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(ABSTRACT)

Behavioral organization in infants can be
characterized by the integration and coordination of
component behaviors over time, mediated in part by
emerging nervous system activity. This study evaluated the
organization of behavioral states and the percentages of
time spent in particular behavioral states by preterm
infants. In addition, the effects of visual stimulation on
the organization of behavioral state and on the
development of the visual skills in preterm infants was
assessed.

Twenty preterm infants were observed at the time of
admission and discharge from the intermediate unit of a
neonatal intensive care unit. Behavioral state was
recorded and visual responsiveness assessed on both
occasions. For one group of infants, a striped visual
stimulus was placed in their incubators following the
initial observation, and removed at the time of the second
observation. A second group of control infants received no

exposure to the visual stimulus.



Results revealed that infants who were exposed to a
visual stimulus significantly decreased the number of
state changes they experienced and had significantly
higher visual responsiveness scores than infants who were
not provided a visual stimulus. The amount of increase in
the percentade of time spent in Quiet Sleep and increase
in the state stability score, a measure of consistency
among behavioral states, was nominally higher for infants
who were exposed to the visual stimulus than for infants
who were not allowed exposure to the visual stimulus.

These findings indicate that viéual stimulation can
influence the development of visual responsiveness in
preterm infants. Furthermore, exposure to a visual
stimulus appears capable of extending the amounts of time
that preterm infants spent in particular behavioral
states, thus reducing the number of state changes they
experience. The significance of these findings is
discussed in terms of preterm intervention procedures. In
addition, the possible importance of self-regulation of
sensory input for preterm infants and the clinical
implications of low and high state stability scores are

discussed.
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INTRODUCTION

Infants who are born prior to completing 37 weeks of
gestation are frequently unprepared for independent
existence in the extrauterine environment. Although the
surgical, mechanical, and chemical interventions provided
within a neonatal intensive care unit (NICU) can increase
the probability of survival of infants born preterm
(Ichord, 1986), iatrogénic effects associated with life in
the NICU may negatively affect development of the preterm
infant. For example, hearing loss of high frequencies in
preterm infants is associated with the length of time
spent in an incubator (Douek, Bannister, Dodson, Ashcroft,
& Humphries, 1876).

Features of the environment in the NICU may also
affect behavioral organization of the preterm infant. The
integration of behaviors such as physiological activity
and motor control that are important to the physiological
and behavioral functioning of the infant may be
interrupted by environmental stimulation that is
characteristic of the NICU (Als, 1978; Brazelton, 1978).
For example, tactile-kinesthetic stimulation (such as
handling)} that occurs at a time when physioclogical
functioning is unstable may interrupt the tentative
balance of the physiological systems, thereby precluding
their organization (Als, Lester, Tronick, & Brazelton,
1982). Importantly, behavioral organization may be

1
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reflected in a measure of behavioral state.

Behavioral state is believed to reflect the
convergence of processes fundamental to nervous system
function and the effects of environmental events, both
internal and external, on the infant (Thoman, Denenberg,
Sievel, Zeidner, & Becker, 1981; Thoman, 1986). States are
characterized by constellations of behaviors such as eye
and body movement, and cardiac activity that appear to be
stable and repeat themselves over time (Garbanati &
Parmelee, 1987). As periods of activity and quiescence
among the various behaviors co-occur, distinct behavioral
states emerge which become organized into patterns or
sequences of states (Thoman, 1986). Although behavioral
states and patterns of behavioral states have been
documented in full-term infants by a number of
investigators (e.g., Rose, 1983; Thoman, 1986}, less is
known about the behavioral states of preterm infants.

Because the development and organization of behaviors
is particularly difficult for the preterm infant whose
immature systems are forced to function within the
environment of the NICU, several investigators have
systematically manipulated features of the environment in
the NICU in order to facilitate the infant’s development.
Interventions with preterm infants have included tactile,
kinesthetic, vestibular, auditory, and visual stimulation.

The results of these interventions include modifications
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in behavioral organization reflected in changes in
behavioral state (e.g., Field, Schanberg, Scafidi, Bauer,
Vega-Lahr, Garcia, Nystrom, & Kuhn, 1986) and general
maturation (e.g., Powell, 1974).

Experience in the visual domain may play an important
role in the development of behavioral organization. While
the separate effects of such sensory experience as tactile-
kinesthetic or vestibular have been described, stimulation
in the visual domain has been applied only in conjunction
with stimulation in other sensory domains during
interventions with preterm infants (e.g., Scarr-Salapatek
& Williams, 1973). The responses of preterm infants to
visual stimulation alone have not been well documented.
The primary purpose of the present study was to assess the
effects of a controlled program of visual stimulation on
the organization of behavioral states and visual

responsiveness of preterm infants.

Preterm Infants
Identification of the preterm infant is based upon an
estimate of the infant’s gestational age. Methods for
assessing gestational age include evaluating neurological,
morphological, and behavioral characteristics of infants
(Amiel-Tison, 1968; Dubowitz, Dubowitz, & Goldberg, 1970),
and estimating the length of time since the mother’s last

menstrual period (e.g., High & Gorski, 1985). Infants
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whose gestational age is 37 weeks or less are considered
to be "preterm” (Battaglia & Lubchenco, 1967).

Adaptation to the extrauterine environment is often
difficult for the preterm infant. Factors which contribute
to an inabilit& to function efficiently and independently
in the extrauterine environment include the general
immaturity of the infant’s organ systems, invasive medical
interventions, and prolonged exposure to the environment
of the NICU. For example, Respiratory Distress Syndrome
(RDS) results from an inability of the infant’s immature
Jungs to support an adequate exchange of oxygen and carbon
dioxide (Ichord, 1986). When supplemental amounts of
oxygen are provided to maintain the infant’s wviability,
retinal injury resulting in retinopathy of prematurity
(ROP)} may occur. Thus, a necessary medical intervention
(i.e, supplemental oxyden} may negatively affect the
subsequent development of the infant. Exposure to other
conditions characteristic of the NICU may similarly affect
the development of the infant. The occurrence of ROP, for
example, may be associated with high levels of
illumination that are typical of the NICU environment
(Glass, Avery, Subramanian, Keys, Sostek, & Friendly,
1985). In addition, as sugdested earlier, factors
associated with preterm birth may affect not only the
physiological development of the preterm infant, but also

the development of the infant’s behavioral organization.
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Behavioral Organization

The development of behavior may be characterized as
the organization of component behaviors into
hierarchically more complex behavioral systems (Hofer,
1981; Thoman, 1986). As component behaviors are integrated
and coordinated with one another, new, hierarchically more
complex levels of organization are created from which
successive, more complex behaviors may emerge (see Als et
al., 1982; Thoman, 1986). For example, as physiological
and behavioral components, such as respiratory activity
and body movement, become coordinated with one another and
with other physiological and behavioral components
(Garbanati & Parmelee, 1987), higher order behaviors and
patterns of behavior such as periods of quiet sleep or
waking activity emerge (see Hebb, 1949).

Each successive level of behavioral organization is
characterized by properties that may be revealed only
during evaluation at that particular level of organization
(Hebb, 1949; Thoman, 1986). For example, sleeping and
waking are two broad categories of behavioral state that
may be subdivided into a series of behavioral states
(Thoman et al., 1981). Each behavioral state is
characterized by the occurrence of periods of quiescence
and activity among physiological and behavioral components
(Garbanati & Parmelee, 1981). Brain activity is one such

physiological component. An assessment of brain activity,
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however, may not accurately reflect the infant’s
behavioral state. The level of brain activity recorded
while the infant is in a quiet, alert awake state may be
comparable to a level recorded during an active sleep
state (see Kleitman, 1963). When the activity or
quiescence of a particular parameter is combined with
various levels of activity of other parameters,
categorically different behavioral states may result.
Thus, an accurate evaluation of behavioral state must be
made at a level of organization that is higher than that
of the individual parameters that become coordinated and
integrated with one another to form behavioral states.

The origins of the component behaviors that merge
during the development of behavioral organization may be
traced to the processes of the infant’s neurological
systems (Thoman, 1986; Zeskind & Marshall, in press). As
these systems mature, changes in behavioral organization
are evident. The early behavioral organization of the
preterm newborn, for example, is characterized by a
struggle to stabilize and integrate physiological
functions such as cardiac and respiratory activity,
temperature control, digestive functioning, and
elimination competence (Als, 1978; Als et al., 1982).
Those functions are known to be regulated by subcortical
structures (Bronson, 1982). As networks of neurons develop

and interlink subcortical pathways with maturing cortical
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structures, reciprocal pathways or feedback loops are
created among the structures. With the development of the
neocortex, the behaviors that were mediated by subcortical
structures (such as physioclogical activity) are thought to
become integrated with other behaviors such as sensory,
motor, and learning effects via multiple feedback loops
(Bronson, 1982). Thus, as the integration or organization
of components continues, the healthy infaﬁt develops
reliable behaviors or patterns of behavior such as
sleeping and waking that are believed to be mediated by
the nervous systems within the context of the caregiving
environment (Als, 1978; Thoman, 1986; Zeskind & Marshall,
in press).

Of course, experiences which affect the organization
of behavior may emerge from either the external or
internal environment (Hofer, 1981; Thoman, 1986). For
example, tactile and vestibular manipulations during a
period of time when physiological functioning is unstable
may infringe upon the tentative balance of the
physiological systems, thus affecting their organization
(Als et al., 1982). An internal event may similarly affect
behavioral organization. For example, infants who are
highly aroused may respond to increased visual stimulation
with an even higher level of arousal which may interfere
with their ability to show preferences for visual stimuli

(see Gardner & Karmel, 1983). Conversely, infants who are
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less aroused not only show preferences for the presented
visual stimulation, but prefer stimuli with higher spatial
and temporal frequencies. Als and her colleagues (1982)
suggest that an infant who is moderately aroused may seek
sensory stimulation. Thus, the organization of behavior
may be altered by an external event, such as stimulation
from the infant’s environmental context, or an internal
event, such as level of arousal.

The ability of the infant to integrate and modulate
these exogenous and endogenocus sources of sensory
experience may be reflected in the infant’s behavioral
organization. A well-organized infant may be identified by
an ability to respond to or to inhibit a response to
stimulation, to self-organize by incorporating and
utilizing environmental input, and to control and organize
periods of waking and sleeping (Als et al., 1982). Preterm
infants may be less well organized than full-term newborn
infants. For example, the performance of preterm infants
on a standardized assessment scale, the Newborn Behavioral
Assessment Scale (NBAS) (Brazelton, 1978) which reflects
the infants’ behavioral organization in response to
changes in the environment, has been found to be less than
optimal (Ferrari, Grosoli, Fontana, & Cavazzuti, 1983}).
Specifically, the performance of preterm infants was
significantly poorer than that of full-term infants on

orientation, motor performance, regulation of state, and



autonomic regulation.

Some work suggests that preterm infants may be unable
to intedrate various domains of behavior. Preterm infants,
for example, do not respond differentially to stationary
or nonstationary objects that are presented with or
without sound (Lawson, Ruff, McCarton-Daum, Kurtzberg, &
Vaughan, 1984). Further, changes in motor activity were
found not to be conjoined with cardiac responsivity during
tactile-kinesthetic stimulation (Rose, Schmidt, & Bridger,
1976 which may indicate that preterm infants may be
unable to integrate sensory experience with physioclogical
and behavioral responses. Preterm infants may also show an
important asymmetry in their responsivity to sensory
stimulation. Preterm infants who are capable of auditory
or visual attention, for example, may orient more to one
diréction than to another, and exhibit better motor
control on one side of the body than the other (Gardner,
Magnano, & Karmel, 1988). In other words, the infant’s
ability to attend to visual and auditory stimulation may
be less well organized on one side of the body than the

other.

Behavioral State

Preterm infants’ lack of behavioral organization may
be reflected in their behavioral states. Behavioral state

refers to a collection of behaviors and physiological
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parameters that recur during periods of sleep and
wakefulness. Wolff (1959) was the first to provide a
systematic and descriptive categorization of the
behavioral expressions of sleep and wakefulness in the
newborn infant that had been reported anecdotally for
nearly a century. Wolff’s inventory of behavioral states
evolved into a 6—-point state scale (Wolff, 1966) that
discriminates between Quiet and Active Sleep, Drowse,
Alert, Active and Crying states. Specifically, Quiet Sleep
is characterized by limited muscle activity, regular and
relatively slow abdominal respirations, and closed eyes
without movement. During Active Sleep, facial expressions
and other light limb movements occur, respiration is
irregular, and recurrent eye movements are evident (i.e.,
rapid eye movements or "REM"). Although the eyes are open
during a Drowsy state, they are dull and unfocused, and
the infant is relatively inactive. An Alert State is
characterized by eyes that are open and bright, and by
relatively little activity beyond pursuit of auditory and
visual stimuli. In an Active State, diffuse motor activity
involving the whole body is present. Although the eyes are
open during an Active State, they are not alert. The
Crying State is characterized by vigorous motor activity
and crying vocalizations.

The ontogeny of behavioral states in preterm infants

has been described by several investigators. Infants 24 -
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27 weeks conceptional age (i.e., weeks of gestation plus
weeks since birth) exhibit frequent body and facial
movements, including scattered eye movements, diffuse
Jjerks, and localized twitches (Dreyfus-Brisac, 1968).
Crying occurs infrequently and for brief periods of time.
Although the heart has operated previously at a fixed rate
(Berg & Berg, 1987), heart rate in infants 24 - 27 weeks
becomes more variable as central control mechanisms
develop, reflecting an increased adaptability to varying
endogenous or exogenous demands (see Stratton, 1982).
Respiration is irregular, i.e., stable breath-to-breath
intervals are uncommon and pauses between respirations are
pronounced (Prechtl, Fargel, Weinmann, & Bakker, 1979).

During the period between 30 and 35 - 38 weeks, the
full range of states from sleep to awake to alert emerdges
in the preterm infant. Gross and localized body movements
decrease significantly from previous weeks, although
localized movements occur more frequently than gross body
movements (Fukumoto, Mochizuki, Takeishi, Nomura, &
Segewa, 1981; Peirano, Curze-Dascalova, Korn, & Vincente,
1986; Prechtl et al., 1979). During this period, 30 - 35
weeks, sporadic opening of the eyes is rare (Prechtl et
al., 1979). Prolonged periods of eye opening occur in
conjunction with dampened motor movements. Longer and more
frequent periods of regular respiration are evident in

infants who are 35 weeks. Apneic episodes or dramatic
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decreases in the rate of respiration typically cease to
occur after 35 weeks. An increase in variability of heart
rate occurs in association with movements and respirations
during this period (Watanabe, Iwase, & Hara, 1973). That
is, increases or decreases in heart rate co-occur with
body movements or changes in respirations. Longer periods
of respiratory regularity begin to co-occur with an
absence of body and eye movements (Prechtl et al., 1979).
In summary, between 34 - 38 weeks, identifiable behavioral
states emerge as quiescent and active phases of several
parameters of state begin occurring together reliably for
extended periods of time (Garbanati & Parmelee, 1987).

There is disagreement, however, concerning whether
young preterm infants show detectable behavioral states.
While Garbanati and Parmelee (1987) suggest that
identifiable behavioral states do not occur before 34 - 38
weeks, others have found reliable measures of behavioral
state in infants less than 34 weeks, and as yound as 28
weeks (Rose et al., 1980). Hack and colleagues (1976,
1981), for example, have argued that preterm infants as
young as 30 weeks are able to come to a Quiet Alert state
during visual stimulation. The occurrence of a Quiet Alert
state increased progressively from 31 - 36 weeks. While
the reasons for this discrepancy are still unknown, one
possible explanation is that different criteria for

behavioral state have been used. While facial movements in
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general, and eye movements in particular, have been used
to define behavioral states in some investigations (e.g.,
Hack, Muszynski, & Miranda, 1981), criteria that have been
used to determine behavioral state in other investigations
have included eye movements, motor activity, respiratory
activity, and vocalizations (e.g., Becker & Thoman, 1983}).

A second possible explanation for the discrepancy
concerning when in development behavioral states may be
observed is the frequent classification of a heterogeneous
group of infants as "preterm”. Differences may exist among
the behavioral states of 28 week and 34 week preterm
infants, but because the infants are frequently drouped by
variables such as preterm vs. full-term (e.g., Rose et
al., 1976), or as high vs. low risk for developmental
delays (e.g., Lawson et al., 1984), those differences in
behavioral states due to age may not be well documented.

The important issue may not be whether or not preterm
infants show detectable behavioral states, but whether the
behavioral states of preterm infants are less well
organized than those of full-term infants. The performance
of preterm infants, for example, on the Regulation of
State dimension of the NBAS (Brazelton, 1978) is poorer
and more variable than the performance of full-term
newborns (Ferrari et al., 1983). Preterm infants spend
greater amounts of time awake, both alert and nonalert,

and in transition between sleeping and waking states, less
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time in Active Sleep and Drowsy States, and more time
crying when they are alone than full-term infants (Booth,
Leonard, & Thoman, 1980; Davis & Thoman, 1987; Rose,
1983). The difficulty that preterm infants experience in
getting to sleep, in waking, and in gaining a quality of
alertness may be due to a lack of coherence among the
components of behavioral states that negatively affects
their ability to organize their behavioral states
(Barnard, 1987; Barnard & Bee, 1983). As a result, the
organization of behavioral states in preterm infants has
typically been described as uneven (Parmelee, 1975; Davis

& Thoman, 1987) or even dysfunctional (Barnard, 1987).

Organization of Behavioral State

One way to assess the organization of behavioral
state is in the frequency of state changes. Horowitz
(1987) has argued that organization of behavioral state is
reflected in the amount of time an infant spends in a
state without brief interruptions. An extended period of
time in a state is indicative of few brief interruptions
or states changes, and is believed to reflect better
organization or regularity of behavioral states (Booth et
al., 1980; Watt & Strongman, 1984). Conversely, shorter
epochs of time spent in a behavioral state indicate more
frequent state chandges, or "irregular"” organization.

Infants whose rate of state changes increased over time
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were found to have less optimal developmental outcomes
than infants whose rate of state changes decreased or
remained unchanged from one observation period to another
(Thoman, Davis, Graham, Scholz, & Rowe, 1988). For
example, the rate of state changes was observed to
increase over time in an infant who later experienced
prolonged apneic episodes and required hospitalization and
resuscitation. The rate of state changes may be an
important indicator of regularity or irregularity in the
organization of behavioral state.

An additional manner by which the organization of
behavioral state may be assessed is in the temporal
domain. The temporal organization of behavioral state may
be evident in either a sequential or nonsequential form.
As a sequential form of behavior, young infants show a
recurring, predictable pattern in how one behavioral state
follows another. For example, infants who are 3-4 months
of age vascillate between the states of sleep and
wakefulness with a cyclic frequency of approximately 3-4
hours (Harper, Frostig, & Taube, 1983). That is, the sleep
states occur for a predictable amount of time and are
predictably followed by states of wakefulness which also
occur for a predictable amount of time. Some evidence
suggests that this sequential pattern of behavioral
organization may be evident in the newborn infant (Zeskind

& Marshall, in press), but further research appears
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necessary to clarify this issue.

In contrast to a sequential form of behavioral
ordanization, Thoman (1986) sudggests that behavioral state
may be temporally organized in a nonsequential manner that
developmentally precedes a sequential form of behavioral
organization. According to Thoman (1986}, the
nonsequential ordganization of behavioral state is
reflected in the amount of time individual infants are
observed in various behavioral states. That is, temporal
organization may be evident in how long an infant is
observed in a given behavioral state at multiple
observation periods, independent of the sequential order
of the states.

One method by which the consistency or the stability
in the temporal patterning of sleep—wake states over time
may be assessed is with the calculation of a state
stability score for each individual infant (Thoman et al.,
1981). Based upon the percentage of time that an infant
spends in each state during successive observation
periods, an individual profile of behavioral state over
time may be assembled (see Figure 1). The similarity or
the stability of those percentages of time is calculated
using an analysis of variance (ANOVA) procedure which
yields a state stability score. Inconsistencies in the
behavioral state stability profiles (see Figure 2) are

reflected in state stability scores that are low (Thoman,
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Figure 1: Individual Profiles of Behavioral Statex

These individual profiles represent the amount of time
that an infant (e.g., Subject #185 or Subject #203) spent
in each state during successive observation periods. Along
the X-axis are the behavioral states (WA: Waking Active;
QA: Quiet Alert; FC: Fuss or Cry; DT: Drowse or
Transition; AS: Active Sleep; QS: Quiet Sleep).
Percentages of time allocated to each state while the
infant was alone is shown along the Y-axis

[Week 2 (——@), Heek 3 (B—A), Week 4 (0—0),

Week 5 (O0—0)1].

*From “"The time domain in individual subject research" by
E.B. Thoman, 1986, in J. Valsiner (Ed.), The individual
subject and scientific psycholodgy, p. 195. New York:
Plenum Press.
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Figure 2: State Stability Scores

State profiles showing High Stability (Subjects #141 and
#102} and Low Stability (Subjects #214 and #27).
Corresponding state stability scores are 186.11 and 304.86
for Subjects #141 and #102, respectively, and 3.09 and
17.77 for Subjects #214 and #27, respectively. Along the
X—axis are the behavioral states (WA: Waking Active;

QA: Quiet Alert; FC: Fuss or Cry; DT: Drowse or
Transition; AS: Active Sleep; QS: Quiet Sleep).
Percentages of time allocated to each state while the
infant was alone is shown along the Y-axis

[Week 2 (o——e@), Week 3 (B—M), Week 4 (0—0},

Week 5 O—0O)1.

*From “State organization in neonates: Developmental
inconsistency indicates risk for developmental
dysfunction by E.B. Thoman et al., 1981, in
Neuropediatrics, 12, pp. 50-51.
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