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ABSTRACT 

Seven premature infants were observed for behavioral 

state and for heart rate and behavioral responses to re

peated heel stick pain during blood collection for labora

tory studies in a newborn intensive care unit. Subjects 

were studied during seven measurements to determine the 

proposed response outcomes of (1) a maintenance of a defen

sive response; (2) habituation; or (3) learned helplessness. 

Identification of response outcomes was based on the re

sponse pattern from graphical depiction of the data. Re

sults show that the majority of the subjects exhibited no 

pattern in response, but three subjects showed a trend in 

the direction of the learned helplessness pattern. No rela

tionship between wake and sleep states and the magnitude of 

response could be determined. Subjects consistently ex

hibited a motor response to the stimulus. Subjects showed 

inconsistency in their heart rate response, either no change 

in the heart rate or an increase of at least 12 beats per 

minute. 

vii 



CHAPTER I 

INTRODUCTION 

As advancements in the treatment of premature in

fants began to improve survival rates, subsequent reports 

surfaced on the eventual disposition of these infants. Ini

tial follow-up studies of premature infants found them to be 

restless, hyperactive, to have difficulty in concentrating, 

poor social achievement, fearfulness, and an excessive de

sire for affection (Provence and Lipton 1962). More recent 

studies report learning disabilities in prematures as they 

grow older (Kappelman 1971) and psychiatric abnormalities 

(Neligan, Kolvin, Scott and Garside 1976). Despite the 

medical advances that improve the premature infant's overall 

outcome, these infants continue to exhibit psychodevelopmen-

tal behaviors that are different from full-term infants 

(Prod'hom and Calame 1978; Field 1979; Caputo, Goldstein and 

Taub 1979; Sell, Luick, Poisson and Hill 1980). These find

ings served to prompt further research into premature infant 

behavior and a closer look at these infants. Authors then 

began to address the hospital environment as it related to 

the premature infant's temperament at later ages (Goldberg 

and DiVitto 1983). 

1 
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Initial reports of the hospital environment experi

enced by the premature newborn described an environment of 

stimulus deprivation. Later reports indicated that there 

was a bombardment of stimuli in the intensive care unit. 

Most recent reports, however, identify the existence of both 

deprivation and bombardment, but place emphasis on the in

appropriate patterning of stimuli (Lawson, Daum and Turke-

witz 1977). A1s, Lester and Brazelton (1979) report that 

the intensive care environment offers little opportunity for 

premature infants to experience appropriate or rewarding 

events. Consequent results from this type of environment on 

premature infants have been said to be found later in de

velopmental delays and behavioral problems (Gaiter, Avery, 

Temple, Johnson and White 1981). 

Inappropriate and incongruent events appear to be 

more prevalent for the premature infant in the intensive 

care unit than for the full-term infant at home. Environ

mental differences between these infants may be found not 

only in the types and frequencies of events or stimuli, but 

in the appropriateness or congruency of them. Reports that 

deal with the incongruent stimuli of the intensive care unit 

have been concerned with inappropriate feeding schedules and 

with auditory, visual and tactile stimulation. While 

noxious stimuli have been reported as occurring in the new

born intensive care unit (Lipsett 1979), there has been no 
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mention in the literature of how aversive, noxious or pain

ful stimuli affect the premature. 

Th3 premature infant undergoing intensive care is 

exposed not only to the discomforts and pain associated with 

disease, but also to painful medical procedures that are 

utilized in the treatment and diagnosis of the disease. The 

most frequently occurring source of pain for these infants 

may be found in the heel stick puncture associated with 

blood collection for laboratory studies. In the intensive 

care environment, it is not unusual for a premature infant 

to receive heel stick pain on a daily basis. The time that 

the heel stick is administered to the infant is dependent on 

the time of the physician's order, and independent of the 

infant's behavior at that time. The conceptual framework 

will put forth the scope of outcome responses of the prema

ture infant who is exposed to repeated painful stimulus. 

Statement of the Problem 

The specific problem identified for study is: What 

are the premature infant's heart rate and behavior responses 

to repeated heel stick pain? 

Purpose of the Study 

The study's purpose is to describe selected prema

ture infants' heart rate and behavioral responses that occur 

within five seconds after heel stick stimulus is adminis

tered for blood collection for laboratory studies during 



4 

intensive care treatment. The study describes these respon

ses as they evolve over the two-week period of time that the 

infant requires intensive care treatment. 

Significance of the Study 

It has been previously mentioned that premature in

fants exhibit behaviors later in childhood that are con

sidered maladaptive and abnormal. It may be possible that 

these infants' early experiences in the intensive care unit 

influence later behavior. If so, it would be of importance 

for the nurse caring for the premature infant to be aware of 

these infants' evolving behavioral responses, particularly 

when painful stimuli occur. With a greater knowledge of 

premature infant behavior, the nurse is able to heighten her 

sensitivity to the infant's needs and to plan and implement 

her care for optimal results to the infant. 

Conceptual Framework 

Responses of the premature infant to the heel stick 

procedure in blood collection for laboratory studies is the 

stimulus for consideration in the conceptual framework. The 

focus for the conceptual framework is the scope of responses 

to the acute type of pain that is experienced over a period 

of time by the premature infant. Response concepts to be 

considered for the framework are maintenance of a defensive 

response, habituation and learned helplessness. 



5 

The type of pain that is experienced in heel stick 

puncture is considered acute pain due to its sudden onset 

and short duration. According to Sternback (1979), acute 

pain elicits characteristic patterns of response in the hu

man adult. The responses are an increase in heart rate, 

blood pressure, respiration, peripheral blood flow and 

muscle tension. These autonomic responses exhibit a pre

dominance of sympathetic nervous system activity. The emo

tion of anxiety is often associated with acute pain and the 

autonomic patterns of response found in anxiety are identi

cal to those found with acute pain {Sternback 1979). The 

literature to date provides little information on premature 

infants' responses to pain, but one might assume the same 

sympathetic response to pain in the premature as is found in 

the adult. One would, therefore, expect to see the sympa

thetic response of an increased heart rate to the acute pain 

and its associated anxiety in the premature infant who has 

experienced heel stick puncture pain. 

Another, expected response of the premature infant to 

heel stick pain would be a defensive motor response. Bra-

zelton (1973) reports that full-term infants' responses to 

pinprick of the heel may be a localized motor response of 

the stimulated foot, the withdrawal of both feet, or a motor 

response of the entire body. In addition, Saint-Anne Dar-

gassies (1977) reports that as early as 30 weeks gestation 

the premature is able to produce a cry that is sustained and 



vigorous in response to pain. The total expected defensive 

response of the premature infant to heel stick pain would 

then be an increased heart rate, a motor response and a cry. 

The scope of response concepts that may occur when this heel 

stick stimulus is repeated over time will now be presented. 

Maintenance of the Defensive Responses 

Most students of human development believe that new

borns do not possess cognitive capability until several 

months of age. They tend to agree that the newborn's be

havior is reflexive, clumsy and unfinished. If the prema

ture infant continues to respond to the painful stimulus of 

the heel stick procedure by a defensive response of an in

creased heart rate, a motor response and a cry, it may be 

inferred that these responses are under involuntary control 

or reflexive in nature. Piaget (1952) had said that the 

newborn has no awareness or control initially, and that 

reflexive behavior operates mechanically and is triggered by 

external circumstances. There presently is much debate 

about when an infant's responses transitiona1ize from in

voluntary to voluntary behavior. Major problems lie in 

definitions for these terms and in their clinical identifi

cation. An example of this problem may be found in the 

definition that a voluntary response is one that can be 

intentionally performed or inhibited; but how can the intent 

of the newborn be determined? 
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It has been suggested that involuntary (reflexive) 

responses are more completely under stimulus control than 

voluntary (operant) responses (Brush 1971). Involuntary re

sponses would then be mediated by simpler neural mechanisms 

than voluntary responses. This distinction is similar to 

Skinner's theory of elicited and emitted responding. Yet 

another distinction may be that responses that can be modi

fied by their consequences are voluntary, and that those re

sponses in which consequences are irrelevant to the organism 

are involuntary. To determine whether or not a behavior is 

voluntary depends ultimately on finding out how to change 

its frequency and magnitude. In the reflex, the form of be

havior will be relatively fixed, but its magnitude will in

crease in the eliciting condition (Ferster and Perrott 

1968). Based on this definition, if the premature continues 

to exhibit the response of an increased heart rate with a 

motor response and cry when repeated heel stick pain is ad

ministered, this response may then be labeled as reflexive 

behavior. But what occurs if one of these responses dimin-

i shes? 

From Involuntary to Voluntary Responding 

Piaget observed to evolution of involuntary to 

voluntary behavior as occurring as early as four days after 

birth in breastfeeding infants. He described the initial 

reflex response to pressure on the infant's lips as evolving 
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into an operant performance, specifically maintained by con

tact with the nipple (Ferster and Perrott 1968). Ferster 

and Perrott (1968) found that an infant's crying was another 

response that developed from a reflexive behavior to an 

operant behavior. The distinction between crying as an 

operant or reflexive response was made by noticing whether 

the crying was a change in the infant's behavior caused by 

the external environment, or whether it was maintained be

cause it, in itself, produced an effect on the external en

vironment, which in turn increased its frequency. The au

thors state that very early in the infant's life, crying 

ceases to become solely reflexive in nature and occurs be

cause of the specific consequences which follow it. This 

phenomenon of responding has been described by White (1975) 

with infants in institutions who cried less and less as they 

approached their first year of life. He believes that these 

infants learned at some primitive level that crying in their 

environment produced nothing but fatigue. The most commonly 

identified level of such primitive learning is found in many 

organisms' ability to habituate to a stimulus. This concept 

of habituation as it applies to the premature infant's re

sponses to repeated heel stick pain will now be presented. 

Habituation 

When a pinprick is administered repeatedly to an in

fant, a response decrement may take place (Brazelton 1973) 
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and is indicative of habituation to the stimulus. While 

there is evidence from the Brazelton tests that some new

borns do habituate to pinprick pain in their behavioral re

sponse, these instances are when the stimulus is adminis

tered in five-second intervals. There is yet no evidence of 

a habituated behavioral response with time intervals of 12 

to 24 hours, the intervals to be found clinically with the 

heel stick stimulus. While it has been found that prema

tures are capable of heart rate response habituation (Schul-

man 1970), there is no evidence that this habituation occurs 

to painful stimuli. Because premature infants have exhi

bited ability to habituate to various stimuli, and thus 

learning, at some primitive level, they may be able to habi

tuate to the heel stick stimulus at the varying time inter

vals that occur during intensive care treatment. In order 

to have a true habituation to the stimulus, one would expect 

to find both a decrement in the infant's heart rate response 

and a decrement in the behavioral response. Based on evi

dence from the literature that premature infants have the 

learning capabilities to habituate, it may be possible that 

more advanced learning may be observed in how these infants 

respond to their environment. An example of such advanced 

learning may be found in the concept of learned helpless

ness. How this concept applies and appears in the premature 
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infant who received repeated painful stimuli will now be 

presented. 

Learned Helplessness 

The theory of learned helplessness (Seligman 1975) 

states that in a traumatic situation, an organism's incen

tive to initiate voluntary responses has one primary 

source—the expectation that responding will produce relief. 

In the absence of this incentive to produce relief, volun

tary responding will decrease. The incentive to initiate 

voluntary responses to control any outcome arises from the 

expectation that responding will produce that outcome. When 

an organism has learned that an outcome will occur regard

less of the response, the expectation that the response will 

influence the outcome is extinguished and the organism 

ceases to respond behaviora1 1 y. The organism has thus 

learned helplessness in response to his environment. The 

premature infant experiencing heel stick pain will now be 

examined in terms of how this concept of learned helpless

ness may arise and how it may be identified clinically. 

It has been stated that for learned helplessness to 

take place, expectations must be present as well as the 

ability to respond voluntarily. Authors have already docu

mented the newly born infant's ability to voluntarily re

spond {Piaget 1952; Ferster and Perrott 1968). How then can 

expectations be identified at such an early age as in the 
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premature infant? The term "expectation" appears to defy 

clear definition for this age group, but references may be 

found as to their occurrence in the newborn under such terms 

as "concerns," "urges" and "motivations." White (1975) 

states that the major "concern" of the newborn is comfort— 

or the absence of discomfort. He believes that the many 

stimuli that cause discomfort for the infant create in him 

an "urge" for relief or for peace. Spitz (1965) had earlier 

described this urge as the Nirvana Principle. The principle 

states that as soon as unpleasure (tension) arises, it must 

be eliminated through discharge (motor, vocal, etc.). Lewis 

and Goldberg (1973) state that an infant is capable of in

tentional behavior that is motivated by the expectation of 

producing a desired result. They believe that the control 

which emerges as a result of early contingency experience 

mediates subsequent stimulus response experiences. It is 

suggested that a motive (some type of cognitive process) is 

being developed to mediate the production of subsequent re

sponses. This motive "to behave," while dependent origin

ally on reinforcement of specific behaviors, eventually is 

based on the motive of control, or the infant's belief that 

he can effect change (Lewis and Goldberg 1973). They fur

ther add that data on animals and institutionalized infants 

prove that the acquisition of the motive to control can oc

cur within a relatively short time of a few trials. 



12 

What happens to the premature infant in an intensive 

care unit who is hungry with the expectation of being fed, 

but instead is presented with a painful stimulus of a heel 

stick puncture? In this case, the need and expectation is 

to be fed, but the stimulus received is pain rather than 

food. The pain is a stimulus over which the infant has no 

control, and it is incongruent with his expectations. The 

painful heel stick stimulus is administered according to the 

time of the day that the procedure is ordered by the physi

cian, and occurs independent of what the infant is doing at 

that time. No correlation between response and outcome 

would occur for the infant who receives a painful stimulus 

whether he is quiet, awake or crying. The painful stimulus 

occurs independent of the infant's behavior and a sense of 

control over an outcome is lost. How then would an infant's 

motivations and responses in such a situation be identified? 

Meyer (1971) states that an organism may utilize an 

aversive stimulus as a drive to energize behavior, elicit 

unconditional skeletal responses, activate escape and 

avoidance behavior, induce aggressive attack and to arouse 

fear. Observation and experimental evidence indicate that 

aversive stimuli do produce these varied responses, but that 

they cannot occur simultaneously. There is existing evi

dence that under some conditions the natural response to 

aversive stimulation is not the above cited behavior, but an 

inhibition or suppression of behavior. 
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It is this inhibition or suppression of behavior in 

response to aversive stimuli of heel stick pain which iden

tifies learned helplessness in the premature infant. This 

infant would have learned that responding has no effect on 

the outcome and that control over the outcome is not pre

sent. The pain continues to be present due to the stimulus, 

but the infant has learned that behaviorally responding has 

no consequence and he ceases to respond. Learned helpless

ness may be identified when expectations are not met, the 

situation is uncontrollable, and there is an increased heart 

rate response with a lack of a behavioral response by the 

infant. 

What is the importance of identifying learned help

lessness in the premature infant if it is considered a 

higher form of learning that habituation? The consequences 

of helplessness are conceived to be similar for adults and 

infants alike; a lack of response initiation, anxiety and de

pression. For the infant, helplessness is more deleterious 

due to the foundational stage of life and the age where the 

base of emotional and motivational structures are formed. 

If the premature infant learns helplessness while in the in

tensive care unit, implications for future problems may 

exist. According to Seligman (1975), the factor in the 

transfer of helplessness from one situation to another is 

the significance of the situation to the individual. He 
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states that helplessness may readily generalize from more 

important or traumatic events to lesser ones, but not vice 

versa. The premature infant's experiences in the intensive 

care unit may be viewed as being traumatic, particularly 

those experiences of heel stick pain. The importance of ex

periences immediately following birth have been documented 

by individuals in psychoanalysis (Rank 1924), behavioral 

psychology (Yarrow 1968), philosophy (Dubos 1981) and medi

cine (LeBoyer 1975). 

Seligman (1975) declares that the resultant state of 

helplessness is passivity and its emotional component is 

depression and anxiety. If we accept this theory and the 

proposed generalization of helplessness to other situations, 

the ability to clinically identify helplessness is of im

portance. In order to differentiate helplessness from 

habituation to the stimulus, both heart rate and behavioral 

response must be considered. The clinical definition of 

helplessness must be discriminatory for this differentiation 

to occur. Based on the theory that helplessness results in 

anxiety and a diminished behavioral response, identification 

of helplessness would be established by the maintenance of 

the heart rate response with a decrement in the behavioral 

response to the painful stimulus. This clinical definition 

of helplessness as the resulting response from repeated heel 

stick pain indicates that the premature infant continues to 

experience pain and its associated anxiety, but has learned 
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that responding behaviorally is futile. The premature in

fant would have demonstrated learned helplessness in re

sponse to the environment. The present study will determine 

the premature infants' capacities by describing their heart 

rate and behavioral responses that take place as a result of 

repeated heel stick pain. 

Conceptual and Operational Definitions 

Conceptual Definitions 

Premature infant - a 
who has a 
between 30-35 
average size 
age. 

newborn 
gestational age 
weeks and who is 
for gestational 

Behavioral state - the level 
of alertness of the subject 
prior to stimulus presenta
tion. 

Heel stick pain 
stimulus 
puncture 
to obtain 
studies. 

- a painful 
that results from the 
of a subject's heel 
blood for laboratory 

Operational Definitions 

Premature infant -
by gestational age 
at the time of hosp 
sion. Assessment 
determined by the 
Dubowitz exams, 
of Ballard scale 
dates is 0.87 and 
between the Ballard 
witz scales is 
.00001 (Ballard, 
Driver 1979). 

Behavioral state -

determined 
assessment 

ital admis-
of age is 

Ballard or 
Correlation 
with known 
correlation 
and Dubo-
0.969, p 
Novak and 

one 
on 

of six 
Brazel-categories based 

ton's criteria (1973) selected 
by investigator observation 
prior to stimulus presentation 
and documented on the data 
collection sheet. 

Heel stick pain - a painful 
stimulus produced by a lancet 
or needle's puncture of the 
skin of the heel. 

Stimulus frequency - the num
ber of heel stick procedures 
performed on a subject from 
one measurement to the follow
ing measurement. 

Stimulus frequency - the 
number of heel sticks between 
measurements and computed by 
the investigator from data on 
laboratory result sheets and 
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Behavioral response - the ob
served motor and vocal reac
tion of a subject to heel 
stick pain. 

nursing notes and documented 
on the data collection sheet. 

Behavioral response - the most 
complex category of behavior 
exhibited by the subject 
within five seconds of stimu
lus presentation by investiga
tor observation and recorded 
on the data collection sheet. 
The behavioral response cate
gories are derived from an in
vestigator pilot study of 40 
infants' responses to the 
stimulus. Categories are 
coded numerically for their 
complexity; the lower the num
ber, the lower the response, 
and the higher the number, the 
greater the response. 

Increase in behavioral re
sponse - a continuation in the 
same numbered category or a 
change to a higher numbered 
category from one measurement 
to the next measurement. 

Decrease in behavioral re
sponse 
category 
urement 
category 
ment. 

- a change in the 
number from one meas-
to a lower numbered 
for the next measure-

Heart rate response - the sub
ject' s heart rate computed 
from the baseline (pre-stimu-
lus) rate to the rate recorded 
five seconds after stimulus 
presentation. 

Heart rate response - deter
mined by investigator playback 
of a subject's tape recorded 
heart rate tracings prior to 
the stimulus for the baseline 
rate and five seconds after 
the stimulus for the post-
stimulus rate with the use of 
a stopwatch. 

Increase in heart rate re
sponse - an increase in the 
subject's baseline heart rate 
of at least five beats per 
minute and occurring within 
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Maintenance of a defense re
sponse - the reaction of a 
subject to the stimulus by an 
increase in the heart rate re
sponse and an increase in the 
behavioral response from one 
measurement to the next meas
urement. The dual increased 
response indicates an auto
nomic and motor reaction to 
the stimulus. 

Habituation - a change in the 
subject's response to the 
stimulus from an increased 
heart rate response and in
creased behavioral response on 
one measurement to a decrease 
in the heart rate response and 
a decrease in the behavioral 
response on the following 
measurement. The response in
dicates a declining autonomic 
and motor reaction to the 
stimulus. 

Learned helplessness - a con
tinued increased heart rate 
response of a subject, but 
with a decreased behavioral 
response from one measurement 
to the next measurement. The 

five seconds of stimulus pre 
sentation. 

Decrease in heart rate re
sponse - no increase in the 
subject's baseline heart rate, 
an increase of less than five 
beats per minute, or a de
crease from the baseline rate 
occurring within five seconds 
of stimulus presentation. 

Maintenance of a defense re
sponse - an increased heart 
rate response of at least five 
beats per minute from baseline 
rate within five seconds of 
the stimulus and the change of 
a behavioral category to a 
higher numbered category or 
the continuation of the cate
gory from the last measure
ment. The response to be de
termined by investigator com
putation of data collection 
sheets from one measurement to 
the next measurement. 

Habituation - a change in the 
subject's response to the 
stimulus from an increase in 
the baseline heart rate of at 
least five beats per minute 
and the most complex number of 
behavioral responses in one 
measurement to a decrease or 
no change in the baseline 
heart rate and a lower re
sponse number for the next 
measurement. The response to 
be determined by investigator 
computation from data collec
tion sheets. 

Learned helplessness - a con
tinued increase in the heart 
rate response of at least five 
beats per minute but a change 
to a lower numbered behavioral 
response from one measurement 
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response indicates the con
tinuation of the autonomic re
sponse to the stimulus and a 
declining motor response. 

to the following measurement. 
The response to be determined 
by investigator computation 
from the data collection 
sheets. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The review of the literature deals with those topics 

that pertain to the study. The types of response measure

ments that have been used in newborn studies will be pre

sented initially. The state of the subject and its effect 

on elicited responses will be examined as well as an explo

ration into the possibility of state change by data collec

tion procedures. Studies dealing with the response concepts 

of habituation, maintenance of a defense response and 

learned helplessness will conclude the literature review. 

Response Measurements 

In examining the literature of newborns' responses 

to stimuli/ the two most common studied response modes are 

the heart rate response and the behavioral response. Campos 

(1976) has recognized the value of measuring physiological 

responses in nonverbal infant subjects. She states that of 

all these physiological responses, heart rate is the most 

sensitive and reliable. When rejection of the environment 

and the blocking out of painful, distressing or distracting 

stimulation takes place, an organism's heart rate acceler

ates. When an organism is attentive and takes in the en

vironment, the heart rate tends to decrease. These 
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responses in the cardiac modality have been described 

respectively as the defensive response and the orienting re

sponse. The behavioral response is frequently used for 

measurements of response for its overtness and non-invasive-

ness for description in both infants and adults. 

State 

In describing the premature infants' responses to 

stimuli, attention should first be given to the state of the 

infant at the time of stimulation. Brazelton (1973) states 

that the reactions to stimuli must be interpreted as they 

relate to the state of consciousness of an infant, as reac

tions may vary markedly from one state to another. 

Most studies relating state to the type of response 

have been done utilizing non-noxious stimuli of lower inten

sity than the pain that is associated with the heel stick 

puncture. Lewis, Dodd and Harwitz (1969) studied full-term 

infants' responses to a nylon filament to the subject's 

cheek and found state to be a factor in the cardiac re

sponse. Pre-stimulus states were the awake and sleep 

states. They found the cardiac accelerating response to be 

present only during the sleep state. Similar findings have 

been reported previously by Lewis, Bartels and Goldberg 

(1967) whose subjects and stimuli were comparable. 

Schmidt, Rose and Bridger (1979) studied full-term 

infants' heart rates and behavioral responses to tactile 
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stimulation. Pre-stimu1 us states were active and quiet 

sleep states. Tactile stimulation was accomplished by a 

filament to the subject's abdomen. Findings indicated that 

for this stimulus, and in the state of sleep, the heart rate 

was a more sensitive indicator of response. They concluded 

that the state itself is not the determinant of the tactile 

threshold, but rather the time lapse from sleep onset. 

Others who refute the influence of state on infants' respon

siveness are Ashton (1973) who studied full-term infants' 

responses to auditory stimuli and a study by Moreau (1977) 

whose full-term infants were exposed to both auditory and 

somoesthetic stimuli. These studies found no difference in 

the subjects' responses when they were awake or asleep. The 

reports have all been made on full-term infants and not pre

matures, and the stimuli utilized were of low intensity and 

not noxious as in heel stick pain. From the existing 

literature it is difficult to determine if state will, in 

this study, influence the subjects' responses to the 

stimuli. 

State Change by Data Collection Procedures 

In the present study, there is question of the ef

fect of the audible component of the subject's cardiac moni

tor on state and the response to the stimulus. Schmidt, 

Rose and Bridger (1979) addressed this issue in a study with 

30 premature infants. Half of the subjects were given a 
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heartbeat sound during sleep before administration of light 

tactile stimulation. The response measures were heart rate 

and behavioral activity. Results indicated that during 

active sleep subjects showed a significant cardiac response 

only with the heartbeat sound. In the presence of the 

sound, the infants were able to reduce spontaneous move

ments. In the quiet sleep state, the heartbeat sound was 

found to have had no effect on either cardiac or motor re-

sponsivity. The researchers also discovered that the heart

beat sound did influence the sleep state by decreasing the 

duration of the first active sleep stage and increasing the 

duration of the first quiet sleep state. It would thus ap

pear that the heartbeat sound would have a stabilizing ef

fect for the maintenance of the sleep state and not cause a 

change to the awake state as might be anticipated. 

Habi tuation 

In examining the literature for evidence of prema

tures' responses to pain, there is nothing to be found in 

human studies. The closest stimuli that have been reported 

deal with non-noxious tactile stimulation. Some work has 

been done with this stimulus modality with pre-term infants 

(Field et al. 1980) as compared to full-term infants. Re

sults showed a maintenance of a cardiac response for both 

pre-term and full-term subjects during the study, and a 

decrement or habituation of the behavioral response for both 
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groups. The age of the pre-term subjects at the time of 

testing was term conceptual age. At this time in their 

lives, the pre-term infants did not autonomically habituate 

to the stimuli. The stimuli utilized were auditory and 

light tactile. There is a possibility that these results 

would be the same if the infants were tested at an earlier 

age, as the fetal tactile sensory modality is the earliest 

to develop and is functional by the fourth month of gesta

tion . 

Whether prematures are able to habituate to a pain

ful stimulus is difficult to determine from previous 

studies. Schulman (1970) has shown that prematures are able 

to habituate in heart rate response to an auditory stimulus. 

His study, which compared high risk and low risk prematures, 

identified that the high risk subjects showed a longer car

diac response latency than the low risk subjects. It evi

dently takes the sick premature a longer time to respond 

autonomically, at least for the auditory modality. 

Maintenance of the Defense Response 

While it appears that no direct studies have been 

done on human infants, either full-term or pre-term, in re

gard to painful stimuli, anticipated responses are put forth 

by various researchers. Thompson et al. (1973) report that 

cumulative studies indicate that the repetition of very 

strong stimuli tend to yield increased response rather than 
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response habituation. They add that habituation is directly 

related to stimulus frequency and inversely related to 

stimulus intensity. An earlier report (Graham and Clifton 

1966) states that if evoked heart rate acceleration is a 

component of a startle or defense response, difficulty in 

habituation would be expected. This is because habituation 

of startle and defense reflexes are slower than habituation 

of orienting reflexes in the newborn. The theory is sup

ported by Adkinson and Berg (1976) who declare that the 

direction of change in the heart rate is a useful index of 

the orienting and defensive behavior in newborns as well as 

older infants and adults. They confirm that the defensive 

response of increased heart rate is not rapidly habituated 

in all ages. 

Learned Helplessness 

While there would be no concern if premature infants 

possessed the ability to habituate, as this behavior is seen 

as a primitive cognitive adaptation to the environment, such 

concern would be present in a response that indicated 

learned helplessness in an infant. In 1967, Seligman put 

forth a theory of the response concept of learned helpless

ness for an organism's decrement in response to an uncon

trollable traumatic stimulus. Since that time, Seligman and 

others (1968, 1971, 1972, 1975, 1976) have studied and re

fined the theory with both human adults and animal testing. 
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The studied response has been with behavior, however, with 

no attention given to the cardiac response. Infants have 

been alluded to in some of this literature, but have yet to 

be the subjects of actual study for this theory. In addi

tion, Seligman and co-workers have not made a definite dis

tinction between habituation and learned helplessness for 

clinical differentiation. All of this research has dealt 

with rats', dogs' and human adults' lack of response to 

electric shock. The number of shocks administered per ses

sion for these studies were 64 on day one and 30 on day two 

(Seligman and Maier 1967), 80 shocks per session with a time 

interval of one minute between stimulus (Seligman and 

Beagley 1975), and 40 to 50 shocks per session with a simi

lar time interval (Maier 1970). All studies used a 24-hour 

time period between sessions. Seligman and Beagley's (1975) 

study with rats found that their subjects remained helpless 

(no behavioral response) for one week following a session of 

inescapable shock. There have been no studies to date util

izing a smaller number of stimuli per session. 

While it appears that theoretically the premature 

may learn helplessness in the newborn intensive care envi

ronment, the methods used in helplessness research have been 

dissimilar to those employed in this study. Although Selig

man (1975) states that 48 hours is the time interval needed 

for reinforcement of learned helplessness, his studies 
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employed more frequent stimulus presentation than those to 

be used in this study. Considering that electric shock and 

heel stick puncture are both aversive stimuli, it cannot be 

assumed that the two stimuli share similar properties in the 

pain that is produced. Given the differences of subjects 

used, the stimuli presented, and the number of stimuli per 

24-hour period, it is difficult to predict learned helpless

ness in this study based on previous research. 



CHAPTER III 

METHODOLOGY 

This chapter presents the study design and sample, 

procedures, instruments, reliability, the protection of 

human subjects, and the method of analysis. 

Study Design 

This is a descriptive, longitudinal type of investi

gation describing premature infants' responses to heel stick 

pain during the time the subjects are hospitalized in a new

born intensive care unit. 

Sample 

The population sample included seven premature in

fants from a Southwestern regional newborn intensive care 

unit. Selection criteria were: 

1. Admitted into the newborn intensive care unit. 

2. An expected hospital stay of at least two weeks. 

3. A gestational age between 30-35 weeks and average 

size for gestational age (determined by Dubowitz or 

Ballard scale). 

4. A five-minute Apgar score of seven or greater. 

5. Continuous electronic cardiac monitoring. 

6. No limb restraints or swaddling. 

27 
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7. No medication for sedation. 

8. Peripheral blood studies ordered by a physician at 

least once every 24 hours. 

9. Cared for in an environment open to the unit 

(radiant warmer, crib or bassinette). 

10. Parent Information Form read and agreed upon by the 

subject's parents. 

Data Collection 

A period of four months was allotted for data col

lection. Data collection times were determined by the hour 

of the day that laboratory studies were ordered by the 

physician. Each subject had seven measurements. Data col

lection measurements were done by the investigator every two 

C. 
days. This time iterval was established in order to prevent 

the subjects from familiarization with the face of the 

investigator, who was in close proximity to the subject in 

order to observe behaviors. Prevention of subject familiar

ization with the investigator eliminates the possibility of 

the subject's association with the investigator's presence 

and the impending stimulus. The two-day interval designated 

for data collection decreases the possibility of an associa

tion, but is sufficiently frequent to observe an habituated 

or learned helplessness response. 



Procedures 

Data was collected only during relatively quiet 

times in the newborn intensive care unit. "Relatively 

quiet" is defined by a noise level where personnel are talk

ing, monitors are periodically alarming and a transistor 

radio is playing. A pilot study of 40 observed heel stick 

procedures resulted in the realization that certain nursery 

procedures elevate the noise level of the environment. 

These procedures include physician rounds, the change of 

shift report, an admission of an infant, a resuscitative 

procedure, and the presence of an x-ray machine. Therefore, 

data collection was accomplished in the absence of these 

procedures in order to control for environmental influence 

on the subject's response. 

The audible component of the subject's cardiac moni

tor was turned on at least five minutes prior to the heel 

stick stimulus by laboratory personnel. This procedure was 

followed due to the potential of the auditory stimulus al

tering the subject's behavioral state. The subject's be

havioral state based on Brazelton infant state categories 

(1973) were determined and recorded on the data collection 

sheet. This behavioral state was determined immediately 

prior to heel stick stimulus. This was done due to the nur

sery practice of warming of the heel before heel stick for 

blood gas analysis samples. A pilot study conducted on 40 

infants receiving heel sticks resulted in the observation 



30 

that the unwrapping of an infant's heel can produce a be

havioral state change. Therefore, the behavioral state of 

infants whose heels were wrapped was determined after the 

unwrapping of the heel and just prior to the heel stick 

stimulus. Measurements were not made further on infants who 

were in state 6 (crying) at this time. The elimination of 

measurement was necessary because a distinction cannot be 

made between the high active state of crying and the re

sponse to the stimulus. 

A battery-operated cassette tape recorder was util

ized to record the subject's heart rate from recordings from 

the audible electronic monitor. The tape recorder recorded 

the subject's heart rate 10 seconds prior to the heel stick 

stimulus, to five seconds after the presentation of the 

stimulus. Recorder documentation of the stimulus was accom

plished by the vocalization of "S" by the investigator when 

the stimulus was introduced. The investigator vocalization 

was deemed necessary to allow for simultaneous observation 

of the subject's behavioral response. 

Behavioral responses were coded numerically for 

their complexity on the data collection sheet. The appro

priate behavioral response was recorded by the investigator 

on the data collection sheet after five seconds of observa

tion and prior to the squeezing of the heel for blood col

lection by laboratory personnel. Pre-stimulus and post-
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stimulus heart rates were interpreted from tape recorder 

playback utilizing a stopwatch. 

Instruments 

Heart Rate 

The subject's electronic cardiac monitor, a battery-

operated cassette tape recorder and a hand-held stopwatch, 

were the instruments utilized to determine the subject's 

pre-stimulus and post-stimulus heart rates. The data col

lection sheet was used to record the pre-stimulus and post-

stimulus heart rates. 

Behavioral State 

The data collection sheet was the instrument used to 

record the behavioral state of the subject. The behavioral 

state was determined by investigator observation from cate

gories put forth by Brazelton (1973). The classification of 

behavioral state categories and their definitions are: 

State 1 (Quiet sleep) - deep sleep with regular 

breathing, eyes closed, no spontaneous activity ex

cept startles or jerky movements at quite regular 

intervals; external stimuli produce startles with 

some delay; suppression of startles is rapid, and 

state changes are less likely that from other 

states. No eye movements. 
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State 2 (Active sleep) - light sleep with eyes 

closed; rapid eye movements can be observed under 

closed lids; low activity level, with random move

ments or startles or startle equivalents; movements 

are likely to be smoother and more monitored than in 

state 1; responds to internal and external stimuli 

with startle equivalents, often with a resulting 

change of state. Respirations are irregular, suck

ing movements occur off and on. 

State 3 (Drowsy) - eyes may be open or closed, 

eyelids fluttering; activity level variable, with 

interspersed, mild startles from time to time; reac

tive to sensory stimuli, but response often delayed; 

state change after stimulation frequently noted. 

Movements are smooth. 

State 4 (Quiet awake) - alert with bright look; 

seems to focus attention on source of stimulation, 

such as on an object to be sucked, or a visual or 

auditory stimulus; impinging stimuli may break 

through, but with some delay in response. Motor ac

tivity is at a minimum. 

State 5 (Active awake) - eyes open; considerable 

motor activity, with thrusting movements of the 

extremities, and even a few spontaneous startles; 

reactive to external stimulation with increase in 

startles or motor activity, but discrete reactions 
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difficult to distinguish because of general high ac

tivity level. 

State 6 (Crying) - characterized by intense crying 

which is difficult to break through with stimula

tion . 

Behavioral Response 

The subject's behavioral response was determined by 

investigator observation and recorded on the data collection 

sheet. The most complex response was selected from the time 

of the stimulus to five seconds after stimulus presentation. 

The behavioral response categories used are the result of 

data collected during a pilot study where the ivestigator 

observed 40 infants' behavioral responses to heel stick 

pain. These behavioral responses were numerically defined 

by their complexity. 

0 — no response 

1 - cry only , no • motor response 

2 _ movement of one limb 

3 - movement of one limb with cry 

4 - movement of two limbs 

5 - movement of two limbs with cry 

6 - movement of three limbs 

7 - movement of three limbs with cry 

8 - movement of four limbs 

9 - movement of four limbs with cry 
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A cry is defined as a vocalization from the infant or the 

opening of the mouth in infants with artificial airways. 

Reliability of Observations 

Prior to data collection inter-rater reliability was 

established for observation of the behavioral states and the 

behavioral responses. Ten infants were observed during the 

heel stick procedure by the investigator and a registered 

nurse. Percent reliability of 1.00 was established for be

havioral states and .80 for behavioral responses. 

Protection of Human Subjects 

The study was approved by the Human Subjects Commit

tee of the University of Arizona Health Sciences Center and 

by the University of Arizona Human Subjects Committee. A 

disclaimer form titled "Parent Information Form" was given 

to the subjects' parents due to the newborns' age. The dis

claimer form was in both English and Spanish. 

Data Analysis 

Data is presented by graphic depiction of each sub

ject's responses to the stimuli over the period of time that 

they are studied. Time is represented on the abscissa and 

the heart rate and behavioral responses represented on the 

ordinate. Response concepts of the maintenance of a defense 

response, habituation and learned helplessness is determined 

by the slope of the graph. A maintenance of the defense 
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response is identified by an upward slope to the right in 

both the cardiac and behavioral responses. Habituation is 

identified by a downward slope to the right in both cardiac 

and behavioral responses. Learned helplessness is identi

fied by a downward slope in the behavioral response and an 

upward slope in the cardiac response in the graph. Addi

tional analysis is made for the effect of the behavioral 

state on the response. States are categorized as wake and 

sleep states and represented on the ordinate and opposite 

the measurement number. The relationship between state and 

responses was then determined. 



CHAPTER IV 

RESULTS 

This chapter includes the characteristics of the 

sample and the environment of the study, modifications in 

methodology, presentation of the data and the results of the 

data. 

Characteristics of the Sample 

The sample included seven premature infants admitted 

to a Southwestern newborn intensive care unit. Mean gesta

tional age of subjects was 33.8 weeks with a gestational age 

range of 31 to 35 weeks. All subjects were average size for 

gestational age. Mean Apgar score of the infants at five 

minutes was 7.5 with a range of 7 to 9. All subjects re

ceived electronic cardiac monitoring during the study and 

none received medication for sedation or required limb re

straint. None of the subjects studied required artificial 

airways, which resulted in the subject's ability to emit an 

audible cry in all measurements. All subjects received 

peripheral blood studies ordered by a physician at least 

once a day. Measurements were conducted on subjects between 

the first and the fifteenth days of life. The mean number 

of hours between measurements for the sample was 21.1 hours 

with a range of mean hours for each subject of 10 to 36 
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hours. The mean number of heel sticks preceding measure

ments on all subjects was 2, with a range of 0 to 7. Sub

jects number 1, 2 and 3 were of Anglo parents, subjects 

number 4 and 5 were of Asian parents, and subjects number 6 

and 7 were of Hispanic parents. 

Characteristics of the Study Environment 

Data was collected in the intensive care unit during 

the hours "of 3:00 p.m. and 11:30 p.m. and between 11:30 p.m. 

and 7:00 a.m. According to study protocol, data was not 

collected on subjects during times when the noise level of 

the unit was elevated from the normal range. Therefore, 

data was not collected when physician rounds occurred, an 

admission was taking place, an x-ray procedure occurred, 

during inter-shift nursing report, or when a resuscitative 

procedure was taking place. Data was not collected during 

times of medical procedures that required the dimming of the 

room's lights. 

Effort was made by the researcher to control for the 

proximal environment of subjects and to study only those 

infants whose proximal environment was open to the unit. 

The unit's policy and physician decision, however, governed 

whether infants were housed in radiant warmers, cribs or 

isolettes. As a result, five of the subjects were studied 

in an environment open to the unit (radiant warmer or crib) 

in all seven measurements. One subject was housed in an 
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isolette on measurement number 1 and another subject in an 

isolette during measurements number 2 through 7. 

Modifications in Methodology 

The proposed time interval for subject observation 

and data collection had been determined for 48 hours. The 

activities of the intensive care unit during the period of 

data collection did not allow the researcher to follow this 

time interval with regularity. During the period of data 

collection the census and acuity of infants in the newborn 

intensive care unit necessitated the transfer of many prema

ture infants to Level II centers. This transfer often oc

curred before the infant was two weeks of age, the time 

period determined for data collection. The methodology for 

time of subject observation was then shortened to one week, 

with effort made by the investigator to maintain a regular 

time interval between measurements as opposed to the ini

tially stated 48 hours. 

Presentation of Data 

An introduction to the subject will precede graphic 

presentation. Each graph will show the subject's change in 

heart rate to the stimulus, the behavioral response, and the 

state (dichotomized to wake and sleep states from the six 

behavioral states) of the subject for seven measurements. 

Analysis of the data will follow the subject's graph. 
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Subject #1 

The subject was admitted to the intensive care unit 

with a diagnosis of Respiratory Distress Syndrome, a gesta

tional age of 34.5 weeks and average size for gestation, and 

a five minute Apgar score of 8. The subject was studied in 

an open environment of a radiant warmer for measurements 1 

through 7. Measurements were made on the subject from day 1 

of life to day 5 of life. The mean number of heel sticks 

preceding the measurements for the subject was 1.7 with a 

range of 0 to 4. 
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Figure 1. Heart Rate and Behavioral Response of Subject #1 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Data on Subject #1 exhibits an inconsistent fluctua

tion in the heart rate response and the complexity of the 

behavioral response to the heel stick stimulus. On measure

ments 1 and 5 there was .no change in the subject's heart 

rate to the stimulus. The behavioral response during meas

urement 1 was the most complex response of the movement of 

four limbs with a cry. In measurement 5, the stability of 

the heart rate during stimulus presentation might be ex

plained by the fact that the baseline heart rate at the time 

of the stimulus was 180 beats per minute. With such a high 

heart rate preceding the stimulus, there might not be an 

apparent heart rate response. There were three occasions 

when a decrease in the behavioral response was exhibited, 

but this decrease in response was not maintained. Rather, 

the subject exhibits an increased response following those 

measurements when the behavioral response began to decline. 

The subject was in a wake state at the time of all stimulus 

presentations. No pattern in response for the subject could 

be determined and no relationship between the wake state of 

the subject and the varying responses was observed. 
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Subject #2 

The subject was admitted to the intensive care unit 

with a diagnosis of Respiratory Distress Syndrome and pos

sible sepsis. The subject was 34 weeks gestation, average 

size for gestation, and had a five minute Apgar score of 7. 

The subject was studied in an open environment of a radiant 

warmer or crib during all seven measurements. Measurements 

were made on the subject from day 1 of life to day 7 of 

life. The mean number of heel sticks preceding the measure

ments for the subject was .8, with a range of 0 to 3. 
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Figure 2.  Heart Rate and Behavioral Response of Subject #2 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Subject #2 consistently exhibited a heart rate re

sponse of an increase of 5 beats per minute to the heel 

stick stimulus. The subject showed a marked heart rate 

response as seen by a minimal heart rate increase of 12 

beats per minute on three measurements. In the remaining 

four measurements the subject's heart rate increased by 24 

beats per minute from baseline rate as a response to the 

stimulus. Meausrements 3, 5, 6 and 7 show a decrease in the 

complexity of the behavioral response with time. Therefore, 

it may be said that following measurement 4, the subject 

exhibits a decline in the magnitude of the behavioral re

sponse to the stimulus. The first four measurements were 

made when the subject was in sleep states and the remaining 

measurements were made with the subject in wake states. No 

relationship is found between the state of the subject and 

the responses studied. This subject, however, shows a con

sistent heart rate response to the stimulus with a declining 

behavioral response following measurement 4. 
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Subject #3 

The subject was admitted to the intensive care unit 

with a diagnosis of prematurity, was 35 weeks gestation, 

average size for gestational age, and had a five minute 

Apgar score of 9. The subject was studied in an open en

vironment of a radiant warmer or crib for measurements 1 

through 6. During measurement 7 the subject was housed in a 

closed environment of an isolette for his inability to main

tain an adequate temperature. - Measurements were made on the 

subject from day 1 of life to day 3 of life. The mean num

ber of heel sticks preceding the measurements was .8 with a 
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Figure 3. Heart Rate and Behavioral Response of Subject #3 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Subject #3 exhibited no increase in heart rate in 

response to the stimulus in measurements 3 and 7. During 

those measurements, the baseline heart rate before stimulus 

was 168 beats per minute in measurement 3 and 180 beats per 

minute in measurement 7. The maintenance of the baseline 

heart rate during these measurements might be explained by 

the fact that in the remaining five measurements, the post-

stimulus heart rate is 168 beats per minute at its maximum. 

The subject may have been at his maximum sympathetic level 

at the time of stimulus presentation for measurements 3 and 

7. The subject's behavioral response is seen to decline 

following measurement 4, but increases with measurement 7, 

although not to the initial levels of response. Sleep 

states were identified for the subject in measurements 1, 2, 

5 and 6 and wake states in measurements 3, 4 and 7. No 

relationship between state and the heart rate and behavioral 

response is apparent. Although the subject possibly showed 

a consistent heart rate response to the stimulus, the behav

ioral response is inconsistent and does not show a definite 

trend or pattern for response outcome definition. 
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Subject #4 

The subject was admitted to the intensive care unit 

with a diagnosis of prematurity, was 35 weeks gestation, 

average size for gestational age, and had a five minute 

Apgar score of 7. The subject was in an open environment of 

a radiant warmer or crib during all seven measurements. 

Measurements were made on the subject from day 1 of life to 

day 4 of life. The mean number of heel sticks preceding 

measurements was .8 with a range of 0 to 2. 
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Figure 4. Heart Rate and Behavioral Response of Subject #4 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Subject #4 showed a consistent heart rate response 

of at least 5 beats per minute to the stimulus on measure

ments with the exception of measurement 5. During measure

ment 5, there was no increase in the baseline rate of 144 

beats per minute. On the following measurement, measurement 

6, there was a marked increase in the heart rate from 120 to 

168 beats per minute, an increase of 48 beats to the stimu

lus. Further analysis of the data finds that during these 

measurements 5 and 6 the subject was in a sleep state and 

had no preceding heel stick measurements. The behavioral 

response for both measurements 5 and 6 were similar in com

plexity. It is difficult, therefore, to determine what fac

tors caused the subject to vary so markedly in his heart 

rate response in the two measurements. In viewing the 

behavioral response of the subject during the seven measure

ments, the lowest behavioral response is found in measure

ment 1 and the highest in measurement 2. Thereafter, 

measurements 3 through 7 show a waning trend in behavioral 

response to the stimulus. The subject was in wake states 

during measurements 2 and 3 and sleep states for measure

ments 1, 4, 5, 6 and 7. There appears to be no relationship 

between the state of the subject at the time of stimulus 

presentation and the magnitude of the heart rate and behav

ioral responses. Although Subject #4 exhibits a decline in 

his behavioral response during the seven measurements, there 

is no pattern or trend found in the heart rate response. 
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Subject #5 

The subject was admitted to the intensive care unit 

with a diagnosis of Respiratory Distress Syndrome, a gesta

tional age of 35 weeks, average size for gestation, and with 

a five minute Apgar score of 7. The subject was maintained 

in an open environment of a radiant warmer during all seven 

measurements; Measurements were made on the subject from 

day 1 of life to day 5 of life. The mean number of heel 

sticks preceding measurements was 4 with a range of 1 to 6. 
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Figure 5. Heart Rate and Behavioral Response of Subject #5 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Subject #5 exhibited an increase in heart rate of 

five beats per minute in all but one of the seven measure

ments. During measurement 2 the subject exhibited no change 

in heart rate from a baseline of 144 beats per minute. An 

examination of the behavioral response finds that the most 

complex response occurred during measurement 1 and the least 

complex response during measurement 7. Following measure

ment 1 there is a clear trend in a decline of the subject's 

behavioral response. Following measurement 2, the subject 

showed a consistent heart rate response with a declining be

havioral response to the heel stick stimulus. No relation

ship between the wake state of the subject during measure

ments 3 and 7 and the sleep state in the remaining five 

measurements could be found as they related to the magnitude 

of the heart rate and the behavioral responses. 
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Subject #6 

The subject was admitted to the intensive care unit 

with a diagnosis of Respiratory Distress Syndrome, was 32 

weeks gestation and average size for gestation, and had a 

five minute Apgar score of 7. The subject was studied in an 

open environment of a radiant warmer during all seven meas

urements. Measurements were made on the subject from day 1 

of life to day 10 of life. The mean number of heel sticks 

preceding measurements was 2.7 with a range of 0 to 4. 
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Figure 6. Heart Rate and Behavioral Response of Subject #6 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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This subject exhibited an increase in heart rate 

from baseline rate in all measurements but measurement 1 

which occurred on day one of life. Thereafter the change in 

heart rate in response to the stimulus ranged between 12 and 

24 beats per minute from the baseline rate. In viewing the 

graph for the subject's behavioral response, it is noted 

that the most complex response occurred when the heart rate 

increase was at its highest. This occurred during measure

ment 2. Thereafter a decrease is seen in the behavioral re

sponse of the subject with a slight increase in response 

during measurement 7. This subject's heart rate and behav

ioral responses appear to parallel rather closely; when a 

more marked behavioral response occurred, there was a 

greater increase in the heart rate response. In examining 

the subject's responses for trends for outcome response 

definition, we find that following measurement 1 there is a 

consistent heart rate response with a declining behavioral 

response to the heel stick stimulus. The subject was in 

sleep states during measurements 2, 3 and 6. No relation

ship could be determined for the difference in state of the 

subject at time of stimulus presentation and the magnitude 

of the heart rate or behavioral response. 
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Subject #7 

The subject was admitted to the intensive care unit 

with a diagnosis of Respiratory Distress Syndrome, was 31 

weeks gestation and average size for age, and had a five 

minute Apgar score of 8. The subject was in an open envi

ronment of a radiant warmer during measurement 1. Measure

ments 2 through 7 were accomplished when the subject was in 

a closed environment of an isolette, Measurements were made 

on the subject from day 3 of life to day 15 of life. The 

mean number of heel sticks preceding measurements was 4 with 

a range of 1 to 7. state 
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Figure 7. Heart Rate and Behavioral Response of Subject #7 
to Heel Stick Stimulus During Seven Measurements 
and State of the Subject at Time of Measurement. 
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Subject: #7 exhibited an inconsistent heart rate re

sponse to the stimulus during the seven measurements. Dur

ing measurements 3 and 6 there was no change in the heart 

rate from baseline pre-stimulus rate. In the remaining five 

measurements there is an appreciable heart rate increase of 

a minimum of 12 beats per minute. The behavioral responses 

of the subject, however, show some consistency in the de

crease of the magnitude of the response. The most complex 

response is seen during measurement 1, with a decline there

after in the complexity or magnitude of response. A slight 

increase in the behavioral response is noted in measurement 

6, but the response declined again in measurement 7. Thus, 

while there is fluctuation in the heart rate of the subject 

in response to the stimulus, there is a trend toward de

creasing behavioral response over the seven measurements. 

Due to the inconsistent heart rate response, a response out

come is difficult to ascribe. No relationship could be made 

by the researcher between the state of the subject at the 

time of the stimulus presentation and the magnitude of the 

heart rate and behavioral responses. The subject was in 

sleep states during measurements 2, 3, 4, 6 and 7 and in a 

wake state during the remaining measurements, 1 and 5. 



CHAPTER V 

DISCUSSION 

This chapter includes the interpretations 

findings, implications for nursing practice, and the 

mendations for further research. 

Interpretations of the Findings 

Interpretation of the subject's responses to re

peated heel stick pain over seven measurements will be based 

on the potential response outcomes to this stimulus. These 

response outcome concepts have been introduced and defined 

in Chapter I according to the proposed outcomes of (1) main

tenance of a defense response, (2) habituation, and (3) 

learned helplessness. Variables will also be examined for 

their influence or impact upon the response outcomes of the 

subj ects. 

Maintenance of a Defensive Response 

The researcher has defined the maintenance of a de

fensive response as the subject's display of a consistent 

heart rate increase of at least five beats per minute with a 

simultaneous maintenance of the complexity of the behavioral 

response to the heel stick stimulus across measurements. 

None of the seven subjects studied exhibited responses 
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of the 

recom-
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indicative of a maintained defensive response over the seven 

measurements. As was stated earlier, the maintenance of the 

defensive response indicates a simultaneous autonomic and 

motor reaction to the stimulus which might imply a reflexive 

response. None of the subjects of this study exhibited re

sponses that reveal that they had maintained a defensive 

response to a repeated heel stick stimulus. 

Habituation 

An habituation response was defined as the eventual 

lack of heart rate response to the stimulus with a mainten

ance of a consistent level of complexity in the behavioral 

response. In this study some subjects showed no heart rate 

increase to the stimulus on occasional measurements. How

ever, these subjects always exhibited a response of a heart 

rate increase for the following measurement. Due to the 

inconsistency of the subject's heart rate response, it was 

determined that none of the subjects studied exhibited 

habituation to a repeated heel stick stimulus. 

Learned Helplessness 

The concept of learned helplessness was defined for 

clinical identification as the subject's display of the 

maintenance of the heart rate response to the stimulus, but 

with an eventual decline in the complexity or magnitude of 

the behavioral response. Three subjects in this study re

sponded in a manner that implies learned helplessness. 
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Subject 2 showed a decrease in behavioral responses follow

ing measurement 4 at four days of age. Subject 5 showed a 

decrease in the magnitude of his behavioral response fol

lowing measurement 2 at five days of age. Subject 6 showed 

a downward trend in the behavioral response after the first 

measurement at one day of age. All three subjects were in 

an open environment for all measurements and had similar 

five minute APGAR scores of 7. Admitting diagnoses were 

similar also. Differences between the subjects were found 

in their gestational ages of 32, 34 and 35 weeks. Subjects 

2 and 5 were studied until day.five of age, and subject 6 

until day 10 of age. 

In examining the data to determine why these three 

infants show a particular trend in response outcome, while 

the remaining four do not, it is noted that two other sub

jects warranted further investigation. These subjects, sub

jects 4 and 7, both exhibited a decline in their magnitude 

of behavioral response, but show a fluctuation in their 

heart rate response to the stimulus. There are no distinct 

differences in these two subjects from the three that show a 

clearer trend in responses, either in diagnosis, APGAR 

score, or days of age during measurements. No distinctions 

were found when comparing the remaining two subjects, sub

jects 1 and 3, who exhibited fluctuating responses. No 

relationship could be found between trends in responses and 
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gestational age, APGAR score, type of environment, day of 

age, state, or in the number of heel sticks that the sub

jects received during the study. Therefore it appears that 

the premature infants in this study vary widely in their re

sponses to the stimuli of repeated heel stick pain. This 

conclusion is supported by Goldberg and DiVitto (1983) who 

state that when considering the impact of early experiences 

in premature infants, each individual differs widely ac

cording to his own characteristics. 

In examining the magnitude of the heart rate re

sponse with the behavioral response within subjects, only 

subject 6 exhibited a relationship between the two respon

ses. This subject showed a positive relationship between 

the two responses, a feature that Goldberg and DiVitto 

(1983) recognize as unusual in the premature infant. There

fore, it is not surprising to see the absence of a relation

ship between the magnitude of the heart rate response and 

the magnitude of the behavioral response in the remaining 

six subjects. 

It has been stated previously in the study that at 

30 weeks gestation, infants possess the ability to emit an 

audible cry to an aversive stimulus. The study's findings 

of the frequency of cries emitted by the subjects to the 

heel stick stimulus warrants some attention. Only one sub

ject emitted a cry in six of the seven measurements and 

another in five of the seven measurements. Two other 
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subjects cried during three measurements, while three sub

jects cried as a response in only two of the measurements. 

This trait of the premature's frequency of cries has been 

addressed by Goldberg and DiVitto (1983) who state that ini

tially premature infants cry with less frequency than do 

their full-term counterparts at home. It is only when the 

preterm reaches later infancy that he exhibits a marked 

frequency of cries. 

The other forms of responses for the study, the 

heart rate and the behavioral response, are noteworthy. The 

criterion for a heart rate response to the stimulus had been 

set for an increase of at least 5 beats per minute. The 

findings indicate that if a subject responded by an in

creased heart rate, there was an increase of at least 12 

beats per minute to the stimulus. On one occasion, a sub

ject showed a heart rate response of an increased heart rate 

of 48 beats per minute. Subjects either did not respond by 

an increased heart rate to the stimulus or they responded 

markedly by a high increase in heart rate. 

The behavioral response categories were designated 

by the researcher in order to obtain the finest movement 

that could be observed readily. Complexity of the behav

ioral response was based on the number of limbs moved and if 

a cry were present. As the majority of the subjects did not 

emit cries to the stimulus, the distinction between the 
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level of behavioral response was often in the number of 

limbs moved. This fine distinction in the behavioral 

response of subjects strengthens the findings of a trend in 

a learned helplessness response for the study's three sub

jects. In conclusion, the study's findings indicate that 

while these premature infants vary markedly in their re

sponses to repeated heel stick pain, none showed trends in 

these responses that would indicate a maintained defensive 

response or habituation. Three subjects showed trends in 

responses, however, that indicate a learned helplessness re

sponse . 

The majority of this study's subjects had an in

creased heart rate to repeated heel stick stimuli and did 

not cry, while some showed a decrease in their behavioral 

response. These findings will be examined as they they 

relate to the nursing care of premature infants. 

Implications for Nursing Practice 

The study's findings indicate that these seven pre

mature infants responded differently to the stimulus of a 

heel stick puncture. We also know that only three subjects 

showed a trend in a pattern of response which has been iden

tified by the researcher as a pattern of learned helpless

ness response. It has been assumed by the researcher and 

many nurses alike that a heel stick stimulus is painful and 

aversive to all organisms. Yet there are occasions when the 
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study's subjects did not respond to the stimulus with an in

crease in heart rate, the aforementioned defensive response 

of an organism to pain. Due to these occasions of a lack of 

heart rate response, have we as nurses been correct in our 

assumption that a heel stick is painful and aversive to pre

mature infants at all times? It appears that most of the 

time these infants have exhibited the aversiveness of pain 

as seen in their dramatic increase in heart rate, but that 

at times they do not. 

Nurses must be able to identify the needs of nonver

bal patients by the observation of behaviors. It is this 

observation and assessment of behaviors in the premature in

fant that alerts the nurse to what is pleasant or aversive 

to the infant. Perhaps we should begin to question whether 

the heel stick stimulus is a painful and aversive event for 

all infants at all times, merely because it appears painful 

and aversive to adults. The foundations of perception are 

being developed in a newly born infant. Perhaps there is a 

period of time, especially for the infant born prematurely, 

when these perceptions of stimuli have not yet been firmly 

established. 

This study raises questions in the premature in

fant's experiences of stimuli. The nurse caring for such 

infants should wish to know if those experiences in inten

sive care, such as the heel stick puncture, are truly aver

sive to an infant. The study utilized the modalities of 
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heart rate and behavior as indicators of response. These 

two modalities are easily accessible information for a nurse 

in a newborn intensive care unit to obtain. The nurse comes 

equipped with assessment and observational skills, and 

nearly all infants in intensive care receive electronic car

diac monitoring. The researcher recommends that further ob

servation utilizing these response modalities of heart rate 

and behavior be incorporated in the nursing assessment of 

premature infants. In doing so, the nurse may better ascer

tain what stimuli are pleasant or aversive to the infant. 

Once nurses have the knowledge of how stimuli are experi

enced by an individual infant, they may provide more optimal 

care. 

The nurse caring for the premature infant does not 

deliver identical care to all infants, but specializes the 

care to an infant based on the individual's needs. The 

study's results indicate that this approach to individual

ized care should be extended to the individual differences 

that exist in the premature infant's experiences during in

tensive care. Until further research is conducted on the 

topic of how premature infants respond to the heel stick 

stimulus, we cannot assume that the stimulus is always pain

ful and aversive to all of these infants. The recommenda

tions on further research on premature infants' responses to 

repeated heel stick pain will now be presented. 
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Recommendations for Further Research 

This study is a first attempt to recognize response 

outcomes of premature infants who experience repeated heel 

stick. Further research and study is necessary to determine 

the occurrence and prevalence of various responses to the 

stimuli of the heel stick in premature infants. This sec

tion will now put forth modifications and recommendations 

that will aid further research into the topic. 

This study was conducted in the naturalistic en

vironment of a newborn intensive care unit where observation 

was the main method of data collection. As a result, there 

were many variables over which the researcher had no con

trol. If research could be conducted where the time period 

for observation could be extended beyond five seconds by the 

delay in the squeezing of the heel (another stimulus compo

nent of the heel stick procedure), more defined responses 

could be identified in the premature infant who is prone to 

a latent cardiac response. If it were possible for this 

research to be conducted with premature infants where con

trol over other variables such as environment, time of day, 

and the number of stimuli could be controlled for, a more 

clear study would result. However, due to the population 

and the stimulus, it is difficult for an experimental study 

to take place. It seems likely that few parents would 
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consent to their fragi1e-1ooking premature infant's being 

subjected to heel sticks at the request of a researcher. 

Utilizing a more realistic approach, it is feasible 

to recommend that observation of each heel stick a subject 

received while in intensive care would provide more informa

tion on the topic for study. By observing each heel stick a 

subject receives and extending the measurements over a 

longer period of time, more information could be obtained. 

By doing so we might find that more infants than this 

study's three subjects exhibit a learned helplessness re

sponse. We might be able to identify that a learned help

lessness response eventually wanes. By observing infants 

during each heel stick, perhaps more defined trends would be 

identified and the marked fluctuations that were seen in 

this study would be eliminated. A study designed to observe 

each heel stick a subject received would require the use of 

multiple investigators. It would be necessary for an inves

tigator to be present in the intensive care unit 24 hours a 

day due to the lack of regular scheduling of laboratory 

studies in the unit. 

It is also recommended that the use of a video 

camera be employed to observe the infant's response in order 

to eliminate investigator bias or error in observation. 

Film of a subject's behavioral response could then be re

viewed by multiple raters and an unbiased and unerred obser

vation recorded for the behavioral response. 
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The researcher believes that this initial descrip

tive study on premature infants' responses to repeated heel 

stick pain definitely warrants further research. The need 

for investigation has been identified by individuals whose 

interest lies in premature infant behavior, but has in fact 

not been the topic of much research to date. The author 

wishes to generate interest in the topic and to invite im

provements and modifications for retest by other investiga

tors on this present study. 
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U N I V E R S I T Y  H O S P I T A L  

April 12, 1983 

Patricia Anne Bowen, R.N. 
1228 N. Fremont Avenue 
Tucson, Arizona 85719 

Dear Ms. .Bowen: 

V" 
It is a pleasure to approve the study in which you propose to 
describe selected premature infants' heart rate and behavioral 
response that occur within five seconds after heel stick pain 
stimulus is administered for blood collection in laboratory 
studies during intensive care treatment. Ms. Lisa Miles, 
the Pediatric Coordinator, will be your contact person for 
the study (626-7256). Please contact her with any additional 
questions and concerns you may have. 

Sincerely, 

Ada Sue Hinshaw, R.N., Ph.D., F.A.A.N. 
Associate Director of Nursing for Research 

Nursing Department 
University Hospital 

Professor, Director of Nursing 
College of Nursing 
University of Arizona 

cc: Lisa Miles, R.N. 
Pediatric Coordinator 

ASH/kjm 



APPENDIX B 

COLLEGE OF NURSING 
HUMAN SUBJECTS APPROVAL FORM 

66 



67 

THE UNIVERSITY OF ARIZONA COLLEGE OF NURSING 

MEMORANDUM 

TO: Patricia A. Bowen 
1228 North Fremont Avenue 
Tucson, Arizona 85719 

FROM: Ada Sue Hinshaw, R.N., Ph.D. 
Director of Research 

Jan R. Atwood, R.N.Ph.D. 
Chairman, Research Committee 

DATE: March 17, 1983 

RE: Human Subjects Review: Premature Infants' Responses 
to Repeated Heel Stick Pain 

Your project has been reviewed and approved as 
exempt from University review by the College of 
Nursing Ethical Review Subcommittee of the Research 
Committee, and the Director of Research. A consent 
form with subject signature is not required for pro
jects exempt from full University review. Please 
use only a disclaimer format for subjects to read 
before giving their oral consent to the research. 
The Human Subjects Project Approval Form is filed in 
the office of the Director of Research, if you need 
access to it. 

We wish you a valuable and stimulating experience 
with your research. 

ASH:des 
8/82 
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INFORMATION FORM FOR A STUDY OF PREMATURE BABIES' 
RESPONSES TO HEEL STICK STIMULATION 

I understand that the researcher, Patricia Bowen, is 

studying premature babies' responses to the heel stick 

stimulation that is necessary for blood collection for 

laboratory studies. These laboratory studies are ordered by 

my baby's doctors so that they may better treat him/her. I 

understand that Ms. Bowen will have no influence on the 

amount of studies done on my baby or the time that they were 

done. I understand that she will be by my baby's bed when 

the procedure is done in order to observe and record my 

baby's responses. The responses that will be recorded will 

be my baby's heart rate and body movements. 

I understand that my baby has been selected for this 

study because of his/her prematurity and illness requiring 

intensive care treatment. I understand that my baby's par

ticipation in the study is strictly voluntary. If I choose 

to withdraw my baby from the study, it will in no way affect 

the medical care given by the doctors and nurses. 

I understand that there will be no risk to my baby 

by participating in the study. There will be no direct 

benefit to my baby by participating, but the knowledge ob

tained from the study may benefit future premature babies 

who require intensive care. I understand that my baby will 
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be involved in the study only for the period of time that 

he/she is in the intensive care unit. My baby's responses 

will be studied in order to determine if changes take place 

over the time that the baby is in the intensive care unit. 

While my baby's name and identity will be kept con

fidential by Ms. Bowen, I understand that the results and 

knowledge gained from the study will be shared by other pro

fessionals and health care providers. 

I understand that I may contact Ms. Bowen at any 

time for questions on the study by caller her at the unit 

(626-7578) or at home (792-0365). 

TELEPHONED INFORMATION: 

Witness Date 

Witness Date 
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FORMULARIO PARA UN ESTUDIO SOBRE LA REACCION DE BEBES 
PREMATUROS A LA ESTIMULACION PRODUCIDA POR UN PIMCHAZO 

EN EL TALON 

Entiendo que Patricia Bowen es una investigadora 

cientifica. Ella esta estudiando las reacciones de bebes 

prematuros cuando les puntacion el talon. Un pequerfo pin-

chazo en el talon es necesario para obtener muestras de san

gre para estudios de laboratorio. Los medicos que atienden 

a mi bebe han pedido muestras de sangre para estudiarlas con 

el fin de mejorar su tratamiento. Entiendo que el estudio 

de la senorita Bowen no tiene nada que ver en el numero de 

muestras que le tomen a mi bebe, ni en cuando se las tomen. 

* /w t / 
Entiendo que la senorita Bowen estara al lado de la cuna del 

bebe para observar y apuntar sus reacciones. Ella apuntara 

la frecuencia cardiaca (el numero de latidos del corazon) y 

los movimientos que haga mi bebe. 

Entiendo que mi bebe ha sido escogido para este 

estudio por ser prematuro y estar enfermo, por lo cual re-

quiere cuidado intensivo. Entiendo que nuestra participa-

cion es estrictamente voluntaria. Se que el cuidado de mi 

bebe por parte de los medicos y enfermeras no cambiara en 

modo alguno, en caso de que decidieramos retirar al bebe del 

estudio. 

Entiendo que no hay riesgos para mi bebe por parti-

cipar en el estudio. Tampoco recibira ningun beneficio di-

recto, pero lo que se aprenda por medio del estudio podra 
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beneficiar mas tarde a otros nine's prematuros que necesiten 

cuidado intensivo. Entiendo que mi bebe participara en el 

estudio por todo el tiempo en que este en la unidad de cui

dado intensivo. Las reacciones de mi bebe seran estudiadas 

para ver si cambian durante el tiempo en que este en la uni

dad de cuidado intensivo. 

El nombre y la identidad de mi bebe seran guardados 

confidenciaImente, pero los resultados y las conclusiones 

del estudio seran dados a conocer a otros profesionales en 

el campo de la salud. 

Entiendo que puedo hablar con la senorita Bowen 

cuando yo quiera y que puedo hacerle preguntas sobre el es

tudio. Entiendo que puedo llamarla al hospital al telefono 

626-7578 o a su casa al 792-0365. 

FOR TELEPHONED INFORMATION: 

Witness Date 

Witness Date 
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Data Collection Sheet 

Env ironment 

Name/Code # Gest. Age_ 

D.O.B. Date Time 

Meas. # # of H.S. from last measure 

State 

1. Quiet sleep 4. Quiet awake 

2. Active sleep 5. Active awake 

3. Drowsy 6. Crying 

Pre-stimulus heart rate 

Post-stimulus heart rate_ 

Behavioral Response 

0. no response 

1. cry only , no motor response 

2. movement of 1 limb 

3. movement of 1 limb with cry 

4. movement of 2 1 imbs 

5. movement of 2 limbs with cry 

6. movement of 3 1 imbs 

7. movement of 3 limbs with cry 

8. movement of 4 limbs 

9. movement 4 limbs with cry 
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