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Motor activity level (AL), a core dimension of child temperament, was cross-

sectionally examined in a clinic setting using actometers and ratings on the Bayley

Infant Behavior Record (IBR). Actomeûer measures of AL in infants aged 6 to 15

months were related to experimenter ratings on the IBR, objectively validating the IBR

rating approach to assess AL. Examining the correlates of AL, actometer measures

and IBR ratings of AL were positively related to IBR ratings of gross motor

coordination, across all ages. While overali actometer scores were unrelated to mental

and psychomotor development, several positive relationships emerged between rated

AL and Bayley test performance. Rated AL was significantly correlated with Bayley

Mental Development at 6 and 9 months, and with Bayley Psychomotor Development

at 6,9, and L2 months. Finally, cephalocaudal development was significantly

correlated with actometer scores; arms were more acúve than legs. AL may well

serve as a mediating agent that influences developmental progtession.

ABSTRACT
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Individual behavioral differences that are not the result of experiential factors

have been distinguished as characteristics of æmperament (Hubert, Wachs,

Peters-Martin, & Gandour, 1982). Such d.ifferences are evident in infants during the

first weeks and months of life, and some may be expecæd to display continuity over

the course of development, while others may be expected to change. The assessment

of initial behavioral differences among infants must include identification and

measurement of temperament, but an explicit and universally accepted definition of

temperament has not been offered. Several resea¡chers have offered different

approaches to this construct.

Thomas and Chess (1977) suggested that temperamental individuality is well

established by two or three months of age, and that the origins of temperament must

be sought in genetic, prenatal, and early postnatal parental influences. They equated

tempera¡nent with behavioral style. As the stylistic component of behavior,

temperament refers ûo the how of behavior, as differentiated from the what (abilities

and content) and the why (motivation) of behavior. The Thomas and Chess approach

has been dominant, leading to the construction of numerous other parent-rating

temperament questionnaires such as Carey's (1970) Infant Temperament Questionnaire

(revised by Carey and McDevitt, 1978), Rothbart's (1981) Infant Behavior

Questionnaire, the Behavioral Style Questionnaire (McDevitt & Carey,1978), and the

Middle Childhood Temperament Questionnaire (Hegvik, McDevitt, & Carey, 1982)"

INTRODUCTION

Infant Activity Level

1





Infant Activitv Level

-J

temperament variables in infants: activity level, smiling and laughter, fear, distress to

limitations, soothability, and duration of orienting (Rothbart, 1981). The Infant

Behavior Questionnaire [IBQ] (Rothbart, 1981), a widely used parent report

questionnaire, is one of a number of instruments that has been developed for the

measurement of temperament, as part of ttre cturent interest in early individual

differences.

Buss and Plomin (1975,1984) took a different approach and argued that the

most important criterion of temperament is inheritance, because this is what

distinguishes temperament from other personality traits. The distinction between

temperament and personality traits is important, despite the close resemblance between

the two: Temperament is more applicable to the longitudinal study of stability in

individual differences because temperament theorists have argued that stability and

heredity a-re the two criteria which separate temperament from personality. Buss and

Plomin (1934) emphasize that, in selecting those traits of temperament to investigate,

it is important to consider their impact on personality development. Temperaments

either show up continuously throughout development or leave behind residuals that

determine the development of later personality traiß. They define temperament as a

set of inheriæd personality traits that appear early in life. Their theory suggests three

temperaments: emotionality, activity, and sociability, offered as the acronym EAS.

These three traits are considered to be broad, because they consist of behaviors that

occur in most situations and must therefore be averaged across situations (activity) or
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behaviors that occur in repeated situaúons (emotionality and sociability). In the

measurement of initial behavioral differences among infants, the present investigation

adopted Buss and Plomin's (1975,1984) approach to temperament as early-appearing

inherited personality traits that resist modification.

Given current concern about the lack of agreement on a generally accepted

theoretical definition of temperament, it is common practice to define temperament

operationally, based on instruments or techniques used to assess this construct. In a

review of temperament instruments, Hubert et al. (1982) suggest that great care be

exercised in the choice of instruments used to assess infant or child temperament.

Presently, the majority of approaches to assessing temperarnent rely either on parent

interview, observation of infants and children, or parent questionnaires. Hubert et al.

(1982) present a paüern of evidence indicating major reliability and constn¡ct validity

problems in the measurement of temperament.

With the development of adequate measures of temperament, the questions of

validity and reliability cart be addressed. Assuming that temperament is a relatively

stable characteristic of the organism (Bates, 1980), the lack of agreement between

parent ratings, or between parents and observers, is hypothesized by Hubert et al.

(1982) to be indicative of the weak operational status of current approaches to

measuring infant and child temperamenl What this means in practice is that there

Measurement of Temoerament
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may well be ambiguities in exactly what is being rated or measu¡ed; parents and

observers may identify different criteria for rating behaviors. Also, the use of a single

assessment instrument or method, such as parent report, may result in findings which

are specific to that instrument or methodology. The variability of reporæd results

across studies is not surprising and, at the same time, the fact that empirical

consistencies occur in spite of deficient measurement highlights the relevance of

temperament as a developmental phenomenon.

A major goal must be to improve the measurement of temper¿unent in infancy

and childhood. Through improvement in measurement and assessment of individual

differences in temperament, logic and data can more adequately test theories of

temperament. In terms of future developmental research, greater emphasis should be

placed on objectively defined measures, measures based on the observation of specific

behaviors and/or on performance measures, within and across developmental periods.

The present study applies such an objective measurement approach in the evaluation of

a core dimension of infant temperament, activity level, across different infancy ages.

By using an objective measure, the reliability and construct validiry problems of rating

instruments are bypassed.

One dimension of temperament that lends itself most readily to objective

measurement is activity level (AL). Of all the theoretical dimensions of temperament,

Activitv [ævel: A Core Component of Infant Temperament
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AL appears to be the dimension most commonly reported across studies (Matheny,

1980). AL, as Eaton and Enns (1986) define it, is the individual's customary level of

energy expenditure through movement. In terms of causation, there is evidence for

both genetic (Goldsmith & Gottesman, 1981; Matheny, 1980; Saudino & Eaúon, I99L)

and environmental @aton & Keats, 1982) components. The stability of AL has

particularly interested resea¡chers of infancy and early childhood.

Stabiliw of AL

In longitudinal studies of temperament, stability refers to consistencies in

behavior over time. Rothbart (1981) found significant stability in infant AL using her

Infant Behavior Questionnaire across three-, six-, and nine-month periods. Studies by

Halverson and Waldrop (1976) and Buss, Block, and Block (1980) have demonstrated

stability in preschool AL over several years. Korner, Tnanah, Linden, Berkowitz,

Kraemer, and Agras (1985) found in a longitudinal study using a parent rating scale

and an electronic activity monitor that the vigor of neonatal movements was positively

related to later preschool activity. Also, the least vigorous infants tended to become

the least active preschoolers.

On the other hand, not all evidence for the stability of AL across time is

confirmatory. Eaton and McKeen (1990) assessed AL in 6-month-old infants in the

home environment over a 48-hour period using actometers and Rothbart's IBQ (1981).

'When they assessed AL again at 24 months of age using the Toddler Behavior
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Assessment Questionnaire (Goldsmith, 1987), no relationship was found between six-

month infant activity and subsequent toddler activity. However, because different

measures were used at the two ages, the failure to find a relationship between infant

and toddler activity may be the result of method variance rather than a true null

relationship.

In a study of a similar age range, McDevitt and Carey (1981) found significant

stability for all nine temperarnent dimensions outlined in the New York L,ongitudinal

Study (lhomas, Chess, Birch, Hertzog, & Kom, 1963; Thomas & Chess, 1977) when

they used caretaker ratings on the revised Infant Temperament Questionnaire (Carey

and McDevitt, 1978) and the Toddler Temperament Scale (Fullard, McDevitt, and

Carey, 1979). Unlike the Eaton and McKeen (1990) study, McDevitt and Carey's

(1981) study relied solely on caretaker ratings. Thus, one cannot rule out the

possibility that the stability they found was in the heads of the raters, not in the

behavior of the infants.

The most extensive study of temperamental development from infancy through

early childhood is the New York Longitudinal Study (fhomas, et a1., 1963;Thomas &

Chess, 1977). This research assessed the stability of nine temperamental variables

(AL, rhythmicity, approach or withdrawal, adaptability, intensity of reaction, threshold

of responsiveness, quality of mood, distractibility, attention span, and persistence)

across the period from three months to two years of age. Greaæst stability was found

for mood, adaptability, approach behavior, and intensity (Thomas et al., 1963). A
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follow-up study, using the same temperamental variables during the first five years of

life, obtained the greatest stability for activity, rhythmicity, and adaptability"

Approach or withdrawal, distractibility, and persistence showed the least stability

(Thomas & Chess, 1977).

Thomas et al. (1963) also reported that the first year's assessment was not

predictive of behavior during the fifth year for any of the va¡iables. As the time span

between measurement of variables increased, the number of significant correlations

decreased. This pattern of results implies that the age of the child at the time of

measurement can affect correlational stability. Therefore, it is important to consider

the developmental profile for temperamental dimensions. The increase or decrease of,

say, AL, could clearly affect estimates of stability in individual diferences.

Developmental Pattern

In his review of 57 studies with information on age and activity in humans,

Eaton (1991) found that a developmental curvilinear pattern emerged, characterized by

an increase in AL during infancy, a peak between 2 antd5 years, and a decrease across

the remainder of the lifespan. The developmental pattern of AL within the infancy

period is examined in the present investigation" Motor AL was qoss-sectionally

examined in infants at 6,9, 12, and 15 months of age, and following Eaton's (1991)

findings, it was predicted that AL would increase across age, with AL at 15 months
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being greater than AL at 6 months. An emphasis was placed on the developmental

pattern of AL and its relationship to cognitive performance within the infancy period.

In considering the developmental features of AL, it is difficult to ignore the

simultaneous cognitive changes in the infant. The relationship between early-

appearing personality traits and development¿l test performance has been of interest to

temperament researchers. In a study of the stability of newborn temperament and

mother-infant interaction, Fish and Crockenberg (1981) report that five-day Brazelton

motor-maturity [Neonatal Behavioral Assessment Scale] (Brazelton, 1973) correlated

positively (.51, p < .05) with nine-month infant large motor activity (sitting

unsupported, walking alone or holding onto person or object, rolling, creeping or

crawling, pulling up, or standing). In terms of mother-infant interaction, the more

motorically rnature infants, as assessed by the Brazelton, had mothers who inæracted

less with them at nine months (.47 , p < .05). Fish and Crockenberg (1981) inrerpret

these findings to imply that "motorically well-developed infants may be more capable

of organized motor activity, experience more success/pleasure in its expression, and

thereby facilitate their own continued motor development" (p. 78).

Individual differences in motoric competency having AL antecedents in early

infancy have also been reported by Matheny and Brown (1971). Infants reported by

their mothers to be more active at age 12 months showed more advanced behaviors in

Development and Temperament
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locomotion and postural control, and walked without support significantly earlier than

their less active co-twins. While rated as having inferior gross motor coordination and

walking later, the less active twins had better fine motor coordination, were more

attentive, and had a significantly higher Wechsler Primary and Preschool Scale of

Intelligence (WPPSI) Performance IQ score when tested three years later, at age four"

Thus, Matheny and Brown's (1971) findings indicate that the /¿ss active, more

attentive infants persist longer at manipulative play, and they suggest that "this

behavior, practiced from an early age, should facilit¿te the development of

manipulative skills involving spatial relations, attention to fîgural-$ound contasts and

discrimination among the properties of objects" (p. L56-I57). Matheny and Brown

(1971) report that the lack of agrcement among studies that have explored the

relationship between AL and differences in cognitive abilities is often atnibuted to

"differences in the definition of activity, measurement methods, and the modifying

effects of different familial situaúons" (p. 152).

Although Matheny and Brown (1971) report a significant relationship between

low activity and better cognitive performance, inte¡pretation of their results is limited

because of the nature of the measures used in their study. Individual differences in

temper¿unent were measured in the absence of an estabtished instrument, with the

interviewer recording which twin was reported to display a behavior more

prominently. Measures of AL and attention span in l2-month-olds were obtained

using a parent interview, where mothers were asked to pinpoint similarities or
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differences betrveen twins' behaviors. Matheny and Brown's (1971) interpretations are

based on the assessment of a lagged relationship between mothers' reported

peiceptions of their twins' temperament at age 12 months, and the twins' WPPSI

performance IQs, 3 years later.

Behaviors iategorized as AL in Matheny and Brown's (1971) study may have

been reflections of inatæntiveness and/or impulsiviry. V/hile Matheny and Brown

(I97l) report that less active, more attentive child¡en persist longer at manipulative

play, V/eithorn, Kagen, and Marcus (1984) have found that attention and impulsivity

are more predictive of school success in the second grade than ratings of AL alone.

Inaccurate maternal perceptions may have constituted the ratings of AL in Matheny

and Brown's (1971) study. As Palisin (1986, p.769) put it:

These behaviors are not synonymous--the motorically active

child is not necessarily impulsive, and the impulsive child

may not be highly active. Nor does it follow that a child

who is active will not be able to attend to intellectual tasks.

One can think of children who will engage in gross motor play

with abandon, then turn to a more sedentary pursuit such as

reading with equal enthusiasm and concentration.

Though the longitudinal connection between AL and developmental test

performance is ambiguous, the concurrent positive relationship between infant

temperament and performance on the Bayley Scales of Infant Development @SID;
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Bayley, 1969) has been documented by Fagen, Singer, Ohr, and Fleckenstein (1987).

Infants were assessed, at 4, 8, and 12 months of age, using the Rothbart Infant

Behavior Questionnaire (Rothbart, 1981) and the BSID. AL was positively related to

the infants' level of motor coordination displayed during the administration of the

BSID at 8 and 12 months. In addition, maternal ratings of AL at 8 and 12 months

were conelated with examiner ratings of infants' activity during the test

administration, as measured by Bayley's IBR. Most prominently, of four temperament

dimensions assessed in the Fagen et at. (1987) study (AL, fear, duratión of orienting"

and smiling and laughter), AL was the best and most consistent predictor of

developmental status as measured by the BSID. Activity level was positively related

to both mental and psychomotor development at every age tested. Fagen et al.'s

(1987) findings suggest that infants may use environmental resources (objects in the

world that the child can become engaged with through affect and cognition) in

exploration and play, towards developmental advance.

Cognitive Correlates

Development in the 6- to l5-month age range is characterizedby major

cognitive changes, so the present study considered the possibility that developmental

changes in AL may be linked to concunent cognitive changes. For example, in

addition to reflecting cognitive functioning per se, infant mental test scores may be

related to dimensions such as AL. As age increases during infancy, increasingly
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sophisticated cognitive skills are reflected in increasing inælligence test raw scores. If

AL increases during infancy, a positive correlation between AL and intelligence test

raw scores is predicted. AL may well serve as a mediating, motivating agent that

influences intellectual expression. Those children who are motivated to explore their

environment are likely to be high in AL. The success and satisfaction inherent in

exploration serves as intrinsic motivation to continue to explore and develop new

skills, with AL influencing developmental progression. With this in mind, the present

investigation assessed developmental test performance as a possible correlate of infant

AL"

Actometer Measures of AL

In the study of individual differences in AL, an unusual opportunity for

objective, unobtrusive measurement exists in the form of actometers. Actometers are

motion recorders which, when attached to the limbs, are responsive to their movemenl

Eaton (1983) found these instruments to provide reliable and valid measures of

preschooler AL; actometer readings correlated strongly with æacher and pa¡ent ratings

of AL. Eaton and McKeen's (1990) results also provide evidence of a strong

correlation between parent perception of AL and actometer readings of six-month-old

infants.

On the other hand, Eaton and Dureski (1986) did not f,rnd a correlation between

24-hour actometer read,ings and parent ratings for a sample of three-month-olds. The

purpose of the Eaton and Dureski (1986) investigation was CI validate the activity
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scale of the Infant Behavior Questionnaire (IBQ) ß.othbart, 1981), which requires

parents to rate the relative frequency of concrete behaviors in specific situations. V/ith

its emphasis on frequency counts of concrete behaviors in various situations, the IBQ

activity scale should correlaæ positively with an aggegated actometer measure of the

infant's limb movements. Rothbart (1986) similarly failed to find a significant

correlation be¡'veen IBQ Activity Level and observed limb movements for three-month

olds, but found a significant correlation befween observed limb movements and IBQ

Activity at six and nine months.

As the preceding examples illustrate, the evidence on parent perceptions seems

contradictory. Although he has argued that parent perceptions make an important

contribution, Bates' (1980) suggestion that'parent ratings of infant temperament

represent parent perceptions rather than accurate.reflections of behavior, may explain

some of the incongruence between parent r€ports and other temperament measures and

may underlie one of the disadvanøges of using parent ratings in isolation. Rothbart

and Derryberry (1981), on the other hand, argue for the utility of parent reports, while

cautioning that they cannot represent a pure and independent measure of infant

temper¿unent.

Another plausible explanation for the contradictory data is that temperament

changes with age (Wilson & Matheny, 1983). Wilson and Matheny (1983) explain

Carey's (1981) position that there are shifts in temperament with age due to "varying

rates of maturation for the underlying central nervous system structures, and the
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appearance of ageJinked behavioral competencies" (p. 182). Perhaps such a

maturational shift occurs between 3 and 6 months. If so, parent perceptions may be

more accurate at a later age. Thus, the present study used four age groups, 6,9, 12,

and 15 months, to assess the validity of observer perceptions of infant AL.

A second reason for Eaton and Dureski 's (1986) failure ûo find a correlation

between parent ratings on the IBQ and actometer readings may be due to an

incomplete overlapping of parent and actometer samples of behavior. While the

actometers recorded AL continuously over a 24-hour period, the parents answered

questions about AL in specif,rc contexts. It is necessary to ¿rssess the validity of rater

perceptions within a context where the samples of behavior are the same for the

observer and the actometer. One such context is the Bayley assessment situation,

where the rater's or examiner's impressions are based on the same sample of behavior

that the actometers record. The present investigation objectively measured individual

differences in AL with actometers and, at the same time, examined Bayley

Developmental status as a possible correlate of infant AL.

Bavlev Scales of Infant Development

The Bayley Scales of Infant Development (1969) were standardized on a

representative national sample of 1262 children in fourteen age groups from 2-months

to 30-months-old. The Scales have been described as "the best measure of infant

development available" with "excellent" norrns and "satisfactory" reliability and
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validity (Sattler, 1982). The Scales were designed to evaluate a child's developmental

status from the age of two months to two and one-half years. The Meqtal Scale was

designed to assess sensory-perceptual abilities; early memory, learning and problem-

solving abilities; vocalization and the beginning of verbal communications; and the

beginnings of the ability to form generalizations and classifications for later abstract

thinking. The Motor Scale was designed to'provide a measure of body control,

coordination of the large muscles and finer manipulatory skills of the hands and

fingers.

A positive correlation between AL and Bayley Mental and Motor Development

raw scorcs was expected. In addition, a positive relationship was expected bet'ween

actometer measures and Bayley Infant Behavior Record (IBR) ratings of gross motor

coord.ination and AL. Hence, the present investigation used actometers in an attempt

to validate the IBR rating approach to assess AL.

Secondarv Hwotheses

Sex Differences

The present study also considered sex differences as another correlate of AL

during the infancy neriod, Eaton and Enns (1986) addressed the issue of sex

differences in AL in their meø-analysis of 205 male-female comparisons from !27

studies. Their review supports the notion ¡hat sex differences exist, with males being

more active, and the present investigation predicted the same, greater male activity.



Bodv Size

The role of temperament in infant body size has been considered, with

particular attention to the role of the infant's activity-for-weight status. Rose and

Mayer (1968) studied the relationship between AL, fat storage, and caloric intake in

31 infants between 4 and 6 months of age, zurd found an inverse relationship beween

subcutaneous fat and caloric intakes of the extremelv fat and the extremelv thin

infants. Actometer-measured AL correlated -.53 with triceps skinfold thickness, a

measure of body fat, and was also strongly related to total caloric inuke (r=.47). The

heavier infants expended fewer calories on activity, while thinner babies were more

active.

In a similar investigation of the relationship between AL, growth, and caloric

intake, Mack and Kleinhenz (1974) followed 5 infants from birth through the eighth

week of life. The least active babies consumed more calories and gained weight fasær

than the most active babies. "The positive correlation between AL and gain in length

(r=.91), together with the inverse correlation between AL and gain in weight (r=-.84)

reflects the distribution of talter, more slender and more active infants at one extrerrle,

and shorter, heavier, less active infants at the other" (p. 351). Eaton and Dureski

(19S6) also found that the thinner babies were more active in their investigation of

infant motor AL. Actometer-measured activity of 3- to 4-month-old infants was

significantly correlated with ponderal index (r=-.29). Ponderal index (PI), a weight-

length ratio calculation of the amount of the infant's soft-tissue mass, was popularized

Infant Activity Level
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by Miller and Hassanein (1971). Babies

than babies with less subcutaneous fat.

To explore the relationship berween neonatal and later activity and adiposity,

Berkowitz, Agras, Komer, Kraemer, andT,eanah (1985) reassessed AL in à cohort of

52 children ageÅ 4 to 8 years whose activity had been measured during the fust 3 days

of life. Electronically-monitored neonatal activity was not significantly correlated with

adiposity at birth, nor did it pred.ict ad,iposity in childhood. AL did, however, show

longitudinal stability. In addition, child¡enis daytime high activity (correspond.ing to

activities at least'as vigorous as walking or playing) was significantly associated with

childhood ad.iposity. The absence of the.activity-ad.iposity relationship at birth and a

relationship at later ages in this and other studies (Rose & Mayer, 1968; Mack &

Kleinhenz, I974: Eaton & Dureski, 1986), prompted Berkowitz et al. (1985) to

speculate that "physical acúvity becomes increasingly more important as a factor in

determining adiposity as the child grows older. Because of the relationship between

chitdhood activity and adiposity, we may speculate that there is a relationship between

activity and the physiology of the fat cell during development" þ. 737). Failure to

find any relationship benveen neonatal activity and neonat¿l or childhood adiposity

may reside in Berkowitz et al's. (1985) me¿sure of activity level. Neonatal physical

activity was measured with an electronic activity monitor for 4 hours during the night

and 4 hours during the day of one 24-hour period. The infants' activity during this

time may not have been representative of activity level during later infancy"

Infant Activity Level
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with more subcutaneous fat have a higher PI
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. In the present investigation, a negative correlation was expected between AL

and ponderal index; thinner infants would be more active. V/ithin a developmental

perspective, babies who advance quickly would have a lower ponderal index Qess

subcut¿neous fat) and would be both more active, and further along in Bayley Mental

and Psychomotor status.

Also, in terms of developmental progression, it was expected that AL would be

related to cephalocaudal development, with arms being more active than legs. This

expected ¿um versus leg distinction in infant AL was found in Eaton and Dureski's

(1986) investigation of motor AL in the 3- to 4-month-old.

Because rating instruments are commoniy used to measure infant temperament"

a joint strategy employing an objective, independent assessment of the child behavior

upon which those rater perceptions are based was suggested. It was expected that this

sfttegy would (a) make it possible to objectively'measure individual differences in

temperament (AL) as they relate to specifïc behavioral correlates (age, developmental

competence, sex, body size), and (b) evaluate the adequacy or validity of the rating

approach to Írssess temperament. In summary, the present research examined the

relationships between mechanically-measured AL and several variables including age"

Bayley Mental and Psychomotor developmental status, sex, and ponderal index. In

addition, the validity of experimenter ratings of AL and gloss motor coordination on

Summarv
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the Bayley Infant Behavior Record (see Appendix A for activity and gross motor

coordination items of the Bayley IBR) was addressed through objective verification.

The following hypotheses were tested:

'l) Actometer measures of AL will be positively related to IBR ratings of AL.

2) Age will be positively related to AL"

3) Mental Developmental Index will be positively related to AL.

4) Psychomotor Developmental Index will be positively related to AL.

5) Actometer measures of AL will be positively related to IBR ratings

of gross motor coordination.

6) Boys will be more active than girls.

7) Ponderal index will be negatively related to AL.

8) AL will show cephalocaudal priority, with arms being more active than legs.



METHOD

Overview

Motor AL in infants and toddlers w¿rs assessed in a clinic setting using both a

mechanical measure (actometer) and a rating measrue (Bayley Infant Behavior

Record). Moreover, several other variables such as chronologicalage were considered

as possible correlates of AL. Among these variables were: developmental status,

assessed using the Bayley Ment¿l and Psychomotor Scales of Infant Developmenq

various physical measurements taken during the infancy period, including length,

weight, and head circumference; gestational age; birth weight; and Apgar scores. The

young children were participants in an infant feeding study designed to investigate the

effects of iron supplementation.

Infant Activity Level
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Sample Recruitment and Demographics

One hundred fifty one children participating in ongoing research in the

Departrnent of Pediatrics/Community Health Sciences, University of Manitoba

comprised the base sample from which the study sample was drawn. Children in the

base sample were those born to mothers who were registered in the "nomeferred."

category at the Women's Centre, an obstetrics unit at the Health Sciences Centre.

This category comprised women who were not under the ca¡e of a chosen or sþecified

physician, and the babies born to these women were known as "staff babies." Many

of the "staff babies" are monitored by the Chitdren's Hospital Neonatal Follow-up
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Clinic, which served as a second entry point for the study. A study coordinator

recruited eligible participants at birth and from the Follow-up Clinic by identifying

hospital charts that were t::çEed either "staffl' or "nonreferred" and obtained written

parental consent for enrollment in the study. Infants who had an obvious cause for

potential developmental delay were excluded f¡om enrollment

The base sample was drawn from an inner city population predominantly

Native in origin, and characterized by single, unemployed, young mothers living on

social assistance. As part of the ongoing iron study, half of the participating infants

received iron supplementation to their diet, and half did nor The effects of this

intervention on the infants who also participated in the present study will be

investigated at a laær date, when the iron study is completed. At the present time,

their iron status remains unknown because of the need for investigators to be blind to

the individual infant's supplementation stårus.

Sample Derivation

Each child in the sample of 151 infants from the iron study was a potential

candidate for four separate developmentafactivity level assessments performed at 6,9"

12, and 15 months during the infancy period. Only those assessments that included

both satisfactory Bayley Scales and actometer assessments were included for

consideration. An assessment twas excluded if the Bayley assessment was judged as

only a "minimal" or "fair" indicator of a child's characæristics (Bayley IBR item 28



scored as "1" oÍ "2" by the examiner). Typically this occurred when the child

presented as very tired, ill, fearful, irritable, or uncooperative at the time of testing.

Because the iron study from which this sample was drawn is longitudinal,

many babies \ryere assessed at more than one age. Only the fust assessment that met

the preced.ing criteria (e.g. complete actometer/developmentâl assessment) was

included in the present cross-sectional sample. Assessments of children who had an

obvious cause for potential developmental delay (i.e., cerebral palsy, fetal alcohol

syndrome) were also excluded.from the final sample and referred to the Child

Development Clinic for further evaluation. Hence, including only those frst-time

assessments that involved both an actometer assessment of activity level and a Bayley

developmental evaluation that was judged to be either an "average" or a "uery good"

indicator of the child's characteristics, the final sample included a total of 99

developmentaVAl assessments involving children ranging in age between 5.7 and 15.8

months. Due to missed appointments and scheduling difficulties, the age of the

children within each age group in.the final cross-sectional sample varied somewhat.

The d.istribution and basic summary staústics of the final cross-sectional sample

accord,ing to age group is displayed in Table 1.
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Physical Measurements

Following each Al/developmental assessment, measures of each child's weight

and recumbent length were obtained from the research nursing staff, who routinely
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t"Ot. t. tu** tna r t Ot" Oroun

Age Group (months)

Mean

SD

Range

n

Females

Males

Overall

9.7

3.1

5.7-15.8

99

46

53

6.3

0.5

s.7-7.6

34

12

22

9.6

0.6

8.7-1r.4

33

16

17

assessed these growth parameters at each child's clinic visir To measure the infant's

length, the child was placed on his or her back on the firm, flat surface of the

measuring boa¡d. A study coordinator assisted in straightening the infant's body. The

infant's head was placed against the top of the boa¡d, and the sliding base of the board

was aligned with the base of the infant's heel. The weight measurements were

obtained by the s¿Lme research staff, using the same digttal scale with each child.

Again, while ttre child was seated in the tray of the scale, a study coordinator assisæd

in steadying the infant's body. Measures of each child's length and weight provided

L2

12.3

0.3

r1.8-12.9

20

11

9

15

15.3

0.3

14.8-15.8

12

7

5
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the necessary information to assess the relationship benveen AL and ponderal index.

The research nurse also obtained head circumference measurements using a measuring

tape. A summary of the physcial measurements for the cross-sectional sample are

presented in Table 2.

Perinatal Variables

Various measures that were taken at the binh of each participant in the cross-

sectional sample were recorded from the infants' hospital charts. These measures

included birth weight, gestational age, and Apgar scores at 1 and 5 minutes. An

Apgar score is an expression of the neonatal status of a child, and is derived by

evaluating five factors (heart rate, color, respiration, muscle tone, and reflexes) at 1

and 5 minutes after delivery. Each factor is rated on a 3-point scale (with 0 being

weakest and 2 being strongest). The factor scores are summed to give a child an

overall rating between 0 and 10. An extremely low score indicates that the newborn

child may have a potential problem.

An antepartum high risk pregnancy score for each participant's mother rwas an

add.itional measure obtained from the infans' hospital charts. The mother's score is

derived by evaluating her pregnancy in relaúon to her reproductive history (including

parity, previous long labour, neonatal death or difficult delivery), associated medical

conditions (including previous gynaecological surgery, heart disease, or other medical

d.isorders), and the present pregnancy (including bleeding, multiple pregnancy, breech,

or malpresentåtion). Higher scores represent a greater risk that the mother and/or
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Table 2. Physical Measurements of Infants in Cross-Sectional Sample

Age Group

Length (cm)
Weight (kg)
Head Circumference (cm)
Ponderal Index

6 months

Length (cm)
V/eight (kg)
Head Circumference (cm)
Ponderal Index

SD

68.8
8.9

44.6
2.7

9 months

Length (cm)
V/eight (kg)
Head Circumference (cm)
Ponderal Index

Range

2.2
1.0

1.6

0.2

72.7
10.1

46.0
2.6

64-74
7 -rl

42-47
2-3

n"

12 months

Length (cm)
Weight (cm)
Head Circumference (cm)
Ponderal Index

2.2
r.2
1.1

0.2

aa
JJ

34
24
-a53

75.3
10.0
46.3
2.3

" unequal n's due to missing data.

69 -77
8-12

M-48
2-3

15 months

2.4
1.0

1.8

0.2

newborn child may have a potential problem. The perinatal characteristics for the

3T

32
24
3T

80.0
7t.7
47.6

2.3

70-80
8-12

43-49
2-3

2.3
1.4

1.5

0.2

20
20
11

20

77 -84
10-14
46-50
2-3

t2
L2

5

T2



final cross-sectional sample are presented in Table 3. Because not all birth

information was available to the research nurse, sample sizes vary in Table 3.

Develoomental Evaluation

The developmental status of each child in the cross-sectional sample was

assessed using the Bayley Mental and Psychomotor Scales of Infant Development.

Abilities such as shape discrimination, purposeful manipulation of objects, sustained

attention, imitation and comprehension, vocalization, memory, problem solving, and

naming objects were assessed using the Mental scale. Gross and fine motor abilites

such as rolling, sitting, standing, walking, and grasping were measured using the

Motor Scale. Types of test items typical of each age group are illustated in Table 4.
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Assessment of AL

Rating measure. The Bavley Infant Behavior Record (IBR) rating scale was

used to assess and record observations of each child's behaviors during the

examination. To increase the reliability of activity-relevant IBR items, Matheny's

(1983) factor analysis of the IBR was used to guide the aggregation of items. Four

major clusters of items emerge during the 6 - 15 month age range: Task Orientation

(i.e., goal d.irectedness, object orientation, reactivity and attention span), Test Affect-

Extroversion (i.e., cooperativeness, social responsiveness to examiner, emotional tone,

endurance and fea¡fulness), Auditory-Visual Awareness (i.e., sensory interest in sights

and sounds) and Activity (i.e., activity level, body motion and energy). Because the



Infant Activitv Level

28

Table 3. Perinatal Characteristics of Infants in Cross-Sectional Sample

Perinatal Variable

Gestational Age (wks)
Birth Weight (gms)
Apgar Score

I minute
5 minutes

Mother's Risk Score

" unequal n's due to missing data.

M

39.2
3526.2

7.7
8.8
2.4

hypothesis that the IBR rating of gross motor coordination would correlate positively

with AL, the gross and fine motor items were examined separately, and not combined

according to Matheny's (1980) motor coordination factor grouping. The IBR iæms for

each factor were summed to create a unit-weighted composite for subsequent analyses,

and the resulting IBR factors and their constituent items are displayed in Table 5.

This composite score was used in all analyses involving hypotheses pertaining to IBR

Activity.

Mechanical measure. Four Kaulins and Willis Model 101 motion recorders, or

actometers. were used to obt¿in mechanical measures of activity. The actometer is a

small conventional wristwatch that has been modified by unbalancing the pallet lever

and removing the hair spring and balance wheel. Movement of the child's limbs and"

hence, the actometers causes the second, minute, and hour hands of the actometers to

advance, and the resulting differences bet'ween initial and final actometer readings in

SD

r.7
502.5

t.7
0.5
1.9

Range

36-42
2590 - 4910

r-9
7 -9
0-8

n"

80
82

81

81
52



Table 4. Illustrative ltems from the Bayley Scales of Infant Development

Age
(mos)

6 Looks for fallen spoon
8 Uncovers toy
l0 Looks at pictures in book
12 Tums pages of book
14 Spontaneouslyscribbles
16 Builds tower of 3 cubes
l8 Imitates crayon stroke

Mental Scale

Infant Activity L,evel
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Sits alone for 30 seconds or more
Pulls self to standing position
Walks with help
Walks alone
Walks sideways
Stands on left foot with help
Tries to walk on walking board

Motor Sca]e

" Adapted from Sattler, J. M. (1988).

total seconds are treated as activity units. The activity units registered during the



Table 5. IBR Factors and their Constituent Items

Factor & Items

Activity
Activity (#14)
Body Motion (#21)
Energy (#25)

Task Orientation
Object Orientation (#8)
Goal Di¡ectedness (#1 1)

Attention Span (#12)
Reactivity (#15)

Test Affect-Extroversion
Social- Examiner (#2)
Cooperativeness (#4)
Fearfulness (#5)
Emotional Tone (#7)
Endurance (#13)

Auditory-Visual Awareness
Sights- Looking (#16)
Sounds- Listening (#17)
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6mo

Matheny Factor Loadings"

.8

.8

.7

9mo

.8

.8

.7

.7

.7

.7
-.8
.1

.6

.8

.8

.5

12 mo

" From Matheny (1980), Tables 2-5.

.8

.7

.8

.5

.6

.7
-.4
.9
.8

.9

.8

.8

18 mo

recording interval were calculaæd using time formats included in SAS statistical

software (SAS Institute, 1985). For example, an actometer with a reading of 10:36:07

.8

.7

.8

.5

.8

.8

-.6
.9
.7

.9

.9

.8

.7

.7

.8

.7

.8

.7

.7

.7
-.6
.7
.6

.6

.7
.7

.6
.8
.1
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upon attachment and a reading of 10:39:20 at removal produced a score of 193

activity units (AU's).

Watchbands were replaced with fabric bands with Velcro fasteners, which

allowed for comfort and quick, convenient attachment and removal from the child's

arms and legs. Actometers have been found to provide safe, reliable, and valid

measures of both infant and preschooler activity level (Eaton, McKeen, and Lam,

1988; Eaton, 1983).

S ummarv of DevelopmentaVActivitv A ssessment Procedure

The principal investigator of the present study administered the Bayley Scales

of Infant Development to children ranging in age from 5.7 to 15.8 months. Each

child's activity level was assessed in the testing setting, which was an examination

room located in the Child Development Clinic at Children's Hospital. The room

included an examining table, chairs for adults, a high-chair for the child, and, for

children able to walk, free floor space with a path 10 feet long.

Upon arrival in the testing situation, the actual time of day was recorded, and

four actometers were read, recorded, and placed on each of the child's four limbs in a

predetermined order. Children assessed prior to 9 months of age were tested while

seated in their caregiver's lap, and older infants were testing while sitting on their

own, in a high-chair. Caregivers were asked to refrain as much as possible from

restricting the limb movements of the infants who were seated in their lap. Infants
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were seated for the administration of the Bayley Mental Scale, and placed on the

carpet for Bayley Motor testing. Following administration of the Bayley Scales, the

actual time of day was again recorded (to calculate the length of the recording

interval), and the four actometers were removed in the same order in which they were

attached. The actometers were set aside where they remained undisturbed until the

readings were taken. The mean length of the testing session was 30 minutes (SD =

10). The standa¡dized assessment and recording procedure was the same for all

children (see Appendix B for a sample of the data collection form).

The IBR was completed by the examiner immediately after administration of

the Mental and Motor Scales. To eliminate the possibility of the experimenter being

influenced by actometer scores, the instruments were read after the IBR had been

completed. Inter-rater reliability was also assessed with an appropriately trained

research assistant, who independently rated the behaviors of 25 subjects of varying

ages.

No planned feedback was given immediately after data collection, but the

experimenter answered any questions the participants had at this time. Information on

each child's developmental progress w¿rs provided by the Iron Study staff to every

parent when the final developmental assessrnent was completed.



Actometer Reliabilitv

A composiûe measure of each child's activity was derived from the summed

scores from the four actometers, and adjusted by minutes worn. The data for the

interlimb and composite correlations is given in Table 6. The mean interlimb

correlation, .40, provides an estimate of the reliability of a single actometer. The

Spearman-Brown prophecy formula was then used to calculaæ the estimated reliabilty

of the composite actometer score, which is based on four actometers. Thus calculated,

the estimated reliabilty of the composite actometer score was .73.

RESULTS

Preliminarv Analvses
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Table 6" Actometer Intercorrelations by Limb and Composite for Cross-Sectional Sample

Limb

Right Arm

Right Leg

Left Arm

L€ft Leg

Right

Arm l-eg

*p<.05. **p<.0001.

.19

Arm

Left

.50 **

.16

Leg

.18

.81 **

.20 *

Composite

.78 **

.58 **

.79 **

.61 **
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As another reliabilty estimate, activity from the left and right sides of each

child was correlated (i.e., scores from the actometers on the left arm and left leg were

averaged and then correlated with the mean score from the actometers on the right arm

and right leg). This right-left side correlation was .69, p < .0001.

Bavlev Reliabilitv

appropriately trained and experienced research assistant, who independently rated the

behaviors of 25 subjects of varying ages at the beginning of the data collection period"

Retiability coefficients for the BSID are presented in Table 7, where it can be seen

that Pearson correlation coefficients between observers were .92 for both mental and

psychomotor development.

Internal consistencv. To increase the reliability of activity-relevant IBR items,

Matheny's (1983) factor analysis of the IBR was used to guide the aggregation of

activity items (i.e., activity level, body motion and energy). A unit-weighted

composite measure of each child's rated activity was derived from the summed scores

from the 3 activity items. The mean inær-item correlation, .88, provides an estimate

of the reliability of a single IBR activity item. The Spearman-Brown prophecy

formula was then used to calculate the estimated reliabilty of the composite activity

score, which is based on 3 activity items. Thus calculated, the estimated reliabilty of

the composiæ activity score was .96.

Interobserver asreement. lnter-rater reliabilitv was assessed with an



Table 7. Reliability Data for BSID

MDI

PDI

n=25.
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.92

Rater 1 Rater 2
mean mean
(range) (range)

Convergent Validity

Of central interest was the correlation between the actometer score and the

activity scale of the Bayley Infant Behavior Record. The results were stongly

supportive of Hypothesis 1: Actometer measures of AL were positively related to

IBR ratings of AL. Across atl age groups: ! = .56, p < .005. This relationship was

significant for 6-, 9-, and l2-month age groups G's = .50, .51, and .67 respectively)

and of a similar magnitude at 15 monthS,I = .52, n.s..

.92

95.2
(s4.0 - 147.0)

97.2
(74.0 - 122.0)

96.0
(s4.0 - 150.0)

95.3
(71.0 - 122.0)



Analyses of variance with age group as the between-subject" independent

variable, and actometer scores as the dependent va¡iable indicated a signifrcant

between-subject effect, F (3,91) = 4.82,p < .004, atthough not entirely in the predicted

direction. Contrary to Hypothesis 2, that AL would increase with age, the present

results indicate a "sa\ry tooth" pattern between age and AL. This relationship is

displayed in Table 8, where it can be seen that AL decreases between 6 and 9 months,

increases between 9 and 12 months, and decreases again between 12 and 15 months.

AL Correlaæs

Overall AL as assessed by the actometers and by the experimenter was

correlated with the following variables: Bayley Mental Development, Bayley

Psychomotor Development, Bayley IBR gross motor coordination rating, sex, and

Ase Chanees
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Table 8. Mean (SE) Activity Level, Overall and by Age Group

Overall

1t4.2
(4.6)

Age Group (months)

135.4
(e.8)

90.8
(6.3)

T2

126.4
(e.4)

15

98.1
(e.4)
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Ponderal Index. In order to test hypotheses 3 and 4, which predicted a positive

relationship between AL and Bayley Mental and Psychomotor Development, the raw

scores (uncorrected for age, representing the total number of successes achieved on the

Ment¿I and Psychomotor Scales) were used to analyze the AL relationship.

Mental Development

Hypothesis 3, that Bayley Mental Development would be positively related to

AL as measured by the actometers, revas unconfrrmed for all age groups. However,

Bayley IBR ratings of AL were significantly correlated with Bayley Mental

Development at 6 and 9 months G-= .47 and .64 respectively, p ( .01), as displayed in

Table 9.

Psvchomotor Development

Hypothesis 4, that Bayley Psychomotor Development would be positively

related to AL, was supported only in part. While the overall relationship \¡/as not

supported, several significant relationships emerged within individual age groups.

Within the 9-month group, actometer scores were positively correlated with Bayley

Psychomotor Development. Also, at 6, 9, and 12 months, IBR ratings of AL

correlated positively with Bayley Psychomotor Development (see Table 9).
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Table 9. Correlations of Activity Level and Bayley Development, by Age Group

Activity Level
Correlate

Bayley Mental
(raw score)

Bayley Psychomotor
(raw score)

Overall

Age (months)

Bayley Mental
(raw score)

Bayley Psychomotor
(raw score)

-.14

-.10

Actomeær Score

.08

*g<.05. **p<.01.

.29

T2

.00

.11

.35 *

IBR Rating

Gross Motor Coordination

.03

15

In order to test hypothesis 5, which predicted a positive relationship between

AL and IBR gross motor coordination rating, the IBR gross motor item was reversed

for the analysis, so that a high rating reflected smooth functioning and a low rating

reflected poor coordination" Results were supportive of Hypothesis 5: AL was

positively related to IBR ratings of gross motor coordination for all age groups

.47 **

.42 *

-.39

.29

.28

.64 **

.55 **

.19

-.43

.65 **

.50

.18
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combined for both actometer and IBR measures of AL (see Table 10). In an

examination of the AUgross motor coordination relationship according to age group,

the relationship was sustained in the 9- and l2-month groups.

Sex Differences in AL

To test Hypothesis 6, that males would be more active than females, a

repeated measures analyses of variance was conducted with sex as the between-

subjects variable and the four limb actometer activity scores as the within-subjects

va¡iable. The results indicated that there were no differences in AL between males

and females, F (1,91) = 2.01, n.s. In a separate conelational analysis, sex was also

unrelated to experimenter ratings of AL on the Bayley IBR.

Ponderal Index

It was predicted, in Hypothesis 7, that ponderal index would be negatively

related to AL. That is, babies with a lower ponderal index Qess subcutaneous fat)

were expected to be more active. Out of 8 possible correlations (ponderal index with

IBR and actometer for each age group), the only evidence for this prediction was in

the l2-month age group, where longer, thinner babies were more active as assessed by

the actometers Q - -.49,p < .03).



In terms of developmental progression, it was expected that AL would be

related to cephalocaudal development, with arms being more active than legs. Using

the four actometer limb scores as within subject variables and sex and age group (6, 9,

L2, and 15 months) as between subject variables, a repeated measures analysis of

variance was conducted. The results were strongly supportive of Hypothesis 8: AL

Cephalocaudal Development

Table 10. Gross Motor Coordination Item Correlations with AL, by Age Group

Activity
Measurement
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Actometer Score

IBR Rating

* p. < .01. ** p < .0001.

Overall

showed cephalocaudal priority, with arm readings significantly higher (M = 159.5)

than leg readings (M = 68.8), F (1,91) = 122.0, p < .0001. Cephalocaudal

development was also related to age group, F (3,91) = 7 .76, p < .0001, with the arm

versus leg difference being greatest at 6 months, and diminishing with age. Mean arm

versus leg activity according to age group is d.isplayed in Table 11. Cephalocaudal

development also interacted with sex, F (1,91) = 4.37, p <.04, with the arm versus leg

.32 *

.50 **

Age (months)

.23

.28

.46 *

.56 *

t2

.30

.75 *

15

-.23

-.01



Table 11. Mean (SE) Arm versus Leg Activity by Age Group

Age Group
(mos)

6

Arm

Limb

t2

200.7
(ts.2)

136.3
(e.4)

r64.6
(13.3)

98.4
(11.4)

159.5

Q.2)
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l5

Overall

Í-eg

70.1
(s.1)

45.3
(3.2)

88.2
(10.5)

97.8
(ts.2)

68.8
(3.7)

difference grcater in males (174.5 vs. 67.8) than in females (142.3 vs. 70.1).

Further examination of the limb scores in the same repeated measures analyses

of variance revealed an interaction between cephalocaudal priority and laterality (left-

vs. right-side activity), E (1,91) = 5.48, p < .02. This interaction shows that the arm-

leg difference on the right side is greater than the arm-leg difference on the left.

Mean limb activity for the cephalocaudal by laærality interaction is displayed in Table

t2.

Arm vs Læg

Difference

130.6

91.0

76.4

0.6

90.7
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Table 12. Mean (SE) Limb Activity of Cephalocaudal by Lateraliry Interaction

Arm

I-eg

Arm-Leg
Difference

Left

156.1
(10.0)

77.7
(5.e)

78.4

Laterality was also related to age, F (3,91) = 3.74, p <.01, with AL on the left

side of the body greater than right-side AL at 6 and 9 months, and right-side AL

greater than left-side AL at 12 and 15 months. Mean left- vs. right-side activity

according to age group is displayed in Table 13"

Left-Right
Right Difference

163.0
(10.3)

60.0
(4.3)

103.0

-6.9

t7.7
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T"bt" 13. M"* (SE) t

Limb

Age Group
(mos)

6

9

t2

15

Overall

r49.3
(13.8)

91.8
(8.3)

116.4
(12.2)

94.9
(14.0)

t16.9
(6.4)

Left Right

T21.6
(13.8)

89.7
(e.7)

136.4
(14.4)

101.3
(12.8)

111.5
(6.7)

Left vs Right
Difference

27.7

2.1

-20.0

-6.4

5.4



Motor AL as measured by the actometers in a clinic setting was related to

experimenter ratings on the Bayley IBR. Hence, through objective verification, the

present research clarified the adequacy and established the validity of the IBR rating

approach to assess AL, a core component of infant temperament. Furthermore, the

developmental progression of AL was cla¡ified through the evident relationship

between AL and cephalocaudal development, with arms being more active than legs.

Within a developmental perspective, it was found that AL decreased between 6 and 9

months, increased between 9 and 12 months, and decreased again between 12 and 15

months. While overall gross motor coordination was positively related to AL, the

overall relationship between AL and Bayley Mental and Psychomotor ståtus was not

supported. Each of the results for the AL measurement and developmental correlate

issues are discussed below.

DISCUSSION

Infant Activity Level

M

The purpose of comparing mechanical and rating measures of AL was to

address the operational status of the rating approach. Through improvement in

measurement, the questions of reliability and validity could be addressed. The present

research found that a single actometer has moderate reliabiliry, while four combined

actometers have reasonably good reliability for assessing va¡iation in motor AL in

young children, even though the assessment period was of a half hout's duration.

Measurement of AL
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When the overall actometer score for each child was correlated with the Bayley Infant

Behavior Record activity score, it was found that AL as measured by the actometers

was related to experimenter ratings of activity on the Bayley Infant Behavior Record.

This relationship was significant across all age groups, and also within the individual

6-,9-, and L2- month age groups. Although of a similar magnitude at 15 months, the

relationship was nonsigniñcant. The small sample of 12 children in the l5-month age

group was a shortcoming of the present research. ln view of the small sample size,

the findings for this age group are unstable, and the remainder of the discussion will

focus on the 6-, g-, and l2-month age groups.

AL Correlates

The predicitons regarding overall AL and mental and psychomotor

development were unsupported. That is, overall AL as assessed b¡r the actometers and

by the experimenter was unrelated to Bayley Mental and Psychomotor Scale raw

scores. In addition, contrary to Eaton's (1991) finding that AL increases during the

infancy period, the present study found that AL decreased between 6 and 9 months"

and increased between 9 and 12 months. In the present investigation, the absence of a

direct positive relationship between age and AL precluded a positive correlation

between overall AL and developmental test raw scores. As age increases during

infancy, increasingly sophisticated cognitive skills are reflected in increasing

developmental test raw scores. Hence, with an expected increase in AL during
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infancy, a positive correlation was also expected between overall AL and

developmental test raw scores.

Nonsignifìcant results also emerged for the hypothesized associations between

AL and body size, and between AL and sex. Aside from a single negative correlation

within the l2-month group, where longer, thinner babies were more active, overall

there were no differences in AL between longer, thinner infants and shorter, fatter

infants. In addition, contrary to Eaton and Enns' (1983) finding that boys under one

year of age are more active than girls, the present study found no differences in AL

between males and females. Also contrary to Eaton and Enns' (1983) finding of

increasingly large sex differences with age (as envi¡onmental influences magnify

existing differences), a sex by age interaction did not emerge in the present research.

Several explanations for this Iack of predicted AL correlations are possible.

Measurement Problems

Atypical experimental setting. In view of the constrained measurement

situation, this lack of expected findings may be due to an un.representative sample of

AL. Samples of AL were obtained in a somewhat specialized half-hour experimental

session, where infants were exposed to a str¿mger posing a series of tasks. V/ith its

novel stimuli and short duration, the task setting may have been too atypical and too

brief for the expected correlaæs of AL to emerge. Activity measured during the hatf-

hour experimental session may have been unrepresentative of the infant's typicat AL.
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Stranqer anxiety. Of all the infants in the present study, only those in the 6-

month age gloup appeared to be unaware that actometers had been placed over the

clothing on their limbs. After 6 months of age, this presumed lack of awareness

seemed to disappear. V/ith infants older than 6 months, differences in the rate of

adaptation to actometer stimulation may account for the lack of differences in AL

between males and females and for the decrease in AL between 6 and 9 months. Fear

of sEangers develops at about the same. age in infants, regardless of cultural back

ground @worezky, 1981). This fear begins to occur after 6 months of age and peaks

at about 9 months (Schaffer and Emerson, 1964). In the present study, stranger

anxiety after 6 months of age may account for the decrease in AL between 6 and 9

months and subsequent increase in AL between 9 and 12 months. AL should ideally

be assessed with longer behavioral samples and include a fixed adaptation period.

Iron status. An alternative explanation for the lack of a direct positive

relationship between age and AL concerns the unknown iron status of the study

participants. Because the infants in the present investigation were atso pa:ticipating in

an iron supplementation study, their behavior may not be characteristic of unselected

samples of infans. In their Guatemalan study, Lozoff, Klein, and Prabucki (1986)

analyzed the behavior of iron-deficient anemic and nonanemic 6- to 24-month-old

infants and their mothers from a videotaped free play session. Anemic infants

initiated and maintained more body contact with their mothers than did nonanemic

babies: 71 percent of the anemic group were high in body contact, compared to 29
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percent of the nonanemic babies. Mothers of the anemic infants spent less time at a

distance from them, were less likely to break close contact, and were more likely to

re-establish close contact if the baby moved away. The body contact observed was

interpreted to be a subtle manifest¿tion of disturbance in affect, energy, or activity.

An unknown half of the infants in the present investigation may have behaved

atypically because of low levels of iron. In add.ition, the sample composition by age

group in the present study may not be random with respect to iron supplementation,

leading to an overall pattem of activity inconsistent with Eaton's (1991) documented

pattern of increasing AL from the early months of fetal life to sometime in the

preschool years.

The finding that actometer variance was significantly related to cephalocaudal

priority of arms before legs parallels the results found by Eaton and Dureski (1986).

Though part of the effect in the present investigation could be due to task demands

being greater on alms than on legs, the evident relationship between AL and

cephalocaudal development clarifies the developmental progression of AL.

Cephalocaudal development was also related to age group, with the arm versus leg

difference being greatest at 6 months, and diminishing with age. Iircreasingly

sophisticated motor development in the lower part of the body is reflected in the onset

of crawling and walking, and a diminution of arm versus leg AL differences with age.

AL and Development
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. In terms of motor and mental development, several significant relationships

emerged within individual age groups between AL and Bayley Psychomotor and

Mental Scale raw scores. Within the 9-month group, actometer scores were positively

correlated with Bayley Psychomotor Development. IBR ratings of AL were

significantly correlated with Bayley Mental Development at 6 and 9 months, and with

Bayley Psychomotor Development at 6, 9, and 12 months. There were generally

higher correlations of IBR activity ratings with Bayley performance as compared to

actometer activity scores with Bayley performance" and this could be partly due to

having the same person doing both (rating activity level and scoring the Bayley

assessments). Nevertheless, the positive correlations between rated AL and Bayley

test performance within individual age groups suggest that in addition to reflecting

mental and psychomotor functioning per se, infant developmental test scores are

related to AL. Furthermore, the correlations between actometer scores and Bayley

Psychomotor performance are similar in magnitude to those obtained by Fagen et al.

(1987) between rated AL on the Infant Behavior.Questionnaire (Rothbart, 1981) and

Bayley Psychomotor Index.

Additionally, AL was positively related to IBR ratings of gross motor

coordination across all age groups. This relationship was significant for actometer

measures and IBR ratings of AL. In an examination of the AUgross motor

coordination relationship according to age group, the correlations are once again

simila¡ to those obtained by Fagen et al. (1987) between rated AL on the IBQ
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(Rothbart, 1981) and Bayley IBR ratings of gross motor coordination. While further

studies are needed to establish the generalization of the IBR validity outside of the

Bayley assessment situation, these consistencies across studies suggest that the present

results are not entirely specific to the methodology. Gross motor coordination and

general motor activity seem fo be related in infancy.

In summary, the evident relationships between overall AL and gross motor

coordination and between rated AL and psychomotor development at 6, 9, and 12

months of age suggest that AL may well serve as a mediating agent that influences

developmental progression. Active children explore their environment, experience

success and satisfáction inherent in exploration, and continue to explore and develop,

with AL influencing gross motor coordination and psychomotor development. Even in

view of the consnained measurement situation, the occurrence of empirical

cònsistencies across studies suggests that the present findings are not entirely specific

to the methodology or the instruments.

Furthermore, the actometer is a reliable and valid instrument for measuring

va¡iation in infant AL. The most important observation to be made from this study is

that motor AL as measured by the actometers.in a clinic setting was related to

experimenter ratings of activity on the Bayley Infant Behavior Record. Hence, the

present research objectively validated the IBR rating approach to assess AL and.the

Conclusions
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issue of accuracy in rater perception of a core component of infant temperament has

been clarified.

Directions for future research

Future examinations of the behavioral correlates of AL should attempt to assess

activity with longer samples of behavior in less constrained situations, to obtain more

representative samples of behavior. lnclusion of a fixed adaptation period may be

necessary with older children. Ideally and if practical" two or more.tlryes of

temper¿rment measures should be used within the same study. Empirical consistencies

in research that includes well-validated, reliable parent-rating instnrments in addition

to mechanical measures and experimenter ratings would further highlight the relevance

of temperament to infant development more generally.
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INSTRUCTIONS: Fill out this form immediaæly after the Mental and Motor Scales
have been administered. For each rating scale, circle the number next to the one

statement that best describes the child's behavior.

ACTIVITY RATING

Bayley Activity and Gross Motor Coordination Items

14. Amount of gross bodily movement (Circle one)

APPENDD( A

1 Stays quietly in one place, with practically no self-initiated movement
2 Between 1 and 3
3 Usually quiet and inactive but responds appropriately in situations calling

for some activity
4 Between 3 and 5
5 Moderate activity; enters into games with freedom of action
6 Between 5 and 7
7 In action during much of the period of observation
8 Between 7 and 9
9 Hyperactive; cannot be quieted for sedentary tests
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None
21. Bodymoúon | 2 3 4

25. Level of energy
Low
r23

COORDINATION FOR AGE (Circle one)

Note.--Ratings for these items should be estimated in relation to other children of the
child's own age.

26. Coordinaúon of gross muscle movements

Smooth Poor
t2345

Excessive
56789

High
45



Name:

Date Tested (DDMMYY)-

Date of Birth (DDMMYY)_

APPENDD( B

Actometer Record Form

ID:

Testing Session

Begin (hh:mm)
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Set Acto # Acto Start

Oh: rnm : ss)

__:__:

__: __:

Right Arm

Left Arm

Right Leg

ï*ftl,r'g

End (hh:mm)

Interviewer:

Acto Stop

(hh : rrrm :

Length: _ _._ cm

Notes:

ss)

Weight: _ _ gm


