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 Chapter 1 
 
 Introduction 
 
  
 
 
 
 
 
 Learning in preterm infants was the main topic of the project Cognitive Development of 
Preterm Infants. This project started in 1990 in collaboration with the staff of the departments of 
obstetrics, neonatology and developmental neurology of the university hospital Groningen. In this 
project learning by preterm as well as full-term infants was studied. The reason to carry out this 
project is that, although it is known that prematurity was, and still is, considered to be a risk factor 
for later development, the mechanisms responsible for later adverse outcome are as yet not well 
understood. While perinatal intensive care has improved considerably in the last 20 years 
(Lefebvre, 1988; Koppe, Peters, & Dubois, 1984; Wolke, 1991), and the survival rates of preterm 
and Very Low Birth Weight (VLBW) infants are still improving (Lefebvre, 1988; Lloyd, 
Wheldall, & Perks, 1988), the major handicap rate remained stable. However, there is still a 
considerable number of relatively healthy prematurely born infants who show behavioural, 
learning, and developmental problems later in life (see for reviews e.g., Stewart, Reynolds, & 
Lipscomb, 1981; Kopp, 1983; Hoy, Bill, & Sykes, 1988; Meisels & Plunkett, 1987). In a 
meta-analysis of outcome studies of low birth weight infants Aylward, Pfeiffer, Wright, & 
Verhulst (1989) stated that statistically significant differences in intelligence quotient/ 
developmental quotient scores may exist between low birth weight children and control subjects 
but these differences are of minimal clinical importance. According to Aylward et al. (1989) "sur-
viving low birth weight children as a group do not have lower IQ/DQ scores. However, evidence 
from many sources suggests that subtle dysfunctions, indicative of learning disabilities, are found 
more frequently in these babies. Therefore gross IQ measures may not be very useful, and specific 
deficits need to be better defined" (p. 519-520). So, although it is known that prematurely born 
infants are at risk for later developmental problems there is, "still a serious lack of knowledge on 
how early biological risk might have its effects on the individual's social and cognitive 
functioning" (Kalverboer, 1988, p. 114). Aims of the current study were to examine individual 
differences in learning in infancy and to look for underlying processes eventually responsible for 
these differences in a group of preterm and full-term infants. Although results concerned with 
developmental outcome (i.e., the what of development) will be presented in this dissertation, the 
main emphasis is on developmental mechanisms (i.e, the how of development). Because the 
question of how is a question of explanation it is considered to be the more important one (see also 
Lightfood & Folds-Bennett, 1992).  
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RISK INDICES AND RISK MECHANISMS 
 
 
 According to Kalverboer (1988) there are two likely factors affecting developmental outcome, 
namely the integrative capacities of the central nervous system (CNS), and the quality of the 
care-giving environment (see also Kalverboer, 1979, 1986; Sameroff, 1975; Sameroff & 
Chandler, 1975; Siegel, 1982, 1984). Both these factors have been studied extensively in preterm 
infants in our laboratory by Butcher, Kalverboer, Minderaa, van Doormaal, and ten Wolde 
(1993), and Wijnroks (1994). In the current study we confined ourselves to the first factor. An 
impaired integrative capacity of the CNS is thought to be an important risk mechanism by which 
adverse sequelae are thought to be brought about. According to Kalverboer (1988) risk 
mechanisms are only weakly related to risk indices, such as prematurity and low birth weight. As 
a rule risk indices do not clarify why infants are at risk. Note, for instance, the recurring remark 
about the heterogeneity in samples of preterm infants in follow up studies (Kopp, 1983; Aylward 
et al., 1989). Risk mechanisms may be more helpful in explanatory studies. Kalverboer (1988) 
mentioned two core aspects of the integrity of the CNS which seem to be involved in risk 
mechanisms, namely early behavioural organisation, and the temporal regulation of behaviour. 
Two aspects of behavioural organisation, that is postural control and motor development, will be 
studied more closely in the current study. First, because more preterm than full-term infants show 
problems in postural control and motor development (see also chapter 2). Second, because 
postural control plays an important role in learning and goal-oriented behaviour in infancy, such 
as visual exploration and reaching (see, e.g., Rochat & Bullinger, 1994). Learning and goal 
oriented behaviour are thought to be important precursors of later cognitive development. 
According to Rochat and Bullinger (1994), "the orienting function attached to the neonate's 
postural system underlies the necessity of considering posture, perception, and action as 
inseparable phenomena" (p. 28; cf. Kalverboer, 1979). 
 
 
 

LEARNING IN INFANCY 
 
 
 Several paradigms dominate infancy studies on cognitive development and learning: 
habituation, recognition memory, classical and operant conditioning, imitation, exploration, free 
play, and search behaviour. Two of these paradigms were employed in the current study, an 
habituation/recognition memory task and two different operant conditioning tasks. A 
habituation/recognition memory task was included because there is ample evidence that tasks like 
these are predictive for later cognitive development (see, e.g., Bornstein & Sigman, 1986; 
Colombo, 1993; Fagan, 1984; McCall & Carriger, 1993). At present the habituation/recognition 
paradigm is believed to represent information processing and is, in contrast to standard infant 
tests, considered to be independent of motor development (Berg & Sternberg, 1985; Bornstein, 
1989a). However, postural control is a requisite for proper visual fixation to happen. Therefore it 
interesting to know how differences in postural control, either experimentally induced or naturally 
brought about by individual differences, would affect the infants' responses in a 
habituation/recognition memory task. The second reason to perform a habituation/recognition 
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memory task and two operant conditioning tasks was that it is known from the literature that these 
tasks could differentiate between preterm and full-term infants. For instance, Susan Rose found 
that preterm infants had difficulty to recruit, maintain, and shift attention in a recognition memory 
task (Rose & Feldman, 1990; Rose, Feldman, McCarton, & Wolfson, 1988), and preterm infants 
were found to habituate more slowly than full-term infants (Rose, 1980, 1981, 1983, Rose, 
Feldman, McCarton, & Wolfson, 1988). With regard to operant conditioning tasks with displaced 
feedback infants at risk for developmental delay performed worse than healthy full-term infants. 
The risk infants were less able to organize their behaviour than the full-term infants (Millar, 
1985). An extensive review of studies on learning and preterm infants is presented in chapter two. 
For now it suffices to state that preterm infants are thought to differ from full-term infants in 
learning and that motor develpment and postural control might operate as risk mechanisms for 
these learning processes.  
 
 
 

OUTLINE OF THE STUDY 
 
 
 In chapter two a review of developmental outcome and empirical studies, especially with 
regard to preterm infants, will be presented. Aim of this chapter is to familiarize the reader with 
problems commonly encountered by preterm infants. Special attention will be given to learning 
tasks performed with preterm infants, and to the adaptive and functional values of these learning 
tasks. Four general research questions that guided the current studies will be presented at the end 
of this chapter. Chapter three describes methods, general procedures, and subject selection. Since 
the attrition rates proved to be quite high in the current studies, which is not uncommon in infancy 
research (cf. Wachs & Smitherman, 1985), the empirical chapters do not contain demographical 
and background information on all the participating infants. Therefore, some data on the total 
sample of infants will also be presented in the chapters three and four. All empirical chapters, 
however, still contain information about methods and procedures for the task under study. The 
chapters four through eight all deal with the first three general research questions. Chapter four 
shows the outcome data on the infants' health, general cognitive and motor development, 
temperament, and behavioural problems in the first year of life. This chapter is highly 'product 
oriented' and concerned with the what of development. The remaining chapters deal with the how 
of certain domains of cognitive development. In chapter five the results of a 
habituation/recognition memory task will be shown. The first operant conditioning task, 
performed when the infants were three months of age, consisted of a mobile conjugate 
reinforcement task and is described in chapter six. A study on individual differences in this task is 
presented in chapter seven. A joystick displaced feedback task, the second operant conditioning 
task, was performed with six and nine months old infants, chapter eight deals with this study. In 
chapter nine the possible relations among the discrete experiments and learning tasks were studied 
with the help of models of continuity and stability in cognitive development. Since the thinking 
about underlying processes and continuity in cognitive development evolved during the period 
the studies were performed, and as such it concerned a theoretical reconstruction of the empirical 
data, the necessary information for this theorising will not be presented in the review chapter but 
in chapter nine. Finally, in chapter ten a summary of the results and some final remarks will be 
presented. The Dutch summary, obligatory for theses written in English, is especially intended for 
Dutch readers not familiar with infancy research. Expert readers are referred to chapter ten. 
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 The empirical chapters can be read separately from the other chapters. Thus, the reader 
interested in certain single learning tasks, in the description of the outcome measures of the 
subjects, and the reader interested in the complete dissertation, will hopefully all find something 
that suits them. Because the empirical chapters can be read isolated from the rest of the thesis, 
some redundancy in introductory remarks, methods and procedures was, however, inevitable. 
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Chapter 2 

 
Developmental Outcome, Learning, and 

Behavioural Organisation of 
Preterm Infants 

 
  

 
 
 
 
 

INTRODUCTION 
 
 
 This chapter will present an overview of developmental outcome studies and risk factors 
associated with preterm birth with special emphasis on learning and three aspects of behavioural 
organisation, namely motor evelopment, postural control, and organisation of behavioural states. 
Special attention will also be given to learning tasks performed with preterm infants, and to the 
adaptive and functional values of these learning tasks. Aim of this chapter is to generate general 
research questions. For other reviews the reader is referred to, for instance, Aylward, Pfeiffer, 
Wright, and Verhulst (1989), Friedman and Sigman (1981), Hoy, Bill, and Sykes (1988), Kopp 
(1983), Lukeman and Melvin (1993), Meisels and Plunkett (1987), Patteson and Barnard (1990), 
Stewart, Reynolds, and Lipscomb (1981), and Wolke (1991). 
 Only the more recent literature1 will be reviewed, because perinatal intensive care has 
improved considerably in the last 20 years (Lefebvre, 1988; Koppe, Peters, & Dubois, 1984; 
Wolke, 1991), and the survival rates of Very Low Birth Weight (VLBW) infants are still 
improving (Hunt, Tooley, & Harvin, 1982; Lefebvre, 1988; Lloyd, Wheldall, & Perks, 1988), 
especially since the mid 1970s (Hoy et al., 1988; Lloyd et al., 1988). (See, for instance the 
survival rates for infants born between 1965-1969 and 1970-1975 at the university of California in 
San Francisco. These rates were 45% and 59.4% respectively.) However, this increasing survival 
rate did not result in a corresponding increase in the rate of serious mental handicap (Hunt et al., 
1982). Moreover, as a group, preterms in 1983 showed less serious sequelae and higher IQ 
test-scores than cohorts of a generation ago. However, school problems were still being found 
(Kopp, 1983; see also Stewart, 1984).  
                     
    1Several very recent articles are included in this review chapter. These articles were read after the general research 
questions were formulated, hence they did not affect these questions, nor did they affect the design of the study. These 
articles were included because they added useful information or supported our ideas and conclusions.  
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 The topics of the current review are: prevalence, mortality, and morbidity; longitudinal follow 
up studies; behavioural states; postural and motor development; and learning. The latter includes 
habituation, recognition memory, and operant conditioning. Besides reviewing the outcome data, 
also some definitions and descriptions of methods and paradigms relevant for the current study 
will be given. This chapter ends with the formulation of four general research questions that will 
be studied in this dissertation. 
 
 
 

PREVALENCE, MORTALITY, AND MORBIDITY 
 
 

 The incidence in Western countries of Very Low Birth Weight (VLBW: birth weight  1500 
grams) infants ranges from 0.2% to 2.0% of all live-born infants, and the incidence of preterm 
birth (gestation < 37 weeks) ranges from 4% to 9.5% (Verloove-Vanhorick & Verwey, 1987). In 
the United Kingdom and the U.S.A. 7% of all annual live births are Low Birth Weight (LBW: 
gestation  2500 grams) infants of whom 10-15% are VLBW (Wolke, 1991). In the Netherlands 
of all live born infants in 1983 0.63% were very preterm (gestation < 32 weeks) and 0.68% were 
VLBW infants (Verloove-Vanhorick, 1993; Verloove-Vanhorick & Verwey, 1987).  
 Mortality rates decrease with increasing length of gestation. Of the 1983 Dutch cohort of 1338 
very preterm and/or VLBW live born infants (this is 94% of all such infants), 364 (27.2%) infants 
died within the first year of life. Of all infants with gestational ages between 24 and 25 weeks 
86.6% died, whereas of the infants with gestational ages between 30 and 31 weeks over 12.7% 
died. Of all infants with birth weights under 1500 grams 25% died, with smaller infants bearing 
more risks, because 49% of the infants with birth weights under 1000 grams died compared to 
17.1% of the infants with birth weights between 1000 and 1500 grams. The mortality rate was 
slightly higher in multiple births (30%) as compared to single births (21%), but lower in Small for 
gestational Age (SGA) infants (15.8%) than Appropriate or Large for Gestational Age 
(AGA/LGA) infants (24.6%) (Verloove-Vanhorick & Verwey, 1987). 
 Stewart, Reynolds & Lipscomb (1981) reported worldwide decreasing mortality and 
morbidity rates in developed countries since 1946, and a stable serious handicapping rate of 
6%-8% since 1960. A typical example of handicaps and disorders often found in preterm infants 
is shown in the study of Verloove-Vanhorick and Verwey (1987). They found the following 
handicaps and disorders: Respiratory Distress Syndrome (RDS) (46%), Intra Cranial Hae-
morrhage (25%), congenital malformations (11%), septicaemia (35%) and convulsions (5.4%). 
 In an extensive review of the literature between 1974 and 1983 Kopp (1983) found severe 
handicapping conditions (cerebral palsy, neurosensory hearing loss, blindness or severe develop-
mental delay) in 10 to 15% of samples, with healthy, heavier infants showing fewer untoward 
sequelae when contrasted to lighter and sicker infants. This figure is confirmed by various aut-
hors: Wolke (1991) mentioned an incidence of 10-15% for VLBW infants and 17-27% for 
Extremely Low Birth Weight (ELBW: birth weight  1000 grams) infants; Hunt, Tooley, & 
Harvin (1982) found an incidence of 5% to 15%; Koppe et al. (1984) reported an incidence of 5%; 
Mali, Tyler, & Brookfield (1989) reported a 9.8% prevalence of disability at an age of 2½ years 
among VLBW infants; Tammela & Koivisto (1992) reported that 10.5% of 86 low birth weight 
infants with and without bronchopulmonary dysplasia (BPD) had a diagnosis of cerebral palsy at 
one year of age; and Verloove-Vanhorick & Verwey (1987) mentioned a prevalence of 9.3% for 
the 1338 Dutch 1983 cohort of live born VLBW and/or very preterm infants. In the review by 
Hoy et al. (1988), however, a much larger major handicap rate is mentioned, they found an 
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incidence of around 6 to 34%. Minor problems such as epilepsy, hydrocephalus, abnormal muscle 
tone or moderate developmental delay were found in an additional 4-10% of VLBW infants and 
10-20% of ELBW infants by Wolke (1991). 
 Concluding, premature birth is a serious risk for later development. Mortality and morbidity 
rates are high, and seem to be strongly dependent on the length of gestation, that is the maturity of 
the infant, and the severity of the biological condition of the infant at birth. Although the number 
of infants with extremely short gestational ages who are kept alive has increased the last 20 years, 
the rate of severely handicapped infants did not increase. 
 
 

DEVELOPMENTAL OUTCOME 
 
 
 Before turning to specific domains of development first some studies will be reviewed on the 
general development of preterm infants. Articles are categorized according to the age period at 
which the main follow up material has been gathered: infants and toddlers, preschool period, and 
school age. The topics that will be reviewed are: health, cognitive, psychomotor and intellectual 
development, language, behavioural problems, temperament, and, whenever appropriate, school 
performance. General conclusions from this review will be given in the discussion. 
 
 
Infants and toddlers 
 
Health 
 Health problems are reported by Field, Dempsey, and Shuman (1981), who found more 
paediatric complications and lower body weights for preterm than full-term infants 24 months of 
age. At three years of age 42% of 79 preterm infants in a study of Ross, Lipper, and Auld (1986) 
proved to be neurologically suspect or abnormal. Of this sample 34% of the children had 
Stanford-Binet IQs one standard deviation (SD) or more below the mean, and 13% two SD or 
more below the mean. Stewart (1984) concluded that the incidence of handicaps was significantly 
related to birth weight and to length of gestation, with the more premature and lighter infants 
having more handicaps 
 
Mental and psychomotor development 
 Four studies reported lower Bayley scores for the preterm infants compared to full-term 
infants (Field, Dempsey, & Shuman, 1981; Greenberg & Crnic, 1988; Landry, Leslie, Fletcher, & 
Francis, 1985; Vohr, Garcia Coll, & Oh, 1988). Field et al. (1981) found lower Bayley scores at 8 
and 12 months of age, especially on the psychomotor scale. Greenberg and Crnic (1988) found 
lower psychomotor scores for the preterm infants than the full-term infants at 24 months of age. 
The two groups did not differ with regard to cognitive development and the kind of interactions 
with their mother. Landry et al. (1985) found lower Bayley scores for the preterm infants at 7 
months of age. Finally Vohr et al. (1988) found lower mental scores for preterm infants but no 
differences in psychomotor development. In one other study (Barrera, Cunningham, & 
Rosenbaum, 1986) low birth weight preterm infants had lower Bayley scores than high birth 
weight preterm infants. 
 Stewart (1984) found reduced intelligence in VLBW preterm infants at 3½ years of age. Of 
288 children 37 (12%) had an IQ at least one SD below the mean. Of the handicapped children 
(n=34) 21 (62%) had an IQ at least one SD below the mean, but only 16 (6%) of the 
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nonhandicapped children (n=254). Children with birth weights below 1000 grams also scored 
significantly lower than children with birth weights between 1000 and 1500 grams. In a study of 
Vohr, Garcia Coll, and Oh (1989) the Stanford-Binet IQ sores for three years old preterm children 
were within the normal range. However, cognitive functioning more than one SD below the mean 
was more prevalent among Appropriate for Gestational Age (AGA) children (11 of 28) than 
Small for Gestational Age (SGA) children (1 of 12) or fullterms (none). Siegel (1983) also did not 
find differences in mental performance after eight months of age and at 1, 1½, 2, 3, 4, and 5 years 
for preterm infants compared to full-term infants. Even when the preterm infants performed worse 
than the full-term infants these differences were still in the normal range. 
 
Language 
 At two years of age preterm toddlers in a free play study of Field, Dempsey, and Shuman 
(1981) showed smaller vocabularies, shorter mean length of utterances, and more unclear speech 
than full-term toddlers. Stewart (1984) administered the Reynell Developmental Language Scales 
to 90 children around the age of 3½ years. As a group these children functioned as expected for a 
normal population on both the comprehensive and expressive scales. Of this group 15 (17%) 
children scored 1.5 SD below the mean on one (n=9) or both (n=6) scales, for only 6 (6.6%) 
children this delay was not due to hearing loss (Stewart, 1984). At age two Vohr, Garcia Coll, and 
Oh (1988) found the AGA children perform worse on the receptive and expressive Mullen 
language scale than the SGA infants. Both preterm groups scored significantly lower than the 
full-term group. Of all preterm children 14 (28%) had language scores more than 1.5 SD below 
the standardized mean. There were no differences in Peabody Picture Vocabulary Test (PPVT) 
scores. The latter proved to be positively correlated with socioeconomic status (SES). Results of 
the Mullen tests of both receptive and expressive language organisation at the age of three years 
showed that the difference observed between AGA and SGA preterms at the age of two years had 
disappeared at the age of three years. Only the AGA children lagged behind the fullterms. None of 
the children had language scores 1.5 SD or more below the standardized mean at age three. Of the 
three years old children 36% of the AGA preterms, 8% of the SGA preterms, and none of the 
full-terms required special education or speech therapy (Vohr et al., 1989). Finally, Greenberg 
and Crnic (1988) found no differences in language development between preterm and full-term 
toddlers. 
 
Behaviour and temperament 
 Two studies reported temperamental differences between preterm and full-term infants. 
Preterm infants had a difficult temperament on the Infant Temperament Questionnaire at 4, 8, and 
12 months of age (Field, Dempsey, & Shuman, 1981), and according to Barrera, Cunningham, 
and Rosenbaum (1986) VLBW infants become more regular, adaptable and approachable with 
age, whereas the infants with birth weights between 1500 and 2000 grams are already regular, 
adaptable and approachable. At two years of age Field et al. (1981) reported more behavioural 
problems for preterm than full-term toddlers. The preterm children showed shorter attention 
spans, were more irritable and hyperactive. No significant differences in behavioural 
characteristics were found between AGA and SGA preterm and full-term children by Vohr et al. 
(1989). 
 
 
Preschool period 
 
Health 
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 Of the children in a longitudinal study of a cohort of Dutch VLBW and/or very preterm 
children in 1983, 27% had a handicap or disability at the age of five years, whereas 17% is the 
percentage for the total Dutch 5-14 years old population (Verloove-Vanhorick, 1993). She found 
disabilities such as cerebral palsy, minor neurological dysfunction, and mental retardation. 
Combinations of these disabilities were also found. Although auditory and visual problems were 
found more often in preterm children than in the normal 5 years old population, they were still 
quite rare. The ELBW children in a study of Portnoy, Callias, Wolke, and Camsu (1988) had 
significantly smaller head circumferences than the control group. They were also lighter and 
shorter, but these differences were not statistically significant. There were no differences between 
the ELBW children and the fullterm controls in health as measured with the Behaviour Screening 
Questionnaire. 
 
Cognition and intelligence 
 Several authors reported cognitive delays in preterm infants. Hunt (1981) found intellectual 
disabilities in 72 (46%) children between 4 and 6 years of age. Of all children 29 children had 
Respiratory Distress Syndrome (RDS), of the latter group 19 (65.5%) children had also 
disabilities. RDS and intellectual disabilities were seen more often with boys than girls. At eight 
years of age 14 out of 30 children had an abnormal, ten children a suspect, and six children a 
normal IQ. Across the entire IQ spectrum a high incidence of visual-motor integration problems 
was noted (Hunt, 1981). Hunt, Tooley, and Harvin (1982) found that in a group of 102 preterm 
children 46 (45.1%) children had an IQ  84 or an IQ  84 but with intellectual disabilities. 
Handicapped IQ status was found with 24 (60%) children with RDS as compared to 22 (35%) 
children without RDS. There were no differences found between AGA and SGA children. 
Children with birth weights  1000 grams formed 50% of the group of retarded children. Hunt et 
al. (1982) found learning disabilities for 37% of the preterm children, whereas 5% to 20% is 
common in a fullterm population. At 6 years of age 67 children were evaluated, of which 33 
(49%) had language comprehension and/or visual motor integration problems. IQ's of sibling 
pairs, of whom one was preterm and the other not, were compared. The average IQ of the 
preterms was 14.6 IQ points lower than that of their siblings. Holwerda-Kuipers (1984) also found 
problems in visuo-motor integration in preterm children. Preterm children did perform worse on 
the Frostig test of perceptual development and their general cognitive level was below that of the 
fullterm children. Neurologically suspect or abnormal infants performed worse on visuo-motor 
and general motor tests than neurologically normal children. Intelligence differences were found 
on the Verbal subscale of the McCarthy scales by Portnoy et al. (1988). The ELBW children in 
their study scored significantly lower than the full-term children. Of the ELBW children the girls 
scored significantly better on the performance, quantitative and motor scale than boys. The 
preterms with intraventricular haemorrhage (IVH) in a study of Williams, Lewandowski, Coplan, 
and D'Eugenio (1987) scored significantly below the standardized mean of every subscale of the 
McCarthy scales. They also scored lower than the preterms without haemorrhage on the 
perceptual, verbal, memory and motor subscales. In the haemorrhage group 10 out of 13 children 
experienced educational problems. In the preterm group without haemorrhage five children had 
educational problems. Of the children with haemorrhage at least two were mentally retarded and 
eight children attended special education or received special school programming. At the age of 
five years 12% of the children in the longitudinal study of the 1983 Dutch cohort of VLBW and/or 
very preterm children received special education, against 1% of all Dutch 5 years old children 
(Verloove-Vanhorick, 1993).  
 In contrast to the above mentioned studies Holwerda-Kuipers (1984) did not find differences 
between preterms and fullterms with regard to intellectual and social emotional development. 
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SGA and AGA preterms did not differ from each other either. Beckwith and Cohen (1984) also 
did not find differences in cognitive development at the age of five years. The Stanford-Binet IQ 
was in the normal range. However, the number of studies that do report cognitive delays in 
preterm children in the preschool years is overwhelming. 
 
Language 
 Largo, Molinari, Comenale, Pinto, Weber, and Duc (1986) studied the language development 
of 114 preterm and 97 full-term children at five years of age. On a home protocol with 25 stages of 
language development the preterm children scored significantly lower than the fullterm children 
on only two stages. Unimpaired preterms were mildly delayed in early language development, 
they performed slightly less well on the ITPA and had more articulation problems at the age of 
five. Impaired preterms with moderate to mild Cerebral Palsy were consistently mild delayed and 
had more articulation problems than unimpaired preterms. Severe Cerebral Palsy always led to 
delays in language development. Both preterm and fullterm girls tended to be more advanced in 
language development and to have fewer articulation problems at the age of five years than boys. 
In this study perinatal optimality was negatively correlated with the ages at which the various 
stages of language development were reached, and with language development at the age of five 
(Largo et al., 1986). Hunt et al. (1982) also found language delays in preterm infants. Of 67 
children evaluated at six years of age 49% had language comprehension problems. However, 
Siegel (1983) did not find differences on the PPVT and the grammatik closure subtest of the 
Illinois Test of Psychologinguistic Abilities (ITPA) between preterm and full-term children at the 
age of five years. 
 
Behaviour and temperament 
 For this age period Portnoy et al. (1988) showed that on the Behavioural Style Questionnaire 
(BSQ) five years old ELBW children were more active and intense than the control children. The 
other scales of the BSQ did not differ. 
 
 
School age 
 
 At this age most studies dealt with cognitive and intellectual development. Health problems 
were no longer explicitly mentioned. Language problems now became evident in reading, 
spelling, and writing. These topics will be discussed in the section on school performance. In two 
studies language development was studied more explicitly. Robertson et al. (1990) did not find 
differences in receptive vocabulary and spelling in SGA and AGA preterm children and full-term 
children at 8 years of age. According to Lee and Stevenson Barratt (1993) LBW preterm children 
show delays in vocabulary and reading recognition only at five and six years of age. Thereafter 
language delays disappear.  
 
Cognition, intelligence, and school performance 
 At school age intellectual and school problems become evident. Lefebvre, Bard, Veilleux, & 
Martel (1988) studied 44 extremely low birth weight (ELBW) children at a mean age of 5.5 and 
7.7 years. Of this group 32% was neurologically impaired. WISC-R and WPPSI full scale scores 
were in the normal range but on the verbal scale the preterms scored lower than the full-terms. 
Thirty-seven children went to school, of whom 24% received special education, and 33% had 
educational problems. Over-all, 12 children (27%) were considered to be mentally retarded, and 
in the whole group there were 14 (32%) children with neurological impairments. 
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 Zubrick, Macartny, and Stanley found that six year old children were significantly more likely 
to be poor at reading, spelling or mathematics if they had been low birth weight and prematurely 
born. The preterm children were at least 1 SD below the average on reading, spelling and 
arithmetic (teacher ratings and tests). 
 In a study of Lloyd, Wheldall, and Perks (1988) of five to nine years old VLBW children the 
mean IQ (British Ability Scales) of the preterm children was significantly lower than the mean IQ 
of the control children. IQs were positively correlated with SES. School performance as rated by 
the teacher was poorly or below average for significantly more VLBW children than control 
children. The greatest difference between the groups was found for mathematics, 76% of the 
VLBW children performed poorly or below average but only 27% of the control children. 
 According to Vohr and Garcia Coll (1985) neurologically normal infants (n=22) at one year of 
age showed stable developmental test and IQ scores between one and seven years of age. Suspect 
infants (n=12) showed more variability and abnormal infants (n=8) showed a slight improvement, 
although their scores at the age of seven were still significantly below those of the neurologically 
normal infants. The abnormal children had the lowest motor scores (Riley motor examination) at 
age seven, the normal group the highest motor scores. Fifty percent of the children of the suspect 
group and 88% of the abnormal group were not in age appropriate regular first or second grade 
but received special education or remedial teaching. 
 Out of 89 preterm children 22 (25%) children had learning disabilities at eight years of age, 
whereas 3-6% is normal for this age (Cohen, Parmelee, Sigman, & Beckwith, 1988). Preterms 
with learning problems were more distractible and less verbally competent than preterms without 
learning problems. The WRAT-scores (reading, spelling, arithmetic) for preterms with learning 
problems were significantly lower than those of preterms without learning problems. There were 
no differences between the two preterm groups with regard to behavioural problems. Factors that 
proved to be predictive for later learning disabilities were: amount of active sleep at 4 and 9 
months of age, Bayley MDI at 18 months, sorting task at 21 months, and receptive language at 24 
months. Active sleep discriminated 70% of the preterm children with learning disabilities 
correctly. For the English speaking subsample of children, the Bayley MDI and active sleep 
identified 91% of the children with learning problems, and 72% of the children without learning 
problems correctly. In a study of Robertson, Etches, and Kyle (1990) eight year old preterm 
children scored significantly lower on growth measures, IQ (WISC-R), visual motor integration 
(Beery), reading and arithmetic grade levels, and behaviour ratings than full-term children. Of the 
65 VLBW children 2 (3%) children had an IQ < 70, 13 (20%) children had an IQ between 70 and 
84 and 50 (76%) children had an IQ in the normal range. Stewart (1984) reported that 14% of 376 
eight years old preterm children received some kind of special education, and 5% visited a school 
for the mentally or physically handicapped. 
 In the study of Lee and Stevenson Barratt (1993) mentioned above, delays were found in 
vocabulary and reading recognition in VLB preterm children until six years old. These authors 
also found delays in mathematics and general cognitive development in these children. At seven 
and eight years of age no significant differences were found. 
 At nine years of age 19% of the preterms in the 1983 Dutch cohort of very preterm and/or 
VLBW children received special education, against 6.7% for the total Dutch population. In 
primary school 30% of the preterms repeated a class, and 37% received some kind of remedial 
teaching(Verloove-Vanhorick, 1993). 
 At the age of 13 to 14 years VLBW children in a study of Levy-Shiff, Einat, Mogilner, 
Lerman, and Krikler (1994) had significantly lower scores on tests of intelligence (WISC-R), 
visual motor coordination (Bender), and visual retention (Benton). The VLBW children also 
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behaved more hyperactively. Significant predictors for later developmental outcome were birth 
weight, medical complications, psychosocial factors, and SES. 
 
Behaviour and temperament 
 Lloyd, Wheldall, and Perks (1988) found that ten VLBW and two control children between 5 
and 9 years of age scored above the cutoff score on the Rutter questionnaire, which is an 
indication of emotional disturbance. Several teachers mentioned that the VLBW child in their 
class was very distractible. Breslau, Klein, and Allen (1988) studied VLBW and full-term 
children at nine years of age. The children were matched by age, sex, race, and school and 
compared on the Child Behaviour Checklist (CBCL) and teachers' ratings in the Teacher Report 
Form (TRF). The effect of VLBW on behaviour problems varied by sex. VLBW boys showed 
significantly more psychiatric symptoms and lower social adjustment than the matched controls. 
The problems in boys included emotional distress and conduct problems. The association 
between VLBW and behavioural disturbance was not a function of IQ. 
 Szatmari, Saigal, Rosenbaum and Campbell (1993) also reported behavioural problems in 
preterm children. These authors studied 129 seven and eight years old ELBW children. Compared 
with 145 control children the ELBW children had lower IQs than the full-term children (91 versus 
103 respectively), and showed increased rates of parent-reported Attention Deficit Hyperactivity 
Disorders (ADHD). The ELBW children showed also some impairments in adaptive functioning, 
specifically, those associated with their school performance, motor abilities and activities of daily 
living. However, besides differences in motor abilities all other differences disappeared when IQ 
was used as a covariate in the statistical analyses. Szatmari et al. (1993) concluded that "compared 
to the risk for major neurological disability, the risk of psychiatric disorder among ELBW 
children is relatively small" (p. 356). 
 
 

BEHAVIOURAL STATES 
 
 
 In the introduction it was already mentioned that according to Kalverboer (1988) postural 
control is an important aspect of behavioural organisation. State regulation is another aspect of 
behavioural organisation. If preterm infants have problems in state regulation then this might be a 
serious risk mechanism for concurrent and later development (cf. DiPietro & Porges, 1991). In the 
current study behavioural state regulation was not an explicit object of study but a confounding 
variable which had to be controlled. All infants were tested in the same behavioural state and a 
change of behavioural state during an experiment was an exclusion criterion. Because of the 
possible impact of behavioural state regulation on later development (see Kalverboer, 1988) some 
data on behavioural state research will be presented. A proper study of behavioural state 
regulation in (preterm) infants exceeds the scope of the present study, and is, therefore, not 
included in the current study. 
 
 
Definition 
 
 Behavioural states can be defined as "constellations of particular conditions of several 
variables, which are stable in time and which recur" (Nijhuis, Martin, & Prechtl, 1984, p. 65). 
This requires co-occurrence of parameters, temporal stability of the associations and simultaneity 
of change (Nijhuis et al., 1984). Behavioural state expressions during infancy are assumed to be 



22 Chapter 2  
 

 

related to the central nervous system (CNS) status (Thoman, Denenberg, Sievel, Zeidner, & 
Becker, 1981; Thoman & Whitney, 1990). The amount of alertness or state control may affect the 
infant's opportunity for early stimulation, that is, the opportunity for information processing and 
social interaction (Colombo & Horowitz, 1987). The stability of the distribution of awake and 
sleep states has been shown to have predictive validity for (ab)normal CNS development, 
especially in preterm infants (Thoman & Whitney, 1990). According to Prechtl (1974), and 
Prechtl and O'Brien (1982) states should be purely descriptive, mutually exclusive, "qualitatively" 
different constellations, separated from each other by short transitions and with a minimum length 
of a few minutes to be accepted as a new state. As a consequence of these requirements the 
behavioural state research focused on easily observable continuous variables such as: eyes open 
or closed, heart beat pattern, body movement, respiration pattern, vocalizations, awake or asleep, 
presence or absence of crying (Prechtl & O'Brien, 1982). These variables are not completely 
mutually exclusive, for instance, heart rate is influenced by movement and respiration. The choice 
of state variables is also somewhat arbitrary (Prechtl & O'Brien, 1982). Some state variables have 
also an ecological value. Hopkins (1983), for instance, showed that head movements, general 
activity, general orientation and eye condition (i.e., eyes open or closed) have communicative 
meaning for mothers about their infant's general condition. 
 
Preterm infants 
 
 Aylward (1981) described the developmental course of behavioural states in preterm infants 
29 to 40 weeks of conceptional age during a standard neurological examination. As the 
examination progressed, the level of arousal increased, no matter the gestational age of the infant. 
However, the highest state reached, and the rapidity of change from lower to higher states, were 
dependent upon conceptional age. The length of postnatal life was not related to behavioural state 
development at term date. In an other study Aylward (1982) found that preterm infants at 40 
weeks of conceptional age exhibited higher levels of arousal and irritability than full-term infants, 
levels that could not be decreased easily. 
 Korner, Brown, Reade, Stevenson, Fernbach, & Thom (1988) studied behavioural state 
development between 32 and 40 weeks postconceptional age. The main interest of this study was 
the ontogeny of behavioural states in response to external stimuli provided by a neurological 
examination. Although the states of these infants as a group changed significantly with age 
(awake states increased and sleep decreased) there was nevertheless significant individual 
stability over time. Especially for infants who responded irritable, alert or in a state of drowsiness. 
The tendency to be awake or asleep was not stable over time. Korner et al. (1988) also found 
significant sex differences. Girls slept less and were more awake than boys. 
 Newborn preterm and full-term infant behavioural competence measured with the Assessment 
of Preterm Infants' Behaviour (APIB) system was described by Als, Duffy, and McAnulty 
(1988a, 1988b). In this APIB system behavioural states and concomitant behaviours are found in 
several areas of newborn behavioural functioning (autonomic, motor, state, attention/interactive, 
self regulation system, and amount of examiner facilitation needed). At 42 weeks conceptional 
age the very preterm infants (gestation < 32 weeks) did not differ significantly from preterm 
infants (gestation between 33 and 37 weeks). However, both preterm groups differed significantly 
from the full-term infants. Note that socioeconomic status proved not to confound these results. 
The areas of greatest behavioural difference between full-term and preterm infants were in 
autonomic and motoric functioning, next in state organisation and self-regulation, and then 
attentional organisation and amount of examiner facilitation needed. The preterms showed a 
continued reactivity and low threshold to disorganisation in responding to their environment (Als 
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et al., 1988a). After cluster analysis three groups from most well to least well modulated infants 
could be distinguished (Als et al., 1988b). The very preterm infants were overrepresented in the 
least well modulated group. However, in this group were also three full-term infants. Moreover, 
six very preterm infants were in the most well modulated group. Als et al. concluded that the 
APIB provided a means of grouping newborns based on behavioural competence, independent of 
the infant's gestational age at birth. 
 According to Colombo, Moss, & Horowitz (1989) preterms are more likely to show 
behavioural states that are difficult to classify as either waking or sleeping. Therefore, they are 
more often in a state of drowsiness than fullterms. All preterms in their study (n=8) were in state 
profile group 1, which was characterized by predominant active sleep. 
 DiPietro and Porges (1991) studied the relation between neonatal states and eight months 
developmental outcome (i.e., Bayley Scales of Infant Development and play behaviour) in 16 
preterm infants. Neonatal behavioural states were classified on a twelve-point scale from quiet 
sleep to hard crying, and were based on 45 minutes of observation. Irritability in the neonatal 
period was positively associated with Bayley scores and exploratory play at 8 months of age, 
while neonatal alertness was not. Less medical compromise in the perinatal period was associated 
with greater degrees of irritability and a larger range of behavioural states, and less quiet alertness. 
So, neonatal irritability seems to be associated with lower perinatal risk and better developmental 
outcome, and neonatal alertness with greater perinatal risk without being predictive for later 
outcome. According to DiPietro and Porges (1991) elicited irritability may be an appropriate 
response to the noxious characteristics of the neonatal intensive care environment. Therefore, 
"...irritability in preterm infants may often be elicited by endogenous or extrinsic painful or 
discomforting stimuli and may not simply reflect poor state regulation (DiPietro & Porges, 1991, 
p. 448). Conversely, maintenance of periods of quiet alertness in the context of the overwhelming 
stimulus environment of a neonatal intensive care unit may suggest inappropriate regulation of 
state."  
 
 
 

MOTOR DEVELOPMENT AND POSTURAL CONTROL 
 
 
 The impact of motor development goes beyond the mere development of postural and motor 
milestones. Several authors have stated that postural and gross motor development are important 
factors in the development of fine motor but also of perceptual, social, and cognitive development 
(see, e.g., Gibson, 1988; Bushnell & Boudreau, 1993; Lockman & Thelen, 1993; Woollacott, 
1993;). In the introduction a reference was already made to Rochat and Bullinger (1994) who 
stressed the importance of the function of the postural system for perception and goal-oriented 
behaviour, such as visual exploration and manual reaching. An example in the area of social 
development is a study of Fogel, Dedo, and McEwen (1992) who found that the postural position 
of three months old infants and their ability to reach affected the number of gazes at their mothers 
in face-to-face interactions. Infants in supine position gazed more at their mother than seated 
infants. Infants who could reach gazed less at their mother independent of their postural position. 
 Motor development of preterm neonates has been studied primarily with regard to primitive 
reflexes and postural control. Besides a right side head predominance (Prechtl, Fargel, 
Weinmann, & Bakker, 1979) no postural preferences have been found in preterm newborns 
(Cioni & Prechtl, 1989, 1990; Geerdink, 1993; Vles, Kingma, Caberg, Daniels, & Casaer, 1989). 
Persistent postural preferences are likely to indicate pathology (Geerdink, 1993; Vles et al., 1989) 
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and are more intra-individual consistent than similar between babies of the same chronological 
age (Cioni & Prechtl, 1989). Dubowitz & Dubowitz (1981) found with most of their preterm 
infants under 32 weeks of gestation an initially predominant extended position of arms and legs. 
Preterm infants born between 33 and 35 weeks of gestation were found to have a partially flexed 
posture. At 40 weeks postmenstrual age 62% of the preterm infants had a partially flexed position, 
and 19% showed a more extended posture and often had an asymmetrical tonic neck reflex. Only 
14% of the preterm infants showed a fully flexed posture, whereas on day one 80%, and on day 
five 45% of the full-term infants showed a fully flexed posture. According to Dubowitz & 
Dubowitz (1981) these postures may have been influenced by nursing habits, and therefore be 
prone to cultural and local differences. Of the preterm infants 61% was consistently hypotonic, 
had poor head and back posture, and extended arms and legs. At term date 28% of the preterm 
infants had better head and trunk posture than the full-term infants. However, unlike the full-term 
infants, the legs of the preterm infants were frequently extended, even in infants with poor head 
and trunk extension. Dubowitz & Dubowitz (1981) regarded this difference in posture of the 
preterm infants at term date as part of the normal pattern of development outside the uterus, in 
contrast to the flexed position of the full-term infant. According to Dubowitz & Dubowitz (1981) 
it is no sign of spasticity. 
 In a study of motor development of preterm infants Prechtl and Nolte (1984) found that 
quantitative data did not differentiate between low and high risk preterm infants sufficiently. 
However, they did find some qualitative differences in the general movements of sick preterm 
infants, namely a reduced elegance, fluency, and variability, and fluctuation of intensity and speed 
of motor performance. Gorga, Stern, Ross, & Nagler (1988) reported a lesser quality of 
movement in 3, 6, 9, and 12 months old high and low risk preterm infants compared to full-term 
infants. The movements of the full-term infants were smoother, and more coordinated than the 
movements of either preterm group. An abnormal quality of general movements and a less tightly 
organised dynamic coupling between hip, knee, and ankle was reported by Geerdink (1993) in 
preterm infants, and especially in Small for Gestational Age (SGA) and very preterm (gestation < 
32 weeks) infants. Geerdink also found more spontaneous leg kicks in preterm versus full-term 
infants. Gorga et al. (1988) stated that the most striking differences between preterm and full-term 
infants were found for the qualitative items, items which are usually not included in standard 
developmental tests. Qualitative differences are also found between preterm and fullterm infants 
by Largo, Kundu, and Hohenstein (1993), and at two to five years of age by Touwen (1990) and 
de Vries (1990). See also Hempel (1993) who found less fluency, variability, and adaptability in 
the movements of 42 at risk toddlers, of whom 22 were born prematurely, between 1½ and 4 year. 
She concluded that, although the motor repertoire may be age-adequate, the quality of the 
movements may suffer, and can be characterized as clumsy. 
 Some quantitative motor problems have been reported also in preterm infants. Aylward (1982) 
noticed a lack of flexion and a tendency towards extension, particularly in the lower extremities, 
of preterm infants 40 weeks of conceptional age. Furthermore, preterm infants have been shown 
to have motor problems in: truncal and lower extremities muscle power and tone (Georgieff, 
Bernbaum, Hoffman-Williamson, & Daft, 1986; Gorga, Stern, Ross, & Nagler, 1988; Gorga, 
Stern, & Ross, 1985; de Groot, van der Hoek, Hopkins, & Touwen, 1993), shoulder girdle muscle 
tone (Georgieff & Bernbaum, 1986), problems in independent sitting (Aylward, 1982; de Groot, 
1993, Gorga et al., 1985), trunk rotation(Gorga et al., 1988; de Groot, 1993), head control (Gorga 
et al., 1985), and fine motor development, such as grasping, hand use, and eye-hand coordination 
(Piper, Byrne, Darrah, & Watt, 1989). For high risk children Williams, Lewandowski, Coplan, 
and D'Eugenio (1987) reported lower McCarthy motor-scores at five years of age for IVH 
preterm children as compared to children without IVH. Palisano (1986), however,found only 
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motor differences at the age of 12, 15 and 18 months when the age correction for prematurity was 
not made. A comparable result was found by Largo, Kundu, & Thun-Hohenstein (1993) for 
pivoting and walking between one and 24 months of age.  
 Of special interest for the current study are the results of a study of van Beek (1993) on the 
association between motor control and looking behaviour. Van Beek (1993) showed that some 
aspects of motor control (i.e., head upright when in semi-upright position, arms extended 
forwards, and reaching and grasping) affected infants' looking behaviour in face-to-face 
interactions with their mothers, especially in very preterm and SGA preterm infants. In her 
conclusion van Beek (1993) stated that "at 18 weeks of age infants capable of grasping an object 
(mostly full-term infants) looked more at their hands (and less at their mother's face) than those 
who could not (mostly preterm infants)" (p. 73). This result is in agreement with Fogel et al. 
(1992) cited above, who found that infants who could reach gazed less towards their mother. Van 
Beek continues by stating that delays in looking behaviour can be accounted for mainly by group 
differences in motor control. Van Beek sees motor control as a rate limiting or control parameter 
in the development of interpersonal looking. As such she proposes that differences in motor 
control form an alternative explanation for the suggestion that differences in looking behaviour 
between full-term and preterm infants arise from inadequate information processing. 
 Van Beek's study is one of the few studies that combines two aspects of preterm infants' 
development known to be at risk, namely motor control and looking behaviour in face-to-face 
interaction. In chapter five of the present study another study will hopefully be added to this 
knowledge base and look at the relation between motor development and infant visual habituation 
and recognition memory.  
 In short, several quantitative problems in postural and motor development have been reported 
for preterm infants (e.g., problems regarding independent sitting, trunk rotation, and muscle 
power and tone) but also the quality of movements was affected by the premature birth, and 
according to Geerdink (1993) especially in SGA and very preterm infants. One point should be 
clearly kept in mind in interpreting results from motor studies, namely that intra-individual 
differences can be greater than inter-individual differences. Most differences are group 
differences and they are not appropriate for the prediction of later (motor) outcome of an 
individual child (Prechtl & Nolte, 1984). 
 
 
 

LEARNING 
 
Definition 
 
 In this section studies on learning in infancy, especially in preterm infants, will be reviewed. 
The function of learning is evident, because it is an important process in the development of 
infants, especially in cognitive development. Cognition can be defined as an activity in which one 
becomes or is conscious of something, or as having an object of consciousness (cf. Schmidt, 
1979). In other words, cognition refers to mental activity and behaviour through which 
knowledge of the world is attained and processed (Hetherington & Parke, 1979). In order for 
perceptual information to make sense cognition provides it with an interpretation. Moreover, 
cognition involves processes of mental representation that can operate in the absence of relevant 
perceptual input (Bremner, 1991). Cognition evolves from acting with an object, and 
consequently learning is important in the development of cognition. Learning can be defined as, 
"a more or less permanent change in a behaviour which occurs as a result of practice" (Kimble, 
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1961, cited in Rovee-Collier, 1987 p.98). This definition excludes behaviour change on the basis 
of temporary states of the subject (e.g., fatigue, illness, drugs, aging, growth, etc.). This definition 
can be applied to human as well as animal learning (see, e.g., Sameroff & Cavanagh, 1979, and 
Vossen & Kop, 1990). Several types of learning have been described, e.g., habituation, imitation, 
exploration, or conditioning. Of these types of learning three have been studied more extensively 
in preterm infants and children: habituation, conditioning, and language acquisition. Since 
language acquisition has been dealt with in the section on longitudinal follow up studies and is a 
domain which develops largely after the infancy period, only habituation, the related phenomenon 
of recognition memory, and conditioning will be described. Studies on exploration in preterm 
infants will also be reviewed briefly.  
 
 
Habituation and recognition memory  
 
Definition and experimental design 
 Habituation is defined as, "the decrement of attention or responsiveness to a repeatedly 
presented or continuously available stimulus (called the 'standard' or 'familiar' stimulus) that is not 
simply a consequence of sensory receptor fatigue" (McCall & Carriger, 1993 pp. 57-58; for an 
extensive description see Thompson & Spencer, 1966). The decrement in observed behaviour is 
thought to comprise underlying cognitive processes that reflect the infant's increasing knowledge 
of the stimulus. These processes are the infant's construction of an internal mental representation 
or memory of the stimulus, and the infant's ongoing comparison of new stimulation with that 
representation2 (Bornstein, 1985). In infancy orienting to a stimulus and the habituation of this 
orienting response have two important ecological functions, namely intake of environmental 
information and selectivity of this intake. Learning to respond only to significant stimuli, and 
inhibition of responding to nonimportant or neutral stimuli, represents a cognitive ability with 
adaptive benefits in terms of savings in time and energy. Habituation is adaptive because of an 
increase in response variability and response selection (Malcuit & Pomerleau, 1994; Rovee, 
1987). 
 In habituation studies a single stimulus is repeatedly shown until the subject attended a fixed 
amount of time to the stimulus (e.g., in an accumulated looking time procedure) or attention 
decreased to a certain preset level, normally 50% of the mean of the first or the longest attention 
periods (infant control design). If the subject meets this criterion the response is habituated. 
Afterwards a new stimulus is shown to the subject, increased attention to this novel stimulus is 
called recovery of attention. If the subject's attention also increases when the familiar stimulus is 
shown again, the response is said to be dishabituated. According to McCall & Carriger (1993) 
rapid habituation is presumed to reflect the infant's ability to quickly encode a stimulus into 
memory, to recognize the familiar stimulus when it is presented again, and to cease looking at it. 
Habituation is a nondeclarative form of learning and memory, that is, there is no conscious 
recollection of what is learned (Janowsky, 1993). Habituation studies typically involves only 
short term memory (Rovee-Collier & Hayne, 1987).  

                     
    2For explanatory theories about habituation the reader is referred to Sokolov (1963), and reviews by: Jeffrey & Cohen 
(1971), Cohen (1976), Jeffrey (1976), Clifton & Nelson (1976), Lewis & Baldini (1979), Kahn-D'Angelo (1987), 
Rovee-Collier (1987). See Johnson (1993) for the neuroanatomical basis of visual habituation. Experimental designs in 
habituation studies have been described by Bornstein (1985), and Olson & Sherman (1983). See, for instance, Dannemiller 
(1984) and Sophian (1980) for methodological critic, and Slater (1989) for cognitive abilities studied in early infancy.   
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 A phenomenon related to habituation is recognition memory, which is assessed in a Paired 
Comparison (PC) task. First, a pair of identical stimuli is presented to the subject, typically for a 
preset amount of time. The subject's responding does not necessarily habituate, the subject will 
only be familiarized with the stimuli. This familiarization phase is normally followed by two brief 
test trials in which the lateral position of the familiar and novel stimulus are alternated in order to 
correct for lateral bias. In this design recognition memory is expressed as the proportion of 
attention to the novel stimulus compared with attention to the familiar stimulus. Longer attention 
to the novel than familiar stimulus is called a novelty response, while longer attention to the 
familiar stimulus is a familiarity response. Recognition memory is presumed to reflect the infant's 
ability to encode a stimulus into memory, to recognize that stimulus as familiar or the alternative 
stimulus as novel, and cease attending the familiar and/or increase attending the novel stimulus 
(McCall & Carriger, 1993). As such the novelty preference is analogous to the 
nonmatch-to-sample paradigm, because the infants has to react on the stimulus that is new, not on 
the stimulus that matches the familiar one (Janowsky, 1993; Rovee-Collier & Hayne, 1987). 
Different modes of habituation have been used depending on the kind of stimulation being used. 
Fixation time and sometimes nonnutritive sucking are used with visual stimulation, and 
autonomic responses (heart rate or galvanic skin response) for auditory stimulation. 
 Infant habituation and recognition memory studies have been shown to be influenced by 
Socioeconomic Status (SES) (Cohen, 1981; Rose, Gottfried, & Bridger, 1978), and length of 
hospitalization (Werner & Siqueland, 1978). With low SES and sicker infants performing worse 
than high SES and more healthy infants. The length of hospitalization has also been found to 
affect general mental and physical development in preterm infants (Zeskind & Iacino, 1987; 
Landry, Fletcher, Zarling, Chapieski, & Francis, 1984). However, in a later study Rose (1981a) 
found no confounding effect of SES. Other studies in which gender was found to influence 
habituation or recognition memory were not found. Older infants habituate quicker than younger 
infants (see Bornstein, 1985; Bornstein, Pêcheux, & Lécuyer, 1988), probably because they 
process information quicker than younger infants. Therefore, older infants are normally given 
short familiarization and test trials. Other factors that have been shown to affect habituation 
negatively are, according to Bornstein (1985): low parental education, perinatal risk, obstetrical 
medication, later parity, illness, poor nutrition, physical anomaly, trisomy-21, and negative 
behavioural states. 
 
Preterm infants 
 Preterm infants differed from full-term infants on a variety of tasks in habituation and 
recognition memory experiments. They proved to be slow habituators (Rose, 1980, 1981b, 1983; 
Rose, Feldman, McCarton, & Wolfson, 1988), and did not show a novelty response at 20 weeks, 
whereas they did at 33 and 49 weeks of age (Cohen, 1981). Rose et al. (1988) found that preterm 
infants showed an identical response on geometric forms and cross modal transfer as full-term 
infants. However, on abstract patterns or faces the full-term infants showed a novelty response but 
the preterm infants did not. In a study of six, seven, and eight months old full-term and preterm 
infants the full-terms showed a general preference for the novel stimulus, whereas the preterms 
rarely exhibited significant scores before eight months of age. The full-term and preterm infants 
differed significantly from each other at seven months of age. The full-term infants exhibited a 
significantly greater preference for novelty on abstract patterns and faces and on all summary 
scores for all stimuli than the preterm infants (Rose, Feldman, & Wallace, 1988). According to 
Rose et al. (1988) seven months old preterm infants showed less differential attentiveness to 
novelty, required longer exposure times during visual familiarization, because of longer pauses 
between fixations, and exhibited different patterns of looking in visual recognition memory tasks 
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as indicated by longer fixations and fewer gaze shifts than full-term infants. Rose et al. (1988) 
concluded that preterm infants have difficulty in the ability to recruit, maintain, and shift attention. 
 In a study of Caron & Caron (1981) preterms did not learn the relation between components of 
the stimuli, but they habituated to the distinct components. For instance, infants were habituated 
on multiple exemplars of stimuli with spatial relations (above-below or symmetry), sequential 
relations (alternation, grouping), qualitative relations (same-different, oddity), or naturalistic 
relations (faceness, facial expressions), and tested with stimuli that violated these relations. The 
preterm infants did not seem to notice this violation, whereas the full-term infants did. According 
to Caron and Caron (1981) the preterm infants had encoded the elemental part of the stimulus 
information during habituation, but were insensitive to the invariant relationships linking these 
elements. In contrast to the studies mentioned above, Caron & Caron (1981) did not find 
differences in the rate of habituation for preterm and full-term infants. 
 In studies by Rose infants were visually or tactually habituated and subsequently tested for 
visual recognition memory. Cross modal transfer, that is transferring perceptual information from 
one sensory modality to another sense system (Rose, 1981b), was found in the full-term but not in 
the preterm infants at the ages of three, six, and nine months (Rose, Gottfried, & Bridger, 1978; 
Rose, 1981b). However, in the study of Rose, Feldman, McCarton, & Wolfson (1988) both the 
seven months old preterm and full-term infants failed to show cross modal transfer. 
 Preterm and full-term infants at the age of zero to seven months of age did not differ from each 
other on internal and external form discrimination (Siqueland, 1981). Landry, Leslie, Fletcher, & 
Francis (1985) showed infants a familiar stimulus of black dots forming a plus sign. Two novel 
stimuli were used in the test phase. A pattern of black squares forming a plus sign to determine 
whether infants detected a change in internal detail, and a pattern of black dots forming a cross 
sign, which was 45 rotated compared to the familiar stimulus, to determine whether infants 
detected a change in orientation. Orientation discrimination is normally present at birth, internal 
form discrimination at approximately 4 months (Landry et al., 1985). No differences between the 
preterm and full-term infants were found neither in internal form discrimination nor in orientation 
discrimination. What Landry et al. (1985) did find was that 7 months old preterm infants with 
Intraventricular Haemorrhage (IVH) and Respiratory Distress Syndrome (RDS) were 
significantly slower in attention getting (i.e., directing one's attention to the stimulus) than 
full-term infants or preterm infants with only RDS. This is in accordance with the conclusion of 
Rose et al. (1988) that preterm infants have difficulties in recruiting their attention. 
  Healthy preterm and full-term infants did not differ in auditory habituation and response 
recovery to novel auditory stimuli at three months (Fox & Lewis, 1983), and four months 
(O'Conner, Cohen, & Parmelee, 1984) of age. However, preterm infants with RDS did not 
habituate on speech sounds at all, nor did they respond to novel speech sounds (Fox & Lewis, 
1983). In both these studies heart rate was used as the index of attention.  
 Fantz, Fagan, & Miranda (1975) found no differences between full-term and preterm infants in 
discriminating stimuli relative to form, size, and number of stimuli. According to Sigman and 
Parmelee (1974) both preterm and full-term infants preferred complex to simple stimuli at four 
months of age. However, full-term infants preferred faces to checkerboards while this preference 
was not found with preterm infants. 
 In a study on the relation between encoding, discriminative capacities and perinatal risk status 
Millar, Weir, & Supramaniam (1991) studied response decrement and recovery to a novel visual 
stimulus in 4 to 12 months old infants. The groups (high risk, low risk, and well) were formed on 
the Neonatal Oxygen Intervention Score (NOXI), which is based on the intensity and the duration 
of respiratory intervention. The high and low risk group consisted primarily of preterm infants. In 
the first experiment the well babies showed response decrement when shown abstract stimuli, and 
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recovery to the novel stimulus. The low risk infants showed some decrement, but no recovery to 
the novel stimulus. The high risk group failed to show either effect. In the second experiment all 
groups showed response decrement and a novelty response. Cluster analyses revealed that high 
risk infants were more likely to be found in the low information gain clusters than the infants in 
the other two groups. According to Millar et al. (1991) infants of lower gestational age who 
required perinatal respiratory intervention showed less efficient encoding and poorer 
discrimination to abstract stimuli. 
 Summarising, four conclusions can be drawn. First, there seems to be ample evidence that 
preterm infants have serious difficulty to recruit, maintain, and shift attention. Second, preterm 
infants have difficulties in cross modal transfer, and in detecting relations between stimuli. Third, 
preterm infants seem to habituate more slowly than full-term infants. Last, the high degree of pre- 
and perinatal risk in preterm infants tends to affect performance in habituation and recognition 
memory tasks. High risk preterm infants differ from low risk preterm and full-term infants in 
habituation rate and the magnitude of the novelty response. In the current study we will look at a 
mechanism possibly responsible for these differences, that is motor development and postural 
control.  
 
 
Conditioning 
 
 Without taking an extreme empiricist position by stating that conditioning is the sole way 
learning takes place, there is ample evidence that conditioning, and more particularly contingency 
perception, has special significance for infants. For instance, according to Watson (1978), "the 
perception of the contingent relation between responding and subsequent stimulation is possibly 
the major initial influence in guiding the human infant to classify fellow members of the species 
as 'social objects'." (p. 34-35). Perceiving that one's own manipulations or behaviour affects the 
environment enhances feelings of efficacy (cf. White, 1959), which in turn will motivate the 
subject to explore its environment. Contingency perception, both in social as well as in nonsocial 
situations, could be an important factor in competence-motivation (see, e.g., Goldberg, 1977; 
Harter, 1978, 1980). Note that contingency perception is also an important aspect in the 
development of circular reactions (i.e., behaviour that evokes its own recurrence) described by 
Piaget in his theory of cognitive development (cf. Flavell, 1977; Mönks & Knoers, 1983; Piaget, 
1953, 1954). 
 A popular conditioning paradigm in infancy studies is the mobile conjugate reinforcement 
task (Rovee & Rovee, 1969). In this task a mobile, suspended from an overhanging bar, moves 
contingently upon leg kicks. The reinforcing factor is not the presence, but rather the movement 
of the mobile (Rovee-Collier & Hayne, 1987). The conjugate reinforcement procedure is a variant 
of the one-to-one fixed ratio reinforcement schedule in that each response which meets a 
minimum effort requirement produces a reinforcer. The intensity of this reinforcing event is 
directly related to the rate and amplitude of the responses (Lancioni, 1980; Rovee-Collier & 
Gekoski, 1979). In an experiment of Gekoski, Fagen, & Pearlman (1984) preterm and full-term 
infants were given two 18-minutes training sessions on two consecutive days, and a retention 
session seven days later. The preterm infants learned the contingency between leg kicking and 
mobile movement in the second 18-minutes session, whereas the full-term infants learned it in the 
first session. Both preterm and full-term infants showed immediate retention (i.e., no drop in the 
kick rate during extinction compared to the last acquisition block). However, only the full-terms 
showed reliable long term retention (i.e., the third session's baseline kick rate was significantly 
higher than the first session's baseline rate). In a comparable experiment Ohr & Fagen (1991) 
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found that Down syndrome infants perceived the contingency as quickly as the full-terms. In the 
Gekoski et al. (1984) study the infants were lying supine in bed, while in the Ohr & Fagen (1991) 
study they were seated in an infant seat. Ohr & Fagen suggested that the test procedures in the 
Gekoski et al. (1984) study restricted motor control, and subsequently confounded the results.  
 
Displaced feedback  
Several displaced feedback tasks have been performed with at risk infants. These studies showed 
that younger infants had difficulties in perceiving a contingency relationship under displaced 
feedback conditions, whereas older infants as a group can perceive the contingency relation. 
 Millar (1985) studied normal healthy infants, infants with CNS-related complications on the 
grounds of oxygenation or respiratory difficulties in the perinatal period, and infants at risk by 
other medical conditions than CNS-related complications. Some of the risk infants were 
prematurely born. At the ages of six and twelve months feedback was given at 0 or 60. In 
general, the infants responded more in the 0 than in the 60 condition. In the 0 condition only the 
normal group increased responding at six months from baseline to acquisition, and at twelve 
months all groups significantly exceeded their baseline. In the 60 condition no group at six 
months increased responding, whereas at twelve months only the normal group did. Millar did not 
find differences between the two risk groups.  
 In a second study Millar, Weir, and Supramaniam (1992) studied healthy normal infants, high 
risk, and low risk infants between six and thirteen months of age with contingent or 
noncontingent, and local (0) or remote (60) feedback. The risk status was based on the Neonatal 
Oxygen Intervention (NOXI) scale, which ordered the range of neonatal respiratory interventions 
on an eight-point scale in terms of intensity and duration. The infants who received noncontingent 
reinforcement did not increase the number of responses in acquisition. The risk status showed to 
be a factor in the local feedback condition but not in the remote feedback condition. In the local 
feedback condition (0) the normal and low risk group increased responding but the high risk 
group decreased responding. Noncontingent feedback was both in the local and remote condition 
associated with decreased responding. In the extinction phase of the local condition task the high 
risk infants increased responding, whereas the normal and low risk group decreased responding. 
Millar et al. (1992) gave three alternative explanations for the conclusion that the high risk group 
was unable to learn the contingency. First, the high risk infants may have required longer 
exposure to the contingency before their responding increased. Second, the high risk infants may 
have preferred a lower level of stimulation during the contingency phase and simply responded 
less. Third, the increase in responding on the cessation of contingent responding in the extinction 
phase provides evidence of some degree of contingency awareness by the high risk infants. 
 In our own laboratory Wijnroks (1994) performed a displaced feedback task with six and 
twelve months old preterm infants. By manipulating a joystick the infants could activate a pet 
dog. Compared to the baseline the infants increased responding in the acquisition phase at twelve 
but not at six months. This is in accordance with the results of Millar (1985), and Millar et al. 
(1992) with perinatally comprised infants. At twelve months Wijnroks (1994) also had a 
behavioural criterion for contingency learning. He distinguished fast, moderately fast, and slow 
perceivers. Moderately fast perceivers had higher scores on the Bayley MDI than fast and slow 
perceivers. He speculated that fast perceivers act impulsively, and slow perceivers show a lack of 
alertness. 
 Summarizing, all three displaced reinforcement studies with infants at risk for developmental 
delay showed that younger infants had difficulties in perceiving a contingency relationship under 
displaced feedback conditions, whereas older infants as a group can perceive this contingency 
relation. Risk status is also important. High risk infants responded less in the acquisition phase 



 Developmental outcome, learning, and behavioural organisation 31  
 

 

compared to the baseline than low risk and healthy full-term infants. The high risk infants 
apparently did not perceive the contingency. Three months old preterm infants needed two 
sessions to perceive the contingency in a mobile conjugate reinforcement task while full-term 
infants needed only one session. The full-term infants showed long term retention, the preterm 
infants did not. Speed of acquisition showed a curvilinear relation with concurrent and later 
cognitive development in a displaced reinforcement task with preterm infants. 
 
 
 

DISCUSSION 
 
Methodology 
 
 The intention of this review is to give the reader an overview of research on the development 
of preterm infants which led to the research questions. In the next section the research questions 
will be formulated. In this discussion some general trends in the reviewed articles will be 
presented. To begin with first some methodological remarks. 
 The reported data were all concerned with group performance with little or no attention paid to 
within group or individual variability (see also Kopp, 1983). Interpretation of the results is further 
complicated by the fact that normal or mean scores for certain ages or groups for the general 
full-term population are frequently omitted. In only three studies norm percentages for the total 
population are given (Cohen et al., 1988; Hunt, et al., 1982; Verloove-Vanhorick, 1993). 
 Length of follow up, number of subjects, homogeneity of groups, high drop out, variability in 
diagnostic criteria, whether or not to correct chronological age for prematurity, and other sample 
items differ enormously between the articles reviewed, and preclude an easy comparison of the 
studies. Although Aylward et al. (1989) called for uniformity in follow up studies, several reasons 
can be given why it is impossible to accomplish uniformity in study design and methods. First, 
medical practice differs from country to country. Second, not all psychological tests and 
instruments are normalized for a specific country. Sometimes tests are only translated and the 
original norm groups are used (e.g., the McCarthy scales in The Netherlands). Third, students of 
prematurely born infants will always have different research questions and will therefore adjust 
study design, outcome measures, and sampling methods (e.g., ELBW, VLBW, LBW or preterm 
versus very preterm). However, the plea of Aylward et al. (1989) for adequate description of 
subjects, consideration of perinatal course of development, and appropriate control groups is 
agreed upon. The reader will notice that exactly because ofthis reason chapter four is included in 
the present study. 
 The results of the studies are not always unequivocal. For instance, there is no agreement on 
intelligence outcome of preterm children at 5 years of age. Some authors report no problems or 
that problems are overcome (Beckwith & Cohen, 1984; Siegel, 1983; see also the review by Hoy, 
Bill, & Sykes, 1988) and others that problems are frequently present (Breslau, 1988; Lloyd et al., 
1988; Zubrick et al., 1988). These contradictory results might be explained by sample differences 
or the use of different instruments. 
 
 
Cognition, intelligence, and school performance 
 
 Most of the follow up studies reviewed in this chapter reported results from general tests 
(intelligence, language) and developmental scales (e.g., Bayley, McCarthy). As such these 
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articles illustrate the general problems of prematurely born children in early childhood without 
giving insight in the factors that contribute to these problems. Only a few studies gave more 
precise information about cognitive deficiencies of prematurely born children. Differences in IQ 
were reported to be due to lower verbal IQs of the preterm children (Portnoy et al., 1988; Lefebvre 
et al., 1988) or mental DQ (Greenberg & Crnic, 1988; Vohr et al., 1988). Holwerda-Kuipers 
(1984), Hunt (1981), Levy-Shiff et al. (1994), and Robertson et al. (1990) mentioned visual-motor 
integration problems. Abnormal motor scores seem to be related to neurological impairment or 
more medical complications (Landry et al., 1985; Vohr & Carcia Coll, 1985; Williams et al., 
1987). For one group of preterm infants no specific dificits are to be expected, that is the group of 
preterm infants with brain damage. According to Rutter (1987), 'it seems that brain damage may 
be slightly more likely to give rise to generalized intellectual dificits if it occurs in infancy, 
whereas specific effects on language or visuospatial effects resulting from localized lesions may 
be more differentiated in older children and adults' (p. 1271). 
 The number of studies reporting educational problems is striking (Breslau et al., 1988; Hunt et 
al., 1982; Lefebvre et al., 1988; Lloyd et al., 1988; Stewart, 1984; Verloove-Vanhorick, 1993; 
Vohr & Garcia Coll, 1985; Williams et al., 1987; Zubrick et al., 1988). Vohr & Garcia Coll (1985) 
remark on this that "although the continuing improved survival of VLBW infants has been 
associated with a levelling off of the incidence of major neurological sequelae, the incidence of 
developmental inefficiencies and academic difficulties may be increasing" (p. 350). Educational 
problems were already mentioned in the reviews of Kopp (1983), and Meisels & Plunkett (1987). 
Applying gross IQ measures or educational success scores may not be very useful, because they 
give no clue for the kind of intervention needed. For instance, the studies reporting school 
performance all used gross product oriented tests (e.g., Wide Range Apperception Test, number 
of children receiving special education) or mentioned lower performance by preterm children in 
reading, spelling, and mathematics (Lloyd et al., 1988; Cohen et al., 1988; Zubrick et al., 1988). 
Apart from assessment of visuo-motor integration by Hunt (1981), Hunt et al. (1982), 
Holwerda-Kuipers (1984), Levy-Shiff et al. (1994), and Robertson et al. (1990) no assessments of 
specific deficits, which could be very useful for intervention planning and remedial teaching, are 
given (cf. Aylward et al., 1989). 
 The above mentioned results on cognition and intelligence are in contrast with the result of the 
meta-analysis of Aylward et al. (1989) that intelligence and developmental quotients (IQ/DQ) 
differ between preterm and full-term children only from 2 years onward. However, one should 
bear in mind that studies finding no differences between preterm and full-term children may not 
be submitted or accepted for publication, possibly because one thinks these studies are 
clinically/scientifically not interesting. The number of studies reporting differences between 
preterm and full-term children may therefore be overrated. Note also that, although a lot of studies 
reported differences in mental and intellectual development between preterm and full-term 
children, the scores of the preterm children were not always pathological, because they were still 
in the normal range (see, e.g., Siegel, 1983, Szatmari et al. 1993). 
 
 
Language 
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 Preterms have been reported to have shorter mean length of utterances (Field et al., 1981) and 
a delay in receptive and/or expressive language (Field et al., 1981; Largo et al., 1988; Stewart, 
1984; Verloove-Vanhorick, 1993; Vohr et al., 1988). Language-problems of preterm children 
seem to coincide with differences in birth weight (Vohr et al., 1988; 1989), and impairment. For 
instance, Largo et al. (1986) mentioned that children with mild cerebral palsy had articulation 
problems, and that severe cerebral palsy always led to language delays. However, several studies 
reported no language problems for prematurely born children (Greenberg & Crnic, 1988; 
Levy-Shiff et al., 1994; Siegel, 1983; see also the intervention study by Achenbach, Phares, 
Howell, Rauh, & Nurcombe, 1990), especially after 6 years of age (Lee & Stevenson Barratt, 
1993). At the moment, there is no strong indication for a general language delay in preterm 
infants, at the most one can speak of a "trend for delay" (see also Braat, 1990). 
 
 
Behaviour and temperament 
 
 Breslau et al. (1988) found emotional distress and conduct disorders in 8 years old preterm 
boys. Temperamental problems were also found. Preterm infants and children were more 
irritable, hyperactive, difficult, had shorter attention spans and were more distractible than 
full-term infants (Beckwith & Cohen, 1984; Field et al., 1981; Lloyd et al., 1988; Portnoy et al., 
1988; Vohr et al., 1988; see also Patteson & Barnard, 1990). Very Low Birth Weight infants and 
toddlers were reported to become regular, adaptable and approachable with age, whereas heavier 
infants were already regular, adaptable, and approachable (Barrera, Cunningham, & Rosenbaum, 
1986). Although behavioural and temperamental problems were found in preterm children, these 
problems are outweighed by the number of cognitive and educational problems. Remember also 
the conclusion of Szatmari et al. (1993) that "compared to the risk for major neurological 
disability, the risk of psychiatric disorder among ELBW children is relatively small" (p. 356). 
There is no reason why this conclusion could not be generalised to the total preterm population. 
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Risk factors 
 
 Respiratory Distress Syndrome (RDS), Cerebral Palsy (CP) and Intra Ventricular 
Haemorrhage (IVH) proved to be serious risk factors in the development of preterm infants. 
VLBW infants with RDS, CP or IVH are the worst performers on IQ and language tests (Hunt, 
1981; Hunt et al., 1982; Largo et al., 1986; Williams et al., 1987), and habituation tasks (Rose, 
1988). Other important variables are length of hospitalization (Werner & Siqueland, 1978; 
Zeskind & Iacino, 1987), and socioeconomic status (Cohen, 1981; Lloyd et al., 1988; Rose et al., 
1978; Stewart, 1984; Vohr et al., 1989; see also Zeskind & Iacino, 1987). Combinations of risk 
factors may have differential effects. In the study of Levy-Shiff et al. (1994) SES was influential 
in predicting visual motor coordination and hyperactive behaviour in the VLBW group but not in 
the full-term normal birth weight group. According to Cohen et al. (1988), "it is not the 
prematurity itself that is the salient feature but instead special factors within the premature child 
that are associated with learning problems" (p. 505). According to these authors one needs to be 
sensitive to the infant's behaviour rather than to its medical status (Cohen et al., 1988). In the same 
line of reasoning one would expect intra uterine growth retardation be to a serious risk factor. 
However, SGA infants did not differ from AGA infants on intelligence nor on developmental 
tests (Holwerda-Kuipers, 1984; Robertson et al., 1990, Stewart, 1984). In the studies of Vohr et al. 
(1988, 1989) the SGA preterms performed even better than the AGA preterms, probably because 
in these studies the AGA preterms were sicker than the SGA preterms. For motor development 
growth retardation was found to differentiate SGA and AGA preterm infants (de Groot, 1993, 
Geerdink, 1993). The general movements of SGA preterm infants were less fluent and variable, 
and SGA preterm infants showed an asymmetry between passive and active muscle power, and a 
less tightly organised dynamic coupling between hip, knee and ankle in spontaneous leg kicking. 
 
 
Learning in infancy 
 
 With regard to the learning studies there is ample evidence that preterm infants have difficulty 
to recruit, maintain, and shift attention in habituation and recognition memory studies. Preterm 
infants have also difficulties in cross modal transfer tasks. The degree of perinatal risk tends to 
affect performance in habituation and recognition memory tasks. High risk preterm infants differ 
from low risk preterm and full-term infants in habituation rate and the magnitude of the novelty 
response (Fox & Lewis, 1983; Landry et al., 1985; Millar, Weir, & Supramaniam, 1991; 
Siqueland, 1981). Whether these differences are stable individual differences is still unclear, 
because the failure to respond to novelty represents a failure in performance, not a failure in 
capacity (O'Conner, Cohen, & Parmelee, 1984). The three displaced reinforcement studies with 
infants at risk for developmental delay showed that age and risk status were important factors for 
response rate. Younger infants had difficulties in perceiving a contingency relationship under 
displaced feedback conditions, whereas older infants, as a group, can perceive this contingency 
relation. High risk infants responded less in the acquisition phase compared to the baseline than 
low risk and full-term infants. The results of the mobile study indicated differences in the speed of 
information processing and long-term retention between full-term and preterm infants. The 
full-term infants perceived the contingency quicker than the preterm infants, and showed 
long-term retention, the preterm infants did not.  
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GENERAL RESEARCH QUESTIONS 
 
 
 What is of utmost importance in this review is that it provides arguments for studying 
cognitive development in preterm infants. This review showed that prematurity is still a serious 
risk factor with probably long-lasting effects. It also stresses the importance of studying specific 
cognitive processes. Tests of general development only indicate that preterm and full-term 
children show differences in developmental outcome and achievement, that is, differences in the 
"what" of cognitive development. They do not shed light on the "how" of cognitive development. 
Although developmental status was also studied in the present study the emphasis will be on 
learning processes. Therefore the first research question was, 
 
 1)Do the preterm and full-term infants differ from each other in learning abilities and in 

developmental status ? 
 
 The review of the literature in the current chapter showed that preterm infants differ from 
full-term infants in developmental status at various points in time. Whether they also differ from 
each other when learning processes are studied remains to be seen. Several risk factors for 
developmental status are known (e.g., low birth weight, low SES, severe traumata, etc.) but the 
question is whether these risk factors also apply to learning processes. Therefore the second 
research question was, 
 
 2)Are there specific risk factors within the group of preterm infants ? 
 
 In the review problems with regard to motor development and postural control were found for 
preterm infants. According to Kalverboer (1988) risk factors do not clarify why infants are at risk 
but risk mechanisms do. See also Rutter (1987), who stated that weak continuities in development 
may be evident, because risk indicators are often mistaken for risk mechanisms. Motor 
development and postural control were described in chapter one as possible important risk 
mechanisms that relate to developmental outcome. In the current study associatons with learning 
processes will be studied. Thus the third question was, 
 
 3)What is the association between on the one hand postural control and motor development 

and on the other hand learning processes ? 
 
 Based on this review the first research question, about possible differences between preterm 
and full-term infants in learning abilities and developmental outcome status, is expected to be 
answered affirmatively. Because in the current study only relatively healthy preterm infants 
participated no large differences in health and developmental status (measured, e.g., with the 
Bayley scales) were expected. At least no pathological differences were expected but small 
differences, with scores for the preterm infants within the normal range. Although only relatively 
healthy preterm infants participated it is expected that, with regard to the second research question 
about special risk factors within the group of preterm infants, biological and neurological risk 
could be significant risk factors. Socioeconomic status and parental education might also be 
influential because a number of studies reviewed in this chapter mentioned these factors. With 
resepect to the third research question an association between on the one hand postural control 
and motor development and on the other hand learning processes was expected. The reason for 
this is the problems in postural control and motor development that were found in preterm infants 
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by numerous researchers, and the effect of certain motor activities on visual attention and looking 
behaviour (cf. van Beek, 1993, for the effect of reaching, and Fogel et al., 1992, for the effect of 
postural positions). During the studies we came to recognize that risk mechanisms alone could not 
account for later developmental outcome. If behaviours in infancy are related to behaviours later 
in life then some kind of continuity in development has to exist. Since the thinking about these 
relationships evolved during the performance of the experimental studies it was decided to 
describe the theorising in a final chapter. This led to the fourth research question, 
 
 4)Are there underlying processes or common aspects relating the learning processes to each 

other and to later cognitive functioning ? 
 
 The fourth research question about possible underlying processes or common aspects relating 
the learning processes to each other and to later cognitive functioning is presented in chapter nine. 
Chapter nine does not have the intention to construct a theory but it is a post hoc attempt to 
reconstruct the empirical data into a model of continuity of cognitive development. Several 
models will be presented and one of these models, a speed of information processing and memory 
model, will be applied to the data in the present study. The first three questions will be dealt with 
primarily in the empirical chapters (four to eight). In each of these empirical chapters also more 
specific research questions will be formulated and answered. Answers to the first two general 
research questions are hoped to confirm and enlarge the knowledge already available on the 
development of preterm infants. Answers to the third research question are hoped to shed light on 
the mechanisms responsible for adverse developmental outcome in preterm infants. The fourth 
research question was added afterwards because it was felt that examination of risk mechanisms 
was not enough for the study of cognitive development in preterm infants and the study of 
relationships between attentional and orienting behaviours with motor development and postural 
control.  
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Chapter 3 

 
Subjects, Methods, and Procedures 

 
  
 
 
 
 

 
SUBJECTS 

 
  
 In order to obtain proper experimental and control groups medical records were screened for 
preterm infants born before 34 weeks of gestation and for healthy full-term infants born after at 
least 38 weeks of gestation. Full-terms born after a gestation of 38 weeks were chosen in order to 
form a homogeneous full-term group. Only relatively healthy preterm infants were recruited, 
because from the review of the literature it appears that some of these infants will come to show 
developmental problems later in life while they seem to develop quite normally in infancy, in 
contrast to high risk preterm infants who show signs of deviant development already early in life. 
Selection and exclusion criteria are shown in table 1. Next, the parents were given verbal and 
written information about the project Cognitive Development in Preterm Infants. A few days later 
they were asked to participate in the project. All families participated voluntarily, and were given 
only a compensation for travel expenses. 
 The total sample of subjects consisted of 36 preterm infants and 43 healthy full-term infants, 
who were born between April 1991 and September 1992. The parents of an additional number of 
16 preterm infants were asked to participate but refused. Two infants died before they reached 
three months of corrected age. Three infants proved to be too ill at three months, and as a result 
failed to conform to the selection criteria after all. Two infants failed to show up at the first session 
at three months, and the parents of nine infants refused cooperation mainly because of the time 
needed to travel to the university was too long. Three full-term infants failed to show up at the first 
session. Parents of another 41 full-term infants refused cooperation. Lack of interest was the 
reason mostly given for their refusal. The parents of one infant refused to cooperate because the 
infant already participated in another study. Probably concern about their child's health and 
general development is the reason why parents of preterm infants were more willing to participate 
in the project than the parents of the full-term infants. Characteristics of infants in the project are 
given in table 2. Five multiple birth infants (four twins and one triplet) were also recruited to 
complement the preterm group. The medical staff randomly assigned one infant out of each twin 
pair and out of the set of triplets to the study population. The body proportions at birth that were 
expressed in the Ponderal Index (weight/length3 x 100) were lower for the preterm infants, 
because their birth weight was affected more than their birth length (see also Villar, Smeriglio, 
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Martorell, Brown, & Klein, 1984). The average hospital stay after birth for the preterm infants 
was 60 days, whereas most full-term infants left the hospital after one day. Birth order, family 
factors (table 2, bottom) and socioeconomic status based on the fathers' occupation (table 3) did 
not differ between the preterm and full-term group. Of the 36 preterm infants 21 (61%) infants 
had a Very Low Birth Weight (VLBW, i.e., a birth weight less than 1500 grams), and six (17%) 
even had an Extremely Low Birth Weight (ELBW, i.e., a birth weight less than 1000 grams). 
Compared with the total Dutch population infants in the present study were differently distributed 
among lower, middle, and higher class groups (χ2 = 11.01, df 2, p < 0.01). It seemd that in the 
current study more infants came from higher class groups and less from lower class groups 
(Westerlaak, Kropman, & Collaris, 1975). 
 
 
 Table 1 
 Selection criteria  
 
 Variables      Selection criterion 
  
 
 Fetal factors 
  Chromosomal anomalies    no 
  Other congenital abnormalities   no 
 
 Neonatal factors 
  Gestational age at birth preterm infants  < 34 weeks 
  Gestational age at birth full-term infants    38 weeks 
  Birth weight status full-term infants  > 10th percentile1 
  Cerebral haemorrhages     no degree III or IV2 
  Periventricular leukomalacia   no 
  Sensory disorders/handicaps3   not severe 
  Motor disorders/handicaps4   not severe 
 
 Maternal factors 
  Drug use5     no 
  Menstrual cycle     regular 
  Pregnancy durationbased on reliable information of the mother or an early ultrasound 

scan 
  Diabetes    no pregnancy or regular diabetes mellitus 
 
 Family factors 
  Distance home-laboratory   < 100 km 
  Language at home    Dutch 
  
 
1Birth weight for gestational age are based on the Amsterdam growth charts (Kloosterman, 1970) 
2According to classification of Papile, Burstein, Burstein, & Koffler (1978) 
3E.g., deafness or Retinopathy of Prematurity (ROP), an eye disease often seen with preterm infants, which can result in 
visual        impairment or blindness. 
4E.g., Cerebral Palsy 
5E.g., Anti-epileptics or addicted to cocaine 
 
 Table 2 
 Infant characteristics   
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    Full-terms (N=43) 
 Preterms (N=36) 
    M (SD)  M (SD) 
  
 
Neonatal factors 
 Gestational  age (weeks) 40.0  (1.2)  30.9 *** (2.1) 
 Birth weight (grams) 3550 (490)  1390*** (450) 
 Birth length (cm) 51.3 (2.1)  39.9*** (4.1) 
 Ponderal index ((gm/cm3)x100) 2.56 (.48)  1.79*** (.89) 
 Obstetrical optimality (max 72) 57.9 (3.9)  52.5*** (3.4) 
 Birth order  1.5 (0.8)  1.3 (0.6) 
 Nr. of males  24 (56%)   18 (50%) 
 
Family factors 
 Age mother  (years)1 29.8 (4.9)  30.0 (4.9) 
 Age father  (years)1 32.8 (6.4)  33.7 (5.2) 
 Educational level mother (range 1-9)2 5.9 (2.1)  6.0 (1.9) 
 Educational level father   (range 1-9)2 6.5 (2.5)  6.1
 (2.6) 
   
 
*** p < .001 
1Age of parents at the first visit to the laboratory when the infants were three months corrected age. 
2Range 1 (low) to 9 (high) according to the professional directory: ITS Beroepenklapper (Westerlaak, Kropman, & 
Collaris, 1975). 
 
 
 Table 3 
 Socioeconomic Status  
 
     Full-terms   Preterms 
  SES1  n  (%)   n  (%)   
  
 
  Unemployed  5  11.6% 1  2.8% 
  Lower class  8  18.6% 11  30.6% 
  Middle class  12  27.9% 14  38.9% 
  Higher class  18  41.9% 10  27.8% 
  
 
1Compound scores of the original six classes of the "ITS Beroepenklapper" (Westerlaak, Kropman, & Collaris, 1975 ) in: 
lower class: menial service workers and professional workers; middle class: lower employees and small business 
owners; higher class: high and middle executives and large business owners. Distributions of SES did not differ for 
full-term and preterm infants significantly (χ2 = 4.999, p = 0.172).  

 
 
 
 Nine of the 36 preterm infants could be classified as Small for Gestational Age (SGA), 
because their birth weights were below the tenth percentile for their gestational age, sex, and 
parity according to the Amsterdam growth charts (Kloosterman, 1970). Growth retardation is a 
serious risk factor in prematurely born infants. Newborn SGA infants have insufficient muscle 
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tissue, low muscle tone and relatively large heads (Geerdink & van Beek, 1987), which may have 
implications for growth, motor development, postural control, and subsequent learning. 
Unfortunately, there were too few SGA infants born in the period of recruitment to form a single 
group of SGA preterm infants besides an Appropriate for Gestational Age (AGA) preterm group. 
Because, according to the results in chapter two, small birth weight might be an important risk 
factor, some descriptive data on the developmental status of the SGA preterm infants will be 
given in chapter four. The SGA preterm infants differed significantly from the AGA preterm 
infants in birth weight, 1533 versus 961 grams respectively, t(32.70) = 5.80, p < .001, and birth 
length, 41.1 versus 37.7 cm, t(28) = 2.89, p < .01. The respective Ponderal Indexes did not differ 
(1.80 versus 1.74), indicating proportional reduction of weight and length in the AGA and SGA 
preterm infants.  
 
 Table 4 
 Procedures  
 
 Age   Measurement 
  
 
 Birth  • Anamnesis and obstetric optimality 
 
 3 months• Neurological and paediatric follow up examination of the preterm infants 
    • Health status interview 
    • Paired Comparison Task  
    • Mobile Conjugate Reinforcement 
    • Bayley Psychomotor scales (PDI) 
    • Temperament: Infant Behavior Questionnaire (IBQ) 
    • Behaviour checklist 
 
   6 months  • Health status interview 
    • Paired Comparison Task  
    • Joystick displaced feedback task 
    • Bayley Psychomotor scales (PDI) 
    • Temperament: Infant Behavior Questionnaire (IBQ) 
    • Behaviour checklist 
 
 9 months  • Health status interview  
    • Paired Comparison Task  
    • Joystick displaced feedback task 
    • Temperament: Infant Behavior Questionnaire (IBQ) 
    • Behaviour checklist 
    • Bayley Psychomotor scales (PDI) 
    • Bayley Mental scales (MDI) 
    • Kent Infant Development scales Dutch version (KID-N) 
 
 12 months• Neurological and paediatric follow up examination of the preterm infants 
    • Kent Infant Development scales Dutch version (KID-N) 
  

METHODS AND PROCEDURES 
 
 
 In table 4 the general design of the current study is shown. The infants were seen at the 
laboratory at three, six, and nine months of age, and additional questionnaires were sent to the 
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families when the infants were twelve months of age. All infants, including the full-terms, were 
tested at the same postmenstrual ages, that is, corrected for the number of days the infants were 
born before or after forty weeks of gestation, calculated from the first day of the last menstrual 
period of the mother. The paediatric and neurological examinations were part of the regular 
follow up program of the university hospital Groningen. Main goal of these examinations was to 
offer proper medical care to the infants. Since not all infants were seen at these follow up 
examinations no specific research goals were pursued in these examinations. However, whenever 
appropriate, clinical results of these examinations will be given.  
 The experimental tasks will be described in chapters five through eight. In the current section 
the general test setting, observation methods, temperament questionnaire, behaviour checklist, 
and developmental tests will be described.  
 
 
Biological risk 
 
 Two biological risk scores were studied because of their ability to discriminate between 
individual infants, and because of their predictive power. First, from birth records an obstetrical 
optimality score was determined for each infant by the method of Touwen, Huisjes, Jurgens-van 
der Zee, Bierman-van Eendenburg, Smrkovsky, & Olinga (1980). This obstetric optimality score 
is based on Prechtl's optimality concept (see Prechtl, 1980), which was intended to describe the 
condition of the Central Nervous System (CNS) as a risk factor (Kalverboer, 1988). In Prechtl's 
optimality concept single complications do not operate as risk factors if they occur in isolation but 
only if they occur in combination with other complications (Kalverboer, 1988; Prechtl, 1980). 
According to Kalverboer (1988) the implicit assumption behind the optimality scores is that the 
more non-optimal signs there are, the more serious the condition is. Optimality is not synchronous 
with normality, optimality scales only reflect potential risks for later developmental problems. 
According to Prechtl (1982), "To be optimal is considered the best possible condition which 
carries consequently the least risk of mortality and morbidity. The definition of an optimal 
condition is more narrow and more precise than the definition of normality which is mostly based 
on the absence of pathology and disorders" (p. 24). 
 The current optimality scale consists of seven subscales. The preterm infants had significantly 
less optimal scores than the full-term infants on the total scale (table 2) and the subscales: 
obstetrical aspects of pregnancy (e.g., vaginal bleeding, anaemia, hypertension); diagnostic and 
therapeutic measures (e.g., drugs prescribed, amniocentesis, placental function tests); and 
neonatal condition immediately after birth (e.g., APGAR 1 and 5 minutes, neonatal jaundice, 
blood pH). Both groups did not differ in the subscales: social background (e.g., SES, race, 
previous abortion, family history of congenital anomalies), non-obstetrical conditions during 
pregnancy (e.g., smoking by mother, alcohol and drug use, illness during pregnancy, heart 
disease), obstetrical past history (e.g., preterm delivery, late abortion, fetal or neonatal loss, 
previous infertility, placental complications), and parturition (e.g., prolapse of umbilical cord, 
shoulder dystocia, instrumental delivery). 
 At discharge from the hospital each infant was assigned a value on the revised Nursery 
Neurobiologic Risk Score (NBRS) by one of the hospital's paediatricians. The revised NBRS 
scores possible brain cell injury through the mechanisms of hypoxemia, insufficient blood flow, 
inadequate substrate for cellular metabolism, or direct tissue damage. The revised NBRS sums the 
occurrence and severity of seven complications: infection, blood pH, seizures, peri- or 
intraventricular haemorrhage, assisted ventilation, periventricular leukomalacia, and 
hypoglycaemia (Brazy, Eckerman, Oehler, Goldstein, & O'Rand, 1991). In a study of Brazy et al. 



 Subjects, methods, and procedures 43  
 

 

(1991) the NBRS correlated significantly with mental, motor, and neurological outcome at one 
and two years of age, and in a study of Brazy, Goldstein, Oehler, Gustafson, and Thompson 
(1993) the NBRS correlated with the same outcome measures at 6, 15, and 24 months of age. In 
this latter study a cutoff score of 5 identified infants at intermediate risk, and scores above 7 
infants at high risk for abnormalities or major handicaps at 24 months of age. Recently Eckerman, 
Oehler, Medvin, & Hannan (1994) showed that the revised NBRS of 5 could discriminate 
between preterm infants in en face interaction patterns. Since infants with subependymal and 
intraventricular haemorrhage grade III and IV (for classification see Papile, Burstein, Burstein, & 
Koffler, 1978), periventricular leukomalacia, and severe handicaps were excluded from this 
study, very high NBRS scores were not expected. Therefore, a somewhat lower criterion score 
than Eckerman et al. (1994) was used to depict preterm infants to be at high risk1 (HR) or low risk 
(LR). A revised NBRS of 4 or more for the entire nursery stay was used to divide preterm infants 
into high risk ( 4) and lower risk (< 4). Only ten preterm infants had a NBRS score  4, these 
infants formed the high risk preterm subgroup. The low risk subgroup consisted of 26 infants with 
an NBRS score < 4.  The LR preterm infants differed from the HR preterm infants on none of the 
variables in table 2 and 3. There was, however, a significant difference in the number of days the 
HR as compared to the LR preterms stayed in the hospital directly after birth, 77.6 versus 53.7 
days respectively, t(34) =  -2.94 , p < .01. 
 
 

                     
     1

In absolute terms moderate risk would be better than high risk, because extremely high risk infants were excluded 
from the sample. For the sake of clarity the term high risk will be used for the remainder of this dissertation. 
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Setting 
 
 The infants were tested at the laboratory for Developmental and Experimental Clinical 
Psychology in Groningen at the time of day the mothers reported their infants are normally alert 
and awake. All experiments were video taped from behind a curtain for subsequent behaviour 
analyses and/or reliability checks. The observers looked at the infants directly through a peep hole 
(Paired Comparison task) or watched them from a video monitor (both conditioning tasks). The 
parents could see their child through a one-way-screen during the mobile conjugate reinforcement 
task, and both parents and observers were out of sight for the infant during this experiment. 
Afterwards a video time code generator provided the video recordings with time codes. These 
time codes were necessary to analyse the videotapes of the mobile experiment with CAMERA, a 
computer program for real time event recording (van der Vlugt, Kruk, van Erp, & Geuze, 1992). 
To ensure participation in the ongoing study the parents could become a copy (on one of their own 
video tapes) of their child's video recordings after the last visit to the laboratory. 
 
 
Behavioural states 
 
 Several authors have stressed the importance of behavioural states for learning (Colombo & 
Horowitz, 1987; Colombo, Moss, & Horowitz, 1989; Horowitz, 1990; Hutt, von Bernuth, Lenard, 
Hutt, & Prechtl, 1968; Sameroff & Cavanagh, 1979), motor development (Thelen, Fisher, 
Ridley-Johnson, & Griffin, 1982), and the study of prematurely born infants (Als, Duffy, & 
McAnulty, 1988; DiPietro & Porges, 1991; Korner, Brown, Reade, Stevenson, Fernbach, & 
Thom, 1988; Thoman, Denenberg, Sievel, Zeidner, & Becker, 1981; see also the previous 
chapter). In the current study the behavioural states of the infants were scored before and after a 
task. The behavioural state classification system was based on the classification of Beintema 
(1968), and Prechtl & Beintema (1964) of behavioural states of infants (see Prechtl, 1974, and 
Prechtl & O'Brien, 1982, for a review). A drowsy and fussing state were added to this 
classification.  Both these states are transitional states, drowsy between sleep and awake, and 
fussing between alert and crying. See table 5 for the state variables. Only the performances of 
(quiet) alert and awake infants (state 4 and 5) were analysed in the current study. 
 Not only the state variables change over time but also the occurrence of specific state 
parameters. Infants of 1 month of age are awake without interruptions for 3-20 minutes. Infants 
2-3 months of age for 41-60 minutes (Wolff, 1984). According to Olson & Sherman (1983) 
infants of 3 months of age can be awake and alert for 90 consecutive minutes (see also Clifton & 
Nelson, 1976), and normally the wake-sleep rhythm has become stable after 3 to 4 months  
(Wolff, 1984). In planning the experiments, especially for the three months old infants, great care 
was taken not to study the infants for longer than 90 minutes. However, whenever necessary the 
infant was given a break to rest, drink or eat. Given the outcome of the review of the literature in 
chapter two, regulation of behavioural states in preterm infants could be an important object of 
study. This topic is, however, outside the scope of the present study.  
 
 
 Table 5 
 Behavioural states  
 
   state 1  eyes closed, regular respiration, no movements 
   state 2  eyes closed, irregular respiration, no gross movements  
   state 3  eyes half open (heavy-lidded), no gross movements 
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   state 4  eyes open, no gross movements 
   state 5  eyes open, gross movements, no crying 
   state 6  eyes open, gross movements, fuss sounds 
   state 7  eyes open or closed, crying 
  
 
 
Temperament 
 
Definition 
 Temperament is defined by Rothbart (1981; 1986) as individual differences in reactivity and 
self-regulation that are assumed to have a constitutional basis. Constitution is defined as relatively 
enduring aspects of the organism's physiological make-up influenced over time by heredity, 
maturation, and experience (see Gunnar, 1990). This definition places Rothbart in the 
psychobiological tradition of temperament research  (Bates, 1987; Gunnar, 1990; Schols, 1993). 
Whereas Rothbart accentuates reactivity and self-regulation in temperament, temperament is 
characterized by Thomas & Chess as a behavioural style. Although in the earlier characterizations 
of temperament Thomas & Chess used terms as "primary reaction pattern" and "initial reactivity" 
they later turned to the term "temperament", which they viewed as "a general term referring to the 
how of behaviour. It differs from ability, which is concerned with the what and how well of 
behaving, and from motivation, which accounts for why a person does what he is doing. 
Temperament, by contrast, concerns the way in which an individual behaves." (Thomas & Chess, 
1977, p. 9). A popular instrument for measuring the original nine temperament dimensions of 
Thomas and Chess is the Infant Temperament Questionnaire (ITQ), and its revision (RITQ) 
developed by Carey & McDevitt (1978). The RITQ has been standardized on four to eight months 
old infants, and also distinguishes five different temperament constellations: easy, difficult, 
slow-to-warm-up, intermediate low (easy), intermediate high (difficult). These constellations are 
useful in clinical practice where they serve as indication for psychopathology and behavioural 
problems. Recently, the RITQ has been supplemented with the Early Infancy Temperament 
Questionnaire for infants of four months of age and younger (Medoff-Cooper, Carey, & 
McDevitt, 1993). 
 Although temperament is differently defined and measured by various authors, depending on 
their research traditions (for overviews see: Bates, 1987; Goldsmith, Buss, Plomin, Rothbart, 
Thomas, Chess, Hinde, & McCall, 1987; Swets-Gronert, 1986), there is also considerable 
consensus among researchers (see Goldsmith et al., 1987). One point of consensus is that 
temperamental dimensions reflect behavioural tendencies rather than map directly onto discrete 
behavioural acts. Next, most theories assume temperament to be largely 
constitutionally/biologically based, to appear early in life, to show some kind of continuity in 
development, and to reflect individual differences rather than species-specific characteristics 
(Goldsmith et al., 1987). Although Goldsmith et al. (1987) considered only activity level and 
emotionality the dimensions of temperament about which there is consensus, some temperament 
dimensions appear in several measurement instruments of temperament. Rothbart and Mauro 
(1990) listed six dimensions that were assessed by at least four infant temperament question-
naires, and each of the dimensions also represents a factor which emerged from at least one factor 
analytic study on temperament. Most of these dimensions were also identified by Bates (1989). 
These dimensions are: reaction to novelty (also called: approach, fear of novel objects or events, 
unadaptable); distress proneness in situations that do not involve novelty (fussy, irritability, 
difficult, distress to limitations); susceptibility to positive affect (smiling and laughter, dull, 
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mood); activity level; rhythmicity; attention span and task persistence (duration of orienting). One 
dimension that does not satisfy the criteria of Rothbart and Mauro but is found in more than one 
temperament questionnaire is sociability.  
 
 
Why study temperament 
 Three reasons can be given for studying the role of temperament in learning by preterm 
infants. First, preterm infants showed differences in temperament as compared to full-term infants 
(see the previous chapter). Preterm infants and children are more irritable, hyperactive, difficult, 
have shorter attention spans and are more distractible (Beckwith & Cohen , 1984; Field et al., 
1981; Lloyd et al., 1988; Hermanns, Cats, den Ouden, & Wolters, 1981; Portnoy et al., 1988; 
Schols, 1993; Vohr et al., 1988; see also Patteson & Barnard, 1990), and Very Low Birth Weight 
infants and toddlers are reported to become regular, adaptable and approachable with age, 
whereas heavier infants are already regular, adaptable, and approachable (Barrera, Cunningham, 
& Rosenbaum, 1986). The number of behavioural and temperamental problems in preterm infants 
was, however, outweighed by the number of cognitive and educational problems.  
 Second, difficult temperament proved to be a serious risk factor for later development 
whenever combined with other risk factors like prematurity and perinatal stress (Sanson, 
Oberklaid, Pedlow, & Prior, 1991). 
 Third, temperament has been found to correlate with concurrent and later cognitive 
functioning. As such, temperament could be an important factor for individual differences in 
cognition, and the study of the relation between temperament and cognition may reveal 
determinants of infant learning and cognition. For instance, according to Matheny (1989) more 
attentive, task persistent, and goal directed infants or children tend to obtain higher mental test 
scores in the preschool and school age period. Heimann (1994) found significant concurrent 
correlations between the temperament dimensions activity, attention, and regularity and infant 
imitation of tongue and lip protrusion, mouth opening, and vocal imitation at three months of age. 
Ohr & Fagen (1993) studied the relation between temperament and operant conditioning in three 
months old Down syndrome and nonhandicapped infants. No significant correlations were found 
for the nonhandicapped infants. For the Down syndrome infants activity level correlated 
positively with response rate, and smiling and laughter and fear for novel objects correlated 
negatively with the response rate relative to the baseline.  In a study of Fagen, Singer, Ohr, & 
Fleckenstein (1987)  activity level at four, eight, and twelve months of age proved to be the best 
and most consistent predictor of Bayley mental and motor performance. However, these authors 
emphasized the fact that temperament may be just a minor factor for Bayley performance because 
only 10 to 20 % of the variance could be explained by the four temperament factors under study 
(activity level, fear of novel objects or events, duration of orienting, smiling and laughter). With 
regard to learning Dunst & Lingerfelt (1985) found that rhythmicity and task persistence 
correlated negatively with rate of learning in an operant conditioning task, that is, faster learning 
occurred by infants rated by their mothers as more predictable in their daily sleeping and feeding 
patterns and having longer attention spans. According to Dunst & Lingerfelt infants bring a 
psychobiological predisposition to learn to a new learning task analogous to Seligman's idea of a 
continuum of preparedness infants bring to a learning task (Seligman, 1970). Hayes, Ewy, & 
Watson (1982) also found a relation between attention measured in a noncontingent baseline 
phase and conditioning performance. Infants with higher attention scores had higher learning 
scores, and in a second experiment infants with low attentional ratings failed to acquire the 
instrumental contingency. Fagen & Ohr, however, did not find any significant correlations 
between temperament dimensions and contingency analysis in an operant conditioning task with 
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three, seven, and eleven months old infants. Both Dunst & Lingerfelt (1985), Hayes, Ewy, & 
Watson. (1982), and Fagen and Ohr (1990) studied infants' leg kicking in an operant conditioning 
experiment, a comparable experiment will be described in chapter six and seven of the current 
study.  
 
Temperament and cognition 
 As to the explanation why temperament and cognition may be related to each other Berg and 
Sternberg (1985) launched the theory that the temperamental behaviours attention span and task 
persistence represent the infant's duration of interest given a new stimulus. After reviewing the 
literature Berg and Sternberg (1985) concluded, "that intelligence throughout the course of 
intellectual development can be construed, in part, as a response to dealing with novelty" (p. 10). 
Berg and Sternberg further stated that, although attention span and task persistence are not 
measured in the same behavioural units as habituation and recognition memory, the three 
domains of research (habituation, recognition memory, and temperament) seem to reflect the 
same underlying process, the infants' response to a novel stimulus, and particular its attentional 
response. According to Berg and Sternberg (1985) the mechanism whereby an infant's 
recognition of a stimulus is related to later intellectual functioning is the information processing 
necessary for processing the novel stimulus, such as encoding and comparison. Attention span 
and task persistence have been interpreted by Berg and Sternberg (1985) to represent the infant's 
duration of attention and interest in novel stimuli. The duration of this attention and the amount of 
interest must be optimal for the infant to be able to extract information from the stimuli in the 
environment. Extreme amounts of attention and task persistence may interfere with the process of 
knowledge acquisition. For instance, fixating a stimulus too long prevents looking at other 
stimuli, thereby decreasing the amount of information that can be acquired about other stimuli 
required on tasks of habituation and recognition memory. Berg and Sternberg (1985) concluded 
that, "a common element appears to exist between the relationships that have been reported for 
infant habituation, recognition memory, and infant temperament and later tested intelligence, 
namely the infant's response to novelty and the component processes (e.g., encoding, allocation of 
attention, and comparison) that accompany this response" (p. 24). In chapter nine this theory will 
be dealt with again. 
 
Temperament questionnaire 
 To assess the temperament of the infants in the current study, the parents were asked to fill out 
the Infant Behavior Questionnaire (IBQ) at home before they came to the laboratory. The choice 
of the IBQ was made rather pragmatically. The IBQ was chosen because it refers to concrete daily 
situations that happened in the last week, has moderately to good reliability and consistency, and 
the IBQ is appropriate with infants as young as three months up till and including twelve months 
of age (Fagen, Singer, Ohr, & Fleckenstein, 1987; Rothbart, 1981; Rothbart & Mauro, 1990). 
However, one should bear in mind that not one of the contemporary temperament questionnaires 
is psychometrically adequate (Hubert, Wachs, Peters-Martin, & Gandour, 1982). Reasons for the 
psychometric weakness according to these authors might be that there is no general accepted 
definition of temperament, and study samples were rather small and not representative of the total 
infancy population.  
 Given the results of studies comparing preterm and full-term infants, and the relations found 
between temperament dimensions and later and concurrent cognitive functioning, interest was 
especially paid to the effect of the dimensions attention span/task persistence, and to the effect of 
the reaction to novelty on the development of the preterm and full-term subjects in the current 
study. Because it was shown that several questionnaires measured these constructs, it was 
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assumed that they were independent of a particular temperament questionnaire. Again, however, 
the choice for the IBQ was primarily pragmatic. The IBQ asks for daily situations that happened 
the last week, has of all available questionnaires the best psychometric properties, and, not in the 
least place, contains the dimensions relevant for the current study. The IBQ translated from 
English in Dutch consists of 90 items divided over six temperament dimensions2: activity level 
(i.e., gross motor activity), smiling and laughter, fear (i.e., the infant's distress and/or extended 
latency to approach an intense novel stimulus), distress to limitations (e.g., the infants' reactions 
while waiting for food, being in a confining place or position, being dressed or undressed, being 
prevented access to an object toward which the infant is directing its attention), soothability (i.e., 
the infants' reduction of crying, fussing, or distress when soothing techniques are used by the 
caretaker or infant), duration of orienting (i.e., the infant's vocalization, looking at, and/or 
interaction with a single object for extended periods of time when there has been no sudden 
change in stimulation, see also Rothbart, 1981). 
 
 
Health status and behaviour checklist 
 
 According to Kopp (1983) one should use well-defined samples of subjects in research on 
infants at risk so that interpretation of findings is not hampered by lack of clarity about subject 
characteristics. Mainly because of this reason chapter four was included in this dissertation. 
Besides demographic variables, like the ones presented in table 2, also some other background 
information about the infants should be given, such as: length of hospitalization, past and current 
health status, and sensory abilities. Therefore in the current study, information was also gathered 
on the infants' health status and behavioural problems. Information regarding the infant's health 
status was gathered by means of a semi-structured interview at the beginning of each test session. 
Questions were asked about minor and severe illness, whether the infants received any kind of 
drugs or therapy (e.g., physiotherapy), and visits to the family's general practitioner or to the 
hospital.  
 After making an appointment for the next visit to the laboratory the parents were sent a 
behaviour checklist together with the temperament questionnaire, and were asked to fill out both 
questionnaires at home before they came to the laboratory. The behaviour checklist has been 
developed in our laboratory (Wijnroks, 1994), and was intended to tap frequently mentioned 
behavioural problems of preterm infants. The behaviour checklist consists of 69 items, which 
were grouped on the basis of content analysis in the following categories: responsivity of the 
infants to their parents' behaviour, readability of the infant's behaviour, and predictability of the 
infant's behaviour, hyperextension of neck and trunk, irritability, state regulation, quality of 
movements, and a rest group of ten discrete items. 
 Up till now there are no psychometric data available about the behaviour checklist. Therefore, 
some preliminary analyses were performed before analysing the group and individual scores on 
the behaviour checklist. Per age group the item homogeneity for dichotomous variables was 
determined by calculating the Kuder Richardson 20 (K-R 20), and intercorrelations among the 
factors were calculated, as well as the stability of the scores across age. For adequate reliability the 
homogeneity should be high, and intercorrelations absent or at least small in order to be able to 
speak of different factors. High correlations across age indicate stability of the factors. Data for 
                     
     2

An experimental version of the IBQ was used, which included also nine additional items forming the seventh 
dimension 'rhythmicity', a dimension also found in other temperament questionnaires. Because of insufficient psychometric 
qualities of this dimension (see Rothbart, 1981) it was disregarded in the final analyses. 
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inter-observer reliability were not available. See the appendix for exact figures on homogeneity, 
intercorrelations, and stability. Acceptable homogeneity was only attained for predictability, 
hyperextension, and irritability (K-R 20  .66). Most intercorrelations were not significant, and, if 
they were, the correlations were low to moderate (range -.49 to .44). Only the factor state 
regulation was rather consistently correlated with the other factors. The stability coefficients were 
all moderately high, indicating only moderate stability of the factors across age. Because of the 
low homogeneity coefficients the factors responsivity, readability, state regulation, and quality of 
movements were disregarded in the rest of the study. The focus in the analyses will be mainly on 
the discrete items. 
 
 
Developmental scales 
 
 The Bayley Scales of Infant Development (Bayley, 1969) and the Kent scales of Infant 
Development (Reuter & Bickett, 1985) were included in the study in order to have a general index 
of the infants' mental and motor development. These mental and motor scores were used as 
descriptive criteria, and sometimes as co-variables in the analyses.  
 The Bayley Scales of Infant Development (BSID) have been translated and standardized for 
Dutch infants (BOS 2-30, van der Meulen & Smrkovsky, 1983). The psychomotor scale was 
performed at three, six, and nine months of age, and the mental scale at nine months of age. Due to 
the limited amount of time young infants are alert and awake it was not possible to perform the 
mental scale at three and six months too. All infants were tested  by the author in the laboratory 
after all experiments were done.  
 One or both parents filled out the Dutch version of the Kent Infant Development  scales 
(KID-N, Schneider, Loots, Reuter, 1990) at home a few days before the last visit to the laboratory, 
and again when the infants were 12 months old. The KID-N consists of 252 items yielding a total 
KID-score and scores on five developmental domains: cognitive, motor, language, self-help, and 
sociability. In the KID-N scales the raw scores are converted to developmental ages. There are no 
mental or developmental quotients or indices available.  
 The KID-N was included in the current study because it describes the infants' development in 
three additional domains other than the cognitive and motor domain also covered by the BOS 
2-30. The KID-N was also included to validate the BOS 2-30 data. According to the manuals of 
the KID and KID-N, they have been found to correlate reasonably well with the Bayley scales 
(Reuter & Bickett, 1985; Schneider, Loots, & Reuter, 1990). The KID-N asks for behaviours the 
infants are able to perform in familiar surroundings, for instance at home. As such, the KID is less 
situation specific than the BOS 2-30. However, all pitfalls of parental questionnaires also apply to 
the KID-N. 
 
 

SUMMARY 
 
 
 In this chapter subjects, methods and procedures were introduced. Because in the empirical 
chapters only the infants that completed the experiments will be described, information regarding 
to total population was given in this chapter. The sample consisted of 36 preterm and 43 full-term 
infants. Only relatively healthy preterm infants, born before 34 weeks of gestation, were recruited. 
Nine preterm infants had birth weights Small for Gestational Age, and 21 (61%) preterm infants 
had Very Low Birth Weights, that is less than 1500 grams. Besides a difference in gestational age 
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the preterm and full-term infants differed from each other in birth weight, birth length, body 
composition, and obstetric optimality. The groups did not differ with regard to the age of the 
parents, parental educational level, and socioeconomic status. The present study consisted of 
slightly more infants from higher class and less from lower class groups than the total Dutch 
population.  
 One has to keep in mind that the studies reviewed in chapter two very often included 
handicapped infants (e.g., CP, sensory handicaps), seriously ill infants (e.g., BPD) or were only 
concerned with extremely or very low birth weight infants. As a result these studies consisted of 
more high risk infants than the current study. Therefore, only small differences in learning and 
developmental outcome were expected between the full-term and preterm infants in the present 
study.  
 Only the methods used in several experiments or observations (described in chapters four 
through eight) were outlined in this chapter. The obstetric optimality scale, the nursery 
neurobiologic risk score, the health interview, the IBQ temperament questionnaire, the behaviour 
checklist, and the Bayley and KID-N developmental scales were introduced. The overall design 
of the project Cognitive Development in Preterm Infants was given. Experiments were performed 
at three, six, and nine months of age. Demographical and health data were gathered after the birth 
of the infants, and at each visit to the laboratory. Developmental scales were administered at nine 
and twelve months of age.  
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 Chapter 4 
 

Health, Temperament, Behavioural 
Problems, Mental and Motor 

Development, 
in the First Year of Life 

 
 

 
 
 
 
 
 
 INTRODUCTION 
 
 
 For parents of prematurely born infants the health and behavioural problems of their children 
will affect, and possibly dominate, the caretaking and interactions with their infants in the first 
year of life. Parents may experience fear, anxiety, guilt or anguish for fear of losing their child or 
possible disabilities or handicaps. Knowing that preterm birth is considered a risk factor for delays 
in later development, parents are anxious to know whether their child will develop normally. The 
review of the literature in chapter two justified this anxiety. Compared to full-term children, the 
prematurely born children showed higher mortality and morbidity rates, more neurological and 
motor problems, cognitive delays in infancy, and more learning and behavioural problems later in 
life. Before turning to the learning tasks, which will be described in the chapters five through nine, 
we will first look at the above mentioned problems. 
 Aim of this chapter is twofold. First, we want to describe the infants participating in the 
present study by giving longitudinal results concerning the preterm and full-term infants' general 
health status, cognitive and motor development, temperament, and behavioural problems 
respectively. A clear description of the subjects could help to define the sample of subjects so that 
interpretations of the experimental data are not hampered by lack of clarity about subject 
characteristics (see also Kopp, 1983). Second, we want to present a number of factors and 
behaviours that could affect the 'process oriented' behaviours that will be described in later 
chapters. Most data presented in this chapter are 'product oriented', that is, they are measured with 
product oriented tests or instruments and as such only reveal the infant's current status (for 
instance in motor performance or perceived behaviour) without giving insight in the mechanisms 
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or processes underlying the performance or behaviour under study. Data from almost all infants 
were available on all the aforementioned domains of development in contrast to the studies in 
chapter five through nine, in which the attrition rates were much higher. Note, however, that the 
performances of the preterm and full-term infants are given as mean group performances and not 
as individual data. 
 Given the conclusions in chapter two, the preterm infants were expected to have poor health 
status, show lower mental, and motor scores, and to show more behavioural problems than the 
full-term infants. Because not much literature was available on the IBQ with prematurely born 
infants the expectations regarding this questionnaire were based on the results of studies with 
other temperament questionnaires (see chapter two). It was expected that the preterm infants 
would be more active, and show shorter durations of orienting and more fear of novel stimuli. 
 
 
 
 METHODS 
 
 
 At every visit to the laboratory the parents filled out a questionnaire concerning the infants' 
health status in the last three months. The last questionnaire was sent to the parents by post just 
before their infant became one year old. Cognitive and motor development were measured with 
the Dutch versions of the Bayley Scales of Infant Development, the BOS 2-30 (van der Meulen & 
Smrkovsky, 1983) and the Kent Infant Development (KID-N) scales (Schneider, Loots, Reuter, 
1990). For a description of the BOS 2-30 and the KID-N the reader is referred to chapter three. 
Five additional posture items were studied: head lag, head control anterior neck muscles, head 
control posterior neck muscles, and ventral suspension according to the method of Dubowitz & 
Dubowitz (1981), and the extent of slipping through when holding the infant under its armpits. 
The examiner was the author who was trained in performing infant tests. Note, however, that 
evaluations of infant motor behaviour are highly subjective and no data on reliability of these tests 
are available in the present study. Temperament was measured with the Infant Behavior 
Questionnaire (Rothbart, 1981). Behavioural problems were analyzed with the help of a 
behaviour checklist developed in our laboratory1. For a detailed description of the procedures and 
methods see chapter three. In table 1 the design for the present study is shown (see also table four 
in chapter three). 
 To reduce the heterogeneity of the preterm subject group (cf. Aylward, Pfeiffer, Wright, & 
Verhulst (1989) this group was divided, whenever possible, in two different ways. First, the 
results for infants with birth weights small for gestational age (SGA) and appropriate for 
gestational age (AGA) were compared with the full-term infants. Second, low risk (LR) and high 
risk (HR) preterm infants were compared with the full-term infants. The risk score was based on 
the nursery neurobiologic risk score (NBRS), of which the short version (i.e., seven items) was 
used (Brazy, Eckerman, Oehler, Goldstein, & O'Rand, 1991). Because of the small number of HR 
preterm infants and SGA preterm infants, the preterm infants could not always be divided 
meaningfully by birth weight or the neurobiologic risk score. 
 Statistical analyses consisted of correlational studies, t-tests and analyses of variance. In the 
analyses where the preterm infants were subdivided in AGA-SGA or LR-HR preterms post hoc 
comparisons were performed to find out whether the preterm groups differed from each other 

                                                 
     1

Lex Wijnroks and Yvonne ten Wolde are greatly acknowledged for their work on this checklist. 
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and/or from the full-term infants. The Tukey honestly significant difference (HSD) procedure was 
used to correct for capitalization on chance. 
 
 
 Table 1 
 Procedures follow up results  
  
          Age 
 
        
 
 Measurement    3 months 6 months 9 months 12 months 
  
 
 Health status    • • • • 
 
 Bayley Psychomotor scales    • • •  
 Bayley Mental scales      • 
 Kent Infant Development scales   • • 
 Infant Behavior Questionnaire  • • •  
 Behaviour checklist    • • • 
  
 
 
 
 RESULTS 
 
General health 
 
 The parents' reports of their infant's health showed that significantly more preterm infants 
were rehospitalised after the Neonatal Intensive Care Unit (NICU) and neonatal period for one or 
more days in their first year of life than the full-term infants. Two full-term and 16 preterm infants 
were rehospitalised, χ2(df 1, N = 79) = 17.64, p < .001. One full-term infant stayed one day in 
hospital, and the other full-term infant seven days, whereas the preterm infants had a mean 
hospital stay of 12 days (range 1 - 36 days). 
 Table 2 shows some figures on morbidity and neurological sequelae in the preterm and 
full-term infants in the first year of life, and after the NICU and neonatal period. Although we 
tried to select only healthy preterm infants, some preterm infants showed signs of moderate to 
severe disorders. Two preterm infants had cerebral palsy (CP) and five preterm infants were 
suspected of an abnormal neurological development. Five infants received physiotherapy: both 
the CP infants, one infant suspected of abnormal neurological development, one preterm boy with 
an abnormal curvature of the spine, and one preterm girl. One full-term girl received 
physiotherapy too, not for abnormal motor development but to remove loose mucus in her 
bronchial tubes. One preterm infant showed hearing deficits and was referred to an audiological 
centre. Two preterm infants squinted and one preterm boy had stage two retinopathy of 
prematurity (ROP), in which there is a ridge above the surface and between the avascular and 
vascular part of the retina (for classification of ROP see Cats, 1990, and the committee for the 
classification of retinopathy of prematurity, 1984). Ten preterm infants suffered from 
bronchopulmonary dysplasia (BPD), a chronic disease with pathognomonic abnormalities in 
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chest X-ray, prolonged oxygen dependency and symptoms of respiratory difficulty (cf. Tammela 
& Koivisto, 1992). Although the number of infants with respiratory infections and pneumonia did 
not differ between the full-term and preterm groups, the four infants with pneumonia were all 
preterm infants. The preterm and full-term infants did not differ from each other in the number of 
infants who were ill at least once in the first year of life due to fever, influenza or virus infections2. 
With respect to allergies and dermatological disorders there were more cases among the full-term 
than preterm infants, especially cow milk allergy, eczema, and thrush. 

                                                 
     2

Note that fever as a result of vaccinations or childhood diseases is not included in the number of infants having 
influenza or virus infections in table 2. However, it cannot be ruled out completely that parents reported fever or flue while 
their child actually had a childhood disease. 
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 Table 2 
 Morbidity and neurological sequelae in the first year of life  
 
      Full-terms (N=43) Preterms (N=36) 
      n (%) n (%) 
 
       
 
Cerebral Palsy at one year post term 0 (0%) 2  (6%)
  
Neurologically suspect 0 (0%) 5 * (14%) 
Hearing impairments:hard of hearing 0 (0%) 1  (3%) 
    auditory duct infections 3 (7%) 3  (8%) 
Visual disorders: strabismusa 0 (0%) 2  (6%) 
    ROPb 0 (0%) 1  (3%) 
BPD    0 (0%) 10 * (28%) 
Heart disease   0 (0%) 3  (8%) 
Allergies, dermatological disorders 13 (30%) 2 * (6%) 
Virus infections, influenza, fever 18 (42%) 15  (42%) 
Pneumonia, respiratory infections 8 (19%) 9  (25%) 
Gastro-intestinal disorders 2 (5%) 3  (8%) 
Metabolic disorders 0 (0%) 1  (3%) 
Urinary tract infections 1 (2%) 1  (3%) 
Excessive throwing up 1 (2%) 3  (8%) 
Inguinal rupture  0 (0%) 2  (6%) 
Curvature of the spine 0 (0%) 1  (3%) 
Motor disorders requiring physiotherapy 0 (0%) 5 * (14%) 
  
 
* Chi-square, df 1, N = 79, p < .05 
astrabismus = squint 
bROP= Retinopathy of Prematurity 
 
 
 The full-term and preterm infants did not differ from each other in the number of times 
individual infants were ill in the first year of life. However, it is also apparent in table 2 that the 
preterm infants suffered from more severe illnesses and disorders. Therefore, the number of times 
the infants were ill were calculated, excluding the less serious illnesses and impairments, namely: 
fever, flue, virus infections and eczema and allergies. The results are shown in table 3. Whereas 
44% of the full-term infants was not seriously ill in the first year of life, only 25% of the preterm 
infants was not seriously ill at all. There were about four times as many preterm as full-term 
infants who had two or more illnesses in the first year of life. 
 
 
 Table 3 
 Number of illnesses in the first year of life  
 
 Nr. of illnesses Full-terms (N=43) Preterms (N=36) 
   n (%) n (%)  
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 0  19 (44%) 9 (25%) 
 1  22 (51%) 19 (52%) 
  2  2 (5%) 8 (23%) 
  
 
χ2 (df 2, N=79) = 6.824, p < .05 
 
 
 
 Table 4  
Bayley mental (MDI) and psychomotor (PDI) developmental indexes at nine months of age  

 
      Full-terms (N=41) Preterms (N=35) 
      M  (SD) M  (SD) 
 
       
 
Bayley MDI    98.2 (10.3) 94.4 (12.1)
  
Bayley PDI    98.7 (17.0) 86.4a (20.1) 
  
 
apreterm versus full-term infants: t(74) = 2.90, p < .01 
 
 
 
Cognitive and motor development 
 
Bayley Scales of Infant Development 
 At nine months of age the Dutch Bayley Scales (BOS 2-30) were administered. Because of 
fatigue and prolonged crying two full-term and one preterm infant could not be tested completely. 
The results for the remaining 76 infants are shown in table 4. All infants were tested at the same 
corrected age. That is all chronological ages were computed from the term date of 40 weeks of 
gestation. As a result all the infants, including the full-terms, had comparable postmenstrual ages. 
As a group the preterm infants had significantly lower motor scores than the full-term infants. 
There was no difference in mental scores. In the next two analyses the preterm infants were 
divided in AGA and SGA preterms, and in low risk (LR) and high risk (HR) infants, see table 5 
and 6 respectively. An interesting result emerged. Table 5 shows that the SGA but not the AGA 
preterm infants had significantly lower motor scores than the full-term infants. This result is not 
only statistically but also clinically relevant, because the mean score of the SGA preterm infants 
of 78.4 is more than one standard deviation below the mean for this scale (PDI: M = 100, SD = 
16). Dividing the preterm infants in LR and HR infants (see table 6) resulted in the HR infants 
having a statistically significantly lower mental score than the full-term infants. Table 6 also 
shows that the LR preterm infants had a statistically lower motor score than the full-term infants. 
Eight out of nine SGA preterm infants were in the LR group. So, it is likely that the mean motor 
score of the LR preterm infants is heavily influenced by these SGA preterm infants. 
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 Table 5 
Bayley mental (MDI) and psychomotor (PDI) developmental indexes at nine months of age 

full-term versus AGA and SGA preterm infants  
 
    Full-terms (n=41) AGA Preterms (n=27) SGA Preterms (n=8) 
    M (SD) M (SD)  M (SD) 
 
     
       
Bayley MDI  98.2 (10.3) 94.1 (12.7) 95.4 (10.2) 
Bayley PDI  98.7 (17.0) 88.7 (20.6) 78.4a (17.1) 
  
 
a SGA preterms versus Full-terms, F(2,73) = 5.24, p < .01, Tukey HSD multiple range tests 
 
 
 
 Table 6 
Bayley mental (MDI) and psychomotor (PDI) developmental indexes at nine months of age 

full-term versus low risk (LR) and high risk (HR) preterm infants  
 
    Full-terms (n=41) LR Preterms (n=25) HR Preterms (n=10) 
    M  (SD) M  (SD) M  (SD) 
 
     
       
Bayley MDI  98.2 (10.3) 96.7 (13.2) 88.7a  (5.8) 
Bayley PDI  98.7 (17.0) 86.2b (20.5) 86.9  (20.2) 
  
 
a High risk preterms versus Full-terms, F(2,73) = 3.02, p = .055, Tukey HSD multiple range tests 
b Low risk preterms versus Full-terms, F(2,73) = 4.15, p < .05, Tukey HSD multiple range tests 
 
 Table 7 shows the prevalence of a cognitive or psychomotor delay, that is a developmental 
index of 1 or more standard deviations below the mean for the Bayley mental and psychomotor 
scales. For the BOS 2-30 MDI and PDI the standard deviations are both 16. There were 
significantly more preterm infants with psychomotor delays than full-term infants. There was no 
difference in the prevalence of mental delays between the two groups. Dividing the preterm 
infants in AGA-SGA and LR-HR did not result in significant differences between the subgroups. 
Remember that the preterm infants were born an average of nine weeks before the term date. So, 
if we had computed the Bayley scores at uncorrected chronological ages, surely the preterm 
infants would have been labelled seriously delayed as compared to the full-term infants. 
 Concluding, At nine months of age the preterm and full-term infants differed significantly 
from each other in motor development. This difference seemed to be caused primarily by the SGA 
preterm infants whose mean score was below the normal range for infants nine months of age. 
Small birth weight for gestational age did not result in significantly lower mental Bayley scores. 
Infants considered at high risk for brain damage showed statistically significantly lower mental 
Bayley scores at nine months of age. 
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 Table 7 
Prevalence of delays in Bayley mental (MDI) and psychomotor (PDI) developmental indexes 

at nine months of age full-term versus preterm infants  
 
    MDI  84 MDI > 84 PDI  84 PDI > 84 
    n (%) n (%) n (%) n (%) 
 
     
       
Full-terms  3 (7%) 38 (93%) 7 (17%) 34 (83%) 
Pretermsa  5 (14%) 30 (86%) 16 (46%) 19 (54%) 
 
 AGA preterms 4 (15%) 23 (85%) 11 (41%) 16 (59%) 
 SGA pretermsb 1 (12.5%) 7 (87.5%) 5 (62.5%) 3 (37.5%) 
 
 Low Risk preterms 3 (12%) 22 (88%) 11 (44%) 14 (56%) 
 High Risk pretermsc 2 (20%) 8 (80%) 5 (50%) 5 (50%) 
  
 
aPDI: full-terms versus preterms, χ2 = 7.34, df = 1, N = 76, p < .01 
bMDI and PDI: AGA versus SGA, χ2 ns 
cMDI and PDI: LR versus HR, χ2 ns 
 
 
 
Kent Infant Development scales 
 The raw KID-N scores at nine and twelve months of age were converted to developmental 
ages. There were no significantly different KID-N scores at nine months of age between the 
full-term and preterm infants. Dividing the preterm infants in SGA and AGA preterm infants or in 
Low Risk and High Risk preterm infants did not result in significantly different KID-N scores 
either. At twelve months of age there was a significant difference in developmental age between 
the full-term and preterm infants in motor performance. Whereas the full-term infants had a mean 
developmental age of 12.8 months, the preterm infants had a mean developmental age of 11.8, 
t(52.89) = 2.19, p < .05. Dividing the preterm infants by birth weight and neurobiologic risk 
showed that the SGA preterm infants showed lower motor scores than the full-term infants, 
F(2,71) = 3.69, p < .05. The HR preterm infants differed significantly from the full-term infants in 
their total KID-N score (developmental age 11.2 versus 12.9) at twelve months of age, F(2,71) = 
3.60, p < .05. There was also a main effect for group on the motor domain, F(2,71) = 3.37, p < .05. 
However, the differences between the full-term, LR, and HR groups separately were not large 
enough to be statistically significant. There were no significant differences between the full-term 
and preterm infants in the domains of cognition, language, self-help, nor sociability at twelve 
months of age. 
 
 
 Table 8 
Prevalence of delays in the KID-N total developmental age scores at 9 and 12 months of age  
 
     9 months   12 months 
    Delay  No delay Delay 
 No delay 
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    n (%) n (%) n (%) n (%) 
     
       
Full-terms  6 (15%) 35 (85%) 2 (5%) 40 (95%) 
Pretermsa  12 (37.5%) 20 (62.5%) 7 (22%) 25 (78%) 
 
 AGA preterms 10 (42%) 14 (58%) 6 (26%) 17 (74%) 
 SGA pretermsb 2 (25%) 6 (75%) 1 (11%) 8 (89%) 
 
 Low Risk preterms 9 (37.5%) 15 (62.5%) 3 (12.5%) 21 (87.5%) 
 High Risk pretermsc3 (37.5%) 5 (62.5%) 4 (50%) 4 (50%) 
  
 
a9 months: χ2 = 5.06, df = 1, N = 73, p < .05; 12 months: χ2 = 4.98, df = 1, N = 74, p < .05 
bAGA versus SGA: χ2 ns 
c12 months LR versus HR: χ2 = 4.94, df = 1, N 32, p < .05 
 
 
 
 With the help of the norm tables in the manual of the KID-N (Schneider, Loots, & Reuter, 
1990) infants scoring one standard deviation below the norm score were classified as delayed. In 
table 8 the numbers and percentages of infants showing a delay in their total KIN-N score at nine 
and twelve months are shown. Note that the corrected age of the preterm infants was taken to 
calculate the difference between developmental and chronological age but still there were 
significantly more preterm than full-term infants with developmental delays at nine and twelve 
months of age. Subdividing the preterm infants showed that at twelve months the High Risk 
preterm infants differed from the Low Risk preterm infants in the number of infants with 
developmental delays. The division based on birth weight resulted in no significant differences. 
At nine months of age two preterm and one full-term infant performed below two standard 
deviations below the mean, this corresponds with a developmental delay of approximately 2 
months. At twelve months four preterm but no full-term infants scored two standard deviations 
below the mean ( χ2 = 5.55, df 1, N= 74, p < .05), of whom two were Low Risk and two High Risk 
infants.  
 The correlations between the BOS 2-30 MDI and PDI scores and the KID-N scores were also 
calculated to see whether they measure the same psychological constructs (see table 9). For these 
calculations the BOS 2-30 scores were first transformed into developmental ages in order to have 
the same measurement unit as the KID-N. The MDI and PDI scores correlated only moderately 
with the KID-N scores. Only the correlation between the PDI and the KID-N motor score was 
quite high (> .80). The MDI scores did not correlate very strongly with the KID-N cognitive scale. 
At face value the correlations between PDI and KID-N scales were slightly higher in the preterm 
group compared to the full-term group for the motor, language, self-help, sociability, and the total 
KID-N scale. The correlations for MDI and the KID-N scales were comparable. On the cognitive 
subscale the correlation was higher for the preterm than the full-term infants. 
 
 
 Table 9 

Bayley MDI and PDI correlations with KID-N scales and total KID-N score  
 
      Pearson product-moment-correlationa 
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KID-N   Total sample Full-terms Preterms 
    N=72 N=40 N=32 
    MDI PDI MDI PDI MDI PDI 
 
     
 
Cognitive  .50 .40 .39 .28 .60 .51 
Motor   .51 .81 .48 .80 .51 .84 
Language  .42 .42 .43 .33 .38 .44 
Self-help  .32 .41 .27 .30 .34 .49 
Sociability  .51 .50 .50 .41 .49 .53 
 
Total   .54 .66 .52 .59 .52 .69 
  
 
aFor all correlations coefficients p is < .05 
 
 
 
Motor and posture development 
 The infants' motor development was studied more closely because of our special interest in 
motor development and posture control and their effects on cognitive development. At three, six, 
and nine months of age the infants' Bayley PDI performance was assessed. Because of the limited 
time available, the Bayley MDI was not performed at three and six months of age. From the 
Bayley PDI score a posture score was derived by summing all the positively scored PDI posture 
items3. Table 10 shows the number, mean, and standard deviation of the PDI raw scores of those 
infants of whom a reliable PDI score could be obtained. At six and nine months of age the preterm 
infants had significantly lower motor scores than the full-term infants. As for the posture items 
(see table 11), the preterm infants differed from the full-term infants at all three ages. Regarding 
the additional posture items significant difference were found in head lag (i.e., with the infant 
supine it is pulled forward by both wrists toward a sitting position) at six and nine months and 
slipping through (i.e., low muscle tone in trunk and shoulder girdle when held under the armpits) 
at six months. At six months 12 (34%) preterm versus 6 (14%) full-term infants showed poor head 
lag, and 7 (20%) preterm versus 2 (5%) full-term infants slipped through the hands of the 
experimenter holding their armpits. At nine months 8 (24%) preterm versus 3 (7%) full-term 
infants showed poor head lag. The respective Chi-square tests were: head lag six months χ2 = 
4.49, df 1 N = 78, p < .05; slipping through six months χ2 = 4.45, df 1, N =78, p < .05; head lag 
nine months χ2 = 4.14, df 1, N = 74, p < .05.  
 
 
 Table 10 
 Bayley psychomotor (PDI) raw scores at three, six, and nine months of age  
 
      Full-terms   Preterms  
      N M  (SD) N M (SD) 

                                                 
     3

BOS 2-30 items: 1, 2, 3, 6, 9, 11, 12, 13, 14, 16, 18, 21, 27, 30, 32, 33, 45. These items correspond to the BSID 
items: 2, 3, 1, 8, 9, 10, 12, 13, 14, 18, 17, 20, 23, 27, 29, 31, 45 respectively. 
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PDI at 3 months   43 16.2 (1.8) 32 15.5 (2.2)
  
PDI at 6 months   42 24.8 (2.8) 33 22.8a (3.5) 
PDI at 9 months   41 34.7 (3.9) 35 31.6b (5.0) 
  
 
at(73) = 2.65, p < .05 
bt(74) = 3.05, p < .01 
 
 
 
 For those infants for whom there was a PDI and a posture score at all three ages the 
longitudinal effects were studied in a group (2) by age (3) ANOVA with repeated measures of 
age. For both the PDI and posture items there was a main effect of group, F(1,69) = 9.07, p < .01, 
and F(1,73) = 17.07, p < .001 respectively, and of age, F(2,68) = 555.35, p < .001, and F(2,72) = 
198.03, p < .001 respectively. With increasing age the infants attained higher motor and posture 
scores, and the full-term infants had higher motor and posture scores in the first nine months of 
their life than the preterm infants. There were no significant interaction effects between group 
membership and age. Repeated measures ANOVAs after dividing the preterm group in 
AGA-SGA or LR-HR infants also resulted in significant group and age effects. Post hoc analyses 
to determine which groups differed from each other did not result in stable group differences. 
Some times the SGA preterm infants differed from the full-terms, at other times from the AGA 
preterm infants. The same pattern was found for the LR and HR preterm infants. Probably the 
small number of HR and SGA infants with fully completed PDI and/or posture scores are 
responsible for the fact that the results are far from unequivocal. 
 Concluding, the preterm infants attained lower motor and posture scores than the full-term 
infants at three, six, and nine months of age. Both groups showed an age effect, that is older 
infants showed advanced motor and posture development. Although a significant difference was 
found between the AGA and SGA preterm infants at nine months (see table 5), no stable motor 
differences were found from three to nine months of age.  
 
 
 Table 11 
 Bayley posture scores at three, six, and nine months of age  
 
      Full-terms   Preterms  
      N M (SD) N M (SD) 
 
       
 
Posture at 3 months   43 9.9 (1.2) 35 9.1a (1.8) 
Posture at 6 months   43 11.8 (1.3) 35 11.0b (1.1) 
Posture at 9 months   42 14.8 (1.5) 35 13.5c (2.0) 
  
 
at(76) = 2.53, p < .05 
bt(76) = 2.78, p < .01 
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ct(75) = 3.27, p < .01 
 
 
 
Temperament 
 
 Nearly all parents returned the Infant Behavior Questionnaire (IBQ) on visiting the laboratory 
at three, six, and nine months of age. At every age one questionnaire of a preterm infant was not 
returned. Two full-term infants' questionnaires were not returned, one at six and one at nine 
months of age. Table 12 shows that at three months of age the preterm infants smiled less than the 
full-term infants. At six months the preterm infants showed more distress to limitations and more 
fear of novel stimuli. At nine months the preterm infants still showed more fear of novel stimuli 
than the full-term infants did. A total of 75 infants had IBQ scores on all three ages. For these 
infants a group (2) by age (3) ANOVA with repeated measures of age was also performed on all 
the temperament dimensions separately. Apart from the soothability dimension all the other 
temperament dimensions showed a significant age effect. Repeated measures for the preterm and 
full-term infants separately showed an age effect for both groups with regard to activity level, 
duration of orienting, and smiling and laughter. For the category smiling and laughter there was 
also a main effect of group, F(1,73) = 4.30, p < .05. The full-term infants smiled and laughed more 
in the first nine months of life than the preterm infants. For fear of novel stimuli a significant 
interaction effect of group by age was found, F(2,72) = 5.57, p < .001. Separate tests for age 
effects revealed only a significant age effect for the preterm infants, which can be seen in table 12. 
Whereas the full-term infants showed the same amount of fear throughout the first nine months of 
life, the preterm infants showed a slight increase in fear of novel stimuli after the three months' 
assessment. The age by group interaction was nearly significant for distress to limitations (p = 
.069). Repeated measures for both groups separately showed only a significant age effect for the 
full-term infants who were perceived to show less distress with increasing age. 
 
 
 Table 12 
 Temperamenta at three, six and nine months of age  
 
    Full-terms   Preterms 
   N M (SD) N M (SD)  
  
 
3 months   43   35 
 Activity   3.0 (0.8)  3.3 (0.9) 
 Distress to limitations  3.1 (0.8)  3.1 (0.8) 
 Fear of novel stimuli  2.0 (0.7)  1.9 (0.6) 
 Duration of orienting  4.1 (1.3)  4.1 (1.1) 
 Smiling and laughter  4.4 (1.1)  3.8* (1.1) 
 Soothability  5.0 (0.9)  4.6 (1.0) 
 
6 months   42   35 
 Activity   3.4 (0.9)  3.7 (0.9) 
 Distress to limitations  2.6 (0.7)  3.0* (0.8) 
 Fear of novel stimuli  1.9 (0.6)  2.3* (0.7) 
 Duration of orienting  3.9 (1.1)  4.1 (0.9) 
 Smiling and laughter  5.3 (0.8)  5.0 (0.9) 
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 Soothability  5.1 (1.1)  4.9 (1.1) 
 
9 months   42   35 
 Activity   3.8 (1.0)  3.9 (1.0) 
 Distress to limitations  2.7 (0.8)  3.0 (0.7) 
 Fear of novel stimuli  2.1 (0.7)  2.4* (0.7) 
 Duration of orienting  3.7 (1.1)  3.6 (0.9) 
 Smiling and laughter  5.4 (0.7)  5.2 (0.9) 
 Soothability  4.8 (1.2)  5.0 (1.0)  
  
 
aRange of possible mean scores is 1 - 7 
* t-test, p < .05 
 
 
 
 Dividing the preterm infants in AGA-SGA and LR-HR showed that the SGA preterm infants 
smiled significantly less at three months of age compared to the full-term infants. The AGA and 
not the SGA preterm infants showed more distress and more fear for novel stimuli at six and nine 
months of age than the full-term infants. Finally, the HR preterm infants were found to be the 
hardest to sooth at six months of age compared with the full-term and the LR preterm infants.  
 Concluding, there are some slight differences in temperament between the full-term and 
preterm infants in the first nine months of life. Preterm infants smile less at three months, show 
more distress to limitations at six months, and show more fear of novel stimuli at six and nine 
months. Most temperament dimensions were variable within the six months period between three 
and nine months of age, because significant age effects were found for all but the soothability 
dimension.  
 
 
Behaviour checklist 
 
 The numbers of checklists returned at three, six, and nine months of age were 78, 77, and 77, 
respectively. First, the following factors of the behavioural checklist were studied: predictability 
and hyperextension of neck and trunk at all ages, and irritability at six and nine months. The other 
factors were disregarded because of insufficient reliability (see chapter 3 and the appendix). Only 
one significant difference was found out of eight possible differences between the full-term and 
preterm infants. At the age of six months the behaviour of the preterm infants was more 
predictable for their parents than the behaviour of the full-term infants, t(75) = -2.06, p < .05. For 
75 infants a score was available on the behavioural checklist at all three ages. A group (2) by age 
(3) ANOVA with repeated measures of ages was performed on the aforementioned factors. An 
age effect for hyperextension of neck and trunk was found, F(2,72) = 5.40, p < .01. With age the 
infants showed decreased hyperextension of the neck and trunk.  
 Next, the discrete items were examined at the three different ages. In separate chi-square 
analyses the distributions of positive and negative answers by the parents were studied on the 
discrete items of the checklist. The results are shown in table 13. Significant differences can be 
categorised in three domains: responsivity/contact, quality of movements, and 
predictability/rhythmicity. Averting eye contact (item 14) was seen more often in preterm infants 
than in full-term infants at all three ages. At three months the parents of nine preterm infants had a 
hard time provoking their infant to babble or make sounds. At six months for six parent-preterm 



64 Chapter 4  
 

 

infant dyads the time they played together was mostly quite short, whereas it was only for one 
parent-full-term infant dyad. The quality of the infants' movements as perceived by their parents 
differed between the preterm and full-term infants at six and nine months of age. More preterm 
than full-term infants showed reduced smoothness and fluency of movements. At six months 
more preterm than full-term infants were reported to be rather passive, and at nine months their 
movements looked more slowly. Concerning the predictability and the rhythmicity of the infants' 
behaviour, the preterm infants were more regular in the time of day they fell asleep at three 
months, and, at six months, with regard to the time of day they had a dirty diaper than the full-term 
infants. At six months more full-term infants than preterm infants had a typical 'crying-hour' each 
day.  
 
 
 
 
 
 Table 13 

Differences* between preterm and full-term infants on discrete items of the behaviour 
checklist 

at 3, 6, and 9 months of age  
 
 item   answer Full-term Preterm 
Nr. Description  N (%) N (%) 
  
 
3 months 
14Do you have the feeling that your baby 
does not want to look at you, because yes 3 (7%) 8 (23%) 
it repeatedly turns its head away from you no 40 (93%) 27 (77%) 
 
18 How easy can you provoke your difficult 0 (0%) 9 (26%) 
 baby to babble or make sounds ? easy 43 (100%) 26 (74%) 
 
56 Does your baby fall asleep at mostly not 26 (60%) 30 (86%) 
 different times from day to day ? mostly yes 17 (40%) 5 (14%) 
 
6 months 
14 See at three months yes 2 (5%) 8 (23%) 
   no 40 (95%) 27 (77%) 
   
16 Does your child easily give up no, normally not 1 (2%) 6 (17%) 
 playing together with you ? yes, very often 41 (98%) 29  (83%) 
 
34 Does your baby have a dirty diaper at varying 34 (81%) 21 (60%) 
 different times from day to day ?  regular 8 (19%) 14 (40%) 
 
39 Do your baby's movements yes 42 (100%) 30 (86%) 
 look smoothly and fluidly ? no 0 (0%) 5 (14%) 
 
42 Do your baby's movements yes 3 (7%) 10 (29%) 
 seem to be rather passive ? no 39 (93%) 25 (71%) 
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43 Does your child have a period of crying varying 9 (21%) 17 (49%) 
 at the same time from day to day ? regular 33 (79%) 18 (51%) 
 
9 months 
14 see at three months yes 0 (0%) 5 (15%) 
   no 42 (100%) 30 (85%) 
 
39 see at six months yes 42 (100%) 29 (83%) 
   no 0 (0%) 6 (17%) 
 
55 Do your baby's movements yes 0 (0%) 5 (14%) 
 look slowly ? no 42 (100%) 30 (86%) 
  
 
*χ2 tests, all differences were significant at a probability level of at least 5%. 
 DISCUSSION 
 
Health 
 
 The results of the outcome measures described in this chapter clearly showed the risks 
associated with premature birth, and they are in accordance with the studies reviewed in chapter 
two. Although only relatively healthy premature infants were included in the study the health data 
confirmed our expectation that premature infants are more at risk for health problems than the 
full-term infants. More prematurely born infants were rehospitalised, and the reported illnesses 
were more severe for the preterm infants than for the full-term infants. The reported sequelae are 
comparable to the results of other follow up studies (cf. Hack, Weissman, Breslau, Klein, 
Borawski-Clark, & Fanaroff, 1993; Tammela & Koivisto, 1992; Verloove-Vanhorick, 1993). In 
retrospect it can concluded that it was right to label the preterm infants as 'relatively' healthy. The 
studies reviewed in chapter two nearly always included low and high risk preterm infants (e.g., 
infants with CP or IVH grade III or IV ). As a result it is hard to compare the morbidity rate in the 
current study with the rates mentioned in chapter two because only relatively healthy infants 
participated in the present study. 
 Bronchopulmonary dysplasia (BPD), which is considered to be a serious risk factor for health, 
physical growth, cognitive, language, and sensorimotor development (Meisels, Plunkett, Roloff, 
Pasick, & Stiefel, 1986; Tammela & Koivisto, 1992; Creasy, Jarvis, Myers, Markowitz, & 
Kerkering, 1993) was not included as a separate risk factor in the analyses, because the symptoms 
of BPD were already included in the NBRS. Moreover, no X-ray results were available for all 
infants, which is necessary for the proper diagnosis of BPD. Seven out of ten High Risk infants, 
however, were indeed labelled as BPD patients by a paediatrician. 
 
 
Mental and motor development 
 
 The Bayley scores at nine months revealed interesting results. The total group of preterm 
infants had lower psychomotor scores than the full-term infants. These scores were, however, still 
in the normal range for nine months old infants. There was no difference in mental scores. 
Subsequent analyses showed that the SGA but not the AGA preterm infants performed poorly on 
the psychomotor scale, their scores were also more than one standard deviation below the mean. 
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The low risk preterm infants also performed worse on the PDI than the full-term infants, probably 
because eight of the nine SGA preterm infants belonged to the low risk group. Finally, the 
division in LR and HR infants showed that the HR infants performed worse, but still in the normal 
range, than the full-term infants on the mental scale.  
 The significant difference in motor score, especially for the SGA preterm infants, confirmed 
our hypothesis about worse motor performance for preterm than full-term infants. The PDI and 
especially the posture results at three, six, and nine months of age comply with results reviewed in 
chapter two. In chapter two motor problems were mentioned with regard to truncal and lower 
extremities muscle power and tone (Georgieff, Bernbaum, Hoffman-Williamson, & Daft, 1986; 
Gorga, Stern, Ross, & Nagler, 1988; Gorga, Stern, & Ross, 1985; de Groot, van der Hoek, 
Hopkins, & Touwen, 1993), shoulder girdle muscle tone (Georgieff & Bernbaum, 1986), 
problems in independent sitting (Aylward, 1982; de Groot, 1993, Gorga et al., 1985), trunk 
rotation (Gorga et al., 1988; de Groot, 1993), head control (Gorga et al., 1985), and fine motor 
(i.e., grasping, hand use, and eye-hand coordination) development (Piper, Byrne, Darrah, & Watt, 
1989). All these behaviours are included in items of the Bayley PDI. Therefore, it is not surprising 
to find these problems in our sample. The SGA infants were mainly responsible for the low PDI 
scores, which is in accordance with results of earlier studies by de Groot (1993), Geerdink (1993), 
and Matilainen (1987). 
 For the group as a whole no differences were found in Bayley mental performance. The main 
reason could be that only relatively healthy, and low and moderate risk infants were included in 
the current study. This result is in accordance with the results of a meta-analysis of 80 follow up 
studies by Aylward, Pfeiffer, Wright, & Verhulst (1989) who found no difference in mean 
intelligence or developmental quotients (IQ/DQ) before the age of two. In the present study small 
birth weight for gestational age did not result in differences in mental scores. Schols (1993), who 
also studied relatively healthy preterm Dutch infants, did not find significantly lower Bayley 
scores at 15 and 24 months of age either. She, however, did not have a risk criterion to divide the 
preterm infants in low and high risk. In the present study it appeared that the high risk infants 
performed worse than the full-term infants, the low risk infants did not.  
 The HR infants were expected to perform worse than the full-term infants on the motor scale 
too. Because the NBRS is an index for the risk for general brain cell damage there is no indication 
that this index would have different consequences for mental compared to motor development. 
Actually the HR preterm infants' raw PDI score at nine months was more than 11 points lower 
than the full-term infants' developmental index, and only .7 points higher than the developmental 
index of the LR preterm infants, the latter did perform significantly lower than the full-term 
infants. The combination of large standard deviations and highly unequal group sizes (41 and 10 
for the full-term and HR preterm infants respectively) could explain the lack of significant group 
differences.  
 The worse outcome in motor performance for the SGA preterm infants compared to the 
full-term infants conforms to the results of studies by de Groot (1993) and Geerdink (1993) who 
found quantitative and qualitative differences in the motor performance of SGA preterm infants. 
In their studies the SGA preterm infants showed an unbalance between passive muscle power 
(i.e., tone necessary for postures) and active muscle power (e.g., tone necessary for motility). The 
SGA preterms also showed less fluency and variation in general movements than full-term 
infants. It is likely that a functional explanation accounts for the differences in motor 
development. Not only do the SGA preterm infants lack sufficient muscle mass, the conversion of 
Wolfert-b-fibres in type I-muscle fibres is also inhibited. According to Geerdink & van Beek 
(1987) the lack of type I-muscle fibres could lead to postural and gross motor disorders. 
Moreover, the SGA infants' head is relatively large because the head is affected the least by 
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intrauterine growth retardation (Bekedam, Visser, de Vries, & Prechtl, 1985; Geerdink & van 
Beek, 1987). Because of the relatively large head the centre of gravity lies higher in the infant's 
body, which hampers the infant's balance. 
 In contrast to other studies, cognitive differences were not found between SGA preterm infants 
and full-term infants on the Bayley and KID-N scales. For instance, Matilainen, Heinonen, and 
Siren-Tiusanen (1988) found that preterm children with intrauterine growth retardation had lower 
scores on tests of intelligence, visuo-motor development and language than appropriate for 
gestational age infants and full-term infants at four years of age. Poor developmental outcome in 
SGA infants is associated primarily with symmetrical or proportionate growth retardation 
(Martikainen, 1992). In symmetrical (also called proportionate or chronic) growth retardation 
infants are both low in weight and short so that there is a linear relationship between these two 
measures. In contrast asymmetrical growth retardation usually consists of infants whose length is 
almost normal but who have a reduced weight (Pearse, 1989; Villar, Belizan, & Smeriglio, 1989). 
According to Villar et al. (1989) the deficit in weight is principally due to a reduction in fat 
deposition, particularly in the third trimester of pregnancy. Symmetrical growth retardation is a 
problem of infants especially in developing countries. For instance, full-term Guatemalan 
children who were chronically under nourished as an infant (i.e., symmetrically growth retarded) 
were found to have lower cognitive performances than full-term normal birth weight children at 
three years of age (Gorman & Pollitt, 1992; Villar, Smeriglio, Martorell, Brown, & Klein, 1984). 
The Ponderal Index was studied for the SGA infants in the present study. Five out of eight SGA 
preterm infants had a Ponderal Index below the tenth percentile of the Ponderal Index of the 
full-term infants. The Ponderal index of one SGA preterm infant could not be calculated because 
length at birth was not measured. The SGA population in the present study can be characterised as 
asymmetrical intrauterine growth retarded, hence the lack of other than negative motor outcomes 
in the SGA group.  
 There is a possibility of an experimenter bias in testing the infants with the BOS 2-30 that 
could explain the difference in PDI scores at nine months. All the experiments and tests were done 
by the author. The experimenter was therefore not blind to group membership. This bias is very 
hard to prevent, because, even if a tester is a priori unaware of group membership, many 
prematurely born infants are easily recognizable as such just by their appearance. Many preterm 
infants in the present study had small heads, some looked rather weak and fragile, and almost all 
of them breathed heavily as a result of respiratory deficits or bronchopulmonary dysplasia.  
 The KID-N scores revealed only significant differences at twelve months, and not at nine 
months of age. The preterm infants scored lower on the motor scale. Again, this difference was 
caused by the SGA infants. The difference in motor score between the HR and full-term infants 
was not large enough to be statistically significant. Apparently, the differences on the KID-N 
scales between preterm versus full-term infants appear three months later than on the Bayley 
scales. One reason could be that the BOS 2-30 and the KID scales measure different aspects of 
development at nine months of age. The moderately high cross-correlations found between the 
Bayley MDI and PDI and the KID-N scores (see table 9) confirm this explanation. The 
correlations mentioned in the manual of the KID-N are much higher. Schneider, Loots, & Reuter 
(1990) reported cross-correlations of .62 or more. However, these correlations were derived from 
just 11 children of different ages. Because of the way the KID-N and Bayley scales are 
constructed and normalized, test scores of both tests will vary according to age. Older infants 
normally achieve higher scores than younger infants on developmental scales. Therefore, high 
correlations between KID-N and Bayley scores indicate that both scales correctly measure age 
effects. Logically, it does not have to mean that they also measure the same developmental 
phenomena at the same ages. 
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Temperament 
 
 The temperament Questionnaire revealed only small differences between the preterm and 
full-term infants. Because the significant differences were all very small, one could question the 
clinical relevance of the differences. Since there are no norms for scoring the IBQ, nor criteria by 
which the scores of the IBQ can be classified as, for instance, normal-abnormal or easy-difficult, 
it is difficult to interpret the results. Apart from soothability all the IBQ dimensions showed a 
significant age effect between three and nine months of age. This suggests that temperament is not 
an invariable trait of an individual infant but shows some change with age.  
 At three months the preterm infants smiled less than the full-term infants. Post hoc analyses 
showed that especially the SGA preterm infants were responsible for this difference. This result is 
in accordance with results of a study of van Beek, Hopkins, and Hoeksma (1994) who found that 
SGA preterm infants 6, 12 and 18 weeks of corrected age smiled less towards their mothers in 
face-to-face interactions while looking at them. Van Wulfften Palthe and Hopkins (1984) offered 
a possible explanation for this phenomenon. According to these authors postural control was a 
prerequisite for active participation in face-to-face interaction between mothers and full-term 
healthy infants 3 to 18 weeks of age. With increasing age postural control improved and the 
infants showed more smiling and pleasure vocalisations. In order to confirm the hypothesis of van 
Wulfften Palthe and Hopkins in the present study not only the preterm infants but especially the 
SGA preterm infants should differ significantly in the degree of smiling/laughter and postural 
control. However, although the complete preterm group differed from the full-term infants in 
postural control at three months, the difference in postural control between the SGA preterm and 
the full-term infants was not large enough to be significant. So, the hypothesis is only partly 
confirmed. The small number of infants in the SGA preterm group could be responsible for a lack 
of difference in postural control between the full-term and SGA preterm infants. Other factors 
could, however, also explain the smaller amount of smiling and laughter in the preterm and SGA 
preterm infants and the performance of more fear for novel situations by the preterm infants in 
general compared to the full-term infants. Although only mere speculation, the preterm infants' 
health status, the total time spent in hospital, and the number of rehospitalisations could cause a 
high number of negative experiences with strange adults and strange situations. As a result of 
many negative interactions and experiences prematurely born infants could have less reason to 
smile and laugh, and subsequently show also more fear for novel situations and persons and are 
more easily distressed by caretaking activities. 
 
 
Behavioural problems 
 
 Significant differences in the number of behavioural problems between the full-term and 
preterm infants were found in three domains: responsivity-contact, quality of movements, and 
predictability-rhythmicity. Only a small number of predictability-rhythmicity problems were 
reported, which were rather harmless and temporary behaviours. The number and extent of these 
problems is as yet not such that they cause any reason to worry. The problem of averting eye 
contact was seen more often in preterm infants than in full-term infants at all three ages. Looking 
less at mother has also been reported by van Beek, Hopkins, and Hoeksma (1994) in a study of 
face-to-face interactions. In other studies preterm infants also showed gaze aversion (Field, 1979, 
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Crnic, Ragozin, Greenberg, Robinson, & Basham, 1983, cited in van Beek et al., 1994). The other 
interaction and contact problems (provoking the infant to babble or make sounds, time of playing 
together) were of a temporary kind. The quality of the infants' movements as perceived by their 
parents differed between the preterm and full-term infants at six and nine months of age. The 
parents reported differences in smoothness, fluency, speed, and activity level of movements. 
Apparently the results about qualitatively different motor development for preterm infants 
reported in chapter two are confirmed by the subjective impressions of the parents. The behaviour 
checklist revealed no difference in the number of full-term and preterm infants showing 
hyperextension of the neck and trunk and shoulder retraction. This problem was found with 
several preterm infants, which was to be expected (see, e.g., Touwen & Hadders-Algra, 1983), but 
was also reported by parents of full-term infants. Wijnroks (1994) reported no association 
between observed hyperextension and the extent of hyperextension reported by parents of preterm 
infants in a questionnaire. So, possibly the parents misinterpreted the questionnaire with regard to 
the hyperextension items.  
 
 
 

CONCLUSIONS 
 
 
 The expectations about poorer health status, mental, and motor scores for the preterm infants 
compared to the full-term infants were confirmed. The preterm infants showed more behavioural 
problems too. However, the number of problems is rather small, as well as the extent of these 
behavioural problems. As was already outlined in chapter two the differences in developmental 
outcome between full-term and preterm infants one could expect were rather small, because only 
relatively healthy preterm infants were studied. Hence, the favourable outcomes described in this 
chapter are not the result of improving health status of preterm infants but they are more likely to 
be the result of selection criteria. Only one of our three initially formulated expectations regarding 
the preterm infants' temperament could be confirmed. The preterm infants showed more fear of 
novel stimuli and situations. No differences were found in activity level, nor in duration of 
orienting. After reviewing the temperament literature it was not expected to find that the preterm 
infants would smile and laugh less than the full-term infants. Only the observational study of van 
Beek, Hopkins, and Hoeksma (1994) is in accordance with this result. Concluding, preterm 
infants are at risk for health problems, mental, and motor deficits in the first year of life. With 
regard to temperament they behave different from full-term infants, and they also show some 
minor behavioural problems. 
 The outcome data presented in the current chapter were mostly product oriented, that is they 
described an infant's developmental status in a certain domain (e.g., cognition, motor 
development or temperament). These outcome data will be studied again in chapter nine, in which 
the contribution of product and process data to later development will be examined. First, 
however, the experimental data will be presented in the next chapters. 
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 Chapter 5 
 
Postural and Motor Influences on Visual 

Habituation and Recognition Memory 
in 3, 6, and 9 Months Old Preterm 

and Full-term Infants 
 
  

 
 
 
 

 
INTRODUCTION 

 
 
 Preterm infants were shown to differ from full-term infants in habituation, recognition 
memory, and motor development, as was described in chapter two. To recapitulate, with regard to 
the habituation and recognition memory studies four main conclusions can be drawn. First, there 
seems to be ample evidence that preterm infants have difficulty to recruit, maintain, and shift 
attention (Rose & Feldman, 1990; Rose, Feldman, McCarton, & Wolfson, 1988). Second, 
preterm infants have difficulties in cross modal transfer (Rose, 1981b; Rose, Gottfried, & Bridger, 
1978). Third, preterm infants have difficulties in detecting relations between stimuli (Caron & 
Caron, 1981). Fourth, preterm infants habituate more slowly than full-term infants (Rose, 1980, 
1981b, 1983, Rose, Feldman, McCarton, & Wolfson, 1988). Last, the high degree of pre- and 
perinatal risk in such infants tends to affect performance in habituation and recognition memory 
tasks. High risk preterm infants differ from low risk preterm and full-term infants in habituation 
rate and the magnitude of the novelty response (Fox & Lewis, 1983; Landry, Leslie, Fletcher, & 
Francis, 1985; Millar, Weir, & Supramaniam, 1991; Siqueland, 1981). However, because the 
failure to respond to novel stimuli represents a failure in performance and not a failure in capacity, 
it is still unclear whether these differences are stable individual differences or not (O'Conner, 
Cohen, & Parmelee, 1984). With regard to motor and postural development, problems were 
reported in: truncal and lower extremities muscle power and tone (Georgieff, Bernbaum, 
Hoffman-Williamson, & Daft, 1986; Gorga, Stern, Ross, & Nagler, 1988; Gorga, Stern, & Ross, 
1985; de Groot, van der Hoek, Hopkins, & Touwen, 1993), shoulder girdle muscle tone 
(Georgieff & Bernbaum, 1986), independent sitting (de Groot, 1993, Gorga et al., 1985), trunk 
rotation (Gorga et al., 1988; de Groot, 1993), head control (Gorga et al., 1985; van Beek, 1993), 
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fine motor development (Piper, Byrne, Darrah, & Watt, 1989), and quality of movements (Gorga 
et al., 1985, 1988; Prechtl & Nolte, 1984). In a recent study van Beek (1993) showed that motor 
control (head upright, arms extended forwards, and reaching and grasping) affected infant looking 
behaviour in a face-to-face interaction, especially in very preterm (gestation less than 32 weeks) 
and Small for Gestational Age (SGA) preterm infants.  
 Given the problems of preterm infants in motor and postural development, the results of 
habituation and recognition memory studies, and the relation between motor control and looking 
behaviour (see van Beek, 1993), the aim of the current study was to assess the influence of 
postural control and motor development on habituation and recognition memory in three, six, and 
nine months old preterm and full-term infants. While visual habituation and recognition memory 
require visual fixation of the stimuli, these tasks also require head and trunk control in order to be 
able to fixate the stimuli. Therefore, it was expected that individual differences in postural control 
and motor development influence learning in habituation and recognition memory tasks. To study 
the influence of postural control more precisely the posture of the infants was manipulated experi-
mentally to study its effect on habituation and recognition memory.  
 Three research questions were formulated. First, are there differences between the preterm and 
full-term infants' habituation and recognition memory performance, especially in recruiting, 
maintaining and shifting attention. Second, does the posture in which full-term and preterm 
infants are tested affect habituation and recognition memory. Third, do individual differences in 
motor development affect habituation and recognition memory. 
 
 There are two good reasons for studying habituation and recognition memory in infancy. First, 
according to Lewis & Brooks-Gunn (1984) habituation and recovery of the response are related to 
cognitive functioning and central nervous system integrity (see also Thompson & Spencer, 1966). 
Second, recent experimental studies, reviews, and a meta-analysis showed that, despite the 
moderate reliability, habituation and recognition memory in infancy are, at the moment, the best 
predictors for later cognitive functioning (Bornstein & Sigman, 1986; Colombo, 1993; Colombo, 
Mitchell, Dodd, Coldren, & Horowitz, 1989; McCall and Carriger, 1993; Rose, Slater, & Perry, 
1986; Rose & Wallace, 1985; Slater, Cooper, Rose, & Morrison, 1989; Tamis-LeMonda & 
Bornstein, 1989, 1993). Colombo (1993) compared the predictive validity of infant assessments, 
and infant cognitive measures of habituation and recognition memory for later intellectual 
functioning. He found that the infant cognitive measures correlated better with later intellectual 
functioning than the infant assessment scales. The correlations between later intellectual 
functioning and the infant cognitive measures were much closer to the theoretical maximum 
correlations1 than the correlations for infant assessments. However, according to McCall and 
Carriger (1993) this difference in predictive power between infant cognitive measures and infants 
tests to later cognitive functioning is much smaller for at risk infants. McCall and Carriger (1993) 
also showed that for children at risk for developmental delay the prediction of later IQ based on 
habituation or recognition memory is better than for nonrisk samples. Predictions from infant 
visual attention measures are generally not better than predictions based on socioeconomic status 
(SES) or parental education. McCall and Carriger (1993) also showed that other behaviours may 
predict later cognitive functioning too (e.g., onset of vocalizations). 
 Up till now, however, not much is known about specific infant factors influencing infant 
information processing and learning. In the habituation and recognition memory literature much 

                     
    1The theoretical maximum correlation is the square root of the product of the reliabilities of both variables. Since the 
reliability of the current intelligence tests is well known, the theoretical maximum correlation can be easily computed. 
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attention has been directed to methodological aspects of these designs. To name a few: reliability 
and stability (Bornstein & Benasich, 1986; Colombo, Mitchell, O'Brien, & Horowitz, 1987b; 
Colombo, Mitchell, & Horowitz, 1988; Rose & Feldman, 1987; Rose, Feldman, & Wallace, 
1988), influence of stimulus or context characteristics (Colombo, Mitchell, O'Brien, & Horowitz, 
1987a; Colombo, Laurie, Martelli, & Hartig, 1984; Dannemiller & Stephens, 1988; Dineen & 
Meyer, 1980; Hunter, Ames, & Koopman, 1983), fixed trials versus infant control procedure 
(Colombo & Horowitz, 1985; Haaf, Smith, & Smithley, 1983; Horowitz, Paden, Bhana, & Self, 
1972); choice of dependent variables (e.g., corneal reflections, heart rate, see Casey & Richards, 
1988; Clifton & Nelson, 1976), length of familiarization period (Fagan, 1974; Rose, 1980; Rose, 
Melloy-Carminar, Gottfried, & Bridger, 1982), observer agreement (Ames, Hunter, Black, 
Lithgow, & Newman, 1978; Colombo & Horowitz, 1985), cornea reflection technique (Slater & 
Findlay, 1975), and subject loss (Fagen, Ohr, Singer, & Fleckenstein, 1987; Wachs & 
Smitherman, 1985). The effects of infant characteristics on habituation and recognition memory 
tasks have been studied more rarely. One of the characteristics studied more extensively in habitu-
ation and recognition memory studies is behavioural state. The importance of the affect of 
behavioural states on habituation research has been stressed by several authors (Moss, Colombo, 
Mitchell, and Horowitz, 1988; Colombo & Horowitz, 1987; Gardner, Magnano, and Karmel, 
1989; Hutt, Bernuth, Lenard, Hutt, & Prechtl, 1968) For example, in studies where heart rate is 
used as the habituation index, a shift from deceleration to acceleration of the heart rate response 
could be caused by habituation or by a change of behavioural state. Clifton and Nelson (1976) 
warned that changes in responding as a function of state change alone will mimic habituation for 
some measures, but might suggest dishabituation or even sensitization for other response systems. 
Therefore behavioural state should be monitored for the whole experiment, using several indices, 
because no single behavioural physiological measure is conclusive (Clifton & Nelson, 1976). 
Note that according to Colombo and Horowitz (1987) researchers often wish to study infants in a 
state of alert inactivity. However, infants are more often in other behavioural states. Therefore, 
activities of interest to researchers, such as stimulus seeking and processing, may not constitute 
the most prominent activities of the young infant. A second infant characteristic was studied by 
Colombo, Mitchell, O'Brien, and Horowitz (1987a), who studied motoric influences on visual 
habituation to facial stimuli with three months old infants. Shorter peak fixations, lower nonpeak 
fixation totals, fewer fixations to reach habituation criterion, and more shallow habituation 
decrements were associated with advanced motor development assessed with the Bayley Scales 
of Infant Development and the Brazelton Neonatal Behavioral Assessment Scale. Item-by-item 
examination of the infants' Bayley psychomotor performance suggested that infants with longer 
fixations tended to fail items that generally involved body and trunk control, the relationship 
between motor development and longer fixations was not simply mediated by poorer head, neck 
or oculo-motor control. However, in this study motor development and postural control were 
correlated with habituation indices. The effects of different postures on habituation were not 
studied. 
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 The third infant characteristic that has been studied concerns individual habituation patterns. 

Bornstein and Benasich (1986) found three different types of habituation patterns in thirty-two 
five months old infants: exponential decrease, increase-decrease, and fluctuating. The 
distributions of the three patterns differed with the kind of stimuli used. The exponential decrease 
pattern was thought to be the most effective pattern, because it followed the typical habituation 
curve. However, a considerable number of infants in the Bornstein and Benasich study did not 
show the exponential decrease pattern but one of the other two patterns. This finding is in 
accordance with a study of McCall (1979a). McCall found that more than half of the five months 
old infants did not show a monotonic decreasing pattern, but showed a peak response on a trial 
other than the first. At the age of ten months McCall found as many as five different response 
patterns for habituation of visual fixation to visual stimuli (McCall, 1979a). Apparently a lot of 
infants do not habituate in an exponential-decreasing way. While Bornstein and Benasich (1986) 
formed a priori categories of habituation patterns and after that looked for infants who fitted these 
categories, McCall used a cluster analysis approach to construct his categories. A cluster analysis 
approach was also performed by Millar, Weir and Supramaniam (1991). In contrast to the two 
studies mentioned before, Millar et al. (1991) studied infants at risk for developmental delay 
besides normal healthy infants. Millar et al. (1991) found three clusters for the duration of 
looking. The pattern of responding depended on which kind of stimulus was used. Infants with 
different risk scores were not evenly distributed among the clusters. In the experiment with line 

 Figure 1 
 Setting 
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stimuli one cluster of infants, consisting of two high risk infants, even showed a pattern of 
monotonic increase and no sign of the expected decrease in attention at all. 
 In the current study on cognitive development of preterm infants we will concentrate, as 
mentioned above, on two other possible factors in infant learning, namely postural control and 
motor development. 
 
 
 

METHODS 
 
Subjects 
 
 All infants were recruited at the university hospital Groningen. The total sample of subjects 
consisted of 79 infants (see also chapter 4). The 36 preterm infants, who all lived within 100 km 
from Groningen, were born after a gestation of less than 34 weeks, had no major handicaps (e.g., 
Down syndrome), and were not seriously ill (e.g., intraventricular haemorrhage grade III or IV 
and/or hydrocephalus, leukomalacia). Their mothers were not addicted to drugs, and their 
gestational age could be reliably estimated by one of the hospital's obstetricians by obtaining the 
date of the last menstruation. The 43 full-term infants were born after at least 38 weeks of 
gestation. All infants, including the full-terms, were tested at three, six, and nine months after the 
term date (i.e., the expected date of delivery after 40 weeks of gestation). After correction for 
prematurity the infants had comparable postmenstrual ages.  
 Two preterm infants were excluded from the habituation analyses at all three ages because of 
convergent strabismus (i.e., cross-eyed), which made it impossible to observe the direction of 
fixation reliably. At each of the three testing ages one preterm infant failed to show up because of 
illness (at each age a different infant). Because of a change in experimental design the first nine 
(21%) full-term and six (17%) preterm infants tested at three months of age, and the first three 
(7%) full-term infants tested at six months of age were excluded from the analyses2. At three 
months of age nine (25%) preterm and twelve (28%) full-term infants failed to complete at least 
one letter pairing because of crying, prolonged fussing or drowsiness. At six months of age six 
(17%) preterm and seven (16%) full-term infants failed to complete the first letter pairing for the 
same reasons. At nine months of age five (14%) preterm and 9 (21%) full-term infants failed to 
complete at least one letter pairing because of crying, prolonged fussing or drowsiness. For a fully 
completed task of three letter pairings the attrition rate due to crying, fussing or drowsiness was 
eleven (31%) for the preterm and 20 (47%) for the full-term infants. The attrition rates for the 
mean of the three letter pairings in this experiment were somewhat higher than the 29% attrition 
rate reported for habituation studies in general (Wachs & Smitherman, 1985), probably because 
letters of the alphabet are not very interesting for infants to look at (Colombo, personal 
communication). Although the test procedure was changed to reduce the attrition rate, the attrition 

                     
    2The first 15 subjects were tested with white letters and a neutral stimulus at the beginning and at the end of the task. 
This procedure caused so much attrition that it was decided to change the experimental design. The three letter pairings 
were given different colours, and the letter pairings were alternated with the neutral stimulus. The mother was also allowed 
to stay next to the infant. These changes reduced the attrition rate. Probably by adding colour and extra presentations of the 
neutral stimulus (a bull's eye) the test became more interesting, and as a result reduced the attrition rate. We greatly 
acknowledge the help of Roger Lécuyer in altering the design. Although letters are not the most interesting stimuli one can 
think of (Colombo, personal communication), they were chosen because experiments with adults and pigeons had shown 

that one can make letter combinations on a sliding scale of discriminability. 
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rate stayed rather high at all three ages. Therefore, it was decided that at three and six months of 
age only the first letter pairing was to be studied to have a sufficient number of subjects in the 
analyses. At nine months of age the mean of the first three letter pairings was analysed. Only 28 
infants completed the task of fixating at least one letter pairing at all three testing ages (i.e., 3, 6, 
and 9 months). To have as many as possible subjects in the statistical analyses only 
cross-sectional data were regarded. 
 
 
Stimuli and design 
 
 The stimuli were letters of the alphabet. These stimuli were chosen because of the parametric 
data already available on the discriminability of various letter pairings with adults (Townsend, 
1971; Podgorny & Garner, 1979), infants (Colombo, Mitchell, & Horowitz, 1988), and pigeons 
(Blough, 1982). From confusion matrices derived from discrimination data collected from 
pigeons (Blough, 1982) and adults (Podgorny & Garner, 1979), and the results from the Colombo, 
Mitchell, and Horowitz (1988) study six letter pairings were selected: two difficult tasks (D-O, 
U-V), two moderate tasks (A-R, X-Y), and two easy tasks (J-B, T-Q). The six pairings were 
divided in two sets of three. Each set consisted of a difficult, easy, and moderate letter pairing, 
presented exactly in this order. Following Colombo, Mitchell, and Horowitz (1988) the order of 
presentation was held constant across the two sets. The task order was arranged such that analyses 
of the infants' performance on the basis of task difficulty would not be confounded by fatigue (i.e., 
a decline in performance with repeated testing) or practice (i.e., an improvement in performance 
with repeated tasks). The stimulus serving as the familiar one during the discrimination task was 
counterbalanced across the subjects. 
 To study the effect of test position and postural control the infants were tested in a lying or 
semi-upright position. The lying condition was thought to minimize the effect of postural control 
on visual attention, while the semi-upright position forces the infants to be actively involved in 
remaining a stable position. Infants were seated in an infant seat, which could be reclined to 30 
(lying position) or 60 (semi-upright/sitting position). In both positions the distance to the 
monitors stayed ± 60 cm (see figure 1). The infants were allowed to move their heads, so the 
viewing distance was not always exactly 60 cm. The seat belts were fastened to prevent infants 
from grasping the monitor and shortening the viewing distance too much. Two 14 inch computer 
monitors were placed in front of the child with a video camera in between. To the left and right of 
the monitors were two 10 mm peepholes. The room and the observers were hidden from the 
infant's view behind dark blue curtains, which hang at both sides of the monitors (see figure 2). 
Infants were presented with up to three letter pairings in an infant controlled Paired Comparison 
(PC) task. In this PC-task two stimuli were shown together in the habituation and the test phase. A 
PC-task offers the possibility of studying shifts in fixation (which are thought to reflect shifts in 
attention), and a PC-task is more ecologically valid than habituation tasks with one stimulus, 
because the infant is offered a choice of what to look at, and not the choice to look or not to look. 
In this way the adaptive function of the  habituation process is reflected, which is to organize and 
select input from the environment and to enhance response variability (Rovee-Collier, 1987). We 
were interested in the process of habituation but also in the recognition memory following 
habituation. When the subjects are first habituated and than given a discrimination task, a failure 
to discriminate cannot be explained by incomplete encoding of the stimulus. In a typical PC-task 
the subjects are only familiarized with the stimulus. Hence the failure to discriminate two stimuli 
in the test phase can be caused by inappropriate encoding or an inability to discriminate. In 
chapter two the preterm infants were found to be slow habituators, therefore a fixed habituation or 
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an accumulated looking time procedure is not suited. In these procedures the infants are only 
familiarized with the stimuli, which does not have to result in complete habituation. Complete 
habituation is only guaranteed in an infant control design. In such a design the stimuli are shown 
until the duration of a discreet fixation drops to some criterion. In the current PC-Task the 

habituation criterion was two consecutive 
fixations each less than 50% of the mean of 
the two longest fixations (floating point 
criterion, see also Colombo & Mitchell, 
1990, and Mitchell, 1989) with at least 3 
fixations before the criterion. Fixations 
were recorded by looking at the cornea 
reflections of the stimuli by one or two 
observers. A look was the time between 
fixation onset and fixation offset. The onset 
and offset criteria were derived from 
Colombo and Horowitz (1985). A fixation 
started when an infant looked for a 
minimum of 0.5 second to the stimulus, a 
fixation ended when the infant did not fixate 
the stimulus for one second. These criteria 
have been found to give the best interob-
server reliabilities. After one second of not 
fixating the stimulus, it was turned off for 
two seconds. After the infant had been 
habituated two tests for novelty preference 
were carried out. In the test phase the old 
stimulus was shown together with a new 
stimulus. The accumulated looking time for 
each test was ten seconds for the 3 months 
old infants and five seconds for the 6 and 9 
months old infants. Lateral position of the 
novel stimulus was reversed between the 

two test sessions to correct for lateral bias (see figure 3). Every letter pairing was preceded and 
followed by presentation of two identical neutral stimuli (bull's eyes) for the duration of one 
fixation. 

 
 Figure 2 
 Apparatus 
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 The letters were shown on two identical computer monitors, on each monitor one letter. Half 
the subjects received the first letter as the habituation stimulus, the other half the second letter. 
One half of the subjects was tested in a sitting/semi-upright position (inclination: 60) and the 
other half of the subjects in a lying position (inclination: 30). The order of testing position was 
counterbalanced across subjects as was the set of stimulus pairs. The initial lateral position of the 
novel stimulus in the test phase was randomly assigned and was alternated across subsequent 
tasks. Test position was alternated across the three test ages (e.g., an infant tested in a lying 
position at three months of age was tested seated at six months, and at nine months again in lying 
position). 
 Fixations were recorded by one or two observers who were blind to the kind of stimulus and 
the stimulus position. Corneal refections were monitored through the peepholes to the right and 
left of the infant. Fixation times and stimulus change were under control of a computer. At the end 
of every visit to the laboratory the psychomotor scale of the Dutch version of the Bayley Scales of 
Infant Development (van der Meulen & Smrkovsky, 1983) was administered to the infants to 
score the infants' motor development. 
 
 
Variables of interest 
 
 Variables were studied that could verify the concluding statement of Rose, Feldman, 
McCarton, and Wolfson (1988), and Rose and Feldman (1990) that preterm infants have 
difficulty in recruiting, maintaining, and shifting attention. The variables should also allow the 
study of  the discriminating and recognition memory capacities of the subjects. 
 
Reaction time and interfixation time  
 Two variables were included to study the conclusion of Rose, Feldman, McCarton, and 
Wolfson (1988) that preterm infants have difficulty in recruiting their attention: mean reaction 
time and total interfixation time3. The mean reaction time was calculated after stimulus onset. 
Reaction times were measured to have an index for the speed of attention getting. The total 
interfixation times were the times between fixation offset and fixation onset. According to Haith 
(1990) infants in a habituation task do not only react on discrete stimuli but they also fixate the 
environment in between fixations of the stimuli. Consequently, Haith sees infants as active 
information processors and not only as selectors of information. The time between fixations of the 

                     
    3Mean interfixation times were also calculated but were omitted from the final version of this paper, because they 
showed unacceptably low interobserver reliabilities (r = .68, see table 1). Moreover, they showed the same results as total 
fixation time. So, including mean interfixation time would have been redundant. 

 Figure 3 
 Test procedure 
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stimuli is therefore also of interest. Fast reaction times may also indicate anticipatory actions (i.e., 
expecting future events to happen), a phenomenon which has become of interest for infancy 
researchers (see e.g., Haith, Hazan, & Goodman, 1988; Haith & McCarthy, 1990; Haith, 
Wentworth, & Canfield, 1993; Johnson, Posner, Rothbart, 1991). Interlook intervals may be 
important to infants' discrimination performance either as a measure of motivation (Colombo 
Mitchell, O'Brien, & Horowitz, 1987b; Mitchell, 1989) or, according to Rose (1981a), because of 
memory interference. Another reason to include the time between fixations is that according to 
Lécuyer (1989) fast habituators show longer periods of attention and much shorter periods of 
blank stare. If preterm infants have difficulty in recruiting attention then the time between 
fixations could also vary between preterm and full-term infants. 
 
Duration variables 
 To have an index for attention maintenance three duration variables were used to describe the 
habituation phase of the experiment, duration of the first, and the peak fixation, and mean fixation 
duration. These variables tell something about the speed of information processing, and the 
subjects' tendency to fixate a stimulus for a short or long time. The importance of fixation duration 
has been summarized by Freeseman, Colombo, and Coldren (1993). Duration variables have been 
shown to be reliable and stable within individuals (Colombo et al., 1987b; Colombo, Mitchell, & 
Horowitz, 1988). Fixation duration is correlated with concurrent and lagged measures of 
intellectual development (see, e.g., Colombo & Mitchell, 1990), and exploration (Pêcheux & 
Lécuyer, 1983). The cognitive performance of the infants with long fixations falls below that of 
infants with shorter fixation durations (Colombo et al., 1988). Longer looking infants showed 
lower childhood IQs (Rose, Slater, & Perry, 1986) and less representational competence 
(Tamis-LeMonda & Bornstein, 1989). The importance of these variables has also been 
highlighted by: Lécuyer (1989), who found that fast habituators often show their longest fixation 
early in the session; Colombo, Mitchell, Coldren, & Freeseman (1991), who found that short 
lookers performed better than long lookers in a visual attention task; and by Colombo (1993), who 
proposed a model for developmental continuity in intellectual functioning from infancy which is 
mediated by two basic factors: speed of processing and a generalized memory construct. 
According to Horowitz (1990) these duration variables can be thought off as process oriented 
variables giving insight in the habituation and recognition memory process, and therefore these 
variables are more interesting than the novelty preference score, which is a product variable. 
Although Berg and Sternberg's theory about the relation between the temperament dimensions 
attention span and task persistence, habituation, recognition memory and later intellectual 
functioning stresses the importance of preference for novel stimuli, these authors also contend that 
the duration of attention and the amount of interest for novel stimuli must be optimal for the infant 
in order to extract information from the stimuli in the environment. Long fixations may interfere 
with the process of knowledge acquisition required on tasks of habituation and recognition 
memory. For instance, fixating a stimulus too long prevents looking at other stimuli, thereby 
decreasing the amount of information that can be acquired about other stimuli in the environment. 
 
Shifts 
 The ability to shift attention between stimuli was measured by calculating the shift rate of 
fixations. Because of the infant control design the subjects showed unequal duration of the 
habituation phase. Therefore, rate instead of total number of shifts will be reported. According to 
Ruff (1975) shifts in fixating reflect stimulus processing, that is comparison of the stimuli, and 
according to her with increased familiarity the shift rate decreases, and the more stimuli are alike 
the higher the shift rate.  
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Recovery of attention 
 The amount of recovery of attention in the test phase after habituation was calculated by 
dividing the duration of the first fixation in the test phase by the sum of the first test fixation and 
the last habituation fixation (see also Colombo et al., 1987a). A proportion instead of a difference 
score was chosen to correct for individual differences in the absolute level of attention for the 
familiar and novel stimulus. A proportion of .5 indicates equal length of fixation of the last 
habituation stimuli and first test stimuli. When the infant's attention recovers from habituation the 
decrement in fixation times cannot be accounted for by fatigue or behavioural state changes 
(Bornstein, 1985; Thompson & Spencer, 1966). Whereas the habituation process may represent 
information processing or encoding, recovery of attention may reflect memory processes, for 
instance retrieval. Not only habitation and novelty response measures have been found to 
correlate with later cognitive functioning. Lewis and Brooks-Gunn (1981) have found recovery 
from habituation at three months to correlate significantly with Bayley mental scores at 24 months 
of age. 
 
Novelty preference 
 The novelty preference was taken as the index for recognition memory, and is thought to 
reflect retrieval processes (see, e.g., Bornstein & Sigman, 1986). The novelty preference was 
calculated as the percentage of time the infant fixated the novel stimulus compared to total 
fixation time in the test phase of the experiment. Percentages significantly exceeding chance (i.e., 
50%) suggest stimulus discrimination and recognition memory. Percentages significantly below 
chance indicate a familiarity response, that is preferring to look at the familiar stimulus already 
shown in the habituation phase of the experiment. 
 
Habituation decrement 
 Amount of habituation has been shown to correlate with later cognitive functioning (Bornstein 
& Sigman, 1986; McCall & Carriger, 1993). Since we combined an infant control habituation 
design and a Paired Comparison task, which is quite unique, we were able to look also at the 
decrement of the attentional response, or in other words, the magnitude of habituation. We looked 
at three different magnitudes, some of which have been reported elsewhere (Colombo, Mitchell, 
O'Brien, & Horowitz, 1987a, 1987b). Magnitude 1 is the difference between the mean of the first 
two trials and the mean of the last two trials divided by the number of fixations. Magnitude 2 is the 
difference between the peak fixation and the mean of the last two fixations divided by the number 
of fixations after the peak fixation. Magnitude 3 is the difference of the mean of the two longest 
fixations and the mean of the last two fixations divided by the number of fixations. 
 
 To conform with current habituation and recognition memory studies, and to describe the 
PC-task in more detail the following variables (see for instance Colombo et al., 1987a; Colombo 
et al. 1988) were also studied: number of fixations to reach the habituation criterion, and location 
of the peak fixation in the sequence. The location of the peak fixation is actually a relative 
location. In an infant control procedure the absolute number of fixations differs per subject which 
prevents easy comparison of the locations of the peak fixations. Therefore, the location of the 
peak fixation was divided by the number of fixations in the habituation phase of the experiment. 
Reaction times, duration of the first fixation, mean fixation time, total time between fixations, and 
shift rate were calculated for the habituation and test phase separately. 
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 Table 1 
 Interobserver reliabilitiesa  
 
    Mean reaction time     .79 
    Total number of fixations    .96 
    Number of fixations to the habituation criterion .95 
    Duration of first fixation    .70 
    Duration of peak fixation    .97 
    Total fixation duration     .99 
    Mean fixation duration    .82 
    Total interfixation time    .97 
    Mean interfixation timeb    .68 
    Number of shifts     .98 
    Shift rate      .79 
    Novelty preference     .82 
  
 
aPearson product moment correlations, for all variables N=214 except for novelty preference (N=91),           

which could only be calculated for the test stimuli. All p-values were < .00001 
bSee also note 3. Because of redundancy and low interobserver reliability this variable will not be 

included in     the final analyses. 
 
 
 
Interobserver reliabilities 
 Interobserver reliabilities between two trained observers were assessed for 214 stimuli 
presented to a total of 25 preterm and full-term infants of three, six, and nine months of age. 
Observations for all three age groups for the neutral, habituation, and test stimuli were pooled to 
calculate reliabilities. The Pearson product moment correlations between both observers' 
observations are shown in table 1. Stimulus on- and offset were under the control of the first 
observer. As a result the recordings of fixations by the second observer were sometimes cut off 
when the stimulus was turned off by the first observer. This confounding effect is inherent in 
habituation and paired comparison paradigms (see also Ames, Hunter, Black, Lithgow, & 
Newman, 1978). 
 Table 1 shows that the correlations for the mean duration variables were somewhat lower then 
the correlations for the total duration variables. The reaction times on every first stimulus 
appearance were also analysed. In that case the reliability coefficient was .88, (p < .00001). 
Apparently the first stimulus appearance elicited a clearer observable reaction of the infant than 
later stimulus appearances.  
 
 
 

RESULTS 
 
 
 In preliminary analyses the above mentioned variables of interest were tested for  an effect of: 
sex, letter series (series 1: UV, JB, AR versus series 2: DO, TQ, XY), and the first lateral position 
of the novel letter in the test phase. The analyses showed that sex and lateral position were no 
significant factors in the analyses of variance, whereas the series of letters was, especially for the 
variables in the test phase of the experiment. Apparently the stimulus properties of the letter 
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pairings influenced the process of habituation and recognition memory. Letter series was 
therefore added as a factor besides testing posture and group membership in subsequent analyses 
of variance. In the test phase of the experiment only one significant lateral bias4 was found for the 
6 months old full-term infants fixating letter series 2 (D-O) while being seated. These infants 
showed a lateral bias to the left.  For the other novelty/familiarity responses there was no lateral 
bias. 
 
 
Variables of interest 
 

                     
    4Lateral bias is calculated by dividing the time the infants fixated the right stimulus by the total fixation time. A lateral 
bias of 1 indicates total right bias, and a lateral bias of 0 a total left bias, whereas a value of 0.5 indicates no lateral bias. 
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 First, the recovery from habituation scores were analysed. Whether or not the infants showed a 
significant novelty response, it could still be possible that the infants detected a change in the 
testing procedure. If the infants noticed a change in the testing procedure then an increase in 
duration of the first fixation in the test phase can be expected. Recovery of attention also signals 
true habituation. 
 An analysis of variance showed that at neither age the recovery of attention scores were 
influenced by testing position, group membership, or letter series. At three months of age only the 
lying full-term infants to whom the D and O were shown recovered from habituation significantly 
(see table 2). At six months the full-term infants in semi-upright position and the preterm infants 
lying and exposed to the first letter series significantly recovered from habituation. At nine 
months only the lying infants exposed to the second letter series did not recover from habituation.  
 Because table 2 indicates that the three and six months old infants did not show recovery of 
attention, we also analysed the total time the infants fixated the neutral stimuli that were presented 
before and after the habituation task. At three months the total fixation time dropped from 25.5 to 
12.7 seconds, t(33) = 2.41, p = .022, and at six months it dropped from 12.9 to 7.6 seconds, t(60) = 
3.0, p = .004. At nine months there was no significant drop in total fixation time to the second (8.2 
seconds) and last (7.5 seconds) neutral stimulus in the experiment (p = .544). 
 
 
 Table 2 

Recovery of attention  
 
Posture Term Letter 3 months 6 months 9 months1 
 group series  N=40  N=61  N=45 
  
 
Lying full- UV .60 .59 .62** 
 full- DO .70* .60 .58 
 pre UV .47 .64* .61** 
 pre DO .62 .63 .60 
 
Sitting full- UV .57 .61* .63** 
 full- DO .68 .64** .66* 
 pre UV .67 .59 .68** 
 pre DO .63 .57 .70** 
  
 
1At nine months of age the mean recovery of attention of three letter pairings was analysed. 
*  p < .05, ** p < .01 
 
 
 
 Next, the novelty preferences were analysed (see table 3). Analyses of variance showed that at 
neither age the novelty responses were influenced by testing position, group membership, nor 
letter series. No values significantly above chance level (0.5) were found, indicating that the 
infants did not show recognition memory. The novelty response scores of the sitting full-term 
infants to whom letter series 2 was shown at six months may have been confounded by the 
significant left lateral bias. One instance of a significant familiarity response was found. At nine 
months the full-term infants in lying position and letter series 2 looked more often to the familiar 
than the novel stimuli.  
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 Concluding, infants at three months and some infants at six months did not recover from 
habituation, and subsequently did not show a novelty response. Because at three and six months 
of age the total fixation time to the neutral stimulus significantly decreased, it must be concluded 
that these infants were not reliably habituated. Response decrement in the habituation phase could 
also be due to fatigue or a change in behavioural state. At nine months nearly all subgroups of 
infants recovered from habituation but they did not show a significant novelty nor familiarity 
response. 
 
 Table 3 
 Novelty preferences  
 
Posture Term Letter 3 months 6 months 9 months1 
 group series  N=40  N=61  N=45 
   
 
Lying full- UV .55 .50 .48 
 full- DO .42 .51 .44* 
 pre UV .46 .37 .44 
 pre DO .52 .52 .45 
 
Sitting full- UV .44 .44 .50 
 full- DO .39 .46 .38 
 pre UV .51 .40 .45 
 pre DO .42 .47 .43 
  
 
1At nine months of age the mean novelty preference of three letter pairings was analysed. 
* t(5) = 4.08, p = 0.010 

 
 
 
 Next, the influence of testing position and group membership were analysed in posture (2) X 
group (2) X letter series (2) ANOVA's on the above mentioned variables of interest with letter 
series added as a (nuisance) factor. Tables 4 and 5 show the significant results for the habituation 
and test variables respectively. Only the interaction effects of group by position are shown, not the 
interactions with letter series. 
 
Letter series 
 At three months of age the letter series was the most important factor. The infants showed 
shorter first fixations, and shifted their fixations less when exposed to the first letter series (U-V) 
as compared to the second letter series (D-O) both in the habituation and the test phase of the 
experiment. The magnitude of habituation calculated from the two longest fixations was larger for 
letter series 2 than series 1. The significant main effect of letter series on shift rate at three and six 
months of age seems to indicate that the D and O were more alike than the U and V, because 
according to Ruff (1975) the number of shifts increases when the stimuli are more alike. The total 
fixation time did not differ for the two letter series, so the difference in the number of fixations to 
reach the habituation criterion could be a result of the shorter initial fixations, which made it 
harder to reach the criterion (see also Olson & Sherman, 1983). At six months of age there was 
only a significant effect of letter series on shiftrate in the habituation and test phase of the 
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experiment. There were no significant effects of letter series at nine months of age. Apparently 
after three months of age the letter series made no difference for the infants' responses.  
 
 
 
Group membership 
 There were no differences between the full-term and preterm infants in the test phase of the 
experiment at neither age, nor in the habituation phase at three months. At six and nine months of 
age group effects differed. At six months of age the full-term infants looked more away between 
two fixations than the preterm infants, and they had longer fixations in the first habituation trial, 
and subsequently the magnitude of habituation from the first two fixations was larger. At nine 
months of age the time between two fixations was shorter for the full-term infants, they were also 
quicker to look at the stimuli than the preterm infants, as can be seen by the significant result of 
reaction time.  
 
Testing position 
 Testing position was not a significant factor for the three months old infants in neither phase of 
the experiment. For some variables the results were consistent at six and nine months of age. The 
reaction times were shorter in lying than semi-upright position in the habituation phases and the 
test phase at nine months. In the habituation phase the first, peak, and mean fixations lasted longer 
and the magnitude of habituation from the first two fixations was larger when the infants were 
lying than when sitting. At six months the magnitudes of habituation from the peak and the 
longest two fixations were also larger when the infants were tested lying down than when they sat 
in the infant chair. In the test phase at six months, and in the habituation and test phases at nine 
months, the times between fixations were shorter in lying than sitting position. Shift rate at six 
months of age was also influenced by testing position in the test phase of the experiment. The 
infants shifted less in lying than sitting position.  
 Concluding, testing the infants in a lying position resulted in infants looking more quickly at 
the stimuli, with longer initial and mean fixation durations, and less looking away between fix-
ations without a difference in the total fixation time. It looked as if the infants were drawn towards 
the stimuli. The magnitude of habituation was also larger in the lying compared to the 
semi-upright position.  
 
Group by posture interaction 
 The significant group by posture interaction effect in the test phase at three months (see table 
5) resulted from the fact that while the full-term infants shifted more in sitting than in lying 
position the effect was in the opposite direction for the preterm infants. At six and nine months of 
age there were no significant interaction effects of group and posture in the test phase of the 
experiment. In the habituation phase at nine months the difference between lying and sitting was 
larger for the full-term than the preterm infants for reaction time, and total interfixation time. The 
magnitude of habituation calculated from the first two fixations was larger in the lying posture for 
the preterm than the full-term infants, and in semi-upright position the result was in the opposite 
direction. 
 
Postural and motor influences 
 For all the preterm and full-term infants who completed the recognition memory task we 
compared the Bayley Psychomotor Developmental Index (PDI) and a composite score consisting 
of PDI postural items (see table 6). At three months no significant differences were found between 
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the two groups. At six and nine months both the Bayley PDI raw score and the posture composite 
score differed between the preterm and full-term infants significantly, with the full-term infants 
showing advanced motor and postural development. Item analyses showed that preterm infants 
failed the following PDI-items5 significantly more often than full-term infants (χ², p < .05): effort 
to sit, pulls itself to sitting position with support of examiner, sits alone for 30 seconds or more, 
combines spoons or cubes in midline. 
 
 
 Table 4 
 Habituation variables  
 
   3 months N=40 6 months N=61 9 months N=45 
      
 
Factor  Var Effect Var Effect Var Effect 
    df(1,32)  df(1,53)  df(1,37) 
    p < .05  p < .05  p < .05 
 
    
 
Posture1   Reaction time S > L Reaction time S > L 
     First fixation L > S First fixation L > S 
     Peak fixation L > S Peak fixation L > S 
     Mean fixation L > S Mean fixation L > S 
     Magnitude 14 L > S Totinter5 S > L 
     Magnitude 2 L > S Magnitude 3 L > S 
     Magnitude 3 L > S  
 
Group2    First fixation FT > PT Reaction 
time PT > FT 
     Magnitude 1 FT > PT Totinter PT > FT 
      
Group by Posture    Reaction time
 difference 
       and Totinter  L and S 
        PT > FT 
 
       Magnitude 3 L: PT>FT 
        S: FT>PT 
 
Series3  First fixation S2 > S1  
   Fixtohab6 S1 > S2 
   Shiftrate S2 > S1 Shiftrate S2 > S1 
   magnitude 3 S2 > S1 
  
                     
    5This composite score consisted of the following Bayley PDI-items: 1, 2, 3, 8, 9, 10, 12, 13, 14, 17, 18, 20, 23, 27, 29, 
31, 45 (Bayley, 1969). These rank numbers do not correspond completely with the order in the Dutch version of the Bayley 
Scales (Bayley Ontwikkelingsschalen 2-30, van der Meulen, Smrkovsky, 1983). For clarity's sake only the BSID rank 
numbers are mentioned. 
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1L = lying, S = sitting, 2FT = full-terms, PT = preterms 3S1 = letter series 1, S2 = letter series 2, 4Magnitude = 
magnitude of habituation decrement, 5Totinter = total time between fixations, 6Fixtohab =number of fixations to 
habituation  
 
 
 
 Table 5 
 Test variables  
 
   3 months N=40 6 months N=61 9 months N=45 
      
 
Factor  Var Effect Var Effect Var Effect 
    df(1,32)  df(1,53)  df(1,37) 
    p < .05  p < .05  p < .05 
 
    
 
Posture1   Totinter4 S > L Reaction time S > L 
     Shiftrate S > L Totinter S > L 
 
Group     
 
Group2 by  Shiftrate FT: S > L 
Posture   PT: L > S 
 
Series3  First fixation S2 > S1  
   Shiftrate S2 > S1 Shiftrate S2 > S1 
  
 
1L = lying, S = sitting, 2FT = full-terms, PT = preterms, 3S1 = letter series 1, S2 = letter series 2, 4totinter = total 
time between fixations 

 
 
 
 Table 6 
 Bayley PDI and posture scores  
 
     PDI (SD) Posture (SD) 
  
      
 
3 months  
 full-terms (n=22)   16.2 (1.6)  9.3 (1.5)  
 pretermsa (n=18)  15.6 (1.7) 10.0 (1.1) 
 
6 months  
 full-terms (n=33)  24.8* (3.0) 11.9** (1.3) 
 pretermsb (n=28)  22.9 (3.8) 10.9 (1.1) 
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9 months  
 full-terms (n=23)  34.3** (3.9) 14.4* (1.7) 
 preterms (n=22)  30.5 (4.4) 13.1 (1.8) 
  
 
afor one preterm infant only a posture composite score could be calculated and not the Bayley PDI. 
bfor two preterm infants there is only a posture composite score, the Bayley PDI could not be administered 
completely.  
 *t-test, p < .05; **t-test, p < .01 
 
 
 Table 7  

Correlations of habituation and test variables with Bayley motor and posture scores at 9 
months  

 
     Sitting (N=22) Lying (N=23) 
      Rho   Rho 
  
 
Bayley PDI 
 Habituation phase 
  reaction time  -.65***  -- 
  duration first fixation  .46*  -- 
  number of fixations to criterion -.50*  -- 
  total inter fixation time -.68***  -- 
  location peak fixation -.72***  -- 
 Test phase 
  reaction time  -.54**  -- 
     
Bayley posture items 
 Habituation phase 
  reaction time  -.62**  -- 
  duration first fixation  .45*  -- 
  number of fixations to criterion -.44*  -- 
  total inter fixation time -.65**  -- 
  location peak fixation -.64**  -- 
 Test phase 
  reaction time  -.55**  -- 
  total number of fixations  -.49*  -- 
  duration first fixation  .48*  -- 
  mean fixation duration  .52*  -- 
  total inter fixation time -.47*  -- 
     
 
  *p < .05;  **p < .01; ***p < .001 
 
 
 
 Next, the habituation and test variables at nine months of age were correlated with the Bayley 
PDI and postural scores for the infants tested in lying or semi-upright position. The nine month 
data were taken because at this age the variables of interest consisted of the mean of three letter 
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pairings, which is more reliable than the scores from a single letter pairing (see, e.g., Clifton & 
Nelson, 1976). Because of the small sample size and the ordinal character of the motor scores, 
Spearman rank-order coefficients were used. Table 7 shows fairly equal results for the Bayley 
PDI and postural scores, and there is also some overlap in the level and direction of correlations in 
the habituation and test phase of the experiment. Significant correlations were only found for the 
semi-upright condition. Compared to infants with lower motor and postural scores the infants 
with advanced motor and postural scores at nine months showed the following results. The mean 
reaction time to fixate the stimuli was shorter, the duration of the first fixation was longer, less 
fixations were needed to reach the habituation criterion, the peak fixation occurred earlier in the 
habituation phase, and the time between fixations (looking away) was shorter. In the test phase the 
mean fixation duration is longer and the infants with advanced motor and postural development 
needed less fixations to accumulate ten seconds of fixations. Item-by-item examination of the 
infants' PDI performance suggested that the above mentioned correlations were not mediated by 
poorer head control. Infants with longer reaction times, longer inter fixation times, less fixations 
to reach the habituation criterion, and shorter first fixations tended to fail items with more 
advanced age norms that generally involved trunk or body control needed for sitting (see also 
Colombo et al., 1987b). However, a few infants failed some of the first PDI-items, namely hands 
predominantly open, spontaneous leg movements, and crawling movements. These infants were 
all prematurely born, and one of these infants proved to have cerebral palsy at the age of 12 
months. 
 
 
 Table 8  

Correlations of habituation and test variables with Bayley motor and posture scores for 
preterm and full-term infants at 9 months in the "sitting" condition  

 
     Full-terms (N=13) Preterms (N=9) 
      Rho   Rho 
  
 
Bayley PDI 
 Habituation phase 
  reaction time   --  -.93*** 
  duration first fixation  --   -- 
  number of fixations to criterion  --   -.74* 
  total inter fixation time  --  -.93*** 
  location peak fixation -.70**  -.73* 
 Test phase 
  reaction time   --   -- 
   
Bayley posture items 
 Habituation phase 
  reaction time   --  -.94*** 
  duration first fixation  --   .68* 
  number of fixations to criterion  --   -- 
  total inter fixation time  --  -.94*** 
  location peak fixation -.67*   -- 
 Test phase 
  reaction time   --   -- 
  total number of fixations   --   -- 
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  duration first fixation  --   -- 
  mean fixation duration  --   -- 
  total inter fixation time  --   -- 
  
 
  *p < .05,  **p < .01, ***p < .001 
 
 Since it was known that the PDI motor and postural scores differed for the full-term and 
preterm infants at nine months we looked at the significant correlations in the sitting condition of 
table seven for the two groups separately. See table 8 on the previous page for the results. In 
comparing table seven and eight it can be seen that in the test phase the significant correlations 
disappear when the two groups were studied separately. In the habituation phase of the 
experiment nearly all correlations were only significant for the preterm infants, the one exception 
was the relative location of the peak fixation. All correlations were quite high. The mean motor 
and postural scores of the preterm infants were lower than those of the full-term infants, and also 
the ranges differed for both groups. PDI scores ranged from 28 to 42 for the full-term infants, and 
from 22 to 36 for the preterm infants. The differences between the minimum and maximum PDI 
scores did not differ very much (16 and 14 for the full-term and preterm infants respectively). So 
the better Spearman rank correlations for the preterm infants must be explained by more variation 
in motor and postural scores by the preterm infants. 
 
 
 

DISCUSSION 
 
 
 Before discussing the results it must be admitted that the habituation experiment has partially 
failed. The results of the habituation experiment have been attenuated by the rather high attrition 
rates at all ages. This precluded analysis of the discriminability of the letter pairings. To make 
matters worse, at three and six months of age one of the control parameters of true habituation 
(i.e., absence of a difference in total fixation time of the neutral stimulus before and after the 
habituation stimuli, cf. Bornstein, 1985; Olson & Sherman, 1983) showed that true habituation 
could not be proven. Note also that the interobserver reliabilities for the duration of the first and 
the mean fixation are somewhat lower than the other reliabilities reported in table 1. This could 
have attenuated the correlations among these variables and the motor and posture variables 
depicted in table 7 and 8. Although analysis of recognition memory was not possible, it was still 
possible to analyse the habituation variables and their association with postural control and motor 
development. 
 
 
Novelty responses 
 
 Because the infants at three and six months of age did not show true habituation it is not 
surprising that no significant novelty responses were found at three and six months of age. An 
explanation for not finding novelty responses at nine months of age could be that the amount of 
accumulated looking time chosen for the test phase of the experiment (i.e., 10 seconds) was not 
optimal in case of the letter stimuli. A more likely explanation seems to be that letters of the 
alphabet are not very salient stimuli for infants (Colombo, personal communication). Maybe 
geometric forms or faces would have been more appropriate stimuli. Unique in this study was the 
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incorporation of an infant controlled habituation phase in a Paired Comparison paradigm, 
whereas normally a familiarization phase is used. This, however, did not prevent large numbers of 
infants to fail the experiment. Possibly the difference in features between the two letters was to 
small to be discriminated by the infants. This fact may have affected the three and six months old 
infants in particular, because for these infants only the first, and most difficult, letter pairing was 
analysed. Another reason for not finding significant novelty responses could have been that too 
many infants reached the floating point habituation criterion by chance resulting in incomplete 
habituation, and subsequently no novelty response. Since a partial lag design (Bertenthal, Haith, 
& Campos, 1983) was not employed, this explanation cannot be verified. However, reaching the 
habituation criterion by chance because of a large number of discreet fixation trials (see 
Dannemiller, 1984) seems unlikely. At all three ages just a few subjects showed more than 15 
trials in the habituation phase before reaching the criterion (three, four, and zero infants at 
respectively 3, 6, and 9 months). Differences in brilliance, contrast, and colour between the two 
monitors are unlikely explanations, because if there were differences between the two monitors 
significant lateral biases would have been expected. 
 Given the fact that no significant novelty responses were found nothing can be said about 
differences in recognition memory between preterm and full-term infants in this study, and, as a 
result, the research questions can only be answered partially. In the remainder of the discussion 
special attention will be paid to the data of the nine months old infants. At this age the infants 
showed true habituation to the letters, that is habituation could not be attributed to fatigue, a 
change in behavioural state, or chance.  
 
 
Research questions 
 
 With regard to the first research question, "Do preterm and full-term infants differ in their 
habituation and recognition memory performance, especially in: recruiting, maintaining and 
shifting attention ?" The significant main effect of group in the habituation phase (see table 4) for 
reaction time, and total interfixation time indicates that the preterms have problems with 
recruiting their attention because they showed longer reaction and interfixation times. No 
significant differences in maintaining attention (duration first and peak fixation), and shifting 
attention (shift rate) were found. For the three months old infants shifts in attention were only 
mediated by stimulus characteristics.  
 With regard to the second research question, "Does the posture in which full-term and preterm 
infants are tested affect habituation and recognition memory ?", ample prove was found that the 
position in which the infants were tested affected the dependent variables, especially the variables 
in the habituation phase. Testing the infants in a lying position caused the infants to look more 
quickly at the stimuli, with longer initial and mean fixations, and less looking away between 
fixations without differences in the total time of looking at the stimuli. It looks as if the infants in a 
lying position are more or less drawn towards the stimuli. The magnitude of habituation is also 
larger in the lying compared to the semi-upright position. Because a lying infant could see as 
much of the room as a seated infant it seems unlikely that the immediate testing environment was 
more interesting for the sitting infants than for the lying infants. Differences in reaction time, first 
and peak fixation, inter stimulus time, and magnitude of habituation are not caused by differences 
in the attractiveness of the environment. In constructing the apparatus we paid special attention to 
this issue because infants are not tested in a vacuum. Whenever visual attention to the target 
stimuli decreases, attention to stimuli in the test setting (e.g., its own hands, the infant seat, walls, 
ceiling, mother) will increase. According to Rovee-Collier (1987) this signifies the adaptive 
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significance of infant habituation. This adaptive function of habituation is realised, "not in terms 
of response suppression but in terms of the increased response variability and response selection 
that the suppression affords" (Rovee-Collier, 1987, p. 101). 
 What then caused the differences in the habituation variables between the lying and sitting 
infants ? To answer this question we turn to the third research question, "Do individual differences 
in motor development affect habituation and recognition memory ?". Small but significant 
differences were found in Bayley motor and postural scores at six and nine months of age. The 
preterm infants had lower scores than the full-term infants at these ages (see table 6). Table 7 
clearly showed that there are moderate to high correlations between motor development and 
habituation variables but only in the semi-upright condition. These significant correlations are not 
restricted to the postural items, the total Bayley motor score correlated even slightly better with 
the habituation variables than the posture composite score. In table 8 the data for the infants tested 
in a semi-upright position were analysed for the preterm and full-term infants separately. Nearly 
all the significant correlations in table seven were due to the preterm infants. The correlations for 
these preterm infants were quite high (range -.73 to -.93 for Bayley PDI, and .68 to -.94 for the 
postural items). So, in the habituation phase advanced motor development of the preterm infants 
yielded shorter reaction times, less fixations to reach the habituation criterion, longer first 
fixations, the relative location of the peak fixation was more in the beginning of the task, and the 
time between fixations was shorter.  
 
 Concluding, differences in motor development do affect habituation variables but only for the 
preterm infants. No conclusions can be drawn about possible influences on recognition memory 
because both the preterm and full-term infants did not show novelty responses in neither lying nor 
semi-upright position. The differences between the lying and sitting infants seem to be caused by 
the sitting preterm infants. This conclusion was confirmed for reaction time and total interfixation 
time by the significant group by posture interaction effect (see table 4). The differences between 
the values for these variables in semi-upright and lying position were greater for the preterm than 
for the full-term infants. For the duration of the first and the peak fixation no significant 
interaction effects were found. 
 
 
Posture, motor development and cognition 
 
 When the infants are tested in a more or less lying position, motor development does not seem 
to affect the habituation variables. Possibly the semi-upright position is a more demanding 
position requiring advanced motor development. For all infants gravity might restrict the number 
of possible movements in a lying position (e.g., when seated some infants bent forward to touch 
the screen, in a lying position this would require the infants to make a kind of sit-up), and in that 
way neutralises the effect of differences in motor development. After listing the advantages of 
habituation tasks Lewis and Brooks-Gunn (1984) stated that habituation tasks do not require 
either fine or gross motor activity. However, the results of the present study seem to contradict 
this statement, at least for the preterm infants who were tested in semi-upright position, which is 
the normal test procedure for infants after the newborn period. Since there was only a small 
number of Small for Gestational Age infants in the habituation study the impact of growth 
retardation, (birth) weight, length, and body proportions could not be assessed. It would be very 
interesting to study the association between anthropometric variables, motor development, and 
habituation in infancy given the results of a recent study by Rose (1994). Rose found a consistent 
effect of age and of underweight in a sample of infants in India on recognition memory and cross 
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modal transfer. The infants with adequate weight for their age showed significant novelty 
responses, the underweight infants did not. Cognitive measures were correlated with infant 
anthropometric measures, previous illness, and parental education. Rose indicated that the 
mechanisms responsible for the relation between infant growth and cognition might be due to 
intrauterine growth retardation (IUGR), history of illness, micronutrient deficiencies, caretaking, 
parental responsiveness, and/or social interaction associated with poverty. Many of the infants in 
the Rose study suffered from IUGR, which is known to be related to cognitive difficulties (Villar, 
Smeriglio, Martorell, Brown, & Klein, 1984; Gorman & Pollitt, 1992; Matilainen, Heinonen, & 
Siren-Tiusanen, 1988), motor development (de Groot, 1993; Geerdink, 1993; Matilainen, 1987), 
and social development (van Wulfften Palthe, 1986). Rose, however, did not study these infants' 
motor control and motor development, nor the relation between motor development and 
cognition. The latter relation, we think, might be an important determinant of individual 
differences in infant cognition. 
 So far motor development has been treated as a kind of confounding variable interfering with 
proper task performance. However, a more functional relationship may exist between motor and 
cognitive development. According to Bushnell and Boudreau (1993), for instance, particular 
motor abilities may actually determine some aspects of perceptual and cognitive development. By 
testing the infants lying down we could eliminate the correlation between motor development and 
visual habituation. The semi-upright position required more advanced motor development which 
the preterm infants in this study did not have and therefore they showed different results in the 
semi-upright condition. In this line of reasoning motor development can be seen as a rate limiting 
factor for habituation. Variables like reaction time and duration of peak and first fixation were 
affected by motor development. Since preterm infants lagged behind in motor development at 
nine months of age, differences in habituation and Paired Comparison tasks might be caused by 
perceptual or cognitive differences as well as differences in motor development. This is not to say 
that there are no individual differences in perceptual and cognitive capacities involved in the 
habituation process. The correlations reported in the literature between habituation variables and 
concurrent and later cognitive development are therefore too strong. Especially the duration 
measures seem to correlate well with cognitive development (see e.g., Colombo, 1993; Colombo 
& Mitchell, 1990); the idea being that short duration of fixating a stimulus represents fast 
processing of the stimulus information (Colombo & Mitchell, 1990; Colombo, Mitchell, Coldren, 
& Freeseman, 1991). Also in the current study some significant correlations between habituation 
variables and concurrent cognitive development (Bayley MDI) were found, but again only for the 
nine months old preterm infants who watched the stimuli while seated. Significant correlations 
with Bayley MDI at nine months were found for peak fixation (-.73), mean fixation duration 
(-.77), magnitude of habituation decrement from the two longest fixations (-.84), and shiftrate 
(.67). The significant correlation for magnitude of habituation is not surprising because the 
magnitude of the response decrement is correlated with duration measures (Colombo & Mitchell, 
1990). Apparently the short looking preterm infants also shifted fixations more between the two 
stimuli. In chapter nine special attention will be paid to the relation between visual attention and 
later and concurrent cognitive functioning. 
 Speed of information processing is itself an outcome variable and does not explain the 
mechanisms responsible for speed differences. Colombo and Mitchell (1990) summarized some 
possible determinants for processing speed. First they proposed structural changes in the central 
nervous system (CNS) like postnatal myelination or synaptogenesis as a possible mechanism. 
Short looking infants may have a more developmentally advanced or integrated CNS. This 
hypothesis can be supported by negative correlations between fixation time and motor 
development. These correlations were actually found in the current study (see tables 7 and 8) and 
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in Colombo et al., 1987b). Second, short looking infants may employ more efficient strategies for 
acquiring visual information than long lookers. Support for this possibility can be found in a study 
of Bronson (1991), who found that short lookers scan visual stimuli more efficiently with their 
eyes than long lookers. The latter scanned the stimuli less extensively, with frequent prolonged 
fixations, and extended intervals spent in continuous inspection of one part of the stimulus. 
Bronson also found an age effect, the younger infants showed more extended inspection times of 
one stimulus element and a higher frequency of prolonged fixations. According to Bronson 
(1991) the scanning of young infants is constrained by 'contour salience' effects. Colombo, 
Mitchell, Coldren, and Freeseman (1991), and Freeseman, Colombo, and Coldren (1993) 
investigated differential attention to global and local stimulus features by short and long looking 
infants. Global tasks were solved under shorter familiarization times for both short and long 
lookers than local tasks. However, the short lookers needed only 10 seconds of familiarization to 
make the global discrimination, whereas the long lookers needed 40 seconds. Extending the 
familiarization time to 20 or 30 seconds yielded discrimination of the local stimuli for the short 
lookers. The long lookers were expected to need more than 50 seconds to make the local 
discrimination. The results showed that the processing of visual stimuli proceeded in a 
global-to-local sequence, and that there was no qualitative difference between short and long 
lookers in their sensitivity to global and local stimulus information. So, short lookers just seem to 
process visual information more quickly than long lookers (processing-speed-hypothesis). A last 
possible mechanism may be that short lookers by virtue of their advanced speed of information 
processing have a larger 'knowledge base' of stored information. In the habituation phase these 
infants need less attentional effort necessary for the engram formation and stimulus comparison 
processes proposed to occur during habituation. We agree with Colombo and Mitchell (1990) that 
future research should focus on determinants of information processing that contribute to 
individual and developmental variance in infant attention and cognition. The current study 
showed that motor and postural development are two possible determinants.  
 In chapter nine this model of speed of information processing will be studied again as a 
possible process that is continuously present in cognitive development. First, two operant 
conditioning experiments will be described. An mobile conjugate reinforcement task in chapters 
six and seven, and a displaced feedback task in chapter eight. 
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Chapter 6 
 

Mobile Conjugate Reinforcement in Three 
Months Old Preterm and Full-term Infants, 

Patterns of Learning 
 
  

 
 
 
 
 

INTRODUCTION 
 
 
 Operant conditioning has been used less frequently in the study of cognitive development of 
preterm infants than the habituation and recognition memory paradigm. Since an operant 
conditioning task also allows the study of the process of learning besides the learning outcome, 
operant conditioning experiments were included in the current study. In this and the next chapter 
the first conditioning experiment a "mobile conjugate reinforcement task" (Rovee & Rovee, 
1969) will be described. In this chapter the learning process will be studied, chapter seven 
describes individual differences in performance. In the mobile conjugate reinforcement task a 
mobile, suspended from an overhanging bar, moves contingently upon leg kicks. The reinforcing 
factor is not the presence, but rather the movement of the mobile (Rovee-Collier & Hayne, 1987). 
The conjugate reinforcement procedure is a variant of the fixed ratio schedule, in which the 
intensity of the reinforcing event is directly related to the rate and amplitude of the responses 
(Rovee-Collier & Gekoski, 1979). Because of this relation, the conjugate reinforcement 
procedure provides a continuous sequence of relatively novel reinforcers (Rovee & Rovee, 1969), 
and has several advantages compared with other procedures. First, each infant can determine its 
own optimal amount and intensity of reinforcement; second, the reinforcer is available 
continuously and at maximum intensity; and third, the normal variations in the response pattern 
are reflected in the reinforcer (Rovee-Collier & Gekoski, 1979). 
 In the initial study Rovee and Rovee (1969) showed that infants in the experimental group 
increased their kicking whereas the five infants who received noncontingent stimulation did not. 
They argued that the response was under operant control. In a pilot study for the present study 
decreased responding was found under noncontingent stimulation. After a baseline phase of 1.5 
minutes, ten infants, three to five months of age, received noncontingent reinforcement (the 
experimenter moved the mobile) for 1.5 minutes and contingent reinforcement for six minutes. 
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The kick rate dropped significantly from the baseline to the noncontingent stimulation block, 
t(9)=2.79, p=.021, and increased significantly in the first 1.5 minutes of contingent stimulation, 
t(9)=-2.5, p=.034. Neither the mere presence nor the movement of the mobile caused increased 
kicking, but the contingent stimulation did. It can be concluded therefore, that an elicitation effect 
is not a very likely explanation for the increase in kicking. This conclusion is in accordance with 
Rovee-Collier, Morrongiello, Aron, and Kupersmidt (1978), who were able to show that response 
differentiation occurred when all limbs received somesthetic feedback but only movement of the 
right leg produced conjugate reinforcement. 
 Two studies used the mobile conjugate reinforcement procedure with at risk infants. In an 
experiment of Gekoski, Fagen, & Pearlman (1984) preterm infants learned the contingency in the 
second of two 18-minutes sessions, whereas the full-term infants learned it in the first session. 
Both preterms and full-terms showed immediate retention (i.e., no drop in the kick rate during 
extinction). However, only the full-terms showed reliable long term retention. Ohr & Fagen 
(1991) found that infants with Down syndrome learned the contingency as quickly as the 
full-terms. Ohr & Fagen suggested that the test procedures in the Gekoski, Fagen, & Pearlman 
(1984) study restricted motor control, and subsequently confounded their results. In the Gekoski 
et al. study the infants were lying supine in a bed, but in the Ohr study they were seated in an 
infant seat. However, two other causes could explain these differences. First, individual differen-
ces in temperament, and motor development could influence leg kick responses. Moreover, 
differences in body proportions may also influence responding. The feedback produced by infants 
heavy relative to their length may be different from the feedback produced by relatively lighter 
infants. Since the conjugate reinforcement procedure postulates that each subject produces an 
individually optimal amount of feedback, this feedback may well be restricted by differences in 
body proportions. Because the apparatus reinforced not only leg kicks but also other movements 
of the right leg, leg kicks may not be the single response to observe. Infants who had difficulty 
producing straight leg kicks or for whom only slight movement of the mobile was the optimal 
stimulation could be underrated by scoring leg kicks only. Therefore observing leg movement 
could be helpful. Second, since in the Gekoski et al. study there was a significant correlation 
between neonatal optimality and baseline kick rate, physical and neurological well being may 
have confounded the results. In other studies on leraning high risk preterm infants performed 
worse than low risk preterm infants (see, e.g., Landry & Chapieski, 1988; Landry et al, 1986; 
Millar, Weir, & Supramaniam, 1992). Splitting the preterms in a low and high risk group could be 
a way of creating more homogeneous groups.  
 A common feature of most conditioning procedures is the use of an increment from the 
baseline as the primary index of learning. This index, very useful in the conditioning of food 
deprived rats and pigeons with food as the reinforcer, presupposes that learning takes please in an 
identical manner for all subjects. It disregards individual variation in learning completely. When 
nonfood reinforcers are used the reinforcer itself may influence the type of responding other than 
simply increasing it. A change in behaviour may be a better index of learning than an increment 
from the baseline. Bower (1989) for instance elaborated the conditional probability model of 
Watson (1978) and stated that infants change their behaviour in a logical way in order to test 
hypotheses about the relation between the behaviour and its consequences. In an experiment 
comparable to the mobile conjugate reinforcement task, Bower tested the relation between 
behaviour and mobile movement under either noncontingent or partial reinforcement after a 
period of continuous reinforcement. Noncontingent and partial reinforcement violate the 
hypothesis formed during continuous reinforcement that only leg kicks cause the mobile to move. 
Bower applied propositional logic to the relation between leg kicking and mobile movement, and 
he showed that after noncontingent stimulation the kick rate increased, but after partial 
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reinforcement the kick rate decreased. During continuous feedback the response rate also varies 
depending on which hypothesis is being tested by the infant. For instance, if an infant has figured 
out that leg movement causes the mobile to move, it has to restrain leg kicking to test the 
hypothesis that the mobile will "only" move after a leg kick. In this way not responding is as 
informative for the infant as responding, which could explain the often found "response bursts". 
Bower (1989) used the inter-response-times as an index of behavioural change and gave also an 
additional reason why a "change" in behaviour is to be expected. Using the surprise value formula 
of Attneave (1959) Bower said that when reinforcement is given in the acquisition phase the 
surprise value of the first events differs for each individual, because the surprise value is 
proportional to the number of responses in the baseline. The number of responses in the baseline 
determines the surprise value in the acquisition phase and the number of responses in the 
acquisition phase determines the surprise value in the extinction phase (Bower, 1989). 
Consequently Bower did not use a fixed period of time for his baseline but he used a fixed number 
of responses, so that for every subject the surprise value of the first events in the acquisition phase 
was the same. In our experiment and in the standard mobile conjugate reinforcement paradigm the 
baseline consists of a fixed period of time. Because of different response rates in the baseline, the 
surprise values for the first acquisition events will differ among subjects. These differences can be 
taken into account by looking at changes in the temporal pattern of responding in addition to 
observing response increment from the baseline. 
 
 The main goal of this study was to look for differences between preterm and full-term infants 
in perceiving the contingency between leg kicks and subsequent mobile movement. Second, 
inspired by the work of Bower (1989) we will look at the learning process more precisely, and 
focus more particularly on eventual changes in responding instead of confining ourselves to the 
response increments. The third goal of this study was to look for predictors for task performance. 
Besides looking at gestational age and birth weight, we will look at a number of additional, 
potentially relevant predictors. The influences of motor development, temperament, body 
proportions, and neurobiologic risk were studied because it was thought these factors might 
influence the responses of the infants. The feedback produced by infants who are heavy relative to 
their length may be different from the feedback produced by relatively lighter infants. Since the 
conjugate reinforcement procedure postulates that each subject produces an individually optimal 
amount of feedback, this feedback may be affected by differences in body proportions. Because 
the apparatus reinforced not only leg kicks but also slight movements of the right leg, leg kicks 
may not be the single response to observe. Infants who had difficulty producing straight leg kicks 
or for whom only slight movement of the mobile was the optimal stimulation, could be underrated 
by only scoring leg kicks. Therefore leg movements were also observed. 
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METHODS 
 

Subjects 
 
 All infants were recruited at the 
university hospital Groningen. The 
total sample of subjects consisted of 79 
infants. The 36 preterm infants, who 
lived within 100 km from Groningen, 
were born after a gestation of less than 
34 weeks, had no major handicaps 
(e.g., Down syndrome) and were not 
seriously ill (e.g., ventricular 
hemorrhage grade III or IV and/or 
hydrocephalus, leukomalacia). Their 
mothers were not addicted to drugs, 
and their gestational age could be 
reliably estimated based on the date of 
the last menstruation by one of the 
hospital's obstetricians. The 43 
full-term infants were born after at 
least 38 weeks of gestation. 
 One preterm infant did not show up 
at the day of testing because of illness. 
Six preterm and nine full-term infants 
failed to complete the task because of 
crying, prolonged fussing or 
drowsiness. One full-term infant was 
excluded from analysis because of 
suspected hip dysplasia. To have 
accurate analyses of the mobile 
conjugate reinforcement task, three 
preterm and seven full-term infants 

who did complete the task but needed one or more breaks because of drowsiness or fussiness, 
were excluded from analysis. So the final sample of subjects consisted of 52 infants, 26 preterm 
and 26 full-term infants. 
 From birth records an obstetrical optimality score was determined for each infant (Touwen , 
Huisjes, Jurgens-van der Zee, Bierman-van Eendenburg, Smrkovsky, & Olinga, 1980). At 
discharge from the hospital each infant was assigned a value on the revised Nursery 
Neurobiologic Risk Score (NBRS) by one of the hospital's pediatricians. The revised NBRS 
scores possible mechanisms of brain injury and consists of seven items: infection, blood pH, 
seizures, peri- or intraventricular hemorrhage, assisted ventilation, periventricular leukomalacia, 
and hypoglycemia. In a study of Brazy et al. (1991) the NBRS correlated significantly with 
mental, motor, and neurological outcome at one and two years of age. Since infants with 
subependymal and intraventricular hemorrhage grade III and IV (for classification see Papile, 
Burstein, Burstein, & Koffler, 1978), periventricular leukomalacia, and severe handicaps were 
excluded from this study, very high NBRS scores were not expected. Only five infants had a 
NBRS score  4, these infants formed the high risk (HR) preterm group. The low risk (LR) group 

 Figure 1 
 Apparatus and setting 
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consisted of 21 infants with an NBRS score < 4. The control group consisted of 26 full-term (FT) 
infants. From now on the three groups will be addressed as risk groups (LR, HR, and FT), with the 
control group having a risk score of zero. All infants, including the full-terms, were tested when 
they were three months of post-term age (i.e, corrected for the number of days they were born 
before or after forty weeks of gestation).  
 
 
Apparatus 
 
 The mobile apparatus consisted of two inverted L-shaped stands fastened to opposite sides of 
the infant's crib (see figure 1). A white ribbon, attached to a spring on the distal end of one of 
overhead bars, was sewed to a sock and put on the infant's right foot. The infant was placed supine 
in the crib with the stands above the infant's chest and without slack in the ribbon. The mobile was 
suspended from a spring on the left stand during all phases and hung approximately 30 cm above 
the infant's chest. During reinforcement the ribbon was attached to the spring on the left stand. 
The mobile consisted of five brightly coloured wooden clown figures which were approximately 
all of the same size. Although it was known from the parent reports that all infants had some 
experience with a mobile at their homes, they were unfamiliar with the mobile in this experiment, 
because it was not commercially available. Leg kicks were recorded on-line by one or two 
observers. All sessions were videotaped from behind a curtain. The observers watched the infant 
from a video monitor. The parents watched their child from behind a one-way- screen. Both 
parents and observers were out of sight for the infant. Afterwards a video time code generator 
provided the video recordings with time codes. These time codes were necessary to analyse the 
videotapes off-line with CAMERA, a computer program for real time event recording (van der 
Vlugt, Kruk, van Erp, & Geuze, 1992).  
 
 
 
Procedure 
 
 To assess the temperament of the infants, the parents were asked to fill out the Infant Behavior 
Questionnaire (IBQ) at home before they came to the laboratory. The IBQ was chosen because it 
refers to concrete daily situations, has good reliability and consistency, and is appropriate with 
infants as young as three months of age (Rothbart, 1981). Body proportions were assessed by 
calculating the Ponderal Index = (weight/length3) x 100. If the infant's weight and length are 
proportionally affected by the preterm birth than the Ponderal Index will be normal. A low 
Ponderal Index (PI) usually indicates greater reduction in weight than in length (Villar, Smeriglio, 
Martorell, Brown, & Klein, 1984; Villar, Belizan, & Smeriglio, 1989). The deficit in weight is 
principally due to a reduction in fat deposition, particularly during the third trimester of pregnancy 
(Villar et al., 1989). 
 Each infant was tested in the laboratory at the time of day the mothers reported the infant was 
usually awake. The mobile conjugate reinforcement task was performed after a habituation task of 
approximately ten minutes, and a toy exploration task of six minutes. Between experiments there 
were short pauses in which mothers played and talked to their infants, and, if necessary, fed them. 
If an infant could not be tested on all three tasks a new appointment was made.  
 Each mobile conjugate reinforcement session consisted of ten minutes of reinforcement, 
immediately preceded and followed by two minutes of nonreinforced mobile exposure. In the 
nonreinforced phases the mobile was in view but did not move upon leg kicking. The first 
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nonreinforced phase served as an individual baseline (operant level) for kicking. The second 
nonreinforced phase was the extinction phase, but can also be called the immediate retention test 
(Gekoski, Fagen, & Pearlman, 1984). Each phase started with the first right leg kick of the infant, 
in order to control for individual differences in latency. 
 Right leg kicks were observed by the first author. A leg kick was defined as a vertical or 
horizontal movement of the right foot that at least partially retraced its original path in a smooth, 
continuous motion (Rovee & Rovee, 1969). A second observer scored the leg kicks for five 
full-term and seven preterm infants independently. For reliability checks the observed leg kicks 
were tallied in 30 seconds periods. The Pearson product-moment correlation on the paired 
30-by-30 seconds counts of both observers yielded a correlation of .95 (p < .001). All movements 
of the right foot of eight infants were scored from video recordings by two independent observers. 
Movement duration of the right foot was tallied by two minutes for five preterm and three 
full-term infants. The Pearson product-moment- correlation on the paired two-by-two minutes 
counts of both observers yielded a correlation of .85 (p < .001).  
 For easy comparison of the baseline, acquisition, and extinction phase the acquisition phase 
was divided in five blocks of two minutes. So the total number of blocks in the experiment is 
seven. Repeated measurements of blocks was used in the statistical analyses to correct for 
dependency between the number of responses in the seven blocks for each subject. It was also 
used for looking at differences in the number of responses over time between the HR preterm, LR 
preterm, and full-term infants. After multiple analysis of variance, two different kinds of multiple 
comparison techniques were performed to control for overall α level. The first technique was the 
Tukey multiple comparison method to study all pairwise group differences. The second technique 
was multiple t-tests with the Bonferroni inequality to study differences between the baseline and 
acquisition phases. 
 
 
 

RESULTS 
 
Subject characteristics 
 
 Table 1 shows that the full-term infants differed significantly from both the LR and HR 
preterm groups in length of gestation, F(2,49) = 168.07, p < .0001, birth weight, F(2,49) = 161.28, 
p < .0001), length at birth, F(2,47) = 71.65, p < .0001, obstetrical optimality score, F(2,49) = 
12.72, p < .0001, and weight at three months of corrected age, F(2,49) = 6.65, p = .0028. The 
full-term infants differed in length at three months of corrected age from the LR preterms, F(2,49) 
= 12.34, p < .0001. Group differences were determined by the Tukey post hoc multiple 
comparison procedure. The birth length of two LR preterm infants was not measured. Therefore, 
only 19 LR preterm infants were included in this measurement. Healthy full-term infants always 
lived in or near the city of Groningen. The preterm infants were born in the three northern 
provinces of the Netherlands. Consequently the distance of the infants' homes to the 
psychological laboratory differed between the LR and HR preterms on the one hand, and the 
full-terms on the other, F(2,49) = 6.68, p = .0027. However, the preterm infants did not differ from 
the full-term infants in the time of testing after their last sleep and feeding. No differences were 
found in: parity, educational level and age of the mothers. Body proportions differed significantly 
between LR preterm and full-term infants at birth, F(2,47) = 15.05, p < .0001. The LR preterm 
infants showed a nearly fourfold increase in weight from birth to three months of age. As a result 
the Ponderal Index of the LR preterm infants at three months of age differed significantly from the 
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PI of the full-term infants and the HR preterms, F(2,49) = 5.24, p < .001. There were no 
differences in the psychomotor score of the Bayley scales at three months. 
 The preterm infants who failed to complete the experiment had a significantly higher 
neurobiologic risk score (NBRS) than the preterms who did complete the experiment, t(34) = 
-2.13, p = .040. There were no significant differences between the infants who did not complete 
the mobile conjugate reinforcement task and those who did on any of the other variables 
mentioned before, not even in temperament.  
 
 
 Table 1 
 Subject characteristics 
  
 
      Full-terms  Low risk High risk  
      n=26   preterms n=21 preterms 
n=5 
      M (SD)  M (SD)  M (SD) 
  
 
Number of males   17 (65%)  10 (48%)  3 (60%) 

 

Figure 2 Log leg kicks by risk group,  Full-terms (n=26),  Low risk preterms (n=21),  
High risk preterms (n=5) 
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Birth order    1.4 (0.63)  1.2 (0.40)  1.4 (0.89) 
Length of gestation  (weeks) 40.0 (1.2)a†  31.0 (2.0)  31.3 (2.8) 
Birth weight   (grams) 3481 (454)a†  1296 (394)  1505 (460) 
Length at birth   (cm)  51.3 (2.2) a†  39.9 (3.7)  40.0
 (6.2) 
Ponderal Index at birth   2.58 (1.24)b  2.04 (1.25)  2.42 (1.80) 
Obstetrical optimality score (max 71) 56.5 (4.07)a† 51.5 (3.91)  49.8 (2.17) 
 
Corrected age at 3 months (weeks) 13.1 (0.5)  13.1 (0.9)  12.9 (0.2) 
Weight at 3 months  (grams) 5947 (630)a†  5415 (746)  4941 (466) 
Length at 3 months  (cm)  61.5 (2.5)b  58.1 (2.4)  58.8 (1.6) 
Ponderal Index at 3 months  2.56 (.28)  2.75 (0.21) c  2.43 (0.12) 
Bayley PDI  (raw score)  16.2 (1.5)  15.6 (2.6)  14.2 (1.8) 
 
Age mother   (years)  29.4 (5.0)  31.0 (5.5)  29.8
 (2.5) 
Educational level mother (range 1-9) 6.0 (2.2)  6.0 (2.0)  6.2
 (2.3) 
Distance to Groningen  (km)  14.4 (11.9)a  37.6 (33.5)  45.8 (32.7)
  
Time after sleeping  (min)  102 (103)  101 (77)  80 (88) 
  
 
 a full-term versus LR and LR preterm, p <.01 († p <.001) 
 b full-term versus LR preterm, p <.001 
 c LR preterm versus HR preterm and full-term, P < .001 
 
Kick rate 
 
 Because of skewness and unequal variances in the kick rate distributions among the risk 
groups, kick rates were logarithmically transformed (base=10) to comply with the assumptions of 
ANOVA (Stevens, 1986). In figure 2 the results for successive two minutes blocks are shown. 
The three groups did not differ significantly in baseline levels, F(2,49) = 1.49, p = .235. A 3 (risk 
group) x 5 (blocks) ANCOVA with repeated measures over the acquisition blocks was performed 
with the baseline as the covariate to correct for individual differences in the baseline. A significant 
effect for risk was found, F(2,48) = 3.22, p = .049, and for repeated measures over blocks, F(4,46), 
p < .001, but not for the risk by blocks interaction. Tests for single effects revealed only a 
significant effect of blocks for the LR preterms, F(4,46) = 5.77, p = .001, with a significant linear 
trend, F(1,49) = 21.02, p < .001. Although there was no significant trend for the full-term infants, 
separate t-tests revealed that both the full-terms and the LR preterms reliably exceeded their 
baseline level in the fourth, t(25) = -3.75, p = .002, and t(20) = -4.31, p < .001 respectively, and 
fifth, t(25) = -4.70, p < .001, and t(20) = -4.12, p = .001 respectively, acquisition phase. To reduce 
capitalization on chance in performing five multiple comparisons the p-values had to below .01 to 
be significant. As a result the HR preterm infants did not significantly exceed their baseline levels, 
although the t-values reached significance for the first (p = .038) and fifth (p = .040) acquisition 
block. An ANCOVA on log extinction rates with the fifth acquisition phase as the covariate 
showed no differences among the three risk groups. Hence the three risk groups did not differ in 
immediate retention, nor was the difference between the fifth acquisition phase and the extinction 
phase significant for neither risk group. After inspection of the graph it was assumed that the risk 
effect was caused by the overall higher level of responding of the HR preterm infants. Therefore 
the ANCOVA was repeated on the acquisition blocks omitting the HR risk preterm infants. In this 
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analysis the effect of risk was not significant, F(1,44) = .18, p = .675, indicating that the HR 
preterm infants caused the significant risk effect in the first ANCOVA. The LR preterms and the 
full-terms showed lower kick rates, and a moderate but steady increase in acquisition, which 
resulted in learning the contingency in the fourth and fifth acquisition phase. 
 As an alternative for the simple increase of responding from the baseline the speed of 
acquisition was examined, that is, the number of minutes during training it took an infant to 
achieve a level of responding equal to or greater than 1.5 times that infant's operant level for two 
of three consecutive minutes (see Ohr & Fagen, 1991; Fagen, Morrongiello, Rovee-Collier, & 
Gekoski, 1984). A total of 15 (58%) full-term infants, 15 (71%) LR preterm infants, and 4 (80%) 
HR preterm infants met this criterion (see table 2). A Chi- square analysis showed that the number 
of infants who successfully met the learning criterion (i.e., the above mentioned 1.5 times the 
baseline level of responding) did not differ among the three risk groups. For speed of acquisition 
there was also no significant difference between the groups, F(2,31) = 2.08, p = .142. Conform 
Ohr & Fagen (1991) we divided the maximum number of responses during any reinforced minute 
by the subject's operant level to calculate the maximum increase from the baseline (peak 
performance ratio). Although the peak ratios differ for the three groups (see table 2), these 
differences were not significant. The same can be said for the latency between the start of a phase 
and the first leg kick. Probably due to the small number of HR preterms, the latencies of the high 
risk preterms did not differ from the latencies of the other two groups. If no correction for latency 
had been made, the baseline, first acquisition phase, and extinction kick rates would have been 
much lower for all three risk groups (full-terms 13%, LR preterms 14%, and HR preterms 9%), 
whereas the second to fifth acquisition phase would have been affected only moderately (an 
average decrease of 2%, 4%, and 4% respectively). If we had not corrected for latency, it would 
have been much easier for the infants to exceed their baseline levels of responding somewhere 
during the acquisition phase, especially for infants who showed long latencies. 
 Next the extinction ratio was calculated, that is, the number of leg kicks in the extinction phase 
relative to the baseline. The baseline and extinction phase are procedurally identical, and are not 
influenced by any elicitation effects of moving mobiles. A ratio smaller or equal to 1.0 resembles 
no learning because the infant responds below operant level, see table 2 for the extinction ratios. 
To have equal variances the extinction ratios were logarithmically transformed. The risk groups 
did not differ in their mean extinction ratio. Next we tested the extinction ratio against a 
theoretical value of 1.0 (this means that log = 0.0 if the baseline is equal to extinction, and 
therefore learning cannot be assumed). The log extinction ratios of the full-term and LR preterm 
infants significantly exceeded the theoretical value of 0.0, full-terms: t(25) = -3.37, p = .002; LR 
preterms: t(20) = -3.26, p = .004. The HR preterms' extinction ratio was nearly significant (p = 
.07).  
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Table 2 
 speed of learning, peak ratio, and latency or responding  

 
    Full-terms Low risk High risk  
    n=26 preterms n=21 preterms n=5 
    M (SD) M (SD) M (SD) 
 
     
 
 Speed (min)  4.5 (n=15)  4.6 (n=15)   2.3(n=4) 
 Peak ratio   3.9 (4.9) 5.7 (7.5)  4.8 (3.6) 
 Extinction ratio 2.93 (3.6)  3.84 (7.5)  2.83 (2.3) 
 Latency (sec) 
  Baseline 19.86 (18.1) 15.18 (17.0) 11.16 (7.2) 
  Acquisition 17.20 (18.2) 20.80 (20.5)  8.73 (8.4) 
  Extinction 15.39 (25.4) 14.69 (14.4)  7.35 (7.5) 
  
 
 
 

 

Figure 3 Leg movement by risk group,  full-terms (n=26),  Low risk preterms (n=21),  
High risk preterms (n=5) 
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Movement time 
 
 Global inspection of the video recording of the infants' performance during the mobile task 
showed that there were individual differences in the fluency, amplitude, and speed of spontaneous 
movements in the baseline period. Since fluency, amplitude, and speed of movements could 
confound correct observation of leg kicks and even slight movements of the right leg could set the 
mobile in motion, we also scored the video recordings of the infants for right leg movement. The 
mean Pearson product-moment-correlation between log kick rate and movement of the right leg 
was .76 (range .65 - .83, p < .001). Since there was no perfect correlation it can be concluded that 
not all leg movements were scored as a kick. An ANOVA on baseline level indicated that there 
was no significant difference between the risk groups in total movement time (see figure 3). A 3 
(risk) x 5 (blocks) ANCOVA with baseline level as the covariate and repeated measures over 
blocks yielded a significant effect for risk, F(2,48) = 3.37, p = .043, and for blocks, F(4,46) = 5.58, 
p = .001, with a significant linear trend for repeated measures of blocks, F(1,49) = 13.31, p = .001. 
The single effect of blocks was only significant for the LR preterm group, F(4,46) = 6.58, p < 
.001. Another ANCOVA on the acquisition blocks with the HR preterm infants omitted yielded 
no significant effect for risk group, indicating that the HR preterm infants differed from the 
full-term and LR preterm infants. Post hoc Tukey multiple range tests showed that in the first and 
second acquisition phase the HR preterms differed from the other two groups. In the third 
acquisition phase the HR preterms differed only from the full-terms. Separate t-tests with the 
Bonferroni inequality to control for overall α level showed that the full-terms reliably exceeded 
their baseline in the fifth acquisition phase, and the LR preterms in the fourth and fifth acquisition 
phase. The HR preterms did not exceed their baseline levels significantly. An ANCOVA on the 
extinction phase with the fifth acquisition block as the covariate showed no differences between 
the risk groups. Only the LR preterms reduced the movements of their right leg during extinction 
as compared to the fifth acquisition phase, t(20) = 2.50, p = .021.  
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Patterns of responding 
 
 The question still remains whether or not the infants learned the contingency between leg 
kicking and mobile movement. Inspection of the video recordings showed that the infants started 
to kick more in bursts from the start of the aquisition phase onwards. Therefore, we looked for 
changes in the interresponse times (IRTs). According to Bloom (1984) interresponse times can be 
used to distinguish reinforced from elicited behaviour (see also Bloom & Esposito, 1975). In 
figure 4 the interresponse times  3 seconds were plotted for the three risk groups as a percentage 
of all interresponse times. A 3 (risk group) X 5 (blocks) ANCOVA was performed with repeated 
measurement of the acquisition blocks and the baseline as the covariate. The effect for risk group 
nearly reached significance, F(4,46) = 3.01, p = .059. The effect for repeated measurement of 
blocks, and the blocks by risk interaction were not significant. Because the repeated measurement 
could have confounded a significant effect of risk group membership post hoc single analyses of 
variance were performed with Tukey multiple comparisons within every block to study group 
differences. As a result the full-term infants differed from the HR preterm infants in the first, 
second, third, and fifth acquisition block. Although the effect of repeated measurement over 
blocks was not significant for all three groups together, single effects analyses of the repeated 

 

Figure 4 0-3 seconds interresponse times by risk group, [] Full-terms (n=26), [] Low risk 
preterms (n=21), [] High risk preterms (n=5)  
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measurement effect showed a significant linear, F(1,49) = 7.16, p = .01, and cubic trend, F(1,49) = 
5.61, p = .022, for the full-terms, and a significant quadratic trend, F(1,49) = 11.41, p = .001, for 
the LR preterm infants. An asterisk in figure 4 indicates a significant (p  .008, after adapting α to 
correct for capitalization on chance) increase from the baseline. These t-tests showed that all three 
risk groups exceeded their baseline level significantly in the fourth and fifth acquisition phase. 
Although their number of leg kicks did not reliably exceed their baseline level, and they did not 
show a significant effect of repeated measurement of blocks, it can be concluded that the HR 
preterm infants seemed to have changed their pattern of responding, because they showed more 
short interresponse times. However, an increase in short IRTs can easily be caused by an increase 
in absolute number of leg kicks. To study the pattern of responding in more detail bursts of leg 
kicks were examined. 
 For the three risk groups the mean burst length and the percentage of IRTs that fell in a burst 
were examined. A burst was defined as at least two leg kicks with an IRT of one second or less. 
Pauses were defined as two kicks separated by IRTs longer than one second. Figure 5a shows the 
mean burst length and figure 5b the percentage of IRTs that fell in a burst. The three risk groups 
did not differ in mean baseline burst length nor in the percentage of IRTs that fell in a burst. The 
percentage of IRTs that fell in a burst proved to be highly variable among the three risk groups. 
The 3 (risk group) X 5 (acquisition blocks) ANCOVA with repeated measurement of the 
acquisition blocks and the baseline as the covariate yielded no significant results. The same 
analysis on the mean burst length showed a significant effect for risk group, F(2,48) = 6.35, p = 
.004, and repeated measurement of acquisition blocks, F(4,46) = 4.81, p = .003. Separate tests for 
single effects within the three risk groups showed only a significant linear trend for the repeated 
measurement of the acquisition blocks of the HR preterm infants, F(1,49) = 8.47, p = .005. 
Another risk group by acquisition blocks analysis with the HR preterm infants omitted resulted in 
a significant effect for repeated measurement of blocks, F(4,42) = 4.05, p = .007, but no 
significant main effect for risk group, indicating that the HR preterm infants differed from the LR 
preterm and full-term infants. Separate t-tests revealed that for the full-term and LR preterm 
infants the percentage of IRTs that fell in a burst in the fourth acquisition phase was significantly 
higher than in the baseline. The HR preterms did not kick more in bursts nor did their burst length 
increase. The mean burst length was significantly longer for the full-terms and LR preterms in the 
fourth and fifth acquisition phase compared to the baseline. Although the HR preterm infants 
showed more short IRTs, and the results could have easily been confounded by the small number 
of HR preterms, we concluded that their responses cannot be characterized as bursts. Their 
increase in short IRTs is due to an absolute increase in leg kicks without a clear change in the 
pattern of responding. Allowing longer IRTs (2 or 3 seconds) in the definition of bursts did not 
change these results. 
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Physical, demographic, and temperamental influences 
 
 Intercorrelations were calculated between: length of gestation, birth weight, Nursery 
Neurobiologic Risk Score (NBRS), obstetrical optimality, ponderal index (PI) at three months of 
age, Bayley Psychomotor Developmental Index (PDI) and the educational level of the mother. 
Table 3 shows the results. The correlations were also calculated for the preterm and full-term 
infants separately. For the separate groups only the correlation between birth weight and length of 
gestation remained significant for the full-term infants (r = .66, p < .001). This indicates that most 
of the initial significant correlations in table 3 could be accounted for by the infant's classification 
as pre- or full-term. 
 The possible effects of temperament on learning in the mobile task were studied by correlating 
the six subscales of the Infant Behavior Questionnaire (IBQ) with the logarithms of the baseline, 
the first and fifth acquisition phase, extinction phase, and the extinction ratio, as well as with the 
peak response rate, and mean kick rate. No significant correlations were found between any of the 
six temperament dimensions1 and the above mentioned conditioning variables. There were also 
no significant differences among the three risk groups on any of the subscales of the IBQ (activity 
level, distress to limitations, fear of novel stimuli, duration of orienting and distractibility, smiling 
and laughter, and soothability). However, when the high risk and low risk preterm infants were 
pooled the preterms scored lower on the subscale smiling and laughter, t(50) = 2.11, p = .040, than 
the full-terms. 
 
 

table 3  
intercorrelations  

 
    Length of Birth weight NBRS Obstetrical PI at 3  
    gestation   optimality months  of  
 
     
 

                                                 
    1Rhythmicity, the seventh IBQ dimension has been reported to have low internal consistency, and is usually not 
included in analyses of the IBQ (Rothbart, 1981; Rothbart & Mauro, 1990). Still rhythmicity correlated significantly 
with the log extinction phase (Spearman's Rho = -.31, p < .05). For the full-term infants rhythmicity 
correlated with the log of the first acquisition phase (Spearman's Rho = .43, p < .05). For the preterm 
infants rhythmicity correlated with all the mentioned variables significantly except the peak response rate 
and the log extinction ratio (correlations between -.44 and -.59).  

 

Figure 5 A) mean burst length, and B) percentage IRTs classified as bursts, [] Full-terms 
(n=26), [] Low risk preterms (n=21), [] High risk preterms (n=5) 
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Length of gestation --- .93 *** -.71*** -.76*** -.33* ns  ns 
Birth weight   --- -.73***  .52*** -.30* ns ns 
NBRS     --- -.47*** ns ns ns 
Obstetrical optimality    --- -.41** ns .29* 
PI at 3 months      --- ns ns 
Bayley PDI       --- ns 
Education of mother          
  
 
  *p < .05,  ** p < .01, *** p < .001 
 
 
 
 To study additional factors in the mobile conjugate reinforcement task hierarchical multiple 
regression analyses were performed on the log leg kicks in the first and the final acquisition block, 
the peak kick rate, the mean kick rate during acquisition, and the log extinction ratio for the 
preterm and full-term infants. Because all the full-term infants had a risk score of zero, and body 
composition as indexed by the Ponderal Index was related to group membership (see table 1), the 
hierarchical multiple regression analyses were performed for the preterms and full-terms 
separately. In the first step we forced in the equation the time the infants were already awake 
before the start of the experiment and the educational level of the mother. The time between 
testing and sleep was included in the analysis because of its potential influence on fatigue. In the 
second step the Ponderal Index (PI) at three months and the Bayley PDI were entered. For the 
preterm infants a third step was performed in which the Neurobiologic Risk Score (NBRS) was 
entered in the equation. For both the preterm and full-term infants the regression analysis was 
only significant with the log baseline as the dependent variable. For the full-term infants 36% of 
the total variance could be explained by time awake, educational level mother, PDI, and PI, 
F(4,21) = 2.972, p = .0432. The same predictors explained 53% of the variance of the log baseline 
kick rate for the fullterm infants, F(4,21) = 5.875, p = .0025. The NBRS added nothing to the 
regression equation. For the preterm infants only the β value of PDI was significant (β = -.549, p 
< .01). For the full-term infants there was also only one significant β, namely for PI (β = -.422, p < 
.05). 
 Separate hierarchical multiple regression analyses for the preterm and full-term infants on the 
mean burst length and the percentage of IRT's that fell in a burst revealed similar results. For the 
mean burst length in the baseline phase for the preterm infants 54% of the total variance could be 
explained by the first two steps. Only the β for the Bayley PDI was significant (β = -.643, p < .01). 
For the full-term infants the β of the Ponderal Index was significant (β = -.503, p < .01), and the 
first two steps in the regression explained 36% of the total variance. The best predictors for the 
percentage of kicks that fell in a burst in the baseline phase for the preterms was the Bayley PDI 
(β = -.602, p <.05), and 46% of the variance was explained by the first two steps in the regression 
analysis. For the full-term infants 27% of the variance of the percentage of kicks that fell in a burst 
in the first acquisition phase could be explained by time awake, educational level of mother, 
Bayley PDI, and Ponderal Index at three months, with only the β for time awake being significant 
(β = .468, p < .05). 
 Concluding, only the log baseline kick rate could be predicted, and not the acquisition phases. 
The significant β-values indicated that preterm infants with more advanced motor scores kicked 
less, had short burst lengths, and showed few bursts of kicking in the baseline. For the full-term 
infants those infants whose body proportions were more unbalanced (e.g., relatively heavy infants 
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for their lengths) also kicked less and in shorter bursts in the baseline. For the full-term infants the 
percentage of kicks that fell in a burst in the first acquisition block could be predicted but not the 
other acquisition blocks. 
 
 
 

DISCUSSION 
 
 
 The results of this study showed that both LR preterm and full-term infants but not the HR 
preterm infants significantly increased their rate of leg kicking and overall leg movement as 
compared to the baseline. The three risk groups did not differ in the speed of acquisition, the 
percentage of infants attaining the learning criterion of 1.5 times the operant level, the peak 
performance ratio, and the extinction ratio. Only the HR risk preterm infants did not significantly 
respond more often in the extinction phase compared to the baseline. However, this extinction 
ratio nearly reached significance. Based on the leg kick and movement rate it can be concluded 
that the full-term and LR preterm infants learned the contingency between leg kicking and mobile 
movement. The data for the HR preterm infants are not straightforward. Four of the five HR 
preterms reached the learning criterion, and rate of leg kicking and extinction ratio were nearly 
significant. Leg movements, however, did not significantly exceed operant level. The HR preterm 
infants differed from the other two groups in the overall number of leg kicks they produced. Given 
the significant effects of risk group in the ANOVA's it can be stated that the HR preterms were 
quite active in the mobile conjugate reinforcement task. However, they did not reliably exceed 
their baseline level of leg kicking. A simple explanation for the lack of significance could be the 
small number of infants in this group.  
 The next approach was to look at the sequence and patterning of responses. Considering 
interresponse times is useful because it highlights the temporal patterning instead of the frequency 
of responding. In order to neutralise the influence of the baseline kick rate on learning the baseline 
was used as the covariate in subsequent analyses (cf. Millar, Weir, & Supramaniam, 1992). 
Theoretically it is possible that inactive infants exceed their baseline because they learned the 
contingency and the active infants did not. However, it is equally well possible that the active 
infants learned the contingency but had no need to kick significantly more than in their baseline. 
The assumption that an increment from the baseline is the major criterion for learning is based on 
a drive or motivational theory of learning; that is, making the mobile move gives pleasure or a 
feeling of competence one can influence the environment. Including patterns of responding, 
however, makes it possible to study cognitive aspects of contingency tasks and individual 
variation, without denying the role of motivation.  
 When interresponse times were considered it was shown that all groups showed an increase in 
short interresponse times (IRTs  3 seconds) but only the full-term and LR preterm infants 
showed a significant change in the pattern of kicking. They kicked more often in bursts, and also 
the bursts increased in length. As was shown in figure 5a and 5b, infants kick in bursts also in the 
baseline. During acquisition the number and length of bursts increased. For the full-term and the 
LR preterm infants the burst data parallel the kick rate data. Although the HR preterm infants 
kicked at a fairly high rate their number and mean length of bursts did not increase significantly. 
So, if we look at a change in the pattern of responding the HR preterms did not learn the 
contingency between leg kicking and mobile movement. The behaviour of these infants can be 
described as impulsive. After high levels of baseline kicking these infants continue to kick at a 
high rate in subsequent acquisition phases. Although the percentage of short interresponse times 
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increases, the pattern of responding does not change from random kicks to bursts. Apparently the 
HR preterms do not give themselves the time to study the contingency between leg kicking and 
mobile movement properly. In terms of Bower (1989) they are not operating logically, because 
they do not seem to study the contingency relation in the pauses between kicking, which could 
have told them that one of the inferences is that if one does not kick the mobile will not move.  
 There were just a few instances of decreased responding in extinction as compared to the fifth 
acquisition phase. There was no significant change in kicking, and only the LR preterms 
suppressed right leg movement in the extinction phase. One explanation is that the infants had 
learned to expect mobile movement and kept responding as in the acquisition blocks to fulfill their 
expectations. For this reason the extinction phase is also called an immediate retention test (cf. 
Ohr & Fagen, 1991; Rovee-Collier & Hayne, 1987). Prolonged extinction is necessary for the 
infants to learn that the situation has changed and leg kicking no longer leads to mobile 
movement. Observation of the videotapes gave us the impression that the duration of the 
extinction phase was too short for the infants to decrease their responding, because we noticed 
that at the end of the extinction phase, most infants stopped looking constantly at the mobile and 
examined the overhanging suspension bars. However, at the moment no conclusions can be 
drawn about the difference in sensitivity to the onset of extinction among the three risk groups. 
 As to the results of the study of Gekoski, Fagen, & Pearlman (1984) that used preterm infants 
as subjects their finding can be refined that preterm infants do not learn the contingency in the first 
session. In the current study the HR preterm infants did not learn the contingency, whereas the LR 
preterm infants did. Maybe our HR preterms are more comparable to the preterms in the Gekoski 
et al. study than our LR preterms. Biological risk could be an important factor in the mobile 
conjugate reinforcement experiment, because it distinguishes groups of infants with different 
patterns of behaviour, and shows that the infants with the highest risk for brain damage did not 
seem to learn the contingency. Gekoski, Fagen, & Pearlman (1984) used relative numbers of leg 
kicks and provided no information about absolute levels of leg kicking. So we could not decide 
whether an effect of the absolute baseline level prevented their preterms from exceeding their 
baseline. With or without this confounding effect it would still be interesting to see how the 
interresponse times change within the acquisition phase for the infants in the Gekoski et al. study. 
Altogether, we disapprove of the use of relative leg kicks as was done by Gekoski, Fagen, & 
Pearlman (1984), and Ohr & Fagen (1991). This method reduces the variance in the baseline to 
zero, which confounds the multivariate analysis of this experiment. Because no information is 
given about the absolute level of leg kicking, the suggestion of Gekoski, Fagen, & Pearlman 
(1984), that preterms perform like eight weeks old infants, cannot be checked. Our experience 
with another conditioning tasks is that younger infants tend to respond less frequently than older 
infants. Because the baseline level sets a limit to possible change in responding, comparisons of 
young and old infants ought to be based not only on a change in responding but also on absolute 
levels of responding. However, it may be that the preterm infants in the study of Gekoski, Fagen, 
& Pearlman did not learn the contingency because these infants were more at risk for 
developmental delay than the infants in our study. When the Gekoski, Fagen, & Pearlman study 
was repeated with low risk preterm infants, these infants learned the contingency in the first 
session (Fagen, personal communication). 
 In the last part of the results section some additional predictors were discussed for kick rate 
and mean burst length in the mobile conjugate reinforcement task. The baseline is best predicted 
by psychomotor development, time awake before testing, and the Ponderal index. The time awake 
before testing is a nuisance variable that is typical of laboratory testing. Because the appointments 
were made in advance, there was a significant chance that upon arrival at the laboratory the time 
of testing was not optimal for an infant. This can be avoided by testing the infants at home, as is 
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recommended by Rovee-Collier et al. (1978). The Bayley Psychomotor Development (PDI) 
predicted the baseline kick rate levels for the preterm infants but not for the full-term infants. The 
full-term infants baseline was best predicted by the Ponderal Index at three months. Ohr & Fagen 
(1991), who studied infants with Down syndrome with the mobile conjugate reinforcement task, 
found a positive correlation between PDI and baseline and extinction phases. The difference is 
that Ohr & Fagen found a positive correlation, whereas in the present study a negative correlation 
was found. This difference can be explained by a general difference in motor development 
between Down syndrome and preterm infants. Although the Down syndrome children were on 
average three weeks older than the infants in our study, the Down syndrome infants differed 
significantly from the full-term control infants, whereas our preterm infants did not.  
 The acquisition phases, the peak and mean response rate, and the extinction ratio could not be 
predicted reliably in this study. As a result learning in the mobile conjugate reinforcement task 
seems not to be influenced by educational level of the mother, the time the infants was already 
awake before testing, neurobiologic risk, body proportions, and psychomotor development. That 
the neurobiologic risk score (NBRS) proved not to be a significant predictor could be explained 
by the fact that infants with severe intracranial hemorrhages and/or leukomalacia, two of the 
seven risk factors the NBRS consists of, were excluded from this study because we knew 
beforehand that these infants had a high risk to be handicapped and we wanted to study relatively 
healthy preterm infants.  
 The apparent lack of significant correlations between the temperament dimensions and 
operant conditioning parameters is not surprising. According to Fagen & Ohr (1990) in a review 
of studies relating temperament and operant conditioning the results of these studies are 
inconsistent, and significant correlations are mostly small and therefore just small amounts of 
variance in contingency acquisition data are explained by individual differences in temperament. 
For instance Dunst & Lingerfelt (1985) found that rhythmicity and task persistence correlated 
negatively with rate of learning, i.e. faster learning occured by infants rated by their mothers as 
more predictable in their daily sleeping and feeding patterns and having longer attention spans. 
Hayes, Ewy, & Watson (1982) also found a relation between attention measured in a 
noncontingent baseline phase and conditioning performance. Infants with higer attention scores 
had higher learning scores, and in a second experiment infants with low attentional ratings failed 
to acquire the instrumental contingency. Higher correlations have been found between 
temperament dimensions and subject attrition in conditioning (Fagen, Ohr, Singer, & 
Fleckenstein, 1987), and female habituation performance (Wachs & Smitherman, 1985), and 
performance on the Bayley Scales of Infant Development (Fagen, Singer, Ohr, & Fleckenstein, 
1987). 
 In addition to the normal way of analysing operant conditioning tasks, that is, to look at 
quantitative changes of responses, the qualitative changes in the response patterns of the subjects 
were studied. It can be concluded that, first of all, qualitative changes give more insight in the 
cognitive process of learning a contingency than quantitative changes. Second, the qualitative 
approach highlights the variation present in the individual responses. Finally, the assumptions 
underlying the qualitative approach are theoretically interesting, because they suppose the infant 
to behave rationally. 
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Behavioural Style and Individual Patterns 
of Responding in the Mobile Conjugate 

Reinforcement Task 
 
  

 
 

 
 
 

INTRODUCTION 
 
 
 Studies of cognitive development in infancy are mostly concerned with the performance of 
groups of subjects. Just a few studies pay attention to individual variation in performance. In the 
conditioning literature we have not found any studies on individual differences or individual 
response patterns. Apparently McCall's urgent request for equal attention for the study of 
individual differences and developmental functions (i.e., the measured value of a characteristic 
plotted across age) is not yet heard (McCall, 1990; see also Wohlwill, 1973). Researchers 
typically work with a priori treatment and control groups. Variation within the groups is a 
nuisance variable and not a topic of research. In the study of risk groups, however, individual 
differences are of the utmost importance. Infants at risk for developmental delay, such as preterm 
infants, often form quite heterogeneous groups. Studying individual differences in infants, and the 
characteristics of these infants could first of all help to identify the infants with the highest risk for 
developmental delay, and secondly suggest and clarify important risk factors.   
 The video recordings of individual infants' performance in the mobile conjugate reinforcement 
task showed that some infants slowed down their kicking at the start of the acquisition phase, 
while other infants increased the number of kicks immediately. These observations and the results 
of chapter six made us curious about differences in individual response patterns in the mobile 
conjugate reinforcement task. We hypothesized that individual response patterns could reflect an 
infants' behavioural style of responding. Some of these styles may differ in their effectiveness for 
problem solving, and, as a result, affect the infant's cognitive functioning and development in 
different ways. Besides interpreting an infant's observable behaviour in terms of behavioural 
style, the latter can also be measured by temperament questionnaires. Since Dunst & Lingerfelt 
(1985) found a relation between two temperament dimensions (rhythmicity and persistence) and 
learning rate in a mobile conjugate reinforcement task, we expected to find a relation between the 
pattern of responding and the infants' temperament.  
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 In the previous chapter it was already shown that the IBQ dimensions did not correlate with 
perceiving the contingency. The first objective of the current chapter is to look at differences in 
temperament among infants who showed differences in the rate and patterning of responses in the 
mobile task. Second, it was questioned whether behavioural styles as reflected in the response 
patterns at three months of age related to later (cognitive) development. So far there is only scant 
evidence for generalization of operant learning to other learning tasks immediately following the 
first learning task (Finkelstein & Ramey, 1977). Finally, whether or not individual differences in 
contingency learning relate to cognitive development measured by developmental tests was also 
studied. 
 
 
 

SUBJECTS 
 
 
 The same fifty-two subjects from the previous chapter who completed the mobile conjugate 
reinforcement experiment were used in this analysis. Each infant was assigned a value on the 
short form of the Nursery Neurobiologic Risk Score (NBRS) by one of the hospital's pediatricians 
at discharge from the hospital. The NBRS focuses on possible causes of brain injury and consists 
of seven items: infection, blood pH, seizures, subependymal and intraventricular haemorrhage, 
assisted ventilation, periventricular leukomalacia, and hypoglycaemia (Brazy, Eckerman, Oehler, 
Goldstein, & O'Rand, 1991). Since infants with subependymal and intraventricular haemorrhage 
grade III and IV, periventricular leukomalacia, and severe handicaps were excluded from this 
study, very high NBRS scores were not expected. Only five infants had an NBRS score  4, these 
infants formed the high risk (HR) preterm group. The low risk (LR) group consisted of 
twenty-one infants with an NBRS score < 4. The control group consisted of twenty-six full-term 
(FT) infants with a zero NBRS score. All infants, including the full-terms, were tested when they 
were three months of age, corrected for the number of days born before or after forty weeks of 
gestation. 
 
 

 
METHODS 

 
 
  In the present studies the response pattern as well as the response rate were taken as prove of 
learning in the mobile conjugate reinforcement task, because an increase in response rate may not 
always be the best measure of learning (see the previous chapter). Furthermore, an increase in 
response rate is attenuated in studies where the stimulus has a short-lived reinforcing effect 
(Pomerleau, Malcuit, Chamberland, Laurendeau, & Lamarre, 1992), and in cases were the 
response rate reaches asymptotic levels immediately, learning is thought to be caused by 
elicitation, whereas a gradual increase represents an acquired contingent relationship (Bloom, 
1984). According to Poulson (1984), however, a gradual increase or decrease of the response rate 
is a confirming but not a defining characteristic of learning curves. If it does not make sense to 
look solely at the increase/decrease of responses, one could also look at the latency, strength or 
temporal patterning of the responses (Bloom, 1984). Thus, while it is difficult to demonstrate 
learning unambiguously in groups of subjects, demonstrating learning in individual subjects will 
be even harder. Without further psychometric or logical explanation some authors have solved 
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this problem by looking at a preset learning criterion, like was done in chapter six 
(Campos-de-Carvalho, Bhatt, Wondolowski, Klein, Rovee-Collier, 1993; Ohr cited in Fagen & 
Ohr, 1990; Ohr & Fagen, 1991, 1993; Ohr, Fagen, Rovee-Collier, Hayne, vander Linde, 1989). In 
this chapter response rate  and response patterns will be studied. 
 In order to study the relation between individual differences in the response pattern during the 
mobile task and in later development we assessed the infants' development with two 
developmental tests. Development at nine months of age was measured with the Dutch versions 
of the Bayley Scales of Infant Development (van der Meulen & Smrkovsky, 1983) and the Kent 
Infant Development (KID-N) scales (Schneider, Loots, & Reuter, 1990). The KID-N scales were 
also administered at the age of twelve months. The KID-N was included in the current study 
because it describes the infants' development in three additional domains other than the cognitive 
and motor domain also covered by the BOS 2-30, namely language, self help, and sociability. The 
KID-N was also included to validate the BOS 2-30 data. The KID-N asks for behaviours the 
infants are able to perform in familiar surroundings, it is therefore less situation specific than the 
BOS 2-30. The temperament dimensions were measured with the Infant Behavior Questionnaire 
(Rothbart, 1981) at three, six, and nine months of age. The Infant Behavior Questionnaire (IBQ) 
consists of six subscales: activity level, distress from limitations, fear, duration of orienting, 
smiling and laughter, and soothability. 
 A cluster analysis was performed on the mobile leg movement data to study individual vari-
ation in the pattern of responses. Actually developmental functions were studied on a micro level, 
the measured value of a characteristic (in this case leg kicking) plotted across a short period of 
time. The movement times and not the kick rates were used for cluster analysis, because, in 
contrast to the kick rates, the movement data did not have to be transformed for subsequent 
analyses of variance (ANOVA). The SPSS/PC+ CLUSTER procedure (Norušis, 1992) was used 
to perform a hierarchical cluster analysis with Ward's method and squared Euclidian distances on 
the baseline, acquisition, and extinction data. A plot of the fusion coefficients was used to 
determine the number of cluster solutions (Aldenderfer & Blashfield, 1984; Green, 1990). Cluster 
analysis methods separate entities into clusters that have virtually no overlap along the variables 
being used to create the clusters. Significant tests for differences among these variables should 
always be positive, regardless of whether clusters really exist or not (Aldenderfer & Blashfield, 
1984). Therefore a significant main effect of the cluster factor is, by definition, to be expected. 
Still, ANCOVA's on the contingency data were performed with the baseline as the covariate to 
see if repeated measures of blocks was significant for the various clusters. Group differences were 
assessed by performing Tukey's multiple range tests, and separate t-tests with Bonferroni 
inequality, to correct for overall α-level, to assess differences between the baseline and the 
acquisition blocks. 
 The learning curves for the cluster solutions were studied first. Next were studied the speed of 
acquisition, peak ratio, extinction ratio, and the latency to respond. As in chapter six the response 
patterns (i.e., bursts in responding) were studied too. Finally, the general development scores and 
temperament dimensions were studied for the cluster solutions. 
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RESULTS 
 
Patterns of responding 
 
 Figure 1 shows the results of the cluster analysis. On a descriptive level the twenty-seven in-
fants (15 FT, 11 LR, 1 HR) in cluster 1 showed the lowest baseline of all infants. In the first 
acquisition block these infants decreased their responses, and after that there was a steady increase 
of responses. The five infants (3 FT, 2 LR) in cluster 2 showed a rapid increase in leg movement. 
The thirteen infants (5 FT, 7 LR, 1 HR) in cluster 3 did not show increased or decreased 
responding in the acquisition blocks. These infants showed also a strong decrease of responding 
in the extinction phase. The last cluster consists of seven infants (3 FT, 1 LR, 3 HR) with the 
highest baseline and a steep increase in the acquisition phase.  
 First of all we tested whether the just described response curves could be confirmed 
statistically. A oneway ANOVA on baseline leg movements with Tukey's multiple range tests 
showed that cluster 1 differed significantly from cluster 2 and 3 in the baseline, F(3,48) = 11.65, p 
< .0001. A 4 (cluster) x 5 (blocks) ANCOVA with repeated measures of blocks and the baseline 
as the covariate yielded the expected significant effects of cluster, F(3,47) = 55.75, p < .001, and 
cluster by blocks, F(12,131) = 3.33, p < .001. The effect of blocks was also significant, F(4,45) = 
7.89, p < .001. Tests for simple effects showed a significant effect of blocks for cluster 1, F(4,45) 
= 4.09, p < .001, cluster 2, F(4,45) = 6.36, p < .001, and cluster 4, F(4,45) = 4.90, p = .002, but not 

 

Figure 1 Leg movement per phase by cluster:  cluster 1 (n=27), cluster 2 (n=5),  cluster 
3 (n=13),  cluster 4 (n=7) 
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for cluster 3. Only the thirteen infants in cluster 3 decreased responding significantly in the 
extinction phase compared to the last acquisition block, t(12) = 2.88, p = .014. To check if fatigue 
caused the infants in cluster 3 to move their leg less in the extinction phase we tested the 
extinction against the baseline level. This difference was not statistically significant, excluding 
fatigue as an explanation. 
 Based on the significant effects of repeated measures of the acquisition blocks it can be 
concluded that three of the four groups changed their operant level of responding, which indicates 
that they learned the contingency. Only the infants in cluster three did not significantly change 
their behaviour during acquisition. However, these infants changed their behaviour in the 
extinction phase compared to the last acquisition block. Because the number of leg movements 
was not significantly lower than their baseline level, decreased responding is not caused be 
fatigue. Apparently they noticed a change in the experimental condition, and consequently moved 
their legs less. Therefore it can be assumed that infants in all four clusters learned the contingency. 
 To determine the moment the infants acquired the contingency post hoc analyses were 
performed. The infants in cluster 1 exceeded their baselines reliably in the fourth and fifth 
acquisition phase, and infants in cluster 4 in the second and fourth acquisition phase. So, the 
moment of learning could only be determined for the infants in cluster 1 and 4. Next we tested if 
there was a relation between risk group and cluster membership. It appeared that neither the 
Chi-square test nor the correlation coefficient were significant. So, infants with different risk 
scores were not significantly different distributed among the clusters.  

 

Figure 2 Log leg kicks per phase by cluster:  cluster 1 (n=27), cluster 2 (n=5),  cluster 3 
(n=13),  cluster 4 (n=7) 



 Individual differences in mobile conjugate reinforcement 117  
 

 

 Since there was a moderate correlation between leg movement and leg kicking the log leg 
kicks for the four clusters were examined (see figure 2 on the previou page) to see if the leg kick 
patterns corresponded with the patterns of leg movement. A 4 (cluster) x 5 (blocks) ANCOVA 
with repeated measurement of blocks and the baseline as the covariable yielded a significant 
effect for cluster, F(1,47) = 16.43, p < .001, blocks, F(4,45) = 6.65, p < .001, and the cluster by 
blocks interaction, F(12,131) = 2.05, p = .025. Comparable to the leg movement data the tests for 
single effects of repeated measures of blocks were significant for cluster 1, 2 and 4 but not for 
cluster 3. However, separate planned t-tests showed that the infants in all the clusters reliably 
exceeded their baseline in the fourth acquisition phase (p < .01). The infants in cluster 3 and 4 
were even quicker, they exceeded their baseline in the third and second acquisition block 
respectively (p <.01). There was no difference among the four clusters in the extinction phase 
when an ANCOVA was performed on this phase with the fifth acquisition phase as the 
covariable. The difference between the fifth acquisition phase and the extinction phase was also 
not significant for any of the clusters. 
 So, with regard to leg kicks the results are comparable to the leg movement data. Based on the 
repeated measures effect and the significant increase from the baseline we can conclude that all 
infants, except the infants in cluster 3, learned the contingency. The results for the cluster 3 infants 
are not unequivocal. The repeated measures of blocks was not significant, maybe because the 
curve stayed rather flat, whereas the single t-tests showed that they exceeded their baseline in the 
third acquisition block. 
 
 As an alternative for the simple increase of responding from the baseline we examined the 
number of infants who met the individually set learning criterion, the speed of acquisition, the 
peak ratio, and the extinction ratio (for definitions see chapter six). We also looked at the latencies 
to respond in every phase in the experiment, that is, the time an infant waited before it started to 
kick (see table 1). A total of fourteen (52%) cluster 1, five (100%) cluster 2, nine (69%) cluster 3, 
and six (86%) cluster 4 infants met the individual learning criterion (i.e., responded more than 1.5 
times the baseline level). A Chi-square analysis showed that the number of infants who met this 
learning criterion successfully did not differ among the four clusters. For speed of acquisition 
there was also no significant difference between the clusters, F(3,30) = .60, p = .6202. Conform 
Ohr & Fagen (1991) we divided the maximum number of responses during any reinforced minute 
by the subject's operant level to calculate the peak performance ratio (see table 1). The peak  
ratios were different for the four clusters. Post hoc analysis showed that the cluster 2 infants 
differed from the other three groups. The four groups did not differ in the latency between the start 
of a phase and the first leg kick. 
 Next we calculated the extinction ratio, i.e., the number of leg kicks in the extinction phase 
relative to the baseline. The baseline and extinction phase are procedurally identical, and are not 
influenced by any elicitation effects of moving mobiles. A ratio smaller or equal to 1.0 resembles 
no learning because the infant responds below operant level, see table 1 for the extinction ratios. 
To have equal variances we transformed the extinction ratios logarithmically. The mean 
extinction ratios of the four clusters differed significantly. Post hoc analyses showed that the 
infants in cluster 2 differed from the infants in cluster 1 and 3. Next we tested the extinction ratio 
against a theoretical value of 0.0 (10log1 = 0.0). A value of 0.0 means that the number of responses 
in the extinction phase is equal to baseline, and therefore learning cannot be assumed. The log 
extinction ratios of the infants in cluster 1, 2 and 4 exceeded the theoretical value of 0.0 
significantly. The cluster 3 infants' extinction ratio reached significance (p = .055). With regard to 
the latencies no significant differences were found among the four groups, although the main 
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effect of group nearly reached significance for the latency before the acquisition phase (p = 
.0866). 
 Concluding, based on the extinction ratios the infants in cluster 1, 2, and 4 seemed to have 
learned the contingency, while the infants in cluster 3 did not. However, 69% of the infants in 
cluster 3 met the individual learning criterion, indicating that at least part of this group learned the 
contingency by this criterion. The speed of learning was not different for the four clusters, nor 
were the latencies to respond. 
 
 
 Table 1 

Speed of learning, peak and extinction ratio, and latency  
 
    Cluster 1 (n=27) Cluster 2 (n=5) Cluster 3 (n=13) Cluster 4 
(n=7) 
    M (SD) M (SD) M (SD) M (SD) 
     
 
Speed (min)  4.5 (n=14) 4.4 (n=5) 4.6 (n=9) 3.2 (n=6) 
Peak ratio  3.2 (2.0) 14.5a  (14.7) 4.4 (4.4) 4.6 (3.4) 
Log (ext/base)c   .20 (.37)  .88b (.50)  .17 (.29)  .45
 (.30)  
Latency (sec)  
 Baseline  19.9 (16.2) 10.2 (9.6) 19.5 (22.0) 6.8 (7.0) 
 Acquisition  36.0 (21.5) 43.4 (23.1) 29.5 (9.3) 19.4 (4.9) 
 Extinction  28.0 (12.9) 28.9 (25.9) 38.4 (31.2) 18.1 (5.2) 
  
 
a The peak ratio of cluster 2 differs significantly from the other three groups , F(3,48) = 6.90, p < .001. b The log 

extinction ratio of cluster 2 differed significantly from the ratios of cluster 1 and 3, F(3,48) = 6.20, p < .01. c The 
log extinction ratios of cluster 1, 2 and 4 differed significantly from the theoretical value of 0.0, t(26) = -2.86 p < 
.01; t(4) = -3.91, p < .05; t(6) = -4.05, p < .01 respectively. For cluster 3 the difference nearly reached 
significance, t(12) = -2.12, p = .055. 
 
 
 
Bursts 
 
 The infants in all four clusters significantly exceeded their baseline leg kick levels, but only 
the infants in clusters 1 and 4 exceeded their baseline movement levels significantly. An 
additional index of learning can be attained by looking at a change in responding. Therefore we 
examined the inter response times (IRTs), burst length, and the percentage of IRTs that fell in a 
burst, because we think these variables are more sensitive to changes in the pattern of responding 
than the simple response rates. In chapter six it was already explained that a burst-pause pattern of 
responding could reflect the infant's way of studying the reaction of the mobile upon kicking and 
withholding kicking. It was hypothesized, in accordance with the hypothesis testing theory of 
Bower (1989) and the conditional probability model of Watson (1978), that if infants operate 
logically in the mobile conjugate reinforcement task a burst-pause pattern is to be expected.  
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 Based on empirical data first an increase was expected in short IRTs. In figure 3 the sum of the 
first 3 bins of 1 second IRTs (i.e., IRTs  3 sec.) is plotted as a percentage of all observed IRTs. 
An asterisk indicates a significant increase from baseline (p  .008, after adapting α to correct for 
capitalization on chance). Figure 3 shows that in the fourth and/or fifth acquisition phase 
responding is characterized by short IRTs, which are typical for bursts of responding. The infants 
in cluster 1 and 4 already showed a significant increase in short IRTs in the first and second 
acquisition block respectively. This increase corresponds with the increase in the number of leg 
kicks shown in figure 2. Neither group showed significant differences between the fifth 
acquisition block and the extinction block. 

 
Figure 3 0-3 seconds interresponse times per cluster: [] cluster 1, [] cluster 2, [] cluster 3, [] 
cluster 4 
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 Given a fixed amount of time an increase in response rate can easily lead to an increase in 
response bursts. To describe the pattern of responding more precisely we next studied the mean 
burst length (figure 4a) and the percentage of responses that fell in a burst (figure 4b) for the four 
clusters of infants. A 4 (cluster) X 5 (blocks) ANCOVA with repeated measures of the mean burst 
length in the acquisition blocks and the baseline as the covariate showed a significant effect for 
cluster, F(3,47) = 9.96, p < .001), blocks, F(4,45) = 5.81, p = .001, and the cluster by blocks 
interaction, F(12,131) = 3.30, p < .001. Post hoc trend analyses yielded significant linear trends 
for the repeated measures effect for cluster 2 and 4. An identical analysis on the percentage of 
responses that fell in a burst yielded significant effects for: cluster, F(3,47) = 11.74, p < .001, and 
blocks F(4,45) = 3.48, p = .015. The cluster by blocks interaction was not significant. Post hoc 
tests for single effects of blocks showed a significant cubic trend for cluster 1, and a linear and 
quadratic trend for cluster 2. To study the moment of learning we tested the acquisition blocks 
against the baseline. We used one-tailed t-tests, because we knew from the analysis of the three 
risk groups in the previous chapter that an increase was to be expected in the mean burst length 
and the percentage of IRTs that fell in a burst. An asterisk in figures 4a and 4b indicates a 
significant increase from the baseline. The most rapid change in mean burst length can be seen in 
the cluster 3 infants. These infants significantly exceeded their baseline in acquisition block three, 
four, and five. The infants in cluster 1 only exceeded their mean burst length baseline level in the 
fourth acquisition block, while the infants in cluster 2 did so in the fifth acquisition block. 
Although there was a trend for increased burst length for the infants in cluster 4, the mean burst 
length never exceeded the baseline level significantly. In the fourth and fifth acquisition block all 
four clusters of infants, except the cluster 1 infants in acquisition block 5, significantly exceeded 
their baseline levels of the percentage IRTs that fell in a burst.  
 After a closer look at the burst data it appeared that three infants in cluster 1 (2 FT, 1 LR) 
showed no bursts at all during the experiment. In general, there was a high percentage of infants 
not showing bursts of responding during one or more blocks of the experiment in cluster 1, 
whereas the infants in cluster 4 showed nearly always (in baseline as well as acquisition) bursts of 
responding. About 50% of the infants in cluster 1, 2, and 3 (52%, 40%, and 46% respectively) 
showed no bursts in the baseline. Of the thirteen infants in cluster 3 one or two infants showed no 
bursts in one or more blocks. After the second acquisition block all infants in cluster 2 showed 
bursts of responding. However, in cluster 1 the percentage of infants not showing bursts stayed 

 
Figure 4 A) Mean burst length; B) percentage of IRTs that fell in a burst: [] cluster 1, [] cluster 
2,   [] cluster 3, [] cluster 4 
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rather high, ranging from 63% in the second acquisition block to 22% in the extinction block. The 
infants in cluster 1 showed longer burst lengths during extinction as compared to the fifth 
acquisition phase. No other differences between the fifth acquisition and the extinction phase 
were found. 
 Thus, based on the number and length of response bursts, the infants in cluster 1, 2, and 3 
changed their temporal pattern of responding. Which is also true for the infants in cluster 4 who 
showed more bursts after their baseline but did not show longer bursts. The data of the cluster 3 
infants are ambiguous, because, while the multivariate repeated measurements were not 
significant the post hoc t-tests showed that there is a moment where they changed their temporal 
pattern of responding compared to the baseline.  
 
 

Table 2 
KID-N developmental ages in months at 9 months of age  

 
  Cluster   1   2   3   4 
  
 
  Cognitive   9.2   8.7   8.8   8.0 
  Motor   9.0   7.9   8.8   8.0 
  Language   9.8   9.1   8.5   9.2 
  Self help   9.9   8.7   10.0   9.3 
  Social   9.1   8.8   8.8   8.5 
 
  Total   9.3   8.5   9.0   8.5 
  
 
 
 

Table 3 
Bayley mental (MDI) and motor (PDI) developmental indices and 

developmental ages at 9 months of age  
 
  Cluster  MDI (Developmental)  PDI  (Developmental)  
        (age)      (age) 
  
 
   1  99.3  (9.0)   95.0  (8.8) 
   2  96.4  (8.4)   88.6  (8.3) 
   3  96.1  (8.7)   97.4  (8.9) 
   4  91.0  (8.4)   92.0  (8.4) 
  
 
 
 
Associations with overall development and temperament 
 
 To study the possible relation between the learning process and overall development 
the clusters were ranked for information processing efficiency by taking account of the 
initial level of responding and the amount of response increment over time. According to 
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Bloom (1984) an immediate asymptotic increase in responses represents the process of 
elicitation, whereas learning is characterized by a gradual (e.g., positively accelerating) 
learning curve. Following this line of reasoning, the cluster 1 infants were classified as 
the most effective, because these infants showed a gradual increase in responses. The 
learning curve of the cluster 4 infants resembled an elicitation curve, and was therefore 
thought of as the least effective. The learning curves of the cluster 2 and 3 infants were 
assumed to be intermediately efficient. To see if cluster membership related to general 
cognitive and motor development we examined the KID-N scores, and the Bayley mental 
and motor scores at nine and twelve months of age. The KID-N was filled out by the 
parents a second time when the infant was twelve months of age. Tables 2 and 3 show 
the results at nine months.  
 In order to reduce the possible number of tests, cluster 1 was taken as a reference 
group, and was compared with the other three groups in three single t-tests. Since we 
expected the infants in cluster 1 to perform the best of the four groups we used 
one-tailed significance levels, and, because of multiple comparisons, the significance 
level was adjusted to .017. At nine months of age the scores on the cognitive subscale of 
the KID-N (see table 2) differed significantly for the cluster 1 and cluster 4 infants, 
one-tailed t-test: t(2.54)=14.49, p = .011. The difference between the Bayley mental ages 
of the cluster 1 and cluster 4 infants (see table 3) nearly reached significance, one-tailed 
t-test: t(10.72)=2.37, p = .019. There were no significant differences among the clusters 
on the KID-N scores at twelve months of age, nor were there any differences in the 
temperament  subscales at three, six, and nine months of age. Concluding, these 
results seems to confirm the hypothesis that differences in response style in the mobile 
conjugate reinforcement task at three months of age are related to later development. 
However, significant associations were only found at nine months and not at twelve 
months. 
 
 
 

DISCUSSION 
 
 
 By looking at the response patterns it can be concluded that all groups of infants 
significantly changed their pattern of responding somewhere around the fourth 
acquisition block. The infants started to kick in bursts after approximately six minutes of 
acquisition. However, whereas this change in behaviour was stable for the infants in 
cluster 2, 3, and 4 it was not stable for the infants in cluster 1. For the infants in cluster 
1 the percentage of kicks that fell in a burst, the mean burst length, and the percentage 
IRTs shorter than three seconds did not significantly exceed their baseline levels in the 
fifth acquisition block. Instead of trying to reduce the individual variation in the 
conditioning experiment we turned the individual variation into the topic of the study (by 
performing a cluster analysis), because it was hypothesized that individual variation in 
contingency learning could be related to later development, especially cognitive 
development.  
 We stated that the patterns shown by the infants in the four different clusters differed 
in information processing efficiency. Although the response rate and response pattern 
data showed a change in responding it could be argued that the cluster 4 infants did not 
learn the contingency because they showed an immediate increase in responses. With 
regard to the speed of contingency learning, Sameroff and Cavanagh (1979) stated that 
in case of an immediate association there is no learned association, but biological 
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preparedness is implicated. Preparedness was originally defined by Seligman (1970), 
and can be described as: "... certain combinations of stimuli, responses, or reinforcers 
are biologically prepared such that their association is almost immediate without the 
apparent necessity of a learning process to occur..." (Sameroff & Cavanagh, 1979, p. 
364). Bloom argues that in case of immediate association the response is elicited 
instead of learned (Bloom, 1984). However, with respect to burst length and the 
percentage of IRTs that fell in a burst the change was much more gradual for the cluster 
4 infants than the change in kick rate. The repeated measures of blocks and the 
differences between acquisition blocks and baseline were significant, therefore it was 
concluded that the infants in cluster 4 learned the contingency. 
 The behaviour of the infants in cluster 3 pose more of a problem. The repeated 
measures of acquisition blocks were not significant, both for the response rates as well 
as for the response pattern data. However, the difference tests between acquisition 
blocks and the baselines showed significant effects. Beginning in the third acquisition 
block the cluster 3 infants significantly increased their kick rate, and they kicked more 
in bursts. Learning in these infants seems to take place in too gradual a way, and, as a 
result of that, a significant trend could not be found. 
 Because it was hypothesized that the response patterns reflected a behavioural style 
that might be representative for other learning situations, we expected to find 
differences among the four groups in later cognitive development. Such differences were 
indeed found in mental functioning between infants in cluster 1 and cluster 4 at nine 
months of age. Remember that there were also full-term infants in cluster 4 and cluster 
membership was not associated with risk group. Furthermore, the difference between 
the infants in cluster 1 and cluster 4 cannot be explained by differences in temperament, 
because the infants in the four different clusters did not differ in temperament at any 
age. However, at twelve months of age the difference in cognitive functioning was not 
longer observable. At the moment it is not clear whether the differences in cognitive 
functioning are unstable and typical only for the nine months old infants or that they 
appear also at earlier ages. However, it may also be true that individual differences in 
operant learning tasks in infancy are independent from the developmental function of 
learning and cognition, the individual differences may be a temporary phenomenon (see 
McCall, 1990). 
 We were surprised not to find any differences in temperament between the infants in 
the four clusters. Even the subscale activity level, which we thought would surely 
discriminate between groups, because the baseline activity level was the first variable to 
enter the cluster analysis, did not differ for the four clusters. As a result it cannot be 
concluded that the patterns of behaviour in the mobile conjugate reinforcement task are 
related to differences in perceived temperament. This finding is in accordance with 
Fagen and Ohr (1990) who found fleeting and inconsistent relations between 
temperament and contingency acquisition. The results of the current study, however, 
conflict with the results of Dunst & Lingerfelt (1985) who found that two dimensions of 
the Infant Temperament Questionnaire - Revised (ITQ-R, see Carey & McDevitt, 1978), 
rhythmicity and persistence, significantly predicted learning rates in a mobile conjugate 
reinforcement task. Dunst & Lingerfelt (1985) suggested, "'...that the particular 
behavioral styles infants bring to new learning situations constrain or enhance their 
ability to acquire operant responses" (p. 562). There may be two reasons why we did not 
find any relations between temperament and operant learning. First, we used a different 
temperament questionnaire than Dunst & Lingerfelt. It is questionable whether the ITQ is 
suited for two to three months old infants, because the youngest infants in the 
standardization sample of Carey & McDevitt (1978) were 4 months old. For younger 
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infants these authors recently presented a new questionnaire the Early Infant 
Temperament Questionnaire (Medoff-Cooper, Carey, & McDevitt, 1993). Furthermore, 
the psychometric properties of the IBQ (see Rothbart, 1981) are better than those of the 
ITQ, therefore we chose to use the IBQ in our study. Second, Dunst & Lingerfelt 
constructed learning rates (difference scores) by subtracting the baseline from the 
acquisition blocks. We object against the use of difference scores because the baseline 
level puts a strong constraint on the extent of the difference scores that can be attained 
during acquisition, because of floor and ceiling effects. So, at the moment there is no 
unequivocal evidence for the suggestion that some of the dimensions of temperament 
relate to operant conditioning. We also could not confirm the results of the Fagen, Ohr, 
Singer, & Fleckenstein (1987) study on subject attrition. Fagen et al. (1987) found that 
the dimension 'duration of orienting' from the IBQ-scale was the best predictor for 
subject attrition. However, in our study we did not find any differences in temperament 
between the infants who did and who did not complete the experiment. 
 The hypothesis that response style in the mobile task is related to later development 
is open for further study. We only found significant differences at nine moths on the 
cognition scale of the KID-N between the infants in cluster 1 and cluster 4. The Bayley 
MDI scores were nearly significantly different. At twelve months no differences were 
found. Although the results at nine moths may have been transient, an alternative 
explanation for not finding differences on the KID-N at twelve months may have to do with 
a ceiling effect of the KID-N. Although the KID-N can be scored for an infant up till the age 
of 15 months we have the subjective impression that for the oldest infants for whom the 
KID-N is designed the scale does not differentiate, that is, too many items are scored 
positively. As a result the power to discriminate infants is reduced.  
 Concluding, in view of the response patterns we may conclude that most of the three 
months old preterm and healthy full-term infants learned the contingency in the mobile 
conjugate reinforcement task, but there were individual differences in learning rate and 
learning curves. Except for the infants in cluster 3, all infants seemed to learn the 
contingency. Although the results showed that an increase in response rate is to a high 
degree parallelled by a change in response pattern, a change in pattern was thought to 
be more interesting than a change in rate, because the pattern of responding reflects the 
way an individual infant perceives and studies the contingency, and the response rate 
does not. There were relatively more HR preterms performing in an impulsive way 
(cluster 4 infants) than LR and FT infants. However, there was no statistically significant 
association between cluster membership and risk group. Within both the preterm and 
full-term groups there was large individual variation among the infants. The expected 
relationship between response pattern and behavioural style (temperament) was not 
found. Furthermore, doubts about the validity of significant relationships reported in the 
infancy literature were expressed. More promissing is the relation between response 
pattern at three months and developmental outcome at later ages. Although, the 
difference in cognitive performance between the infants in cluster 1 and cluster 4 at 
nine months of age disappeared at twelve months of age more reseach with larger 
samples of subjects and appropriate developmental scales is necessary is to confirm the 
hypothesis that the response patterns in the mobile conjugate reinforcement task are 
related to learning, and cognitive development in general. 
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 Chapter 8 
 

Contingency Perception of Six and Nine 
Months Old Full-term and Preterm Infants 

with Spatially Displaced Feedback 
 
  

 
 
 
 
 

INTRODUCTION 
 
 
 The ability to process displaced feedback is an important developmental transformation in 
eye-hand coordination somewhere between six and twelve months of age (Millar, 1985). This 
ability relies on the capacity to store information about visually absent stimuli. Certain risk 
factors, such as CNS related complications and respiratory difficulties, have been shown to 
influence this storing of displaced feedback (Millar, 1985; Millar, Weir, & Supramaniam, 1992), 
which also proved to be suited for the study of cognitive development in preterm infants (Millar, 
1985; Wijnroks, 1994). Therefore, a displaced feedback conditioning task was included in our 
studies on learning in infancy. By manipulatng a joy stick the infant could activate a pet dog 
placed 30 cm away from the joy stick either in midline or 60 to the right or left. The use of 
displaced feedback forces the infant to shift attention between the target (reinforcer/feedback) and 
the response (activating the manipulandum) and to coordinate motor and perceptual activities. 
The reason to perform a contingency perception task is that contingency peception is thought to 
be important in cognitive development. Perceiving that one's own manipulations or behaviours 
affect the environment enhances feelings of efficacy (cf. White, 1959), which in turn will 
motivate the subject to explore its environment. Contingency perception both in social as well as 
in nonsocial situations, could be an important factor in competence-motivation (see, e.g., 
Goldberg, 1977; Harter, 1978, 1980). 
 Aim of the present study, which is based on a study of Wijnroks (1994), was threefold. First, 
possible differences in contingency perception were studied between preterm and full-term 
infants at six and nine months of age. Second, the influence of displaced feedback was examined. 
Last, the associations between motor, postural, and temperamental factors and contingency 
learning were studied. 
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 The displaced instead of the normal feedback procedure was used in the present study for 
several reasons (see also Wijnroks, 1994). First, it was hoped to detect those infants, both 
preterms and full-terms, who showed difficulties in learning the contingency. Second, a 
prerequisite for the detection of the displaced feedback contingency is sufficient control over 
muscles of the neck and trunk, and sufficient control over reaching and grasping by the infant. The 
displaced feedback condition appeals to these motor systems, and is therefore suited for studying 
the relation between motor development and contingency learning in infants. Third, because of 
the less direct link between manipulandum and feedback in this procedure, it is unlikely that 
response increment is due to an elicitation effect instead of an indication that the contingency has 
been perceived (see Gardner & Gardner, 1988; Sameroff & Cavanagh, 1979). Possibly the 
displaced feedback condition is more difficult for preterm than full-term infants. First, because 
full-term infants were shown to have advanced motor development over preterm infants (see also 
chapter 2 and 4). Second, because infants at risk, including preterm infants, have been shown to 
have problems in contingency perception in the displaced feedback task (Millar, 1985; Millar, 
Weir, & Supramaniam, 1992). In the remainder of this introduction we will provide the reader 
with a brief review of relevant studies on displaced feedback and conclude this section with the 
formulation of some hypotheses. 
 
 
Displaced feedback 
 
 Although operant conditioning is used quite often to study learning in infancy (for reviews see 
Hulsebus, 1973; Sameroff & Cavanagh, 1979; Rovee-Collier, 1987), it is not used as often as the 
habituation, and paired comparison paradigms for the study of differences in learning between at 
risk and normal healthy infants. In two studies on contingency learning with displaced feedback 
Millar studied differences in contingency learning between normal and perinatally compromised 
infants (Millar, 1985; Millar, Weir, & Supramaniam, 1992). Both these studies were based on two 
earlier studies on the influence of spatially displaced feedback on contingency learning (Millar & 
Schaffer, 1972, 1973). The manipulandum and reinforcer were in all four studies aluminium 
canisters. The response consisted of touching the manipulandum. The reinforcement consisted of 
a light display and a tone which lasted one second. In the first of these studies (Millar & Schaffer, 
1972) reinforcement was given to six, nine, and twelve months old infants in one of three 
conditions. In the 0 condition the manipulandum originated the reinforcement. There was also a 
5, and a 60 condition. In these two conditions the reinforcement was given by a canister placed 
35.5 cm from the infant, and 5 and 60 respectively to the side of the manipulandum. The infants 
were placed in either a contingent group or a noncontingent group. Contingent stimulation caused 
response increment from baseline to acquisition, and response decrement in the extinction phase. 
During noncontingent stimulation the number of responses decreased in acquisition, and did not 
change in the extinction phase. The six months old infants learned in the 0 and 5 conditions but 
not in the 60 condition. The nine and twelve months old infants, on the other hand, learned in all 
three conditions. Millar and Schaffer (1972) speculated that the six months old infants forgot the 
manipulandum while they were oriented to the feedback. The older infants could manipulate the 
canister without looking at it, in other words they could coordinate the simultaneous motor and 
perceptual activities involved. For the six months old infants the spatially displaced feedback was 
reduced to a memory factor. Subsequently, a second study was performed (Millar & Schaffer, 
1973) using the 60 condition with six and nine months old infants. The infants' visual responses 
to the manipulandum and the reinforcer were also recorded. In the 60 condition the six months 
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old infants failed to learn the contingency again, while the nine months old infants were 
successful. Under contingent stimulation all infants looked at the reinforcer the same amount of 
time. Although one third of the responses in the acquisition phase consisted of responses while 
simultaneously looking at the reinforcement, the frequency of these 'coincidental responses' was 
much greater for the older infants. With regard to the Millar and Schaffer studies Sameroff and 
Cavanagh (1979) explained the behaviours of the infants as, 
 
 ...a temporal sequence of phases of attentional coordination relative to displaced 

action-consequence coordinations. Initially there is a phase of uncoordinated attention in 
which attention to the consequence inhibits performance of the action. Then there is a 
phase of attending to the relationship that is under construction, and one would expect to 
see an alternation from attention to the action and the manipulandum to attention to the 
consequent stimuli. In a third phase, the response activity would have been learned and 
would no longer require focused attention. The infants can attend to the consequences 
without having to attend to the action. (p. 385) 

 
 See also Wijnroks (1994) who found the same three phases in his displaced feedback task. 
According to Wijnroks the infant has perceived the contingency whenever the second phase of 
alternation from attention to the action and the feedback has begun. Note that contingency 
perception by Wijnroks (1994) and Sameroff and Cavanagh (1979) is based both on response 
frequency as on behavioural observations. 
 
Infants at risk1 
 In the first of two studies with at risk infants Millar (1985) studied normal healthy infants, 
infants with CNS-related complications on the grounds of oxygenation or respiratory difficulties 
in the perinatal period, and infants at risk by other medical conditions than CNS-related 
complications. At the ages of six and twelve months the same feedback was given as in the studies 
above at either 0 or 60. In general, the infants responded more in the 0 than in the 60 
condition. In the 0 condition only the normal group increased responding at six months from 
baseline to acquisition, at twelve months all groups significantly exceeded their baseline. In the 
60 condition no group at six months increased responding, whereas at twelve months only the 
normal group did. Millar did not find differences between the two risk groups. In the second study 
(Millar, Weir, & Supramaniam, 1992) healthy normal infants, and high and low risk infants 
between 6 and 13 months of age were studied with contingent or noncontingent, and local (0) or 
remote (60) feedback. The risk status was based on the Neonatal Oxygen Intervention (NOXI) 
scale, which ordered the range of neonatal respiratory interventions on an eight-point scale in 
terms of intensity and duration. The infants who received noncontingent reinforcement did not 
increase the number of responses in the acquisition phase. Instead, both in the local and remote 
condition, noncontingent feedback was associated with decreased responding. Risk status showed 
to be a factor in the local feedback condition but not in the remote feedback condition. In the local 
feedback condition (0) the normal and low risk group increased responding but the high risk 
group decreased responding. In the extinction phase of the local condition task the high risk 
infants increased responding, whereas the normal and low risk group decreased responding. 
Millar et al. (1992) gave three possible alternative explanations for the conclusion that the high 
risk group was unable to learn the contingency in the local feedback condition. First, the high risk 
infants may have required longer exposure to the contingency before their responding increased. 

                                                 
    1This section is also described in chapter 2 
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Second, the high risk infants may have preferred a lower level of stimulation during the 
contingency phase and simply responded less. Third, the increase in responding on the cessation 
of contingent responding in the extinction phase provides evidence of some degree of 
contingency awareness by the high risk infants. This implies that these infants detected the 
contingency but failed to increase responding. 
 In our own laboratory Wijnroks (1994) performed a displaced feedback task with six and 
twelve months old preterm infants as part of a two-year longitudinal study. By manipulating a joy 
stick the infants could activate a pet dog which was placed about 50 cm from the infant and 60 to 
the right side. The feedback lasted 1.2 seconds. Baseline level, peak acquisition level, and last 
minute of extinction were analysed. Compared to the baseline the infants increased responding in 
the acquisition phase only at twelve months. So, as a group, the preterm infants learned the 
contingency at twelve months but not at six months. This is in accordance with the results of 
Millar (1985), and Millar et al. (1992) with perinatally comprised infants. At twelve months 
Wijnroks (1994) also had a behavioural criterion for contingency learning. He discriminated, fast, 
moderately fast, and slow perceivers. The speed at which the contingency was detected related to 
the Bayley mental scores (MDI). Moderately fast perceivers had higher scores on the Bayley MDI 
than fast and slow perceivers. He speculated that fast perceivers act impulsively, and slow 
perceivers show a lack of alertness. Wijnroks did not study full-term infants. So it is unclear 
whether or not the inability to learn the contingency at six months is a result of age, prematurity or 
both, Some biological and medical factors are likely to be influential in contengency perception, 
because within his preterm group Wijnroks did find an association between on the one hand 
neurological development and a biological and medical risk factor (a summary measure based on 
factor analysis of gestational age, birth weight, length of hospitalization, and medical 
complications) and on the other hand speed of contingency perception. The moderately fast 
perceivers had the lowest biological and medical risk score and the most optimal neurological 
development compared to the fast and slow perceivers. 
 
 
Hypotheses 
 
 Given the results of previous operant conditioning studies with risk infants (Millar, 1985; 
Millar, Weir, & Supramaniam, 1992; Wijnroks, 1994) we hypothesized that (1) in the present joy 
stick operant conditioning task the infants who had experienced neonatal risks would have 
difficulty in perceiving the contingency. We also expected that (2) possible differences between 
full-term and preterm infants would become apparent in the displaced feedback condition, which 
we presumed to be more difficult than the proximal feedback condition. Because age has been 
shown to influence performance on contingency learning (Millar, 1972, 1988; Wondolowski, 
1993), especially performance on the remote task (Millar, 1985; Millar & Schaffer, 1972, 1973), 
we expected (3) higher response rates and better learning in older infants compared to younger 
infants. Prerequisites for the joy stick task are, among other things, adequate motor and postural 
control, and eye-hand coordination. Moreover, Rochat and Bullinger (1994) reported differences 
in the type of manual engagement of infants who were able to sit on their own and infants who 
were yet unable to sit. Infants able to sit reached more one-handed than infants not yet able to sit, 
these latter infants were also more dependent on the postural conditions that determine their 
overall body engagement in reaching. Since the joy stick task required reaching and grasping, 
differences in postural control could affect the learning process in this task. Given the motor 
problems in preterm infants mentioned before it is very likely to find motor differences between 
full-term and preterm infants in the present study. These differences might also influence the 
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process of contingency learning. Therefore, we also expected (4) to find an effect of motor 
development and postural control on learning to perceive the contingency, with infants who are 
delayed or show abnormal motor development and postural control showing worse learning than 
advanced or normal infants.  
 
 

METHODS 
 
Subjects 
 
 The total sample of subjects consisted of 79 infants, who were recruited at the university 
hospital Groningen, and participated in a series of studies in their first year of life. The sample has 
been described in more detail in chapters three and four. The subjects participated in the joy stick 
task at six and nine months after term date. All ages were corrected for prematurity so as to have 
infants with equal postmenstrual ages. The 36 preterm infants, who lived within 100 km from 
Groningen, were born after a gestation of less than 34 weeks, had no major handicaps (e.g., Down 
syndrome) and were not seriously ill (e.g., subependymal and/or intraventricular hemorrhaege 
grade III or IV and/or hydrocephalus, leukomalacia). Their mothers were not addicted to drugs, 
and their gestational age could be reliably estimated by the date of the last menstruation by one of 
the hospital's obstetricians. The 43 full-term infants were born after at least 38 weeks of gestation. 
One full-term infant, who was excluded from the mobile experiment at three months of age (see 
chapter 5 and 6) due to a suspicion of hip dysplasia, participated at six and nine months of age 
because the suspicion proved to be wrong.  
 From birth records an obstetrical optimality score was obtained for each infant (Touwen, 
Huisjes, Jurgens-van der Zee, Bierman-van Eendenburg, Smrkovsky, & Olinga, 1980). At 
discharge from the hospital each infant was assigned a value on the Revised Nursery 
Neurobiologic Risk Score (NBRS) by one of the hospital's paediatricians. The Revised NBRS 
focuses on possible mechanisms of brain injury and consists of seven items: infection, blood pH, 
seizures, subependymal or intraventricular haemorrhage, assisted ventilation, periventricular 
leukomalacia, and hypoglycaemia (Brazy, Eckerman, Oehler, Goldstein, & O'Rand, 1991). Since 
infants with subependymal and intraventricular haemorrhage grade III and IV (for classification 
see Papile, Burstein, Burstein, & Koffler, 1978), periventricular leukomalacia, and severe 
handicaps were excluded from this study, very high NBRS scores were not expected. In the total 
sample of 36 preterm infants only 10 infants had an NBRS score  4.  
 The testings at six and nine months of age were both missed by one preterm infant because of 
illness. At six months another 21 full-term and 17 preterm infants had to be excluded from the 
analysis because of prolonged fussing or crying. At nine months one preterm and one full-term 
infant were lost for analysis due to equipment failure, and 12 full-term and 6 preterm infants 
because of prolonged fussing or crying. So, at six months of age a total of 21 (49%) full-term 
infants and 18 (50%) preterm infants failed to complete the joy stick task. At nine months the 
attrition rate was 13 (30%) full-term infants and 7 (19%) preterm infants. This brought the final 
sample of subjects who completed the joy stick task at six months to 22 full-terms, and 18 
preterms, and at nine months to 30 full-terms, and 29 preterms. Of the infants who completed the 
experiment at six months of age, 19 (86%) full-term and 14 (78%) preterm infants completed the 
task also at nine months of age. The attrition rates at six and nine months of age were not 
significantly different for the infants in the midline, left, and right feedback condition. 
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Apparatus and setting 
 
 The apparatus (see figure 1), which was used to measure the infant's ability to detect 
contingencies, was based on an apparatus developed by Wijnroks (1994). It consisted of an 
aluminium box (70 x 40 x 30 cm) covered with plexiglass to prevent the infants from touching the 
reinforcers. The manipulandum was a joy stick, which was positioned in the middle and at the 
front of the box. The joy stick was painted red to enhance its attractiveness. The box had 
adjustable legs to insure that the joy stick was always at lap hight and within easy reach for the 
infant. A pet dog and a small yellow light in front of the pet dog served as reinforcers. The pet dog 
was placed 30 cm away from the joy stick in midline or 60 to the right or left from the midline. 
Reinforcers and manipulandum could not be focused at the same time. There were three yellow 
lights, but only the light in front of the pet dog could be activated at the same time as the pet dog. 
A response was automatically counted when the joy stick moved up or down. Left or right 
movements were only counted as responses if they were accompanied by an up or down 
movement of the joy stick. The next response could only be made after one second of 
reinforcement and after the joy stick had first returned to its base position. The frequency, and on- 
and off-set times of all manipulative responses were recorded by an event recorder, and were 
transferred to a computer afterwards.  
 
 
Procedure 
 
 Each infant was tested in the laboratory at the time of day the infant was usually awake. The 
joy stick task was performed after a habituation task of approximately ten minutes, and a toy 
exploration task of six minutes. Between experiments there were short pauses in which mothers 
played, talked to their infants, and, if necessary, fed them. The infant sat in an infant seat in front 
of the stimulus providing box. The infant's mother sat at the left of the infant. In a pilot study this 

 
 Figure 1 
 Apparatus 
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experiment proved to be frightening for a lot of infants. By having the mother present during 
experimentation we hoped to reduce the attrition rate. Half the infants received the reinforcer in 
the midline position and the other half in a displaced position. Actually, both conditions provide 
displaced feedback. Since Millar and Schaffer (1972) found no difference in performance 
between the 0 and 5 condition we expected our midline condition to be easier than the 60 
condition. The feedback in the 60 condition is more distal than the feedback in the midline 
condition. In order to be able to correct for lateral differences one half of the infants in the 
displaced feedback condition received the feedback 60 to the left of the midline and the other half 
60 to the right of the midline. So, each infant was randomly assigned to one of three conditions, 
the reinforcer in midline or to the left or right of midline. It was not expected to find any left-right 
differences, therefore as many subjects were assigned to the midline condition as to the combined 
left and right condition. All experiments were videotaped from behind a curtain to the right of the 
infant. 
 Each joy stick task consisted of 4½ minutes of reinforcement, immediately preceded by 1½ 
and followed by 3 minutes of nonreinforcement. In the nonreinforced phases the pet dog was in 
view but did not move upon joy stick manipulation. The first nonreinforced phase served as an 
individual baseline (operant level) for manipulating. The second nonreinforced phase was the 
extinction phase. Each phase started with the first response of the infant, to control for individual 
differences in latency. 
 For easy comparison of the baseline, acquisition, and extinction phase, the acquisition phase 
was divided in three blocks of 1½ minutes each. Because many infants failed to complete the 
extinction phase, we decided to eliminate the last 1½ minutes of the extinction phase in order to 
reduce the attrition rate. As a result the total number of 1½ minutes blocks in the experiment is 
five. The baseline rates were used as covariates in the analyses to correct for spontaneous 
differences in baseline rate (see also chapter six and seven and Millar et al., 1992).  
 To assess the influence of the infant's temperament on contingency learning the parents were 
asked to fill out the Infant Behavior Questionnaire (IBQ) at home before they came to the 
laboratory. The IBQ was chosen because it refers to concrete daily situations, has good reliability 
and consistency, and is appropriate with infants as young as three months of age (Rothbart, 1981; 
Hubert, Wachs, Peters-Martin, & Gandour, 1982).  
 At six months the infants were tested with the motor scales of the Dutch version of the Bayley 
Scales of Infant Development (van der Meulen & Smrkovski, 1983). At nine months the infants 
were tested with both the mental and motor scales of the Bayley scales, and the parents filled out 
the Dutch version of the Kent Infant Development (KID-N) scales (Schneider, Loots, & Reuter, 
1990). 
 
 
 

Table 1  
subject characteristics†  

 
Variables    6 months   9 months 
      
 
     Full-terms  Preterms Full-terms Preterms 
      n=22 n=18  n=30 n=29  
     M (SD) M (SD) M (SD) M (SD) 
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Number of males  14 (64%) 8 (44%) 17 (57%) 17 (59%) 
Birth order   1.5 (.86) 1.3 (.56) 1.6 (.8) 1.3 (.6) 
Length of gestation  (days) 280 (8.4) 219 (14.6)c 279 (8.2) 213 (14.3)
 c 
Birth weight   (grams) 3487 (516) 1492 (483)c 3557 (501) 1378 (494)c 
Obstetrical optimality (max 71) 57.4 (3.8) 51.7 (3.5)c 57.1 (3.8) 51.8
 (3.5)c 
Bayley PDI    24.6 (3.3) 22.8 (3.2) 43.2 (3.8) 31.2 (5.1a 
 
Age mother   (years) 29.4 (5.0) 31.1 (5.6) 29.3 (4.9) 29.6 (5.1) 
Age father  (years) 33.0 (7.5) 33.9 (5.1) 32.2 (6.6) 33.4 (5.3) 
Education mother(range 1-9) 5.8 (2.3) 5.8 (2.2) 5.5 (2.2) 5.9 (1.9) 
Education father(range 1-9) 6.5 (2.7) 6.4 (2.3) 6.6 (2.5) 6.0 (2.5) 
 
Distance to Groningen (km) 12.6 (11.6) 34.3 (30.5)b 15.5 (13.1) 41.6 (35.0)c 
Corrected age  (weeks) 26.1 (0.4) 26.4 (1.1) 38.5 (0.6)
 38.9 (0.5)  
Time after sleeping  (min) 94 (56.0) 116 (99.0) 98 (54.9) 153 (96.2)c 
  
 
† T-tests between full-term and preterm infants were performed for each age group separately.  
a p < .05, b p < .01, c p < .001 
 
 
 

RESULTS 
 
Subject characteristics 
 
 Table 1 shows that at six and nine months of corrected age the full-term infants differed 
significantly from the preterm infants in length of gestation, birth weight, obstetrical optimality 
score, and the distance from the infant's home to the laboratory. Birth order, educational level, and 
age of mothers did not differ between subjects. At nine months of age the full-term infants had 
also a higher Bayley Psychomotor Developmental Index (PDI) score than the preterm infants. 
The preterm infants did not differ from the full-term infants in the corrected age at testing, and the 
time between testing and the last sleep at six months. At nine months the preterms were 
significantly longer awake at the time of testing than the full-terms. The infants who failed to 
complete the joy stick task were compared with the infants who did complete the task. At six 
months there were no differences between the infants in and out of the experiment. At nine 
months the infants who failed to complete the experiment had longer gestational ages, lower 
NBRS indexes, and higher motor and self help scores on the KID scales. Our general impression 
was that nine months old infants were more interested in moving and exploring than younger 
infants. The test situation restricted them to sit in the infant seat, which could have caused distress, 
especially for the advanced infants in motor development, and, as a result, more of the motorically 
advanced infants failed to complete the task.  
 
 
Joy stick responses 
 
Lateral bias and age effects 
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 Because of skewness and unequal variances in the distribution of the joy stick responses (cf. 
Wijnroks, 1994), a square root transformation was applied to the joy stick responses to achieve 
greater homogeneity of variance in order to comply with the assumptions of repeated measures 
analysis of variance (Stevens, 1986).  
 First, we studied the differences in the number of responses when the reinforcer was in the left 
or right position. Separate t-tests showed significant differences in response rates between both 
lateral conditions for the total group, and, especially, at nine months of age. The infants in the 
right condition showed less responses in the acuisition blocks than the infants either in the left or 
midline condition. Because of this lateral bias the data from the left and right conditions were not 
pooled. To study the possible impact of the test condition all three conditions or only the left and 
midline condition were examined in the analyses to come. In oneway analyses of variance group 
effects can be studied with the help of multiple comparisons. In the multivariate analyses in the 
present study group effects were studied by excluding one of the three groups, namely the one 
with the reinforcer in the right condition. 
 Second, we studied the effect of age (see table 2). An age (2) x group (2) x position reinforcer 
(3) analysis of variance (ANOVA) on the baseline data revealed a significant main effect for age, 
but no other significant main or interaction effects. A group (2) x position reinforcer (3) ANOVA 
on the baseline data for each age group separately yielded no significant effects. An age (2) x 
group (2) x position reinforcer (3) x acquisition blocks (3) analysis of covariance (ANCOVA) 
with the baseline as the covariate and repeated measures of blocks revealed significant main 
effects for age, the position of the reinforcer, and the repeated measures of blocks, and significant 
interaction effects of age by group by repeated measures of blocks, and group by repeated 
measures of blocks. The baseline was a significant covariate in this analysis (see table 2).  

 

Figure 2 Joy stick task 6 months old infants: white markers full-terms, black markers 
preterms; position of the reinforcer:  left,  midline,  right 

 

Figure 3 Joy stick task 9 months old infants: white markers full-terms, black markers 
preterms; position of the reinforcer:  left,  midline,  right 
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 Table 2 
 Baseline and Acquisition effects in the joy stick task  
 
Dependent variable  Analysis Effect F 
  
 
6 and 9 months 
 Baseline age (2) x group (2) x position (3) age F(1,87) =
 4.63, p = .034 
 
 Acquisition blocksa age (2) x group (2) x position (3)
 regression F(1,86) = 22.83, p < .001 
  with baseline as covariable age F(1,86) =4.85, p = .030 
   position F(1,86) =5.62, p = .005 
   blocks F(2,86) =9.55, p < .001 
   group x blocks F(2,86) =5.33, p = .007 
   age x group x blocks F(2,86) =
 5.96, p = .004 
 
6 months 
 Acquisition blocksa  group (2) x position (3)  regression
 F(1,33) = 5.36, p = .027 
  with baseline as covariable group x blocks F(2,33) =7.77, p = .002 
   
9 months 
 Acquisition blocksa  group (2) x position (3)  regression
 F(1,52) = 16.02, p < .001 
  with baseline as covariable position F(2,52) =6.26, p = .004 
   blocks F(2,52) =7.63, p = .001 
  
 
a Acquisition blocks were analysed as repeated measures 
 
 
 
 Concluding, the nine months old infants had a slightly higher response rates than the six 
months old infants, and they showed a significant change in responding in the acquisition phase. 
So, the third hypothesis (i.e., higher response rates and better learning for older infants compared 
to younger infants) was confirmed. Since not all infants completed the experiment at both ages, 
and therefore the factor age could not be included as a repeated measures within subjects factor, 
we decided to analyses the data for both ages separately. Because of the group by blocks 
interaction at six months it can be concluded that responding differed for the preterm and full-term 
infants at six months of age. We will return to this topic in the next section.  
 
Acquisition at six months of age 
 Figure 2 on the next page shows the data for the six months old infants. A group (2) x position 
reinforcer (2) x acquisition blocks (3) analysis of covariance with the baseline as the covariate and 
repeated measures of blocks revealed a significant effect for the regression of the baseline as the 
covariate, and for the group by blocks interaction (see table 2). An analysis for the groups 
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separately revealed only a significant effect of blocks for the preterm infants, F(2,33) = 8.97, p = 
.001. An analysis of variance with exclusion of the infants who received the reinforcer 60 to the 
right of the midline yielded a significant effect of the group by repeated measures of blocks 
interaction, F(2,27) = 8.53, p = .001, and also of group, F(1,27) = 6.26, p = .019. Post hoc Tukey 
multiple comparisons between the preterm and full-term groups showed a significant difference 
in the second acquisition block between the preterms who received the reinforcer in the left 
position and the full-terms who received the reinforcer in the left and midline position. Not one 
group significantly exceeded the baseline response level, but the preterms, who received the 
reinforcer in the left or midline position, and the full-terms, who received it in the right position 
decreased responding significantly during acquisition. 
 Concluding, there is a reliable group by repeated measures interaction. When the infants in the 
condition with the reinforcement to the right of the midline were excluded from analysis there was 
also a reliable group effect. Preterm infants decreased responding, whereas the full-term infants 
did not seem to change responding at all. No effect was found of the displacement of the feedback 
other than the effect of the feedback in the right position. 
 
 
Acquisition at nine months of age 
 Figure 3 shows the data for the nine months old infants. A group (2) x position reinforcer (2) x 
acquisition blocks (3) analysis of covariance with the baseline as the covariate and repeated 
measures of blocks revealed a significant effect for the regression of the baseline as the covariate, 
position of the reinforcer, and for repeated measures of blocks (see table 2). An analysis for both 
groups separately revealed a significant effect of blocks but only for the full-term infants, F(2,52) 
= 6.14, p = .004. When the groups that received the reinforcer in the right position were excluded 
from the analysis, the effect of the position of the reinforcer disappeared. Planned comparisons of 
the blocks showed that there were no infants who increased responding during acquisition. The 
two groups that received the reinforcer in the right position, however, decreased responding 
significantly during acquisition. 
 Concluding, at nine months of age the preterm and full-term infants behaved in a fairly equal 
manner. The position of the reinforcer was only a reliable factor when the right position was 
included in the analysis. The repeated measures of blocks were only significant for the full-terms, 
indicating a significant change in responding for the nine months old full-term infants. 
 
Peak responses 
 The average response levels may fail to do justice to the speed of learning. Peak level of 
responding is presumed to overcome the problem of individual variability in the moment of 
detecting the contingency (Lewis, Sullivan, & Brooks-Gunn, 1985; Wijnroks, 1994), and does not 
penalize infants for not achieving peak responding at an arbitrary point in the session (Millar, 
1988). In this study the peak responses were calculated for the acquisition phase as the highest 
number of responses for any 30 seconds of acquisition divided by the mean baseline rate per 30 
seconds. See table 3 for these relative peak responses. 
 
 
 Table 3 

peak responses  
 
 Position reinforcer  6 months    9 months 
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    Preterms Full-terms Preterms Full-terms 
    M (SD) M (SD) M (SD) M (SD) 
 
         
 
 Left  1.21 (0.64) 2.67 (1.93) 2.62 (2.45) 4.71 (5.36) 
 Midline  1.37 (0.67) 2.18 (1.63) 1.86 (0.91) 3.82 (6.48) 
 Right  3.23 (4.86) 0.95 (0.40) 1.32 (1.31) 1.23 (0.84) 
  
 
 
 
 A natural logarithmic transformation was applied to the peak responses to achieve greater 
homogeneity of variance (Stevens, 1986). An age (2) x group (2) x position reinforcer (3) analysis 
of variance revealed only a main effect of position of reinforcer, F(2,87) = 5.09, p = .008. Single 
tests per age revealed that the position of the reinforcer was only significant at 9 months, F(2,53) = 
4.90, p = .011. When the analyses were repeated without the infants who received the reinforcer to 
the right of the midline, group membership showed to be a significant factor, F(1,68) = 5.05, p = 
.028, and the effect of position reinforcer disappeared for the nine months old infants. Single tests 
per age showed that the group effect was only significant at 6 months, F(1,28) = 5.50, p = .026. At 
this age the full-term infants showed higher relative peak responses than the preterm infants. 
 In summary, although the relative peak responses were higher for the older compared to the 
younger infants, the difference was not significant. After exclusion of the infants with 
reinforcement in the right position, the peak responses between preterm and full-term infants 
differed significantly. The full-term infants showed higher peak responses than the preterm 
infants, but only at six months. There was a significant difference between the condition with the 
reinforcer to the right and the reinforcer in midline or to the left but not between the midline and 
left condition. 
 
 
 
 
Interresponse times 
 Poulson (1984) stated that for contingency perception in operant learning a gradual increase or 
decrease in response rate is a confirming but not a defining characteristic. Contingency learning 
can also be concluded from other features of responding such as: a change in the temporal 
response pattern, response latency and strength (Bloom, 1984), emotional behaviours (Lewis, 
Sullivan, & Brooks-Gunn, 1985; Millar, 1988; Sullivan, Lewis, & Alessandri, 1992), and 
interresponse times (see chapter 6; Bloom, 1984; Bloom & Esposito, 1975). In a previous study 
on Mobile Conjugate Reinforcement (see chapter 6 and 7) we found the interresponse time (IRT) 
to be a useful variable in the analyses of learning processes. A change in IRTs signals a change in 
the temporal patterning of the responses, which is fairly indepedent from the baseline rate. The 
direction of the change is of less importance. Contingency awareness may lead to increased 
responding or to less manipulating with intensified attention for the task in order to study the 
reinforcer. Note that the small number of responses in the joy stick experiment interfered with a 
proper analysis of the IRTs and of possible bursts in responding (cf. fig. 2 and 3). However, when 
IRTs were analysed it proved that instead of an increase in short IRTs the percentage of short 
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IRTs (defined as IRTs shorter than 6 seconds) decreased for all groups when the baseline was 
compared with the acquisition phases and the extinction phase.  
 
Extinction 
 Figure 2 and 3 show that, except for the 9 months old preterm group that received the 
reinforcer to the left of the midline, response frequency increased for the 1½ minutes of 
extinction. We expected to find a decrease in responding. Since the 1½ minutes period analysis 
may have masked an initial response burst and a decline in responding after that, a micro-analysis 
of the extinction phase was performed. The extinction period and the last 30 seconds of 
acquisition was analysed, using 30 seconds blocks as the dependent variables (see figures 4 and 
5). The response frequencies for the three 30 seconds blocks in extinction were analysed with 
group and position of the reinforcer as the between subject factors, and repeated measures of 
response frequency in the 30 seconds blocks as the within variable (see table 4). A square root 
transformation was applied to the frequencies of responses to achieve greater homogeneity of 
variance (Stevens, 1986). The covariate (responding in the final 30 seconds of the acquisition 
phase) significantly predicted the response level in the extinction blocks for the six and nine 
months old infants. For the six months old infants (figure 4 and table 4) the repeated measures of 
blocks were significant, showing significant linear and quadratic trends (p < .05). For the nine 
months old infants the repeated measure of blocks was significant, showing a significant linear 
trend (p < .05). The main effect of group, and the position of reinforcer by repeated measures of 
blocks interaction were also significant (figure 5 and table 4). The same ANCOVA with age 
added as a between variable revealed no significant age effect. When the infants who received the 
feedback to the right of the midline were excluded from the analysis, the main effect of group for 
the nine months old infants disappeared, the other results from the previous analyses remained 
significant. 
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 Table 4 
 Micro-analyses of extinction data  
 
Dependent variable Analysis Effect F 
  
 
Extinction 
6 and 9 months 
 Extinction blocksa age (2) x group (2) x position (3)
 regression F(1,86) = 58.49, p < .001 
  with acquisition as covariable group F(1,86) =4.13, p < .001 
   blocks F(2,86) =39.32, p < .001 
   position x blocks F(4,170) =2.73, p = .031 
   group x blocksb F(2,174) =3.29, p = .040 
    
6 months     
 Extinction blocksa age (2) x group (2) x position (3)
 regression F(1,33) = 15.25, p < .001 
  with acquisition as covariable blocks F(2,33) =18.45, p < .001 
 
9 months 
 Extinction blocksa age (2) x group (2) x position (3)
 regression F(1,52) = 42.85, p < .001 

 

Figure 4 Extinction data 6 months old infants, white markers full-terms, black markers 
preterms, position reinforcer:  left,  midline,  right 

 

Figure 5 Extinction data 9 months old infants, white markers full-terms, black markers 
preterms, position reinforcer:  left,  midline,  right 
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  with acquisition as covariable group F(1,52) = 4.54, P = .038 
   blocks F(2,52) =21.76, p < .001 
   position x blocks F(4,102) =3.94, p = .005 
 
Extinction onset 
6 and 9 months 
 Blocksc age (2) x group (2) x position (3) blocks F(3,85) =
 27.82, p < .001 
   position x blocks F(6,168 ) =2.17, p = .049 
   group x blocksb F(3,261) =3.11, p = .027 
 
6 months 
 blocksc age (2) x group (2) x position (3) blocks F(3,32) =
 12.12, p < .001 
 
9 months 
 blocksc age (2) x group (2) x position (3) positionF(2,53) =
 3.00, p = .058 
   blocks F(3,51) =16.32, p < .001 
   group x blocksb F(3,159)=3.19, p = .025 
   position x blocks F(6,100)=2.62, p = .021 
  
 
a Extinction blocks were analysed as repeated measures 
b univariate approach to repeated measures 
c repeated measures of last 30 seconds of acquisition and three 30 seconds extinction blocks 
 
 
 
 Millar, Weir, & Supramaniam (1992) expected the risk infants to be less sensitive to the onset 
of extinction. However, in the current joy stick study not only the preterm but also the full-term 
infants showed an increase in responding in the first 30 seconds of extinction compared to the last 
30 seconds of acquisition, and after that a decline in responding. In an age (2) x group (2) x 
position reinforcer (3) analysis of variance with repeated measures of responding in the final 30 
seconds of acquisition and the three 30 seconds blocks in extinction, the repeated measures 
proved to be significant (see table 4), as well as the interactions of the repeated measures of blocks 
with position of the reinforcer and group. The latter interaction was significant at the 5% level, 
when the univariate approach to repeated measures analysis was used. In the single tests per age 
the repeated measures were still significant, and for the nine months old infants the group by 
repeated measures, and the position reinforcer by repeated measures interaction were also 
significant. However, both these interaction effects disappeared when the infants who received 
the reinforcer to the right of the midline were excluded from the analyses. The effect of the 
position of the reinforcer was nearly significant (p = .058) for the nine months old infants. When 
the infants who received the feedback to the right were excluded from the analysis, age was also a 
significant factor, F(1,68) = 4.59, p = .036, with the older infants showing more extreme changes 
in responding from acquisition to extinction, and during extinction (see also figures 3 and 4). 
 
 Summarizing, all groups of infants showed a decline in responding in extinction. With regard 
to the position of the reinforcer by repeated measures interaction effect for the nine months old 
infants the results showed that the infants who received the reinforcer in midline increased their 
responding more in the first 30 seconds of extinction, and showed a steeper decline in responding 
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in the last two 30 seconds blocks as compared to the infants who received the reinforcer to the left 
of the midline. As to the detection of the onset of extinction, the results of the joy stick experiment 
are not unequivocal. The group differences at nine months were probably caused by the condition 
in which the reinforcer was presented to the right of the infants. After excluding these infants, no 
effect of the factor 'group' was found in the analysis of the onset of extinction. What can be 
concluded is that all infants first increased their responding before responding declined. So, the 
infants must have been aware of a change in the contingency schedule.  
 
 
Risk factors 
 
 In chapter 6 a relationship was found between the Revised NBRS index and contingency 
learning. The high risk preterm infants showed a different pattern of responding than low risk 
preterm and full-term infants. Although the High Risk preterm infants showed an increase in 
responding they did not show the typical bursts in responding. In a study of Millar, Weir, & 
Supramaniam (1992) the high risk infants (based on the Neonatal Oxygen Intervention [NOXI] 
rating) showed less responding during acquisition in a local feedback conditioning task, and 
increased responding in extinction, whereas the low risk infants and the healthy baby's showed 
increased and decreased responding respectively in the local feedback condition. Given these 
results we expected that the Revised NBRS index could be a factor in the current experiment. 
However, post hoc group assignment was not opportune because of the small number of high risk 
preterm infants, and the lateral bias in responding. The impact of possible risk factors was studied 
in a series of hierarchical multiple regression analyses. The regression analyses were only 
performed for the nine months old infants, because the small number of infants who had 
completed this task at six months of age precluded regression analyses on the joy stick data at this 
age.  
 
 
 
 Table 5 

Multiple regression analyses of the joy stick data at nine months  
 
        Standardized beta weights 
 Predictor variables    Baseline Acquisition 1
 Peak  
  
 
 set 1      
  Baseline     .48** -.47** 
   (df) R2      (1,41) .23**  (1,41) .22**  
 set 2 
  Baseline     .55* -.38* 
  Obstetric optimality  .29 .24 .29 
  NBRS   .38 .00 .42* 
  Gestational age   .02 -.19 .28 
  Parental educational level  .36* -.29 -.46* 
   (df) R2    (4,38) .29*  (5,37) .30*  (5,37) .49*** 
 set 3 
  Baseline     .43** -.42** 
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  Obstetric optimality  .41 .42 .36 
  NBRS   .40 .08 .45* 
  Gestational age   -.04 -.33 .25 
  Parental educational level  .30 -.33* -.47** 
  Bayley MDI   .24 .44** .12 
  Bayley PDI  -.20 -.17 -.11 
    (df) R2    (6,36) .34*  (7,35) .44**  (7,35) .50*** 
 set 4 
  Baseline     .50* -.36* 
  Obstetric optimality  .37 .40 .31 
  NBRS   .36 .20 .57** 
  Gestational age   -.08 -.20 .36 
  Parental educational level  .29 -.30* -.42** 
  Bayley MDI   .18 .43* .11 
  Bayley PDI  -.09 -.29 -.12 
  Activity level  -.08 .40* .29* 
  Duration of orienting -.18 .36* .37* 
  Smiling and laughter  .02 -.20 -.05 
  Fear of novel stimuli  .07 -.50* -.38* 
  Distress to limitations -.08 .18 -.01 
  Soothability  -.13 -.19 -.16 
   (df) R2    (12,30) .40 ns  (13,29) .65***  (13,29) .67*** 
   
 
* p < .05, ** p < .01, *** p < .001 , ns = non significant 
 
 
 
 The infants who received the reinforcer to the right of the midline (n=15) were excluded from 
the analysis because of the deviant response patterns (see figure 3), leaving 44 subjects for the 
analyses. The following variables were entered into the equation. In the first step the baseline 
responses were entered, in the second step demographical (mean parental educational level) and 
biological variables (NBRS, obstetric optimality, and gestational age) were entered, in the third 
step the concurrent Bayley mental (MDI) and motor (PDI) scores were entered, and, finally, in the 
fourth step the IBQ temperament dimensions were entered (activity level, distress to limitations, 
fear of novel stimuli, duration of orienting and distractibility, smiling and laughter, and 
soothability). The baseline was entered first to correct for factors specific for individual infants at 
the time of testing. The increase in explained variance and the discrete beta weights were of 
interest in these analyses. By entering the predictors in a stepwise way the incremental effect of 
demographical, biological, mental, motor, and temperamental factors could be determined. The 
frequencies of responding in the baseline, the first acquisition block, and the peak response level 
were the respective dependent variables. Obviously, the baseline was not entered as a predictor in 
the regression analysis on the baseline, this analysis consisted of only three steps. Note also that 
the ratio of predictors to subjects is rather small. Therefore, the results should be interpreted with 
caution. The results are shown in table 5. 
 The educational level of the parents was an important predictor for the performance in the joy 
stick task. It was the only significant predictor for the baseline data, and in combination with the 
demographical and biological variables explained 29% of the variance of the baseline data. 
Parental education was also an important predictor for peak response rate and the number of 
responses in the first acquisition phase (see table 5). According to the β-values, higher educational 
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levels of the parents correlate with higher baseline levels, and subsequently with lower acquisition 
and peak levels. Naturally, the baseline level predicted the peak and first acquisition response 
level. However, the explained variance was only 23% and 22% respectively. Next we studied the 
additional effects of other predictors for responding in acquisition. As can be seen in table 5, 65% 
and 67% of the variance of, respectively, acquisition block 1 and the peak responses, were 
explained by the four sets of variables. Two differences were apparent in the final equations. The 
NBRS was a significant predictor for peak response level but not for acquisition block 1, it was 
also the only significant biological predictor. The infants with higher biological risk for cerebral 
damage showed higher peak levels. In contrast, the Bayley MDI was a significant predictor in the 
equation for the first acquisition block but not for peak response level. Infants with higher Bayley 
mental scores showed more responses in the first acquisition block but no higher peak responses 
than infants with lower mental scores. Further significant predictors for peak response and first 
acquisition block were the IBQ categories: activity level, duration of orienting and distractibility, 
and fear of novel stimuli. Infants who were less active, directed their attention less to the task, who 
were more distractible, and who showed more fear of novel stimuli, showed lower peak response 
levels. Speculatively, because advanced scores on the Bayley mental scale were associated with 
increased responding in the first aquisition block, but responses in the rest of the acquisition 
phase, that could also contribute to the peak response, were associated with temperamental factors 
(i.e., activity level, task persistence, attention span, and fear of novel stimuli), the responding of 
the infants with advanced Bayley scores could be explained by boredom once they have perceived 
the contingency. 
 
 
 
 
Motor development and postural control 
 
 Although the full-term infants had higher Bayley motor (PDI) and postural scores at nine 
months of age, t(57) = 2.64, = .011, the Bayley motor score was not a predictor in the joy stick 
task. This suggests that differences in motor performance did not affect task performance, 
whereas cognitive differences did. However, the effect of postural control was also examined by 
looking at the performance of infants who were able to sit and infants who were not. We repeated 
the ANOVAs on the acquisition and baseline phases and the peak response rate with an extra 
factor, namely sitter-nonsitter. These analyses could only be done with the nine months old 
infants, because at six months there were hardly any infants who could sit on their own. The 
infants were classified as sitter or nonsitter based on their score on item 33, "sits alone, good 
coordination", of the PDI scale of the Dutch version of the Bayley scales. Of the 59 infants who 
completed the joy stick task at nine months 32 infants could sit on their own with good 
coordination, 27 infants could not. The sitter (2) x group (2) x position reinforcer (3) MANCOVA 
on the acquisition phases with the baseline as the covariate revealed significant effects for 
sitter-nonsitter, F(1,46) = 4.62, p = .037, position reinforcer, F(2,46) = 4.59, p = .015, and repeated 
measures of the acquisition blocks, F(2,46) = 7.97, p = .001. The infants who were able to sit 
responded more in the acquisition phase than the infants who could not sit. However, this effect 
disappeared when the infants with the feedback to the right side were excluded from the analysis. 
Hence, whether the infants could sit or not at nine months was not a significant factor in the 
analysis of the baseline nor of the peak response rate. 
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DISCUSSION 

 
Displaced feedback 
 
 The most striking result from this study is the absence of any difference in response rate 
between the infants who received the feedback 60 degrees to the side of the midline and those 
who received it in midline. The results in the present joy stick task show some similarity to the 
results of the remote feedback condition in a study of Millar, Weir, & Supramaniam (1992). 
Millar et al. found no differences between the risk groups in the remote feedback condition, and 
tey found decreases in response rates over the acquisition phase for all groups. In the present 
study, however, a difference was found between the responses of the infants who received 
feedback to the right side and the infants who received the feedback to the left side or at the 
midline. 
 In a study of Millar and Schaffer (1972) the results of the local feedback condition (i.e., the 
manipulandum was also the reinforcer) did not differ from the results of the condition in which 
the reinforcer was placed at a distance of 35.5 cm from the manipulandum, and 5 rotated from 
the midline. However, both these conditions differed from the condition in which the reinforcer 
was placed 60 rotated from the midline. Therefore, in our joy stick study we decided to place the 
reinforcer either at the midline or 60 rotated from the midline at a distance of 30 cm from the 
infant. We expected the midline condition in the joy stick task to be the equivalent of the 5 
condition in the Millar and Schaffer (1972) condition. However, given the results of our joy stick 
task, the condition with the reinforcer in the midline position was apparently experienced as 
remote, and therefore as difficult as the 60 displacement condition. Therefore, no conclusions 
can be drawn from this study concerning the influence of displaced feedback compared with the 
influence of proximal feedback on contingency learning. The hypothesis that group differences 
would become especially apparent under displaced feedback conditions could not be confirmed, 
because the response patterns did not differ between the preterm and full-term infants. The group 
differences we did find at six months were not due to the feedback condition (see figure 2), 
because neither the effect of position nor the group by position interaction were significant.  
 The infants were seated in an infant seat because we feared that when the infants would have 
been placed in their mother's lap, she would influence her infant's responses by subtle or overt 
movements of her body. Having the mother sit beside her child was decided after pilot studies in 
which the mother was not visible for the infant, which caused a lot of distress, and subsequently 
led to high attrition rates. Unexpectedly, we found deviant results for the right 60 condition 
compared to the left and midline condition. However, the left-right differences in the number of 
responses could be a procedural artefact, because during the test the infant's mother sat to its left. 
Although, after analysing the video recordings we do not have the impression that the infants 
looked at their mothers frequently, the mother's presence could have inspired or otherwise 
affected the infants' responses. This hypothesis is confirmed by the fact that fear of novel stimuli 
was a significant predictor in the regression analyses (see table 5). Possibly the opportunity to 
make eye contact could have overcome the infants' fear of the feedback. Since the mothers sat to 
the left of the infants, the infants who received the feedback to the left and in midline overcame 
their feir more easily than the infants in the right condition. The mothers' presence was not a 
distraction, because the infants' responses were generally higher in the left than in the right 
condition, instead of the other way round. 
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Contingency perception 
 
 Another similarity between the Millar et al. study (1992) and the present joy stick study is that 
none of the groups exceeded their baseline rates significantly (see figure 2 and 3). This makes it 
rather questionable whether the infants learned the contingency. We already referred to Poulson 
(1984) who stated that for contingency perception in operant learning a gradual increase or 
decrease in response rate is a confirming but not a defining characteristic. Contingency learning 
can also be concluded from other features of responding, such as: a change in the temporal 
response pattern, response latency and strength, emotional behaviours, and interresponse times. 
We tried to study the interresponse times. The interresponse times analyses showed no signs of 
bursts of responding but instead the number of short interresponse times decreased. In contrast to 
the mobile conjugate reinforcement task at 3 months, contingency awareness in the joy stick 
experiment is not characterized by bursts in responding, but possibly by longer pauses between 
responses. However, it is also possible that the infants' fear of the feedback resulted in avoidance 
behaviour in the acquisition phase. 
 An alternative explanation for the absence of a gradual increase in responding, besides that the 
infants did not learn the contingency, may be that attention for the feedback inhibited performance 
of the operant response. According to Millar (1988) active inhibition is, "an important ingredient 
in the process of contingency analysis possibly functioning to alert, tune, and reset responding so 
as to maximize the likelihood of detecting a contingency and achieving control of it." (pp. 
315-316). Sameroff and Cavanagh called this the phase of "uncoordinated attention", in which 
attention to the consequence inhibits performance of the action. Active inhibition is closely 
connected to the specific task demands. There are, however, some characteristics an infant brings 
to the testing which influence its behaviour but is not learning. Sameroff and Cavanagh (1979) 
called these characteristics "preparedness" after Seligman (1970). The regression analyses 
showed that the IBQ categories: activity level, duration of orienting and fear explained, together 
with the educational level of the parents, 67% of the variance in peak performance (cf. table 5). 
Infants with long attention spans and high task persistences, and low amounts of activity and of 
fear for novel stimuli showed low peak levels in acquisition. A difference in the strength of the 
active inhibition between the preterm and full-term six months old infants could explain the 
significant group, and group by repeated measures of blocks interaction effect found at six months 
(cf. figure 2). 
 A consequence of reinforcement, especially in displaced feedback tasks, is that the possible 
amount of time for responding diminishes. In the baseline a response has no consequences. Thus 
allowing the infant to direct all its attention to the manipulandum. In the acquisition phase 
responding activates the feedback, which in turn makes an appeal to the infant's attention. As long 
as the infant has not learned the contingency or when it has learned the contingency but is not 
capable of responding without looking at the manipulandum, the infant has less time to respond 
because it also has to attend to the feedback. So the same level of responding in the left and 
midline condition in the acquisition phase for the six months old full-term infants and the nine 
months old infants could be seen as an increase in rate, because the time used for studying the 
reinforcer must be subtracted from the total acquisition time. This is especially true for the six 
months old infants. At this age just a few infants were capable of responding without looking at 
the manipulandum. Most of the six months old infants alternated their attention between the 
manipulandum and the consequences. We do not agree with Sameroff and Cavanagh (1979) who 
stated that once the response activity has been learned it does no longer require focused attention 
for the response, manipulandum, and the consequences. This absence of focused attention 
requires a certain level of perceptual-motor development not present with six months old infants. 
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Theoretically, six months old infants could have learned the contingency, but once again, 
response rates may not be the best marker for this learning process. The alternating looking 
behaviour, called "attending to the relationship under construction" by Sameroff and Cavanagh 
(1979), could equally well be an index of learning. The alternation typically consists of short and 
quick shifts of visual attention between manipulandum/action and consequences. Wijnroks 
(1994) proposed to use the first occurrence of this behaviour as an index for learning in manual 
operant conditioning tasks. Because the first occurrence could equally well have been an orienting 
response and not contingency perception Wijnroks proposed to look for a sequence of alternating 
looks in order to conclude that an infant perceived the contingency. 
 The results of the present study indicate that perceiving the contingency in the joy stick task is 
not accompanied by an increase in responding. The results of the regression analyses seem to 
support this notion. Normally parental education is positively correlated with cognitive 
development and biological risk negatively (see e.g., Sameroff & Chandler, 1975). In the present 
study parental education was negatively correlated with peak responding, and biological risk was 
positively correlated. If in the present study these variables do also relate to cognitive 
development then learning in the joy stick task is not accompanied by high but instead by low 
relative peak levels of responding. 
 
 
Age effects, risk factors and postural control 
 
 We expected to find differences between older infants and younger infants. Age effects in 
operant learning have been described by others as well (Millar, 1972, 1988; Millar & Schaffer, 
1972, 1973; Lewis, Sullivan & Brooks-Gunn, 1985). At nine months the attrition rate was lower, 
and the response rates were higher for the 9 months old infants compared with the six months old 
infants. The peak response levels, however, did not differ between the six and nine month old 
infants. At nine months the group by repeated measures interaction disappeared. Mouthing of the 
manipulandum, a behaviour typically seen at six months, may have interfered with responding. 
Inspection of the video recordings showed that at nine months most infants manipulated the joy 
stick with their hands, and while a lot of nine months old infants were able to activate the joy stick 
and could look at the reinforcer at the same time, most 6 months old infants could not. 
 At three months of age we found an effect of peri- and prenatal risk on operant learning in a 
mobile conjugate reinforcement task. The high risk infants, who failed more often to complete the 
experiment, were characterized by an 'impulsive' response pattern, and, according to the 
interresponse times analyses, they did not learn the contingency (see chapter 6). Preliminary 
analyses of the joy stick data, not reported in the results section, for the high risk and low risk 
preterm infants revealed approximately the same learning curves for both these groups. Still, the 
NBRS proved to be a significant predictor in the regression analysis on the peak response level. 
High NBRS correlated with high peak scores. As in the mobile experiment infants with higher 
biological risk are more active in the acquisition phase than infants with lower scores on the 
NBRS. 
 The motor and posture scores differed significantly at nine months of age, but not at six 
months. At six months the preterm and full-term infants differed in response rate. Note that for the 
total sample of infants there were significant differences between the full-term and preterm 
infants in motor and posture development also at six months (cf. chapter four). It seems unlikely 
that differences in motor development could explain the difference between the six months old 
preterm and full-term infants. If so, we would have expected differences in the baseline rates too. 
However, the baseline response rates did not differ between the two groups (see fig. 2). For the 
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infants at nine months we showed that the response rates in the acquisition phase were affected by 
the fact whether or not the infants were able to sit. Infants who could sit responded more in the 
acquisition phase than the infants who could not. Apparently postural control affects the infants' 
responding. However, this effect disappeared when the infants with the feedback to the right were 
excluded from analysis. Concluding, postural control possibly interferes with learning in the joy 
stick task. It is, however, also possible that postural control is a prerequisite for learning in the joy 
stick task to take place. This could be the reason why Wijnroks (1994) in his joy stick experiment 
found a steeper increase in responding than we did with the nine months old infants. The 12 
months old infants in the study of Wijnroks were undoubtedly all able to sit on their own. 
 
Extinction 
 
 The micro-analysis of the extinction phase showed that all the infants showed a decline in 
responding in the extinction phase after an initial increase in responding. So, the infants seemed to 
be aware of a change in the contingency schedule. No reliable differences between the preterm 
and full-term infants were found. At nine months the infants who received the reinforcer in 
midline increased their responding more in the first 30 seconds of extinction, and showed a 
steeper decline in responding in the last two 30 seconds blocks compared with the infants who 
received the reinforcer to the left of the midline. Speculatively, if the feedback in the left condition 
is harder to perceive than the feedback in the midline condition then the infants who received the 
feedback to the left side could have missed the feedback in the acquisition phase a couple of 
times. As a result they received an intermittent reinforcement schedule instead of a continuous 
schedule. Extinction is known to be harder after intermittent reinforcement than continuous 
reinforcement (cf. Hulsebus, 1973, Lancioni, 1980). Hence the steeper decline in extinction for 
the infants who received the feedback in midline than for the infants who received it to the left 
side. 
 The initial increase in responding in the extinction phase is found quite often in operant 
learning tasks. Besides the idea that this increase means resistance to extinction or a violation of 
expectancy, there are some other plausible explanations for this phenomenon. In the mobile 
conjugate reinforcement literature the extinction phase is called the immediate retention phase 
(see, e.g., Rovee-Collier & Hayne, 1987; Ohr & Fagen, 1991; Ohr, Fagen, Rovee-Collier, Hayne, 
& vander Linde, 1989; Gekoski, Fagen, & Pearlman, 1984). Sullivan, Lewis, & Alessandri (1992) 
reported that the violation of expectations regarding contingent outcomes elicits consistent 
individual differences in anger. Bower (1989) proposed a hypothesis testing, and Watson (1978, 
1984) a probability testing view of infant learning. Extinction, noncontingent, and/or intermittent 
reinforcement schedules can be used to test contingency relationships. According to Millar, Weir, 
& Supramaniam (1992) intensified responding could be a strategy for quickly confirming that the 
contingency schedule has been changed. 
 In the section "procedures" it was already mentioned that the extinction period was only 
analysed for 90 seconds, and not for the remaining 90 seconds, because many infants failed to 
complete these last 90 seconds by starting to cry or fuss. Analysis of the next 90 seconds would 
surely have led to a significant decline in responding. In that case, however, no firm conclusions 
about true extinction would have been possible, because of the crying and fussing. 
 
 
 

CONCLUSIONS 
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 It can be concluded that at neither age the infants increased their responding significantly in 
the acquisition phase. It was speculated that learning in the joy stick task is accompanied by 
increased attention for the feedback, and hence no increase in responding in the acquisition phase. 
The micro-analysis of the extinction phase showed that all the infants showed a decline in 
responding in the extinction phase after an initial increase in responding. Hence the infants 
seemed to be aware of a change in the contingency schedule, and therefore must have perceiced 
the contingency. The first hypothesis that infants who had experienced neonatal risk will have 
difficulty in perceiving the contingency, was partly confirmed. At six but not at nine months the 
preterm and full-term infants differed from each other in response level. The six months old 
preterm infants showed diminished responding in the acquisition phase compared with the 
full-term infants. It was proposed that this difference could have been caused by a stronger active 
inhibition of responding on the part of the preterm infants compared to the full-term infants. 
Biological risk was a significant predictor for learning reflected in the peak response level, 
confirming the first hypothesis. Hypothesis two, 'possible differences between full-term and 
preterm infants will become apparent in the displaced feedback condition', was not confirmed. 
The place of the feedback (in midline or 60 to the left or right side) affected responding only in 
the case of feedback to the right of the midline. However, this result may be an artefact, while 
caused by the test situation. Since the temperament dimension fear of novel stimuli correlated 
negatively with response rate, reduced responding during the acquisition phase could have been 
caused by fear of the feedback. Infants who received the feedback to the right might have had 
more difficulty in reducing their fear of the feedback than the infants in the left and midline 
conditions, because they had to turn their head in order to see their mother who sat to their left. As 
a result these infants showed the smallest number of responses during the acquisition phase. At 
the moment all conditions in the joy stick task (midline and 60 to the side) have to be considered 
as displaced feedback conditions. Still one effect of displaced versus proximal feedback was 
found. The infants who received the reinforcer in midline showed a steeper decrease in 
responding in the extinction phase than the infants who received the reinforcer to the left. As a 
consequence of the position of the reinforcer the infants could have received either continuous or 
intermittent reinforcement. The third hypothesis, 'higher response rates and better learning for 
older versus younger infants', was also partly confirmed. The older infants showed higher 
response rates than the younger infants. Whether they also learned the contingency better is hard 
to say on the basis of the present data alone. Regarding the fourth hypothesis, 'motor development 
and postural control will effect the perception of the contingency', differences between full-term 
and preterm infants were found. The preterm and full-term infants differed in motor development 
and postural control at nine months of age. These differences in motor development were 
associated with response level. The infants who could sit independently responded more than the 
infants who could not yet sit independently. However, hypothesis four could not be confirmed 
completely. Postural control affected the response rate but not the perception of the contingency.  
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Chapter 9 

 
Individual Differences and Continuity in 

Cognitive Development 
 
  

 
 
 
 
 
 INTRODUCTION 
 
 
 In the preceding chapters the first three general research questions were dealt with. That is, 
differences between preterm and full-term infants were studied with regard to their cognitive 
performance in learning tasks, as were risk factors for later development, and the role of postural 
control and motor development in learning. We chose to perform a habituation/recognition 
memory task and two operant conditioning tasks, because these tasks enable the study of 
associations between motor development, postural control and learning. The literature shows also 
that these tasks could differentiate between preterm and full-term infants1. However, the last 
research question, whether there are associations between the infants' performances on the 
discrete experiments and whether there are associations between experimental variables described 
in the previous chapters and scores on later developmental tests, still remains to be answered. 
 Regarding this question about associations it is assumed that, for a relationship to exist, the 
cognitive processes measured in the previous chapters must have something in common, although 
the overt behaviours that were measured were totally different. Another possibility is that the 
cognitive processes are different but they all rely on a similar construct or process of cognitive 
functioning. Studying relationships is actually looking for stable individual differences between 
two different variables or between the same variable measured at two or more points in time. 
Individual differences in cognitive functioning in infancy have interested researchers in the first 
place because of the desire to predict later development from infancy (cf. Colombo & Mitchell, 
1990), and especially for infants at risk for developmental delay. According to Kagan, Kearsley, 
                     
    1Free play, the third paradigm studied, is not reported in this dissertation. We decided to concentrate on experimental 
learning tasks and not to include the observation of spontaneous behaviour during a play session. Note, however, that the 
performance of preterm infants with regard to play and exploration has been found to differ from the performance of 
full-term infants, especially the performance of high risk prematurely born infants (see, e.g., Landry & Chapieski, 1988; 
Landry, Chapieski, & Schmidt, 1986). 
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and Zelazo (1980) some developmental psychologists might lose interest in the young child if 
they believed that the phenomena they were analysing lasted less than a few months or years. 
They concluded that, "an important basis for intense interest in early development is faith in a 
strong version of continuity from very early childhood to adolescence and beyond" (Kagan et al., 
1980, p. 16). Prediction requires individual differences to be stable across time but it may be 
questioned, however, whether or not it also assumes that the developmental function of the 
psychological construct or the underlying processes are continuous over time. Colombo and 
Mitchell (1990) gave a second reason for studying individual differences. They refer to 
Underwood's concept of individual differences as proving ground for psychological theory. A 
correlation within individuals between an objective measure of an unseen psychological activity 
and a measure of the manifest outcome or performance of that activity provides confirmatory 
theoretical support for the operation of the underlying activity (Colombo & Mitchell, 1990). 
 Aim of this chapter is to study the individual differences mentioned in the previous chapters 
and the opportunity they offer to predict later cognitive performance. Several theories have been 
proposed to explain the relationships between visual attention and later cognitive performance. 
Because of the significant relationships between infancy measures and later developmental status 
that were found in the literature (see also chapter two and five), cognitive development is thought 
to be continuous. We shall try to apply theories of continuity/stability in individual differences in 
cognitive development to the empirical results described in the previous chapters. As such, this 
chapter tries to reconstruct the empirical data with the help of a theoretical framework. This 
chapter is not aimed at constructing a theory but, because the thinking about continuity in 
cognitive development evolved during the studies, this theorising is presented as a theoretical 
reconstruction of the empirical data. 
 First, some important concepts crucial for a theory of continuity in cognitive development will 
be described, that is developmental functions and individual differences. Next, the developmental 
functions of two groups of variables will be outlined, namely the visual attention variables 
originally presented in chapter five and the temperament dimensions originally presented in 
chapter four. The remainder of this chapter is dedicated to the study of individual differences. 
Models to study these individual differences will be presented. One of these models, namely John 
Colombo's model of speed of information processing and memory, will be applied to the 
empirical data gathered in the visual attention and operant condition tasks. Finally, the role of risk 
factors in predicting later individual differences and developmental outcome will be studied, 
because several authors have stated that prediction from infancy is normally better for at risk or 
handicapped infants than for healthy infants (Kopp & McCall, 1982; McCall & Carriger, 1993). 
 
 
 
 DEVELOPMENTAL FUNCTIONS VERSUS INDIVIDUAL DIFFERENCES 
 
 
 In chapter five we already mentioned the significant correlations found in the literature 
between visual attention and later cognitive functioning. These differences were higher than those 
found between infancy tests and later cognitive functioning. These findings led researchers to the 
conclusion that there is considerable stability in cognitive development from infancy to 
childhood. Bornstein and Sigman (1986) even claimed continuity in mental development. It 
remains to be seen, however, whether stability in cognitive development means also that it is 
continuous. To explain the difference between continuity and stability we first have to explain the 
concept of developmental functions. 
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 A developmental function is defined as the measured value of a given attribute plotted across 
age (McCall, 1987, 1990; Wohlwill, 1973). The developmental function is the group average at 
various ages, where the group can be a species, a subgroup within a population, or even an 
individual (McCall, 1987). Developmental functions can be either continuous or discontinuous. 
The developmental function is continuous when changes in it are quantitative, and discontinuous 
when changes in it are qualitative. In continuous developmental functions the fundamental nature 
of the function stays the same, but its magnitude increases or decreases, whereas in discontinuous 
developmental functions the nature of the functions change. An example of a continuous 
developmental function is mental age as measured by an IQ test, whereas the sequence of Piaget's 
(1953, 1954, 1993) stages is discontinuous. In several publications McCall has contrasted the 
study of the continuity of developmental functions with that of stability of individual differences 
(McCall, 1987, 1988, 1989, 1990; Kopp & McCall, 1982). The study of individual differences 
typically involves the assessment of the relative consistency of individual differences in a single 
characteristic over different ages. In other words, if individuals maintain the same rank ordering 
within their group at successive ages the variables underlying that ordering are said to be stable 
properties in these individual's development. Continuity is not the same as stability because: 
 
"Developmental functions refer to group averages and are usually evaluated with statistics 

that assess the significance of the difference between means. In contrast, individual 
differences are typically within group characteristics that are statistically assessed by 
correlations across age or between variables. In the case of symmetrical distributions, 
the correlation between variables is independent of the means of those distributions. 
Therefore, in principle, the form of the developmental function, or whether it is 
continuous or discontinuous, does not necessarily say anything about whether individual 
differences in that attribute are stable or not stable." (McCall, 1987, p. 29). 

 
This same point has been made by Wohlwill (1973) who stated that stability coefficients "... entail 
abstracting invariance of relative position from change in behavior over age in either level or 
form." (p. 365). However, continuity and stability are still confused by some authors, see, e.g., the 
often cited article by Bornstein and Sigman (1986) 'Continuity in mental development from 
infancy'. Note also that continuity as defined by McCall does not completely resemble the 
mathematical definition of continuity of a function. Mathematically a continuous function 
represents all points in a specific interval that can be depicted on an uninterrupted line. However, 
within this definition qualitative changes are also continuous as long as they can be depicted on an 
uninterrupted line. Furthermore, mathematical continuity is an abstract concept only to be fixed 
by means of infinite measurement points. In general psychological discourse continuity and 
discontinuity are relative notions, the meaning being dependent on the context and the (time)scale 
they apply to (Breeuwsma, 1993). Continuity does not mean that the developmental function has 
to be linear nor does it have to be a unitary increasing or decreasing function to be continuous. 
Hence the confusion over the terms continuity and discontinuity remains. Most authors use the 
terms continuity and stability interchangeably. In the present study the term continuity will be 
used, by which is meant the trivial interpretation of continuity, that is links in development 
between infancy and later development (cf. Rutter, 1987). Different conceptualizations of these 
links will be described in the section on individual differences. First, the developmental functions 
of visual attention and temperament will be described. To recapitulate, a developmental function 
is continuous when changes in it are quantitative, and discontinuous when changes in it are 
qualitative. In continuous developmental functions the fundamental nature of the function stays 
the same, but its magnitude increases or decreases, whereas in discontinuous developmental func-
tions the nature of the functions change.  
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DEVELOPMENTAL FUNCTIONS 
 
 
 As the reader may have noticed the studies described in the chapters four to eight were 
primarily concerned with individual differences. Although our initial intention was to study 
developmental functions the high attrition rates seriously inflated these analyses. The 
developmental functions of variables in the operant conditioning task cannot be described 
because of a lack of measurement points. Only the developmental functions of the temperament 
dimensions and the data from the habituation and recognition memory tasks could be described. 
 
 
Visual attention2 
 
 Attrition rates were high in the habituation and recognition memory task. Only four infants 
completed three habituation tasks at all three ages, and one task was completed by 28 infants at all 
three ages. We decided to study the developmental functions of the data for the 28 infants who 
completed at least one task at every age. Because of the high attrition rates and the effects of 
counterbalancing the trajectories of the developmental functions are somewhat hard to interpret. 
For instance, the testing position (lying versus semi-upright) and letter series were 
counterbalanced across age. The infants who were tested lying at three months were tested in 
semi-upright position at six months. From chapter five we knew that testing position had a 
significant impact on the cross-sectional data. Therefore, we expected significant interaction 
effects of testing position and age. Note also that the attrition rates impede the representativeness 
of the population under study, because only one third of the subjects was included in the 
longitudinal analysis of the habituation and recognition memory data. 
 The habituation variables and the novelty response from chapter five were analysed in an age 
(3) by group (2) by position (2) by letter series (2) ANOVA with repeated measures of age. 
Because we are only interested in main effects and interaction effects with age, only the 
significant results of these effects are shown in table 1. Further, for the sake of clarity, we chose 
only the variables that are generally studied in habituation and recognition memory studies. The 
main effect of letter series in table 1 is a nuisance effect, because, as was already stated in chapter 
five, the stimulus properties affected visual attention. The results of the longitudinal data showed 
significant group (preterm versus full-term) effects for the peak fixation duration, mean fixation 
duration, the mean interfixation time, and the magnitude of habituation from the peak fixation. 
 The duration variables all showed longer fixation times for the preterm infants. Subsequently 
the preterm infants had also larger decrements in attention during the habituation phase. The 
preterm infants showed longer interfixation times than the full-terms. Age effects were as 
expected, that is fixation times and magnitude of habituation decrement decreased with age. 
Inspection of the absolute fixation times revealed that the decrease was large between three and 
six months. Between six and nine months the fixation times did not change much. The expected 
interaction effect between test position and age was found with the duration measures. Post hoc 
trend analyses showed significant quadratic effects. Again, the counterbalancing of test position 

                     
    2John Colombo is greatly acknowledged for his help in the analysis of the visual attention data. 
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across age is probably responsible for this effect. No significant results were found for reaction 
time. A possible explanation for this could be the moderate interobserver reliability for reaction 
time reported in chapter five. The interaction effect of testing position and group was a result of 
the fact that the difference in shift rate in semi-upright or lying position was smaller for the 
full-term infants than it was for the preterm infants. 
 For shift rate significant effects were found only in the test phase in which the infants were 
shown two different stimuli (U-V or D-O) instead of two equal stimuli as in the habituation phase. 
The shift rate was higher when the infants were seated than when lying, and shift rate increased 
with age, older infants compared the stimuli more actively. The infants shifted more when looking 
at the D-O combination than at the U-V combination. Possible explanations are differences in 
saliency between the two combinations or differences in discriminability within the pairs. The 
latter explanation is derived from Ruff (1975) who reported that infants will alternate fixation 
more under conditions where the stimuli are identical than when they are discrepant. If this is true 
then it will also be true that if two stimuli are nearly identical the shift rate between the two stimuli 
will be nearly the same as the shift rate between a combination of two identical copies of one of 
the stimuli. We tested this hypothesis in separate analyses for both letter combinations by 
comparing the shift rates in the habituation phases with the shift rates in the test phases at the three 
test ages. For the D-O combination there was no significant difference in shift rate between the 
habituation and the test phase. For the U-V combination this difference nearly reached 
significance (p = .093). If we accept a more lenient probability level for type I error, because of 
the small number of infants in the analysis, we may conclude that there is a possibility that the 
D-O combination is seen as nearly identical and the U-V combination not, and therefore the 
infants shift fixations as often in the test phase as when shown a D-D or O-O combination in the 
habituation phase. 
 
 Concluding, the picture that emerges from table 1 is that, because of the significant age effects, 
the developmental functions of some fixation duration variables (peak, mean first, and 
interfixation time) seem to be continuous between three and nine months of age. longer  
interfixation times were found for the preterm than the full-term infants, which was also reported 
by Rose and Feldman (1990). The significant age changes in table 1 are also in accordance with 
the literature (see e.g., Bornstein, 1985, 1989a; Bornstein, Pêcheux,  
 Table 1 

Longitudinal data on habituation and recognition memory   
 
 Variable  Effect    F 
  
 
Habituation phase 
 Reaction time -- 
 
 Duration first fixation letter series   F(1,20) =6.15, p = .022 
    age     F(2,19) =4.13, p = .032 
    test position by age  F(2,19) =4.21, p = .031 
    letter series by age   F(2,19) =3.60, p = .047 
  
 Duration peak fixation group    F(1,20) =5.19, p = .034 
    letter series   F(1,20) =6.28, p = .021 
    age    F(2,19) =6.98, p = .005 
    test position by age  F(2,19) =4.47, p = .026 
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 Mean fixation duration group    F(1,20) =4.72, p = .042 
    letter series   F(1,20) =4.77, p = .041 
    age    F(2,19) =4.34, p = .028 
    test position by age  F(2,19) =5.20, p = .016 
 
 Duration last fixation test position by age  F(2,19) =3.81, p = .024 
 
 Mean interfixation time group    F(1,20) =4.75, p = .021 
    age    F(2,19) =4.10, p = .033 
 
  
 Nr. of fixations to habituation -- 
 Shift rate  -- 
 
 Magnitude of habituation from group    F(1,20) =6.14, p = .022 
 peak fixation letter series   F(1,20) =5.03, p = .036 
    age    F(2,19) =8.22, p = .003 
 
Test phase 
 Reaction time -- 
 
 Shift rate  test position   F(1,20) =6.16, p = .022 
    letter series   F(1,20) =7.23, p = .014 
    age    F(2,19) =12.71, p < .001 
    group by test position F(1,20) =
 6.16, p = .022 
 
 Novelty response -- 
 Recovery of attention -- 
  
 
 
Lécuyer, 1988; Colombo, Mitchell, & Horowitz, 1988; Mayes & Kessen, 1989), as is the lack of 
age changes in the ordinal variables because of the lack of stability reported for these variables 
(Colombo, Mitchell, O'Brien, & Horowitz, 1987b). The novelty responses did not change with 
age. This was not completely unexpected, because in chapter five no significant novelty responses 
were found for the cross sectional data. Furthermore, The lack of significant age effects for the 
variable 'number of trials to reach the habituation criterion' has also been found by Rose, Slater, 
and Perry (1986), and Mayes and Kessen (1989). The age factor seems to affect fixation duration 
and not the number of fixations. The duration variables also differentiated the risk infants, that is 
the preterm infants, from the normal infants. Later in this chapter these results will be used in the 
study on theories of stability in cognitive development.  
 
 
Temperament 
 
 The developmental functions of the temperament dimensions could be described for 75 out of 
the 79 infants in the present study (for means and standard deviations see table 12 in chapter four). 
Except for soothability all the temperament dimensions showed a small linear increase with age. 
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Because of the small number of measurement points conclusions about continuity are hard to 
draw. However, the small increases in activity level, distress to limitations, fear of novel 
situations, duration of orienting, and smiling and laughter over subsequent three months periods 
make discontinuities in these dimensions highly unlikely. Apart from the question whether or not 
the developmental functions were continuous the developmental functions showed different 
trajectories for the full-term and preterm infants for smiling and fear of novel situations. In both 
groups older infants smiled more but overall the full-term infants smiled more than the preterm 
infants. Regarding fear of novel stimuli the preterm infants showed more fear with age, whereas 
the full-term infants did not show a change in the level of fear. Last, the full-term infants 
decreased the level of distress they showed towards limitations with age, whereas the preterm 
infants showed the same level of distress across all ages. Speculatively, the higher incidence of 
illnesses and rehospitalizations in preterm infants could be an explanation for these phenomena.  
 
 
 

INDIVIDUAL DIFFERENCES 
 
 
  Individual differences among infants of the same age were studied for the mobile conjugate 
reinforcement in chapters six and seven. For the joy stick displaced feedback task individual 
differences were studied at two ages in chapter eight, and for the habituation and recognition 
memory task individual differences were studied at three ages in chapter five. However, so far no 
real attempts were made to correlate variables measured in infancy with cognitive performance in 
a formal test of infant development. In this section we will study the predictive value of the 
variables measured in the previous chapters to the infants' performance on the Dutch version of 
the Bayley Scales of Infant Development (BOS 2-30) at nine months of age. Before doing so two 
considerations have to be made. First, it is useful to see what kind of relations one can expect 
when correlating two variables at two points in time. Therefore, some continuity models will be 
presented as well as some thoughts about canalization, which may help clarifying why predictions 
from infancy to later development are hard to make. Second, we have to have a theory on 
cognitive development in order to guide the choice of variables that can be correlated with later 
cognitive functioning. Therefore, several theories on underlying processes that might be 
continuous in development will be presented. 
 
 
Continuity models 
 
 In the literature the terms continuity and stability are often mixed up. Both terms are used for 
links in development between infancy measures and later development. According to Berg and 
Sternberg (1985), and Sternberg and Okagaki (1989) besides continuity in developmental 
functions, relative stability of individual differences on a given attribute at various ages 
constitutes a second kind of continuity. This type of continuity is called normative stability by 
Rutter (1987). From now on this second kind and more trivial meaning of continuity will be 
adopted, that is continuity is expressed by developmental links between infancy and later 
development. In McCall's terms this kind of continuity is actually stability of individual 
differences but since most researchers (cf. Bornstein & Sigman, 1986; Rutter, 1987; Wohlwill, 
1973) use the term continuity this latter term will be used in the remainder of this chapter. Several 
continuity models have been outlined that might help to explain stability of behaviours and 
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stability of underlying processes in cognitive development in the child (Bornstein & Sigman, 
1986; Kagan cited in Wohlwill, 1973; Slater, Cooper, Rose, & Morison, 1989; Rutter, 1987). First 
their is absolute invariance or stability, namely a lack of change during the course of 
development. According to Rutter (1987) this would apply to the acquisition of a skill (e.g., object 
permanence) that, once gained, cannot be lost other than as a consequence of gross disease or 
extremely abnormal circumstances. Complete continuity refers to continuity of both overt 
behaviour and underlying process or motivational dynamics. An example of this type of 
continuity could be facial expressions belonging to certain emotions. Infants as well as children 
and adults show the same facial expressions when, for instance, in a state of fear, joy or disgust. A 
third kind of continuity is homeotypic continuity or continuity of identical behaviour. In 
homeotypic continuity there is continuity in behaviour or similar measures of behaviour but a 
change in the underlying process. For instance, crying can have very different reasons at different 
ages. In the case of infant learning this type of continuity is hard to study, because of differences 
in developmental status, and because tests and measurement techniques applied in infancy are not 
applicable in later childhood. According to Slater et al. (1989) there is no scientific evidence in 
support of the homeotypic model. At the moment there is also no evidence in the domain of 
cognitive development in favour of the complete continuity model, since visual attention 
behaviours at two different ages do not seem to correlate. Studies of correlations between visual 
attention and later cognitive development predominantly suggest a fourth type of continuity, 
namely heterotypic continuity, in which the underlying process is continuous but the behaviour 
changes. Typical criterion variables for infant visual attention in prediction studies are mental and 
motor development measured with developmental scales such as the Bayley Scales of Infant 
Development (see e.g., Lewis & Brooks-Gunn, 1981, 1984), verbal and performal intelligence 
(for reviews see Bornstein & Sigman, 1986 and McCall & Carriger, 1993), and sometimes 
specific abilities such as language (Bornstein, 1989b; Thompson, Fagan, & Fulker, 1991; 
Tamis-LeMonda & Bornstein, 1989), play behaviour (Tamis-LeMonda & Bornstein, 1989, 
1993), exploration (Colombo, Mitchell, Dodd, Coldren, & Horowitz, 1989), and memory 
(Thompson et al., 1991; Colombo et al., 1989). A fifth type of continuity is described by 
Bornstein and Sigman (1986) as continuity of developmental status. In this last type of continuity 
there is a relation between apparently unrelated measures at different points in time and there is no 
obvious theoretical link connecting the measures. Continuity exists because the different 
behaviours follow similar developmental trajectories, perhaps linked by the maturational status of 
the child or by continuity of experiential status, rather than being linked by a common underlying 
process (cf. Slater et al., 1989). 
 
 
Canalization 
 
 According to Bornstein and Sigman (1986) the lack of high correlations between traditional 
infant developmental scales and childhood intelligence tends to argue against continuity of 
developmental status. However, according to McCall (1976; Kopp & McCall, 1982) this lack of 
stability is a result of qualitative changes in cognitive development. McCall and Carriger (1993) 
argue that the predictive value of visual attention variables is usually not better than prediction 
based on parental education or socioeconomic status. According to McCall (cognitive) 
development is highly canalized in early infancy by biologic and organismic factors. To these 
authors (see also Slater et al., 1989) continuity seems to be a result of developmental status, 
because early development shows a high degree of canalization. The concept of canalization, 
originally described by Waddington, applied to mental development implies a species typical 
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path, called a chreod, along which nearly all members of a species tend to develop (see also 
Thelen & Fogel, 1989). That is not to say there is no room for individual differences. However, 
according to McCall (1979b, 1987), as a result of the self righting tendency which forces 
deviations from the chreod back on track, individual differences are, at least in the first two years, 
highly unstable. This line of reasoning may hold for behaviours that Horowitz (1990) called 
'Universals' in her structural/behavioural model of development but not for non-Universal 
behaviours, because the latter ones have to be learned. According to Horowitz (1990) : 
 
The Universal behaviors are those that are acquired by all normal organisms in a variety of 

environmental contexts. They include species typical behaviors in the motor, social, 
language and cognition domains. [...] These Universal behaviors can be thought as 
providing the defining template of the basic human behavior repertoire. Whereas 
learning plays a role in their acquisition, the basic topography of the behaviors is highly 
canalized and therefore ultimately highly probable. [...] The different rates of acquisition 
of these behaviors likely reflect some inherent individual difference characteristics as 
well as the differentially facilitative nature of the environmental input necessary to their 
acquisition. [...] These are the behaviors that may be distributed by risk factors that 
work more directly on biological or genetic structures, although for full disturbance the 
risk factors need to be quite massive. Although Universal behaviours define the basic 
"human" nature of the behavioral repertoire, the majority of the behaviors that are 
acquired in the course of a lifetime are of the non-Universal kind. (pp. 9-10) 

 
As examples she stated that, "whereas the basic cognitive processes that permit one to read, 
calculate, and write are Universal, the particular behaviors are not and must be specifically 
learned." (Horowitz, 1990, p. 10). For instance, spoken language is a Universal behaviour but the 
particular language acquired differs as a function of the environment. So, Horowitz too thinks that 
early development is highly canalized. Whether or not she thinks canalization applies equally to 
Universal and non-Universal behaviours is not clear. What is important however, is that she states 
that the quality and rate of the acquisition of behaviours, as one of the major controls of the 
parameter of change in development, is the result of the interplay of organismic and 
environmental variables. Here learning enters the stage. Note that in Horowitz' 
structural/behavioural model the rate and quality of behaviours can be affected by learning. 
Another important aspect of her theory is that individual differences are part of the organismic 
dimension that affect the process of acquisition of behaviours. Horowitz (1990) states: 
 
With Universal behaviors, where the basic topography is species fixed, individual differences 

may largely affect rate of acquisition. The source of these individual differences is likely 
biological in nature initially, although with time and the cumulative effect of experience, 
environmental factors will also be contributing factors. The biological/organismic 
elements may be more heavily weighted initially for Universal behaviors than 
environmental variables. Conversely, with non-Universal behaviors, the cumulative 
learning history of the organism may be more heavily weighted than the biological 
factors, although the latter also play a role. (p. 13) 

 
 My interpretation of Horowitz' theory is that traditional infant tests measure the highly 
canalized and therefore highly probable Universal behaviours that are not predictive for later 
cognitive functioning, because all normal individuals will attain these behaviours sooner or later. 
Instead of concentrating on correlations between the time of occurrence of Universal or milestone 
behaviours and later performance on cognitive tests (product-product relations), one should study 
the relationships between the way of acquiring cognitive behaviours and later cognitive test 
performance (process-product relations). While the products of cognitive development in infancy 
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may be apt to developmental transitions and/or canalization attenuating individual differences 
(e.g., Thelen & Fogel, 1989; Piaget, 1953, 1954; McCall, 1976; Kopp & McCall, 1982), the 
process of acquiring knowledge may be not. Moreover, this process of learning is prone to 
individual differences. In the process-product approach, "the goal in the case of predicting later 
intelligence is to understand the nature of the processes that contribute to higher IQ scores." 
(Horowitz, 1990, p. 11). Horowitz (1990) proposes several behaviours that could be important in 
studies on the prediction of later cognitive functioning. First, process behaviours involved in 
novelty recognition such as characteristics of visual fixation. Highly efficient information 
processing behaviour may presage the relatively "invulnerable" infant. Another important 
variable might be behavioural state organization and stability. Early state characteristics may 
affect the development of information processing abilities (Colombo & Horowitz, 1987; Moss, 
Colombo, Mitchell, & Horowitz, 1988). They might also affect the occurrence of developmental 
problems (Kalverboer, 1988; Thoman & Whitney, 1990). 
 
 
 

UNDERLYING PROCESSES IN COGNITIVE DEVELOPMENT 
 
 
 Most empirical studies on the correlation between visual attention in infancy and later 
cognitive development suggest a heterotypical model of continuity. What is of interest next is to 
see which underlying processes might explain the correlations found between visual attention and 
later cognitive functioning. Several processes have been proposed to explain these correlations. 
Bornstein and Sigman (1986) proposed general intelligence, mental representation, and 
motivation and regulation of behavioural state, Sternberg (1981; Berg & Sternberg, 1985) novelty 
preference, and Colombo speed of information processing and memory (Colombo, 1993; 
Colombo & Mitchell, 1990). These processes will be outlined in the present section. The model of 
Colombo will be applied to the current study in the next section. 
 
 
General intelligence, mental representation, motivation, and state regulation 
 
 Bornstein and Sigman (1986) proposed three candidate underlying processes that visual 
attention and cognitive competence may share. First, they suggested general intelligence, which 
they immediately ruled out because the available data do not support this hypothesis. If general 
intelligence is the underlying process decrement or recovery of visual attention in infancy ought 
to correlate not only with verbal proficiency but also with other interrelated childhood abilities. 
However, decrement correlates with verbal intelligence but does not correlate with discrimination 
learning or performance IQ (Bornstein & Sigman, 1986). 
 Second, because decrement and recovery of attention are presumed to entail encoding and 
subsequent comparison of new stimulation, they suggested mental representation as an 
underlying process. Bornstein and Sigman further stated that mental representation is also 
involved in language acquisition, hence the correlations between infant visual attention and 
childhood verbal intelligence. Bornstein has elaborated this idea in later studies (Bornstein, 
1989b; Tamis-LeMonda & Bornstein, 1989, 1993). 
 Finally, Bornstein and Sigman (1986) stated that the continuity of underlying processes could 
be sustained by an unchanging component of intelligence, such as motivation or self-regulation. 
"Attention could reflect in part the infant's motivation to explore new environments, and 
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intelligence could reflect in part the child's motivation to explore new testing materials and tasks 
as well as to perform well during testing." (Bornstein & Sigman, 1986, p. 262). Through shared 
variance with motivation, attention in infancy and intelligence in childhood could bear a 
consistent relation to one another over time. An argument against motivation as an important 
underlying or mediating process is the fact that many other aspects of infant performance have 
shown low or erratic predictive validity for later intelligence test performance. There is little 
reason that other kinds of infant performance, such as the Bayley scales, should not share variance 
with motivation the way habituation would (Bornstein, 1990). In addition, however integrated the 
constructs of motivation and cognition are, they also possess a degree of independence. This is 
plainly demonstrated by children who are overachievers or underachievers (Bornstein, 1990; 
Bornstein & Sigman, 1986). 
 The importance of state regulation has been stressed by other researchers as well, for instance, 
for cognitive performance (Cohen, Parmelee, Sigman, & Beckwith, 1988; Colombo & Horowitz, 
1987; Colombo, Moss, & Horowitz, 1989; Moss, Colombo, Mitchell, & Horowitz, 1988), 
developmental delay and disabilities (Kalverboer, 1988; Thoman, Denenberg, Sievel, Zeidner, & 
Becker, 1981), and developmental outcome and play behaviour (DiPietro & Porges, 1991). 
However, the argument used against motivation as a possible underlying factor can also be 
applied against the capacity to regulate state of arousal. There is no reason why the regulation of 
behavioural state, and thereby to initiate, sustain, and inhibit attention would not also affect other 
kinds of infant performance, such as performance on the Bayley scales.  
 
 
Novelty preference 
 
 The process proposed by Sternberg can best be described in the following quotations. 
According to Berg en Sternberg (1985), "intelligence throughout the course of intellectual 
development can be construed, in part, as a response to dealing with novelty" (p. 10). In an earlier 
article Sternberg wrote that he viewed intelligence as, "not only the ability to learn and reason 
with new concepts, as well as one's interest in such concepts, but more importantly as the ability to 
learn and reason with, and one's interest in, new kinds of concepts" (Sternberg, 1981, p. 151). 
According to Sternberg (1981), "this attitude toward and performance with novel kinds of 
concepts is continuous in nature throughout the life span, although by necessity, they must be 
measured in different ways at different times of life" (p. 149). Berg and Sternberg reviewed 
longitudinal research on habituation, recognition memory, and two aspects of temperament, 
namely, attention span and task persistence, because they share two things in common. First, these 
three areas provide evidence for stability in individual differences between infancy and 
childhood. Second, habituation, recognition memory, and temperament scales of attention span 
and task persistence purport to measure the infant's interest in and attention to novel stimuli in his 
or her environment. The studies referred to in chapter two and five are in favour of the first 
argument. With regard to the second argument, Berg and Sternberg (1985) explain correlations 
found between habituation, recognition memory, and temperament by the common element they 
share, namely, response to novelty and its component processes: encoding, allocation of attention, 
and comparison. According to Berg and Sternberg, attention span and task persistence represent 
the infant's duration of interest given a new stimulus. Infants who demonstrate more task 
persistence and are more alert may be better able to extract information from the stimuli around 
them. The differential amount of time infants fixate on novel as opposed to familiar targets in 
habituation and recognition memory tasks is according to Berg and Sternberg (1985) a 
representation of an orienting reaction that facilitates processing of a new stimulus. Those infants 
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who display better recognition memory are faster, more thorough, or both in aspects of the mental 
construction process, such as encoding, comparison, and other information-extraction processes. 
Individual differences in recognition memory are thought to be caused by differences in encoding 
processes that underlie recognition memory, and that are similar to processes involved in later 
intelligence and cognitive tests. 
 The reason for including a temperament questionnaire in the present study was based on Berg 
and Sternberg's theory. Although we used Berg and Sternberg's theory at the outset of our studies, 
we can now no longer support this theory for exactly the same reason as outlined above why 
motivation cannot be the underlying factor in continuity of cognitive development. The intrinsic 
motivation to prefer novel above familiar stimuli and its component processes: encoding, 
allocation of attention, and comparison, should also influence performance on traditional infant 
tests, for instance the Bayley Scales of Infant Development. In addition, Colombo and Mitchell 
(1990) stated that it is hard to explain the relationships between looking time and measures of 
cognitive performance such as stimulus processing and learning on the basis of a continuity in the 
response to novelty. Instead of concentrating on the preference for novelty, which itself is the 
result of its component processes (encoding, allocation of attention, and comparison), it could be 
more fruitful to direct scientific interest to these component processes directly. Such an attempt 
has been undertaken by John Colombo (1993). 
 
 
Speed of information processing and memory 
 
 In this section we will first outline why fixation duration is such an important variable in visual 
attention tasks. The next topic is what fixation duration, which can also be seen as speed of 
information processing, represents. Finally, a model for continuity in cognitive development that 
contains both speed of information processing and memory will be delineated. In the next section 
this model will be applied to the results from the previous chapters. 
 
Fixation duration 
 In the section on continuity models the structural/behavioural model of Horowitz was 
outlined. Horowitz (1990) also stressed the importance of process-product studies in individual 
difference research. She refered to the Kansas infant studies which focused on the way infants 
encode stimulus information. One of the most stable individual difference characteristics in infant 
visual attention is the duration of fixation, and especially the duration of the peak fixation. The 
shorter the peak fixation the more efficient the infant is in the task (Colombo, Mitchell, & 
Horowitz, 1988; Colombo, Mitchell, O'Brien, & Horowitz, 1987a). According to Colombo and 
Mitchell (1990) under conditions that the infant habituates, fixation duration provides a better 
index of information processing than measures of habituation rate (slope, decrement, number of 
trial to criterion). The first implication of this statement is that habituation can be interpreted as 
information processing, which has been outlined by Bornstein several times (1985, 1988, 1990, 
1991). Colombo and Mitchell gave three reasons why fixation duration is such a good index of 
these information processes. These reasons are in agreement with the requirements for variables 
to be good predictors (see also Colombo & Mitchell, 1990; Rose, Slater, & Perry, 1986; Slater, 
Cooper, Rose, & Morrison, 1989). For a variable to be a good predictor it should: 1) posses 
reasonably well reliability; 2) show intra-age differences; and 3) show concurrent or lagged 
prediction of development. According to Colombo and Mitchell (1990) duration variables exhibit 
the best individual consistency across both short and long test-retest intervals (see also Bornstein 
& Benasich, 1986; Colombo, Mitchell, & Horowitz, 1988; Colombo, Mitchell, O'Brien, & 
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Horowitz, 1987a; Rose, Feldman, & Wallace, 1988). In addition the consistency of other 
attentional measures appears to be attributable to the consistency of the duration variables from 
which they were derived. With regard to intra-age differences Colombo and Mitchell stated that 
fixation duration shows the most robust and consistent developmental change across infancy (see 
also, Bornstein, Pêcheux, & Lécuyer, 1988; Mayes & Kessen, 1989). In general older infants 
show shorter fixation durations than younger infants. Again developmental changes in other 
variables (e.g., decrement, number of fixations to criterion) can be traced to the observed changes 
in fixation duration. Regarding the predictive power of fixation duration Colombo and Mitchell 
(1990) stated that, "measures of fixation duration predict infant performance on feature encoding, 
recognition memory, learning and childhood performance on standardized language and 
intelligence tests" (pp. 216-217). Note, however, that this also applies to other variables such as: 
decrement, habituation rate, and novelty response (see e.g., Bornstein & Sigman, 1986; McCall & 
Carriger, 1993). An extra argument is found in the fact that infants at known risk for later 
development also show different fixation duration measures (see the section on habituation and 
recognition memory in chapter two).  
 
What is fixation duration? 
 Colombo and Mitchell (1990) listed several processes that fixation duration might represent. 
The first behavioural process listed is exploration. Individual and developmental differences in 
infant visual attention may reflect the propensity to explore the visual environment (see also 
Pêcheux & Lécuyer, 1983; Berg & Sternberg, 1985). The arguments against this explanation have 
been outlined above. Actually, Fagan, a proponent of this theory, states that, "the basis of 
continuity lies in the similarities in the processes underlying early visual novelty preferences and 
tests of later intelligence" (Fagan, 1984, p. 3). This is in agreement with the argument listed above 
that novelty preference itself is the product of underlying processes. 
 Second, fixation time may reflect individual differences in the speed of information 
processing. According to Colombo short looking infants process information faster than long 
looking infants (Colombo & Mitchell, 1990; Colombo, Mitchell, O'Brien, & Horowitz, 1987a; 
Colombo, Mitchell, Horowitz, 1988). Colombo and Mitchell (1990) stated that speed of 
information processing might accommodate and supersede the observed correlations between 
fixation time and exploration. Infants who are more efficient processors might be more likely to 
show greater exploration or movement in novel situations, because they will be ready to move on 
to new things in their environment more quickly than infants who process more slowly. 
 However, as Colombo and Mitchell (1990) correctly pointed out, "speed of processing" per se 
cannot be regarded as an explanatory construct. Speed of processing only refers to the time 
necessary to process a stimulus assessed via fixation time. Determinants of speed of information 
processing might be maturational/structural or experiential (Colombo, 1993, Colombo & 
Mitchell, 1990). One source of maturational or structural variation might be due to myelination 
and synaptogenesis which contribute to the speed by which fundamental cognitive operations are 
carried out. They reflect something of the infant's central nervous system (CNS), for instance, 
neural transmission rate. Short looking infants may have a developmentally advanced or 
integrated CNS. This possibility is supported by negative correlations between motor 
development and fixation time (Colombo, Mitchell, O'Brien, & Horowitz, 1987b). In the present 
study, however, we could not replicate this result. Peak fixation duration did not correlate with 
motor development at all, and the duration of the first fixation was positively correlated with 
motor development (see chapter 5). Positive correlations between fixation time and reaction time 
during operant conditioning is also supportive of the structural determinant explanation (see, e.g., 
Lamarre & Pomerleau, 1985). For the present study we calculated the correlation between the 
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peak fixation in the habituation task and the latency to respond in the mobile task. The expected 
positive correlation was only found when the mean peak fixation of three stimulus pairs was 
correlated with the latency to respond (r = .61, p < .05). For the joy stick tasks no latency data 
were available. So, in the present study we found one result against and one in favour of the 
structural determinant explanation. Another maturational determinant might be the short-term 
capacity of the information processing system. Analogous to RAM memory in a computer, 
increased working capacity may cause speed differences in information processing. As yet no 
data are available to support this hypothesis (Colombo, 1993). 
 Differences in the speed of information processing may also vary as a function of differences 
in experience or history. These experiential determinants can be caused by differences in 
knowledge base or input strategies. Individuals with larger knowledge bases will have a wealth of 
information to rely on in various situations, operate on the basis of that stored information, thus 
producing faster responses (Colombo, 1993). Individuals might also differ in the processing 
strategies they use that may be differentially efficient. That is, short looking infants may employ 
more advanced strategies of information processing. For instance they scan visual information 
differently from long looking infants (Bronson, 1991). According to Colombo (1993) these 
differential scanning patterns have been interpreted as reflecting differential intake from global 
versus local visual stimulus properties. Short looking infants (i.e., infants showing a peak fixation 
on a neutral stimulus - in this case a face - below the median peak fixation time) were 
hypothesized to use an efficient adult-like visual intake proceeding from global to local 
inspection, while longer looking infants (peak fixation above the median peak fixation) may use a 
less efficient local feature-by-feature analysis. Studies addressing this hypothesis provide some 
limited support for this differential strategy hypothesis. Short looking infants needed less 
familiarization time than long looking infants to show a novelty response both on global and local 
tasks. By increasing the familiarization time for short looking infants from 10 to 20 or 30 seconds 
their visual inspection of the visual stimuli shifted from global to local. The long looking infants 
needed 50 seconds of familiarization to show this shift. With short familiarization times both the 
short and long looking infants inspected the global stimulus information but not the local 
information. (Colombo, Mitchell, Coldren, Freeseman, 1991; Freeseman, Colombo, & Coldren, 
1993).  
 
Continuity in cognitive development: speed of processing and memory  
 In an extensive review of the literature on prediction of development from infancy Colombo 
(1993) proposed a model of continuity in cognitive development. In this model he tried to 
delineate the mechanisms that might underlie the predictive relations between measures of infant 
cognition and later intellectual functioning. The model is based on available evidence from 
empirical work and should, according to Colombo (1993), "be regarded as speculative, tentative, 
and a working hypothesis, rather than as a definite summarization of the current status of the 
field" (p. 113). Only those variables with adequate psychometric properties (reliability and short 
term stability) were included in the model. As such the model is completely data driven. In the 
introduction of this chapter it was already stated that the number of paradigms in infancy studies is 
limited. Hence Colombo's empirical model is limited to those variables that have been studied 
extensively in infancy. 
 Four infant measures with adequate psychometric properties were shown to predict later 
intelligence and cognitive functioning in childhood: fixation duration, novelty preference, operant 
retention, and reaction time (Colombo, 1993). The importance of fixation duration was already 
described in the previous sections, as was the predictive power of the novelty response (see also, 
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Colombo, Mitchell, Dodd, Coldren, & Horowitz, 1989; Fagan & McGrath, 1981; Rose & 
Wallace, 1985; Thompson, Fagan, & Fulker, 1991). Colombo (1993) listed some 14 studies.  
 Operant retention proved to be a good predictor for later cognitive development in a study of 
Fagen and Ohr (1990) reviewed by Colombo (1993). Fagen and Ohr carried out operant 
conditioning experiments with 3, 7 and 11 months old infants. At three months they performed a 
mobile conjugate reinforcement experiment comparable to the one described in chapter six. At 
seven months the infants learned to activate a musical toy and a bank of lights via an arm-pull 
response. At 11 months a bar-press response activated these reinforcers. The test sessions were 
repeated the next day. For these experiments three variables were calculated: the speed of 
acquiring the contingency, the retention ratio, and the baseline ratio. The retention ratio reflected 
the proportional change in responding between three minute nonreinforcement phases given at the 
end of the first session and the beginning of the second. The baseline ratio indexed the proportion 
of the baseline response rate that the infants continued to exhibit during the three minute 
nonreinforcement phase at the outset of the second session (Fagen & Ohr, 1990). Acquisition 
speed was not correlated with preschool intelligence, probably because of limited variability in 
acquisition speed. The retention and baseline ratio both showed moderate significant correlations 
with preschool intelligence at two and three years of age. A recent study by Wijnroks (1994), 
however, offers another explanation for the lack of correlation between acquisition speed and 
later intelligence. Wijnroks performed a joy stick task with six and twelve months old preterm 
infants which was very similar to our joy stick task with preterm infants at six and nine months of 
age. He found a curvilinear association between acquisition speed and the infants cognitive status. 
Fast and slow perceivers had lower Bayley MDI scores than moderately fast perceivers at 12 and 
24 months of age. According to Wijnroks speed of detecting the contingency seems to represent 
something like a cognitive style, with fast (impulsive) and slow perceivers having a lower 
cognitive status than moderately fast (reflective) perceivers. 
 The last variable with predictive power is reaction time in the visual anticipation paradigm. In 
this paradigm (see e.g., Haith, Hazan, & Goodman, 1988; Haith & McCarthy, 1990; Haith, 
Wentworth, & Canfield, 1993; Johnson, Posner, Rothbart, 1991) the infant's learning of a 
particular spatiotemporal pattern is assessed by observing eye-movements from video tapes 
played at slow speeds. If the stimuli are presented in a certain pattern the infant may recognize the 
pattern after a number of repetitions. Responses of interest are the latencies or reaction times of 
the infant's orientations to the stimulus, and anticipatory eye movements. The latter are eye 
movements in the direction of the expected location of appearance of the stimulus. These eye 
movements are made either before stimulus appearance or within 200 milliseconds after stimulus 
appearance, which is the asymptotic level for adult human reaction time. As yet only one study 
has provided data on the prediction form the expectancy paradigm to later cognitive functioning 
(Dilalla, Thompson, Plomin, Fagan, Haith, Cyphers, & Fulker, 1990). Not the percentage of 
anticipations but the reaction times correlated with  Stanford-Binet scores at three years of age.  
 Summarizing, results from empirical studies revealed four variables with acceptable reliability 
and moderate predictive power for later cognitive functioning: fixation duration, novelty 
response, operant retention, and reaction times. Note, however, that empirical support for the last 
two measures is rather sparse. 
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 The next question is whether the developmental continuity observed for these variables is due 
to one or multiple underlying factors. To answer this question Colombo (1993) studied the 
intercorrelations between the four variables. If they represent independent cognitive constructs, 
then there should be no significant intercorrelations. The studies that document these 
intercorrelations, however, revealed some significant results, suggesting a considerable amount of 
shared variance among them. Because of these intercorrelations there are probable less than four 
underlying processes for continuity in cognitive development. Next Colombo studied the 
theoretical overlap in the four variables and he came up with two possible factors: speed of 
processing and memory or retrieval. Speed of processing underlies three of the four variables 
involved: fixation duration, reaction time, and novelty preference. The novelty preference and the 
retention variable may represent memory or retrieval. In addition Colombo gave some further 
empirical evidence that two instead of one factor underlie continuity in cognitive development. 
First, there were nonsignificant correlations between acquisition speed and retention in operant 
conditioning tasks (see e.g., Fagen & Ohr, 1990). Second, Colombo refers to a factor analysis 
performed by Jacobson, Jacobson, O'Neill, Padget, Frankowski, & Bihun (1992) on data 
including reaction time, fixation duration, and novelty preference that suggested a two factor 
model3. Reaction time and fixation duration loaded heavily on the first factor, and novelty 
preference on the second factor. Figure 1 shows the proposed model of Colombo.  
 

                     
    3Actually, Jacobson et al. (1992) found also two more factors. The Bayley MDI and PDI, elicited play, and an object 
permanence score loaded most strongly on the third factor, labelled 'developmental level'. Cross-modal familiarity 
preference and spontaneous play were the principal items for the fourth factor. 

 

Figure 1 Proposed model of continuity in cognitive development, redrawn from John 
Colombo (1993, p. 118). 
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CONTINUITY IN COGNITIVE DEVELOPMENT IN THE PRESENT STUDY 
 
 
 For the present study we examined how well the speed of processing and memory model fitted 
our data described in the previous chapters. The reader should bear in mind that at the outset our 
studies were not intended to validate this model. This section can be seen as a post hoc 
exploratory exercise to look for associations among the learning experiments. Fitts of the 
emprical data with alternative models will not be studied, as such this chapter is not concerned 
with theory construction but only with an attempt to confirm the speed and memory model. 
 The high attrition rates in the discrete experiments precluded sophisticated analyses on the 
total population under study. Therefore, only some correlational analyses will be presented. 
Another problem was the counterbalancing applied in the habituation/recognition memory task 
and the joy stick operant reinforcement task, as a result of this counterbalancing the experimental 
conditions differed among the infants. Correlations were therefore computed for the total group 
per age, and for the different subgroups separately. The choice of the criterion variable to study 
continuity in cognitive development posed a third problem. The infants in the present study were 
only followed in their first year of life, and general cognitive development was only tested with 
the Bayley scales and the KID-N. For the sake of clarity only the Bayley mental score was used a 
the criterion variable. Because the Bayley is a standardized test with well known psychometric 
properties we expected its validity to be higher than the validity of the KID-N questionnaire. 
However, we know that the Bayley scales correlate only modestly with later intellectual and 
cognitive functioning (Colombo, 1993; Honzik, 1976; Kopp & McCall, 1982). As a result we did 
not expect highly significant correlations between the predictors and the criterion variable.  
 The first task in the analysis was to choose variables from the habituation/recognition memory 
task (see chapter 5) and the operant conditioning tasks (see chapters 6, 7 and 8) that resembled the 
variables in figure 1, namely: fixation duration, reaction time, novelty preference, and retention. 
Next the intercorrelations between these variables were studied. If they represent different 
cognitive constructs they should not intercorrelate. If the variables share the same cognitive 
construct(s) they should intercorrelate. The third step was to look at the predictive validity of these 
variables. We already stated that we did not expect very high correlations. 
 
 
Choice of variables 
 
 The habituation/recognition memory variables were derived from those infants that completed 
three tasks in one session at six and nine months, and completed one task at three months. We 
generalized fixation duration to attention duration in order to be able to include duration variables 
form the operant conditioning experiments too. Fixation duration variables from the 
habituation/recognition memory task included in the analyses were peak and mean fixation 
duration in the habituation phase of the experiment. For the operant conditioning tasks we looked 
at the relative peak response rates in the acquisition phases of the experiments. For the mobile 
experiment the relative peak response rate per 60 seconds was studied, and for the joy stick task 
the relative peak response rates per 30 seconds were examined. The novelty preference was 
immediately available, and does not need further explanation. Reaction time as meant by 
Colombo was derived from visual expectation experiments (see e.g., DiLalla et al., 1990; 
Jacobson et al. 1992). Since we had no expectancy experiment in our study we looked for other 
reaction time variables. In the habituation/recognition memory study the times between stimulus 
presentation and the moment the infant fixated the stimulus were available. The means of these 
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reaction times in the habituation phase of the experiment were chosen as variables in the present 
analyses. The habituation phase was chosen, because, whereas the habituation phase lasted longer 
than the test phase, the infants showed more fixation trials in the habituation than the test phase of 
the experiment. For the mobile conjugate reinforcement experiment the latencies to respond at the 
beginning of the baseline, acquisition, and extinction phase were included as reaction time 
variables. The retention variables in Colombo's model were derived from retention ratio's in 
mobile conjugate reinforcement tasks by Fagen and Ohr (1990). In the Fagen and Ohr study 
memory was assessed by calculating baseline and retention ratio's (for an explanation see the 
previous section). Since we did not have a repeated measure of the mobile experiment we looked 
at the immediate retention for the contingency, that is, the rate of responding in the extinction 
phase divided by the baseline rate. See table 2 for a list of the variables selected to study the speed 
of information processing and memory model. 
 
 
 Table 2 
 Variables in the speed of information processing and memory model  
 
    Habituation/ Mobile Conjugate Joy stick task 
    Recognition memory Reinforcement  
  
 
Attention duration Mean fixation Peak response rate Peak response rate 
    Peak fixation in acquisition in acquisition 
 
Novelty preference Novelty preference -- -- 
 
Reaction time  Mean reaction time on  Latencies to respond -- 
    stimulus appearance 
 
Retention  -- Immediate retention Immediate retention 
     ratio ratio 
       
 
 
 
Intercorrelations 
 
 Colombo (1993) reported four significant intercorrelations out of the six possible relationships 
between the four predictive measures depicted in table 2. Up till now no data are available for two 
relationships (operant retention versus novelty preference and reaction time, respectively). All 
intercorrelations he found were moderately high. Fixation duration correlated negatively with 
novelty preference and operant retention. That is infants who were long lookers in habituation or 
recognition memory tasks showed less novelty response and less operant retention. Fixation 
duration correlated positively with reaction time. Long lookers showed longer latencies to 
respond to the stimulus appearance. Finally reaction time correlated negatively with novelty 
preference. That is infants in the visual expectation paradigm with short reaction times showed 
higher novelty responses. 
 In the present study we found a few significant intercorrelations at all ages for variables within 
the same experiment. At three months of age peak and mean fixation duration in the 
habituation/recognition memory task were highly correlated (r = .94, p < .001), as were for the 
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mobile experiment the retention ratio and the peak response rate (r = .89, p < .001). The retention 
ratio correlated with the latency to respond before the acquisition phase (r = .43, p < .01), and the 
latency before the acquisition phase correlated with the peak response rate (r = .29, p < .05). At six 
and nine months there were enough infants who completed three tasks in the 
habituation/recognition memory task to compute the intercorrelations for the infants who were 
tested lying and in semi upright position separately. For both groups the peak and mean fixation 
duration correlated significantly with each other (r = .97, p < .001 and r = .96, p < .001 for lying 
and sitting infants respectively). For the infants in semi-upright position the reaction time in the 
habituation experiment correlated with the peak and mean fixation duration and the novelty 
response (r = -.59, p < .05, r =  -.61, p < .05, and r = -.69, p < .05, respectively). The 
intercorrelation between reaction time and novelty response is in the expected direction, that is 
infants with short reaction times showed higher novelty responses. The intercorrelations between 
the duration variables (peak and mean fixation duration) and reaction time, however, were in the 
opposite to the expected direction. The longer looking infants had shorter reaction times. At nine 
months the immediate retention in the joy stick task was negatively correlated with the peak 
response rate (r = -.32, p < 05). More interesting are intercorrelations between variables from 
different experiments. We found those correlations only for the infants who received the 
habituation/recognition memory task while lying. Their peak and mean fixation duration 
correlated positively with immediate retention in the joy stick task (r = .79, p < .05 and r = .78, p < 
.05 respectively). These intercorrelations were also not in the expected direction. Longer looking 
infants were expected to show less retention, instead they showed more retention. 
 
 Concluding, only a few significant intercorrelations were found among the variables of table 
2. An explanation might be the counterbalancing conditions in the experiments and the high 
attrition rates, as a result of which we had small samples of infants that could be used in the 
correlational studies. The correlations we found were not always in the expected direction, the 
expectations being based on the study of Colombo (1993). Although we found nearly no 
intercorrelations between the experiments, no conclusions can be drawn at the moment whether 
continuity in cognitive development is best represented by a model consisting of two or more 
factors. First, the lack of significant intercorrelations could be a result of the fact that we used 
somewhat different variables than Colombo. Second, our and Colombo's data are based on only a 
few experiments. Results based on mere chance or sample specific results are therefore very 
likely. 
 
 
 
Prediction 
 
 According to the literature reviewed in Colombo (1993), fixation duration, novelty response, 
reaction time, and retention are all predictive for later cognitive functioning. In the analyses to 
follow we studied the predictive validity of the variables in table 2 by correlating them with the 
Bayley MDI score at nine months. Because the test conditions in the habituation/recognition 
memory task were shown to affect the infants' responses, we also computed the correlations for 
the preterm and full-term infants and the lying and semi-upright position separately. The results 
are shown in table 3. Note that in contrast to, for instance Bornstein and Sigman (1986), 
correlations were not corrected for unreliability, because we agree with Rutter (1987) that there is 
doubt on how far the "corrected" statistics represent reality. 
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 Table 3 
 Predictive validity from infancy measures to Bayley MDI at 9 months   
 
       Pearson product-moment-correlation  
      3 months  6 months  9 months 
 
    
 
Attention duration 
 peak fixation -.35* ns ns  
 mean fixation -.39* ns ns 
 peak response rate mobile ns -- -- 
 peak response rate joy stick -- ns .23†  
 
Novelty response ns ns ns 
 
Reaction time 
 reaction time in habituation ns -.33† ns 
 latency baseline mobile .32* -- -- 
 latency acquisition mobile .36* -- -- 
 latency extinction mobile ns -- -- 
 
Retention  
 immediate retention mobile ns -- -- 
 immediate retention joy stick -- ns ns 
  
 
* p < .05, †p < .10 

 
 
 
 The fixation duration measures at three months correlated with Bayley MDI in the expected 
direction, that is shorter looking infants had higher MDI scores. Post hoc analyses revealed that 
these significant correlations were mainly due to the preterm infants. Peak and mean fixation 
duration correlations with MDI were -.55, and -.60 respectively for the preterm infants (p < .05). 
At nine months the correlations between peak and mean fixation duration were also significant for 
the preterm infants who performed the habituation task in a seated position. The correlations for 
these infants were -.73, and -.77 respectively (p < .05). Note also that in a recent meta-analysis of 
the habituation and recognition memory literature McCall and Carriger (1993) concluded that 
predictions from habituation and recognition memory studies are somewhat stronger when such 
assessments are made between two and eight months of age than earlier or later. So, the lack of 
significant correlations in the present study for the nine months data is not unprecedented. For 
attention duration in the operant conditioning task the correlation between peak response level in 
the joy stick task at nine months and Bayley MDI was nearly significant (p < .10). The direction of 
the correlation was positive instead of negative, indicating that peak response level in the joy stick 
task may be representing another process than attention duration. Peak response level in operant 
conditioning could well be an index of amount of learning, with higher or better levels of learning 
corresponding to higher levels of cognitive development. Note also that although short fixation 
times indicate efficient information processing in habituation and recognition memory studies it is 
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thought to indicate depressed information processing in manipulative exploration (cf. Ruff, 1986; 
Ruff & Lawson, 1990; Ruff, Lawson, Parinello, & Weisberg, 1990). According to Malcuit and 
Pomerleau (1994) fixation duration measures alone lack explanatory power, and, therefore, 
should be studied in combination with the functional-contextual variables involved and their 
relations to the visual fixation behaviours. 
 The novelty responses did not correlate significantly with Bayley MDI at nine months of age. 
Dividing the groups by gestational age or test position did not result in significant results either. 
Note however that in chapter 5 there were no subgroups of infants who showed novelty responses 
significantly different from chance (= 50%). To check whether individual infants who showed a 
novelty response scored better on the Bayley MDI the infants were divided  in two groups, one 
with infants with and one with infants without showing novelty response. The novelty response 
group was comprised of infants with a novelty response greater than 55%, infants with novelty 
responses less or equal to 55% comprised the nonnovelty response group. The caesura was 55% 
instead of 50% to preclude chance assignment in the novelty response group. The 50% criterion is 
only suited for groups of infants. However, at neither age did inclusion in the novelty response or 
nonnovelty response group lead to significant differences in MDI at nine months. Concluding, in 
the present study novelty response was not a significant predictor of later cognitive functioning as 
measured with the Bayley MDI. 
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 The correlation between reaction times in the habituation/recognition memory task at six 
months and Bayley MDI at nine months was nearly significant (r = -.33, p < .10). However, since 
Colombo's model predicted a negative correlation one could argue on theoretical grounds that it is 
allowed to consider one-tailed probability levels. In that case the correlation is significant. Post 
hoc analyses with one-tailed probability levels revealed that the full-term infants who were tested 
in semi-upright position showed significant correlations at six and nine months between reaction 
time and MDI (r = -.61 and -.54, p < .05 respectively). The latencies to respond before the baseline 
and acquisition phase in the mobile experiment correlated positively with MDI at nine months 
(baseline: r = .32, p < .05, and acquisition: r = .36, two-tailed probability p < .05). These 
correlations were in the opposite to the expected direction. At the moment, however, we do not 
think the latencies are comparable to reaction times as measured in the visual expectation 
paradigm. In the latter reaction times represent future oriented behaviour, which is a learned 
response. Latencies in the mobile task are the result of spontaneous behaviours and might reflect 
perhaps something like task orientation or interest. Long latencies may indicate careful 
observation of the mobile or just interest for the environment. Our impression from reviewing the 
video recordings is that long latencies represent observation of the mobile, because all infants 
looked more at the mobile than at the environment (bed, ceiling) or their own body. Unluckily, we 
do not have the reaction times of visual inspection of the mobile. Speculatively, the positive 
correlation between latency to respond by leg kicking and Bayley MDI might indicate general 
interest in new surroundings or stimuli. Infants who carefully examined the mobile and refrained 
from leg kicking might be the ones with better Bayley MDI scores. Latency might be more an 
index of cognitive style (e.g., impulsive versus reflective) than reaction time. There is some more 
evidence that there is no linear correlation between speed of contingency perception in operant 
conditioning tasks and later cognitive functioning. Fagen and Ohr (1990) did not find a significant 
correlation between speed with which infants acquired the conditioning tasks (perceived the 
contingency) and measures of preschool intelligence. A possible explanation is given by 
Wijnroks (1994) who found a curvilinear association between speed of contingency detection at 
12 months and Bayley MDI at 12 and 24 months of age with preterm infants. Wijnroks performed 
a joy stick operant conditioning task in which manipulation of the joy stick resulted in a short 
movement of a toy pet. Moderately fast perceivers had higher MDI scores than either slow or fast 
perceivers. 
 Note also the tentative conclusion at the end of chapter 7 that the response patterns in the 
mobile task might be related to later cognitive functioning. As a result of a cluster analysis four 
clusters were found. The infants in the first cluster (classified as reflective infants) had higher 
KID-N cognitive scores at nine months of age than the infants in the fourth cluster (classified as 
impulsive infants). This difference disappeared, however, at twelve months of age. More research 
with larger samples of infants is necessary to confirm the relation between response pattern and 
later cognitive functioning. 
 Finally, retention did not correlate at all with Bayley MDI. Probably because immediate 
retention is not a good memory index. The significant correlations in the Fagen and Ohr study 
(1990) were based on long-term retention ratio's and not short-term ratio's. In a second analysis 
we correlated all the variables in figure 2 with the cognitive KID-N scale at twelve months. The 
only significant correlation in this analysis was found for retention in the joy stick task at six 
months (r = .37, p < .05), infants with higher retention ratio's scored significantly higher on the 
cognitive scale of the KID-N. Hence, immediate retention is could still be a useful index of 
memory. 
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RISK FACTORS AND CONTINUITY IN COGNITIVE DEVELOPMENT 

 
 
 Several authors have stated that prediction from infancy measures is generally better with 
infants at risk for developmental delay or handicapped infants than with normal healthy infants 
(see, e.g., Honzik, 1976; Kopp & McCall, 1982; Largo, Graf, Kundu, Hunziker, & Molinari, 
1990; McCall, 1988; McCall & Carriger, 1993; Colombo, 1993), and very often not better than 
predictions based on demographic variables (McCall & Carriger, 1993; Siegel, Saigal, 
Rosenbaum, Morton, Young, Berenbaum, & Stoskopf, 1982). Other authors have stressed the 
importance of both environmental and biological factors for later development (see, e.g., 
Bendersky & Lewis, 1994; Kalverboer, 1979, 1986, 1988; Sameroff and Chandler, 1975; Siegel, 
1982, 1984). Moreover, prediction to childhood IQ from habituation and recognition memory for 
at risk infants is usually not any better than predictions from standardized infant tests of general 
development, and they are not consistently higher than predictions from parental education and 
socioeconomic status (McCall & Carriger, 1993). Whether this is also the case in the present 
study will be described in this section.  
 The predictive correlations from biological and demographic variables, and psychomotor 
development at three months to Bayley MDI and PDI, and KID-N total scores at 9 and 12 months 
were studied, the results for the total group of infants are shown in table 4. Although some 
probability levels were only significant at the 10% level, all these correlations were in the 
expected direction, hence the correlations are significant when one-tailed probabilities are 
considered. The biological variables correlated most often with the criterion variables, especially 
with the Bayley psychomotor index at nine months of age. Birth weight and gestational age are 
only correlated with Bayley PDI. The nursery neurobiologic risk score (NBRS) and the number of 
rehospitalizations correlated negatively with all the criterion measures. Post hoc analyses for the 
preterm and full-term infants separately showed only significant correlations for the preterm 
infants. The NBRS correlated significantly with MDI at nine months (rho = -.37, p < .05), and 
KID-N at 12 months (rho = -.36, p < .05). The number of rehospitalizations correlated 
significantly with the KID-N scores at 9 and 12 months (-.38, p < .05, and -.59, p < .05 
respectively). The Bayley PDI at three months correlated significantly with the MDI at nine 
months for the full-term infants (.33, p < .05), and with the KID-N at 12 months for the preterm 
infants (.38, p < .05). 
 
 
 Table 4 
 Prediction from psychomotor development, biological, and demographic variables  
 
       9 months   12 months 
     MDI  PDI  KID-N  KID-N 
 
            
      
Gestational age ns .29* ns ns 
Birth weight ns .28* ns ns 
Obstetric optimality ns .26* ns .27* 
NBRS  -.27* -.30* -.22† -.28* 
Number of rehospitalizations -.22† -.28* -.30 -.50*** 
 
Parental educational level ns ns ns ns 
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SES   .19† ns ns ns 
 
Bayley PDI 3 months .23† ns .22† .26* 
  
 
† p < .10, * p < .05, ** p < .01, *** p < .001, ns = non significant 
 
 The next step was to determine the incremental contributions of biological, infant and 
demographic factors to the variance in the Bayley MDI at nine months, and the total KID-N score 
at twelve months. Since we are mainly interested in cognitive development we chose the Bayley 
MDI at nine months and the KID-N total score at twelve months as criterion measures. Multiple 
regression analyses were generated for the entire population using a three-step hierarchical 
procedure as suggested by Levy-Shiff, Einat, Mogilner, Lerman, and Krikler (1994). The entire 
population and not subpopulations of preterm and full-term infants was chosen in order to have 
enough subjects in the analyses. The regression analyses consisted of entering obstetric 
optimality, NBRS, and gestational in the equation first to control for the biological factors. The 
infant measures PDI and peak fixation duration at three months were then entered simultaneously 
in the second step. The parental educational level was entered in the last step. The number of 
predictors was held small in order to obtain more reliable results. Since peak fixation duration 
showed a linear correlation at three months with MDI at nine months we expected to be able to 
build a regression equation with this variable. The standardized beta weights (regression 
coefficients) at each step and the explained variance are presented in table 5 for the 40 infants who 
had scores on all the aforementioned variables. 
 
 
 Table 5 
 Multiple regression analyses   
 
 Predictor variables    Standardized beta weights 
      MDI 9 months  KID-N 12 months 
  
 
 set 1      
  Obstetric optimality  -.32  .34 
  NBRS    -.59*  -.66* 
  Gestational age   -.11  -.56* 
  R2 (3,36)    .25*  .33** 
 set 2 
  Obstetric optimality  -.33  .35 
  NBRS    -.53*  -.63* 
  Gestational age   -.13  -.56* 
  PDI 3 months   .09  .15 
  Peak fixation duration  -.30*  -.03 
   R2 (5,34)    .34*  .35** 
 set 3 
  Obstetric optimality  -.34  .33 
  NBRS    -.52*  -.61* 
  Gestational age   -.13  -.56* 
  PDI 3 months   .08  .15 
  Peak fixation duration  -.30  -.04 
  Parental educational level .04  -.05 
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  R2 (6,33)    .34*  .35* 
  
 
* p < .05, ** p < .01 
 
 As is shown in table 5 nearly equal percentages of variance could be explained for the Bayley 
MDI at nine months and the KID-N at twelve months (34% and 35% respectively). Adding the 
educational level of the parents, resulted in no significant increase in explained variance. For the 
Bayley MDI at nine moths the biological variables explained some 25% of the variance. The 
regression coefficient for the NBRS was the only significant one. Higher neurobiologic risk 
scores resulted in lower MDI scores. The variables in step two added nine percent variance, with a 
significant regression coefficient for peak fixation duration. Longer fixating infants at three 
months had lower Bayley MDI scores at nine months. Parental educational level added nothing to 
the equation. A possible explanation is that medical and biological variables have more influence 
on early follow up outcome measures, such as the MDI at nine months, whereas environmental 
variables increase in importance as the child gets older (cf. Aylward, Pfeiffer, Wright, & Verhulst, 
1989; Sameroff & Chandler, 1975). For the KID-N at twelve months the most important 
predictors were gestational age and the NBRS. Entering PDI at three months and peak fixation 
duration added two percent explained variance but the regression coefficients for PDI and peak 
fixation were not significant. No significant regression equations could be build with PDI and 
peak fixation at six and nine months of age. So, although in the present study the total percentage 
of explained variance is small (± 34%), the biological factors and peak fixation duration but not 
parental educational level can be considered important predictors for cognitive outcome at the end 
of the first year of life.  
 
 
 

CONCLUSIONS 
 
 
 The small number of significant correlations in the present study between infancy measures of 
fixation duration, novelty response, reaction time, and memory make it very hard to confirm the 
speed of processing and memory theory of continuity in cognitive development. The significant 
negative correlations between fixation duration and reaction times in the habituation/recognition 
memory task on the one hand and later cognitive functioning on the other hand were in the 
expected direction. No significant novelty responses were found in the present study, hence they 
were of no use in predicting later cognitive functioning. Immediate retention at six months did 
predict KID-N cognitive functioning but not Bayley MDI, thus the usefulness of immediate 
retention in predicting later cognitive functioning is limited. As to the number of factors or 
underlying processes in cognitive development the results of the present study are unclear. We 
found nearly no significant intercorrelations between the variables supposed to index fixation 
duration, novelty response, reaction time, and retention. The number of variables, the small 
number of subjects that completed all tests at all ages precluded sophisticated analyses, and 
probably reduced the number of significant intercorrelations. Whether or not two or more factors 
underlie continuity in cognitive development is something for future research directly aimed at 
identifying these factors, which, as we stated above, the current study was not. The results of the 
current study, however, give some evidence that speed of information processing, which is 
thought to be represented by fixation duration variables, is a likely candidate as an underlying 
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process or mechanism for continuity in cognitive development. At least fixation duration 
explained some of the variance in cognitive outcome at nine months. However, in the current 
study biological risk indexes were equally important predictors of later cognitive functioning. As 
was stated before, to confirm the speed of information processing and memory model or any other 
model concerning continuity in cognitive development, prospective studies directly aimed at 
confirming such a model will be necessary.  
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Chapter 10 
 

 Summary and concluding remarks 
 
  
 
 
 
 
 

INTRODUCTION 
 
 
 The main theme of this doctoral dissertation was learning in preterm infants and the 
relationships between postural control and motor development on the one hand and learning on 
the other hand. The immediate cause for this study was the fact that although perinatal intensive 
care has improved considerably in the last 20 years, and the survival rates of preterm infants are 
still improving without an increase in the rate of handicaps, there is still a considerable number of 
prematurely born children who show behavioural, learning, and developmental problems later in 
life. As yet, however, the mechanisms responsible for this adverse outcome are not well 
understood. 
 Whereas most studies of preterm infants concentrate on risk factors or indices, such as 
prematurity, low birth weight or perinatal traumata, risk mechanisms were also studied in this 
study. Risk mechanisms are the mechanisms by which adverse sequelae are thought to be brought 
about. An impaired integrative capacity of the central nervous system is such a risk mechanism. In 
this study two aspects of the integrity of the nervous system, namely postural control and motor 
development, and the way they relate to learning in habituation and operant conditioning tasks 
were studied more specifically.  
 
 
 
 REVIEW 
 
 
 In chapter two a review of the literature was presented. The incidence or premature birth 
(gestation less than 37 weeks) ranges from 4% to 9.5% in developed countries. Mortality rates 
decrease with increasing length of gestation and with increasing birth weight. The prevalence of 
some common handicaps, disorders, and impairments in prematurely born infants were described, 
such as: respiratory distress syndrome, bronchpulmonary dysplasia, intraventricular 
haemorrhage, and cerebral palsy. 
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 Delays in mental and motor development and behavioural problems are frequently mentioned 
in the literature on prematurely born children. The number of studies finding problems in 
academic achievement is overwhelming. More preterm than full-term children repeat a grade or 
have specific learning disabilities. Although preterm children as a group were often found to have 
lower Intelligence/Developmental Quotients (IQ/DQ) than full-term children, their IQ/DQ was 
often still in the normal range or the difference between the groups was not clinically relevant. 
Moreover, after six years of age the language problems found at previous ages seemed to be 
overcome.  
 Quantitative differences in postural control and motor development have been reported for 
preterm compared to full-term infants (e.g., problems in independent sitting, trunk rotation, and 
muscle power and tone) but also the quality of movements was reported to be affected by a 
premature birth, especially in Small for Gestational Age (SGA) and very preterm infants. 
 Habituation, recognition memory, and operant conditioning were defined and studies with 
preterm infants examined with these paradigms were described. Preterm infants were shown to 
have difficulties in recruiting, maintaining, and shifting attention, and in the transfer of 
information from one sense modality to another. Preterm infants were also found to habituate 
more slowly than full-term infants. Biological risk seriously affects habituation and recognition 
memory performance, that is sicker infants perform worse than healthier infants. In conditioning 
studies with displaced feedback young and high risk infants had more problems in perceiving the 
contingency relationship than old and low risk infants. 
 Four general research question were formulated. The first question was whether the preterm 
and full-term infants differed from each other in learning abilities and in developmental status. 
The second question concerned specific risk factors within the group of preterm infants. The third 
question was concerned with the association between on the one hand postural control and motor 
development and on the other hand learning processes. Finally, the fourth question asked for 
underlying processes or common aspects relating the learning processes to each other and to later 
cognitive functioning. 
 
 
 
 METHODS 
 
 
 In chapter three the subjects, methods, and procedures were described. Besides 43 healthy 
full-term infants, 36 preterm infants, born after a gestation of less than 34 weeks, were recruited at 
the university hospital Groningen. Only relatively healthy preterm infants were recruited, because 
some of these infants will come to show developmental problems later in life while they seem to 
develop quite normally in infancy, in contrast to high risk preterm infants who show signs of 
deviant development already early in life. The infants were examined at three, six, nine, and 
twelve months after expected term date. All ages were corrected for prematurity, that is all infants 
were tested at the same postmenstrual age. The obstetric optimality score, nursery neurobiologic 
risk score (NBRS, which measures risk for brain damage), temperament questionnaire, behaviour 
checklist, health interview, and developmental scales were introduced and accounted for in this 
chapter. 
 
 
 
 OUTCOME AND EXPERIMENTAL STUDIES 
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Developmental outcome 
 
 The full-term and preterm infants did not differ from each other in the number of times 
individual infants were ill in the first year of life. However, there were about four times as many 
preterm as full-term infants who had two or more illnesses in the first year of life. It was also 
apparent in chapter four that the preterm infants suffered from more severe illnesses and disorders 
than full-term infants, such as respiratory difficulties, motor problems, and visual and 
neurological disorders. With regard to mental and motor development at nine months of age the 
preterm infants, especially the SGA preterms, showed significantly lower psychomotor scores on 
the Bayley scales than the full-term infants. The SGA preterm infants even scored below the 
normal range, that is one standard deviation below the mean. The infants with the highest scores 
on the NBRS, and as such with the highest risk for brain damage, had significantly lower scores 
on the Bayley mental scale than the full-term infants at nine months of age. At twelve months of 
age the scores of the Kent Infant Development scales showed that the SGA preterms still lagged 
behind in motor development compared with the full-term infants. The preterm and full-term 
infants did not differ in the domains of cognition, language, self-help, and sociability at this age. 
 With regard to motor development the preterm infants attained lower motor and posture scores 
than the full-term infants at three, six, and nine months of age. In both groups older infants 
showed advanced motor development and postural control. Although a significant difference was 
found between the Appropriate for Gestational Age (AGA) and SGA preterm infants at nine 
months of age, no stable motor differences were found for the period between three and nine 
months of age.  
 Some slight differences in temperament were found between the full-term and preterm infants 
in the first nine months of life. Preterm infants smiled less at three months, showed more distress 
to limitations at six months, and showed more fear of novel stimuli at six and nine months than 
full-term infants. Temperament dimensions are thought to remain stable in infancy, however, this 
was not confirmed in the present study. Most temperament dimensions were variable within the 
six months period between three and nine months of age, because significant age effects were 
found for all but the soothability dimension.  
 Only a small number of minor and temporary behavioural problems were reported for both the 
preterm and full-term infants. Significant differences between the number of full-term and 
preterm infants showing behavioural problems as reported by the parents were found in three 
domains: responsivity/contact, quality of movements, and predictability/rhythmicity. More 
preterm infants averted eye contact, and showed movements of less fluency, smoothness, and 
speed than the full-term infants. More preterm than full-term infants were regular in the time of 
the day they fell asleep, had a dirty diaper, or cried for some time than the full-term infants. 
 
 
Recognition memory 
 
 The first experimental study, an infant control recognition memory task, was presented in 
chapter five. One half of the infants was tested in a semi-upright position, the other half in a lying 
position. Stimuli were letters of the alphabet. The effects of group membership 
(preterm/full-term), testing position (lying/semi-upright), and individual differences in postural 
control and motor development were studied. The preterm and full-term infants did not recover 
from habituation at three months and some infants did not recover from habituation at six months 
too. Subsequently these infants did not show a novelty response. Because at three and six months 
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of age the total fixation time to the neutral stimulus before and after the letter stimuli decreased 
significantly, it was concluded that the infants did not habituate reliably. Response decrement in 
the habituation phase could also be due to fatigue or a change in behavioural state. At nine months 
nearly all subgroups of infants recovered from habituation but they did not show a significant 
novelty nor familiarity response. Some small differences were found between the preterm and 
full-term infants. The preterm infants had trouble recruiting their attention but no significant 
differences in maintaining and shifting of attention were found. Testing position had more effect 
on the infants' behaviour. Testing the infants in a lying position resulted in infants looking more 
quickly at the stimuli, with longer initial and mean fixation durations, and less looking away 
between fixations without a difference in the total fixation time. It looked as if the infants who 
were lying down were drawn towards the stimuli. The magnitude of habituation was also larger in 
the lying position compared with the semi-upright position. Significant correlations were found 
between habituation/recognition memory variables and motor development but only for the 
preterm infants who were tested in the semi-upright position. Advanced motor development 
correlated with shorter reaction times, fewer fixations to reach the habituation criterion, and less 
total interfixation time. Because the infants failed to show reliable novelty or familiarity responses 
at all ages, nothing could be said about the effect of testing position, differences in motor 
development, and postural control on recognition memory. 
 
 
Mobile conjugate reinforcement 
 
 The first of two operant conditioning tasks was described in chapters six and seven. At three 
months of age a mobile conjugate reinforcement task was performed with 21 low risk (LR) 
preterm, 5 high risk (HR) preterm, and 26 full-term (FT) infants. The main goal of this study was 
to look for differences in contingency perception between preterm and full-term infants. The 
contingency consisted of leg kicks and subsequent mobile movement. Second, the learning 
process itself was studied more precisely by looking at interresponse times, burst length, and the 
percentage of kicks in bursts. Not only the increase in responding but also the changes in response 
patterns were studied. The third goal of this study was to look for predictors for task performance. 
 The baseline was used as a covariate and learning was studied as a change in the pattern of 
responding. The full-term infants and the low risk preterm infants perceived the contingency 
because they showed increased responding and a change in the response pattern, that is, more 
response bursts in the acquisition phase. The high risk preterm infants did not show this change in 
response pattern. The high risk infants' behaviour was described as impulsive. Hierarchical 
regression analyses showed that psychomotor development predicted baseline levels for the 
preterm infants. Body proportion was the best predictor for the full-term infants' baseline response 
rate. The acquisition blocks could not be predicted. 
 In chapter seven individual differences in performing the mobile conjugate reinforcement task 
were studied by means of a cluster analysis. Cluster solutions were compared with temperament 
dimensions and later developmental outcome. Four cluster solutions emerged. Descriptively, the 
twenty-seven infants (15 FT, 11 LR, 1 HR) in cluster 1 showed the lowest baseline of all infants. 
In the first acquisition block these infants decreased their responses, and after that there was a 
steady increase of responses. The five infants (3 FT, 2 LR) in cluster 2 showed a rapid increase in 
leg movement from the baseline onward. The thirteen infants (5 FT, 7 LR, 1 HR) in cluster 3 did 
not show increased or decreased responding in the acquisition blocks. These infants showed a 
strong decrease in the number of responses in the extinction phase. The fourth and last cluster 
consisted of seven infants (3 FT, 1 LR, 3 HR) with the highest baseline and a steep increase in 
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responding in the acquisition phase. According to the response patterns based on interresponse 
times, burst lengths, and percentage of kicks in bursts, most of the three months old preterm and 
healthy full-term infants learned the contingency in the mobile conjugate reinforcement task, but 
there were large individual differences in learning rate and learning curves. Except for the infants 
in cluster 3 all infants seemed to learn the contingency. Although the results showed that an 
increase in response rate is to a high degree parallelled by a change in response pattern, a change 
in pattern was thought to be more interesting than a change in rate, because the pattern of 
responding reflects the way an individual infant perceives and studies the contingency, and the 
response rate does not. There was no statistical significant association between cluster 
membership and risk group membership. Within both the preterm and full-term groups there were 
large individual differences among the infants. The expected relationship between response 
pattern and behavioural style (temperament) was not found. The infants in cluster 1 differed form 
the infants in cluster 4 at nine months of age in cognitive performance as measured with the Kent 
Infant Development scales. However, this difference disappeared at twelve months of age. More 
research with larger samples of subjects and appropriate developmental scales is necessary to 
confirm the hypothesis that the response patterns in the mobile conjugate reinforcement task are 
related to later learning and cognitive development in general.  
 
 
Displaced feedback 
 
 In chapter eight the second operant conditioning task was described. At six and nine months of 
age contingency perception was studied with spatially displaced feedback. This task was included 
in the studies of learning in preterm infants, because certain risk factors, such as CNS related 
complication and respiratory difficulties, had been shown to influence the infants' performance in 
this kind of tasks, and it was thought that postural control would relate to task performance. By 
manipulating a joy stick the infants could activate a pet dog and a small light. The feedback was 
either placed straight in front of the infant or 60 to the right or left of the infant. Aim of this study 
was threefold. First, possible differences in contingency perception were studied between preterm 
and full-term infants at six and nine months of age. Second, the influence of displaced feedback 
was studied. Last, whether or not risk, motor, postural, and temperamental factors affected 
contingency learning was examined.  
 A significant group and group by repeated measures of response blocks interaction effect was 
found at six months of age but only when the infants who received the feedback to the right were 
excluded from the analysis. The preterm infants decreased responding in the acquisition phase, 
while the full-term infants did not change responding. The full-term infants showed higher peak 
responses at six months but not at nine months of age than the preterm infants. A difference 
between the preterm and full-term infants in active inhibition (i.e., the performance of the operant 
response was inhibited by the attention for the feedback) was proposed as an explanation for the 
significant group and group by repeated measures of blocks interaction effect at six months.  
 Both at six and nine months of age the infants who received the feedback to the right from the 
midline responded less than the other infants. Probably this effect was caused by experimental 
bias, and as such it was not a proper task effect. Micro-analysis of the extinction data showed that 
all infants first increased responding before responding declined. It was therefore concluded that 
all infants must have been aware of a change in the contingency schedule during extinction, and 
therefore perceived the contingency.  
 Baseline level, parental education and the NBRS were the most important predictors for peak 
and first acquisition phase response level. The latter two variables were also predicted by three 
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temperament dimensions: activity level, duration of orienting, and fear of novel stimuli. About 
65% of the variance could be explained. Bayley mental development was also a significant 
predictor for the response level in the first acquisition block but not for the baseline and peak 
response level. The infants who were able to sit unsupported and with good coordination 
responded more in the acquisition phase than the infants who could not yet sit. However, this 
effect disappeared when the infants with the feedback to the right side were excluded from the 
analysis. Whether the infants could sit or not at nine months was not a significant factor in the 
analysis of the baseline nor of the peak response rate. 
 
 An important methodological consideration concerned the learning criterion in both the 
conditioning tasks. In this study not only response rates were regarded but also response patterns, 
individual learning criterions, and changes in the extinction pattern. Bursts of responding or 
burst-pause patterns were thought to reflect the infants' perception of the contingency relation. In 
the mobile conjugate reinforcement experiment almost all infants started to kick in bursts, 
whereas in the joy stick task the temporal pattern was characterised by an increase in pauses. In 
the latter experiment the extinction data revealed that the infants perceived a change in the 
contingency schedule, as such they learned the contingency. Regarding learning criterions, both 
response rate and response pattern, as well as individual learning criterions, are dependent on the 
base rate of responses and dependent on certain task demands. As such all learning criterions are 
to a certain extent subjective. 
 
 
 
 ANSWERS TO THE RESEARCH QUESTIONS 
 
 
 In the empirical chapters the first three general research questions were answered. First, 
differences between preterm and full-term infants were found in outcome measures, especially in 
motor development and postural control, health status, and in a lesser degree in temperament. The 
groups differed also in their performance in the displaced feedback task at six months. Second, 
specific risk factors were birth weights that were small for the infant's gestational age with regard 
to motor development, neurobiologic risk with regard to mental development, and neurobiologic 
risk score in combination with parental educational level and some temperament dimensions with 
regard to performance in the displaced feedback task. Third, there were strong relationships 
between motor development and postural control and learning in infancy. In the 
habituation/recognition memory task several variables were strongly correlated with motor and 
posture development, especially in the preterm infants who were examined in a semi-upright 
position. The results of this study seriously question the idea that habituation and recognition 
memory studies are independent from motor development. Fixation duration, reaction times, and 
interfixation times were highly correlated with motor development. In the mobile task motor 
development was a significant predictor of the baseline response level but only for the preterm 
infants. For the full-term infants body proportion was a significant predictor. In the displaced 
feedback task the infants who were able to sit unsupported and with good coordination responded 
more in the acquisition phase than the infants who could not sit independently yet. However, this 
effect disappeared when the infants with the feedback to the right side were excluded from the 
analysis. 
 The fourth research question, "Are there underlying processes or common aspects relating the 
learning processes to each other and to later cognitive functioning", was examined in chapter nine. 
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First, the distinction between developmental functions and individual differences was outlined, as 
well as the fact that developmental functions can be continuous or discontinuous, and individual 
differences can be either stable or unstable. Second, the developmental functions of the 
habituation/recognition memory variables and temperament dimensions were described. These 
developmental functions were seriously attenuated by the high attrition rates and experimental 
counterbalancing conditions. However, some significant results emerged. There was a significant 
effect of age and group membership, especially for the fixation duration variables. Younger and 
preterm infants fixated longer than older infants and full-term infants, respectively. Significant 
age effects were also found for the temperament dimensions. Next, the impact of stability of 
individual differences was outlined by describing the behaviours that could reflect underlying 
processes responsible for the stability in cognitive functioning from infancy to later development. 
Several processes were proposed in the literature: general intelligence, motivation, behavioural 
state regulation, mental representation, novelty response, speed of information processing, and 
memory. The latter two, speed of information processing and memory, were applied to the current 
study. Again the high attrition rates and counterbalancing conditions attenuated the results. 
However, some small but significant correlations between speed of information processing and 
later mental functioning were found. The current study included no memory variables that 
correlated with later mental functioning. As a result, no firm conclusions about the speed of 
information processing and memory model of stability in cognitive development could be drawn. 
For the current study the neurobiologic risk score, gestational age, and duration of fixation in the 
recognition memory task at three months were significant predictors for mental development at 
nine months of age.  



 

 
 Samenvatting 
  
 
 
Deze samenvatting is eerste instantie geschreven voor diegene die niet bekend zijn met experimenteel 

psychologisch onderzoek bij baby's. In deze samenvatting wordt geprobeerd op een begrijpelijke wijze een 

uiteenzetting te geven van de belangrijkste zaken die in dit proefschrift worden behandeld. Ingewijden worden 

verwezen naar de Engelse samenvatting. 
 



 

 
 

 
 

Appendix 1 
 

Internal Consistency and Intercorrelations of 
the Behaviour Checklist at Three, Six, and 

Nine Months of Age 
  

 
 
 
 
 
 Table 1 
 Item homogeneity behaviour checklist  
 
     Kuder-Richardson 20* 
 Category (nr. of items)  3 months 6 months 9 months 
 
    
 
 Responsivity (12) .46 .44 .33  
 Readability (  9) .69 .32 .17 
 Predictability  (10) .82 .67 .70 
 Hyperextension (  4) .71 .71 .67 
 Irritability (  8) .58 .66 .71 
 State regulation (  9) .28 .71 .46 
 Movements  (  7) .33 .06 .24 
  
 

*Homogeneity for dichotomous items: K-R 20= (k/k-1)(1-Σpq/s2). k = number of items, p = proportion positive answers, q = 

1-p, s2  = testvariance 

 
 
 
 Table 2 
 Intercorrelations* among categories of the behaviour checklist at three months  
 
   A B C D E F G 
 
    
 
 A) Responsivity -- .23 ns ns ns ns -.27 
 B) Readability  -- ns ns -.29 ns ns 
 C) Predictability    -- ns ns .44 ns 
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 D) Hyperextension     -- ns ns .31 
 E) Irritability     -- -.41 .34 
 F) State regulation      -- -.23 
 G) Movements        -- 
  
 

* Spearman Rho, all significant p < .05, ns = non significant 
 
 Table 3  
 Intercorrelations* among categories of the behaviour checklist at six months   
 
   A B C D E F G 
 
    
 
 A) Responsivity -- .30   .23 ns -.28 .35     -.28 
 B) Readability  -- .25 -.37 -.24 .25 -.37 
 C) Predictability    -- -.23 ns .37 ns 
 D) Hyperextension     -- .26 -.49 ns 
 E) Irritability     -- -.43 .35 
 F) State regulation      -- ns 
 G) Movements        -- 
  
 

* Spearman Rho, N=75, all significant p < .05, ns = non significant 
 
 
 
 
 Table 4 
 Intercorrelations* among categories of the behaviour checklist at nine months   
 
   A B C D E F G 
 
    
 
 A) Responsivity -- ns ns -.38 ns .27 ns 
 B) Readability  -- ns -.30 ns .34 -.28 
 C) Predictability    -- ns ns .33 ns 
 D) Hyperextension     -- ns ns .26 
 E) Irritability     -- -.41 .23 
 F) State regulation      -- ns 
 G) Movements        -- 
  
 

* Spearman Rho, N=75 all significant  p < .05, ns = non significant 
 
 
 
 
 Table 5 
 Stability* across age of the facotrs of the behaviour checklist at 3, 6, and 9 months of age  
 
   3 - 6 months 3 - 9 months 6 - 9 months 
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 Responsivity    .26    .43 .44 
 Readability .35 .48 .34 
 Predictability  .54 .45 .40 
 Hyperextension  .42 .24 .51 
 Irritability .62 .42 .58 
 State regulation .45 .33 .46 
 Movements  .28 .32 .21 ns 
  
 

* Spearman Rho, N=75. all significant  p < .05, ns = non significant 
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