixed t r i a l procedure was adopted. 

Again different stimulus s e t s on each testing session were used. 

A l l the stimuli in t h i s task were made up of black and white 

patterns. A l l of the looking responses of the infant were 

recorded. 
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3.23 Audio-Visual Integration 

This task i s subsumed within the notion of cross-modal 

integration. The extent to which infants can co-ordinate 

information across modalities i s important for our understanding 

of how infants experience their environment. 

Spelke (1979), and Spelke and Owlsey (1979), have investigated 

infants' a b i l i t i e s i n t h i s respect, and have shown consistently 

that 4 month old infants prefer to watch a film which corresponds 

to concurrent auditory stimulation, as opposed to a film not 

concordant with sound stimulation. Spelke (1979) suggested that 

infants were demonstrating t h i s behaviour in one of two possible 

ways: f i r s t , that they were detecting certain familiar objects by 

looking and li s t e n i n g (for example, infants may have seen and 

heard a •patta-cake' sequence and hence have learned the 

association between sound and sight i n t h i s p a r t i c u l a r event), or 

second, that infants are able to detect the common temporal 

s t r u c t u r e of the optic and acoustic stimulation, without being 

dependent on specific prior experience. 

I n an attempt to distinguish which of these two p o s s i b i l i t i e s was 

causing the preference for the integrated stimulus, Spelke 

conducted a s e r i e s of experiments which involved presenting two 

similar events simultaneously which differed in tempo, and were 

played out of synchrony from one another, along with the sound 

track corresponding to only one of the events. Results indicated 
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that o v e r a l l infants fixated the event which was integrated with 

the sound track. This led Spelke (1979) to conclude that infants 

E i r e able to detect the common temporal s t r u c t u r e of v i s u a l and 

auditory events rather than merely having learned the association 

between sound and a pa r t i c u l a r event. 

Spelke (1979), has further suggested that mature perceivers are 

the most apt to acquire intermodal knowledge, i f they seek and 

attend to s e v e r a l stimulus modalities at once. Infants of the 

same age may vary in their capablity of attending to events and 

objects i n more than one modality and hence, individual 

differences in t h i s respect may r e f l e c t differences in cognitive 

and / or perceptual advancement. A task which assessed the 

infants' a b i l i t y to integrate an auditory and v i s u a l event was 

hence included i n t h i s research. 

Two identical events were presented to the infant on video along 

with a sound track corresponding to one of these events. 

Different events were used on each of two tes t i n g sessions. On 

the f i r s t testing session the filmed event was a drum being 

banged, and on the second session a film of a hand-clap was used. 

Infants' fixations were recorded throughout and the event fixated 

most was considered the preferred stimulus. 

3.2.6 Operant Conditioning 

Measures of learning have not, to the author's knowledge, 

previously been used i n predictive studies from infancy. In fact, 

speed of learning has been reported to be unrelated to 
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i n t e l l i g e n c e for both s l i g h t l y retarded and normal human beings 

(see Estes, 1982). 

Estes points out that learning can be associated with acquiring 

information concerning relationships between situations and 

actions and their outcomes (as opposed merely to repeating a 

reinforced response). I n other words learning occurs by 

observation rather than by reinforcement. However for learning to 

occur at either of these l e v e l s , (ie. on the one hand an 

understanding of relationships between situations and thei r 

outcomes, and on the other, a repetition of a previously rewarded 

response) adaptive behaviour depends to some degree on the 

acquisition of information r e l a t i n g to the relationship between 

actions and outcomes. What may differ between these two l e v e l s i s 

the l e v e l of processing involved, with higher order processes more 

necessary for the former than for the l a t t e r l e v e l . Furthermore, 

since throughout e a r l y l i f e infants must acquire an understanding 

of the relationship between specific environmental events and 

pa r t i c u l a r reponses and their consequences ( Rovee-Collier and 

Fagen 1980), then the a b i l i t y to achieve t h i s may r e l a t e to 

aspects of l a t e r i n t e l l e c t u a l performance. 

Rovee-Collier and her co-workers (Rovee-Collier and Fagen, 1980) 

have developed a simple yet effective technique for studying 

operant conditioning i n infancy. E s s e n t i a l l y , infants, learn to 

produce movement of a mobile (the reinforcement) situated above 

them, by means of foot-kicks. 
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The procedure they adopt i s a conjugate reinforcement schedule and 

d i f f e r s from other reinforcement procedures i n a number of ways. 

For instance, in the conjugate reinforcement schedule, the rate or 

amplitude of a response d i r e c t l y determines the intensity of i t s 

consequences; every response produces a reinforcer and 

reinforcement i s continually a v a i l a b l e without disruption or 

delay. This procedure has been found to work e f f e c t i v e l y with 

infants aged from about 6 weeks, with infants showing rapid and 

sustained increases i n kick rate during reinforcement, and a 

gradual decrease in responding in the extinction phase 

(Rovee-Collier and Gekoski, 1979). 

Furthermore, Rovee-Collier and Gekoski (1979) suggest that since 

infants often fixate the mobile, then execute a highly precise 

response, then fixate the mobile b r i e f l y before turning to examine 

other aspects of their environment, even though the mobile i s 

s t i l l moving, then i t seems that the reinforcement i s not the 

mobile movement per se, but rather the control which infants have 

gained over the i r environment. Also Rovee-Collier, Morrongiello, 

Aron and Kupersmidt (1978) have demonstrated topographical 

response differentiation i n infants when the 'reinforcing' l e g i s 

changed throughout a session. Although i t remains debatable as to 

whether performance does require higher order processes (which 

according to Estes are more l i k e l y to be related to i n t e l l e c t u a l 

performance), these l i n e s of evidence do tend to suggest that 

infants acquire a detailed understanding of the learning 

situation, and -hence the task was included in t h i s study. 
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A conjugate reinforcement paradigm was adopted for t h i s research, 

similar i n design t o that developed by Roveer-Collier and 

co-workers. A basal measure of kicking rate was taken i n i t i a l l y , 

then infant foot-kicks produced movement of an over-head mobile, 

and f i n a l l y , an extinction phase was administered. From t h i s task 

various measures of learning were taken, the de t a i l s of which are 

presented i n the Pilot Studies section. 

3^7 D i f f e r e n t i a l Vocal Responsiveness (DVR) 

The DVR measure and the extent to which i t has been found t o be 

predictive of l a t e r verbal a b i l i t y at least i n a small male sample 

(Roe, 1978; Roe and McClure, 1981) was discussed i n Chapter 2. I n 

view of the high correlations from the DVR measure reported, the 

task was included i n t h i s research program and the procedure 

adopted was identical t o that used by Roe. 

3^8 Attention t o a Novel Toy 

This task as employed i n t h i s research program has not, t o the 

knowledge of the author, been adopted elsewhere f o r t h i s type of 

research. Essentially t h i s task involved presenting a b r i g h t l y 

coloured 3-dimensional object to the infant i n the home and 

taking measures of the time spent f i x a t i n g the object and the 

number of fixations produced (for details see Method section). 

The purpose of including t h i s task was t o assess measures of 

fixation towards novel objects i n an environment which was 

familiar to the infant. The fact that t h i s task was administered 
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i n the home also acts as a con t r o l for the p o s s i b i l i t y that some 

infants may be affected more by a change i n environment than* 

others, and hence t h i s task may provide a Vrleaner* measure of 

attention patterns than the laboratory based tasks. 
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3.3 PILOT STUDIES 

3^.1 Introduction 

Each of the tasks selected for use i n t h i s research was i n i t i a l l y 

Included i n a series of p i l o t studies. There were three major 

purposes of these preliminary studies. The f i r s t was to overcome 

any teething' d i f f i c u l t i e s l i k e l y t o arise i n the major 

experimental phase of t h i s work. These included familiarisation 

of the experimenter with equipment, designs, computing operations 

and procedures involved with the running of the experiments, as 

w e l l as establishing rapport with both mothers and infants acting 

as subjects and gaining awareness of d i f f e r e n t infant states. 

The second purpose of the p i l o t studies was to ensure that the 

measures derived from each task produce Vcu:iation i n scores 

between individuals. For a measure t o be p o t e n t i a l l y predictive, 

i t must produce a range of scores over subjects. 

Third and f i n a l l y , i n the case of the four laboratory based tasks 

which measured aspects of looking behaviour i n infants (ie. Visual 

Preferences, Visual Habituation, Concept Acquisition and 

Audio-Visual Integration), the p i l o t studies were also used to 

determine whether any of the measures taken from the tasks showed 

test-rete s t r e l i a b i l i t y (or, across d i f f e r e n t stimulus types, 

equivalent form r e l i a b i l i t y ) , and hence constitute p o t e n t i a l l y 
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predictive measures. Further discussion of the types of 

r e l i a b i l i t i e s taken from measures i s presented i n Chapter 4. 

The remaining tasks were not piloted f o r test-re t e s t r e l i a b i l i t y . 

I n the case of the Operant Conditioning task, lack of r e l i a b i l i t y 

would be d i f f i c u l t to i n t e r p r e t since the effects of learning a 

pa r t i c u l a r response i n session one i s l i k e l y to affect performance 

on session two. The way i n which performance i s l i k e l y to be 

affected however i s somewhat unclear; Rovee-Collier and Fagen 

(1980) suggest that memory can be assessed by comparing the number 

of kicks i n the extinction phase of the f i r s t session with the 

number recorded i n the base-rate phase of session two. I f the 

number of kicks i n both of these periods i s high then the infant 

supposedly has a good memory fo r the kicking response and the 

reinforcement associated with i t . However, what exactly the 

infant has remembered about the i n i t i a l learning phase i s 

d i f f i c u l t t o establish. For instance, i f the infant learns that 

the foot-kicks produce an in t e r e s t i n g response, then infants who 

show a high kicking rate at the s t a r t of the second session may be 

considered t o have good memories. On the other hand, although 

infants may remember the response, they may also remember that at 

either the beginning cind / or the end of the session, no 

reinforcement occurred, and i f t h i s i s the case then one should 

not assume that a low kicking rate at the s t a r t of session 2 f a i l s 

t o r e f l e c t memory. 

The D i f f e r e n t i a l Vocal Responsiveness task i s also d i f f i c u l t to 

assess i n terms of test-re t e s t r e l i a b i l i t y . A stranger on session 
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one i s a l i t t l e less strange on session 2, especially when other 

interactions with the 'stranger' have occurred i n between times. 

I f no r e l i a b l e measures emerge from t h i s task, therefore, one 

would not be j u s t i f i e d i n eliminating i t . The DVR task was 

therefore practiced on several single occasions during the p i l o t 

studies, although r e l i a b i l i t i e s of the measures were examined i n 

the major longitudinal study. Finally, the Attention t o the Novel 

Toy task was also practised during the p i l o t studies with 

r e l i a b i l i t i e s being established i n the major study. 

The remainder of t h i s chapter i s concerned with d e t a i l s of each 

p i l o t study, analyses, and discussion of the tasks, beginning with 

those laboratory tasks for which r e l i a b i l i t i e s were examined 

(sections 3.4), followed by the. Operant Conditioning and 

home-based tasks (sections 3.5). 

3.3J2 Subjects 

A t o t a l of 32 infants were recruited through advertisments i n 

lo c a l health c l i n i c s and the lo c a l media. A l l the infants were 

white, f u l l - t e r m and had no known mental or physical health 

defects. A l l came from middle-class families. Sixteen were male 

and sixteen were female, eighteen were f i r s t - b o r n infants with the 

remainder having between 1 and 3 s i b l i n g s l i v i n g at home. 

A l l infants at the time of testing were within one week of t h e i r 3 

month 'birthday'. I n the case of Visual Preferences, Visual 

Habituation, Concept Acquisition and Audio-Visual Integration, 
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testing continued u n t i l a t o t a l of 12 infants had completed each 

task on two occasions separated by a minimum of 24 hours and a 

maximum of one week- The remaining tasks were pi l o t e d with 6 of 

these infants on one session only. 

3.4 PILOT STUDIES: VISUAL-BASED LABORATORY TASKS - Visual 

E^references, Visual Habituation, Concept Acquisition and 

Audio-Visual Integration* 

3.4.1 Design 

Each Infant was brought to the laboratory at Plymouth Polytechnic 

by the mother on two occasions. The mother was encouraged t o 

choose, where possible, times between feeds and when the infant 

was t y p i c a l l y awake. Transport t o and from the laboratory, by 

taxi , was provided and paid for by the Polytechnic, or p e t r o l 

money refunded and parking f a c i l i t i e s arranged f o r those mothers 

pre f e r r i n g t o use t h e i r own cars. 

On each v i s i t the 4 tasks were administered to infants i n a fixed 
order of presentation: 

A) Visual Preferences 

B) Visual Habituation 

C) Concept Acquisition 

D) Audio-Visual Integration 
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A fixed order of testing was adopted because of possible order or 

fatigue effects influencing performance on individual tasks. I f 

the ordering of tasks was counter-balanced or randomised across 

sessions for individual infants then f a i l u r e to f i n d across 

session r e l i a b i l i t y may be due to fatigue effects. On the other 

hand, i f a l l tasks are administered i n the same order f o r a l l 

infants on each testing session then presumably effects i n the 

data r e s u l t i n g from ordering factors w i l l be closely approximated 

for a l l infants. 

I n the case of f a i l u r e to complete a given task, due to fussing, 

sleepiness, intervention by the mother, or f a i l u r e t o respond, the 

task was removed and the next one i n sequence attempted i f the 

infant returned t o a suitable state. Details of the number of 

infants f a i l i n g to complete any given task, and the reasons, are 

presented i n the Results sections. I n the event of an infant i n 

any session f a i l i n g to .complete any of the tasks, an alt e r n a t i v e 

appointment was arranged with the mother. This occurred on 3 

occasions during the p i l o t studies. 

3«4»2 Apparatus 

For the Visual Preference, Visual Habituation, Concept Acquisition 

and Audio-Visual Integration tasks, the infant was seated i n a 

commercially bought infant chair, r e c l i n i n g at an angle of 45 

degrees. The chair was secured by c l i p s i n a viewing chamber, 

such that the infant faced a metre square screen at a distance of 

about 60 cm. The remainder of the chamber consisted of a wooden 
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base, surrounded on each side and above the screen by brown cotton 

curtains, which also extended behind the infants head. This 

apparatus i s shown i n diagrammatic form i n Figure 3:1 and a 

photograph of an infant being tested i n t h i s apparatus i s 

presented i n Figure 3:2. 

Fixation patterns by the infant towards the s t i m u l i were recorded 

by an E (the author), who observed the infant through a small hole 

(1 cm. square) situated at the side of the projection screen. 

Recordings were made via buttons on a hand-held device, which was 

interfaced t o an Apple I I computer. For each task the computer 

indicated with a br i e f tone when the c r i t e r i o n for a stimulus 

change was met (see Method section). I n addition a video camera 

was fixed above and behind the viewing screen which allowed 

recording of a l l the infants' fixation patterns, via a Beetamax 

video recorder. 

For the Visual Preference, Visual Habituation and Concept 

Acquisition tasks, a Kodak carousel slide projector was used t o 

back-project the s t i m u l i onto the screen. The projector was 

situated on a small wooden table behind the screen. Each 

projected stimulus measured 10 by 13.5 cm. and the mid-point of 

each stimulus was l e v e l with the infant's eyes (see Method 

section). For the purpose of i l l u s t r a t i o n Figure 3:2 shows an 

infant i n the chamber, being given the visual preference task. 

I n the Audio-Visual Integration task a small wooden table, 

supporting two 10 inch black and white Sony monitors, was placed 
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FIGURE 3:2 THE INFANT HABITUATION CHAMBER 

The photograph shows an i n f a n t being given the Visual Preference task 

i n the h a b i t u a t i o n t e s t i n g chamber. 

l l 
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i n f r o n t of the viewing screen. The monitors were placed side by 

side and the infant chair was repositioned such that the infant 

was situated at approximately 70 cm. from the monitors. The 

videos were presented simultaneously (see Stimuli section) and 

were played through two portable Panasonic recorders which were 

situated beneath the chamber. Each monitor had esur-plug leads 

connected which, via a manually co n t r o l l e d switch fixed behind the 

screen, allowed the sound track from either video t o be presented 

through a single speaker. The speaker was also placed behind the 

screen i n a ce n t r a l position, so that auditory localising cues 

were identical for each screen. The i n t e n s i t y of the sound track, 

as measured from the position of the infant, was approximately 65 

dba. For i l l u s t r a t i o n Figure 3:3 shows an infant being given t h i s 

task. 

3.4.3 Procedure 

When mother and infant a r r i v e d i n the laboratory, E i n i t i a l l y 

engaged the mother i n informal conversation accompanied with 

refreshments. Following t h i s , E explained f u l l y t o the mother the 

aims of the research and details of the te s t i n g procedures. The 

mother was asked t o remain as quiet as possible throughout te s t i n g 

periods. E also interacted with the infant, u n t i l the infant 

appeared t o be i n a quiet and a l e r t state, at which point the 

infant was placed i n the infant chair i n the testing chamber. The 

mother remained seated i n the laboratory and observed her infant 

throughout on the Beetamax moniter, but during the testing session 

the infcint could not see his / her mother. Throughout testing, 
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FIGURE 3:3 THE AUDIO-VISUAL INTEGRATION TASK 

The photograph shows an i n f a n t being given the Audio-Visual 

I n t e g r a t i o n task. 

119 



the room was kept at a low l e v e l of illumination, by means of a 

small "angle-poise' lamp situated behind the infant i n the 

habituation chamber. 

Before any testing procedures began, the infant was presented with 

a neutral grey stimulus on the screen, and when the infant fixated 

t h i s and seemed s e t t l e d i n his new surroundings, the curtain was 

drawn and tes t i n g began. 

Between tasks the infant, i f content, was l e f t i n the chamber with 

the curtain open, whilst the E prepared the equipment for the next 

task. This usually took no more than between 1 and 2 minutes. 

However, pr i o r t o the Audio-Visual Integration task, the infant 

was always removed from the chamber i n order f o r the teible and 

moniters t o be positioned i n f r o n t of the screen. 

I f the infant f r e t t e d between tasks, he / she was removed from the 

chamber and testing continued when the infant was again i n a quiet 

and a l e r t state. 

3.4.3.1 Visual [References 

Infants were presented pairs of s t i m u l i by means of 

back-projection on t o a screen. The screen and the testing 

chamber are described i n the Apparatus section and i l l u s t r a t e d i n 

Figures 3:1 and 3:2. 

Infants were presented with 4 stimulus pairs, and each pair was 
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presented twice over a t o t a l of 8 t r i a l s . The l e f t - r i g h t 

position of each stimulus within each pair was reversed over the 

two presentations i n order to control for both positional 

preferences on the part of the infant, and scoring bias on the 

part of the E, due t o her being situated t o one side of the 

infant. The 4 stimulus pairs used are shown i n Figure 3:4. The 

stripes and bullseye were both presented as black elements on a . 

white background, and the projected size of each was 10 x 13.5 cm. 

They were presented symmetrically to either side of the mid point 

of the screen and the distance between them was 20 cm (measured 

from the nearer edges of the two stimuli). 

The remaining 3 pairs of s t i m u l i were, 2 small squares paired with 

6 small squares, 2 medium squares with 6 medium squares, and 2 

Icurge squares paired with 6 large squares. The projected size of 

these squares was: small 1.5 cm.; medium 2.5 cm.; and large 3.5 

cm. When projected they were white squares on a black back-ground 

(the reverse of that shown i n Figure 3:4). 

For the second testing session a l l the slides were rotated 90 

degrees so that the horizontal lines became v e r t i c a l and the 

pattern of the bulls-eye changed, and the columns of squares 

presented i n session 1, became rows i n session 2. 

Each stimulus pair was presented u n t i l a cumulative t o t a l of 10 

seconds of f i x a t i o n time towards the s t i m u l i (either t o one or t o 

a combination of both) had been recorded. The next pair of 

s t i m u l i were then presented, the i n t e r - t r i a l i n t e r v a l consisted of 
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FIGURE 5:4 STIP^ULI USED FOR THE VISUAL PREFERENCE TASK 

The photograph shows each o f the f o u r p a i r s o f s t i m u l i presented i n 

the task. 
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a slide change, and was approximately 1.5 seconds duration. 

The order of presentation of the pairs of slides was selected 

i n i t i a l l y at random, and maintained over a l l testing sessions. 

The sequence was as follows: 

Right of midline 

6 small squares 
2 medium squares 
bulls-eye 
6 large squares 
6 medium squares 
stripes 
2 large squares 
2 small squares 

Left of midline 

2 small squares 
6 medium squares 
stripes 
2 large squares 
2 medium squares 
bulls-eye 
6 large squares 
6 small squares 

3.4.3^ Visual Habituation 

I n t h i s task infants were presented with single s t i m u l i 

back-projected onto the screen (see apparatus section). Eight 

t r i a l s were presented i n a l l , each f o r a period of 30 seconds 

(timed by the computer program) which commenced when the infant 

was f i r s t judged t o have fixated the stimulus. The f i r s t 6 t r i a l s 

were repeated presentations of the same f a m i l i a r ' stimulus whilst 

t r i a l s 7 and 8 consisted of a di f f e r e n t or novel stimulus. On 

session 1 the s t i m u l i consisted of black and white shapes made up 

of both an i n t e r n a l and external element both of which changed 

from familiar t o novel t r i a l s . On session two the s t i m u l i 

consisted of complex black and white photographs, the familiar one 

of a building and the novel, one a car. The i n t e r - t r i a l i n t e r v a l 
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consisted of a slide change of approximately hS seconds duration. 

The projected size of the stimuli was 10 x 13^ cm. and each 

subtended an angle of approximately 9.5 degrees from the 

infants'eyes. The stimuli are shown in Figure 3:5. The infants' 

fixations throughout the task were recorded. 

3.4.3.3 Concept Acquisition 

Infants were presented, again by means of back projection, a total 

of 10 single stimuli. The f i r s t 8 of these constituted a series 

of exemplars of a concept, while stimuli 9 and 10 represented 

non-concept exemplars. Each stimulus was presented for a 30 

second period which commenced when the infant f i r s t fixated the 

stimulus. I n t e r - t r i a l interval again consisted of a slide change 

(approximately L5 seconds in duration) and infants' fixations 

throughout the task were recorded. 

The stimuli used in this task are shown in Figure 3:6. A l l were 

presented as black figures on white backgrounds, had an overall 

projected size of 10 x 13.5 cm. and subtended an angle of 9.5 

degrees from the infant's eyes. 

The stimulus set employed on the f i r s t testing session was made up 

of a series of 10 slides, 8 of which represented schematic faces, 

each identical in every respect except for the shape of the eyes 

and nose of the figure. The remaining 2 slides of this set were 

made up of the same number and type of elements as the faces but 

were arranged in a npn-fadal symmetrical arrangement. 
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FIGURE 3:5 STIMULI USED FOR THE VISUAL HABITUATION TASK 
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FIGURE 3:6 STIMULI USED FOR THE CONCEPT ACQUISITION TASK 

SESSION 1 

f a m i l i a r concept exemplars 

0 

novel non-concept exemplars 
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FIGURE 3:6 (continued) 
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Of the set of stimuli used on session 2, eight were made up of 16 

identical shapes forming a rectangular arrangement with the 

remaining two (ie. the novel stimuli) made up of 16 elements 

arranged in a novel circular pattern. 

3.4.3«4 Audio-Visual Integration 

In this task infants were presented with two simultaneous video 
displays. 

On the f i r s t testing session the films consisted of a hand banging 

a drum by means of a drum stick, at an approximate rate of 1 beat 

every 1^ seconds. On the second testing session the films 

consisted of a hand clap also at a rate of approximately 1 clap 

every 1,5 seconds. Two copies were made of each video, and each 

lasted for about 2 minutes and 10 seconds. When presented to the 

infant, the two videos were started with a difference of about .7 

of a second between them. This had the effect of them being out 

of synchrony with each other, such that as the drum stick on one 

came into contact with the drum, the stick on the other was high 

in the air, and similarly as the hands met for the clap on one 

video they were far apart on the other. 

The duration of the display on each testing session was exactly 2 

minutes, and this period was divided into four consecutive 30 

second periods. Throughout the presentation, the sound track 

synchronised with one of the videos could be heard, this was 
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counter-balanced across the two videos using an 'ABBA' design over 

the four 30 second periods. In the f i r s t 30 second period, the 

sound was synchronised with the video on the left, then with the 

stimulus on the right for the following two periods, and in the 

final period the sound was synchronised with the video on the 

left. 

On session 1 a l l infants viewed the drum beat and on session 2 a l l 

viewed the hand clap. Throughout this task infants' fixations to 

the videos were recorded. 

3«4.4 Measures 

A large number of measures can be extracted from each of the tasks 

chosen for this study, and the literature to date offers no clear 

indication as to which measures w i l l be the most useful for 

predictive research. Hence, a variety of measures was taken from 

each task. These included measures reflecting qualitative aspects 

of performance, for example, the amount of time spent fixating the 

bulls-eye or greater number of elements in the Visual Preference 

task, the amount of habituation and extent of recovery shown in 

the Visual Habituation and Concept Acquisition tasks, and time 

spent fixating the integrated video in the Audio-Visual 

Integration task; whilst other measures reflected quantitative 

measures of performance. These included measures such as the 

total amount of time spent fixating stimuli, the total number of 

fixations towards stimuli, mean fixation length and so on. From 

previous research, one assumes that the shorter fixation durations 
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are exhibited by the 'TDrighter" infants. 

I t i s important to point out that a l l of these measures are not 

necessarily independent of each other. For example, mean fixation 

length i s determined by measures of total fixation duration and 

number of fixations. This i s important when interpretation of the 

data i s considered, and this point will be raised in later 

sections where appropriate. 

The measures extracted from each of the four tasks was as follows: 

3.4.4.1 Visual Preferences 

1. Percentage fixation to greater number of elements. 

2. Percentage fixation to the bullseye. 

3. Percentage fixation to the stimulus on the left of the infant's 

midline. 

4. Total number of fixations: this was a measure of the total 

number of individual fixations made by an infant throughout the 

task. 

5. Sangle longest fixation: the longest individual fixation 

recorded throughout the task (this measure had a maximum value of 

10 seconds). 
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6. Mean longest fixation: the mean of the longest individual 

fixation in each of the 8 t r i a l s . 

7. First fixation duration: this measure was the length of the 

very f i r s t fixation on t r i a l 1. This measure had a maximum value 

of 10 seconds. (Since the stimulus on each t r i a l was removed 

after 10 seconds of looking, i t was not possible for the infant to 

look for longer than this.) 

8. Total number of looks across from one stimulus to another: the 

number of occasions that the infant looked across from one of the 

stimuli to the other without in between directing attention away 

from the stimuli. 

9. Mean completion time: this Wcis determined by summing the time 

taken to complete the required 10 seconds of fixation time on each 

t r i a l and dividing this by the number of t r i a l s . 

3.4.4.2 Visual Habituation 

A number of these measures, which are starred *, were calculated 

separately for familiar and novel t r i a l s . 

1, Total fixation duration *: this was the total time throughout 

the task that infants spent fixating the stimuli. (The measure 

had maximum value of 240 seconds.) 

2. Total number of fixations *: this was the total number of 
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separate fixations made to the stimuli throughout the task. 

3. Mean fixation length *: the total fixation duration was divided 

by the total number of fixations throughout the task. 

4. Longest fixation duration *: the longest individual look 

elicited throughout the task. (Maximum value of 30 seconds.) 

5. Mean longest fixation per t r i a l *: the mean of the longest 

individual fixation in each of the 8 t r i a l s . 

6. Firs t fixation duration: the length of the very f i r s t fixation 

on t r i a l 1. (Maximum value of 30 seconds.) 

7. Mean latency to fixate *: this was a measure of the length of 

time between the onset of the stimulus and the infant's f i r s t 

fixation towards the stimulus. The time was summed over each 

t r i a l and divided by the number of t r i a l s . 

8. The percentage change in fixation over presentations of the 

familiar stimulus: the amount of fixation time elicited on t r i a l 6 

was compared to that on t r i a l 1 and the figure taken as a 

percentage increase or decrease. 

9. The percentage change in fixation from the familiar to the 
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novel t r i a l s : the percentage difference (increase or decrease) 

from fixation time on t r i a l 6 to the mean fixation time over 

t r i a l s 7 and 8. 

3.4.4.3 Concept Acquisition 

As for the visual habituation task, a number of these measures 

which are starred *, were also calculated separately for novel and 

famliar t r i a l s . 

1. Total fixation duration *: this was the total time throughout 

the task that infants spent fixating the stimuli. (The measure 

had maximum value of 300 seconds.) 

2. Total number of fixations *: this was the total number of 

separate fixations made to the stimuli throughout the task. 

3. Mean fixation length *: the total fixation duration was divided 

by the total number of fixations throughout the task. 

4. Longest fixation duration *: the longest individual look 

elicited throughout the task. (Maximum value of 30 seconds.) 

5. Mean longest fixation per t r i a l *: the mean of the longest 

individual fixation in each of the 10 tr i a l s . 
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6. First fixation duration: the length of the very f i r s t fixation 

on t r i a l 1. (Maximum value of 30 seconds.) 

7. Mean latency to fixate *: this was a measure of the length of 

time between the onset of the stimulus and the infant's f i r s t 

fixation towards the stimulus. The time was summed over each 

t r i a l and divided by the number of tr i a l s , 

8. The percentage change in fixation towards the familiar concept 

exemplars: the amount of fixation time elicited on t r i a l 8 was 

compared to that on t r i a l 1 and the figure taken as a percentage 

Increase or decrease. 

9. The percentage change in fixation time from the concept 

exemplars to the novel non-concept exemplars: the percentage 

difference (increase or decrease) from fixation time on t r i a l 6 to 

the mean fixation time over t r i a l s 7 and 8. 

3.4.4.4 Audio-Visual Integration 

1. Percentage fixation time to the synchronised video. 

2. Percentage fixation time to the video on the left of the 

infant's midline. 

3. Total fixation time: the total time throughout the task that 

the infant fixated the videos (maximum value of 120 seconds). 
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4. Total number of fixations: the total number of separate 

fixations throughout the task. 

5. Mean fixation length: the total fixation time divided by the 

total number of fixations. 

6. Longest fixation duration: the longest single fixation elicited 

throughout the whole task (maximum value of 30 seconds). 

7. Mean longest fixation duration: the longest single fixation for 

each 30 second period was summed over the four periods and the 

total was divided by 4. ' 

8. Total number of looks across from one video to the other: the 

number of occasions the infant fixated one video followed directly 

by the other, without the infant fixating elsewhere in between the 

two fixations. 

9. Firs t fixation duration: the length of the f i r s t fixation 

elicited in the task (maximum value of 30 seconds). 

3.4.5 Test-Retest Reliabilities 

For a l l tasks, test-retest reliabilities of measures were 

determined by correlating the performance on the f i r s t testing 

session with performance on the second testing session. A l l of 

the correlations were 1-tailed Pearson's. Pearson correlation 
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coefficients were used since this takes into account the variance 

between measures, as well as the degree of concordance in the 

ranks of the measures, over the two sessions. 1-tailed tests were 

used since only positive correlations can be meaningfully 

interpreted for the purpose of predictive studies. However, the 

extent to which correlation i s significant i s not as important as 

the magnitude of the correlation itself, when the reliability of 

measures is of interest. With a large sample size, a test-retest 

correlation in the region of .3 may reach significance, although 

an r of this magnitude hardly suggests a measure i s reliable. 

This point i s raised further in Chapter 4 and later sections where 

appropriate. 

3.4.6 Split-Half Reliabilities 

For these four tasks the split-half reliabilities for each measure 

(where appropriate) were obtained for each testing session. Again 

1-tailed Pearson correlations were used. I t i s necessary here to 

describe the way in which these measures were calculated for each 

task. 

3.4.6.1 Visual Preferences 

As mentioned in the method section each pair of stimuli in this 

task was presented over two t r i a l s (to allow for counter-balancing 

the position of individual stimuli). The split-half reliability 

for this task then, was determined by taking the average score of 
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each measure from stimulus pairs 1 to 4, and correlating this with 

the average of the same measure from t r i a l s 5 to 8. For example, 

for percentage fixation to the bullseye, the measure from the 

f i r s t presentation of this pair was correlated with performance on 

the second presentation of the pair. For percentage fixation to 

the greater number of elements, performance over the f i r s t 3 

presentations of this comparison was averaged and correlated with 

performance on the second three presentations. For a l l remaining 

measures, performance on the f i r s t four t r i a l s was averaged and 

correlated with the average of the scores on the second four 

t r i a l s . 

3.4.6.2 Visual Habituation 

In this task there i s an under-lying assumption that infants will 

respond differently to the novel stimuli than to the previously 

presented familiar stimuli. Therefore, split-half reliabilities 

were calculated independently for the familiar and novel stimulus 

sets. 

For the familiar stimuli performance on t r i a l s 1 to 3 was combined 

and correlated with performance on t r i a l s 4 to 6. (See Note 1, 

below) For the novel tr i a l s , performance on t r i a l 7 was 

correlated with that on t r i a l 8. For some measures in this task, 

for example percentage decrease in fixation to familiar t r i a l s and 

subsequent percentage increase to novel, split-half reliabilities 

are not measurable. 
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3.4.6.3 Concept Aoc[ui3ition 

Since this task also adopts an habituation procedure, split-half 

reliabilities were again calculated independently for the familiar 

and novel stimulus sets. 

For the familiar concept exemplars, performance on t r i a l s 1 to 4 

was combined and correlated with performance on t r i a l s 5 to 8 (see 

Note 1). For the novel t r i a l s , performance on t r i a l 9 was 

correlated with that on t r i a l 10. Again split-half reliabilities 

are not possible for measures of percentage decrease in fixation 

to familiar t r i a l s and subsequent percentage Increase to novel. 

Note 1- I t necessary to point out here that a change in 

responding i s also expected over familiar stimulus t r i a l s . 

However, if habituation i s a stable characteristic of infant 

performance, then the decline in fixation might be consistent over 

tr i a l s , and hence we may expect within session re l i a b i l i t y to hold 

over t r i a l s in the habituation sequence. I t i s therefore 

meaningful to measure split-half reliabilities by comparing 

performance on the f i r s t half of habituation t r i a l s with that on 

the second half of the t r i a l s . 

3.4.6.4 Audio-Visual Integration 

This task was administered in a continuous sequence of four 30 
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second periods. Both the f i r s t minute and second minute periods 

had a synchronised sound sequence with each of the two videos. In 

order to calciUate the split-half reliabilities, performance 

during the f i r s t minute of the task was correlated with 

performance on the second. 

3.4.7 RESULTS AND DISCUSSION 

3.4.7.1 Inter- and Intra-Observer Reliability 

Inter-observer reliability was obtained by recruiting 4 female 

under-graduate students for the purpose of recording infants' 

fixation patterns throughout tasks, from the Beetamax video 

recordings. Each student scored the data for cdl infants on one 

particular task. Reliabilities were determined by means of 

E>earson correlations between measures derived from students 

recordings and the scores as measured by E during the experimental 

session, for each subject on each t r i a l . This was done on a 

selection of measures on each task-

Also intra-observer relia b i l i t i e s were obtained by E (the author) 

who rescored a l l of the pilot data from the video recordings. The 

mean and ranges for a l l reliabilities, for each task are presented 

in Table 3:1. A l l of the r's, for both inter- and intra-observer 

reliabilities,, were reasonably high, although intra-observer 

reliabilities yielded consistently higher correlations than did 

inter- reliabilities. This was not due to familiarity of 
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TABLE 3:1 

INTER- AND INTRA-OBSBRVBR RELIABILITIES 

TASK INTER RELIABILITY INTRA RELIABILITY 

AVERAGE r 
(RANGE) 

AVERAGE r 
< RANGE) 

VISUAL 
PREFERENCES 

VISUAL 
HABITUATION 

CONCEPT 
ACQUISITION 

AUDIO-VISUAL 
INTEGRATION 

.76 
( ,36 to .98) 

.83 
< .39 to .99 > 

.83 
< .48 to .98) 

.87 
( .61 to .98) 

,87 
< .65 to .99 ) 

.91 
< .79 to .99 ) 

.94 
<.79 to 1.0) 

.92 
(.79 to 1.0) 
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individual scores, since the rescoring by B was done several 

months after the i n i t i a l testing period, and at a time when the 

longitudinal study was in progress. The higher intra-observer 

reliabilities were probably due to the greater prior experience of 

the B compared to students who acted as observers, 

3*4.7.2 Sex Differences 

E^rellminary analyses revealed no major sex differences for any of 

the tasks, the results presented here were therefore collapsed 

across sex. 

3.4.7.3 Visual Preferences 

A total of 3 male and 9 female infants completed this task 

successfully on two testing occasions. The data from a further 5 

infants were eliminated due to equipment failure. 

Descriptive statistics for a l l measures are presented in Table 

3:2. I t i s clear that a good range of individual differences are 

emerging from the measures in this task-

The data were f i r s t analysed to determine whether the expected 

preferences emerged (ie. for the bullseye over the stripes, and 

for the greater versus the smaller number of elements). The 

percentage fixation time to the bullseye was averaged over the two 

presentations within each session, as was the percentage fixation 

to the greater number over the 6 presentations. These measures 
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TABLE 3:2 

VISUAL PRBFBRBNCES PILOT STUDY DATA 

DESCRIPTIVE DATA N=12 

MEASURE SESSION MEAN SD RANGE 

% FIXATION 
GREATER NUMBER 

63.29 
61.82 

12.23 
14.30 

49.5 to 87.66 
30 to 82.2 

% FIXATION 
BULLS-EYE 

% FIXATION 
LEFT 

58.75 
60.19 

65.74 
60.51 

26.82 
17.17 

18.71 
21.48 

0 to 100 
38 to 86.9 

28.6 to 91.7 
22.5 to 98.1 

TOTAL NUMBER 
FIXATIONS 

30.17 
37.17 

15.04 
15.3 

14 to 65 
20 to 69 

LONGEST FIXATION 1 
DURATION 2 

6.10 
5.51 

3.47 
3.16 

1.308 to 10 
1.108 to 10 

MEAN LONGEST 
FIXATION 

4.89 
3.99 

3.94 
4.11 

1.375 to 10 
1.113 to 10 

FIRST FIXATION 
DURATION 

2.91 
3.12 

4.01 
6.31 

0.918 to 10 
1.063 to 10 

NUMBER FIX ACROSS 1 
STIMULI 2 

MEAN COMPLETION 1 
TIME 2 

19.80 11.90 4 to 59 
24.60 14.70 0 to 62 

20.83 15.33 12.212 to 68.775 
23.73 13.42 12.975 to 54.187 

142 



were then analysed to determine whether they differed 

significantly from 50 percent, by means of two tailed t-tests for 

related samples. On session 1 the bullseye preference was not 

significant (t=L.303 NS) but the preference did reach significance 

on session 2 <t=2.52 p <,005). For the greater versus smaller 

number comparison, the opposite pattern emerged, while a 

significant preference emerged for the greater number on session 1 

(t=4.968 p <.00D, no significant preference emerged for the 

second testing session <t=1.151 NS). 

The test-retest and split-half rel i a b i l i t i e s of the measures from 

this task are presented in Table 3:3. 

Only the percentage fixation to the bullseye and to the stimulus 

on the left of the infants' mid-line showed reliability both 

across and within sessions. The only other measure to show 

reliability was average completion time, although this was only 

reliaiole within sessions which suggests that this measure is 

characterised by transient state characteristics, as opposed to 

characterising a stable trait characteristic of infant 

performance. 

The preference for greater number of elements found in session 1 

disappeared on session 2, and this may indicate a ceiling effect 

emerging on session 1 which was lost on session 2 (perhaps due to 

infants having remembered the greater number stimuli from session 

1 particularly well, and hence showing a novelty - ie. the smaller 

number of stimuli - preference on session 2). However since from 
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TABLE 3:3 

VISUAL PREFERENCES PILOT STUDY DATA 

TBST-RETEST <TRT ) AND SPLIT-HALF <SH ) RELIABILITIES N=12 

MEASURE TRT SH SESS. 1 SH SESS. 2 

% FIXATION -.02 .42 -.14 
GREATER NUMBER 

% FIXATION .59 * .43 .61 * 
BULLS-EYE 

% FIXATION .59 * .82 ** .81 ** 
LEFT 

TOTAL NUMBER -.07 .46 .32 
FIXATIONS 

LONGEST SINGLE .36 .26 -.01 
FIXATION 

MEAN LONGEST .35 -.06 .32 
FIXATION 

FIRST FIXATION .21 
DURATION 

NUMBER LOOKS .17 .43 .26 
ACROSS STIMULI 

MEAN COMPLETION .08 .83 ** .73 ** 
TIME 

* p < .05 ( 1 - T a i l e d ) 
** p < .01 <1-Tailed) 
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Table 3:2, i t can be seen that the percentage preference for 

greater number declines from 63.29 to 61.82 from session 1 to 

session 2, there i s no indication of a disappearing ceiling effect 

across the two sessions. The effect was more likely due to the 

slightly greater range in scores on session 2. Furthermore, since 

the measure of preference for greater number i s also not reliable, 

this comparison was eliminated from the major longitudinal study 

at 3 months. 

The stripe-bullseye comparison on the other hand, did show 

significant test-retest reliability, and split-half reliabUity on 

session 2, although split-half reliability on session 1 just 

failed to reach significance. However, since i t was clear that 

a l l infants did not show a strong bullseye preference, i t seemed 

acceptable to include this compeurison in the major study. 

Conclusion 

The reliabilities from this task are on the whole disappointing, 

with only the stripe-bullseye comparison producing a clear 

indication of reliability. Hence, only this comparison was 

considered potentially useful at 3 months for the major 

longitudinal study. 

3.4.7.4 Visual Habituation 

A total of 7 males and 5 females completed this task on two 

testing sessions within one week of each other. Data from a 
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further 20 Infants were not used, primarily due to equipment 

failure or errors by the experimenter (in terms of presentation of 

an incorrect slide sequence) (n=14), with the data from the 

remaining 6 infants being eliminated due to fussing (n=5) and 

interruption from the mother <n=D. 

Descriptive statistics for the measures from this task, for a l l 

measures combined, are presented in Table 3:4. Again measures 

from this task are showing considerable variability across 

infants. 

Test-retest and split-half reliabilities are presented in Table 

3:5 (A through C). I t can be seen from this table that none of 

the measures produced significant test-retest reliability, 

although the split-half reliabilities did show greater evidence of 

reliability (see Tables 3J5B and 3.5C). This implies that whilst 

infants did show a greater degree of stability in performance 

within a session, no stability across sessions emerged. These 

measures then would not appear to be useful potential predictors 

of later functioning. ' These findings of course do not preclude 

the possibility that different habituation procedures, possibly 

with different stimuli, might give good test-retest and split-half 

reliabilities. 

Further analyses were conducted to determine whether infants did 

overall produce the expected pattern of fixation to the stimuli 

<ie. a decrease in fixation time to the familiar stimuli with a 

subsequent increase to the novel). The mean fixation durations 
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TABLE 3:4 

VISUAL HABITUATION PILOT STUDY DATA 

DESCRIPTIVE DATA N=12 

MEASURE 

TOTAL FIXATION 
DURATION 

TOTAL NUMBER 
FIXATIONS 

MEAN FIXATION 
DURATION 

LONGEST FIXATION 
DURATION 

MEAN LONGEST 
FIXATION DURATION 

FIRST FIXATION 
DURATION 

LATENCY TO 
FIXATE 

% DECLINE 
FIXATION TRIAL 1-
FIXATION TRIAL 6 

% RECOVERY 
FIXATION TRIAL 6-
FIXATION NOVEL 

SESSION 

1 
2 

1 
2 
1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

MEAN 

135.44 
136.30 

22.92 
33.00 

6.37 
6.37 

14.3 
12.80 

12.4 
13.6 

4.2 
3.2 

5.67 
4.43 

-9.24 
21.89 

0.63 
11.48 

SD 

56.56 
44.42 

6.17 
16.35 

3.45 
3.45 

6.0 
4.2 

6.2 
5.7 

14.5 
12.9 

5.55 
2.1 

443.09 
52.2 

28.63 
50.13 

RANGE 

17.276 to 222.378 
71.123 to 218.885 

15 to 31 
11 to 77 

1.152 to 13.898 
1.319 to 19.896 

1.29 to 29.952 
0.904 to 29.952 

1.17 to 27.321 
1.763 to 26.315 

0.713 to 29.952 
0.912 to 29.952 

1.5 to 17.587 
1.42 to 16.57 

1492.85 to 82.36 
-92.08 to 87.49 

-21.36 to 64.55 
-185.0 to 30.28 
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TABLE 3:5 
VISUAL HABITUATION PILOT STUDY DATA 

TBST-RBTBST (TRT ) AND SPLIT-HALF <SH ) RELIABILITIES N=12 

MEASURE TRT 

3.5A ALL TRIALS COMBINED 

TOTAL FIXATION .42 
DURATION 

TOTAL NUMBER .02 
FIXATIONS 

MEAN FIXATION .29 
DURATION 

SINGLE LONGEST .39 
FIXATION DURATION 

MEAN LONGEST .37 
FIXATION DURATION 

FIRST FIXATION -.20 
DURATION 

MEAN LATENCY -.23 
TO FIXATE 

% DECREASE -.15 
(TRIALS 1 TO 8) 

% INCREASE -.16 
(TRIALS 8 TO NOVEL) 
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MEASURE TRT SH SBSS. 1 SH SESS. 2 

3.5B FAMILIAR =̂ ; TRIALS 

TOTAL FIXATION .39 
DURATION 

TOTAL NUMBER -.06 
FIXATIONS 
MEAN FIXATION .19 
DURATION 

SINGLE LONGEST .40 
FIXATION DURATION 

MEAN LONGEST .35 
FIXATION DURATION 
MEAN LATENCY .02 
TO FIXATE 

.26 

.62 * 

.41 

.47 

.41 

-.14 

.32 

.48 

.46 

.42 

.36 

.06 

3.5C NOVEL TRIALS 

TOTAL FIXATION .31 
DURATION 

TOTAL NUMBER -.10 
FIXATIONS 

MEAN FIXATION .01 
DURATION 

SINGLE LONGEST .38 
FIXATION DURATION 

MEAN LONGEST -.17 
FIXATION DURATION 

MEAN LATENCY 
TO FIXATE 

-.01 

.27 

.41 

.30 

.41 

.21 

.14 

.46 

.09 

.17 

.21 

.19 

.21 

* p < .05 ( 1 - t a i l e d ) 
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for a l l 12 infants, on each t r i a l are shown in Figure 3:7. Trend 

analyses were used to determine whether there was any significant 

decrease in responding over t r i a l s . On neither session did these 

reach significance (F= 0.026 <df= 1,55) and 2.124 (df=1^55), NS 

for sessions 1 and 2, respectively). To determine whether there 

was a significant decline from the i n i t i a l familiar t r i a l s to the 

later familiar t r i a l s , disregarding fixation measures from t r i a l s 

in the middle of the sequence, t-tests for related samples were 

performed on the difference between the average fixation duration 

on t r i a l s 1 and 2, with the average fixation duration on t r i a l s 6 

and 7. On neither session was a significant decline found (t= 

-0.24 and 1.2S on the two sessions, respectively). Furthermore, 

t-tests comparing the average fixation time on t r i a l s 5 and 6, 

with that on t r i a l s 7 and 8, revealed that neither was there a 

significant increase to the novel stimulus <t= 0.04 and -0.99 on 

sessions 1 and 2, respectively). 

Conclusion 

With the particular design in this laboratory, infants failed to 

demonstrate the expected decline in fixation to the familiar 

stimulus, and neither was there a significant increase in 

fixation to the novel tr i a l s . This, coupled with the failure of 

the measures to show test-retest reliability leads to the 

conclusion that the habituation task, at least with these stimuli 

and this equipment, i s not a particularly useful task for 

predictive purposes. This does not necessarily imply that this 

task under any circumstances i s not useful for this type of 
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Figure 3:7. V I S U A L HABITUAT ION - P I L O T S T U D Y . 
The f igure s h o w s the a v e r a g e tota l f ixa t ion duration 
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research, but for the purposes of this particular research poject, 

and the time limits imposed, i t was madQ priority to pursue the 

more encouraging tasks. 

3.4.7.5 Concept Acquisition 

4 males and 8 females completed this task, whilst data from a 

further 10 infants were eliminated (6 infants due to fussing and 4 

due to equipment failure). 

Descriptive statistics for the measures in this task, for a l l 

t r i a l s combined, are presented in Table 3:6. Again reasonable 

variation i s found between individuals for a l l measures. 

Test-retest and split-half reliabilities are presented in Table 

3:7 (A through C). These data show considerably more test-retest 

and split-half reliabilty than was found in the visual habitaution 

task. Total fixation duration, longest single fixation duration 

and mean longest fixation duration emerge as moderately reliable 

measures. Furthermore, in many cases these "measures are 

accompanied by high split-half reliabilities. These are most 

frequent within familiar t r i a l s , but since familiar t r i a l s do make 

up four-fifths of a l l the t r i a l s on this task, high within session 

reliability across these t r i a l s , i s a good indication of within 

session stability. 

The measures showing moderate test-retest and split-half 

reliabilities in this task, reflect quantitative measures of 
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TABLE 3:6 
CONCEPT ACQUISITION PILOT STUDY DATA 

DESCRIPTIVE DATA N-12 

MEASURE 

TOTAL FIXATION 
DURATION 

TOTAL NUMBER 
FIXATIONS 

MEAN FIXATION 
DURATION 

LONGEST FIXATION 
DURATION 

MEAN LONGEST 
DURATION 

FIRST FIXATION 
DURATION 

LATENCY TO FIXATE 

SESSION 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

% DECLINE 1 
FIXATION TRIAL 1- 2 
FIXATION TRIAL 8 

MEAN SD RANGE 

211.78 60.192 119.56 to 295.072 
216.74 64.27 115.556 to 296.277 

27.58 10.99 14 to 44 
30.67 15.66 16 to 58 

9.68 6.88 2.85 to 20.67 
8.16 5.48 2.84 to 18.52 

17.40 7.10 0.536 to 29.952 
15.3 10.57 0.15 to 29.952 

14.33 6.69 5.837 to 25.883 
13.00 6.86 4.911 to 26.856 

5.76 15.9 1.69 to 29.952 
12.78 13.94 0.712 to 29.952 

7.03 7.99 • 0.73 to 23.344 
3.06 2.62 0.78 to 10.81 

0.65 9.96 -11.59 to 21.6 
1.89 10.73 -21.24 to 18.174 

% RECOVERY 1 
FIXATION TRIAL 8- 2 
FIXATION NOVEL 

-0.98 
-2.05 

10.13 
7.77 

•24.89 to 14.7 
-17.2 to 11.977 
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TABLE 3:7 

CONCEPT ACQUISITION PILOT STUDY DATA 

TEST-RBTEST AND SPLIT-HALF RELIABILITIES N°12 

MEASURE TRT 

3.7A ALL TRIALS COMBINED 
TOTAL FIXATION .52 * 
DURATION 

TOTAL NUMBER .45 
FIXATIONS 

MEAN FIXATION .21 
DURATION 

SINGLE LONGEST .54 * 
FIXATION DURATION 

MEAN LONGEST .53 * 
FIXATION DURATION 

FIRST FIXATION .03 
DURATION 

MEAN LATENCY -.02 
TO FIXATE 

% DECLINE -.14 
(TRIALS 1-8) 

% RECOVERY .02 
(TRIALS 8-NOVEL) 
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MEASURE TRT SH SESS 

3.7B FAMILIAR CONCEPT EXEMPLAR TRIALS 
TOTAL FIXATION .56 * 
DURATION 

TOTAL NUMBER .59 * 
FIXATIONS 

MEAN FIXATION .33 
DURATION 

SINGLE LONGEST .52 * 
FIXATION DURATION 

MEAN LONGEST .53 * 
FIXATION DURATION 

63 * 

51 * 

MEAN LATENCY 
TO FIXATE 

-.03 

.41 

.41 

.46 

-.14 

SH SESS. 2 

59 * 

34 

41 

52 * 

53 * 

16 

3.7C NOVEL NON-CONCEPT EXEMPLAR TRIALS 

TOTAL FIXATION .01 
DURATION 

TOTAL NUMBER -.18 
FIXATIONS 
MEAN FIXATION .01 
DURATION 

SINGLE LONGEST .38 
FIXATION DURATION 

MEAN LONGEST .42 
FIXATION DURATION 

MEAN LATENCY 
TO FIXATE 

.39 

.32 

.01 

.02 

.41 

.39 

.45 

.42 

-.01 

.23 

.21 

.40 

.27 

p < .05 < 1 - t a i l e d ) 
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fixation; the qualitative measures of decrease from t r i a l 1 to 

t r i a l 8 and increase from t r i a l 8 to the novel t r i a l s do not 

emerge as r e l i a b l e across sessions. The average t o t a l fixation 

times across a l l infants for each t r i a l on the two sessions, are 

presented in Figure 3:8. Trend analyses revealed that only on 

session 2 did infants s i g n i f i c a n t l y decrease in fixation to the 

concept exemplars (F= .66 <df=l,77) NS and 4.12 p < .C5 (df=l,77), 

for respective sessions), although t - t e s t s comparing the mean 

fixation time on t r i a l s 1 and 2 with that on t r i a l s 7 and 8 did 

not re v e a l a significant decline for either session (t= 0.398 and 

1.29 for sessions 1 and 2, respectively). Furthermore in neither 

session was there cin increase i n responding to the novel concept 

exemplars, T-tests comparing the average fixation time from 

t r i a l s 7 and 8 with that from the two novel t r i a l s , revealed an 

o v e r a l l decrement in fixation to the novel stimuli i n both 

sessions, although in neither session did these reach significance 

(t=-1.29 and t=-2.08, sessions 1 and 2, respectively). 

Conclusion 

Since the expected pattern of responding was not found, i t again 

cannot be concluded that these q u a l i t a t i v e measures per se are not 

potentially r e l i a b l e . However, because a number of other measures 

were found to be r e l i a b l e from t h i s task i t was used in the 

longitudinal study. 
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Figure 3:8. CONCEPT ACQUISITION - PILOT STUDY 
The figure shows the average total fixation duration 
for each trial, n = 12 
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3.4.7.6 Audio-Visual Integration 

7 male and 5 female infants cx>mpleted t h i s task s u c c e s s f u l l y on 

two occasions, while data from a further 15 infants were l o s t a l l 

due to equipment f a i l u r e and experimenter error. 

Descn'ptive data from the measures in t h i s task are shown in Table 

3:8. 

Measures from t h i s task again show good v a r i a b i l i t y amoung 

infants. T-tests revealed that on neither session did infants 

o v e r a l l show a significant preference for the synchronised video 

(t= 1.29 and -0.02 NS in both cases, for respective sessions). 

Neither were there any side preferences for either video (t= -0.38 

and 0.77 NS i n both cases, sessions 1 and 2, respectively). 

The t e s t - r e t e s t r e l i a b i l i t i e s for t h i s task are presented in Table 

3:9. The measure of percentage fixation to the synchronised video 

f a i l e d to produce any strong indication of r e l i a b i l i t y . 

Percentage fixation to the video on the l e f t of the infants' 

mid-line was r e l i a b l e both across and within sessions. The 

measure of t o t a l fixation duration produced r e l i a b i l i t y across 

sessions although within sessions the correlations j u s t f a i l e d to 

reach significance. The remaining measures <ie. t o t a l number of 

fixations, mean fixation duration, longest single fixation 

duration, mean longest fixation duration, t o t a l number of looks 

across videos and f i r s t fixation duration) produced a high 

negative r e l i a b i l i t y , which i s d i f f i c u l t to interpret, and may 
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TABLE 3:8 

AUDIO-VISUAL INTEGRATION PILOT STUDY DATA 

DESCRIPTIVE DATA N-12 

MEASURE SESSION MEAN SD RANGE 

% FIXATION 1 55.38 13.10 37.667 t o 80.445 
SYNCHRONISED VIDEO 2 49,92 7.06 30.52 t o 64.149 

% FIXATION 1 46,39 32.43 2.32 t o 99.295 
LEFT VIDEO 2 51.96 7.21 2.055 t o 89.544 

TOTAL FIXATION 1 110.07 12.69 83.782 t o 119.806 
DURATION 2 104.48 29.20 96.526 t o 119.489 

TOTAL NUMBER 1 22.17 12.04 7 t o 43 
FIXATIONS 2 33,00 13.11 11 to 53 

MEAN FIXATION 1 7.47 5.83 1.948 t o 19.968 
DURATION 2 7.27 5.93 2.214 t o 10.793 

LONGEST FIXATION 1 15.90 13.77 1.036 t o 29.952 
DURATION 2 14.70 12.80 2.63 t o 29.952 

MEAN LONGEST 1 12.60 12.71 0.897 t o 26.41 
FIXATION DURATION 2 10,60 13.92 1.07 to 27.413 

NUMBER FIXATIONS 1 18.80 11.93 4 t o 41 
ACROSS VIDEOS 2 21.47 15.66 2 to 48 

FIR S T FIXATION 1 14.7 12.01 1.376 t o 28.139 
DURATION 2 12.74 14,85 2.09 to 29.952 
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TABLE 3:9 

AUDIO-VISUAL INTEGRATION PILOT STUDY DATA 

TEST-RETBST <TRT> AND SPLIT-HALF <SH ) R E L I A B I L I T I E S N»12 

MEASURE TRT SH SESS. 1 SH SESS. 

% FIXATION .40 .41 .36 
SYNCHRONISED VIDEO 

% FIXATION .56 * .86 ** .51 * 
LEFT VIDEO 

TOTAL FIXATION .50 * .49 .47 
DURATION 

TOTAL NUMBER -.70 .47 .43 
FIXATIONS 

MEAN FIXATION -.45 .42 .59 * 
DURATION 

LONGEST SINGLE -.49 .39 .40 
FIXATION DURATION 

MEAN LONGEST -.37 .39 .09 
FIXATION DURATION 

TOTAL NUMBER -.57 .38 .45 
LOOKS ACROSS VIDEOS 

F I R S T FIXATION -.36 
DURATION 

* p < .05 ( 1 - T a i l e d ) 
** p < .01 < 1 - T a i l e d ) 
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have occurred by chance. 

Conclusion 

This task was included in the major longitudinal study since a 

number of the r e l i a b i l i t i e s are encouraging, and also due to the 

fact that no data were disregarded due to infant fussing. 

Moreover, no c e i l i n g effects emerged in terms of preference for 

the synchronised video, and the task appears suitable for 

inclusion for the major study. 

3.5 PILOT STUDIES - OPERANT CONDITIONING AND THE HOME BASED TASKS 

3.5.1 Operant Conditioning Task 

This task was administered in the laboratory. I t was not given on 

both testing occasions, but was piloted with 6 infants. The 

method used for t h i s task w i l l now be described. 

3.5.1.1 Apparatus 

For the Operant task, the infants were placed face-up in a 

commercially obtained infant cot. Over the cot at a height of 

about 110 cm above the infant's head, was placed a wooden frame 

which supported a pulley-system. E s s e n t i a l l y , t h i s consisted of a 

length of ribbon which ran over the frame, one end of which was 
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FIGURE 3:9 THE OPERANT CONDITIONING TASK 

( i ) The photograph shows an i n f a n t being given the Operant 

Conditioning task. 

ir^TTTTTrr 
continued. 
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FIGURE 3:9 (continued) 

( i i ) The photograph shows the apparatus i n the base-rate and 

e x t i n c t i o n phases. The ribbon i s attached to the small weight, and 

not to the mobile. 

( i i i ) The photograph shows the apparatus i n the reinforcement phase 

The ribbon i s attached to the mobile, and not to the small weight. 
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looped for attachment to the infant's ankle, the other end could 

either be attached to a mobile (the mobile hanging at a height of 

70 cm above the infant's head), or to a small weight, shielded 

from the infant's view by means of a small ply-wood screen. This 

apparatus i s i l l u s t r a t e d i n Figure 3:91. The weight and the 

mobile produced an equivalent force on the infant's leg. When the 

ribbon was clipped to the mobile any leg movement by the infant 

caused commensurate movement of the mobile. When the ribbon was 

attached to the weight, the weight moved, but no apparent v i s i b l e 

event occurred as a r e s u l t of leg movement. The weight then acted 

as a control to ensure that infants did not kick merely due to the 

ribbon attached to thei r ankle. For i l l u s t r a t i o n of the 

manipulations made to t h i s equipment see Figures 3:9ii and 3:9iii. 

The number of kicks e l i c i t e d from the infant throughout t h i s task 

was recorded by means of a small infra-red sensor, which detected 

and recorded on an electronic event recorder, a l l occasions when 

the edge of a piece of black tape, fastened to the ribbon, passed 

through the sensor. At the s t a r t of t h i s task the ribbon was 

placed i n such a position that the edge of the black tape passed -

through the sensor when a kick upwards of at l e a s t 4cm was 

produced by the infant. This task was also recorded on a J.V.S. 

r e e l - t o - r e e l video recorder, the camera of which was situated at 

the side of the cot allowing the infant's leg movement and general 

direction of v i s u a l attention during the task to be recorded. 

A stop-watch was used to determine the time periods throughout 

t h i s task. 
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33.1.2 Procedure 

The Operant Conditioning task was administered on the infant's 

f i r s t v i s i t to the laboratory. The task was administered after 

the Concept Acquisition task, and prior to the Audio-Visual 

Integration task-

Infants were placed i n a supine position in the infant cot. An 

i n i t i a l base-rate of foot-kicking was established i n a 2 minute 

period of non-reinforcement, during which the ribbon was attached 

to the weight. This was immediately followed by a 5 minute 

reinforcement phase, during which mobile movement was contingent 

on foot movement, and f i n a l l y a further 2 minute period of 

non-reinforcement was given constituting an extinction phase. . The 

number of foot-kicks produced by the infant during each minute of 

t h i s task was recorded, along with the t o t a l time infants spent 

fixating the mobile, 

3.5.1-3 Measures 

A number of measures were taken which were considered to r e f l e c t 

patterns of acquisition of the response (increment in kicking from 

base-rate to learning phases, and from base-rate to extinction 

phases), amount of time fixating the mobile, and the general 

a c t i v i t y l e v e l of the infant (total number of kicks). The 

specific measures were as follows: 
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3.5.L4 Results and Discussion 

Six infants completed t h i s task when they v i s i t e d the laboratory. 

The data from one further infant were not used due to fussing-

Inter-observer r e l i a b i l i t i e s (established by co r r e l a t i n g scores 

recorded by E with equivalent scores taken by a student from the 

video recordings), were high. The correlations for the s i x 

measures ranged from .73 to .90 (mean =.86). 

The descriptive s t a t i s t i c s for the 6 measures described above are 

presented in Table 3:10. The measures appear to produce 

considerable v a r i a b i l i t y across infants. The mean number of kicks 

for a l l infants for each individual minute of testing are plotted 

in Figure 3:10. This shows that kicking did increase 

drammatically during the reinforcement phase, as compared with the 

base-line period and that kicking rate decreased during the 

extinction phase. T-tests for related samples revealed a 

significant increase from the average number of kicks recorded in 

minutes 1 and 2 to the average of kicks recorded i n minutes 6 and 

7 (t=3.104 < .05); and a significant decline in kicking from 

minutes 6 and 7 to the extinction phase (minutes 8 and 9) (t=3.269 

p<.05). 

In conclusion, since t h i s i s precis e l y the pattern of responding 
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L Ratio of B to A: the ratio of the number of kicks in the 

reinforcement period (B) to that i n the base-line period (A) (see 

Note 2). 

2. Ratio of C to A: the ratio of kicks i n the extinction period 

(C) to that i n the base-rate period (A) (see Note 2>. 

3. Mins 6 and 7 of B / A: the t o t a l number of kicks i n the f i n a l 2 

minutes of the reinforcement period, divided by the number of 

kicks i n the base-line period (see Note 2). 

4. Greatest 2 mins in B/A: the greatest t o t a l number of kicks 

e l i c i t e d over any (not necessarily consecutive) two 1 minute 

periods i n the reinforcement period, divided by the number of 

kicks i n the base-line period (see Note 2). 

5. Total fixation time: the t o t a l time throughout the task infants 

fixated the mobile. 

6. Total number of kicks: t o t a l number of kicks throughout the 

complete task. 

Note 2. For the four measures r e f l e c t i n g aspects of learning 

a b i l i t y , i t was assumed that the greater the score, the more 
•mature' the infant. 
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TABLE 3:10 

OPERANT CONDITIONING PILOT STUDY DATA 

DESCRIPTIVE DATA N=6 

MEASURE MEAN SD RANGE 

RATIO B TO A 5.47 4.59 1.15 t o 12.63 

RATIO C TO A 5.49 4.55 1.12 t o 13.14 

LAST B / A 7.44 6.44 1.41 t o 17.57 

HIGHEST IN B / A 7.53 6.36 1.41 t o 17.57 

F I X DURATION 479.1 42.2 415.2 t o 514.9 

TOTAL NO KICKS 205 101 85 t o 320 
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Figure 3:10. OPERANT CONDITIONING TASK - PILOT STUDY. 
The figure shows the average number of iticks recorded 
in each minute of testing. n = 6 
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one would expect from t h i s task, i t was included i n the major 

longitudinal study. 

3.5.2 Differential Voccd Responsiveness (DVR) 

This task was administered in the Infants' home environment. The 

procedure adopted for t h i s task was identical to that described by 

Roe (1978). 

3.5.2.1 Apparatus and Procedure 

The infant was placed i n his / her own infant chair or equivalent. 

The mother was instructed to position herself about 1 metre away 

from the infant and to t a l k to her baby for a period of 3 minutes. 

During t h i s period the mother was instructed to e l i c i t as much 

vocalisation from the Infant as possible, and to stop vocalising 

i f she f e l t the infant was preparing to vocalise, and not to 

vocalise concurrently with the infant i f possible. During t h i s 

period the E sat quietly i n the same room but out of sight of the 

Infant. 

When t h i s 3 minute period was complete, the infant was allowed to 

r e s t for a 4 minute period following which the E vocalised with 

the c h i l d for a further 3 minutes in a similar manner to that 

adopted by the mother. During t h i s period the mother remained out 

of sight of the Infant. 
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The length of time infants spent vocalising in each condition was 

recorded by means of a small portable cassette recorder^ and the 

time periods were recorded with a stop-watch. 

3.5.2^ Measures 

The measures taken from t h i s task were as follows: 

1. DVR measure: the amount of time spent vocalising to the 

stranger subtracted from that spent vocalising to the mother. 

2. Total vocalisation time to the mother: the t o t a l vocalisation 

time throughout the task spent vocalising to the mother. 

3. Total vocalisation time to the stranger. 

4. Total vocalisation time (to both mother and stranger). 

3.5.Z.3 Results and Discussion 

Six infants completed t h i s task. They were a l l v i s i t e d i n their 

homes within one week of their 3 month 'birthday'. 

The tape recordings of a l l sessions were scored by an 

under-graduate student, and the inter-observer r e l i a b i l i t i e s for 

the measures were high (ranging from .79 to .9D. 
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The descriptive s t a t i s t i c s for the DVR task are presented in Table 

3:11. Again variation between subjects i s reasonable for a l l 

measures. 

In conclusion the good range of scores across subjects for a l l of 

these measures j u s t i f i e s the use of t h i s task i n the longitudinal 

study. 

3^.3 Attention to a Novel Toy 

This task was also administered i n the home to 6 infants following 

presentation of the DVR task. 

3.5«3«1 Apparatus and Procedure 

A 3-dimensioncil coloured object was presented to the infants in 

t h i s task by the E who manipulated the object by turning i t round 

slowly i n order to a t t r a c t the infant's attention. The infant was 

then allowed to fixate the object and manipulate i t for as long as 

he / she chose. 

The stimulus presented to the infants consisted of a se r i e s of 

different coloured wooden blocks (1 cm thick) glued together to 

form an object measuring 16 x 13 x 21 cm: t h i s i s shown in Figure 

3:11. 

A stop watch was used to determine the length of time infants 

fixated and manipulated the object. 
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TABLE 3:11 

DIFFERENTIAL VOCAL RESPONSIVENESS PILOT STUDY DATA 

DESCRIPTIVE DATA N=6 

MEASURE MEAN SD RANGE 

DVR 8.5 12.4 -3.3 t o 27 .9 

TOTAL VOC MOTHER 19.78 6.7 12.8 t o 31 .6 

TOTAL VOC STRANGER 11.3 7.76 2 t o 20 .7 

TOTAL VOCALISATION 31.08 7.514 22.6 t o 39 .7 
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FIGURE 3:11 THE STIMULUS USED FOR THE ATTENTION TO A NOVEL TOY TASK 
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Total fixation time, t o t a l number of fixations and, where 

appropiate, t o t a l manipulation time were recorded. 

3.5.3^ Measures 

The measures taken from t h i s task were the following: 

1. Total fixation time: the t o t a l time spent fixating the object 

without looking away for longer than a 2 second period. When the 

infant did look away for longer than 2 seconds, testing stopped. 

2. Total number of fixations. 

3. Average fixation duration: the t o t a l fixation duration divided 

by the t o t a l number of fixations. 

3.5«3.3 Results and Discussion 

The same six infants completed t h i s task as the DVR task, and both 

tasks were completed on the same testing session. 

Descriptive s t a t i s t i c s for the 3 measures are presented i n Table 

3:1X Again a l l measures produce good variation between infants. 

I n conclusion since these measures appear to produce good 

variation across subjects the task was included i n the study. 
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TABLE 3:12 

ATTENTION TO A NOVEL TOY PILOT STUDY DATA 

DESCRIPTIVE DATA N-6 

MEASURE MEAN SD RANGE 

TOTAL FIXATION 139.17 116.65 12.6 t o 321.4 
DURATION 

TOTAL NUMBER 8.43 6.21 1 t o 17 
FIXATIONS 

MEAN FIXATION 14.676 4.624 8.13 t o 19.55 
DURATION 
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3.6 PILOT STUDIES - DISCUSSION 

The pilo t studies allowed the experimenter to became accustomed to 

the experimental work, both i n terms of equipment, and working 

with infants and their mothers. They also revealed information 

r e l a t i n g to how the infants could cope, with the amount of tasks 

they were required to do. I n fact i t was apparent that since no 

individual infant completed more than three tasks on any 

experimental session (due to fussing, sleepiness, or as i n many 

cases, experimenter e r r o r or equipment failure), the number and or 

length of tasks needed to be reduced. 

This was achieved by eliminating those teisks, or parts of tasks, 

which were not producing r e l i a b l e data. These included the Visual 

Habituation task and the greater versus smaller number of elements 

comparison i n the Visual Preference task. These measures f a i l e d 

to show any indication of even moderate t e s t - r e t e s t r e l i a b i l i t y , 

and the patterns of responding which they produced were not as one 

might expect. I t i s necessary to point out however, that t h i s 

does not mean that these tasks w i l l not provide potentially 

predictive measures, and had the experimental conditions and 

stimuli been altered, then more encouraging r e s u l t s may have 

emerged. However, in view of the time limitations on t h i s 

p a r t i c u l a r research project they were dropped from the study. 
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The remaining measures and tasks a l l produced reasonable variation 

i n scores between infants. Of those which were administered on 2 

occasions, the t e s t - r e t e s t and s p l i t - h a l f r e l i a b i l i t i e s are 

generally disappointing. Although some of the correlations are 

significant, few are higher than .5, cind hence account for only a 

quarter of the common variance. The extent to which measures are 

r e l i a b l e i n turn affects the extent to which measures can predict 

each other (Cohen and Cohen, 1973). Whether the correlations are 

significant then, i s of l i t t l e consequence in terms of how 

predictive they might be. What i s important i s thei r magnitude. 

However, the infants i n these pil o t studies varied considerably i n 

terms of state at the time of testing. For instance, many infants 

cr i e d or fussed at some point i n the testing sequence. This i n 

part seemed due to lack of experimenter experience, since toward 

the end of the pilot study testing period, infants completed more 

tasks i n a quiet and a l e r t state. I n view of t h i s the 

r e l i a b i l i t i e s can be regarded as somewhat more robust, and had 

greater care and control been taken over the sta t e i n which 

infants began and completed testing sessions, then r e l i a b i l i t i e s 

may have been considerably higher. I n view of t h i s i t was 

considered j u s t i f i a b l e to continue with at le a s t the i n i t i a l part 

of the longitudinal study. 

A t o t a l of 6 tasks then were included in the main longitudinal 

study; 

Visual Preferences (stripe-bulls-eye comparison only), Concept 

Acquisition; Audio-Visucil Integration, and the Operant 
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Conditioning tasks were administered i n the laboratory; 

D i f f e r e n t i a l Vocal Responsiveness <DVR), and Attention to a Novel 

Toy were given in the home. Details of the testing of infants at 

3 months of age as the f i r s t part of the main study are presented 

i n Chapter 5, along with a discussion of the ways in which 

measures r e l a t e to each other across tasks. 

Chapter 4 i s concerned with the methods and j u s t i f i c a t i o n of the 

s t a t i s t i c a l analyses used with the data from t h i s study. 
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CHAPTER 4 

DESIGN AND ANALYSES OF THE LONGITUDINAL STUDY 

4.1 INTRODUCTION 

This Chapter describes the design of the longitudinal study and 

considers the analyses used, both within each tes t i n g age, and the 

across age longitudinal analyses. A description of the o v e r a l l 

design of the longitudinal study i s presented f i r s t , and t h i s i s 

followed by a description of the analyses used at each age and 

across age. 

4.2 THE LONGITUDINAL STUDY 

A group of infants were tested on age-appropriate tasks at 3, 5 

and 9 months of age. 

Six tasks were administered to the infants at 3 and 5 months of 

age, and these have been described i n d e t a i l in Chapter 3 (any 

variation in procedures at each age are discussed in Chapters 5 

and 6 for the 3 and 5 month ages, respectively). Most of the 

tasks used at these ages have been employed suc c e s s f u l l y with both 

3 and 5 month old infcints (see review i n Chapter 2). 

At 9 months two tasks were administered to the infants i n their 
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homes. One was an Object Sorting task, and the other was an 

Object Search task. Both of these tasks were considered to 

potentially r e f l e c t i n t e l l e c t u a l a b i l i t y at t h i s age, the de t a i l s 

and j u s t i f i c a t i o n for the choice of tasks i s given i n Chapter 7. 

When the infants reached 18 months of age, they were v i s i t e d again 

and were administered a number of infant i n t e l l i g e n c e scales and 

subscales. A strong emphasis wcis placed on sr a l p s and subscales 

r e f l e c t i n g l i n g u i s t i c a b i l i t i e s , since previous research has 

indicated that e a r l y infancy measures, of the nature used in t h i s 

study, are generally more predictive of l i n g u i s t i c a b i l i t y than of 

complete infant or childhood i n t e l l i g e n c e scales (see review in 

Chapter 2). Details of the sc a l e s used are given i n Chapter 8, 

and the measures constituted the c r i t e r i o n measures for the 

longitudinal analyses. 

4.3 SUBJECTS 

The t o t a l number of subjects used i n t h i s study was 29. The 

number was limited by time and financial constraints. I n view of 

the r e l a t i v e l y large number of measures taken from infants at each 

age of testing, t h i s comparatively low number of subjects used 

does limit the s t a t i s t i c a l analyses that one can adopt, 

p a r t i c u l a r l y i n terms of the within age and longitudinal analyses. 

This issue i s discussed further i n section*. 4.4. 
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4.4 ANALYSES 

A brief description of the types of ancilyses adopted at each stage 

of the research, and justiflCTtion for thei r use, i s given in the 

following sections. Test-retest and s p l i t - h a l f r e l i a b i l i t i e s are 

considered f i r s t . 

4.4.1 Test-retest and s p l i t - h a l f r e l i a b U i t y 

Any t e s t or measure cannot predicrt any other t e s t or measure 

better than i t can predict i t s e l f . The r e l i a b i l i t y of a measure 

se t s an upper boundary on how we l l a t e s t can predict the 

c^riteria. I f a t e s t i s not r e l i a b l e i t w i l l not u s e f u l l y predict 

any other measure. 

C l e a r l y any r e l i a b i l i t y estimate i s subject to par t i c u l a r sources 

of error. Generally, t e s t - r e t e s t r e l i a b i l i t y r e f l e c t s the 

s t a b i l i t y of a measure over a given time period, and i s calculated 

by c o r r e l a t i n g the scores, on the same measure, from two separate 

testing occasionSf acaross infants. Where the nature of the 

stimuli changes s l i g h t l y (eg. i n the Visual Preference, Visual 

Habituation, Concept Acquisition and Audio-Visual Integration 

tasks - see Chapter 3), t h i s a l s o constitutes equivalent form 

r e l i a b i l i t y . The greatest source of e r r o r i n the t e s t - r e t e s t 

r e l i a b i l i t y estimate i s caused by the changes which occur within 
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the subjects themselves during the time between the two testing 

sessions. This i s due to maturational factors and to the fact 

that the t e s t has already been administered on one occasion, which 

i s l i k e l y to affect performance on the second testing occasion. 

The length of time between the two tes t i n g occasions i s generally 

l e f t to the researcher's discretion, although p a r t i c u l a r l y with 

infant subjects the longer the i n t e r v a l between sessions, the 

greater effect of maturational factors. Within t h i s p a r t i c u l a r 

research program, in view of the l a r g e number of v i s i t s required 

by any one subject, p r a c t i c a l limitations also had to be 

considered, and as a r e s u l t of such influences, retest sessions 

were administered up to one week after the i n i t i a l testing 

session. I n t h i s research, the minimum period between testing 

sessions was 24 hours and the maximum was one week. 

Spl i t - h a l f r e l i a b i l i t y i s an estimate of the i n t e r n a l consistency 

of a measure. The s p l i t - h a l f methods were based on the 

proposition that many of the temporary factors which affect the 

t e s t - r e t e s t r e l i a b i l i t y estimates, could be determined from the 

scores of a s i n g l e administration of a test. E s s e n t i a l l y , by 

s p l i t t i n g any test or measure into two comparable halves, and 

co r r e l a t i n g performance on the f i r s t half with that on the second 

half, provides an estimate of the i n t e r n a l consistency on the t e s t 

or measure. However, even with t h i s procedure, conditions are 

l i k e l y to occur which influence performance on the former or 

l a t t e r part of a test. One way of overcoming some of these 

influences i s to s p l i t t e s t s into halves, such that each half 

contains measurement from both e a r l y and l a t e r parts of the test. 
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The Keudar-Richardson formula provides a technique of co r r e l a t i n g 

each possible combination of measures to form two halves, and 

produces a composite r e l i a b i l i t y measure from a l l of these 

combinations. This procedure was not adopted for t h i s research 

however, since within some of the tasks used changes in 

performance were expected (eg. the Visual Habituation eind (Concept 

Acquisition tasks). 

When a test i s divided into two parts the amount of data in the 

r e s u l t i n g r e l i a b i l i t y coefficient i s half of that in comparable 

t e s t - r e t e s t r e l i a b i l i t y coefficients, and so a c o r r e c t i v e 

procedure i s often used to determine the s p l i t - h a l f r e l i a b i l i t y 

coefficient of the f u l l length of the te s t . This i s known as the 

Spearman-Brown formula, and t y p i c a l l y has the effect of increasing 

the spUt-half r e l i a b i U t y coefficient. 

For the purposes of t h i s research, these two types of r e l i a b i l i t y 

(ie. t e s t - r e t e s t and s p l i t - h a l f ) , were established for each 

measure at each age where appropriate- Specific d e t a i l s of the 

procedures adopted for calculation of these for individual 

measures are presented in the experimental chapters (Chapters 3, 

5, 6 and 7). For a measure to be regarded potentially predictive 

i t must show t e s t - r e t e s t r e l i a b i l i t y , and preferably within 

session r e l i a b i l i t y aswell, although for some of the measures, 

lack of i n t e r n a l consistency may be due to the nature of the 

measure i t s e l f , for instance, i f a change in the amount of 

responding over t r i a l s i s expected, as in the Concept Acquisition 

task. 
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A further problem r e l a t i n g to the notion of r e l i a b i l i t y concerns 

the question of how high a r e l i a b i l i t y coefficient has to be, in 

order for i t to be considered useful. Unfortunately there are no 

hard and f a s t r u l e s r e l a t i n g to t h i s problem, and by and l a r g e the 

decision i s l e f t to the individual researcher. A r e l i a b i l i t y 

coefficient may be considered useful i f i t reaches significance, 

although t h i s does have different implications depending on the 

subject sample size. For instance, with a subject sample of 100, 

a correlation coefficient as low as .25 i s significant at the .01 

l e v e l , although a correlation of t h i s magnitude r e f l e c t s only j u s t 

over 6 percent common variance between the two measures in the 

correlation. Since a f a i r l y low number of subjects were employed 

for the longitudinal research, two-tailed significance l e v e l s were 

used as an indication of the r e l i a b i l i t y of the measures, although 

the actual magnitude of the r's produced should also be c a r e f u l l y 

considered (a reasonable correlation of the magnitude of .7 s t i l l 

only accounts for approximately half of the common variance 

between the measures). None of the s p l i t - h a l f r e l i a b i l i t i e s were 

corrected by the Spearman Brown formula since i t was considered 

that as much conservatism as possible was e s s e n t i a l for 

determining r e l i a b l e measures. 

4.4.2 Within-Age Analyses 

The measures within each age group which showed r e l i a b l i t y were 

considered potentially predictive. These were correlated with 

each other by means of Pearson product moment correlations. These 
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analyses were done in the hope that they would reve a l some 

indication of the types of measures which constituted factors of 

performance in infancy. These data are presented i n chapters 5, 

6, 7, and 8, for the 3, 5, 9 and 18 month measures, respectively. 

Although multi-variate methocis of analyses, such as factor 

analysis, constitute more appropriate methods of determining 

factors from the type of data collected i n t h i s study, their use 

was precluded by the low subject numlDers in rela t i o n to the l a r g e 

number of measures obtained from the data at each age. Although 

there are no s t r i c t r u l e s concerning the subjects to measures 

ratio, C a t t e l l (1966) has suggested that t h i s should be at l e a s t 

2-5 to 1, whilst others go as high as 5 to 1. I f factor analyses 

or r e l a t e d procedures were to be adopted in t h i s research, 

interpretation of the data should be made with great caution; 

should no significant factors emerge, then t h i s may be i r j ^ t be 

due to Insufficient data disguising any potential r e s u l t s , and 

s i m i l a r l y If significant r e s u l t s do emerge then they may be 

distorted interms of strength and pattern for the same reason. 

Where the correlations between measures within tasks are 

pcurticularly high (for example, the measures of learning i n the 

Operant Conditioning task, see Chapter 5), the measures were 

combined to produce one composite measure which was forwarded as a 

potential predictor. Composite measures were formed i n the 

following way. Raw scores, for each measure making up the 

composite, were transformed into standard scores and these were 

added. The r e s u l t i n g s t a t i s t i c was forwarded as one measure in 
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subsequent longitudinal analyses. Standard scores were used for 

t h i s purpose, since they maintain both the hieraurchy and distance 

between measures i n the distribution. A lternative methods of 

creating composites include adding the ranks of scores or 

normalising and adding scores, although both of these methods may 

reduce the s e n s i t i v i t y of the measures. 

4.43 Across-Age Analyses 

Relationships between r e l i a b l e measures from each age with 

r e l i a b l e measures from every other age (including the c r i t e r i o n 

measures taken at 18 months of age), were also done by means of 

correlation matrices. These data are presented i n Chapter 9. For 

these analyses, aswell as Pearson product moment correlations, 

Spearmans rho rank order correlation coefficients were also 

calculated. These were included, since any r's emerging 

significant from the paramatric correlations, may be caused by 

jus t one or two extreme subjects, at either one, or at both ends 

of the range. Spearmans rho correlation coeficLents however, 

examine the concordance in the rank ordering of scores and one or 

two extreme subjects at either end of the rainge may be 

insufficient to produce significant r e s u l t s . 

The next Chapter i s concerned with the collection of the data and 

analyses from the infants at 3 months of age. 
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CHAPTER 5 

THE TES?nNG AT 3 MONTHS - RELIABILITIES AND RELATIONSHIPS BETWEEN 

MEASURES 

5.1 INTRODUCTION 

Six tasks in total were used at the 3 month testing age. These 

tasks have been described In detail in Chapter 3. Four of these 

tasks were given In the laboratory and two In the home. This 

chapter describes the testing of infants at 3 months of age, as 

the ini t i a l phase of the longitudinal study. Test-retest and 

split-half r e l i a b i l i t i e s were again examined for a variety of 

measures from each task, and the relationships between reliable 

measures across tasks were also determined. 

5^ METHOD 

5.2.1 Subjects 

A total of 29 infants were recruited through advertlsments in 

local health clinics and the local media. A l l the Infants were 

white, full-term with no known mental or physical health defects. 
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A l l came from middle-class families. 14 were male and 15 were 

female, 15 were first-born infants with the remainder having 

between 1 and 4 siblings living at home. Before agreeing to 

participate in the study the natvire of the research and the 

commitments required on the part of the mother were fu l l y 

explained. 

5.2.2 Design 

At the age of 3 months, + / - 1 week, each infant was brought to 

the laboratory at Plymouth Polytechnic, by the mother on 2 

occasions separated by not more than 1 week. On the fi r s t v i s i t 4 

tasks were administered to the infants in a fixed order of 

presentation: 

A) Visual Preferences 

B) Concept Acquisition 

C) Operant Conditioning 

D) Audio-visual Integration 

On the second visit the sequence was repeated with the omission of 

the operant conditioning task. 

Also within 1 week of the infants' 3 month "birthday' each infant 

was visited in the home on 2 occasions. 2 tasks were administered 

in the infants' home environment: 

E) Differential Vocal Responsiveness 
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F) Attention to a Novel Toy. 

The vis i t s alternated and always commenced with a laboratory 

visit. A l l visits were separated by a minimum of 24 hours and by 

a maximum of 1 week. 

As for the pilot studies, a l l the tasks were administered in a 

fixed order which was also maintained over each testing session. 

The sequence of task admlnistation was maintained (A through D in 

the laboratory and E followed by F during the home visits) for a l l 

Infants throughout testing sessions. In the case of failure to 

complete a given task, due to excessive crying, excessive 

sleepiness, intervention by the mother, or failure to respond, the 

task was removed and the next one attempted If the infant regained 

a suitable state. The number of infants to complete each task i s 

presented in the Results sections. In the event of an infant in 

any session failing to complete any of the tasks, an alternative 

appointment was arranged with the mother, but" such that the 

sequence of testing sessions was not interrupted. This occurred 

on 2 occasions during the 3 month testing sessions. 
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5.3 PROCEDURE 

5,3.1 Laboratory Tasks 

Details of the equipment and procedure for a l l tasks have been 

presented in the pilot Studies sections in Chapter 3. The only 

task to differ in procedure from the pilot studies was the Visual 

E^reference task. The revised procedure of this task i s presented 

next. 

Vlsucd Preferences 

Infants were presented with one stimulus pair, presented over 2 

tr i a l s . Prom t r i a l 1 to t r i a l 2 the projected left / right 

position of each stimulus was alternated. The stimuli used at 

this age consisted of the stripe - bullseye comparison used in the 

pilot studies. The stimuli were presented until a cumulative 

total of 10 seconds of fixation time, either to one or to both 

stimuli, had been recorded. The next pair of stimuli was then 

presented, the inter - t r i a l interval consisting of a slide change 

of approximately 1.5 seconds duration. On the second testing 

session stimuli were rotated by 90 degrees, so that the vertical 

lines became horizontal and the division in the bullseye pattern 

became vertical (see Figure 3.4). 
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5.3.2 Home Tasks 

Both of the tasks administered in the Infants" home environment 

were given in a similar way as reported in the pilot Studies 

sections. These tasks at this phase of the research, however, 

were presented on two testing occasions within one week of each 

other. This enabled reliabilities for measures from these tasks 

to be established. 

5.4 MEASURES 

From each taslc, a variety of measures was taken and these were the 

same as for the pilot studies and are listed in the Measures 

section in Chapter 3. Since the Visual Preference task at 3 

months did not Include the size - number comparisons, the measure 

of percentage preference for greater number was not applicable. 

Remaining measures for this task were calculated on the two stripe 

- bullseye t r i a l s only. 

5.4.1 Test-Retest and Split-Half Reliabilities 

For the laboratory tasks (with the exception of the Operant 

Conditioning task, which was again only administered on one 

occasion, and of the Visual Preference task for which a l l measures 

were calculated on the basis of the two t r i a l s only) test-retest 

and split-half reliabilities were calculated in the same way as 
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for the pilot studies (see Chapter 3). For the home tasks, 

test-retest reliabilties were calculated by correlating 

corresponding measures across the two sessions. Split-half 

reliabilities were not taken for the home-based tasks. 

Again, reliabilities were determined by means of Pearson 

correlations, although in order to be more conservative two-tailed 

tests were administered as opposed to the one-tailed tests used in 

the Pilot studies (see Chapter 4). 

5^ RESULTS AND DISCUSSIONS 

5*5.1 Sex Differences 

Preliminary analyses revealed no major sex differences for any of 

these tasks, the data were therefore collapsed across sex. 

5.5.2 Visual Preferences 

A total of 29 infants completed this task. Data from 2 infants 

were eliminated due to equipment failure. 

Descriptive statistics from measuires on this task are presented in 

Table 5.L 

The split-half and test-retest reliabilities for the measures from 
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TABLE 5:1 

VISUAL PRBFBRBNCBS 3 MONTH DATA 

DESCRIPTIVE DATA N=29 

MEASURE SESSION MEAN SD RANGE 

% FIXATION 1 61 .43 20 .07 23.44 to 100 
BULLSBYB 2 62 .2 14 .97 42.47 to 95. 

% FIXATION 1 49 .16 32 .43 0 to 100 
LEFT 2 56 .85 26 .11 5.18 to 100 
TOTAL NUMBER 1 8. 03 5. 26 2 to 27 
FIXATIONS 2 9. 52 5. 05 2 to 27 

LONGEST SINGLE 1 6. 76 1. 96 2.44 to 10 
FIXATION 2 5. 49 2. 08 2*44 to 10 

MEAN LONGEST 1 5. 26 1. 74 2.53 to 10 
FIXATION 2 4. 93 2. 03 2.5 to 10 

FIRST FIXATION 1 2. 85 3. 97 1.32 to 10 
DURATION 2 4. 12 5. 11 .99 to 10 

NUMBER FIX ACROSS 1 3. 06 2. 32 0 to 8 
STIMULI 2 4. 86 2. 78 0 to 13 
MEAN COMPLETION 1 21 .76 10 .03 6.4 to 63. 
TIME 2 23 .97 19 .89 11.85 to 94. 
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this task cu:e presented in Table 5.2. 

The percentage fixation to the bullseye failed to emerge as a 

consistent measure, either within or across testing sessions, 

although a significant negative re l i a b i l i t y was found for session 

1. T-tests for related samples were performed to determine 

whether infants overall had shown a significant preference for the 

bullseye over the stripes and this was significant for both 

testing sessions <t=3.19, p < .001; t=4.39, p < .005 for sessions 

1 and 2, respectively). Hence, i t was thought possible that the 

failure to find percentage preference for the bullseye a reliable 

measure might have been due to a 'ceiling effect' obscuring any 

potential reliability. However, since 8 of the infants on session 

1, and 6 of those on session 2 showed greater fixation duration 

towards the stripes, i t i s unlikely that a 'ceiling effect' was 

the cause of the lack of reliability. 

A further factor likely to effect reliability of the bullseye 

preference i s position bias. T-tests revealed that on neither 

session did infants overall show a significant preference for 

stimuli in a particular position <t=0.14 and 1.42, NS for sessions 

1 and 2, respectively). However, as can be seen in Table 5.2, the 

percentage preference to the stimulus on the left of the infants' 

midline showed a greater degree of reliability than the preference 

for bullseye, and therefore this may have been partially 

responsible for the failure of preference for the bullseye to 

emerge as a reliable measure. 

195 



TABLE 5:2 

VISUAL PREFERENCES 3 MONTH DATA 

TEST-RETEST ( TRT > AND SPLIT-HALF ( SH > RELIABILITIES N=»29 

MEASURE TRT SH SBSS. 1 SH SESS. 2 

% FIXATION. .11 -.45 * -.13 
BULLSEYB 

% FIXATION .44 * .37 * .14 
LEFT 

TOTAL NUMBER .52 ** -.06 ,01 
FIXATIONS 

LONGEST SINGLE .33 .44 * .41 * 
FIXATION 

MEAN LONGEST .15 .18 .48 ** 
FIXATION 
FIRST FIXATION .24 
DURATION 

NUMBER LOOKS .30 .13 .24 
ACROSS 

MEAN COMPLETION -.29 .55 ** .29 
TIME 

* p < .05 ( 2 - T a i l e d ) 
** p < .01 <2-Talled) 
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The only other measure from this task to produce a significant 

correlation with itself across sessions, i s total number of 

fixations, although this was not reliable within sessions. Since 

i t was apparent that this measure was not reliable in the other 

tasks, i t was not considered a potentially useful predictor from 

this task. For two other tasks. Concept Acquisition and 

Audio-Visual Integration, this measure gave split-half 

relia b i l i t i e s but non-significant test-retest relia b i l i t i e s (see 

Tables 5.4B and 5.7). 

No other measure from this task produced consistent across- or 

wlthln-session reliability. Since there i s no obvious 

theoretical justification for i t constituting a potentially 

predictive measure, percentage fixation to the stimulus on the 

left was not considered worth including in further analysis. I t 

was therefore concluded that the Visual Preference task at 3 

months fai l s overall to produce any measures constituting 

potenticil predictors of later psychological functioning. This in 

part may be due to the task being the f i r s t to be administered to 

Infants on each testing session, and / or because the task was 

comparatively short in duration, requiring a total of only 20 

seconds fixation towards the stimuli and therefore not allowing 

infants to settle into a consistent or *true' pattern of fixation. 

In fact a number of Infants (4 on session 1, and 2 on session 2) 

only fixated one of the two locations throughout the whole task. 

197 



Conclusion 

None of the measures, from the Visual Preference task were 

considered to be potentially predictive at three months. 

5.5.3 Concept Acquisition 

This task was completed successfully by 27 infants, on two testing 

sessions. Data from the remaining 2 infants were eliminated due 

to infant fussing (n=D and equipment fcillure <n=D. 

Table 5.3 shows the descriptive statistics for the measures from 

this task. 

Table 5.4 shows the test-retest and split-half rel i a b i l i t i e s from 

measures from this task at three months. A number of measures 

emerged from this task which were reliable both within and across 

sessions. 

Total fixation duration to the familiar concept exemplcirs, the 

novel non-concept exemplars, and over both of these combined, 

produced significant correlations iDoth within and across sessions. 

Average fixation duration was also reliable over the familiar' 

t r i a l s , and over a l l t r i a l s , although relia b i l i t i e s are lost for 

the novel t r i a l s . However, since the familiar t r i a l s make up 
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TABLE 5:3 

CONCEPT ACQUISITION 3 MONTH DATA 

DESCRIPTIVE DATA N-27 

MEASURE SESSION MEAN SD RANGE 
TOTAL FIXATION 1 223.86 70.59 58.47 to 297.98 
DURATION 2 208.28 55.137 109.62 to 284.8 

TOTAL NUMBER 1 25.15 9.15 . 17 to 44 
FIXATIONS 2 36.11 16.76 17 to 99 

MEAN FIXATION 1 10.54 5.81 2.35 to 24.83 
DURATION 2 7.05 4.07 2.22 to 16.76 

LONGEST FIXATION 1 19.69 7.95 0.98 to 30 
DURATION 2 16.34 12.41 0.76 to 30 

MEAN LONGEST 1 17.01 7.24 3.80 to 29.69 
DURATION 2 14.32 5.98 4.88 to 26.78 
FIRST FIXATION 1 11.90 9.34 1.6 to 30 
DURATION 2 15.04 11.48 1.52 to 30 

LATENCY TO FIXATE 1 3.67 2.76 0.49 to 9.6 
2 2.99 1.99 0.53 to 5.51 

% DECLINE 1 -2.46 157.51 -92.21 to 505.90 
FIXATION TRIAL 1- 2 27.95 75.14 -95.24 to 335.0 
FIXATION TRIAL 8 

% RECOVERY 1 5.42 342.64 -49.2 to 1017.7' 
FIXATION TRIAL 8- 2 3.76 49.43 -86.99 to 176.65 
FIXATION NOVEL 
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TABLE 5:4 

CONCEPT ACQUISITION 3 MONTH DATA 

TBST-RBTEST <TRT ) AND SPLIT-HALF <SH ) RELIABILITIES N=27 

MEASURE TRT 

5.4A ALL TRIALS COMBINED 

TOTAL FIXATION .67 ** 
DURATION 

TOTAL NUMBER .02 
FIXATIONS 

MEAN FIXATION .41 * 
DURATION 

SINGLE LONGEST .61 ** 
FIXATION 
MEAN LONGEST .56 ** 
FIXATION DUR. 

FIRST FIXATION .36 
DURATION 

MEAN LATENCY .29 
TO FIXATE 
% DECREASE -.04 
(TRIALS 1-8) 

% INCREASE -.17 
(TRIALS 8-NOVEL) 

200 



MEASURE TRT SH SESS 1 SH SBSS 2 

5.4B FAMILIAR CONCEPT EXEMPLAR TRIALS 

TOTAL FIX. .59 ** .69 ** .74 ** 
DURATION 

TOTAL NUMBER .04 .71 ** .65 ** 
FIXATIONS 

MEAN FIX. .42 * .63 ** .64 ** 
DURATION 

SINGLE LONGEST .44 * .85 ** .59 ** 
FIXATION. 

MEAN LONGEST .53 ** .52** .49 ** 
FIXATION DUR. 

MEAN LATENCY .29 .36 -.24 
TO FIX. 

5.4C NOVEL NON-CONCEPT EXEMPLAR TRIALS 

TOTAL FI X . .72 ** .61 ** .59 ** 
DURATION 

TOTAL NUMBER -.08 .14 .25 
FIXATIONS 

MEAN FIX. .20 .30 -.05 
DURATION 

SINGLE LONGEST .52 ** .44 * .24 
FIXATION DUR. 

MEAN LONGEST .37 .63 ** .42 * 
FIXATION DUR. 

MEAN LATENCY .43 * .38 .42 * 
TO FIX. 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 < 2 - t a i l e d ) 

201 



four-fifths of the total t r i a l s , the measure of mean fixation 

duration was considered a potential predictor. 

The measure of single longest fixation was also reliable both 

across and within sessions. Average longest fixation duration i s 

also reliable across and within sessions, although again 

reliability I s lost across sessions for the novel t r i a l s . 

Total number of fixations failed to emerge as reliable across 

testing sessions but, at least over familiar t r i a l s , was 

characterised by within session stability. This suggests that the 

measure was perhaps affected by state characteristics of the 

Infant from one testing session to the next, or by characteristics 

of the different stimuli on each session. Hence this measure was 

not considered likely to be a useful predictor of later cognitive 

functioning. 

F i r s t fixation duration produced no across session reliability 

(split-half r e l i a b i l i t y i s not appropriate for this measure) and 

this could not therefore be considered potentially predictive. 

The remaining measures, reflecting qualitative aspects of Infants' 

fixation patterns; namely, the percentage decrease in fixation to 

concept exemplars, and the percentage increase in fixation to the 

novel non-concept exemplars, failed to show any indication of 

reliability over sessions. The mean of the total fixation 

durations over a l l Infants for each t r i a l on each session, were 

calculated. These are presented in Figure 5:1. Trend analyses 
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Figure 5:1. CONCEPT ACQUISITION - 3 MONTHS 
The figure shows the average total fixation duration 
for each trial, n = 12 
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were performed on the average total fixation times on *familiar' 
t r i a l s for a l l Infants on each session. For session 1 the F value 
was not significant whilst for session 2 the F value was 
significant (F=32.21 p < ,01 (df=l,182)). To examine whether any 
decrement in fixation occurred from the f i r s t to the f i n a l 
familiar t r i a l s , regardless of fixation patterns in intervening 
t r i a l s , t-tests were performed on the mean fixation time on t r i a l s 
one and two with the mean fixation time across t r i a l s 7 and 8, and 
again no significant decrement was found on session 1 but the t 
value was significant for session 2 (t=5.97 p < .01). T-tests 
were also used to determine whether there was a significant 
increase in fixation to the novel non-concept exemplars. The mean 
fixation duration from t r i a l s 7 and 8 was compared with that from 
t r i a l s 9 and 10, neither of these reached significance <t=0.18 and. 
1.66 for the two sessions, respectively). 

Hence, in neither session did infants demonstrate the expected 
pattern of responding to stimuli in this task. There was no 
evidence that infcints consistently (a) declined in looking over 
the familiar' concept exemplars, or <b) increased looking during 
the presentation of the •novel' non-concept exemplars. 

The conclusion which was reached regarding these measures from 
this particular study, was that percentage decrease in responding 
to the familiar concept exemplars and subsequent increase in 
responding to the novel non-concept exemplars do not constitute 
potential predictive measures. 
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A l l of the measures which showed test-retest and split-half 
r e l i a b i l i t y ^ ie, t o t a l fixation duration, average fixation 
duration, single longest fixation and average longest fixation 
duration, reflect quantitative aspects of tot a l fixation time or 
measures of fixation length, and not qualitative measures of 
decline to the concept exemplars and recovery to the non-concept 
exemplars. Clearly, these reliable measures are l i k e l y to be 
highly correlated because, for example, for infants to produce a 
large mean longest fixation duration, then total fixation duration 
is also l i k e l y to be reasonably high. The inter-correlations 
between the reliable measures for each session are presented in 
Table 5:5, A l l of these correlations were reasonably high, 
suggesting that infants who fixated stimuli for long periods of 
time also exhibited longer average fixation times, and conversely 
infants who gave many short fixations with many looks away from 
the stimulus, did not achieve such a high t o t a l fixation duration 
as those infants who fixated the stimulus for long periods of 
time. 

Conclusion 

The Concept Acquisition task at 3 months produced measures which 
are reliable both within and between sessions (at least up to a 
period of one week), and these measures can therefore be 
considered potential predictors of later ab i l i t y . These are, 
to t a l fixation duration, average fixation duration, single longest 
fixation and average longest fixation duration. 
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TABLE 5:5 
CONCEPT ACQUISITION 3 MONTH DATA 
CROSS CORRELATIONS OF RELIABLE MEASURES N=27 

MEASURE 

TOTAL FIXATION 
DURATION 
MEAN FIXATION 
DURATION 
SINGLE LONGEST 
FIXATION DURATION 
MEAN LONGEST 
DURATION 

TOTAL FIX 
DURATION 

SESSION 1 
AV. FIX SINGLE LONG 
DURATION FIXATION 
790 ** 

697 ** 

701 ** 

852 ** 

SESSION 2 

769 ** 

648 ** 

569 ** 

949 ** 720 ** 

AV. LONG 
FIXATION 
.894 ** 

912 ** 

-821 ** 

** p < .01 ( 2 - t a i l e d ) 

C o r r e l a t i o n s between measures from session 1 are presented above and 
to the r i g h t of the major diagonal, and f o r session 2 below and t o 
l e f t of the major diagonal. 
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5*5.4 Audio-Visual Integration 

21 infants in t o t a l cx)mpleted this task successfully on the two 
testing occasions* A further 6 Infants failed to complete the 
task due to equipment failure, and data from 2 infcints were 
eliminated due to fussing* 

Descriptive statistics from a l l of the measures from this task are 
presented In Table 5:6. 

T-tests revealed that for session 1 no significant preference 
emerged for the synchronised video (t=l*60 NS), although the t 
value was significant on session 2 <t=3.29 p <,0D* Also, on 
neither session was there a preference for one of the video 
positions (ie* l e f t or right of the infants- mid-line) (t=0.29 and 
0.86, NS in both cases for the two sessions, respectively)* 

The test-retest and within session (split-half) r e l i a b i l i t i e s of 
the measures taken from this task are presented in Table 5:7. 
Percentage f i c t i o n to the synchronised video emerged as a 
reliable measure both across sessions and within session 1, 
although within-session r e l i a b i l i t y was lost on session 2. Indeed 
a similar pattern of re l i a b i l i t i e s emerged for t o t a l fixation 
duration. These findings cire rather unusual since the two 
measures appear not to be related to each other (producing r's of 
-.07 and -.22 for sessions 1 and 2, respectively). Both of these 
measures, however, were considered potential predictors, in view 
of the high correlations they produced across sessions and within 
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TABLE 5.6 
AUDIO-VISUAL INTEGRATION 3 MONTH DATA 
DESCRIPTIVE DATA N=21 

MEASURE SESSION MEAN SD RANGE 
% FIXATION 1 55 .30 14 .69 37. 25 t o 89. 66 
SYNCHRONISED VIDEO 2 59 .44 13 .0 43. 56 t o 91. 51 
% FIXATION 1 52 • 2 31 .1 0. 07 t o 99. 1 
LEFT VIDEO 2 54 .5 23 .8 3 .1 to 96. 1 
TOTAL FIXATION 1 11 3.61 9. 43 85. 75 t o 119 .79 
DURATION 2 11 3.01 7. 30 89. 45 t o 119 .42 
TOTAL NUMBER 1 27 .71 14 .24 8 to 63 
FIXATIONS 2 30 .19 14 .80 12 t o 50 
MEAN FIXATION 1 6. 13 4. 15 2. 65 t o 14. 9 
DURATION 2 4. 76 2. 39 1. 66 t o 9.90 
LONGEST FIXATION 1 9. 04 15 .77 1. 99 t o 30 
DURATION 2 16 .01 12 .86 5. 71 t o 30 
MEAN LONGEST 1 14 .58 6. 33 6. 36 to 27. 06 
FIXATION DURATION 2 13 .55 5. 79 4. 79 t o 24. 82 
NUMBER FIXATIONS 1 5. 09 3. 43 1 to 14 
ACROSS VIDEOS 2 5. 84 3. 48 2 to 16 
FIRST FIXATION 1 7. 12 8. 12 2. 05 t o 30 
DURATION 2 6. 51 4. 30 2. 48 t o 18. 21 
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TABLE 5:7 
• 

AUDIO-VISUAL INTEGRATION 3 MONTH DATA 
TBST-RETBST <TRT> AND SPLIT-HALF <SH ) RELIABILITIES N-21 

MEASURE TRT SH SBSS. 1 SH SESS. 2 
% FIXATION .77 ** .60 ** .19 
SYNCH. VIDEO 
% FIXATION .62 ** .69 ** .69 ** 
LEFT 
TOTAL FIXATION .84 ** .82 ** .18 
DURATION 
TOTAL NUMBER .21 .71 ** .69 ** 
FIXATIONS 
MEAN FIXATION .50 * .72 ** .62 ** 
DURATION 
LONGEST SINGLE .29 .65 ** .64 ** 
FIXATION 
MEAN LONGEST .41 .68 ** .63 ** 
FIXATION 
TOT. NO. .26 .68 ** .67 ** 
LOOKS ACROSS 
FIRST FIX. .47 * 
DURATION 

* p < .05 <2-Tailed) 
** p < .01 (2 - T a i l e d ) 
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session 1. 

As for the Concept Acquisition task, mean fixation duration was 
reliable both within and between sessions from the Audio-Visual 
Integration task. 

The only other measure to produce r e l i a b i l i t y both across and 
within sessions in this task, was that of percentage fixation to 
the video on the l e f t of the infant's midline. First fixation 
duration produced a significant correlation over the two sessions* 

A number of other measures; namely, t o t a l number of fixations, 
number of fixations across from one video to the other, average 
longest fixation duration and single longest fixation duration 
appear to be affected by the state of the infant at the time of 
testing, since they produced significant split-half correlations, 
but showed no evidence of across session r e l i a b i l i t y . 

The correlations between the reliable measures from the 
Audio-Visual Integration task, are presented in Table 5:8. For 
this task, none of the reliable measures correlated significantly 
with each other in either session. The highest correlations, as 
one would expect, f e l l between tot a l fixation duration and average 
fixation duration, although these do not correlate as highly as 
the equivalent measures did in the Concept Acquisition task. The 
significant negative correlation between percentage fixation to 
the synchronised video, and percentage fixation to the video on 
the l e f t on session 1, is odd, and since for session 2 the 
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TABLE 5:8 
AUDIO-VISUAL INTEGRATION 3 MONTH DATA 
CROSS CORRELATIONS OF RELIABLE MEASURES N°21 

MEASURE 

% FIXATION 
SYNCHRONISED 
% FIXATION 
LEFT 
TOTAL FIXATION 
DURATION 
MEAN FIXATION 
DURATION 
FIRST FIXATION 
DURATION 

% FIX 
SYNCH 

SESSION 1 
% FIX. TOTAL FIX. 
LEFT DURATION 

MEAN FIX. FIRST FIX 
DURATION DURATION 

-.516 * 

001 

025 -.059 

018 .083 

109 -.348 

SESSION 2 

078 

.097 

.224 

227 

391 

387 

.049 

.073 

028 

196 

261 

086 

* p < .05 ( 2 - t a i l e d ) 

C o r r e l a t i o n s between measures from session 1 are presented above and 
to the r i g h t of the major diagonal, and f o r session 2 below and to 
l e f t of the major diagonal 
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equivalent correlation was zero, perhaps occurred by chance. 

Conclusion 

In conclusion this task produced a number - of measures which can be 
considered potential predictors of later intellectual functioning. 
These include, percentage fixation to the synchronised video, 

t o t a l fixation duration, mean fixation duration and f i r s t fixation 
duration. E^centage fixation to the video on the l e f t of the 
infant's midline was also included in further aneilyses due to the 
high r e l i a b i l i t i e s both across and within sessions, although there 
is l i t t l e reason to suspect that this measure should be predictive 
of later functioning. 

In general i t appears from Table 5.8 that the potentially 
predictive measures on this task are reflecting unrelated aspects 
of performance-

5.5.5 Operant Conditioning 

24 infants completed this task successfully. The data from a 
further 5 infants were not used due to infant fussing. 

Descriptive statistics for the 6 measures from this task are 
presented in Table 5:9. 

The mean number of kicks over a l l infants for each minute of 
testing are plotted in Figure 5:2. I t can be seen that kicking 
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TABLE 5:9 
OPERANT CONDITIONING 3 MONTH DATA 
DESCRIPTIVE DATA N=»24 

MEASURE MEAN SD RANGE 

RATIO B TO A 2.16 1.58 0.57 t o 6.10 
RATIO C TO A 2.36 2.2 0,67 t o 8.5 
LAST B / A 2.49 2.06 0.70 t o 9.5 
HIGHEST IN B / A 3.06 2.57 0.90 t o 9.5 
FIXDURATION 489.5 51.7 340.8 t o 580.9 
TOTAL NO KICKS 145.2 93.6 40 t o 430 
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Figure 5:2. OPERANT CONDITIONING TASK - 3 MONTHS. 
The figure shows the average number of kicks recorded 
in each minute of testing. n = 24 
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did increase during the reinforcement phase as compared with the 
base-line period. A t-test for related samples revealed a 
significant increase from the average number of kicks recorded in 
minutes 1 and 2 to the average number of kicks recorded in minutes 
6 and 7 (t= 3.56 p < .01). There was however no significant 
decline from minutes 6 and 7 to the extinction phase (minutes 8 
and 9, t= -0.7 NS). 

The inter-correlations of measures from this task are presented in 
Table 5:10. I t is clear that measures reflecting learning rates 
(the f i r s t four measures on the table) cu:e a l l very highly 
inter-correlated (producing r's ranging from .7 to .91). This is 
not suprising, however, since a l l of these measures are related 
and many measures overlap. In view of the high correlations 
between the learning measures these measures were combined to form 
one composite measure, for the longitudinal analyses (see Chapter 
9). The composite measure was derived by converting each raw 
score for each learning measure to a z-soore, and then adding the 
z-scores for each infeint. 

The measures reflecting aspects of learning rate, appear to be 
independent of the two remaining measures, namely, t o t a l fixation 
duration and total number of kicks. These latter two measures are 
correlated moderately positively with each other, which suggests, 
as one might also expect, that those infants who gave many kicks 
also fixated the mobile for a longer time. 
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TABLE 5:10 
OPERANT CONDITIONING 3 MONTH DATA 
CROSS CORRELATIONS OF MEASURES N=24 

MEASURE 

RATIO 
B TO A 
RATIO 
C TO A 

RATIO 

TOT FIX 
DUR 
TOT NO 
KICKS 

.70 ** 

END MINS .80 ** 
B / A 
GREATEST .91 ** 
IN B / A 

09 

33 

RATIO 

.78 ** 

.88 ** 

-.07 

-.04 

END MINS GREATEST TOT FIX 
BTOA CTOA B / A B / A DUR 

TOT NUMBER 
KICKS 

.86 ** 

.19 

-.08 

-.14 

-.14 51 * 

* p < .05 < 2 - t a i l e d ) 
** p < .01 < 2 - t a i l e d ) 
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Conclusion 

Although the expected decline in the extinction phase was not 
found, i t was clear that learning had occurred in this task, and 
therefore the measures from this task were Included in further 
analyses* 

5*5*6 Differential Vocal Responsiveness (DVR) 

27 infants completed the DVR task in the home on two occasions. 
Two infants were excluded due to possible visiting times being 
incompatible with the mother's • arrangements. 

Descriptive statistics for the measures on this task cure presented 
in Table 5:11* 

Table 5:12 shows the test-retest r e l i a b i l i t i e s from measures taken 
from this task at 3 months. A l l of the measures taken from this 
task were reliable with the exception of total vocalisation time 
to the stranger. One possible reason for this was that the 
stranger had become less strange by the second testing session, 
but a t-test revealed that there was no difference in the extent 
to which infants vocalised to the stranger across sessions <t= 
1.056 NS). 

The inter-correlations of these measures within sessions are 

217 



TABLE 5:11 
DIFFERENTIAL VOCAL RESPONSIVENESS 3 MONTH DATA 
DESCRIPTIVE DATA N=27 

MEASURE SESSION MEAN SD RANGE 

DVR 1 5.8 15.5 -23.1 t o 43.8 
2 5.7 13.2 -10.7 to 48.1 

TOTAL VOC MOTHER 1 18.1 15.3 0.9 to 53.4 
2 15.8 14.7 0 to 56.3 

TOTAL VOC STRANGER 1 12.26 9.71 0 to 35.4 
2 10.09 8.76 0 to 36.4 

TOTAL VOCALISATION 1 30.3 20.4 3.4 to 73.5 
2 25.9 20.3 0 to 76.0 
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TABLE 5.12 
DIFFERENTIAL VOCAL RESPONSIVENESS 3 MONTH DATA 
TEST-RETEST (TRT ) RELIABILITIES N=27 

MEASURE TRT 

DVR .42 * 
TOT. VOC. .47 * 
MOTHER 
TOT. VOC. .33 
STRANGER 
TOTAL .44 * 
VOCALISATION 

* p < .05 ( 2 - T a i l e d ) 
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presented in Table S:13. A l l the measures correlate significantly 
with each other, with the highest correlations emerging between 
measures of tot a l vocalisation duration and vocalisation duration 
to the mother alone. A l l the measures were considered seperate 
potential predictors. 

Conclusion 

The measures of to t a l vocalisation, and vocalisation to the mother 
alone, as well as the DVR measure, produced significant 
correlations over the two sessions, and therefore, must a l l be 
considered potentially predictive. 

5.5.7 Attention to a Novel Toy 

The same 2 infants who failed to complete the DVR task also failed 
to complete the Attention to a Novel Toy task at 3 months, thus 
leaving a sample size of 27. 

Descriptive statistics for this task are presented in Table 5:14. 

Table 5:15 shows the test-retest r e l i a b i l i t i e s of measures from 
this task. The measures of tot a l fixation duration and tot a l 
number of fixations produced high correlations over the two 
sessions <,7 and .71 respectively), although mean fixation 
duration failed to produce a significant correlation with itself. 
Since the correlation between the measures of to t a l fixation 
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TABLE 5:13 
DIFFERENTIAL VOCAL RESPONSIVENESS 3 MONTH DATA 
CROSS CORRELATIONS OF RELIABLE MEASURES N°27 

SESSION 1 
MEASURE DVR TOT. VOC TOT VOC 

DUR. MOTHER DURATION 
DVR .. .80 ** .44 * 

TOTAL VOCALISATION .81 ** .89 ** 
DURATION MOTHER 
TOTAL VOCALISATION .52 ** .92 ** 
DURATION 

SESSION 2 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a l i e d ) 

C o r r elations between measures from session 1 are presented above and 
to the r i g h t of the major diagonal, and f o r session 2 below and t o 
l e f t of the major diagonal 
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TABLE 5:14 
ATTENTION TO A NOVEL TOY 3 MONTH DATA 
DESCRIPTIVE DATA N«27 

MEASURE SESSION MEAN SD RANGE 

TOTAL FIXATION 1 126.9 67 .1 30 .6 to 304. 6 
DURATION 2 131.1 63 .7 24 .3 to 268 
TOTAL NUMBER 1 7.7 8. 25 1 t o 32 
FIXATIONS 2 6.41 4. 92 1 t o 17 
MEAN FIXATION 1 37.7 38 .5 2. 6 to 163 
DURATION 2 36 31 .7 3. 7 to 119. 9 

TABLE 5:15 
ATTENTION TO A NOVEL TOY 3 MONTH DATA 
TEST-RBTBST (TRT ) RELIABILITIES N=27 

MEASURE 
TOTAL FIX 
DURATION 
TOTAL NO. 
FIXATIONS 
MEAN FIX. 
DURATION 

TRT 
.70 ** 

.71 ** 

.20 

** p < .01 ( 2 - t a i l e d ) 
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duration and tot a l number of fixations was low for each session 
(see Table 5:16), and these measures' therefore appear not to be 
related to each other, i t is necessary to include them separately 
as potential predictors. 

Conclusion 

The two measures of tot a l fixation duration and t o t a l number of 
fixations are forwarded as potentially reliable measures at 3 
months. 

5.6 CONCLUSION - TEST-RETBST AND SPLIT-HALF RELIABILITIES 

From the tasks at three months a number of reliable measures 
emerged. Those measures which were reliable both across and 
within sessions are potential predictors although those measures 
which failed to show within session r e l i a b i l i t y , but did produce 
across session r e l i a b i l i t y can also be considered potential 
predictors. Hence, those measures which appeared reliable across 
sessions but which failed to show r e l i a b i l i t y on one of the 
individual testing sessions (for example, percentage fixation to 
the synchronised video and tot a l fixation duration on the 
audio-visual integration task) are considered potential 
predictors. 

Many of the reliable measures reflect aspects of fixation duration 
towards different types of stimuli. I t is interesting that the 
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TABLE 5:16 
ATTENTION TO A NOVEL TOY 3 MONTH DATA 
CROSS CORRELATIONS OF RELIABLE MEASURES 

SESSION 1 
MEASURE TOTAL FIXATION TOTAL NUMBER 

DURATION FIXATIONS 
TOTAL FIXATION -.02 
DURATION 

TOTAL NUMBER .10 
FIXATIONS 

SESSION 2 

Corre l a t i o n s between measures from session 1 are presented above and 
to the r i g h t of the major diagonal, and for session 2 below and t o 
l e f t of the major diagonal 
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measure of tot a l number of fixations was reliable only on the 
Visual Preference and the Attention to the Novel Toy tasks. This 
measure had failed to show r e l i a b i l i t y in the Concept Acquisition 
and Audio-Visual Integration tasks. The same stimulus was used 
for each session on the Visual Preference and Attention to a Novel 
toy tasks, where the stimuli changed across sessions on the other 
tasks and i t would seem that characteristics of individual stimuli 
do affect the number of looks given by infants. 

Further discussion of the measures and their r e l i a b i l i t y is given 
in Chapters 6, 9 and 10. 

The measures from the 3 month data considered potentially 
predictive, along with a l l of the measures from the operant 
conditioning task, are presented in table 5:17. 

5.7 ACROSS TASK CORRELATIONS: 3 MONTH DATA 

The next stage of the analyses was to determine the ways in which 
these apparently reliable measures from the tasks at 3 months are 
related to each other across tasks- These analyses were carried 
out to provide information relating to whether reliable measures 
from the separate tasks are related to any other reliable measures 
from other tasks. 

For these analyses, for each infant the mean score, over the two 
testing sessions was calculated for each reliable measure, and 
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TABLE 5.17 
MEASURES CONSIDERED POTENTIAL PREDICTORS AT 3 MONTHS 

CONCEPT ACQUISITION 
1. T o t a l f i x a t i o n d u r a t i o n 
2. Average f i x a t i o n duration 
3. Single longest f i x a t i o n 
4. Average longest f i x a t i o n 

AUDIO-VISUAL INTEGRATION 
5. Percentage f i x a t i o n t o the synchronised video 
6. Percentage f i x a t i o n t o the video on the l e f t . 
7. T o t a l f i x a t i o n d u r a t i o n 
8. Average f i x a t i o n d u r a t i o n 
9. F i r s t f i x a t i o n d u r a t i o n 

OPERANT CONDITIONING 
10. Ratio of B to A 
11. Ratio of C t o A 
12. Mins. 6 and 7 of B, di v i d e d by A 
13. Greatest 2 mins. i n B, d i v i d e d by A 
14. T o t a l f i x a t i o n time 
15. T o t a l number of kicks 

DIFFERENTIAL VOCAL RESPONSIVENESS 
16* DVR measure 
17. Total v o c a l i s a t i o n t o the mother 
18. T o t a l v o c a l i s a t i o n d u r a t i o n 

ATTENTION TO A NOVEL TOY 
19. T o t a l f i x a t i o n d u r a t i o n 
20. T o t a l number of f i x a t i o n s 

226 



TABLE 5.18 

INTBR-CORRBLATIONS BBTWBBN RBLIABLB MBASURBS AT 3 MONTHS 

For k e y to i n d i v i d u a l measures s e e Table S.17 

MBASURB 
NUMBER 

S 7 8 10 1 1 12 13 14 lb 16 17 18 1 'J 20 

1 -.18 .31 .49* .48* .25 .22 .35 .38 -.22 . 22 11.19 .00 -.14 - . 2 • -.09 

2 -.11 .11 .42 . 77* 
• 

.30 .57* 
* 

.15 . 38 . 44* -.35 . 14 .OS .02 .00 j - . 3 2 -.16 

3 -.09 .22 .48* .52* .28 .52* .18 .25 .24 -.29 .06 .23 .02 -.14 -.31 -.08 
4 -.17 .19 .50* .66* 

* 
.24 1 - .22 .40 .43* -.26 .14 .08 

,L 
-.06 -.14 

il 
-.35 -.14 

5 -.33 - .38 -.41 -.39 -.14 - .09 -.27 -.20 -.10 -.02 -.12 
.49 .28 .38 .48 .39 .45 -.06 -.28 -.34 .28 -.16 

7 .13 - .08 -.17 -.07 .05 .35 .26 .14 . 02 .12 -.07 
B .58* .05 .31 .42 .00 .06 .24 .27 .23 -.12 -.36 
9 -.12 .04 .00 -.05 .05 - .01 -.05 .20 .32 -.26 
10 -.12 -.05 .00 i .00 -.23 
11 -.11 -.08 -.05 -.09 -.15 
12 -.15 -.05 .02 .05 -.26 
13 -.13 -.07 -.02 [-.02 -.29 
14 -.30 -.31 -.22 .26 . 10 
15 . 14 .02 -.06 .14 .10 
16 .04 .00 
17 .01 . 11 
18 -.02 .17 

* p < .05 ( 2 - t a l l e d ) 

* p < .01 ( 2 - t a i l e d ) 
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Pearson correlations carried out. Measures from the operant task 
were included from the single session in which they were obtained. 

The cross correlations for a l l reliable measures with a l l other 
reliable measures are presented in Table 5.1fl, and are discussed 
in the following sections. 

5.7.1 Concept Acquisition and Audio-Visual Integration 

A to t a l of 20 infants completed both of these tasks and the 
correlations between reliable measures from these t ^ k s are 
presented in Table 5.1B and are in the area surrounded by a red 
ring. 

I t can be seen from this table that the measures of percentage 
fixation to the synchronised video (#5) and percentage fixation to 
the video on the l e f t of the Infant's mid-line (#6) from the 
audio-visual Integration task failed to correlate significantly 
with any of the measures from the Concept Acquisition task. 

On the other hand, measures of to t a l fixation duration (#D, 
average fixation duration (#2), single longest fixation duration 
(#3) and mean longest fixation duration (#4) from the Concept. 
Acquisition task, produced a series of high positive correlations 
with total fixation duration (#7) and average fixation duration 
(#8) from the Audio-Visual Integration task. The highest 
correlations emerged between mean fixation duration from both 
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tasks producing a correlation of .77. A measure of visual 
attention, then, reflecting some aspect of the amount of time 
infants w i l l fixate stimuli, and the average length of their 
fixations towards stimuli, appears to be reliable not only within 
and between testing sessions for the same task, but also across 
two tasks, which involve presentation of entirely different 
stimuli types. 

First fixation duration (#9) from the Audio-Visual Integration 
task failed to correlate with any of the measures from the Concept 
Acquisition task. As can be seen in Table 5:8, f i r s t fixation 
duration also failed to correlate with any other measure within 
the Audio-Visual Integration task, and i t is possible that the 
measure was affected by the fact that two stimuli were presented 
in this task, and a shift in attention from one stimulus to the 
other may have occurred as a result of peripheral distraction. 
This measure may therefore reflect some aspect of performance in 
infancy, which Is independent of other quantitative fixation 
measures. 

Condu^on 

The correlations between measures on these tasks suggest that 
there i s some underlying stable factor relating t o aspects of 
fixation patterns in terms of the tot a l time spent looking at the 
stimuli, and the average length of fixations toward stimuli, and 
that this is not related to qualitative fixation patterns as 
reflected in for example, percentage fixation to the integrated 
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video. 

5.7.2 Concept Acquisition and Operaint Conditioning 

22 infants completed both of these tasks. The correlations 
between the six measures derived from the Operant Conditioning 
task and the reliable measures from the Concept Acquisition task 
are presented in Table 5.18 within the area highlighted by a blue 
ring. 

Two of the measures from the Operant Conditioning task - Ci) the 
ratio of kicks in period B to that in period A and <#10), <ii) the 
greatest number of kicks in any 2 minute period of session B 
divided by the number of kicks in A (#13),- both produced 
significant correlations with two measures from the Concept 
Acquisition task; mean fixation duration, and mean longest 
fixation (the r's just miss significance for total fixation 
duration). The two measures from the learning task are a 
reflection of the amount of increase in kicking rate as a result 
of reinforcement, whilst the Concept Acquisition measures are 
reflecting mean length of fixations. 

Conclusion 

There is some indication here that measures from the Concept 
Acquisition task, mean fixation duration and mean longest 
fixation, are related to some aspect of learning. However, this 
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result is far from conclusive, and was not consistent for a l l of 
the learning measures. 

5.7.3 Audio-Visual Integration and Operant Conditioning 

16 infants completed these tasks. 

Table 5.18 shows the correlations between the measures for the 16 
Infants who successfully completed both of these tasks. These 
correlations are surrounded by a yellow ring. 

The Operant Conditioning measure of the ratio of kicks in period B 
to that in period A 0>10) correlated significantly with mean 
fixation duration from the Audio-Visual Integration task (4̂ 8). 
This finding supports those which emerged between measures from 
the Operant Conditioning and Concept Acquisition tasks (see ' 
above). However, since the measure of mean fixation duration from 
the Concept Acquisition and Audio-Visual Integration tasks 
correlated highly with each other, then should either of these 
measures produce a significant correlation with operant measures 
by chance, then i t is lik e l y that i t would also for the other 
measure. 

No other measures between the Audio-Visial Integration and Operant 
Conditioning tasks correlated significantly. 
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Conclusion 

The inter-correlations between measures from these two tasks again 
provide a speculative suggestion that fixation measures may be 
related to some aspect of learning performance* 

5.7.4 Remaining Task Comparisons 

The remaining across task comparisons include: Concept Acquisition 
and DVR, completed by 25 infants (highlighted by green); Concept 
Acquisition and Attention to a Novel Toy, completed by 25 infants 
(highlighted by orange); Audio-Visual Integration and DVR, 
completed by 19 infants (highlighted by brown); Audio-Visual 
Integration and Attention to a Novel Toy, completed by 19 infants 
(highlighted by pink); Operant Conditioning and DVR, completed by 
24 infants (highlighted purple); Operant Conditioning and 
Attention to a Novel Toy, completed by 24 infants (highlighted by 
grey); and DVR and Attention to a Novel Toy, completed by 27 
infants (highlighted by black). A l l correlations were close to 
zero and none reached significance. 

5.7.5 Discussion - 3 Month (Correlations Across Tasks 

As b r i e f l y mentioned earlier in this chapter the correlations of 
measures from the Concept Acquisition and Audio-Visual Integration 
tasks lead to the suggestion that certain aspects of fixation 
(particularly measures of t o t a l fixation time and mean fixation 
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time) are reliable not only within and across sessions, but also 
across tasks, and moreover, across tasks which differ in terms of 
the nature and amount of stimulation. The inclusion of measures 
from the Operant Conditioning task led to the suggestion that 
learning measures might also be related to the measures of 
fixation, although at this stage the analyses provide no sound 
evidence for this. The pattern of correlations that has emerged 
here may be due in part to chcince elements, and i t is not u n t i l 
relationships between these 3 month measures and measures from 
tasks at later ages are examined, that a clearer picture can be 
extracted from these data. 

Measures from the two home-based tasks failed to correlate with 
any of the laboratory tasks or with measures' from each other. 
However since they are reliable across sessions they should be 
best considered as independent measures, which may or may not 
correlate with later performance. 

In summary the pattern of across task correlations at 3 months 
leads.to the suggestion of a common factor relating to 
quantitative aspects of fixation and which may also be related to 
learning ab i l i t y , as well as a number of independent reliable 
measures from the tasks administered in the home. 

A l l of these tasks were administered to these same infants at 5 
months of age, and i t is data relating to the 5 month testing 
sessions which are presented and discussed in the following 
chapter. 
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CHAPTER 6 

THE TESTING AT 5 MONTHS - RELIABILITIES AND RELATIONa^IPS BETWEEN 
MEASURES 

6.1 INTRODUCTION 

Six tasks were administered to the infants at 5 months of age, and 
these were the same tasks as those used at the 3 month testing 
age. This chapter presents the test-retest and split-half 
r e l i a b i l i t i e s of a l l measures at 5 months. Additionally the 
inter-relationships between reliable measures across different 
tasks are examined, and discussed in relation to the pattern of 
rel i a b i l i t i e s which emerged at 3 months. Relationships between 
measures across age (from 3 to 5 months) are presented in Chapter 
9. 

Some of the 5 month testing procedures differed s l i g h t l y from 
those used at 3 months and these w i l l be discussed in the Method 
sections in this chapter where appropriate. 
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6.2 METHOD 

6*2.1 Subjects 

25 of the 29 mothers whose infants had participated i n the 3 month 
session returned for testing at 5 months. Of the remaining four 
mothers who had participated In the earlier part of the study, 
three had moved out of the area, and one mother decided not to 
continue with the program due to Illness of her infant. Three of 
these infants were meile and one was female. 

6.2^ Design 

At the age of 5 months + / - one week, each infant was brought to 
the laboratory by the mother, and visited in the home, on two 
occasions separated by not less than 24 hours and not more than 
one week. Visits alternated and always commenced with a 
laboratory v i s i t . On each v i s i t the tasks were presented in a 
fixed order, and this was identical to that used at 3 months (see 
Chapter 5, Design section). 
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6.3 PROCEDURE 

6^.1 Laboratory Tasks 

Full details of the equipment, stimuli and procedures of each task 
have been presented in the Pilot Studies sections in Chapter 3. 
A l l testing procedures were identical to those used for the 3 
month testing with the exception of the Visual E>references and 
Concept Acquisition tasks, and revised procedures of these tasks 
are discussed next. 

Visual Preferences 

At 5 months, as well as the stripe - bullseye comparison, the size 
versus number of element comparisons, described i n the Pilot 
Studies sections (Chapter 3>, were Included in this task. The 
size - number comparisons were not used in the 3 month testing of 
the major study, partly because the preference measure was not 
reliable in the Pilot studies, and psurtly because the infants, 
within a session, were being given too much to do. The size -
number comparison was re-introduced into the 5 month testing 
sessions for two reasons: f i r s t , the preference for greater over 
smaller number of elements, which develops at approximately 3 
months, is s t i l l clear for 5 month old infants, and therefore the 
extent of this preference at this age may t e l l us something about 
the intellectual growth of an individual: and second, since 
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infants at 5 months of age seem to be awake for longer periods of 
time than 3 month infants, lengthening the \7isual Preference task 
is perhaps less l i k e l y to affect performance on subsequent tasks 
at 5 months, than at 3 months. 

The procedure for the Visual preference task at 5 months was 
identical to that described in the PUot studies (see Chapter 3). 

Concept Acquisition 

•In the infant control habituation procedure, older infants 
typically reach the criterion of habituation faster than do 
younger ones (Werner and Perlmutter, 1979). Rose and Slater 
(1983) suggest that 3 month old infants habituate in approximately 
twice the length of time that 5 month old infants require. In 
view of this, t r i a l length for the 5 month testing sessions was 
reduced to half of that used with 3 month olds, from 30 to 15 
seconds. The number of t r i a l s (ie. 8 familiar followed by two 
novel trials) was kept the same. In a l l other respects the 
Concept Acquisition task was identical to that reported in the 
Pilot studies sections. 

6.3.2 Home Tasks 

The Differential Vocal Responsiveness task was given in a similar 
way to that reported in the Pilot studies (Chapter3), and the task 
was administered on two testing occasions as i t was for the 3 
month testing sessions (see Chapter 5), 
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The Attention to the Novel Toy task was also administered in much 
the same way as in previous testing sessions, although infants 
were allowed to hold the toy, i f they reached for i t , and an extra 
measure of manipulation time was included (see Measures section 
below). This task was also administered on two occasions as I t 
had been in the 3 month session (see Chapter 5). 

6.4 MEASURES 

The measures taken from each task were the same as those taken 
from the tasks in the Pilot Studies and from the 3 month testing. 
The reduced t r i a l periods in the Concept Acquisition task allowed 
a maximum t o t a l fixation duration of 150 seconds. 

The Attention to a Novel Toy task had an extra measure of tot a l 
manipulation time added. This was a measure of the time (in 
seconds) infants spent manipulating the object, i f they chose to 
do so. 

6.4.1 Test-Retest and Split-Half Reliabilities 

These were calculated in the same way as in the Pilot Studies and 
3 Month Testing sessions. 
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6^ RESULTS AND DISCUSSIONS 

6*5.1 Sex Differences 

E*reliminary analyses revealed no major consistent sex differences, 
the data were therefore collapsed across sex. 

6̂ .2 Visual Preferences 

16 infants completed this task successfully. Of the remaining 9 
infants, one was unable to return to the laboratory for the second 
session within the required time period, the data of a further 6 
infants were eliminated due to infant fussing, and the remaining 2 
due to equipment failure. 

Descriptive statistics from this task are shown in Table 6:1. 

The test-retest and split-half r e l i a b i l i t i e s for the Visual 
Preference task at 5 months are presented in Table 6:2. 

While there is some indication that a number of measures from this 
task are reliable within sessions, there were no significant 
test-retest r e l i a b i l i t i e s to corroborate their value as 
potentially predictive measures. 
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TABLE 6:1 
VISUAL PREFERENCES 5 MONTH DATA 
DESCRIPTIVE DATA N=16 

MEASURE SESSION MEAN SD RANGE 

% FIXATION 1 54.62 13.44 28.22 t o 81.75 
GREATER NUMBER 2 54.03 8.7 38.51 t o 67.47 
% FIXATION 1 61.5 20.4 27.5 t o 91.9 
BULLSEYE 2 55.6 20.0 26.47 t o 96.91 

% FIXATION 1 49.5 17.9 23.8 to 78.3 
LEFT 2 48 12.3 24.1 to 69.8 
TOTAL NUMBER 1 42.7 . 10.5 24 t o 60 
FIXATIONS 2 47.1 14 23 t o 68 
LONGEST SINGLE 1 7.09 1.34 4.76 t o 10 
FIXATION 2 5.97 2.11 3.54 t o 10 
MEAN LONGEST 1 4.65 0.88 3.31 to 6.4 
FIXATION 2 4.01 1.05 2.69 to 5.69 
FIRST FIXATION 1 2.284 1.29 0.46 t o 4.69 
DURATION 2 2.631 1.439 0.62 t o 5.36 
NUMBER FIXATIONS 1 23 7.53 7 t o 36 
ACROSS STIMULI 2 30.7 12.6 13 t o 52 
MEAN COMPLETION 1 21.34 8.13 12.22 to 47.77 
TIME 2 16.54 3.07 13.4 t o 24.36 
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TABLE 6:2 
VISUAL PRBPBRBNCBS 5 MONTH DATA 
TBST-RBTBST (TRT ) AND SPLIT-HALF <SH ) RELIABILITIES N=16 

MEASURE TRT SH SESS. 1 SH SESS. 2 
% FIX GREATER -.40 .21 .17 
NUMBER 
% FIX -.54 * .16 .15 
BULLSEYE 
% FIX LEFT .46 * .55 * .12 

TOTAL NUMBER -.34 .79 ** .92 ** 
FIXATIONS 
LONGEST SINGLE -.09 .33 .87 ** 
FIXATION 
MEAN LONGEST -.17 .47 .78 ** 
FIXATION 
NO. LOOKS -.16 .73 ** -86 ** 
ACROSS 
MEAN COMPLETION .01 .33 .03 
TIME 

* p < .05 (2 - T a i l e d ) 
** p < .01 (2 - T a i l e d ) 
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A significant negative correlation occurred across sessions for 
the measure of percentage fixation to the bulls-eye, which is 
d i f f i c u l t to explain. The test-retest correlation for the 
percentage fixation to the greater number of elements was also 
negative and just misses significance <r=-.4). One possible 
expalnation for this is that infants show a strong preference for 
one type of stimuli of each pair, ie. either the bullseye or the 
stripes and either the greater or lesser, number of elements, on 
the i n i t i a l testing session but due to memory factors, for 
example, show a strong preference for the alternative stimulus on 
the second testing session. However, related t-tests revealed a 
significant preference for the bullseye on session 1 (t=2.25 p < 
.05) which was lost on session 2 <t=1.12 NS), while for greater 
number of elements, no significant preference emerged on session 
1, although significance was reached on session 2 <t= 1.38 NS and 
L85 p < .05, for the two sessions, respectively). I f memory for 
stimuli from one session to the next had caused the negative 
test-retest r e l i a b i l i t y correlations, then we may have expected 
significant preferences on both sessions, but in opposite 
directions across sessions. This pattern of results' then fails to 
support the suggestion that memory for a preferred stimulus on 
session 1 caused the negative test-retest correlations for the 
bullseye and greater number preference measures. The negative 
correlations may have occurred by chance. 

On neither session was there a significant preference for the l e f t 
or right positions. 
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Conclusion 

The Visual Preference task administered at 5 months failed to 
produce any measures which can be considered potential predictors 
of later intellectual functioning. 

6.5.3 Concept Acquisition 

A to t a l of only 12 infants completed this task on two occasions at 
the 5 month testing age. One infant was unable to return to the 
laboratory within the specified period for the second testing 
session, the data from 3 infants were eliminated due to equipment 
failure, and the data from the remaining nine infants were 
eliminated due to fussing. 

Descriptive statistics for the measures from this task are 
presented in Table 6:3. 

The test-retest and split-half r e l i a b i l i t i e s are presented in 
Table 6:4. 

A l l of the measures which produced test-retest r e l i a b i l i t y at 3 
months failed to do so at 5 months. In fact not one measure from 
the Concept Acquisition task at 5 months showed any evidence of 
being reliable across sessions. 
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TABLE 6:3 
CONCEPT ACQUISITION 5 MONTH DATA 
DESCRIPTIVE DATA N=12 

MEASURE SESSION MEAN SD RANGE 

TOTAL FIXATION 1 63.3 25.6 25.5 t o 107.7 
DURATION 2 54.9 19.9 23.8 to 97.4 
TOTAL NUMBER 1 23.8 7.35 13 t o 40 
FIXATIONS 2 25,42 6.84 17 to 37 
MEAN FIXATION 1 2.90 1.87 1.2 t o 8.29 
DURATION 2 2.17 0.58 1.4 to 3.16 
LONGEST FIXATION 1 8.44 3.97 2.82 to 15 
DURATION 2 6.97 2.11 3.11 to 9.84 
MEAN LONGEST 1 4.58 2.32 1.55 t o 8.33 
DURATION 2 3.51 1.25 1.69 to 6.14 
FIRST FIXATION 1 4.24 2.37 1.71 t o 8.61 
DURATION 2 - 4.32 2.55 2.06 t o 10.76 
MEAN LATENCY 1 3.44 1.62 0.90 t o 6.64 
TO FIXATE 2 3.27 1.99 0.53 t o 5.51 
% DECLINE 1 4^^t 216 -76 to 701 
FIXATION TRIAL 1- 2 'S6:*i4-'J 49.5 -85 to 83.3 
FIXATION TRIAL 8 
% RECOVERY 1 -12.3 49.7 -44.1 t o 107.1 
FIXATION TRIAL 8- 2 0'*̂ ^̂  42.5 -52.8 t o 74 
FIXATION NOVEL 
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TABLE 6:4 
CONCEPT ACQUISITION 5 MONTH DATA 
TEST-RETBST < TRT > AND SPLIT-HALF < SH ) RELIABILITIES N=»12 

MEASURE TRT 
6.4A OVER ALL TRIALS 

TOTAL FIX. .22 
DURATION 
TOTAL NO. .23 
FIXATIONS 
MEAN FIX. -.20 
DURATION 
SINGLE LONG. .18 
FIXATION 
MEAN LONG. -.19 
FIX. DUR. 
FIRST FIX. .38 
DURATION 
MEAN LATENCY .54 
TO FIX. 
% DECREASE -.19 
(TRIALS 1-8) 
% INCREASE -.45 
(TRIALS 8-NOVEL) 
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MEASURE TRT SH SESS. 1 
6.4B FAMILIAR CONCEPT EXEMPLAR TRIALS 

SH SBSS. 2 

TOTAL FIX. .23 
DURATION 
TOTAL NUMBER .27 
FIXATIONS 
MEAN FIX. -.22 
DURATION 
SINGLE LONG. .18 
FIXATION 
MEAN LONG. -.13 
FIX. DUR. 
MEAN LATENCY .52 
TO FIX. 

.69 * 

.39 

.89 ** 

.76 ** 

.19 

.42 

.53 

.63 * 

.32 

.34 

.57 

.12 

6.4C NOVEL NON-CONCEPT EXEMPLAR TRIALS 

TOTAL FIX. .07 
DURATION 
TOTAL NUMBER .06 
FIXATIONS 
MEAN FIX. -.27 
DURATION 
SINGLE LONG. .52 
FIX. DUR. 
MEAN LONG. -.05 
FIX. DUR. 
MEAN LATENCY .13 
TO FIX. 

-.10 

.00 

-.23 

-.24 

-.24 

76 ** 

.68 * 

.51 

.40 

-.42 

.42 

.42 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 
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Since a number of significant correlations for the within session 
comparisons were significant, i t must be concluded that 
performance on this task at 5 months is characterised by state 
fluctuations from day to day, rather than any stable performance 
across sessions. 

The average fixation durations, over a l l infants, for each 
seperate stimulus presentation were calculated, and these are 
plotted in Figure 6:1. Trend analyses revealed that no 
significant decrement in fixation across the familiar, concept 
exemplar t r i a l s , occurred in session 1 (F=2.65 NS (df=l,77)), 
although this was significant for session 2 (F=9.67 p> .01 
(df=l,77». However, on neither session did t-tests (from the 
average fixation duration on t r i a l s 7 and 8, with the average 
fixation duration on t r i a l s 9 and 10) reveal a significant 
increase in fixation towards the novel non-concept exemplars. The 
Concept Acquisition task again failed to produce the expected 
pattern of responding, as indeed i t did on both testing occasions 
at 3 months. 

Conclusion 

None of the measures from this task at 5 months can be considered 
potential predictors. 
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Figure 6:1; CONCEPT ACQUISITION - 5 MONTHS 
The figure shows the average total fixation duration 
for each trial n = 12 
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6^^ Audio-Visual Integration 

14 Infants completed this task on the two testing sessions. One 

infant was unable to return for the second session within the 
required time period, and data from a further 9 infants were 
discarded due to fussing, and from one infant due to equipment 
failure. 

Descriptive statistics for the measures from this task are 
presented in Table 6:5. 

Table 6:6 shows the test-retest and split-half reliabilities of 
measures from this task. The data are characterised by a number 
of within session reliabilities but with no evidence of 
rel i a b i l i t y across sessions. 

T-tests revealed that there was no significant preference for the 
synchronised video on session 1, although this did reach 
significance on session 2 (t^L73 NS and 2.43 p COS, for session 
1 and session 2* respectively). 

C:onclu3lon 

None of the measures from this task at 5 months can be considered 
potential predictors. 
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TABLE 6:5 
AUDIO-VISUAL INTEGRATION 5 MONTH DATA 
DESCRIPTIVE DATA N«14 

MEASURE SESSION MEAN SD RANGE 

% FIXATION 1 
SYNCHRONISED VIDEO 2 
% FIXATION 1 
LEFT VIDEO 2 
TOTAL FIXATION 1 
DURATION 2 
TOTAL NUMBER 1 
FIXATIONS 2 
MEAN FIXATION 1 
DURATION 2 
LONGEST FIXATION 1 
DURATION 2 
MEAN LONGEST 1 
FIXATION DURATION 2 
NUMBER FIXATIONS 1 
ACROSS VIDEOS 2 
FIRST FIXATION 1 
DURATION 2 

55.7 
55.72 
44.84 
60.9 
89.5 
79.8 
37.36 
33.5 
2.55 
2.52 
10.91 
11.47 
7.73 
7.07 
26.36 
22.1 
2.4 
2.31 

15.1 
15.4 
16.7 
18.4 
21.7 
21.6 
8.43 
11.92 
1 
0.69 
4.44 
4.07 
2.82 
2.49 
9.87 
11.1 
2.24 
2.21 

26 
23.11 
24.4 
18.6 
60 

50.8 
25 
20 
1.3 

1.34 
5.17 
7.49 
3.5 

4.88 
8 

10 
0.23 
0.47 

to 80.3 
to 80.63 
to 76.6 
to 87.1 
to 115.9 
to 116.6 
to 51 
to 68 
to 4.85 
to 3.36 
to 21.94 
to 21.02 
to 12.43 
to 14.67 
to 40 
to 55 
to 8.47 
to 7.40 
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TABLE 6:6 
AUDIO-VISUAL INTEGRATION 5 MONTH DATA 
TBST-RETBST <TRT ) AND SPLIT-HALF <SH ) RELIABILITIES N=14 

MEASURE TRT SH SESS. 1 SH SESS. 2 

% FIXATION .00 .10 .53 
SYNCH. VIDEO 
% FIXATION .16 .01 .67 ** 
LEFT 
TOTAL FIXATION .34 .20 .59 * 
DURATION 
TOTAL NUMBER .34 .63 * .63 * 
FIXATIONS 
MEAN FIXATION .14 .49 .49 
DURATION 
LONGEST SINGLE -.09 .55 * .28 
FIXATION 
MEAN LONGEST .05 .53 .29 
FIXATION 
TOT- NO. .53 .16 .46 
LOOKS ACROSS 
FIRST FIX. .37 
DURATION 

* p < .05 <2-Tailed) 
** p < .01 (2 - T a l l e d ) 
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6JS3 Operant Conditioning 

17 infants completed this task at 5 months. 3 infants failed to 

complete the task due to fussing, and the data from 5 infants were 

disgcurded due to equipment failure. 

Descriptive statistics from the measures from this task are 

presented in Table 6:7. 

The mean number of kicks over a l l infants for each minute of 

testing are plotted in Figure 6:2. T-tests for related samples 

revealed no significant change in responding either from the 

base-rate phase to the last two minutes of the reinforcement 

phase, or from the end of the reinforcement phase to the 

extinction period. The expected pattern of responding had not 

occurred in this task at 5 months. 

The correlations between each of the 6 measures from this task are 

presented in Table 6:8. A l l the measures reflecting learning 

performance are very highly correlated with one another, whilst 

the 2 remaining measures (number of kicks to a lesser extent than 

time spent fixating the mobile), appear not to be directly related 

to the learning measures. 

Conclusion 

The six measures from this task were carried forward as potential 
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TABLE 6:7 

OPERANT CONDITIONING 5 MONTH DATA 

DESCRIPTIVE DATA N=17 

MEASURE MEAN SD RANGE 

RATIO B TO A 1.53 1.64 0 to 7.28 
RATIO C TO A 1.85 2.35 0.34 to 10.6 
LAST B / A 1.40 1 0.42 to 3.73 
HIGHEST IN B / A 2.22 2.54 0.71 to 11.6 
FIX DURATION 458.9 67.9 294.9 to 540 
TOTAL NO KICKS 124.7 66.8 49 to 321 
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Figure 6:2. OPERANT CONDITIONING TASK - 5 MONTHS 
The figure shows the average number of kicks recorded 
In each minute of testing. n=17 
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TABLE 6:8 

OPERANT CONDITIONING 5 MONTH DATA 

CROSS CORRELATIONS OP MEASURES N^l? 

MEASURE 

RATIO RATIO END MINS GREATEST TOT FIX TOT NUMBER 
B TO A C TO A B / A B / A DUR KICKS 

RATIO 
B TO A 

RATIO ,92 ** 
C TO A 

END MINS .83 ** .63 ** 
B / A 

GREATEST .95 ** .94 ** .74 ** 
IN B / A 

TOT FIX -.18 -.18 -.04 -.12 
DUR 

TOT NO .41 .29 .32 .31 .26 
KICKS 

p < .01 ( 2 - t a i l e d ) 
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predictors, but in view of the absence of clear learning curves 

the likelihood of them being predictors must be considered to be 

low. A l l the measures were included separately in the analyses 

(in spite of some of them being strongly related with one another) 

because of the small number of measures carried forward as 

potential predictors from the 5 month data* 

6^.6 DVR 

A l l 25 infants completed the DVR task successfully on two 

sessions* 

Descriptive statistics for measures on this task are presented in 

Table 6:9. 

The test-retest reliabilities from this task are presented in 

table 6:10. 

The measures of total vocalisation to the mother and the stranger 

as well as the total vocalisation duration a l l produced 

significant across session relia b i l i t i e s at 5 months, as they did 

at 3 months. For the DVR measure test-retest re l i a b i l i t y was lost 

at 5 months. 

The failure to find the DVR measure reliable from the DVR task at 

5 months, may be due to the possibility that at 3 months (the age 

at which the infants in Roe's sample were tested), the difference 

measure reflects the ability of individual infants to 
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TABLE 6:9 

DIFFERENTIAL VOCAL RESPONSIVENESS 5 MONTH DATA 
DESCRIPTIVE DATA N=25 

MEASURE SESSION MEAN SD RANGE 

DVR 1 3.73 7.29 -6.6 to 23.76 
2 4.24 6.47 -6.6 to 16.6 

TOTAL VOC MOTHER 1 12.4 8.13 0 to 28.3 
2 12.47 7.58 0 to 30.2 

TOTAL VOC STRANGER 1 8.67 7.55 0 to 22.4 
2 8.24 9.26 0 to 36.8 

TOTAL VOCALISATION 1 21.1 13.9 0 to 49.5 
2 20.07 15.6 0 to 67 
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TABLE 6:10 

DIFFERENTIAL VOCAL RESPONSIVENESS 5 MONTH DATA 
TEST-RETEST <TRT ) RELIABILITIES N=25 

MEASURE TRT 

DVR .39 

TOT. VOC. .62 ** 
MOTHER 

TOT. VOC. .58 ** 
STRANGER 

TOTAL .64 ** 
VOCALISATION 

* p < .05 ( 2 - t a i l e d ) 
*• p < .01 < 2 - t a i l e d ) 
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discriminate, between the mother and a stranger. By the time the 

infant reaches 5 months, however, a ceiling effect may have been 

reached for this discriminative ability, although at this age the 

sheer amount and nature of vocalisation itself may be of 

importance for predictive purposes. 

Table 6:11 shows the correlations between the reliable measures 

for both sessions. A l l measures correlated highly with each 

other, and this i s not suprising since they are a l l measures of 

vocalisation time. However, since so few measures at 5 months are 

forwarded into later analyses as potential predictors, the 

measures from this task were not combined. 

Conclusion 

The measures of total vocalisation and the amount of vocalisation 

to both the mother and the stranger, can be regarded as potential 

predictors of later intellectual functioning, but not the DVR 

measure at 5 months. 

6.5.7 Attention to a Novel Toy 

A l l 25 infants completed this task in the home at 5 months. 

Descriptive statistics for these measures are presented in Table 
6:12. 
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TABLE 6:11 

DIFFERENTIAL VOCAL RESPONSIVENESS 5 MONTH DATA 

CROSS CORRELATIONS OF RELIABLE MEASURES 

MEASURE 
SESSION 1 

TOT. VOC 
OUR MOTHER 

TOT VOC 
DUR STRANGER 

TOT VOC 
DURATION 

TOT VOC 
DUR MOTHER 

TOT VOC 
DUR STRANGER 
TOT VOC 
DURATION 

.57 ** 

72 ** 

91 ** 

89 ** 

.88 ** 

94 ** 

SESSION 2 

** p < .01 < 2 - t a i l e d ) 

C o r r e l a t i o n s between measures from s e s s i o n 1 are presented above and 
to the r i g h t of the major diagonal, and for s e s s i o n 2 below and to 
l e f t of the major diagonal 
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TABLE 6:12 

ATTENTION TO A NOVEL TOY 5 MONTH DATA 

DESCRIPTIVE DATA N=27 

MEASURE SESSION MEAN SD RANGE 

TOTAL FIXATION 1 26 23 .9 4 .9 to 100 .3 
DURATION 2 21.24 7. 69 6 .3 to 39. 7 
TOTAL NUMBER 1 4.8 3. 65 1 to 14 
FIXATIONS 2 3.6 3. 11 1 to 15 
MEAN FIXATION 1 8.26 6. 57 0. 98 to 23. 77 
DURATION 2 8.99 6. 11 1. 09 to 28. 3 
TOTAL 1 127.3 95 .6 15 .6 to 372 .8 
MANIPUALTION 2 120.9 65 .7 33 .4 to 290 .1 
DURATION 
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As can be seen in table 6:13, which shows test-retest 

reliabilities from this task, the only measure from this task at 5 

months to show across session re l i a b i l i t y was that of total 

manipulation time. 

The previously reliable measures at 3 months of total number of 

fixations and total fixation time showed no reliability at 5 

months* 

Conclusion 

From this task at 5 months then, only the measure of total 

manipulation duration i s considered a possible predictor. 

6.5.8 Discussion - 5 Month Data Test-Retest and Split-Half 

Reliabilities 

From the laboratory tasks at least, the 5 month data are 

characterised by an abundance of within session, or split-half 

reliabilities, but not by test-retest reliabilities. 

The home based tasks on the other hand, did provide a number of 

reliable measures. A l i s t of these, along with those from the 

operant conditioning task which was presented on only one 

occasion, i s presented in Table 6:14. 

The next phase of the 5 month analyses involved correlating these 
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TABLE 6:13 

ATTENTION TO A NOVEL TOY 5 MONTH DATA 

TEST-RBTBST (TRT ) RELIABILITIES N=25 

MEASURE TRT 

TOTAL FIX. .08 
DURATION 

TOTAL NUMBER .31 
FIXATIONS 

MEAN FIXATION .26 
DUR. 

TOTAL MANIPULATION .59 ** 
DURATION 

** p < .01 ( 2 - t a i l e d ) 

263 



TABLE 6:14 

MEASURES CONSIDERED POTENTIAL PREDICTORS AT 5 MONTHS 

OPERANT CONDITIONING 

1. Ratio of B to A 
2. Ratio of C to A 
3. Mins. 6 and 7 of B, divided by A 
4. Gre a t e s t 2 mins. i n B, di v i d e d by A 
5. T o t a l f i x a t i o n time 
6. T o t a l number of k i c k s 

DIFFERENTIAL VOCAL RESPONSIVENESS 

7. To t a l v o c a l i s a t i o n 
8. T o t a l v o c a l i s a t i o n 
9. T o t a l v o c a l i s a t i o n 

to the mother 
to the stranger 
duration 

ATTENTION TO A NOVEL TOY 

10. T o t a l manipulation duration 
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TABLE 6:15 

CORRELATIONS BETWEEN MEASURES ACROSS TASKS AT 5 MONTHS 

The key to measure numbers i s presented i n Table 6:14 

MEASURE 

" 7 8 9 10 
1 .17 .07 .13 -.04 
2 .03 .05 .05 .0 
3 .27 -.11 .07 -.01 
4 .12 .08 .11 .13 
5 -.27 -.52 * -.44 .4 
6 .29 .16 .24 -.3 
7 -.4 * 
8 -.26 
9 -.36 

* p < .05 ( 2 - t a i l e d ) 
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reliable measures ̂ across tasks. As for the three month data, 

where the infants were tested on two occasions the mean scores for 

each infant over the two testing sessions were used. 

These results of these analyses are presented in Table 6:15 and 

are discussed in the following sections. 

6.6 RESULTS ACROSS TASK CORRELATIONS 5 MONTHS 

6.6*1 Operant and DVR 

17 infants completed these tasks at 5 months-

Table 6:15 shows the correlations of measures from these two 

tasks and are surrounded by a red ring. One significant negative 

correlation emerged between measures of total fixation time to the 

mobile and total vocalisation time to the stranger. This result 

may be spurious, since no other correlations emerged in support of 

i t . 

6.6.2 Operant and Attention to a Novel Toy 

17 infants completed these two tasks at 5 months. 

As can be seen in Table 6:15 (section highlighted by a blue ring) 
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no significant c^srrelations emerged between measures on these 

tasks at 5 months. This i s similar to the pattern of results 

between these two tasks at 3 months. 

6.63 DVR and Attention to a Novel Toy 

25 infants completed both of these tasks, and the correlations 

between reliable measures across these tasks are presented in 

Table 6:15 (highlighted by a green ring). 

The correlations between , a l l of these measures are negative, with 

just one reaching significance, that between total vocalisation 

duration in the DVR task and the duration of object manipulation 

in the Attention to the Novel Toy task. 

6.6.4 Conclusion 

At 5 months the only potentially predictive measures came from the 

home based tasks and there was l i t t l e clear evidence to suggest 

either that these are strongly related to each other or that they 

are related to the measures from the operant task. The 5 month 

cJata then do not provide any suggestion of any common underlying 

c L b i l i t y , but do suggest the presence of a small number of reliable 

measures which remain as potential predictors. 
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6.7 DISCUSSION AND COMPARISON OF 3 AND 5 MONTH R E U A B I U T I B S . 

The 3 month data have revealed measures showing both within- and 
between-sessions re l i a b i l i t i e s , some of which also correlated with 
each other across tasks. Other measures appeared to remain 
independent potential predictors. This pattern of results was not 
apparent at 5 months where, at least for the laboratory based 
tasks, performance seems to be characterised by state 
fluctuations from day to day, rather than by any stable underlying 
ability. To some extent, this may be attributable to the tasks 
themselves, cind this i s discussed next. 

One possibility i s that the measures at 5 months may be producing 
less variance than at 3 months and hence any r e l i a b i l i t y at 5 
months may be obscured. However descriptive statistics have shown 
that the 5 month measures do not produce standard deviations 
sufficiently close to zero as to distort potential r e l i a b i l i t i e s , 
and, in general, neither do they appear to differ greatly from the 
equivalent 3 month measures. 

5 month olds, and not 3 month olds, appear to be motorically 
motivated and less content to s i t and merely look at objects. 
This alone may make the tasks less appropriate for the purpose of 
obtaining individual measures of st a b i l i t y at 5 months. Where 
possible, performance on tasks across the two ages were compared 
to determine differences in task behaviour. Compared to the 3 
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month olds, the 5 month olds differed in performance in 3 ways: 

1. Manual exploration dominated performance to a greater extent 
than looking (eg. Operant Conditioning and Attention to a Novel 
Toy), 

2. Visual fixation time was less (eg. Audio-Visual Integration). 

3. Infants cried and fussed more (probably a result of 1 and 2 
above). 

These points are made more explicitly in the following paragraphs, 

1- The lack of a clear learning effect in the Operant 
Conditioning task may have been caused by the 5 month old infants 
being more interested in touching the f e l t toys on the mobile than 
in making them move. A l l of the infants at 5 months reached for 
the mobile at some stage in this task, whilst none apparently did 
so at 3 months. 5 infants' data were eliminated from this task at 
5 months due to "equipment failure": this was in fact due to the 
mobile being actually pulled off the supporting ribbon. I f 
touching the mobile became reinforcing throughout this task by 5 
months, then infants exhibiting a large number of kicks were 
perhaps less l i k e l y to achieve this goal than infants who produced 
few kicks but kept their foot in the air, thus putting the mobile 
toys within reaching distance. The possible change in reinforcing 
activity, is l i k e l y to affect the meaning of the learning measures 
and their potential predictability at 5 months. 
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The lack of r e l i a b i l i t y of fixation time and number of fixations 
to the toy in the Attention to the Novel Toy task, can perhaps in 
part be explained by the change in the infants' involvement with 
the task. Since a l l of the infants at 5 months and none of those 
at 3 months, actually manipulated the object, and since the 
infants at 5 months in many cases were observed to manipulate the 
toy actively without fixating the object, i t is not too suprising 
that r e l i a b i l i t i e s for measures of visual fixation are not in 
evidence at this later age-

2. The only task which allowed direct compcurison from 3 to 5 
months in terms of visual fixation time was the Audio-Visual 
Integration task. T-tests across age, were performed for 
equivalent measures, on the mean of each measure over the two 
sessions within each age, from those infants who successfully 
completed any given task at both ages. These revealed that for 
the audio-visual integration task the t o t a l fixation duration was 
significantly less at 5 months than at 3 months <t=4.91 p <.0D 
and mean longest fixation duration was also lower at 5 months 
(t=3.8 p < .01) whilst average fixation duration just missed 
significance (t=3.3 NS). These results suggest that at 5 months 
infants were fixating the stimuli less, and giving shorter average 
fixation times towards the stimuli than they were at 3 months. 

Unfortunately, data from the Visual Preference and Concept 
Acquisition tasks are not directly comparable across age due to 
the changes in the experimental designs (see Procedure sections -
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6.3). However, the measure of tot a l fixation time towards the 
mobile, from the Operant ContiLtioning task, also produced a 
significant decline in duration over age (t=2^1 p < .05). 

3. The numbers of infants successfully completing the tasks at 5 
months was considerably lower than at 3 months. Between 21 and 29 
infants completed each of the tasks at 3 months, as opposed to 
between 12 and 16 at 5 months. The decrease in subject was 
primarily due to infant distress. 

With a l l of these factors considered, i t would seem that the tasks 
chosen here are not as suitable for 5 month old infants as one 
might have hoped, and since at the age of 5 months v i r t u a l l y a l l 
infants are beginning manual exploration of objects, a different 
set of tasks at this age, requiring responses of a more active 
nature from the infant, may have produced a somewhat more f r u i t f u l 
pattern of results at this age. 

At present the literature offers l i t t l e in the way of alternative 
tasks for use with infants at 5 months of age, and many of the 
studies reviewed in Chapter 2 have reported successful employment 
of 5 month old infants in tasks which require visual responses. 
However, since r e l i a b i l i t y of measures from these tasks has not 
previously been systematically studied, the difficulties with 
using such measures as potential predictors are only now . 
surfacing. The search for more frwits-ful alternative measures from 
infants at this age remains a topic for further research. 
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The next phase of this research involved the testing of the 
infants at 9 months of age. The next chapter deals with the 
choice of tasks for the 9 month testing sessions, the measures 
taken from each task, and the ways they correlate with each other. 
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CHAPTER 7 

TOE TESTING SESSIONS AT 9 MONTHS 

7.1 INTRODUCTION 

This Chapter is concerned with the choice of tasks for the 9 month 
testing sessions, the testing procedures adopted, and analyses of 
the data. The choice of tasks is considered f i r s t , with a brief 
description of how they were used in the 9 month study. Full 
details of the testing procedures and analyses follows in 
subsequent sections of this Chapter. 

7^ THE TASKS AT 9 MONTHS 

Two tasks were presented to the infants at 9 months of age. These 
were Object Sorting and Object Search. Both of them meet the 
criteria necessary for measures from them to constitute potential 
predictors: each show changes in performance over age and each can 
be considered to reflect some degree of cognitive performance. 
The two tasks are discussed b r i e f l y below. 

7.2.1 Object Sorting 

The procedure for this task was sijnilar to that reported by 
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Starkey (1981^. Starkey described a longitudinal study to 
determine how early children w i l l categorise groups of small 
objects. He presented infants at 6, 9 and 12 months, with a tray 
containing 8 objects. The objects formed two groups of 4, which 
were identical or made up an easily recognisable category. 
Steurkey used a great variety of objects for this study, for 
instance 4 red hook-shaped objects made out of clay paired with 
four red squares of hardened clay, eind four bottle-tops painted 
black and white paired with four yellow cubes. Over a 3 minute 
period a number of infant behaviours were monitored, including 
sequential touching, defined as the extent to which they touched 
in sequence similar objects, and object grouping which was a 
measure of the extent to which infants placed together similar 
objects. These measures are defined in detail in Section 7.5. 
Starkey found that both frequency of touching objects overall 
increased with age, as did the frequency of sequential touching 
and object grouping. 

The a b i l i t y of infants to recognise and categorise object sets has 
been considered important in terms of the onset of language use, 
and therefore performance of individuals on this task may have 
potential predictive power. 

In his study, Stcurkey used many types of stimuli and for the 
purpose of this project, the stimulus types chosen were those 
which Starkey reported to e l i c i t most touching and grouping 
behaviours. Details of these are given in the Method sections 
below. Test-retest r e l i a b i l i t y for measures on this task was 
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attempted, and different stimulus types were used on each testing 
oocaaLon. Unfortunately this was unsuccessful, since on the 
second testing session, one of the stimulus sets consisted of 
small clay balls, and v i r t u a l l y a l l of the infants put them 
immediately into their mouths! The resulting numerous 
interferences from E meant that test-retest data from this task 
was not meaningful. In the methodology sections, only the i n i t i a l 
testing session is described. 

7 ^ Object Search 

The performance of 9 month old infants in object search tasks has 
stimulated a large variety of experimental manipulations and 
theories, in attempts to explain the Piagetian "stage IV error". 
Essentially, an infant aged approximately 8-9 months, can 
successfully retrieve an object hidden in one (A) of two 
locations. However i f the object, in f u l l view of the infant, is 
then hidden i n the second location (B), the infant w i l l typically 
persevere with search at location A. Piaget (1954) argued that 
infants f a i l to search at B because they perceive the object in 
terms of a framework in which the object is it s e l f only related to 
a particular action. Attempts to define the ways in which infants 
search for hidden objects have since escalated (see review by 
Harris, 1983). In spite of what may cause infants to err, 
relevant here is the fact that, for whatever reason, the error 
does appear to occur, and what is more performance on the task 
shows developmental progression in a number of respects. 
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The "stage IV error" typically occurs at approximately 9 months of 
age. Gratch and Landers (1971) reported a study in which they 
assessed developmental changes over age, from making the error 
through the a b i l i t y to search successfully throughout a l l phases 
of the task. They tested subjects, from the age of 6 months, at 2 
weekly intervals, and reported that at some point v i r t u a l l y a l l of 
their subjects erred by searching at location A on the B t r i a l s , 
having previously searched correctly at A. Also, by the time they 
were just over 10 months, nearly a l l infants searched successfully 
at B, on the B t r i a l s . Furthermore, Gratch and Landers reported 
an intervening "mixed' behaviour phase, which appeared to be 
consistent for most subjects, and reflected a conflict over which 
side to visually focus on. This conflict was apparent in two 
respects. 

The f i r s t source of conflict was apparent in terms of touching 
behaviour, such that infants would momentarily touch or reach 
towards one location, before actually pursuing search at the other 
location. This is interesting, since infants appeared to be 
affected by their observation of the hiding location (B), but also 
of their previous successful search behaviour at A. 

The second source of conflict was apparent in terms of infants' 
fixation patterns throughout the sequence. After hiding the 
object at either location, a delay of 3 seconds was included, 
prior to infants being given the opportunity to search. Patterns 
of fixations toward the two locations throughout this period in B 
t r i a l s showed that i n i t i a l l y infants would fixate B but then look 
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towards and maintain fixation on position A. At a later "mixed' 
developmental stage, infants fixated across from A to B 
repeatedly, whilst the period of successful search was 
characterised by continual fixation towards the location B. 
Furthermore the patterns of fixation at specific stages affected 
the resultant pattern of search. I f subjects were at the error 
stage, then even i f they fixated location B at some stage in the 
delay, they s t i l l typically showed search either at A or B. I f 
infants produced a "mixed' visual response, then they tended to 
search at either A or B, but i f infants maintained fixation on B 
throughout the delay period they would also search there. 

In view of the developmental trends reported above, this task was 
considered potentially useful for providing predictive measures at 
9 months. An object search task was therefore included i n this 
study, and the procedure adopted was similar to that used by 
Cratch and Landers <197D. Essentially infants were presented 
with a search task, with the object hidden consistently at 
location A u n t i l the infant retrieved i t successfully on two 
consecutive t r i a l s . Following this a series of 5 t r i a l s were 
presented with the object hidden at location B. Test-retest 
re l i a b i l i t i e s were not established for the measures taken from 
this task, since the i n i t i a l testing phase may provide some 
understanding of how to perform the task. This possibility makes 
any lack of r e l i a b i l i t y , which might have been found, insufficient 
grounds for eliminating measures. 

For neither task then was r e l i a b i l i t y assessed at 9 months of age, 
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but, as discussed later in the Results sections of this Chapter, a 
number of high correlations between measures, both within and. 
across tasks, indicated that some aspect(s) of performance at 9 
months was reliable. 

The following sections describe the procedures and designs used in 
the 9 month testing phase of the longitudinal study. Before 
administering the tasks to the main subject group, each was 
piloted with five 9 month old infants, who had not taken part in 
the major longitudinal study. This was to enable E to become 
familiar with the testing and videoing procedures involved. The 
data from these five are not presented here. 

7.3 THE 9 MONTH TESTING SESSIONS - METHOD 

7.3.1 Introduction 

Two tasks were used for the 9 month testing phase, and the 
procedures adopted and analyses are presented in the following 
sections. 

7.3^ Subjects 

24 subjects were visited in their own homes and administered the 
tasks at 9 months. A l l but one of the infants had taken part in 
the 5 month testing session and a l l had taken part in the 3 month 
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study. Unfortunately, one female infant failed to complete the 9 
month testing within the required time period (see below). 

7.3.3 Design 

Within one week prior to their 9 month 'birthday' each infant was 
visited in the home on one occasion. The two tasks were always 
administered in a fixed order, with the Object Sorting task always 
preceding the Object Search task. Throughout the testing period 
the mother remained in the testing room, but seated herself out of 
sight of the infant. Mothers were also requested to remain silent 
throughout the testing periods. 

7.3.4 Stimuli and Equipment 

Object Sorting 

The method adopted for this task was similar to that reported by 
Starkey (197D. The stimuli used were 4 yellow plastic "ovals', 
measuring 5cm. by 3cm. across the major axes, and 4 brightly 
coloured plastic figurines, each measuring approximately 5 cm. 
when standing upright. These were presented to infants on a 
rectangular brown plastic tray measuring 48 by 32 cm. The figures 
were placed in specific positions on the tray which were marked by 
small dots. The position of the objects was the same for a l l 
infants, and they were placed on a f a i r l y random basis, such that 
each object was approximately eq^'-distant from i t s neighbouring 
objects, and such that objects of the same category were not a l l 
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positioned next to each other. The position of the items on the 
tray can be seen in the photograph. Figure 7.1. 

A stop-watch was used to monitor the period of time infants were 
allowed to manipulate the objects, and a portable Panasonic video 
recorder with camera was used to video infants whilst performing 
the task. 

Object Search 

Presentation of the search task was done by means of a 
purpose-built ply-wood tray. The tray was rectangular in shape 
and measured 91.5 cm. by 30.5 cm. and was painted grey. On one 
side two extruding "wells" were attached, both measured 9.5 cm. by 
9.5 cm. by 5 cm. These were postioned 29.5 cnu apart and 
symmetrical about the centre point of the tray. Two 15 cm. square 
white cotton handkerchiefs were used as well covers. The object 
for retrieval was one of three (for which infants showed a 
preference for - see Procedure section below). The items were a 
red rubber b a l l , a dumb-bell shaped r a t t l e , and a silver b e l l , a l l 
of which were taken from the Bayley Scales of Infant Development. 
A photograph of the tray is presented in Figure 7.2, and the 
stimuli are shown in Figure 7.3. 

Delay periods throughout the task (see below) were measured by 
means of a stop-watch, and the infants' performance on the task 
was videod by means of a portable Panasonic video recorder and 
camera. 
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FIGURE 7:1 STIMULI USED FOR THE OBJECT SORTING TASK 

The photograph shows the t r a y w i t h p o s i t i o n e d o b j e c t s , as used f o r the 
Object S o r t i n g task. 
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FIGURE 7:2 THE TRAY USED FOR THE OBJECT SEARCH TASK 

The photograph shows the t r a y used f o r the Object Search task. (The 

photograph, showing one w e l l covered and one of the 'to be r e t r i e v e d * 

items placed i n the other, i s f o r i l l u s t r a t i v e purposes only.) 
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FIGURE 7:3 STIMULI USED FOR THE OBJECT SEARCH STIMULI 

The photograph shows the three s t i m u l i used f o r the Search task. Only 
one of these ( t h a t p r e f e r r e d by each i n f a n t ) was used i n the task. 
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7.3.5 Procedure 

Object Sorting 

The infants were placed in their own infant chair, and positioned 

in front of a table of a suitable height. As soon as the infant 

appeared content in this position, the tray of 8 objects was 

placed before them and left for a period of 3 minutes, during 

which time a l l manual and visual activity was videod. If the 

infant acddently knocked, or threw any object onto the floor (or 

even, as on two occasions, the complete tray!), then the displaced 

object(s) were replaced in their original position. When the 3 

minute period had finished a l l objects and the tray were removed 

from the infant. 

Object Search 

The infants were tested in a similar position to that used in the 

Object Sorting task. Initially, infants were presented with the 

three items (the ball, rattle and bell) merely to determine which 

of them each infant was most interested in.- Essentially, the 

object which was f i r s t picked up and played .. with interest 

acted as the "to be retrieved" object. A l l objects were then 

removed and the testing procedure began, commencing with A t r i a l s . 
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A Trials 

When the infant was attending, E placed the preferred toy into 

well A. The toy was then raised and lowered into well A 3 times, 

while the infant was s t i l l attending* Both wells were then 

covered with the white cloths, and after a delay of 3 seconds, the 

tray was moved across the table towards the infant, hence 

providing opportunity to search for the toy. If the infants 

searched successfully on their f i r s t attempt, they were allowed to 

play with the toy for a few seconds before i t was retrieved by E 

for the next t r i a l . If the infant searched incorrectly (le. at 

location B), or failed to search Cie. had not made any attempt to 

remove either cover after a 30 second period), then the tray was 

removed and the toy was exposed and shown to the infant by E. The 

next t r i a l then commenced. A t r i a l s continued until the infant 

had searched successfully on two consecutive t r i a l s , at which 

point B t r i a l s followed thereafter. 

B Trials 

A total of 5 B t r i a l s was presented to each infant and these were 

given in the same way as the A tr i a l s , except of course for the 

hiding position which became position B. 

For a l l subjects, position A was the well to the right of the 

infants' mid-line and position B was the well to the left. 

The stop-watch was left running for the complete duration of the 

task, and positioned such that i t was out of sight of the infant, 
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but In sight of the E. I t s sole purpose was to enable E to time 

accurately the 3 second delay periods. 

The video recorder was positioned such that a l l of the infants' 

responses and visucil attention to the task could be recorded. 

7,3,6 Measures 

A number of measures were derived from each task and these are 

listed below. Many of the measures for Object Sorting and Object 

Search tasks were taken from Star key (198 D and Gratch and Landers 

(197D, respectively. 

Object Sorting 

1. Sequential touching. This was a measure of the extent to 

which infants touch and group objects in sequence- Starkey 

defined four levels of sequential touching: 1) A l l four of one 

type of object are touched, followed by a l l four of the other 

type; 2) A l l four of one type of object are touched, followed by 

three of the other kind; 3) A l l four of one type of object are 

touched in sequence; 4) Three objects of the same kind were 

touched in sequence. 

A composite score of sequential touching was computed for each 

infant which was derived in the following manner: 4 points were 

awarded for each instance of level 1 above, 3 points for level 2, 
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2 points for level 3, and 1 point for level 4. The total number 

of points was summed for each infant over the 3 minute testing 

period. The higher the number of points an individual achieves, 

the more *mature' his or her performance on this measure. 

2. Object grouping. This i s a measure reflecting the extent to 

which infants group together similar objects. Again the 4 levels 

as defined by Star key were used: 1̂  Three or four objects of each 

IcLnd are constituted as a group, and physically separated from 

other objects; 2) A l l four objects of one kind are constituted as 

a group and separated from other objects (this differs from 1 

above, in that only one set of objects may be grouped and not 

both); 3) incomplete or partially correct groups are formed, such 

as groups of two or three similar objects separated from remaining 

objects; 4) two similar objects are held together and separated 

from other objects for at least 15 seconds, with the infant having 

looked back and forth between them at least twice. 

As for the sequential touching measure, the number of instances of 

the levels were allocated points, with 4 points being scored for 

level 1, regressing down to 1 point for each incidence of level 4. 

Again the points were added and the more "mature' infants scored 

the greater number of points. 

3. Total fixation duration. This was a measure of the total 

amount of time infants spent fixating the tray or objects, 

throughout the 3 minute period. 
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4. Total manipulation time. This was a measure of the total 

amount of time infants spent actually manipulating object(s) 

throughout the 3 minute period. 

5. Frequency of touching. This was a measure of the total number 

of times that infants touched any object. If the infant touched 

an object then withdrew, but touched the same object again later 

in the testing period, this was recorded as two touches. Hence 

this score could exceed 8, and was designed to reflect overall 

activity level of the infants. 

Object Search 

1. The total number of t r i a l s required for the infant to search 

successfully at location A on two consecutive t r i a l s , at the start 

of this task. This number should be fewer for the more "advanced* 

infants* 

2. The 'error run' score. This was a measure of the number of B 

tr i a l s which occurred before the infant successfully searched at 

location B. For an infant who searched at B on the f i r s t B t r i a l , 

the error run score was zero, for an infant who failed to search, 

or who searched at A on the f i r s t B t r i a l , but who searched 

correctly at B on the second B t r i a l , the error run score was one, 

and so on. Again, the lower this score the more 'advanced' the 

infant. 

3. The total number of correct searches made on the five B 
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trials. 

4. The number of securches made at the incorrect location A during 

B t r i a l s . 

5. The number of failures to search in B tr a i l s . One would 

assume here that the fewer failures to search, the more 'mature' 

the infant. 

6. Delay period score. This measure was taken from each of the 

five B t r i a l s and the scores summed. Infants scored: 3 points if 

they actively leaned towards the tray in the 3 second delay 

period; 2 points if they maintained fixation on the tray during 

the delay period; and 1 point if they looked away' from the tray 

for some of the delay period. 

7. Presentation period score. Again a number of points were 

awarded and summed for each of the five B t r i a l s . The points were 

awarded as follows: 3 points if the infant removed the cover as 

soon as the tray was within reach; 2 points if the infant was 

hesitant in removing the cover; and 1 point if the infant was very 

slow to remove the cover, or refused to remove the cover at a l l . 

The greater number of points scored the more •mature* the infant. • 

8. Total number of fixations towards location A, on B tr i a l s . 

This measure should reflect the extent to which infants portrayed 

the "mixed' pattern of responding (see above). The fewer looks to 

location A (from location B) the more "mature' the infant. 
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7.4 RESULTS 

7.4.1 Object Sorting 

A l l 24 infants completed this task. Descriptive statistics for 

a l l measures are presented in Table 7.1. 

Cross correlations of the measures are presented in Table 7.2. 

The only significant correlations to emerge were between the 

number of points obtained in sequential touching and object 

grouping, and between both of these measures and the frequency of 

manipulation measure. This i s not suprising since in order for 

infants to touch sequentially and group objects of a similar kind, 

they must touch a large number of objects. None of the remaining 

measures correlated with each other significantly. 

However, the measures of number of points sequential touching, and 

the number of points object grouping, may not provide a clear 

indication of how individual infants performed on this task. To 

illustrate this, supposing 2 infants scored a total of 6 points on 

the sequential touching measure, one may have achieved this score 

by scoring once on level 3 (2 points) and four times on level 4 <1 

point each time), whilst a second infant might have scored one 

instance of level 1 (4 points), and one instance of level 3 (2 

points). One might assume in this case that the latter infant i s 

more 'advanced' than the former, since the latter infant showed 
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TABLE 7:1 

OBJECT SORTING 9 MONTH DATA 

DESCRIPTIVE DATA N=24 

MEASURE MEAN SD RANGE 

NUMBER OF POINTS 3.25 2.63 0 to 10 
SEQUENTIAL TOUCHING 

NUMBER OF POINTS 2.79 2.99 0 to 9 
OBJECT GROUPING 

TOTAL FIXATION 128.3 32.2 85 to 180 
TIME 

TOTAL MANIPULATION 164.2 18.2 109.4 to 180 
TIME 

FREQUENCY OF 12^4 6.29 2 to 23 
TOUCHING 
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TABLE 7.2 

OBJECT SORTING 9 MONTH DATA 

CROSS CORRELATIONS OF MEASURES N°24 

MEASURE 

1 2 3 

1. POINTS 
SEQ, TOUCH 

2. POINTS .78 ** .. 
OBJECT GROUP 

3. TOT. .07 .23 
FIX TIME 

4. TOT -.12 .17 .39 
MANIP TIME 

5. FREQ. .72 ** .65 ** .36 .19 
TOUCH 

** p < .01 < 2 - t a i l e d ) 
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more "mature' behaviour patterns. In view of this, measures 

achieved on each of the 4 levels for both measures of sequential 

grouping and object sorting (see measures sections) were examined. 

Unfortunately, however, the descriptive statistics revealed that 

for a l l of these measures there was very l i t t l e variation. The 

only measure to produce a mean of greater than 1 was level 4 of 

the object grouping, and the standard deviations for a l l of these 

measures were close to zero. Further, when the individual 

measures from sequential touching and object grouping were 

correlated with the other measures from this task, the only 

significant correlations to emerge, as one would expect, were 

those with the measures of sequential touching and object 

grouping, eind the frequency of touching measure. I t seems likel y 

then that these measures taken independently could contribute 

l i t t l e in the way of potential predictors. 

These data produce a problem in that the measures of sequential 

touching and object grouping are directly related to the frequency 

of touching measure. Causal relationships cannot be Inferred from 

correlational data, so at this stage one cannot determine whether 

touching a greater number of objects increased the likelihood of 

obtaining more points on the sequential touching and object 

grouping measures. One possibility related to this i s that those 

subjects who touched very few items may merely serve to add noise 

to the data, since then this would prohibit them from scoring a 

large number of points on the sequential touching and object 

grouping measures. However, when the data from 5 infants, who 

only touched five or fewer objects, were omitted from the 
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correlations no significant effect on the magnitude of the 
resulting r's was found. 

The measures of sequential touching and object grouping from this 

task appeared to be confounded by the number of objects that 

infants touched throughout the task, and these measures may be 

reflecting some aspect of overall activity level, as well as or 

instead of the ability to recognise different groups of objects. 

Partial correlations in the within and across age task analyses 

have been used to help clarify this position, in the 9 month 

across task aneilyses (see below). 

Conclusion 

A l l the measures from this task were forwarded to the longitudinal 

and within age analyses. Partial correlations were cilso used to 

try and assess the effect of frequency of touching on the measures 

of sequential touching and object grouping. 

7.4.2 Object Search 

22 infants completed this task, and the data from 2 infants were 

eliminated due to fussing and failing to search. 

Descriptive statistics from the measures taken from this task are 

presented in Table 7.3. Unfortunately a number of the standard 

deviations are necessarily small and this may distort any 

potential predictive power they have. 

294 



TABLE 7:3 

OBJECT SEARCH 9 MONTH DATA 

DESCRIPTIVE DATA N=22 

MEASURE MEAN SD RANGE 

NO OF TRIALS 3.14 1.32 2 to 7 
TO SUCCEED AT A 

•ERROR RUN' 0.77 1.15 0 to 4 
SCORE 

NO OF SEARCHES AT B 3.32 1.43 0 to 5 
ON B TRIALS 

NO OF SEARCHES AT A 1.14 1.13 0 to 4 
ON B TRIALS 

NO OF FAILURES TO 0.45 0.8 0 to 3 
SEARCH ON B TRIALS 

SCORE IN DELAY 10.41 2.84 6 to 15 
PERIOD 

SCORE IN 11.18 3.65 5 to 15 
PRESENTATION PERIOD 

NO OF LOOKS AT A 1.95 1.56 0 to 5 
ON B TRIALS 
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A total of 9 infants actually made the search error by searching 

at location A on the f i r s t B t r i a l , while 13 infants failed to 

make the error and searched successfully at B on the f i r s t B 

t r i a l . 

The correlations across measures within this task are presented in 

Table 7.4. The number of t r i a l s to succeed at location A <#D, 

correlates positively with the number of failures to search on the 

B t r i a l s (#5) and negatively with scores in the delay period. 

This i s as one would expect: those infants who attended more in 

the delay period took fewer t r i a l s to f i r s t search on A tr i a l s ; 

and those Infants who took more t r i a l s to succeed on A t r i a l s 

showed more failures to search on B t r i a l s . Measures 2, 3, and 4 

reflect aspects of infants' search behaviour, and these also 

inter-correlate in the way one would expect: those infants who had 

a low error run score also made fewer searches at A on B tr i a l s , 

and more searches at the correct location B. The more infants 

failed to search on B t r a i l s (#5) the fewer correct B searches 

were made (#3), and this may have been caused in part by the lack 

of reinforcing successful search, since the number of failures to 

search was not related to the number of incorrect searches at 

location A (#4). The scores obtained in the delay and 

presentation periods (#6 and #7, respectively) were correlated 

highly with each other (.61), and these both correlated negatively 

with the number of failures to search (#5), and to a lesser 

extent, with the number of incorrect searches at A on B t r i a l s 

(#4). Further, since the scores of performance in the 
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TABLE 7.4 

OBJECT SEARCH 9 MONTO DATA 

CROSS CORRELATIONS OP MEASURES N-22 

MEASURE 

1. N0 TR. 
SUCC. AT A 

2. ERR0R .05 
RUN SCORE 

3.SEARCHES -.33 -.74 ** 
B ON B TR. 

4.SEARCHES .05 .79 ** -.83 ** 
A ON B TR. 

5.FAILS 32 * .22 -.51 * -.02 
SEARCH ON B TR. 

6.SC0RE -.52 * -.35 .70 ** -.45 * -.53 * 
IN DELAY 

7.SC0RE -.41 -.18 .62 ** -.31 -.52 * .61 ** 
IN PRES. 

8.L00KS .54 ** .31 -.42 * .36 .32 -.37 -.43 * 
A ON B TR. 

* p < .05 (2-tailed) 
** p < .01 (2-tailed) 
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presentation and delay periods correlated positively with the 

number of correct searches at B on the B tri a l s , i t appears that 

measures of attention on the task are strongly related to search 

performance. The measure of the number of looks at A on B t r i a l s 

(#8) correlated negatively with the correct searches on B t r i a l s 

(#3) and also with the score on the presentation period. 

In view of the very high correlations between the search measures 

(#2, #3 and #4) these measures were combined to form one composite 

•search' measure for the longitudinal aneilyses, in the following 

way. For each measure individual scores were converted to 

z-scores, with the scores for measure 3 (number of correct 

searches at location B on the B trials) reversed. The three 

z-scores for each subject were added and this score was forwarded 

as the 'search' measure for remaining analyses. 

C^onclusion 

I t i s apparent that performance on this search task i s correlated 

with aspects of infants attention to the task. 

The measures from these two tasks were correlated with each other, 

and the results of this analysis are considered next. 

7.4.3 Across Task Correlations 

22 infants successfully completed both of these tasks, and the 

scores for each measure on the Object Sorting task were correlated 
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with measures from the Object Search task. The results of these 

analyses are presented in Table 7.5. 

The only measures from the Object Sorting task to produce 

significant correlations with measures from the Object Search task 

are: number of points sequential touching (#1), number of points 

object grouping (#2) and the frequency of touching (#5). A l l of 

these measures correlated significantly with the scores in both 

the presentation and delay periods (#5 and #4, respectively), in 

the search task. These correlations are in the expected 

direction: the greater the attention in the delay and presentation 

periods of the Search task, the more points achieved in the 

touching and grouping behaviours and the more objects touched in 

the Object Sorting task. 

Number of points sequential touching <#D correlated negatively 

with the search measure (#2), and negatively with the number of 

looks toward location A on B t r i a l s (#6), in the Search task. 

These correlations are in the expected direction: the more points 

of sequential touching achieved the more "mature' infants' search 

performance, and the fewer looks towards location A on the B 

tr i a l s . 

Also, the measure of frequency of touching (#5), in the Object 

Sorting task, correlated negatively with the search score (#2), 

from the Search task, indicating that the "brighter' infants with 

the lower composite search score are cilso those who touched more 

objects on the Search task. Frequency of touching also correlated 
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TABLE 7 ^ 

OBJECT SORTING AND OBJECT SEARCH 9 MONTO DATA 

CORRHATIONS OF MEASURES ACROSS TASKS N-22 

MEASURE 

OBJECT 
SEARCH OBJECT SORTING 

1 2 3 
NO PTS SEQ NO PTS OBJECT TOT F I X 
TOUCHING GROUPING TIME 

TOT MANIP 
TIME 

5 
FREQ 

TOUCHING 

1 NO TR. - ^ 1 
SUCC. AT A 

2 SEARCH -.48 * 
SCORE 

3 FAILURES - ^ 1 
TO SEARCH ON B TR 

4 SCORE .47 * 
IN DELAY 

5 SCORE 
IN PRES. 

.46 * 

6 LOOKS -.44 * 
A ON B TR. 

-.27 

-.37 

-.25 

.60 ** 

.54 * • 

-.33 

-.17 

-.15 

-.04 

.31 

.14 

-.07 

.01 

-.30 

-.01 

.12 

.06 

-.01 

-.37 

-.56 ** 

-.56 ** 

.54 ** 

,63 ** 

-.63 ** 

* p < .05 (2-tai led) 
** p < .01 <2-talled) 
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negat ive ly with the number of f a i l u r e s to search on B t r i a l s (#3) 

and with the number of f ixat ions toward location A on B t r i a l s 

<#6), These c o r r e l a t i o n s again a r e in the expected direct ion. 

The ef fect of t h i s pat tern of corre la t ions was examined f u r t h e r , 

by looking at the corre la t ions between the object touching and 

grouping measures, and Search task measures, with the measure of 

frequency of touching p a r t i a l l e d out. Each subject was ranked in 

terms of h i s or her score on both sequential touching and object 

grouping measures, and for each subject , the two rank scores 

combined (since these measures are s t r o n g l y corre la ted , r=.78). 

These scores were then corre la t ed with the measures from the 

Search task but with the ranked frequency of touching measures 

p a r t i a l l e d out. The r e s u l t s of t h i s a n a l y s i s yielded corre la t ions 

a l l of which were approximately zero. When the p a r t i a l 

corre la t ion was done i n reverse (ie. with the the e f fect of the 

combined measure of points of sequential touching and object 

grouping, p a r t i a l l e d out of corre la t ions between the Object Search 

measures and frequency of touching), then a l l of the s ign i f i cant 

corre la t ions remain. This suggests that the frequency of touching 

measure i s producing the corre la t ions above, ra ther than the 

sequential touching and object grouping measures. I n view of 

th i s , the measures of the number of points sequential touching and 

object grouping were not used i n fur ther analyses . 
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7 ^ 9 MONTH TASKS - SUMMARY AND CONCLUSIONS 

Some of the data from the 9 month tasks unfortunately f a i l e d to 

produce a wide range of scores among infants . 

Tes t - re t e s t r e l i a b i l i t i e s were not c a l c u l a t e d for any of these 

measures for e i ther task, although some aspects of performance 

appeared to remain s t a b l e both within and across tasks . By and 

l a r g e , t h i s was p a r t i c u l a r l y t r u e of those measures r e f l e c t i n g 

manual a c t i v i t y in , and attention to, tasks . These include 

sequential touching, object grouping and frequency of touching 

objects in the Object Sort ing task, and the search measures and 

measures of attention i n the de lay and presentat ion periods of the 

Object Search task. 

A l i s t of a l l measures forwarded to the longi tudinal analyses i s 

presented in Table 7,6. There i s no obvious reason to eliminate 

any measure at t h i s stage. 

The next Chapter deals with the infant sca le s presented to the 

infants at 18 months of age, the measures from which consistute 

the c r i t e r i o n measures for the longi tudinal analyses , which are 

presented in Chapter 9. 
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TABLE 7.6 

MEASURES CONSIDERED POTENTIAL PREDICTORS AT 9 MONTOS 

OBJECT SORTING 

L Total f ixat ion time 

2. Tota l manipulation time 

3. Frequency of touching 

OBJECT SEARCH 

4. Number of t r i a l s to suceed at location A 

5. Search score 

6. Number of f a i l u r e s to search on B t r i a l s 

7. Score i n delay period 

8. Score in presentation period 

9. Number of looks at location A on the B t r i a l s 
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CHAPTER 8 

THE 18 MONTH STUDY 

8.1 INTRODUCTION 

The tes t ing of infants at 3, 5 cind 9 months has revealed a number 

of measures which meet the c r i t e r i a for being potent ia l ly 

predic t ive . The next phase of the research involved co l l e c t ing 

c r i t e r i o n measures from the subjects to determine whether the 

measures a lready co l l ec ted are predic t ive of l a t e r in te l l igence . 

This Chapter i s concerned with the the choice of the sca le s 

adopted for the 18 month study. Data from the s c a l e s a r e a l so 

presented and discussed. 

8.2 THE CHOICE OF SCALES AT IB MONTHS 

I d e a l l y , data from the subjects on s c a l e s of childhood 

in te l l i gence would const i tute the most su i tab le c r i t e r i o n 

measures, s ince these measures c o r r e l a t e h ighly with adul t 

in t e l l i gence l e v e l s . For instance, Bayley (1949) reported r's 

ranging from .62 to .96 between in te l l i gence scores taken between 

three and a half and eighteen years. Unfortunately i t was not 

poss ib le to c o l l e c t childhood i n t e l l i g e n c e measures from the 

subjects here, within the time l imitat ions of t h i s research. I n 
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view of th i s , one i s r e s t r i c t e d to the use of infant in te l l i gence 

sca les , which do appear to s t a r t increas ing in terms of predic t ive 

v a l i d i t y at the age of 18 months to 2 years (see Chapter 1>. 

A number of the studies reported in Chapter 2, which claim to have 

found s ign i f i cant c o r r e l a t i o n s between aspects of performance i n 

infancy and subsequent i n t e l l e c t u a l a b i l i t i e s , have used scores on 

infant s c a l e s as the ir c r i t e r i o n measures. These include; the 

work by Mi l l er and co. workers (Mil ler , Ryan, Short, Reis , McGuire 

and C u l l e r , 1977) who have used the U z g i r i s and Hunt Scales at 15 

months: Bornste in and Ruddy (1984) and Lewis and Brooks-Gunn 

(1981) who used the Bayley Scales of In fant Development a t 12 and 

24 months of age, respect ive ly ; and Kopp and Vaughn (1982) who 

used the G ^ s e l l s ca le s at 2 years . 

There has a l so been considerable emphasis on the use of sca les and 

measures r e f l e c t i n g l i n g u i s t i c and language r e l a t e d a b i l i t i e s as 

c r i t e r i o n measures- I n p a r t i c u l a r these include the work by: 

Fagan and McGrath (198D; Roe and co workers, (Roe, 1978; Roe and 

McClure, 1980); Rose, S l a t e r and Perry (1986); Ruddy and Bornstein 

(1982) . These studies have been reviewed in Chapter 2. 

There i s then su f f i c i en t evidence in the l i t e r a t u r e to warrant 

jus t i f i ca t ion for the use of some measures from c u r r e n t infant 

in te l l i gence sca les , and in p a r t i c u l a r those r e f l e c t i n g language 

and l i n g u i s t i c a b i l i t i e s , i n the f i n a l study of the present 

research. Furthermore language i s of p a r t i c u l a r importance here 

from a theore t i ca l standpoint. This has been discussed in Chapter 
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1, and i s r e f e r r e d to in Chapter 10. 

The measures chosen for c r i t e r i o n measures for t h i s resecurch then 

included; the Bayley Scale of Infant Development (Mental 

Developmental Index only); the R e y n e l l Developmental Language 

Scales (Revised version): and the G r i f f i t h s Mental Development 

Scales (Hearing and Speech sub-sca le only). Each of these i s 

discussed i n t u r n below. 

8.2.1 The Bayley Scales of Infant Development (BSID) 

A number of pred ic t ive studies to date which have concentrated on 

infants of up to 2 years of age have favoured the Bayley Scales of 

Infant Development (BSID). Se ige l (1981), Messer, McCarthy, 

MacQuiston, MacTurk, Yarrow, and Vietze (1986), Lewis and 

Brooks-Gunn (1981), and Ruddy and Bornstein (1982), a l l report 

s ign i f i cant c o r r e l a t i o n s between measures in infancy and 

subsequent BSID scores, and f u r t h e r , some of these s tudies have 

a l so assessed infants on the BSID at both tes t ing ages and have 

found that the ir cognit ive measures predict the l a t e r BSID score 

to a greater extent than do the e a r l i e r BSID scores (Messer, 

McCZarthy, MacQuiston, MacTurk, Yarrow, and Vietze (1986); Lewis 

and Brooks-Gunn, 1981). 

Hence the BSID was adopted i n t h i s research. F u r t h e r , s ince 

aspects of motor performance in infancy predict v e r y l i t t l e (see 

Chapter D only the Mental Developmental Index of the BSID was 

included. Bayley (1969) repor t s a correc ted s p l i t - h a l f 
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r e l i a b i l i t y of .89 for the MDI at 18 months, although t e s t - r e t e s t 

r e l i a b i l i t i e s at t h i s age are not reported. 

A maximum of 39 items were presented to the infants from the 

sca le , commencing with item number 117 and continuing with 

subsequent items u n t i l the infant had f a i l e d at l e a s t 10 

success ive items on the sca le . Item number 117 was considered a 

su i tab le s t a r t i n g point, s ince t h i s item i s passed by infants aged 

j u s t over f i f t een months and i t could reasonably assumed that a l l 

infants tested here would pass a l l items below i t (see Bayley, 

1969 for procedural de ta i l s ) . I n fac t , no infant passed more than 

23 presented items (see Resu l t s Section below). 

The a c t u a l items on the MDI can be divided into at l e a s t two 

categories , one of which i s those which appear to measure 

e s s e n t i a l l y motor based performance (such as p lac ing shaped blocks 

into s imi lar shaped locations on a board, placing pegs in holes, 

bu i ld ing towers with blocks , etc) , the other being those items 

const i tut ing e s s e n t i a l l y language based items (such as "says two 

words", "names objects", "follows directions" etc). Each of the 

39 items presented to the infants were placed into one of the 

categories . Appendix 1 l i s t s each item and the subsequent 

category into which i t was placed. 

Three measures were der ived from the Bayley MDI; the MDI Raw 

score which was a measure of the t o t a l number of items passed 

( including a l l items below the infant's basa l r a t e - see Bayley, 

1969): MDI Language score which was the number of items placed in 
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t h e language category (taken from a maximiam of the IB items - see 

Appendix 1), and the MDI Performance score which was the t o t a l 

number of items passed in the performance category (taken from a 

maximum of 21 items - see Appendix 1). 

8 .2^ The R e y n e l l Developmented Language Scales - Revised (RLDS) 

The assessment of language development in the present research was 

achieved by adopting the Reyne l l Developmental Language Scales 

(RDLS). The tes t i s comprised of 2 sca les ; Express ive Language 

and V e r b a l Comprehension. The Express ive Language s ca l e i s 

fur ther divided into 3 subscales; Language S truc ture , Vocabulary, 

and Content. The Content sub- sca l e was not appropriate for 18 

month olds, but the S t r u c t u r e and Vocabulary sub-sca les were 

scored independently. 

Reyne l l (1978) f a i l s to report the t e s t - r e t e s t r e l i a b i l t y of these 

sca les , although the s p l i t - h a l f r e l i a b i l i t i e s are reported as .93 

and .82 for the complete Express ive Language and V e r b a l 

Comprehension sca les , respect ive ly , at the 18 month age. Fur ther , 

S l l v a , Bradshaw and Spears (1978) examined the concurrent and 

predic t ive v a l i d i t y of the sca le s by c o r r e l a t i n g measures of these 

with 6 other tes t s , and studying the corre la t ions between the RLDS 

at 4 years and reading a b i l i t y and other in te l l i gence sca le s at 7 

years . The data were factor-analysed and the conclusion reached 

by S i l v a et a l . was that the RLDS corre la t ed h igh ly with other 

measures taken at the same age and with t e s t s at the l a t e r age, in 
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p a r t i c u l a r those measures forming a language factor , but a l so with 

those measures weighting on a non-verbal factor . Hence the RLDS 

appears to be character i sed to some degree by both concurrent and 

pred ic t ive v a l i d i t y , and the s c a l e s appear to tap not only v e r b a l 

a b i l i t y , but a l so some aspects of non-verbal performance as w e l l . 

I n conclusion, although the RLDS has been researched l i t t l e 

(espec ia l ly the l a t e infancy period), i t was included i n the 

c u r r e n t research in view of the apparent importance of language 

measures in the predict ion l i t e r a t u r e . 18 months i s the e a r l i e s t 

age for which the measures have been f u l l y standardised. 

8.2.3 G r i f f i t h s Mental Development Scales 

The G r i f f i t h s Mental Development Scales are made up of 5 

sub-sca les ; Locomotor sca le , Personal -Socia l sca le . Hearing and 

Speech sca le . Hand and Eye Coordination sca le , and the Performance 

sca le . 

T e s t - r e t e s t and s p l i t - h a l f r e l i a b i l i t i e s for the G r i f f i t h s sca les 

have not been sys temat ica l ly studied, although 60 c h i l d r e n were 

tested twice on the f u l l s ca le with between session periods 

ranging between 7 and 70 weeks and the t e s t - r e t e s t corre la t i on was 

.87. G r i f f i t h s (1976) reported that t h i s c o r r e l a t i o n increased to 

.92 when the data from 8 infants were eliminated due to the ir 

unusual circumstances (such as prematurity, jaundice, feeding 

d i f f i c u l t i e s and malnutrit ion). Although there i s an apparent 

increase of .05 t h i s new value i s w e l l within the confidence 
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l i m i t s of .87 with a sample s i ze of 60, 

For the purposes of t h i s research , only the Hearing and Speech 

sca l e from the G r i f f i t h s was used. This was due to 2 reasons; 

f i r s t , the apparent i r r e l e v e n c e of the use of motor behaviours as 

predic tors of l a t e r in te l l igence , and second, the apparent 

importance of language based measures as predic tors of l a t e r 

performance. 

8.2.4 Summary 

To conclude, the sca le s administered to the infants at 18 months 

of age were; the Bayley Scales of Infant Development (Mental 

Developmental Index only, which was a l so divided into components 

of V e r b a l and Performance Scales): the Reyne l l Developmental 

Language Scales ( including the Comprehension- and Productive 

sca les , the l a t t e r of which was divided f u r t h e r into S t r u c t u r e and 

Vocabulary): and the G r i f f i t h s Developmental Scale (Hearing and 

Speech Subscale only). 

8.3 DESIGN 

8.3.1 Subjects 

A l l of the 24 Infants who had been tes ted at 9 months were tes ted 

at 18 months. 
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8.3.2 Procedure' 

A i l of the infants were v i s i t ed on one occasion i n the ir homes, 

within one week e i ther side of the ir 18 month Toirthdays*. Prior 

to the s t a r t of the tes t ing session, E played with the infant in 

order to e s t a b l i s h a good rapport . When the infant seemed relcixed 

with the E , tes t ing began. The s c a l e s were always administered in 

the same order, s t a r t i n g with the Bayley MDI, followed by the 

R e y n e l l Comprehension and Production sca les , respect ive ly , and 

f i n a l l y the G r i f f i t h s Hearing and Speech sca le . A number of the 

items for two, or occas ional ly a l l three sca le s were ident i ca l 

(eg. 'uses (a p a r t i c u l a r number of) c l e a r words*, "word 

combinations' - Reyne l l and G r i f f i t h s ; and I d e n t i f i e s (a 

p a r t i c u l a r number of) objects i n a box' - Bayley MDI, Reyne l l and 

G r i f f i t h s ) . In fants were credi ted for these items on each sca l e 

i f they were success fu l on at l e a s t one occasion. This c l e a r l y 

w i l l have the ef fect of increas ing the corre la t ions between 

measures, although a l l s c a l e s a l so had a number of items spec i f i c 

to themselves. 

8.4 MEASURES 

7 measures were extracted from the data; 

1. The Bayley MDI 

2. The Bayley MDI - V e r b a l measures 

3. The Bayley MDI - Performance measures 
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4. The Reyne l l Comprehension 

5. The Reyne l l Production - S t r u c t u r e 

6. The Reyne l l E>roduction - Vocabulary 

7. The G r i f f i t h s - Hearing and Speech 

8.5 RESULTS 

A l l 24 infants completed the s c a l e s within the specif ied time 

period. Two Infants were v i s i t e d twice due to fuss ing on the 

i n i t i a l t es t ing period. 

83 .1 Descr ipt ive S t a t i s t i c s and C^orrelations Between Measures 

Descr ipt ive s t a t i s t i c s for the 7 measures are presented i n Table 

8.1. A l l s c a l e s produced a reasonable range of scores i n t h i s 

sample, which i s a pre -requ i s i t e for the measures to consi t iute 

potent ia l ly use fu l c r i t e r i o n measures. 

The mean Bay ley MDI raw score was 133.62, which when converted to 

the MDI standardised score (see Bayley, 1969) g ives an average of 

117. This i s s l i g h t l y above average, and corresponds to the 

average performance of infants aged approximately 20 months. For 

a l l infants in t h i s sample, the scores on the Bayley MDI range 

between 129 and 140 points, which one would expect approximately 

for 19 month olds , and 23 month olds, re spec t ive ly . Hence the 
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TABLE 8 . 1 

18 MONTH DATA 

D E S C R I P T I V E DATA N=24 

MEASURE MEAN SD RANGE 

BAYLEY 
MDI 

BAYLEY 
MDI VERBAL 

BAYLEY 
MDI 
PERFORMANCE 

REYNELL 
COMPREHENSION 

REYNELL 
PRODUCTION 
STRUCTURE 

REYNELL 
PRODUCTION 
VOCABULARY 

G R I F F I T H S 
HEARING AND 
SPEECH 

1 3 3 . 6 2 

7 . 9 2 

1 0 . 1 7 

1 4 . 0 8 

1 1 . 0 8 

5 . 5 8 

3 8 . 8 7 

3 . 4 6 

3 . 3 2 

2 . 7 9 

3 . 4 5 

2 . 3 

2 . 3 2 

3 . 4 

129 t o 140 

3 to 14 

4 t o 16 

7 t o 20 

6 t o 16 

0 t o 9 

35 t o 48 

Note - The mean s c o r e s from t h e m e a s u r e s of B a y l e y MDI v e r b a l and 
P e r f o r m a n c e do not sum t o t h e t o t a l mean s c o r e f o r t h e B a y l e y MDI, 
s i n c e t h e v e r b a l and p e r f o r m a n c e m e a s u r e s were t a k e n from o n l y a 
s u b - s e t of i t e m s from t h e c o m p l e t e MDI s c a l e . The c o m p l e t e MDI s c a l e 
i n c l u d e s s c o r e s f o r a l l m e a s u r e s be low t h e b a s a l l e v e l ( s e e B a y l e y , 
1 9 6 9 ) 
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infants were scoring s l i g h t l y above average on t h i s sca le . 

No s t a t i s t i c s are a v a i l a b l e to assess performance separate ly on 

the Verba l and Performance sub-sca le s of the Bayley MDI as defined 

here (see Appendix 1). 

The mean score for the Reyne l l Comprehension sca l e was 14.08 which 

i s the approximate equivalent score for in fants aged 19 months. 

The range of scores var ied between 7 and 20 for t h i s scale , and 

these scores are equivalent scores for one year and two years, 

re spec t ive ly . The Language E^roduction sca le (Production S truc ture 

and Production Vocabulary sca le s combined) produced a mean score 

of 16.67, which corresponds to the equivalent of infants aged 21 

months in the standardisat ion sample. The range of scores on t h i s 

s ca l e var ied between 9 and 25, scores which correspond to 12 month 

and 26 month o ld infants , respec t ive ly . 

As they had on thie Bayley MDI, in fants on the Reyne l l s c a l e s on 

average a r e scoring s l i g h t l y above what i s expected of the ir age 

group. 

The average score on the G r i f f i t h s Hearing and Speech sub-sca le 

was 38.87, which i s f r a c t i o n a l l y below the expected standardised 

score for IS month olds , with the ir average score l y i n g between 

the expected score for 17 and 18 month olds . 
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SJS*2 I n t e r - C o r r e l a t i o n s of 18 Month Measures 

The i n t e r - c o r r e l a t i o n s between a l l of the 18 month measures a r e 

presented in Table 8 ^ A l l of the c o r r e l a t i o n s are Pearsons. 

I t can be seen that a l l of the measures c o r r e l a t e h ighly with one 

another, with the exception of the "performance' measures of the 

Bayley MDI. This suggests that the performance measures are 

picking up some a b i l i t y which i s d i s t i n c t from a l l of the 

language-based subscales . The language sub-sca les , on the other 

hand a l l c o r r e l a t e h igh ly with each other and therefore one can 

assume that they are a l l r e f l e c t i n g the same s o r t s of a b i l i t i e s . 

This pattern of r e s u l t s in i t s e l f adds weight to the case for 

d iv id ing the Bayley MDI into the sub- sca l e s as defined here (see 

Appendix 1), s ince i f , for example language based measures a r e 

found to be predicted by the e a r l i e r measures, but performance 

measures a r e not, then addition of the performance measures into 

the c o r r e l a t i o n s may only s erve only to add "noise' to the data. 

I n view of t h i s v e r y c l e a r pattern of i n t e r - c o r r e l a t i o n s between 

the language based scores, a composite score was forwarded for the 

longi tudinal analyses . For each of the f i v e language based 

measures (le. the Bayley MDI V e r b a l , the Reyne l l Comprehension, 

the Reyne l l E>roduction S truc ture and Vocabulary, and the G r i f f i t h s 

Hearing and Speech measures) scores were ranked and and the rank 

scores summed for each infant. 
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TABLE 8.2 

18 MONTH DATA 

CROSS CORRELATIONS OF MEASURES N=24 

MEASURE 

l.BAYLEY 
MDI 

2.BAYLEY .86 ** 
MDI VERBAL 

3.BAYLEY 
MDI 
PERFORMANCE 

• 37 06 

4.REYNELL .80 ** .80 ** .17 
COMPREHENSION 

5. REYNELL 
PRODUCTION 
STRUCTURE 

6. REYNELL 
PRODUCTION 
VOCABULARY 

64 ** .79 ** -.06 78 ** 

.69 ** .69 ** .09 .77 ** .66 ** 

7.GRIFFITHS .65 ** .68 ** .09 
HEARING AND 
SPEECH 

65 ** .80 ** .67 ** 

** p < .01 ( 2 - t a i l e d ) 
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The Bayley MDI Performance score was forwarded as a separate 

c r i t e r i o n measure as was the complete Bayley MDI. 

8,6 18 MONTH DATA - SUMMARY AND CONCLUSIONS 

For a l l scales, with the exception of the G r i f f i t h s Hearing and 

Speech scale, infants performed s l i g h t l y above the expected 

standard for their age at the time of testing. This apparently 

s l i g h t l y advanced performance of the subjects may be due to either 

the B having been lenient on scoring the Scales, or due to the 

infants themselves being above the norm. The l a t t e r i n pa r t i c u l a r 

seems l i k e l y , since a l l of the infants came from middle c l a s s 

homes. With respect to the former, i f the E had been lenient on 

scoring i t was f e l t that scoring had been consistent for a l l 

subjects. 

The G r i f f i t h s sub-scale was the f i n a l one to be administered and 

the s l i g h t l y poorer performance on t h i s scale may have been due to 

fatigue or boredom. Alterna t i v e l y , the scale may merely differ 

from the others i n terms of d i f f i c u l t y . 

Two types of a b i l i t i e s appear to have emerged from the sca l e s 

administered. The f i r s t r e f l e c t i n g language based s k i l l s from the 

Bayley MDI V e r b a l measures', the Reynell Comprehension scale, the 

Reynell Production sc a l e s (both s t r u c t u r e and vocabulary), and the 

G r i f f i t h s Hearing and Speech subscale. The second a b i l i t y i s 
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reflected only by •performance measures' from the Bayley MDI. A 

composite V e r b a l ' measure^ and the performance measure were used 

as c r i t e r i o n measures i n the longitudinal analyses, as was the 

Bayley MDI f u l l s c ale measure. 

The next stage of the analyses was to determine the ways in which 

measures, from infants at a l l of the ages tested, i n t e r - r e l a t e , in 

an attempt to i l l u s t r a t e any continuities which emerge from the 

measures taken over t h i s period. The next Chapter i s concerned 

with these analyses-
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CHAPTER 9 

PREDICTION OF PERFORMANCE ACROSS AGES: LONGITUDINAL ANALYSES OF 

3, 5, 9 AND 18 MONTH DATA 

9.1 INTRODUCTION 

One of the major concerns of t h i s research project i s to assess 

whether any of the r e l i a b l e measures of performance within testing 

ages, also produced significant correlations across age. I t was 

hoped that these analyses would contribute to our understanding of 

the nature and consistency of i n t e l l e c t u a l growth in infancy. 

This Chapter i s concerned with how measures from each testing age 

int e r c o r r e l a t e across ages. Only those measures which have been 

considered potentially predictive are included i n these analyses. 

These measures have been l i s t e d i n Tables 5.17, 6.14 and 7.6, for 

the 3, 5 and 9 month ages, respectively. At 18 months, the 

measures used were the Bayley MDI, the ve r b a l composite measure, 

and the performance measure derived from the Bayley MDI (see 

Chapter 8). To aid c l a r i f i c a t i o n of the importance of the Verbal 

and Performance based measures, the correlations between the 

Bayley MDI Verbal score and potentially predictive measures are 

also presented. 

For those measures from tasks at 3 and 5 months which were 
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administered on 2 testing occasions (ie. Concept Acquisition, 

Audio-Visual Integration, DVR and Attention to a Novel Toy), the 

individual's average score across the two testings was used in the 

longitudinal analyses. For those measures which were administered 

on one testi n g session only (ie. Operant Conditioning measures at 

3 and 5 months, and a l l 9 and 18 month measures), single scores 

were used In the longitudinal analyses. Also, some measures were 

combined to form composite scores for the longitudinal analyses. 

For each measure which contributed to a composite score, an 

individual's score was converted to a standard score ( i t s 

deviation from the mean was expressed i n terms of standard 

deviation units), and the composite score was csdculated by 

summing the separate standard scores. These have been described 

where appropriate i n the preceeding experimental Chapters. 

A l l correlations i n t h i s Chapter have been calculated such that 

•mature' performers on each measure have the higher scores, at 

le a s t for those measures on which t h i s direction can be determined 

(this, for example, does not include the measure of percentage 

fixation to the video on the l e f t , from the Audio-Visual 

Integration task). This means that scores for some of the 

measures, where low scores Indicate "mature' performance (for 

example measures of aspects of fixation duration), have been 

reversed. Hence, throughout, positive correlations Indicate that 

Infants obtaining 'good' scores on one measure also do so on the 

other measure. 

Both Pearson and Spearman correlations are presented for these 
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analyses, and the two-tailed significance l e v e l s are indicated. 

Spearmans correlations are presented in parentheses. The reasons 

for presenting Spearmans correlations here were to determine 

whether any significant Pearsons correlations were affected by a 

few extreme scores, rather than a general trend i n the data. 

However, since those measures producing Pearson correlations 

significant to the .01 l e v e l of significance, produced in a l l 

instances Spearmans correlations to a t l e a s t the .05 l e v e l , and 

vice versa, i t would appear that the significant correlations are 

caused by general trends i n the data rather than by one or two 

extreme scoring subjects. The pattern of correlations r e s u l t i n g 

from the Pearsons correlations i s given greater weight in the 

discussion sections. 

Sections 9.2 through 9.5 present the cross-correlations between 

measures from tasks at each combination of the different ages. 

Within each task at each age, many of the potentially predictive 

measures c o r r e l a t e s i g n i f i c a n t l y with each other, often because of 

some degree of s t a t i s t i c a l dependence <eg. the measures of 

fixation in the Concept Acquisition task). I n some cases, where 

measures within a task were s t a t i s t i c a l l y dependent and were found 

to c o r r e l a t e very highly with each other, composite measures have 

cilready been derived. These include the learning measures from 

the Operant Conditioning task (at 3 months), and the search 

measures (from the 9 month Object Search task). D e t a i l s of these 

composites have been presented in the preceeding experimental 

chapters. However, as w i l l become apparent from the following 

longitudinal analyses, some measures within age, which correlate 

321 



with some l a t e r measure, f a i l to c o r r e l a t e with each other, or do 

so only moderately. From these patterns of data i t would be of 

in t e r e s t to assess the maximum prediction which can be obtained 

from the combined effects of the independent measures. Multiple 

correlations and regression analyses would be appropriate for 

this, although their use i s precluded by the low subject numbers 

and l a r g e number of measures, which makes any interpretation of 

such analyses very tentative (see Chapter 4). However, 

correlations between a number of combined measures at one age and 

one c r i t e r i o n mecisure from a l a t e r age are presented here, in 

order to i l l u s t r a t e the predictive a b i l i t y of combinations of such 

measures. I n these cases, a l l of the composite measures were 

created by adding the standard scores for subjects on a l l of the 

measures included (see above and subsequent sections). These 

ancilyses provide an Indication of the maximum prediction one would 

expect from a combination of equally weighted individual measures 

which each c o r r e l a t e with the c r i t e r i o n measure. These are 

presented in the Discussion sections, for each age comparison, 

below. F u l l discussions of the patterns of correlations across 

age are presented in Chapter 10. 

Those correlations which include the 3 month measures are 

considered f i r s t s t a r t i n g with the correlations with measures from 

tasks at 5 months (section 9.2), followed by correlations with 

measures on tasks at 9 months (section 9.3). The correlations 

between 3 and 18 month measures are considered i n section 9.4. 

Then the 5 month measures and the correlations with 9, and 18 

month measures are considered i n sections 9.5 and 9.6, 
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respectively, followed by inter-oorrelations between the 9 and 18 

month measures (section 9.7). 

The 3 month measures are considered f i r s t . 

9.2 CORRELATIONS BETWEEN 3 AND 5 MONTH MEASURES 

A l l of the correlation matrices involving measures from the 3 and 

5 month testi n g sessions produced a t o t a l of ju s t 5 significant 

Pearson correlations out of a t o t a l of 136 (this approximates 3.6 

percent). Four of the Spearman correlations reached significance 

and these were four of those which also reached significance as 

Pearsons. There are c l e a r l y no more significant correlations than 

would be expected by chance at the 5 percent l e v e l . The 

conclusion reached here was that from the measures adopted i n t h i s 

research, there i s no evidence of s t a b i l i t y of performance from 3 

to 5 months of age. A brief discussion of these data i s presented 

in section 9.6 when a l l the predictive data involving 5 month 

measures has been presented. 

9.3 CORRELATIONS BETWEEN 3 AND 9 MONTH MEASURES 

9.3.1 Introduction 

These sections are presented in the following format. The 3 month 
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tasks are considered in the sequence used i n Chapters 5 and 6 (ie. 

( i n c e p t Acquisition, Audio-Visual Integration, Operant 

CZonditloning, Differential Vocal Responsiveness, and Attention to 

a Novel Toy). I n Sections 9.3.2 through 9.3.6 the correlations 

between each of these 3 month tasks i n turn, and measures from the 

9 month Object Sorting task are presented, and t h i s i s followed by 

each 3 month task in turn and the correlations with the 9 month 

Object Search task (sections 9.3.7 through 9.3.11). F i r s t then, 

the 3 month C:oncept Acquisition task and the 9 month Object 

Sorting task. 

9.3.2 Concept Acquisition at 3 Months and Object Sorting at 9 

Months 

22 Infants completed these tasks. 

The correlations between the measures from these tasks are 

presented in Table 9.1. 

The only correlation to reach significance was that between the 

measures of average fixation duration (from the 3 month Concept 

Acquisition task) and the frequency of touching measure (from the 

Object Sorting task at 9 months). This correlation reaches 

sicfnificance only on the Pearson test. 
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TABLE 9.1 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

CONCEPT ACQUISITION <-3 MONTHS) AND OBJECT SORTING <9 MONTH) N-22 

MEASURE 

OBJECT 
SORTING 
( 9 MONTHS) CONCEPT ACQUISITION ( 3 MONTHS) 

TOTAL AVERAGE MEAN LONGEST SINGLE LONGEST 
FIXATION DUR FIXATION DUR FIXATION DUR FIXATION DUR 

TOTAL -.07 
FIXATION <-.05 ) 
DURATION 

TOTAL .11 
MANIPULATION <.01> 
DURATION 

FREQUENCY OF .32 
TOUCHING ( .21) 

-.24 
<-.23 ) 

.23 
< .32 ) 

.48 * 
< .41 ) 

-.14 
(-.16 ) 

.22 
( .24) 

.39 
< .31 ) 

.00 
C .07) 

.15 
< .11) 

.41 
< .32) 

* p < .05 ( 2 - t a l l e d ) 

Spearmans rank c o r r e l a t i o n s a r e shown i n p a r e n t h e s e s 

3 2 5 



9.3.3 Audio-Visual Integration at 3 months and Object Sorting at 

9 months 

16 infants completed these tasks. 

The correlations between the measures from these tasks are 

presented i n T ^ l e 9.2. 

The Specurmans correlations produce a significant relationship 

between the percentage fixation duration to the stimuli on the 

l e f t of the infants mid-line (3 months) and t o t a l fixation 

duration (at 9 months). There i s no obvious l o g i c a l explanation 

for this, and since the Pearson correlation misges significance i t 

i s not disnisspd further. 

The only Pearson correlation to reach significance was that 

between the measures of average fixation duration (at 3 months) 

and frequency of touching (at 9 months). The equivalent Spearmans 

correlation f a l l s to reach significance. 

9.3.4 Operant Conditioning at 3 months and Object Sorting at 9 

months 

21 infants completed these tasks. 

The correlations between measures from these tasks are presented 

in Table 9.3. 
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TABLE 9.2 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

AUDIO-VISUAL INTEGRATION ( 3 MONTHS) AND OBJECT SORTING 
( 9 MONTH) N=16 

MEASURE 

OBJECT 
SORTING 
( 9 MONTHS) AUDIO-VISUAL INTEGRATION ( 3 MONTHS) 

% FIXATION % FIXATION TOTAL F I X AVERAGE F I X F I R S T F I X 
SYNCHRONISED LEFT DURATION DURATION DURATION 

TOTAL ,03 .49 .36 -.19 -.16 
FIXATION (-.07) ( . 5 3 * ) (.21) (-.15) (.10) 
DURATION 

TOTAL .13 .42 .02 .18 -.07 
MANIPULATION(-.08) (.27) (.08) (-.15) (-.05) 
DURATION 

FREQUENCY -.12 .24 .07 .53 * .48 
OF TOUCHING (-.21) (.30) (-.13) (.36) (.30) 

* p < .05 ( 2 - t a i l e d ) 

Spearmans rank c o r r e l a t i o n s a r e shown i n p a r e n t h e s e s 

3 2 7 



TABLE 9.3 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

OPERANT CONDITIONING <3 MONTHS) AND OBJECT SORTING ( 9 MONTHS) N=21 

MEASURE 
OBJECT 
SORTING 
( 9 MONTH) 

OPERANT CONDITIONING ( 3 MONTH) 

LEARNING 
MEASURE 

TOT F I X 
DURATION 

TOT NO 
KICKS 

TOTAL 
FIXATION 
DURATION 

-.11 
( .13) 

.28 
( .31 ) 

.31 
( .22) 

TOTAL .06 
MANIPULAUION (.04) 
DURATION 

-.06 
< .08) 

.19 
(-.07) 

FREQUENCY -.09 
OF TOUCHING <-.10) 

.51 * 
( .56 ** ) 

.54 ** 
< .57 * * ) 

* p < .05 < 2 - t a i l e d ) 
** p < .01 < 2 - t a l l e d ) 

Spearmans c o r r e l a t i o n s a r e shown i n p a r e n t h e s e s 
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The only measures from the 3 month Operant Conditioning task to 

co r r e l a t e s i g n i f i c a n t l y with measures from the 9 month Object 

Sorting task, were t o t a l fixation duration and t o t a l number of 

kicks. Both of these measures correlated with the measure of 

frequency of touching. This pattern of correlations i s similar 

for both types of correlation* 

9.3.5 Di f f e r e n t i a l Vocal Responsiveness at 3 months and Object 

Sorting at 9 months 

23 Infants completed these tasks. 

The correlations between measures from these tasks are presented 

i n Table 9.4. 

The vocal d i f f e r e n t i a l responsiveness measure (DVR) f a i l e d to 

c o r r e l a t e s i g n i f i c a n t l y with any of the measures from the Object 

Sorting task. The only measure to do so was the measure of t o t a l 

vocalisation duration, which correlated with the frequency of 

touching measure. This correlation reached significance on both 

the Pearson and Spearman correlations. 

9.3.6 Attention to a Novel Toy (3 months) and Object Sorting (9 

months) 

23 infants completed these tasks. None of the 6 correlations 

between measures on these tasks reached significance. The 
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TABLE 9.4 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

DIFFERENTIAL VOCAL RESPONSIVENESS ( 3 MONTHS) AND OBJECT SORTING 
<9 MONTHS) N-23 

MEASURE 

OBJECT 
SORTING 
( 9 MONTH) 

DIFFERENTIAL VOCAL RESPONSIVENESS ( 3 MONTH ) 

DVR TOTAL V(XALISATION TOTAL VOCALISATION 
MOTHER 

TOTAL 
FIXATION 
DURATION 

.01 
( .01 ) 

.06 
( .10 ) 

-.08 
( -.10) 

TOTAL .18 
MANIPULATION ( .11) 
DURATION 

FREQUENCY OF .19 
TOUCHING ( .16 ) 

.06 
( .01 ) 

.38 
( .38 ) 

.03 
( .00) 

.43 * 
( .45 * ) 

* p < .05 ( 2 t a i l e d ) 

Spearmans r a n k c o r r e l a t i o n s a r e shown i n p a r e n t h e s e s 
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correlations ranged between -.09 and and .23 and between -.11 and 

.24 for the Pearson and Spearman correlations, respectively. 

9.3.7 Concept Aoqulaition (3 months) and Object Search (9 months) 

21 infants completed these tasks. 

The correlations between the measures on these two tasks are 

presented in Table 9.5. 

I n general, the fixation measures from the (Concept Acquisition 

task correlated s i g n i f i c a n t l y with two of the measures from the 

Object Search task at 9 months. These are: f i r s t , the number of 

t r i a l s to search s u c c e s s f u l l y at location A on the i n i t i a l A 

t r i a l s ; a;^ second, the number of f a i l u r e s to search on B t r i a l s . 

While a l l of these correlations are significant with the Spearman 

technique, there are two exceptions with the Pearsons which are as 

follows; f i r s t , mean fixation duration on the Concept Acquisition 

task f a i l e d to c o r r e l a t e s i g n i f i c a n t l y with the number of t r i a l s 

to succeed at A; and second, the correlation between si n g l e 

longest fixation duration and the number of f a i l u r e s to search 

j u s t misses significance. 

None of the other measures across the tasks c o r r e l a t e 

significantly. 
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TABLE 9.5 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

CONCEPT ACQUISITION <3 MONTHS) AND OBJECT SEARCH <9 MONTHS) N=21 

MEASURE 

OBJECT 
SEARCH 
(9 MONTH) CONCEPT ACQUISITION <3 MONTH) 

TOTAL AVERAGE MEAN LONGEST SINGLE LONGEST 
FIXATION DUR FIXATION DUR FIXATION DUR FIXATION DUR 

NO TRIALS 
TO SUCCEED 
AT A 

46 * 
49 * ) 

.38 
( .49 * ) 

.49 * 
( .57 ** ) 

.58 ** 
( .56 ** ) 

SEARCH 
SCORE 

.21 
< .26) 

.32 
< .22) 

.27 
< .25) 

.17 
< .25) 

NO OF 
FAILURES 
TO SEARCH 
ON B TRIALS 

.54 * 
< .54 * ) 

62 ** 
56 * * ) 

.56 ** 
( .54 * ) 

.41 
( .49 * ) 

SCORE IN 
DELAY 
PERIOD 

.39 
( .29 ) 

40 
33) 

.37 
( .31 ) 

.35 
< .22) 

SCORE..IN -.13 
PRESENTATION < .22) 
PERIOD 

.29 
( .26) 

.22 
( .23 ) 

.15 
< .23 ) 

NO. LOOKS 
AT A ON 
B TRIALS 

09 
06 ) 

.07 
(-.02) 

.08 
( .05) 

.18 
( .14) 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 

Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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9.3^ Auaio-Visual Integration (3 months) and Object Search <9 
months) 

15 infants completed these tasks. 

The correlations between measures on these tasks are presented in 
Table 9.6. 

The measures of percentage fixation time to the synchronised 

video, percentage fixation duration to the video on the left of 

the infants' mid-line and the f i r s t fixation duration from the 3 

month Audio-Visual Integration task, failed to correlate with any 

of the 9 month measures from the Object Search task. 

Average fixation duration (3 months) correlated significantly with 

the number of failures to search on the B t r i a l s (9 months) by 

both methods of correlation. The Pearson (but not Spearman) 

correlation between average fixation duration and the composite 

search measure also reached significance, as did the Spearman (but 

not the Pearson) correlation between total fixation duration (3 

months) and the number of looks at location A on the B t r i a l s (9 

months). 
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TABLB 9.6 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

AUDIO-VISUAL INTEGRATION <3 MONTHS) AND OBJECT SEARCH <9 MONTHS) N="15 

MEASURE 
OBJECT 
SEARCH 
<9 MONTH) AUDIO-VISUAL INTEGRATION (3 MONTH) 

% FIXATION % FIXATION TOTAL FIX AVERAGE FIX FIRST FIX 
SYNCHRONISED LEFT DURATION DURATION DURATION 

NUMBER .03 -.13 .43 .40 -.02 
TRIALS TO (-.09) (-.14) (.48) (.51) (-.01) 
SUCCEED AT A 

SEARCH -.04 .40 .03 .58 * -.03 
MEASURE (-.04) (.21) (.16) (.47) (-.05) 

NO FAILURES -.11 .11 .36 .75 ** .07 
TO SEARCH (-.03) (-.07) (.50) ( . 6 2 * ) (-.16) 
ON B TRIALS 

SCORE IN .30 -.31 .09 .49 .02 
DELAY (.17) (-.22) (.05) (.31) (-.06) 
PERIOD 

SCORE IN ' .22 .18 -.01 .45 .17 
PRESENTAT. (-.09) (.27) (.38) (.36) (.02) 
PERIOD 

NO LOOKS -.03 -.29 .35 .37 .29 
AT A ON (-.07) (-.40) ( . 5 5 * ) (.49) (-.04) 
B TRIALS 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 

Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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9.3«9 Operant Conditioning (3 months) and Object Search (9 
months) 

19 infants completed these tasks. 

The correlations between the measures are presented in Table 9.7. 

The composite learning measure failed to correlate with any of the 

measures from the 9 month task. The only Operant Conditioning 

measures to produce significant Pearson correlations with the 9 

month measures from this task, was total fixation duration. This 

measure correlated with the following 9 month measures: the number 

of t r i a l s to succeed at A (Pearson only); the number of failures 

to search on the B t r i a l s (Pearson only); and the scores obtained 

in both the delay and presentation periods (Pearson and Spearman). 

The Spearman rank correlations produced one significant 

correlation which the Pearson correlations did not, and that was' 

between the total number of kicks (3 months) and the number of 

failures to search on B t r i a l s (9 months). 

9.3.10 Differential Vocal Responsiveness (3 months) and Object 
Search (9 months) 

21 infants completed these tasks. 
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TABLE 9.7 

CORRELATIONS OF MEASURES ACROSS TASKS 3 - 9 MONTHS 

OPERANT CONDITIONING (3 MONTHS) AND OBJECT SEARCH (9 MONTH) N°19 

MEASURE 
OBJECT 
SEARCH 
(9 MONTH) 

NUMBER 
TRIALS TO 
SUCCEED AT A 

LEARNING 
MEASURE 

.33 
( -20) 

OPERANT CONDITIONING (3 MONTH) 

TOTAL FIXATION 
DURATION 

.47 * 
( .29 ) 

TOTAL NUMBER 
KICKS 

.25 
( .17) 

SEARCH 
MEASURE 

.19 
( .20) 

-.17 
(-.17) 

-.06 
( .01) 

NO FAILURES 
TO SEARCH 
ON B TRIALS 

19 
01) 

.55 * 
( .28) 

.42 
< .48 * ) 

SCORE IN 
DELAY 
PERIOD 

( -
14 
16) 

.68 ** 
( .66 ** ) 

.39 
( .33 ) 

SCORE IN -.16 
PRESENTATION (-.10 ) 
PERIOD 

.57 ** 
( .53 * ) 

.02 
( .00 ) 

NO LOOKS 
AT A ON 
B TRIALS 

-.12 
(-.20) 

.41 
( .25) 

.19 
( .18) 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 

Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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None of tY^ measures from these tasks produced significant 

correlations with one another. The 18 correlations in the matrix 

ranged between -.11 and .17, and between -J32 and .29 for the 

Pearsons and Spearmans correlations, respectively. 

9.3.11 Attention to a Novel Toy < 3 months) and Object Search <9 

months) 

21 infants completed these tasks. 

None of the measures between these tasks reached significance, the 

Pearson correlations ranged between .28 and -.42 (which just 

misses significance), and the Spearman correlations ranged between 

.23 and -.40. 

9.3.12 Correlations between 3 and 9 month measures - Discussion 

and Composite Correlations 

I t i s apparent, from the analyses described above, that a number 

of measures from the 3 month testing sessions are predicting some 

of the 9 month measures. Since there are no major differences 

between the size of the correlations from both Pearson and 

Spearman methods, the correlations which do reach significance 

seem to reflect general trends in the data overall, as opposed to 

one or two subjects having consistent extreme scores. 

337 



In any situation where a considerable number of correlations are 

calculated, some wi l l reach significance by chance. At the 5 per 

cent level, approximately 5 per cent of any given number of 

correlations w i l l reach significance by chance. 153 correlations 

in a l l were calculated between measures from tasks at 3 and 9 

months, and just 17 (11.1 percent) reached significance- The 

actual measures themselves which reach significance are fairly 

consistent in their nature (this w i l l become more apparent when 

the other across age correlations have been presented). 

The 17 significant correlations ranged from .43 to .75, and the 

confidence intervals can give some indication as. to how reliable 

this range of correlation may be in terms of the normal 

population. The correlation of .43 emerged between the measures 

of total vocalisation duration from the DVR task at 3 months and 

the frequency of touching measure from the Object Search task at 9 

months. The confidence intervals for this correlation with an n 

of 23 are .02 and .71. The correlation of .75 emerged between the 

measures of average fixation duration from the Audio-Visual task 

at 3 months and the number of failures to search on the B t r i a l s 

in the Object Search task. The confidence intervals for a 

correlation of this magnitude with an n of 15 are .37 and .91-

This means that the higher correlations emerging from this data 

are lik e l y to be at least moderate in the normal population, 

although inevitably the best estimates one has for the magnitude 

of any correlation i s the actual coefficient which the data 

produces. I t i s also worth pointing out however that two-tailed 

correlation tests are reported here, and this i s somewhat 
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conservative (since virtually a l l of the of the significant 

correlations are in the expected predictive direction). 

Furthermore, i t i s apparent that the size of the correlations 

emerging from these predictive data Is in many cases almost as 

high as one could expect given the separate re l i a b i l i t i e s of the 

measures involved. For instance, the measure of total fixation 

duration, from the Concept Acquisition task at 3 months, had a 

test-retest reliability correlation of .67, while this measure 

correlates with measures from 9 month Object Search task to the 

magnitude of .46 and .54 with the measures of the number of t r i a l s 

to successfully search at location A, and the numJDer of failures 

to search on the B tr i a l s , respectively. Mean longest fixation in 

the 3 month Concept Acquisition task, had a test-retest 

reliability of .56, and correlated with the number of t r i a l s to 

successfully search on the A t r i a l s .49, and .56 with the number 

of failures to search on the B t r i a l s (both measures again from 

the Object Search task at 9 months). In conclusion i t seems that 

given the reliabilities obtained for the 3 month measures, and 

given that a measure cannot predict anything better than i t 

predicts itself, then the correlations obtained appear to be as 

high as one could expect. 

The rel i a b i l i t y of a particular measure does limit the extent to 

which i t can predict, or be predicted by, any other measure. Many 

of the 3 month measures showed indications of being moderately as 

opposed to highly reliable. Possible sources of variation 

affecting the reliability of measures have been discussed in 
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Chapter 4, but a number of points are relevent here. (Generally, 

the mean score over a series of testing sessions (or, as used 

here, the mean of the scores across the two sessions) i s 

considered to be the closest estimate of an individual's *true' 

score* However, i t i s possible that scores on the f i r s t testing 

session are better indicators of the subject's true' scores due 

to practice effects distorting scores on the second session. 

Alternatively, scores on the second testing session may be 

considered to be closer to the true' scores since the infants 

have already had experience of the tasks and hence give a truer' 

pattern of performance on the second testing occasion merely 

because the testing situation i s no longer novel. Taking these 

possibilities into consideration, correlation matrices were 

produced separately with the 3 month scores on session 1 with a l l 

9 month measures, and likewise with the scores on session 2 at 3 

months and the 9 month measures. These data (not presented here), 

showed that scores from neither session were better predictors 

than each other, nor were they better than the measures from the 

two sessions combined. Further discussion relating to the 

magnitude of prediction from the 3 month measures i s presented in 

Chapter 10, although to conclude, given the moderate reliabilities 

of the 3 month measures (see Chapter 5), the prediction to 

performance at 9 months seems to be as high as one could expect. 

I t i s of interest to consider the nature of the measures which 

correlate from 3 to 9 months. One of the most noticeable factors 

here i s that the predictive 3 month measures a l l reflect, what can 

perhaps be best described as, quantitative aspects of performance 
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(eg. total and average fixation duration from both the Concept 

Acquisition and Audio-Visual Integration tasks, total fixation 

duration to the mobile from the Operant Conditioning task and 

total vocalisation duration in the DVR task at 3 months, a l l 

reflect measures of the extent to which infants respond to various 

types of stimuli, and not the extent to which they actually 

achieve the expected performance in the individual tasks). A l l of 

the measures mentioned above (with the exception of total fixation 

duration in the Concept Acquisition and Audio-Visual Integration 

tasks) correlated significantly with the frequency of touching 

measure from Object Sorting task at 9 months. The predicting 3 

month measures here were a l l combined to form a composite score 

(by adding together the standard scores for individuals, • with the 

score for total fixation to the mobile reversed) and this 

composite score correlated with the frequency of touching measure 

.56, which i s slightly higher than the correlations produced from 

any of the single predictors (see Tables 9.1, 9.2, 9.3 and 9.4). 

Further, three of the measures at 3 months (namely, average 

fixation duration from the C^ancept Acquisition and Audio-Visual 

Integration tasks, and total fixation time to the mobile from the 

Operant Conditioning task) which correlate with the frequency of 

touching measure at 9 months , a l l reflect aspects of visual 

fixation, whilst the remaining two measures (total number of kicks 

from the Operant Conditioning task, and total vocalisation from 

the DVR task) do not. The three fijstion measures were combined, 

again by adding the standard scores, and this composite measure 

produced a correlation of .83 with the frequency of touching 
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measure, from the 9 month Object Sorting task. This correlation 

i s particularly high, and indicates that the variance on the 

composite fixation score (from the 3 month measures) accounts for 

almost 69 percent of the variance on the 9 month frequency of 

touching score. Further, since the. addition of the two remaining 

3 month measures which also predict the 9 month frequency of 

touching measure, to the composite measure, has the effect of 

reducing the correlation (see above) then i t can be tentatively 

concluded that the fixation measures in particular at 3 months, 

reflect the extent to which infants w i l l touch objects at 9 

months. 

The 3 month measures also produced some interesting correlations 

with measures from the 9 month Object Search task. These 

correlations again reflect the importance of the visual fixation 

measures at 3 months. In general the fixation measures from the 

Concept Acquisition task at 3 months, correlated significantly 

with the number of t r i a l s to search successfully at location A, 

and the number of failures to search at 9 months* Average 

fixation duration from the Audio-Visual Integration task (3 

months), also correlated with the number of t r i a l s taken to search 

successfully at location A, as well as the composite search 

measure. (Virtually a l l of the 3 month measures mentioned above 

do in fact correlate significantly with each other.) Fixation 

duration to the mobile in the Operant task (3 months), correlated 

with the number of failures to search and the scores achieved in 

the presentation and delay periods in the Object Search task at 9 

months. The combined standard scores from total fixation 
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duration, average fixation duration, average longest fixation 

duration, cind single longest fixation duration (Concept 

Acquisition at 3 months), cind the fixation measure from the 

Operant Conditioning task at 3 months, increased the prediction of 

the number of t r i a l s to succeed at location A to .73. The 

individual measures produce lower correlations than this, and 

range from .46 to .58 (see Tables 9.5 and 9.7). Hence the 

composite score from the 3 month measures appears to account for 

more of the variance on the 9 month score than any individual 3 

month measure. 

A composite measure was derived from the scores of the 3 month 

measures which correlated with the 9 month measure of number of 

failures to search on B t r i a l s (Including total fixation duration, 

average fixation duration and average longest fixation duration 

from Concept Acquisition, average fixation duration from 

Audio-Visual Integration, and the total fixation measure from the 

Operant Conditioning task). This composite measure produced a 

correlation of .61 with the 9 month measure of the number of 

failures to serch on the B t r i a l s . Hence, the composite score 

predicted the 9 month score virtually as well as did the 

individual 3 month measures. 

As was the case for the 9 month Object Sorting task, i t seems that 

measures of visual attention at 3 months are the best predictors 

of measures on the Object Search task at 9 months. The two 9 

month Object Search measures which are most consistently predicted 

are the number of t r i a l s to search successfully at location A, and 
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the number of failures to search on the B tr i a l s . These measures 

can perhaps be best considered to reflect aspects of attention to 

the Search task. The other significant correlations to emerge 

between the 3 month measures and this 9 month task were as 

follows: average fixation duration from the Audio-Visual 

Integration task (3 months), and the search measure (9 months); 

and the total fixation duration from the Operant Conditioning task 

(3 months), and the scores in both the delay and presentation 

periods from the Object Search task (9 months). While the scores 

in the presentation and delay periods can f i t into the category of 

measures of attention in the Search task, the search measure 

itself seems to reflect the qualitative aspect of how well the 

infants performed on the task. 

In conclusion, i t appears that some aspect of performance does 

show a reasonable degree of rel i a b i l i t y from 3 to 9 months of age. 

Further, these measures at 3 months seem predominantly to reflect 

aspects of visual attention, while at 9 months the measures seem 

to reflect measures of exploration or activity (in terms of 

frequency of touching from the Object Sorting task) and 

essentially attentive behaviour (from measures on the Object 

Search task). The nature of the predictive and predicted measures 

i s discussed further in Chapter 10. 

A number of measures at both ages failed to correlate with any 

other measure across age. These include: percentage fixation 

duration to the synchronised video and f i r s t fixation duration, 

from the 3 month Audio-Visual Integration task; the learning 
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measure from the 3 month Operant Conditioning task; the 3 month 

measures from the DVR tasks (with the exception of total 

vocalisation duration); and measures from the Attention to the 

Novel Toy task; and the 9 month measures of manipulation and 

fixation duration, from the Object Sorting task. 

9.4 CORRELATIONS BETWEEN 3 AND 18 MONm MEASURES 

9.4.1 Concept Acquisition (3 Months) and 18 Month Scores 

23 infants completed these tasks. The correlations between these 

scores are shown in Table 9.8. 

A l l of the fixation measures from the Concept Acquisition task 

correlated significantly with the composite verbal measure at 18 

months, whilst none of the 3 month measures correlated 

significantly with the performance measures. This pattern of 

correlations emerged for both the Pearson and Spearman 

correlations, with the exception of the Spearman correlation 

between total fixation duration (3 months) and the verbal 

comopsite measure (18 months) which .failed to reach significance. 

The correlations between the Concept Acquisition measures and the 

Bayley MDI are a l l of a magnitude greater than those with the 18 

month performance measure, and smcdler than those with the 

composite verbal measure. A l l are positive and some reach 

significance. The importance of the 18 month verbal measures as 
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TABLE 9.8 

CORRELATIONS OF MEASORBS ACROSS TASKS 3 - 1 8 MONTHS 

CONCEPT ACQUISITION (3 MONTHS) AND INFANT SCALES (18 MONTHS) N«23 

MEASURE 

18 MONTH 
MEASURES 

CONCEPT ACQUISITION (3 MONTH) 

TOTAL AVERAGE MEAN LONGEST SINGLE LONGEST 
FIXATION DUR FIXATION DUR FIXATION DUR FIXATION DUR 

BAYLEY 
MDI 

VERBAL 
MEASURE 
(COMPOSITE) 

PERFORMANCE 
MEASURE 
(MDI ) 

.30 
( .25 ) 

.47 * 
( .39 ) 

.25 
( .19 ) 

.43 * 
( .43 * ) 

.48 * 
( .43 * ) 

.24 
( .24 ) 

.43 * 
( .42 * ) 

.49 * 
( .51 * ) 

.34 
( .39 ) 

.47 * 
( .39 ) 
.53 ** 

( .42 * ) 

.40 
( .34 ) 

VERBAL 
MEASURE 
(MDI ) 

35 40 43 * 47* 

* p < .05 ( 2 - t a i l e d ) 
** p < ,01 ( 2 - t a i l e d ) 

Spearmans c o r r e l a t i o n s are shown in parentheses 

3 4 6 



criterion measures i s emphasised by the greater magnitude of the 

correlations between the 3 month measures and the Verbal MDI 

measure, than the 3 month measures and the Bayley Performance 

measure. This pattern i s consistent throughout the predictive 

data and the implications are ai.srnsspd in Chapter 10. 

9.4*2 Audio-Visual Integration (3 months) and 18 month scores 

17 subjects completed these tasks. The correlations between the 

measures are presented in Table 9.9. 

The measures of percentage fixation to the synchronised video and 

to the video on the left of the infant's mid-line (3 months), 

failed to predict performance on any of the 18 month scores, as 

indeed they had so failed with the 9 month scores. The measures 

of total fixation duration and average fixation duration (3 

months) both correlated with the verbal, but not the performance 

measures at 18 months. This pattern was consistent for both 

Pearson and Spearman correlations. The Bayley MDI score produced 

a significant correlation with the average fixation duration from 

the Audio-Visual Integration task, although the correlations with 

the Bayley Verbal measure suggest that, this was due to the Verbal 

rather than the performance items. 
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TABLE 9.9 
CORRELATIONS OP MEASURES ACROSS TASKS 3 18 MONTHS 
AUDIO-VISUAL INTEGRATION <3 MONTHS) AND INFANT SCALE MEASURES 
(18 MONTHS) N-17 

MEASURE 

18 MONTH 
MEASURES AUDIO-VISUAL INTEGRATION (3 MONTHS) 

% FIXATION % FIXATION TOTAL FIX AVERAGE FIX FIRST FIX 
SYNCHRONISED LEFT DURATION DURATION DURATION 

BAYLEY .15 
MDI (-.04) 
VERBAL -.08 
MEASURE <.11) 
(COMPOSITE) 

-.06 
< .16 ) 
.02 
( .08) 

.18 
( .34) 
.50 * 

( .62 ** ) 

.61 ** 
< .49 * ) 
.69 ** 

< .58 *) 

-.05 
<-.11 ) 

.19 
< .12) 

PERFORM 
MEASURE 
(MDI ) 

.25 
< .22 ) 

.25 
( .28) 

.06 
( .13) 

.16 
( .03) 

.07 
< .04 ) 

VERBAL -.07 
MEASURE 
(MDI ) 

13 32 67 ** 14 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 
Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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9.4.3 Operant Conditioning C3 months) and IS month scores 

20 infants completed these tasks. 

None of the 3 month Operant Conditioning task scores, (the 
composite learning measure, the fixation duration and the total 
number of kicks), produced significant correlations with any of 
the 18 month scores. The nine correlations in the matrix ranged 
between -•25 and .27 (Pearsons) and between -.31 and .32 
(Spear mans). 

9.4.4 Differential Vocal Responsiveness <3 months) and 18 month 
scores 

23 infants completed these tasks. A l l of the 9 correlations 
between the measures on these tasks approximated zero. 
(Correlations ranged between -.04 and .19, and .07 and .20 for 
Pearson and Spearman correlations, respectively). 

9.4.5 Attention to a Novel Toy (3 months) and 18 month scores 

23 infants completed these tasks. A l l of the 6 correlations 
between measures on these tasks approximated zero. 
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9.4.6 Correlations between the 3 and IB month measures -
Discussion 

A number of measures at 3 months correlated significantly with the 
18 month scores. There were no major differences between the 
Pearson and Spearman correlations which again suggests that the 
significant correlations reflect general trends rather than a 
small number of subjects having extreme scores. 

51 correlations were calculated in a l l between the 3 month and the 
18 month measures, and 10 <ie. 19.6 percent) reached significance. 
Also, as was the case for the correlations emerging between the 3 

and 9 month measures, the correlations here are of the magnitude 
that one would expect given that neither measure w i l l be perfectly 
reliable. 

I f we next consider the actual measures producing the significant 
correlations, one of the things which is immediately striking is 
that none of the 3 month measures correlated with the 18 month 
performance measure from the Bayley MDI. Although a number of 3 
month measures correlated significantly with the Bayley MDI scale, 
the highest correlations emerged between the 3 month measures and 
the composite verbal measure. (The significant correlations which 
emerged between the 3 month measures and the Bayley MDI in most 
instances seemed to be due to the high correlations with the 
verbal component within the Bayley MDI Scale.) 
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The 3 month measures which predict the 18 month verbal scores, are 
in many cases the same ones which predicted performance at 9 
months* These include a l l of the fixation measures from the 
Concept Acquisition task at 3 months, and tot a l fixation duration, 
and mean fixation duration from the Audio-Visual Integration task 
at 3 months. A l l of these measures again reflect aspects of 
patterns of fixation duration, whilst the qualitative 3 month 
measures (such as the percentage fixation to the synchronised 
video from the Audio-Visual Integration task, the learning measure 
from the Operant Conditioning task, and the DVR measure from the 
DVR task), f a i l to predict any of the 18 month scores. 

The 3 month measures (listed above) which correlate with the IB 
month verbal score were combined into a composite measure (by 
adding individual subjects' standard scores), and this measure 
correlated with the 18 month verbal measure with an r of .7. This 
accounts for almost half of the variance of the 18 month verbal 
measure, and is just higher than the correlation from any single 3 
month measure. This correlation of .7 probably reflects the most 
accurate prediction of the 18 month score from these 3 month 
measures. 

In conclusion, measures at 3 months reflecting aspects of fixation 
toward visual stimuli, appear to correlate specifically with 
subsequent verbal a b i l i t y at 18 months of age. Furthermore, this 
verbal a b i l i t y includes measures of both comprehension and 
language production. 
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Consistency i n the Data ' 

With three exceptions, the same measures from the 3 month tasks 
which predicted measures at 9 months, also correlated with verbal 
measures at 18 months. The exceptions are: the Operant 
Conditioning measures of to t a l fixation duration and to t a l number 
of kicks; and total vocalisation duration from the DVR task. None 
of the 3 month measures which failed to predict 9 month measures 
significantly predicted the measures at 18 months. 

9.5 CORRELATIONS BETWEEN 5 MONTH MEASURES AND 9 AND 18 MONTH 
MEASURES 

Out of the 63 correlations which made up the correlation matrices 
between tasks at 5 and 9 months, only 4 (6.34 percent) were 
significant. This number of significant correlations would be 
expected by chance, and i t was therefore concluded that the 
measures at 5 months f a i l to predict performance on the 9 month 
tasks. 

None of the 21 correlations between measures from the 5 month 
tasks and the 18 month measures reached significance. 

Brief discussion of the 5 month measures is presented in the 
following section. 
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9.6 DISCUCTON-5 MONTH CORRELATIONS WITO 3, 9, AND 18 MONTHS 

From the research carried out here, i t has become apparent that 
the tasks chosen to produce potentially predictive measures at 5 
months of age, have not been successful. The tasks produced 
considerably fewer reliable measures than they did at 3 months, 
and of those measures which were reliable and those for which 
r e l i a b i l i t y coefficients were not meaningful, none clearly predict 
performance on tasks at 9 months or on measures from infant scales 
at 18 months. This finding is not apparent from the literature to 
date. To re-iterate the issues discussed In Chapter 6, i t seems 
that at 5 months tasks requiring predominantly passive responses 
from the infants may be poor indices of subsequent performance. 
I t may be that alternative tasks requiring manual activity and 
exploration from the infants would constitute more valid measures 
at this age. Further discussion on the 5 month data is presented 
in Chapter 10. 
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9.7 CORRELATIONS BETWEEN 9 AND 18 MONTH MEASURES 

9.7.1 Object Sorting (9 months) and IB month scores 

23 infants completed these two tasks. 

The correlations between measures are presented in Table 9.10. 

Total manipulation duration (at 9 months) correlated significantly 
with the Bayley MDI measure, but not with the performance or the 
verbal measures. This pattern of results is consistent for both 
the Pearson and Spearman correlations and is unusual since to t a l 
manipulation duration also failed to correlate with any other 
measure across age, hence the correlation possibly occurred by 
chance. 

Frequency of touching at 9 months, on the other hand, produced a 
more consistent pattern of intercorrelations. This measure 
correlated significantly with the Verbal composite measure and 
with the Bayley MDI at 18 months (reflected by both Pearson and 
Spearman correlations). The measure of frequency of touching was 
also the measure with which a number of 3 month measures 
correlated significantly (see Tables 9.1, 9.2, 9.3, and 9.4 
above). 
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TABLE 9.10 
CORRELATIONS OP MEASURES ACROSS TASKS 9 - 1 8 MONTHS 
OBJECT SORTING TASK <9 MONTHS) AND INFANT SCALE MEASURES (18 MONTHS) 
N=23 

MEASURE 

18 MONTH 
MEASURES 

TOTAL FIXATION 
DURATION 

OBJECT SORTING < 9 MONTH) 
TOTAL MANIPULATION 
DURATION 

FREQUENCY 
OF TOUCHING 

BAYLEY .30 
MDI (.34) 
VERBAL .21 
MEASURE ( .18) 
(COMPOSITE) 

.45 * 
(.51 * ) 
.21 
( .30) 

.65 ** 
(.65 ** ) 
.58 ** 

(.57 **) 

PERFORMANCE .12 
MEASURE ( .16) 
(MDI ) 

.26 
( .27) 

-.18 
( .23) 

VERBAL 
MEASURE 
(MDI ) 

10 .31 61 ** 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 
Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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The Bayley MDI, on this occasion, strangely produced a higher r 
(.65) with frequency of touching at 9 months, than did the 
composite verbal measure or the Verbal measure from the Bayley 
MDI. 

9.7.2 Object Search (9 months) and 18 month scores 

21 infants completed these tasks. 

The correlations between the measures from these tasks are 
presented iri Table 9.11. 

A l l of the 9 month Object Search task measures, with the exception 
of the score in the presentation period (which just misses 
significance on both types of correlation), correlate 
significantly with the 18 month composite verbal measure. 

A l l of the measures from the Object Search task (with the 
exception of the number of looks at location A on the B t r i a l s , 
which just misses significance with the Pearsons correlation, 
although does reach significance on the Spearmans), correlate 
significantly with the Bayley MDI. 

The number of t r i a l s to succeed at location A, and the score in 
the presentation period also correlate significantly with the 18 
month Performance score (reflected by both Pearson and Spearman 
correlations). This is odd since no other measures correlate with 
the performance measure from any testing age. 
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TABLE 9.11 
CORRELATIONS OF MEASURES ACROSS TASKS 9 - 1 8 MONTHS 
OBJECT SEARCH TASK <9 MONTHS) AND INFANT SCALE MEASURES 
<18 MONTHS) N=21 

MEASURE 

18 MONTH 
MEASURES OBJECT SEARCH (9 MONTHS) 

NO TRIALS 
SUCCEED 
AT A 

SEARCH NO FAILURES SCORE SCORE NO LOOKS 
SCORE TO SEARCH DELAY PRES. AT A 

ON B TR, PERIOD PERIOD ON B TR 

BAYLEY .48 * 
MDI (.49 *) 

.59 ** .45 * .57 ** .54 * .43 
(.61 **) (.47 *) (.54 *) (.49 *) (.50 *) 

VERBAL .48 * .50 * .48 * 
MEASURE (.52 *) (.49 *) ( .49 * ) 
(COMPOSITE) 

.55 ** .40 
( .51 * ) ( .42) 

.54 * 
( .56 ** ) 

PERFORM .56 ** .06 
MEASURE ( .48 * ) ( .13) 
(MDI ) 

00 
01 ) 

.10 
( .00) 

.50 * 
( .46 * ) 

.05 
( .13) 

VERBAL .47 * 
MEASURE 
(MDI ) 

.57 ** 46 * 50 * 37 47 * 

* p < .05 ( 2 - t a i l e d ) 
** p < .01 ( 2 - t a i l e d ) 
Spearmans rank c o r r e l a t i o n s are shown i n parentheses 
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9.7.3 9 and 18 Month Correlations - Discnjsslon 

As with the other two age comparisons, measures from the 9 and 18 
month testing sessions are producing measures which correlate 
significantly. The pattern of inter-correlations was similar for 
the Pearson and Spearman correlations, as i t was for a l l other 
across age correlation matrices (see above). 

From 9 to 18 months the correlation matrices were made up of 27 
correlations, and 14 of these (over 50 percent!) reached 
significance. Between these two testing ages then, emerged a 
strong indication that at least some of the correlations were not 
li k e l y to have occurred by chance. 

Further, i f the measures which do inter-correlate are considered, 
some interesting patterns emerge. The frequency of touching 
measure from the Object Sorting task (9 months) correlates with 
the Verbal composite and the Bayley (MDI) scores at 18 months. 

Virtually a l l of the measures from the 9 month Object Search task 
correlate with the Bayley MDI and the composite verbal measures at 
18 months. In addition the 9 month measures of the number of 
t r i a l s to search successfully at location A, and the score in the 
presentation period also correlate significantly with the 18 month 
performance measure from the Bayley MDI. I t is not clear why 
these two 9 month measures should be related to the performance 
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MDI measure, especially since a l l other correlations between the 
Object Search task and this IB month measure approximate zero. 
These two correlations may have occurred by chance, although one 
can never assume this to be the case. Indeed one alternative 
possibility is that the measures from the Object Search task at 9 
months are reflecting abilities of a wider range, than merely 
verbal ab i l i t y , which include performance based abilities. Indeed 
the Bayley MDI score is predicted as well as the verbal composite 
measure by measures on this 9 month task. 

To i l l u s t r a t e the best estimate of the relationship between the 
measures of 9 months and the performance on verbal ability, a 
composite score, was derived from those 9 month measures which 
correlated with the IS month verbal composite measure (ie. the 
frequency of touching from the Object Sorting task, and the number 
of t r i a l s to succeed at location A, the search measure, the number 
of failures to search on the B t r i a l s , the score i n the delay 
period and the number of looks at location A on the B t r i a l s , from 
the Object Search task). This composite score was correlated with 
the 18 month Verbal score, and the resulting r was .72. When this 
was done in a similar way for the Bayley MDI, the resulting 
correlation was also .72. Hence in general the composite scores 
constitute better predictors than any individual predictor. 

In conclusion, the prediAng measures at 9 months appear to 

reflect aspects of attention to and activity within the tasks. 
These measures appear to correlate substantially with the verbal 
composite measure, and the Bayley MDI, at IB months. 
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Consistency in the Data - and Conclusions 

The four 9 month measures (ie. frequency of touching (Object 
Sorting), the number of t r i a l s to successfully search at location 
A, the combined search measure, and the number of failures to 
search at location B (Object Search)), which were predicted by 
fixation measures at 3 months, a l l correlate with the measure of 
Verbal performance at 18 months. Further, the 3 month fixation 
measures also correlate with the 18 month Verbal composite score. 
This suggests that there i s some aspect of a b i l i t y over these age 
periods which is characterised by a f a i f degree of continuity. 

9.8 CONCLUSIONS FROM THE LONGITUDINAL ANALYSES 

The patterns of inter-correlations across the data are shown in 
Table 9.12. Some degree of continuity across the ages reported 
here was apparent. In general the patterns of the 
inter-cor relations have led to suggestion that the early measures 
reflect verbal a b i l i t y as opposed to a b i l i t y on the performance 
items at 18 months. 

I t is important to emphasise however that the findings of this 
research cannot be considered conclusive, particularly in view of 
the small sample size employed. 

The possible Implications of this research for theoretical and 
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TABLE 9:12 
The r^blc shows all slgnlflcanr correlarlons between measures across age 

Each measure Is abbrevtared Iro rhe left) and rhe abbrevtarlon Is presented 
on rtie rlc^r of each oieasure wirh which Ir correlates slgnlflcanrly. 

3 MONTH 

Concept acquisirion 
TFC Total Fixation Duration TSA.FS8. m 
AFC Average Fixation Duration FT. FSB. m m 
fV= Mean Longest Fixation IXratlon TSA. FSB. Att VM 
SLF Single Longest Fixation Duration TSA. m m 

Audio-visual inregrarion 
TFA Total Fixation Duration m 
AFA Average Rxatlon Duration FT. SS FSB. A t t m 

Operant Conditioning 
TFM Total Fixation to Mobile FT. TSA. FSB. SIP. SIP. 

Total Number of Kicks FT 

Dirrerentlal Vocal Responsiveness 
m Total Vocalisation Duration FT 

9 MONTH 

Object Sorting 
FT Frequency of Touching AFC AFA. TVD. TFK TNK m 
M) Total Manipulation Duration m 

Object Search 
TSA Nurriber of Trials to Succeed at A TFC nF. SLF. TFM HJI. VH PH 
SS Search Score AFA. Afy. Vfi 
FSB Number of Failures to Search on B Trials TFC AFC HF AFA. TFM A f t VH 
SID Score In Delay TFM nx. m 
SIP Score In Presentation TFM Ma.PH 
LAB Number of looks at A on B Trials m 

18 MONTH 

HX Bayley M0.1 AFC t±F. SLF AFA. Fl TMD. TSA. SS FSB. SID. SIP 

VM Verbal Measure Icomposltel TFC AFC Mf. SLF. TFA. AFA. Fl TSA. SS FSB. SID 
LAB 

PM Performance Measure MDI TSA. SP, 
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practical issues are discussed in the following final Chapter. 
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CHAPTER 10 

DISCUSSION AND CONCLUSIONS 

10.1 INTRODUCTION 

This chapter Is divided into seven major sections. The second 
section presents a review of the thesis, considering each chapter 
in turn. Section 3 considers whether the data are best 
interpreted in terms a continuous or discontinuous model of 
intellectual growth. Section 4 presents a discussion of the 
nature of the stable and predictive measures at each testing age 
and speculates as to the nature of the underlying continuity. 
Section 5 discusses the data in terms of the theoretical positions 
described in Chapter 1, and in section 6 tentative links are drawn 
with current conceptions of intelligence in adulthood. Section 7 
concludes the thesis with some implications of this work for 
future research. 

I t is at the outset important to point out that any interpretation 
of the data reported in this thesis is necessarily speculative, 
particularly in view of the small sample size used. 
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10,2 REVIEW OF THESIS 

Chapter 1 

This research i s concerned with the stability and continuity of 

cognitive performance in infancy. The f i r s t chapter presented a 

brief history of intelligence testing, the failure of the infant 

scales to predict subsequent childhood levels of IQ, and the 

possible theoretical reasons for the failure. Emphasis was placed 

on the suggestion that the type of ability tested by the 

standardised infant scales was generally motoric (as opposed to 

cognitive) in nature, and that recently developed techniques which 

appear to reflect more cognitively based behaviours in infancy may 

well constitute better predictors. 

Chapter 2 

In this chapter a review of predictive studies adopting these 

relatively new techniques for assessing ability in infancy was 

presented. I t i s concluded that measures from these tasks do 

appear to produce some degree of prediction, although the area i s 

severely lacking in terms of psychometric grounding. The aims of 

the thesis were presented. These were essentially to assess the 

test-retest and split-half reliabilities of a variety of measures 

in infancy, and to examine the ways in which these measures 

inter-correlate within age at 3, 5 and 9 months, then to examine 

intercorrelations across these ages, and also their correlations 

with a series of measures from infant scales at 18 months. 
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Chapter 3 

This chapter described the Pilot Studies for each of the tasks 
chosen for use in the 3 and 5 month testing ages. Five tasks were 
administered in the laboratory, and two were administered in the 
children's homes. The laboratory based tasks were: Visual 
Preferences; Visual Habituation; Concept Acquisition; Audio-Visual 
Integration; and Operant Conditioning. The two home based tcisks 
were Differenticd Vocal Responsiveness and Attention to a Novel 
Toy. The test-retest and split-half reliabilities for dependent 
measures from a number of these tasks were examined, and a l l were 
piloted for procedural and related problems which were likely to 
arise. As a result of these studies a number of changes were made 
to the design and nature of the tasks used for the major 
longitudinal study. 

Chapter 4 

In this chapter a number of Issues relating to the statistical 

analyses used for the longitudinal research were discussed. The 

rationale underlying the use of test-retest and split-half 

relia b i l i t i e s were discussed, and also the reasons as to why 

multiveuriate procedures were not appropriate for subsequent data 

analyses. Correlation matrices were presented as the major form of 

data analyses, for both the within session, and the between 

session longitudinal analyses, and justification for their use was 

presented. 
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Chapter 5 

This chapter presented the design and results of the 3 month 
testing age. Four tasks in the laboratory and two in the home 
were presented to the infants at 3 months, and these tasks are the 
same as those used in the Pilot studies (Chapter 3) with the 
exception of the Visual Preference task. The results include the 
test-retest and split-half reliabilities for a number of measures 
from each task, and the inter-oorrelations of reliable measures 
across tasks. A brief discussion of the results was also 
presented, and the conclusions reached were that a number of 
measures from the tasks at 3 months are reliable both within and 
across testing sessions. Further, many of these measures were of 
length of fixations toward stimuli, and these measures are also 
related (correlated) across tasks. 

Chapter 6 

This Chapter was concerned with the testing sessions at 5 months. 

Those children who had been tested at 3 months were tested again 

at 5 months of age on the same tasks which had been used at 3 

months. This allowed further reliabilities of the measures from 

the tasks to be assessed at a different age, as well as stability 

in performance on the tasks across age to be examined. However, 

the measures at 5 months showed l i t t l e evidence of test-retest 

reliability, and those few measures which did emerge as reliable 

were not related to (correlated with) equivalent measures at 3 
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montha. I t was ooncluded that at 5 months, the tasks chosen here 

are not useful for providing potentially predictive measures. 

Possible reasons for this were discussed. 

Chapter 7 

This chapter presented details of and data from the two tasks 

presented to the same infants when they reached 9 months of age. 

The tasks used at this age were, an Object Sorting task, which 

Star key (1981) suggests reflects aspects of concept acquisition in 

infants, and an Object Search task designed to examine Piagefs 

•stage IV error'. The measures of performance on these two tasks 

are inter-correlated, and they reveal a reasonable degree of both 

within and across task stability. 

Chapter 8 

This chapter described the final stage of the longitudinal 

testing, which occurred when the infants reached 18 months of age. 

At this age the infeints were administered a series of scales and 

sub-scales from current infant intelligence scales. Many of these 

reflected aspects of language development. The inter-correlations 

of these measures were presented and i t was apparent that a l l of 

the measures reflecting aspects of language development correlated 

very highly with each other, and that these measures did not 

correlate with the performance measure at 18 months. 
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Chapter 9 

One of the main aims of this thesis was to assess the 
inter-relationships between measures across ages, and Chapter 9 
was specifically concerned with the relationship between the 
measures across age* Correlations between each reliable measure 
across age were presented and the patterns of continuity in 
performance across age were discussed. With one or two exceptions 
the pattern of inter-correlations across age produced a f a i r l y 
consistent picture* Essentially, measures reflecting cLspects of 
fixation at 3 months correlated with measures at 9 months which 
appeared to reflect measures of attention towards, and accuracy in 
performance on, tasks. Furthermore, most of these measures (at 3 
and 9 months) correlated significantly with measures of verbal 
ability at 18 months. Hence i t i s concluded that some aspect of 
behaviour, from the measures used here, did show stability at 
least over the ages of 3, 9 and 18 months. 

10.3 CONTINUITY VERSUS DISCONTINUITY HYPOTHESES 

The data reported in this thesis appear to indicate that some 

aspect of performance in infancy is, to some degree, characterised 

by stability. However, to what degree are models of stability 

supported, and can models advocating the discontinuous nature of 

intelligence be rejected? In genersil, the reliability 

coefficients and predictive correlations reported in this thesis 
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are moderate. This can either allow one to reject the null 

hypothesis and argue for some thread of continuity, or equally to 

emphasise the inherent instability of intellectual growth in the 

infant. These data do not allow rejection of discontinuity 

hypotheses, and like a l l other data in this area, are equivocal. 

However, a model of total discontinuity i s not appropriate for the 

data, since moderate correlations were found between different 

measures across age. I t would seem that intellectual development 

i s characterised by some degree of stability. Further, the 

continuity hypothesis i s emphasised here for several other reasons 

<a number of these issues are discussed in more detail later in 

this chapter). For example, better measures • than the ones taken 

here may subsequently be discovered. Clear measures of 

intellectual performance in infancy have not yet been identified, 

and future research in this area may produce higher correlations. 

Perfect correlations from data of this nature are never likely to 

be found due to a large number of factors both intrinsic and 

external to individuals. The question of how high predictive 

correlations of this nature need to be before they can be 

considered useful i s not easily answered, although in terms of 

pracUcal usage, i t i s those children who are likely Sv/i^r 

cognitive deficits in childhood that ideally we would like to 

identify in infancy. A scimple of infants covering a range of "at 

risk" infants may have increased the correlations considerably. 

This i s potentially one area for future investigation. In this 

study the sample of infants who acted as subjects was fair l y 

homogeneous. The infants were a l l from the middle-classes, and to 
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the author's knowledge none are suffering from any developmental 

difficulties. 

10.4 THE RELIABILm AND PREDICTIVB ABILITY OP MEASURES AT BACH 

TESTING AGE 

In these sections, further discussion i s presented concerning the 

nature of those measures which showed stability and predictive 

ability at each age. Also an attempt i s made to theorise as to 

the nature of the predictive measures at each age. The 3 month 

measures are considered f i r s t . 

10.4.1 3 Month Measures 

Tasks involving visual fixation measures are considered f i r s t . 

At 3 months the measures from the tasks requiring visual fixation 

as a response (Concept Acquisition and Audio-Visual Integration), 

which were reliable and predictive are very consistent in nature. 

They are a l l measures of visual fixation length. This perhaps 

seems at f i r s t somewhat unusual, since for predictive purposes, 

many previous studies have emphasised the importance of the 

measures reflecting the extent to which infants produce an 

expected pattern of performance (see Chapter 2). For instance, if 

we consider f i r s t the Concept Acquisition task, for the purpose of 

prediction emphasis has been placed on the measures of speed of 

decline in fixation to the concept exemplars, and amount of 

recovery to the non-concept exemplars (see Chapter 2). However, 
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this expected pattern of attentional decline during the 

familiarisation, followed by a recovery of looking to the novel 

stimuli was not found in this research. Therefore, i t i s perhaps 

a l i t t l e unlikely that these measures would have predicted 

anything. The failure of the infants to produce the expected 

pattern of responding may be due to particular constraints of the 

experimental design adopted here (eg. type of stimuli, use of the 

fixed t r i a l procedure). Furthermore, there are a number of other 

methodological difficulties associated with the habituation 

procedure which reduce the possibility of measures of rate of 

decline and amount of recovery to novelty being potentially 

predictive. Many of these have been dlsnisspd in Chapter 3, 

although a few are worth further consideration here. 

Measures of rate of decline and amount of recovery to novelty are 

necessarily affected by the length of fixations exhibited by an 

infant at the start and end of the habituation sequence. One 

cannot assume that an infant who fixates the f i r s t stimulus for, 

say, 10 seconds, will as easily show a decrement over t r i a l s as a 

second infant, who fixates the f i r s t stimulus for, say, 30 

seconds. Similarly, at the end of the habituation sequence, an 

infant who fixates the stimulus for 2 seconds w i l l perhaps more 

easily show a subsequent increment in fixation than an infant who 

fixates the fined familiar stimulus for 15 seconds. 

In view of these factors (discussed above), i t i s argued here that 

although the ability of Infants to recognise familiar and novel 

stimuli may be important for cognitive development, habituation 
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procedures w i l l often not provide clear measures of this. 

The actual nature and the reliability of measures used for any 

predictive study are clearly important considerations for future 

research. There appears to be some justification in supposing 

that measures of visual decline and subsequent recovery may not be 

predictive. However, in the research descrilaed in this thesis 

measures of fixation time did correlate with later performance, a 

finding which i s consistent with others (see Fenson, Sappir and 

Minner, 1974; Pecheux and Lecuyer, 1983; Rose, Slater and Perry, 

1986). What might these measures reflect? I t i s suggested here 

that these measures reflect information processing speed in 

infancy, and the justification for this i s presented next. 

This suggestion was derived from a discrepancy in the. literature 

between, on the one hand, Fagan and McGrath (198D who reported 

that the extent of the novelty preference from the novelty 

preference testing technique predicts later Intelligence (see 

Chapter 2), and on the other hand from Rose, Slater and Perry 

(1986) who show that with the use of an infant controlled 

habituation procedure, whilst novelty preferences failed to 

predict later intelligence, measures of fixation length did* Both 

of these experimental designs incorporated the use of paired 

stimuli (one novel paired with the familiar) in the 

post-familiarisation test t r i a l s . 

There i s one fundamental difference between these two testing 

procedures which i s the amount of familiarisation time infants 
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were given. What seems to be the case i s that given a short 

familiarisation period novelty preferences predict, and given a 

lengthy one they do not. If, in the novelty preference technique, 

after the short familiarisation period, some infants have failed 

to encode the stimulus, then they may continue to fixate this 

stimulus (as opposed to the novel one) in order to complete the 

process. The "bright' infants w i l l have successfully encoded at 

least some parts of the stimulus in the given time and will 

therefore show a novelty preference on the test t r i a l . The 

novelty preference then may reflect the amount of processing 

infants achieve in the familiarisation period, rather than the 

extent to which infants can detect and respond to discrepancies in 

visual stimuli (as suggested by Fagan, 1984). 

This suggestion i s compatible with Rose et al's findings. They 

failed to find novelty preferences predictive, from the use of the 

infant control procedure. In this procedure, since a l l infants 

cure in theory given the opportunity to encode the stimulus fully, 

then a l l infants are likely to show some degree of preference for 

novelty. The actual extent of this novelty preference may be 

affected by other factors, such as stimulus preferences (rather 

than a reflection of how well infants have encoded the familiar 

stimulus), and hence i s predictive of nothing. In line with this 

reasoning, i t seems reasonable to assume that the length of time 

infants spend fixating stimuli may be a reflection of the speed at 

which they are able to process stimuli. Measures of fixation time 

then, may be good reflectors of speed of processing or speed of 

memory formation in infancy. 
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Accommodating the fixation measures from the Audio-Visual 

Integration task into the notion of speed of processing I s at 

f i r s t sight a l i t t l e more difficult. These measures correlated 

significantly with the measures of fixation from the Concept 

Acquisition task (see Chapter 5), and also correlated 

significantly with performance at 9 and 18 months. The measure 

from the Audio-Visual Integration task which one might have 

expected to be predictive i s the percentage fixation time to the 

synchronised video (this measure gave test-retest reliability but 

was not predictive). However, from a cognitive perspective, what 

may be Important from this task i s the actual time taken for 

individual infants to establish the fact that one of the videos 

was synchronised with the sound while the other was not. There i s 

no obvious way of extracting this measure from these data. If the 

Tsrighter' infants had established the difference very early on in 

the task, one cannot assume that they w i l l necessarily continue to 

fixate the integrated film. Indeed the time-lag between the two 

videos may have become more interesting. The problem arises that 

in the Audio-Visual Integration task, the visual behaviours 

measured f a i l to produce a clean measure of the extent to which 

infcints comprehended the cross-modal component of the task. 

However, the measures of fixation time from this task which showed 

test-retest reliability were related to measures of fixation from 

the Concept Acquisition task, and were related to later measures. 

One possible explanation i s that the faster lookers require less 

time to detect the synchrony. At the very least i t would seem 

that if an infant can process stimuli rapidly, then different 
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parts of a new environment are likely to be fixated and explored 

in quick succession. 

The only other task at 3 months to involve measures of visual 

fixation of a similar nature to those from the Concept Acquisition 

and Audio-Visual Integration tasks was Attention to a Novel Toy. 

The measures from this task failed to predict anything. This task 

differed from the others, however, since i t was administered in 

the infant's own home and the visual environment was not 

restricted from external stimulation in the same way as i t was in 

the laboratory tasks. This factor alone may have affected the 

fixation patterns of any individual infant. Furthermore, the 

measures themselves were somewhat crude. 

The remaining 3 month tasks (Operant Conditioning and the 

Differential Vocal Responsiveness task), produced some measures 

which were predictive of the 9 month, but not the 18 month, 

measures. The 9 month measures which they did predict were in 

many cases the same as those predicted by the fixation measures 

and in view of this and in view also of their failure to predict 

the IB month scores, these 3 month measures seem less interesting. 

If we consider f i r s t measures from the Operant Conditioning task, 

one thing which wcis apparent was the failure of the composite 

learning measure to predict. The measures making up this 

composite however are vulnerable to the same sorts of problems as 

the measures of decline and recovery in the Concept Acquisition 

task. Specifically, the number of kicks made by an infant in the 
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i n i t i a l base-line period i s likely to affect the extent to which 

Infants can demonstrate learning ability. For example, those 

Infants who kick constantly in the base-rate phase may have been 

physically unable to show a learning affect because they could not 

kick any faster, in spite of actually having learnt the 

relationship between kicking and mobile movement. Alternatively, 

those infants who produce very few foot kicks may have l i t t l e 

chance to learn the contingency. Furthermore, the actual nature 

of the reinforcement may have differed for individual Infants, and 

this may have affected their rate of kicking (for instance, in 

some cases i t appeared that infants, having learned the response, 

played games with the mobile, by not kicking until the mobile 

virtually stopped moving and then fast bursts of many kicks, 

amidst excited screaming and laughing). I t would appear that the 

measures from this task which one would expect to be the most 

likely predictors are obscured by other factors Influencing 

performance. 

The measures from the Operant Conditioning task which predicted 

aspects of performance at 9 months are total fixation to the 

mobile and total number of kicks. These measures were positively 

related to 9 month performance, such that the longer lookers and 

the more active infants at 3 months had the more mature 9 month 

scores. These measures were related to each other (r=.5D, but 

were not related to other predictive measures at 3 months. These 

measures may reflect activity level at 3 months. I t seems 

plausible to suppose that those infants who produced more mobile 

movement were also likely to fixate the mobile for longer periods. 
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I t does appear that whatever these measures do reflect. I t i s not 

related to the fixation measures from the Concept Acquisition and 

Audio-Visual Integration tasks. 

Total vocalisation duration was the only measure from the 

Differential Vocal Responsiveness Task at 3 months to predict 

performance at 9 (but not at 18) months. Roe and McClure (1980) 

suggested that the DVR measure Is more important for prediction 

than measures of amount of vocalisation, but this was not the case 

for the present sample. 

Conclusion 

I t has been suggested above that the fixation measures from the 

Concept Acquisition and Audio-Visual Integration tasks can be seen 

cis measures of processing speed in infancy. These interpretations 

are speculative, and there are alternatives. For instance, one 

could suggest that a l l of the predictive measures at 3 months are 

reflecting general activity levels of Infants, although such an 

Interpretation seems unlikely to be the case, since one might 

expect a greater variety of measures (including, for example, 

number of kicks in the Operant Conditioning task and total 

vocalisation duration in the Differential Vocal Responsiveness 

task) to have been related. 

In conclusion, from the data collected here the 3 month measures 

appear to reflect at least two types of ability, one of which 

predicts to 9 and 18 months, the other predicting only to measures 
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at 9 months. 

10.4.2 5 Month Measiires 

The measures at 5 months were much less reliable across sessions 

than the 3 month measures, and the 5 month measures which were 

reliable were not predictive of either the 9 or the 18 month 

measures. This leads to several possible interpretations. 

I t may be the case that at 5 months development i s characterised 

by a period of instability, and that no measures would show 

potential usefulness as predictors. 

Alternatively, i t may be the case that the tasks administered. are 

inappropriate for predictive purposes at 5 months. For Instance, 

Kagan (1979) has suggested that infants' attention to visual 

stimuli wanes considerably from 3 to 7 months, due to infants 

being able to develop mental schemata with increasing ease. He 

claims that after 3 months, infants are easily able to assimilate 

a repeated event, and so i t i t i s possible that infants were 

performing at the ceiling level on many of these tasks. If this 

was the case, i t may be that tasks of a different nature are more 

appropriate for prediction at 5 months. In Chapter 6, i t was 

pointed out that the Infants at 5 months seemed interested in 

touching and manually exploring objects (eg. reaching for the 

mobile in the Operant Conditioning task), and tasks of this nature 

may have constituted more useful predictors at this age. This 
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suggestion, that measures incorporating manual exploration at 5 

months may be more useful indices of later development, i s 

clarified later in this chapter, in relation to the 9 month 

measures. 

Indeed Messer et al. (1986) found that at 6 months, measures 

reflecting the activities through which infants explored objects 

were predictive of performance on cognitive scales at 12 months 

(for details of this study, see Chapter 2). 

The one task administered to the 5 month olds which fitted the 

category of manual exploration was the Attention to the Novel Toy 

task, and this failed to produce predictive measures. However the 

measures taken from this task were crude (see Chapter 6); 

sequences were not videoed, so unfortunately measures of the 

different ways in which infants explored the toy are not 

available. 

In conclusion, i t would seem that measures of visual attention at 

5 months are inappropriate indices of later ability, and therefore 

that the tasks administered to the infants were inappropriate for 

this age group. Alternative types of task, particularly ones 

requiring manual exploratory behaviour may provide predictive 

measures, and this i s a consideration for future research. 

10.4.3 9 Month Measures 

Just one measure from the Object Sorting task at 9 months showed 
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an indication of being both predicted by, and predictive of, the 3 

and 18 month, measures, respectively. This was the measure of 

frequency of touching - the number of times infants independently 

picked up objects throughout the teisk. As discussed i n Chapter 7, 

t h i s measure confounded two other measures from t h i s task which 

were, the extent to which infants a) touched sequentially, and b) 

grouped together, objects of a slmilcu: kind. Hence, as was the 

recurring case for the 3 month tasks, i t seems that the measures 

of performance which one may have expected to be predictive do not 

emerge c l e a r l y from the te s t because of the presence of 

confounding variables. 

The Object Search task at 9 months produced a va r i e t y of measures 

which were predicted by, and predictive of, the 3 and 18 month 

measures, respectively. This i s p a r t i c u l a r l y the case for the 

following measures: the number of f a i l u r e s to search on the B 

t r i a l s ; the number of t r i a l s taken to search s u c c e s s f u l l y at 

location A; and the composite search score. I n Chapter 7 i t was 

pointed out that, from the int e r - c o r r e l a t i o n s between measures on 

t h i s task, i t was cl e a r that measures of attention to the task 

(reflected by scores i n the presentation and delay periods), and 

the likelihood of search, and success i n search, were highly 

related. Those infants who attended to the task throughout the 

delay periods, and those infants who reached towards the t r a y i n 

the presentation periods were not only more l i k e l y to search, but 

also were more l i k e l y to search i n the correct location. 

The actual cause and effect relationship between attention to the 
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task and sucxressful search i s d i f f i c u l t to establish, for 

Instance, I s I t that those Infants who attend to the task also 

tend to find the toy because of thei r mature pattern of attention, 

or do Infants who have seen the toy hidden, r e a l i s e that In order 

to find I t e a s i l y they must maintain fixation towards the location 

at which the object was hidden? 

The measure of frequency of touching (from the Object Sorting 

task) also correlated with many of the measures on the Object 

Search task. The measure of f a i l u r e s to search on the B t r i a l s 

(from the Object Search task) was the measure which appeared to be 

most consistently predicted by, and predictive of, the 3 month 

fixation measures and the 18 month composite v e r b a l measure, 

respectively. Measures of a b i l i t y In task performance seem also 

to be Important at 9 months <as reflected by the search measure 

from the Object Search task). Since many of the 3 month measures 

of fixation were related to a number of 9 month measures an 

par t i c u l a r frequency of touching from the Object Sorting task, and 

number of t r i a l s to succeed at location A, and the number of 

f a i l u r e s to search on the B t r i a l s , from the Object Search task) 

I t does seem feasible to suggest that those Infants who process 

Information at a faster r ate at 3 months also exhibit greater 

manual exploration of stimuli presented to them. The rate of 

processing therefore appears to determine the extent to which 

Infants w i l l explore the i r Immediate environment. Those Infants 

who explore their environments to a greater extent are also more 

l i k e l y to search in the appropriate place i n the Object Search 

task. 
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10.4.4 IB Month Measures 

Three measures were extracted from the 18 month measures, these 

were: the Bayley MDI; a composite Verbal measure (made up from 

ve r b a l measures from the Bayley MDI, the Reynell Language 

Development Scales including both the comprehension and production 

sub-scales, and the Hearing and Speech Scales from the G r i f f i t h s 

Developmental Schedules); and a Performance measure from the 

performance based items on the Bayley MDI. Further d e t a i l s of 

these measures are given in Chapter 8. 

Of these measures, the verbal composite measure was the most 

consistently predicted by the e a r l i e r measures (see Chapter 9). 

This finding i s not unusual, and many authors have emphasised the 

importance of v e r b a l measures as c r i t e r i o n measures i n predictive 

studies (see Chapter 2, and review by Bornstein and Sigman, 1986). 

The interpretation of what i s a c t u a l l y being reflected by language 

development d i f f e r s depending on the way in which one perceives 

int e l l i g e n c e (see Chapter 1). Many psychologists have suggested 

that in t e l l i g e n c e i s a multi-dimensional construct consisting of 

many different types of a b i l i t y , although most theorists have 

acknowledged the existence of a general factor Cg') as an 

underlying, all-embracing component of intelligence. Charles 

Spearman for instance suggested that i n t e l l i g e n c e i s made up of a 

general factor and also that individual mental tasks load to some 

degree on "g' while each also has a loading on other factors 
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s p e c i f i c to each task. Burt (1949) and Vernon (1950) suggested a 

h i e r a r c h i c a l s t r u c t u r e of intelligence which incorporated 'g" and 

also two major a b i l i t i e s , namely v e r b a l and v i s u a l - s p a t i a l 

a b i l i t i e s , each of which sub-divides into minor group factors. 

Thurstone also identified independent v e r b a l and s p a t i a l factors. 

Hunt, Lunneborg and Lewis (1975) has pointed out that verbal 

a b i l i t y always emerges as a strong factor i n I n t e l l i g e n c e tests, 

encompassing measures of English usage, spelling, reading 

comprehension and vocabulary. I t may be the case therefore, that 

while the measures adopted in t h i s research appear to be related 

to s p e c i f i c a l l y v e r b a l a b i l i t y , there may be other tasks i n 

infancy which r e f l e c t subsequent performance on s p a t i a l tasks. 

I n t e l l i g e n c e has however been conceived of in other ways. For 

instance, Cilattell (1963) differentiated two types of intelligence, 

namely f l u i d and c r y s t a l l i s e d intelligence. F l u i d i n t e l l i g e n c e i s 

the hereditary component of intelligence, while c r y s t a l l i s e d 

i n t e l l i g e n c e i s a measure of what one has l e a r n t from one's 

environment. F l u i d and c r y s t a l l i s e d i n t e l l i g e n c e are not e n t i r e l y 

independent of one another, since the former r e f l e c t s the 

i n t e l l e c t u a l potential, and the l a t t e r r e f l e c t s the realised 

potential, and Eysenck (198D has pointed out that: 

^Wiere the acquisition of knowledge i s reasonably 
standard, the amount of knowledge acquired might 
be considered a d i r e c t measure of intelligence." 
(page 22). 

I n relation to this, i f we consider that a l l infants experience 

v e r b a l stimulation directed towards them, then those infants who 
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acquire both a greater understanding and appropriate use of 

language, w i l l be those who can process information more rapidly. 

This measure of v e r b a l a b i l i t y may be the most accurate measiire 

of f l u i d intelligence that can be obtained. The performance 

measure at 18 months, on the other hand, may be more d i r e c t l y 

infuenced by infants' prior experience on the individual task 

items, being determined by the provision of play materials i n the 

home, and therefore r e f l e c t c r y s t a l l i s e d i n t e l l i g e n c e to a 

greater extent. 

I n conclusion, i t i s appeurent from these data that the scales and 

subscales administered to the infants at 18 months of age r e f l e c t 

two apparently independent types of a b i l i t y , namely, verbal and 

performance a b i l i t y . Verbal a b i l i t y i s consistently predicted by 

the e a r l i e r measures and performance a b i l i t y i s not. One 

p o s s i b i l i t y i s that these two types of measure represent 

independent aspects of intelligence, and that i t may be possible 

to find infant measures which w i l l predict the performance 

measure. Further, the v e r b a l measures may r e f l e c t f l u i d 

i n t e l l i g e n c e to a greater degree than the performance measure, 

which r e f l e c t s predominantly c r y s t a l l i s e d a b i l i t y . Roe, McClure 

and Roe (1983) have suggested that in t e l l i g e n c e in the infancy 

period i s multi-dimensional in nature, at l e a s t in terms of 

v e r b a l and perceptal-motor based tasks. They report that the 

G e s e l l Developmental Schedules predicted visual-perceptual and 

perceptual-motor (ie. nonverbal) tasks in childhood, whilst Roe 

and McClure (1980) reported the vocal d i f f e r e n t i a l responsiveness 

measure at 3 months to be predictive of l a t e r v e r b a l a b i l i t y . 
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The next section i s concerned with the nature of the continuity 

in relation to the three continuity models discussed i n Chapter 

1. 

10.5 THE NATURE OF THE CONTINUITY 

Three models of continuity were outlined i n Chapter 1. These 

were: homotypic continuity, or the continuity of identical 

behaviour; heterotypic continuity, or the continuity of different 

behaviours, which can be t h e o r e t i c a l l y linked by some common 

underlying process(es); and continuity of developmental status. 

The question of which of these three models can best accommodate 

the data i s considered next. The f i r s t model of continuity of 

identical behaviour i s considered i n i t i a l l y , followed by the 

t h i r d model (continuity of developmental status), and f i n a l l y the 

second model of continuity of underlying process i s discussed. 

The data c l e a r l y do not t e s t the f i r s t of these models, since at 

each testing age the measures taken are different i n nature. 

The t h i r d model, concerning continuity of developmental status, 

can accommodate the data. For example, i t i s possible that 

fixation patterns at 3 months, manipulatory and exploratory 

behaviour at 9 months, and language development at 18 months, a l l 

develop as e n t i r e l y different a b i l i t i e s at different points i n 

time, but each maintaining a slmllau: developmental growth or 
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maturational pattern. I f t h i s were the case, we might expect 

infants who are mature in one of these modalities, also to show 

maturity i n another of these modalities, even though the two 

develop at different points in time. Also, one might expect a 

va r i e t y of types of measure to follow the same pattern of 

maturational development and therefore one might expect 

significant correlations to emerge between a l a r g e v a r i e t y of 

types of measure. For example, i n t h i s research, one might have 

expected the measure of performance at 18 months to have been 

related to e a r l i e r r e l i a b l e measures. The f a i l u r e of the 18 

month Performance measure to c o r r e l a t e with remaining measures 

may be seen to suggest that the model of continuity of underlying 

status i s not supported by these data. However, i t was suggested 

above that scores on the performance measure might be more 

d i r e c t l y affected by specific types of prior experience. I f t h i s 

were the case, then should underlying maturational pattern of 

t h i s a b i l i t y be stable, the current status of an individual may 

be d i f f i c u l t to assess. I n conclusion, from the data reported 

here, one cannot reject the model of continuity of developmental 

status. 

The second model, incorporating continuity of different 

behaviours which can be t h e o r e t i c a l l y linked, can ailso 

accommodate the data. Indeed, there are a number of ways in 

which the re l a t e d measures across age can be t h e o r e t i c a l l y 

linked, and s e v e r a l p o s s i b i l i t i e s w i l l now be discussed. 

I n preceeding sections, i t was suggested that the fixation 
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measures at 3 months were possibly r e f l e c t i n g some aspect of 

processing speed. Given t h i s . I t seems I n t u i t i v e l y plausible 

that those Infants who can process visucd Information rapidly may 

also more adequately deal with new information In their 

environment. Hence these infants w i l l manually explore their 

environment to a f u l l e r extent at 9 months, and when language 

production and comprehension begins, these faster processors w i l l 

be able to i n t e r p r e t and use language appropriately. Further, I t 

does seem plaus i b l e that the faster processors are also the 

Infants who are able to Interpret and use information 

appropriately In t h e i r environment. The a b i l i t y of Infants to 

assimilate new Information into t h e i r already existing knowledge 

might be important. Kagan (1979), for example, suggests that i n 

the e a r l y months of l i f e Infants create schemata of objects and 

events. These schemata change as new discrepant forms of 

stimulation are assimilated Into their cdready existing schemata. 

Towards the end of the f i r s t year Kagan suggests that Infants 

are able to r e t r i e v e and hold In memory a schema for a prior 

event, and compare i t with a current discrepant event. The more 

mature infants are more l i k e l y to be able to assimilate the new 

discrepant event into t h e i r existing schemata. Kagan further 

suggests that t h i s i s dependent on a new memorial competence, and 

these a b i l i t i e s allow the development of new symbolic categories, 

and ultimately appropriate language use, to develop. The speed 

of processing may be linked to the infants' a b i l i t y to create 

scemata of stimuli and events in the environment, and may also be 

d i r e c t l y or i n d i r e c t l y linked to the a b i l i t y of infants to 

assimilate new information into the already existing schemas. I f 
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the same underlying processes are involved In both schemata 

formation and assimilation processes t h i s would s u g g ^ t a di r e c t 

l i n k between the two. Alternatively, i t may be the case that 

information processing speed determines schemata development, and 

the quality of these schemata affects infants' a b i l i t y to 

assimilate new information. I n t h i s l a t t e r case, i n i t i a l 

schemata formation may be dependent on speed of information 

processing, while assimilation i s more dependent on the 

organisation of the already developed schemata. 

These possible theoretical l i n k s are speculative. Nevertheless, 

i t i s apparent that theoreticcil l i n k s across the patterns of 

continuity reported here can be made. The model of underlying 

continuity cannot be rejected.. 

I n conclusion, i t i s possible that the patterns of 

inter-relationships between measures reported in t h i s thesis can 

be accommodated by at l e a s t two models of continuity. These are 

continuity of developmental status cind continuity of an 

underlying process linking different measures of behaviour. The 

data presented in t h i s thesis does not offer support for either 

of these models any more than for the other. Further research 

would be needed to c l a r i f y these models. 

10.6 MODELS OF ADULT INTELLIGENCE - TENTATIVE LINKS 

Models of i n t e l l i g e n c e in adulthood have over the past few years 
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taken a turn away from the t r a d i t i o n a l psychometric approaches, 

towards information processing based theories of intelligence. 

The proceedings from a recent conference on human assessment have 

been published by Newstead, I r v i n e and Dann (1986), and t h i s 

provides a good review of current theories of intelligence. A 

number of these are considered b r i e f l y , and their implications 

for the current research are discussed. 

Sternberg (1981a,b) has pursued the idea that intelligence, in 

post infancy, may i n part be understood as the a b i l i t y to acquire 

and reason with new conceptual systems. Sternberg emphasises the 

r o l e of motivation as an Important factor i n determining ones' 

in t e r e s t in, seeking of, and finding novel conceptual systems in 

which to think, and t h i s a b i l i t y i s of greater importance, in 

terms of intelligence, than the a b i l i t y to. reason with and l e a r n 

concepts within a context with which the individual i s already 

familiar. 

Sternberg (1981,a) has discussed the implications of t h i s theory 

i n terms of infant intelligence. He suggests that the r e s u l t s 

reported by Fagan and McGrath (1981^ (which indicate that 

preference for novel stimuli are predictive of childhood 

inte l l i g e n c e - see Chapter 2) in particular, are consistent with 

the suggestion that performance on novel tasks are important in 

terms of int e l l i g e n c e in infancy onwcurd. However, i t was argued 

e a r l i e r in t h i s chapter that the novelty preference measure as 

reported by Pagan and McGrath may be better considered as a 

measure of processing speed rather than a preference for novelty 
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per se. Nevertheless, processing speed might be d i r e c t l y related 

to i n t e r e s t i n novelty (see Section 10,4.1), and i t does seem 

plausible that individuals who are capable of processing 

information rapidly w i l l be those who seek out novel forms of 

stimulation. Hence, Sternberg's views on the relationship 

between inte l l i g e n c e and i n t e r e s t i n novelty can be accommodated 

by the findings reported here. Eeurlier i n t h i s chapter, the 

suggestion was made that fixation time at 3 months can be 

interpretated in terms of processing speed. Since the fa m i l i a r ' 

stimulus i s of course novel to the infant i n i t i a l l y , the faster 

processors may exhibit short looks because they are a c t u a l l y 

looking for novel stimulation i n t h e i r environment. The f a s t e r 

they habituate to a stimulus the sooner they search for new 

stimulation. At 9 months, those infants who are more active In 

thei r environment (in terms of frequency of touching objects and 

the tendency to search), are those who process information 

quickly, and eu:e keen to investigate novel events to the i r f u l l 

extent. These infants, at 18 months, are also the ones who are 

l i k e l y to acquire language based s k i l l s more rapidly. Throughout 

infancy there i s a vast amount of new concepts and relationships 

to comprehend, and the in t e r e s t in novel may well r e f l e c t infant 

processing speed. Sternberg's theory then does appear to be 

compatible with these data. 

Hunt (1978, 1986) bases his theory, s p e c i f i c a l l y around verbal 

a b i l i t y . He points out that performance on v e r b a l tasks in 

adulthood i s dependent on what an individual already knows. Hunt 

suggests that" verbal int e l l i g e n c e i n d i r e c t l y measures information 
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processing a b i l i t y by d i r e c t l y measuring the products of 

information processing. Those individuals who are better at 

processing information in the e a r l y years of l i f e w i l l be 

v e r b a l l y more able i n l a t e r l i f e . Hunt adopts the term "Current 

Information Processing' <CIP) to refer to the processes by which 

people integrate sequences of stimuli over time to develop a 

s t a b l e percept, to coordinate i t with stored percepts, and to 

transform, abstract, and use i t during problem solving. Hunt 

hypothesised that individuals who are able to process Information 

r a p i d l y w i l l also have better v e r b a l a b i l i t y . I n support of t h i s 

theory. Hunt, Lunneborg, and Lewis (1975) reported that 

university students who obtained high scores on written t e s t s of 

v e r b a l a b i l i t y , also did well on a v a r i e t y of tasks which require 

use of CIP (for example, retention of the order of p a r t i c u l a r 

stimuli, and rapid manipulation of data i n short-term memory as 

measured by the a b i l i t y to remember a b r i e f l y presented v i s u a l 

stimulus as a word or l e t t e r ) . Further, Hunt also claimed that 

i t i s plausible to believe that high verbsil subjects know more 

about l i n g u i s t i c aspects of t h e i r c u l t u r e because they are more 

adept at CIP tasks, rather than the reverse. Hunt, Frost and 

Lunneborg (1973) hypothesised that i f individuals are given the 

same exposure time to some specific l i n g u i s t i c Information, then 

those with rapid CIP a b i l i t y w i l l f i x more of the information 

into their long-term memories than slow processers. I f on the 

other hand all subjects are allowed sufficient time such that 

they were equated in terms of processing, then long-term 

retention would be equated. Indeed, Hunt et a l reported no 

correlation between v e r b a l a b i l i t y and retention of information 
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over a period of weeks when individual learning was equated, but 

fcist processors did remember more af t e r a limited exposure 

period. 

This suggestion i s very similar to the argument r e f e r r i n g to 

novelty preferences presented e a r l i e r i n t h i s chapter (when 

habituation i s equated, novelty preferences are not predictive, 

whilst under limited exposure novelty preferences do predict), 

and emphasis on Information processing speed in relation to at 

l e a s t v e r b a l i n t e l l i g e n c e i n infancy has been made throughout the 

chapter. Hence, Hunt's conception of CIP being c e n t r a l to verbal 

a b i l i t y in adulthood i s interesting, and t h i s i s c e r t a i n l y an 

area for future investigation. 

There are l i n k s to be made then between current conceptions of 

intel l i g e n c e i n adulthood in relat i o n to the possible nature of 

Intelligence i n infancy as presented i n t h i s thesis. These are 

c u r r e n t l y speculative, although there a re a number of c l e a r 

directions emerging for future investigation. 

10.7 FINAL CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH 

The work described i n t h i s thesis has made some contributions to 

the study of continuity in i n t e l l e c t u a l development in infancy. 

I t has emphasised the importance of a structured approach to 

assessing the nature of the Infancy measures which have been 

considered to be potentially predictive of l a t e r i n t e l l e c t u a l 
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a b i l i t y . The importance of establishing the r e l i a b i l i t y of 

measures has been stressed (some measures considered potentially 

predictive were found not to be re l i a b l e ) . I t i s also apparent 

from these r e s u l t s that determining the inte r - c o r r e l a t i o n s 

between measures, both within and across age, aids interpretation 

of any r e s u l t i n g continuity. Empirical data are esse n t i a l for 

theory formation. For the study of the development and 

continuity of in t e l l i g e n c e i n infancy t h i s type of study would 

seem to be c r u c i a l , and i t may be that substantial developments 

may only occur i n the future i f i t i s possible to c a r r y out t h i s 

type of study on a la r g e r scale. 

What does seem c l e a r from these data i s that inconsistencies i n 

the data are as apparent as consistencies. Also, the r e l i a b l e 

and predictive measures are i n many cases are not the ones which 

one i n t u i t i v e l y may expect to be so. Possible reasons for t h i s 

have been put forward, and i t i s clear that theoretical reasons 

alone w i l l never be sufficient i n distinguishing those measures 

which w i l l be predictive from those which w i l l not. I t i s 

apparent that often, i n the past, researchers have fail e d to 

consider what aspects of underlying a b i l i t y , specific measures 

are measuring i n infancy. 

The data reported here suggest that there i s some degree of 

continuity between measures of fixation at 3 months, measures of 

manual exploration, attention and successful search at 9 months, 

and v e r b a l a b i l i t y at 18 months. I t has been suggested that t h i s 

continuity can be explained i n terms of at least two models of 
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continuity. F i r s t , that there i s continuity i n the developmental 

statu s of individuals, and second that the measures across age 

are related i n terms of an underlying process such as information 

processing speed. 

A number of directions for future research, for both the applied 

and theoretical issues, are appeurent and se v e r a l are discussed 

here. 

The correlations between the e a r l i e r and l a t e r measures reported 

here are moderate, and i t would be of in t e r e s t to es t a b l i s h the 

extent to which the inclusion of other measures increases the 

correlations. A number of studies were reviewed i n Chapter 2 

which reported significant correlations between aspects of the 

home environment, and the qu a l i t y of stimulation from the 

care-giver, and l a t e r i n t e l l e c t u a l performance. These measures, 

along with the predictive measures reported i n t h i s thesis, may 

together account for more variance than either type of measxare 

alone. 

Also, the sample of infants used in t h i s research were 

homogenous, and inclusion of "at r i s k ' children may have also 

s i g n i f i c a n t l y increased the predictive correlations* I f t h i s 

were the case, then one could e s t a b l i s h the r e l i a b i l i t y with 

which one could identify i n infancy, children who w i l l suffer 

d i f f i c u l t i e s l a t e r i n l i f e . 

Theoretical issues, r e l a t i n g to the nature and growth of 
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intelligence, may be c l a r i f i e d to some extent by examining the 

inte r - c o r r e l a t i o n s of a wide v a r i e t y of r e l i a b l e measures over 

age in order to e s t a b l i s h the extent to which inte l l i g e n c e i s 

multi-dimensional in nature. For example, i t may be possible to 

identify measures i n infancy which predict l a t e r performance 

a b i l i t y . However, i f performance a b i l i t y i s related to specific 

experiences, as suggested e a r l i e r i n t h i s chapter, then there may 

be no Infancy measures which w i l l predict t h i s a b i l i t y . 

I n conclusion, future research concerned with prediction and 

development of I n t e l l e c t u a l growth should consider the issues 

discussed in t h i s thesis. I t seems that the question of 

continuity in i n t e l l e c t u a l growth in infancy i s now an area for 

expansion; theoretical development and p r a c t i c a l assessment may 

be very close at hand. 
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APPENDIX I 

THE BAYLEY SCALES OP INFANT DEVELOPMENT 
MENTAL DEVELOPMENTAL INDEX 

THE DIVISION OP ITEMS INTO VERBAL AND PERFORMANCE SUB-SCALES. 

ITEMS 117 to 156. For f u r t h e r d e t a i l s of i t e m s , s e e B a y l e y 

( 1969 ) . 

VERBAL ITEMS 

ITEM NUMBER DESCRIPTION 

117 Shows s h o e s , c l o t h i n g or own toy 

124 Names one o b j e c t 

126 F o l l o w s d i r e c t i o n s w i t h o b j e c t ( e g . b r u s h d o l l y ' s 
h a i r ) 

127 Uses words to make wants known 

128 P o i n t s t o p a r t s of d o l l 

130 Names one p i c t u r e 

132 P o i n t s t o 3 p i c t u r e s 

136 S e n t e n c e of 2 words 

138 Names two o b j e c t s 

139 P o i n t s t o f i v e p i c t u r e s 

141 Names t h r e e p i c t u r e s 

144 D i s c r i m i n a t e s 2: cup, p l a t e , box 

145 Names watch ( 4 t h . p i c t u r e - i n c o m p l e t e w a t c h ) 

146 Names t h r e e o b j e c t s 

148 P o i n t s t o s e v e n p i c t u r e s 

149 Names f i v e p i c t u r e s 



150 Names watch ( 2 n d . p i c t u r e - i n c o m p l e t e w a t c h ) 

152 D i s c r i m i n a t e s 3: cup, p l a t e , watch 

PERFORMANCE ITEMS 

ITEM NUMBER DESCRIPTION 

118 Pegs p l a c e d i n 70 seconds 

119 B u i l d s tower o f 3 cubes 

120 P i n k b o a r d : p l a c e s round b l o c k 

121 B l u e board: p l a c e s 2 round b l o c k s 

122 A t t a i n s t o y w i t h s t i c k 

123 Pegs p l a c e d i n 42 seconds 

125 I m i t a t e s c r a y o n s t r o k e 

129 B l u e board: p l a c e s 2 round and 2 s q u a r e b l o c k s 

131 F i n d s 2 o b j e c t s 

133 Broken d o l l : mends m a r g i n a l l y 

134 Pegs p l a c e d i n 30 seconds 

135 D i f f e r e n t i a t e s s c r i b b l e from s t r o k e 

137 P i n k board: c o m p l e t e s 

140 Broken d o l l : mends a p p r o x i m a t e l y 

142 B l u e board: p l a c e s 6 b l o c k s 

143 B u i l d s tower of 6 cubes 

147 I m i t a t e s s t r o k e s : v e r t i c a l and h o r i z o n t a l 

151 P i n k b o a r d : r e v e r s e d 
153 Broken d o l l : mends e x a c t l y 

154 T r a i n of cubes 

155 B l u e b o a r d : c o m p l e t e s i n 150 se c o n d s 

156 Pegs p l a c e d i n 22 seconds 
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