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Summary

Traditional scales of infant development provide a one
time measure of the number of tasks on the scale an infant
performs and his standing relative to his age group. Repeated
assessment over time on these scales indicates how many more
tasks the infant can now perform and whether his relative sta-
tus has altered. This strategy fails to measure actual changes
in the same emerging behaviors as development progresses. This
paper discusses the importance of continuously measuring amounts
of the same behavior over time as an alternative strategy. The
types of developmental information that can be obtained are
demonstrated by the behavioral records of two infants observed
over a 25 week period. The data are the changes in frequency
and duration of three motor responses in the prone position:
chin lifting, chest lifting, and a hands & knees position.

The implications of the methodology for reéearch and clinical

application are presented.



A. Introduction

The traditional research methodology used to generate in-
fant developmental scales is based upon the presence or absence
of specified behaviors within a subject's repertoire. For ex-
ample, in 1927 Gesell (6) observed 107 infants in a yariety of
settings during their first 56 weeks of life. The basic data
extracted from written protocals and films were the percent of
the sample population emitting specific responses at a given
age. Several classic studies (1, 5, 15) as well as more recent
projects (2) have extended Gesell's data base but have not de-
viated from the fundamental methodology. A child's development
is still assessed by his performance of a set of behaviors ty-
pically seen in a similarly-aged population. If it'can be as-
sumed that ﬁhe observation of one occurrence of a response is
just as informative as repeated sampling of frequency and dura-
tion of that response, then the current data base is satisfac-
tory for developmental assessment. It is our position that
this assumption is an unfortunate heritage of the mental testing
movement and is not adequate for assessing emerging motor skills
of infants.

The prominent early mental tests (e.g. the Stanford-Binet)
emphasized verbal responses. No matter how frequently the
answer to a question is repeated or how long its duration, it
is still scored as a correct or incorrect answer. Frequency
and duration measurés of the verbal response have little value.

By adapting Binet's basic measurement strategy to non-cognitive



development Gesell and his followers have assumed that frequen-
cy and duration measures of emerging infant behaviors had limited

e in this realm also.

Infant scales based on the presence/absence strategy yield
information about the average age of onset of a behavior and
the relative developmental status of an individual infant with-
in his age group. However, with the possible exception of the
ordinal scales introduced by Uzgiris and Hunt (16), the pre-
sence/absence strategy does not yield complete sequential in-

formation about the development of particular response classes

(4). Infant scales, no matter how frequently administered,
cannot provide any information about how a single emerging be-
havior is changing. They also fail to allow the study of the
differential rates of development of different behaviors and
their interactions.
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frequency of the same behavior over time is better suited to

The alternative strategy of continuously measuring the /
Unig,,

the quantification of changing behaviors. All behaviors, across

ages and topographies, can be measured in terms of frequency:;

use of frequency as the basic datum permits the study of many

features of behavioral development not possible with the men-

tal test approach. It allows the sgudy éf a single individual

without comparison to a group; it also allcws precise measure-

ment of the interactions among several emerging behaviors.

Furthermore, continuous measurement of changing behavior fre-

quencies over time provides a quantification of the rate of

change or celeration of emerging behaviors (9, 12). Behaviors
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which systematically change over time either accelerate or \\
decelerate; the celeration can be expressed by the number of
movements per unit time per unit time. v
A

A few investigators using approximations of this strategy
for examining the development of infant behavior demonstrated
the utility of continuously measuring the amount of the same
behavior over time. Halverson (8) and Seth (13) studied pre-
hension by repeatedly filming infant responding to standardized

stimuli. Others have measured changes in the rate of consecu-

tive steps (14) and babples and words (6).

We prxopase to apply this strategy to the measurement of

infant development in the prone positioq. There are four ele-

ments to this strategy. First, a set of mutually exclusive be-
haviors is defined. 1In our demonstration project we examined

infant motor development in the prone position. Following
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McGraw's lead (ll)<&é investigated three responses: chin ——._

//;;fting, chest lifting, and a creeping response. McGraw demonf—:>
/

| strated that there is considerable change in these behaviors
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\gEring the infant period.) The simultaneous observing and re=\
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cording of all three responses allows comparisons among beha- |
viors. Second, the selected set of behaviors are repeatédiy '
sampled from the time of initial emefgence to the time of decay.
Continuous measurement permits the evaluation of rates of change—
in the specific topographies. Third, stimulus conditions pre-
sent in the observation setting are held constant throughout

the study. This element restricts the range of settings in

which the behaviors are observed. Fourth, frequency and duration




measures of each response are concurrently monitored, generating
two independént-types of information that can be analyzed in
several ways. The combination of the four elements comprising
our strategy makes possible the assessment of interactions
among the selected set of behaviors.

The purpose of this report is to present the methodology
and the types of information it yields. It is not our purpose
to describe completely the changing nature of the developing

behaviors which we studied.




B. Method

//// (:?wo female infants from the Infant Language Research Labo-
r

atory at KUMC served as subjects> We observed Sarah from the

e S T

\\\\Yeeﬁs;fxggrh girls are healthy and are developing normally as

indicated by the Denver Developmental Screening Test.

( age of nine to 34 weeks and Cathy from the ‘age of 12 to 32 »;>

All observations occurred in the piay area of the Infant
Language Research Center between the hours of two and four p.m.
This infant care facility provides the daily routine outlined
by LeLaurin and Risley (10). Necessary apparatus for the study
includes a playpen mattress, two brightly colored cloth blocks,
a stopwatch, and an eight-channel event recorder. The event
recorder has two keyboards; each keyboard operates four chan-
nels on the event recorder. This arrangement permits two ob-
servers to indepehdently record four different behaviors.

At the beginning of each session we removed the infant's
shirt and placed a piece of tape (8 cm. X 2 cm.) on her chest
midway between her nipples. A thin line drawn horizontally on
this tape served as a recording cue to the observers. The
child was then placed on the playpen mattress in the prone
position. There she faced two observers who were stationed
at the narrow end of the mattress, sitting on the playroom rug.
The two colored cloth blocks lay between the observers and the
child, keeping the child oriented toward the observers and pre-
venting the observers from accidentally viewing the other's

keyboard. These stimulus conditions were maintained through-



out the study.'

%

Each observation period lasted exactly five minutes. When
the infant displayed a target behavior, an obse.ver depressed

a pre-assigned key on the keyboard which resulted in a ?en—
deflection on a revolving tape in the event recorder. The ob-
server continued to press that key until a different response
appeared.

e three motor behaviors measured during each five minute
session were labeled chin 1lift, chest 1lift, and hands & knees
position. Each response was defined in terms of its topography.
The behaviors were mutually exclusive, but did not include the
entire range of behaviors emitted in the observation setting.

If the child rested her head on the mat or displayed a non-
targeted response (e;g. lay on side), it was not recorded. If
the child rolled or crawled off the mat, recording stopped un-
til the infant was returned to the mat and placed in the prone
position. Observation sessions were discontinued when the child
began creeping off the mat every time she was returned.
Operational definitions of the scored responses are as

follows:

1) Chin Lift: The infant's head is raised off the mat;
her chest is not raised high enough to
reveal the line on the marker tape at-
tached between her nipples.

2) Chest Lift: The infant's chest is raised high enough
off the mat to expose the line on the mar-

ker tape; both hands contact the mat.

3) Hands & Knees Position: The infant's entire trunk is
raised off the mat; her legs are clearly
visible from a head-on viewpoint.




Since>pen deflections form the basis of the data, two pri-
// mary tYpes~of information can be extracted from the event re-
corder tapes: the number of times a behavior is initiated and
the amount of timme the behavior occurs within a session. The
frequency measure was expressed as the mean number of responses
initiated per minute, and the duration measure was the mean num-
ber of seconds the behavior occurred each minute. Each measure

was averaged across the two observers and is presented below as

.
///the weekly median of these frequency or duration means on semi-
logarithmic scales (12). The slope of a straight line fitted
to the charted frequencies provides a numerical index of ac-
celerations and decelerations of the frequencies (9). For our

rposes a month was a convenient unit of time for expressing

74
/

///change. Therefore, celerations are given as multiples of the
number of movements per minute per month. A celeration of x2,

\ for example, indicates that the fregquency of a behavior is
\. doubling each month.

N



C. Results

We observed Sarah a tétél 6f 44 times for an average of
1.8 sessions per week for 25 weeks. Cathy participated iﬂ 31
sessions for an average of 1.6 sessions per week for 20 weeks.

To establish inter-rater reliability correlation coeffi-
cients were calculated by comparing the measurements of each
observer for each session. In addition we analyzed rater
agreement during one minute observation periods. This proce-
dure increases the probability that the correlation coefficients
represent actual observer agreements (3). The mean reliability
coefficients (Pearson r) for the frequency measurements by
session were .98 for chin 1lift, .95 for chest 1ift, and .97
for the hands & knees response. The duration measure yielded
correlations of .99 for all three responses. The more conser-
vative analysis of one minute observation periods showed a
slight, but not significant decrease in the coefficients. The

mean correlation across both children and behaviors was .93.

The methodology is sensitive tojthe’differential changes
in the three behaviors. Figure 1 presents the median weekly
frequencies of the behaviors for both children. Chin lifting
is tracked through a perioa of declining significance in the
infants' repertoire. Chest lifting and the hands & knees

response are developing during the same period. The changing
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characteristics of the three responses were highly similar for
both infants. From 12 to 32 weeks for Cathy_and from nine to
34 weeks for Sarah chin lifting was initiated with diminishing
frequency. The deceleration for the records of both infants is
+2, indicating that in each successive montﬁ the frequency was
half that of the preceeding month. During this same period the
frequency of lifting to chest was accelerating. Cathy emitted
the behavior almost twice as often each month as the pfevious
period (xl.é), whereas Sarah's celeration was not as rapid
(x1.3). The hands & knees position was not observed until the
eleventh week of observation for Cathy and. the sixteenth for
Sarah (ages 23 and 25 weeks respectively). This behavior de-
veloped more rapidly, accelerating from the point of onset five-
fold each month for Sarah and sixfold for Cathy. Neither child
assumed the hands & knees position until chest lifts were oc-

curring more frequently than chin 1lifts.

——n — — ——— —— —————— — —————————

The methodology also allows comparisons of changes in the
/ frequency with which a behavior occurs with changes in the
amount of time that the infant engages in that behavior. As
an example, Figure 2 presents the changing frequency and dura-
tion measures of the three target behaviors for one of thev
\ infants. During the developmental period_covered by the study
Sarah not only initiated chin lifting less often ($2), she
\, maintained the position for briefer periods of time (%+4); the

N\
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/ deceleration was twice as great for duration as for frequency.

While the.frequency measure of chest lifting was developing
gradually (x1.3), the duration measure shows a different pat-
tern. This difference was characterized by a rapid accelera-
tion in the amount of time she held the position during the
first eight weeks (x5), followed by a gradual deceleration
(#1.3). There was an inverse relationship between frequency
and duration during the last six weeks. The most dramatic
celeration for Sarah was the increasing amount of time she
maintained the hands & knees position as the behavior was
emerging. While she initiated the position with a fivefold
increase each month, the amount of time she held the positién
celerated x30 each month. The second infant's data replicate
the relationships between frequency and duration measures
shown in Figure'Z.

The recording methbdology allows the geﬁeration of other
indices of the three behaviors from the evant recorder tapes.
It is possible to chart a maximum duration measure which is
defined as the longest length of time a particular response
lasts within each session. Also, we can combine the frequency
and duration data to derive a dura;ion per occurrence measure.
Neither measure provided additionai useful infqrmation about
the two subjects. However, these measures may be useful in
other populations by being differentially sensitive to certain

systematic changes.



D. Discussion

This project was designed to demonstrate the types of de-
velopmental information that can be generated by a measurement

strategy based on continuous measurement of -changing behavior
s A

o

frequenfifi-iiif/fimg;:;¥:5:;s not designed to completely des-

cribe infant development in the prone position. To do so would

require following a larger number of children from birth until
ithe mastery of all behaviors leading to forward progression.
For example, one cannot conclude that chest lifting must occur
at a higher frequency than chin liftiﬁg for a minimum period
of six weeks before a child will make a hands & knees response.
However, the search for the parameters predicting the emergence
of new motor behaviors is possible. The proposed research stra-
tegy permits the study of likely parameters, such as: related
behaviors, the amounts of those behaviors (e.é. frequency and
duration), the time since onset of the related behaviors, and
the interactions of these measurable phenomena. A research
strategy that measures only the presence or absence of a
response can not study the parameters likely to predict the
emergence of behavior.

Two general statements are sufficiently supported by the

current data to warrant continued investigation.! First, spe-

cific forms of motor behavior change at different rates and in

S o e e e

- e

different directions within a given period of time. 1In this

S

project the frequency of chin lifting decelerated while the

frequency of the hands & knees position accelerated rapidly.

- 12 -



Second, rates of change in specific responses appear to be
similar for different children. This phenomenon is evident

from the similar celerations of the slopes in Figure 1.

e data indicate that developing behaviors change dif-

erently along the dimensions of frequency and duration Thus,

it is not possible to conclude which is the most useful data.
These two aspects of each motor position change in the same
direction for chin lifting and the hands & knees response. In
contrast, the celeration and the relaticnship between frequency
and duration were markedly different for chest lifting. The
duration of chest 1lifting accelerated rapidly and then declined,
while the frequency accelerated gradually throughout the study.
Therefore, an inverse relationship between the duration and
frequency Qf chest 1lifting appeared following an initial period
of positive covariation. Although the differences between the
two measures of chest lifting can not be explained at this time,
it is clear that continued use of both frequency and duration
measures is justified by the daﬁa.

The significant practical applications of this strategy
derive from its sensitivity to behavior change in infancy and
its ability to detect changes in thé course of development at

the time that these changes are ocbgffigg// Diminishing celer-

ations of emerging behaviors may forecast developmentél disa-
bilities or may allow rapid detection of damaging environmental
influences. Measures of behavioral celerations éppear promising
as the base against which to assess the impact of programs de-

signed to intervene in early developmental disorders. It pro-
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vides the only strategy available for precisely assessing the
effects of changes in the course of development in one beha-

vior upon future development in another.
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Figure Caption

Figure 1. Frequency changes in three prone behaviors.
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Figure Caption

Figure 2. >Frequency and duration measures of the develop-

ment of three behaviors in a single infant.
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