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ABSTRACT

Sucking, both nufritive and nbn-nutritive, is a poteﬁt soothing-
technique. Although the temporal characteristilcs of these two.
types of sucking have been documenéed little esearcﬁﬂhas
focussed on the effects sucking has on the iffant's
physiological systems, especially the effects é&licited by
non-nutritive sucking. The temporal relationship between
respiration and nutritive sdéking rates has been reported to be
1;15 of completely entrained. The coordination of these rhythms
may be necéssary to facilitate swallowing. However, entrainment
of respiration has also beéh'repofﬁgd for rocking, another
soothing teiggigue. These,findihgéfare in keeping with Lester';
'hypothesis which éuggests.thataendogenous rhythms can be
organized by external rhythms, theregy soothing the infant. The
purpose of thls 1nvest1gatlon was ﬁﬁ ‘examine the effects of
non-nutritive sucking on respiri%ion rate, respiration
,variability, and behavioural state, and to explore Lester's
hypothesis byfdocumeﬁting the temporal relationship between
respiration and non-nutritive sucking rates. Each of 20 infants
was placed in a stationary carriage. Data were recorded for a 60
second baseline period. Foliowing the 60 seconds, once two
oggsrvers agfeed that tﬁe infant had fussed/cried for 30
consecutive seconds, the infant was given thé opportunity £o
suck bn a pacifier for 4 minutes, followeﬁ by a 2-minute pgriod

of no sucking. Respiration was measured by a strain gauge

R \\,, .
transducer. State was rated continuously on an 8-point scale by
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1two,indgpendent'obsefvets, As Hypotbesized,éanqlgseé of Qarian¢§: 
on theAtéébitation dafa indicated ghatﬁinfantS‘breathéd more
tegularly during tﬂé\Suck than during the;Posﬁhgyck period. Iﬁi‘
addition, all subjectsxghowed.eQidence'of breathigé\being -
‘entrained to the speéd of the sucking. However, infahté'sﬁowed

very little,'pseudoenttainmeni' i.e,, they did‘qot maintain the. - )
‘sucking;induéed respiraiion rhythm when sucking stoppéd. The -
hypothesized behavioural state differences were supported, wi;h.
infants spending a.greater percentage of time awake nbhﬁégyfhg a
and a smaller perééhtage of time fussing/crying during the Suck
period than during the Post-suck pefiod.rThe results are

discussed in terﬁg of their comparison to previous findings on

the relationship between respiration and nutritive sucking and
&

the relationship between respiration and rocking.
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| CHAPTER 1
INTRODUCTION
1t has long been reéﬁgnizedzthat'most infants relax
completely while being nursed or when sucking their fingers, and
that even following the trauma of circumcision, young infants
will relax and femain quiet when sucking on.a nipple. ’This“

N

calming effect of sucking has been shown to be independenp,of

the rélationship to food. ~
Although the ca;ming effects of soothers, such as

non—hutritive sucking, rocking, and ;waddling are well

documented, there is és yet no adequate.éxplanation as to how

- these soothers calm‘distre;sed infants. Research has begun to

look fo‘physiological changes in the infant for*én'explanation‘

~ of the soothing phenomenon.

-Thé purpose of the present research is to determine the
effects of non-nutritive sucking, NNS, on infants' behavioural
state and on tﬁe rate and variability of their respiration, and
to examine the témporal rélatidnship between NNS rate and
respiration rate in 6rdef‘to better_understénd the relétionship

between soothing and NNS.
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‘Characteristics of Sucking:
' -

>

When an infant éﬁ;ks on an object, negative pressure is
exefted on the-objectvas the infant enlarges the mouth cavity
through lowering the jaﬁ while not allowing air to enter from

the naso-pharyngeal cavity (Weber, ﬁEBT?idge, & Baum, -1986).
AElectrophysiologicqlly, the wavefor& producedrby*g,suck can be
defined by four characteristics: (1) overalijbﬁée to peak
amplitude, (2). rate of pressure decrease fd:péak, (3) rate of
pressure recovery to baSe,Land (4) response time or length of
c&cle (Kaye, 1964). The added tempo;al v;riable of
intérresponse time is needed to describe a sucking bufst;

Various researchers use slightfyadiffe;ent criteria for

’déginiﬁg wﬁat thresholds a suck qus{ meet or exceed in order to
be called a suck. . Kéye (1964)fﬁsed the following four criteria
or thr;sholds relating to the four characteristics of a suck
respectively: (1) amﬁlitude(must exceed -7 mm of ﬁercury (Hg),
(2) change of -7 mm Hg must 6ccur in 0.5 sec or less, (3) return
- from peak ‘negative pressure must be at least 3.5 mm Hg in 1 sec,
and (4) a total response cycle from base to base (or from base

F

to beginning of next suck) must not exceed 1.5 sec.

L]
PR

Nutritive sucking occurs as a continuous series of slow
ks (Wolff, 1968; Hack, Estabrook, & Robertson, 1985). This

pattern of slow, consistent sUcking&dées not change across the
- - . %

feeding session, even towards the end of a feeding when the

infant becomes satiated (Wo;@f,»1968). \

’ —
-, 1
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Non-nutritive sucking occurs as a pattern of short bursts of

E

-fast sucking with pauses between the bursts. The méanvrbte;of

sucks per second is quite consistent from burst to burst.

However, within a burst, the duration of individual sucks varies

systematically, with the first sucks in a burst being shorter in

duration than the later ohes (Wolff, 1968). The number of
bursts per minute increases betwéénf26 and 37 gestational weeks,
while the duration of each burst is étable-across these ages
(Hack et al., 1985). This temporal organization of NNS is vé}y
similar to the spontaneous mouthing movement's observed during
sleep when an infant has no nipple (Wolff, 1987). 'The‘
characterigtic NNS sucking burst pattern cénnot be produced by

adults unless decorticate or anesthetized (Wolff,  1987).

Individual consistencies in burst length and pause durations

have beep found in non-nutritive sucking patterns. Kayé (1967)

noted that although 'individual subjects showed small minﬁte*fo
minute fluctqations, the part-whole rank—qrder correiatiqns 
between cumulative rates within th% first minute of the first 3
minute segment of sucking and totals for either the first 3
minutes or for all 9 minutes quickly asyﬁptoted at about r=.90,

indicating a consistent intersubject ranking.

Effects of Non—nutfitiversucking
NNS affects several aspects of infant behaviour and

physiology. Following are summaries of the effects of NNS on



behavioural state and respiration.

.Effects on State

Y
Effects on behavioural state and activity level (others call

.i; 'arousal') are well establishedvin the literature on NNS.
Several studies have démonstrated that sucking reduces and stops
‘Erying (Cohen, 1967; Gunnar, Fisch, & Malone, 5984; Levine &

~ Bell, 1950); decreases amount‘bf time spent in active states
(Woodson, Drink;inn & Hamilton, 1985); reduces the frequency of
state transitions (Woodson et al., 1985); and increases response
thresholds to external stimulation (Wolff & Simmons, 1967).
Such results have been found in studies both on term (Woodson et
al., 1985; Kessen, Leutzendorff & Stoufsenberg r, 1967) and
pre-term infants (Paludetto, Robertson, Hack, Shiwpuri, & .
Martin, 1984; Woodson et al., 1985), and in newborn infants
undergoing circumcision (Gunnar et al., 1984). In addition, NNS
reduces general movement, independent of _the effects

~attributable to the influence of NNS on behavioural state, as
demonstrated by within state analyses (Cohen,~1967; Kaye, 1964;
Paludetto et al., 1984; Wolff & Simmons, 1967; Woodson et al.,

1985).

The extent of reduction in motor function elicited by NNS
has been found to be a function of the infant's presti@ulus
state. The more active an infant is before intervention, the
greater the resulting decrease in activity level (Woodson et

al., 1985). Because of the reported effeztg NNS has on



behavioural state, many of the studies have controlled fér
prestimulus state by requiring the infant to be'in a specific
state before NNS commences. This method will be used in the

- present study.
" Effects on Respiratian

A number of studies have examined the effect of NNS on
respiration rate. Paludetto et al. (1§84) found no change in
respiration rate from 5 minutes of pfé-NNS to 5 minutes NNS;
However,"these researchers failed to examine sepagately the suckuﬂ
versus non-suck timg‘during the NNS period. Similarly, Matgzw,
Clarke, and Pronske (1985) found the overall pattern during the
NNS period (suck and pause combined) not to be significantly
different from respiration in a control period with respeci to
frequency, duration of inspi;atidn, duration of expiration, and
inspired tidal Jolume. However, when the sucking part of- the
NNS period was compared to the pause, respiration was
significantly faster during qpcking. There was a concurrent
reduction in all other respif;tion measurgshywith the reductions
7in duration of expiration and inspired tidal volume reachiqg
statistical significance. Thus, it’is cléar from these further
results and later research By Péludetto, Robertson, and Martin
(1986) that the lack of significant findings, or changes in
;espiration during NNS, resulted from a failure to look within
the time the infant was actually sucking. Moreover, it appears

that changes in respiration rate may be dependent on the length

of the sucking burst. Paludetto et al. (1986) found fhat



respiratory rate increased significantly dﬁring NNS bursts of
less than 6 s, but not in those of greatef than 6 s duration..
Howevef, it is possible that there were too few samples of
sucking bursts of greater than 6 s for the increased respiratioﬁ

during these sucking bursts to reach statistical significance.

On a more microscopic level, Dreier, Wolff, Cross, and
Cochran (1979) examined the pattern of breath intervals within
NNS bursts for a groﬁp of full-term infants. These researcﬁers
classified breath intervals as occuring during one of four
periods: (1) non-sucking, (2) sucking onset, (3) sucking, and
(4) sucking offset. The results were that infants breathed
faster during sucking than non~sucking. A sex difference was
nbted,‘with femaleé‘showing greater changes in breathing raie
overall. However, for both sexes,_respiratién for sucking
offset was slower than during non-sucking, and respiration'at
sucking onset was not significantly diffefent from that of
non-sucking. The finding tpat;respirati%% at sucging onset was
not significantly differentﬁt}om that of non=sucking does not
concur with the finding of Sameroff (1971) who found that
respiration rate was significantly féster at the beginning of a
_ burst than before sucking., This disciggéncy may be a function
‘of ‘the definitions of 'beginning’' or 'onset' of suck used in fhe
two studies. Sameroff (1971) used a 4 second segment, while !
Dreier et al. (1979) used only those respirations that

overlappéd or spanned the first complete suck in a burst; the

respiration samples in the Dreier et al. study were thus of



we,

varying duration with a mean duration of 1.3 seconds. Althougﬁ
only a mean breath duration was reported for sucking onset, it
is possible that all of Dreier et al.'s respiration samples were
less than the 4 seconds duration used by Sameroff (1971). The
short sémples by Dreier et al. may, therefore, account for the
lack of significant results. Another possible explanation for
the discrepancy comes from the infants' behavioural statés.>
Infants in Sameroff's (1971) study were awake, while in Dreier
et al.'s (1979) study only regular sleep (state }) episodes were

analyzed.

Dreier et al. (1979) stated that the "coupling effects
between sucking and breathing were non-linear" (p. 197), that is
to say that sucking rate and breathing rate incfeases andv
decreases were not always concurrent. However, these
researchers noted only changes in respiration rate and failed to
indicate if there was any change in the sucking rate during a
sucking burst.i Thus, the interaction between NNS raté and

respiration rate was left unclear.

»

As yet, no one has examined the effect o% NNS on respiratory
regularity, or the temporal relationship between sucking and
breathing during bursts of sucking. However, the temporal
relationship between sucking and breathing has“been examined
with respect to'nutritive sucking. Peiper (1963) examineaA
respiration and sucking movements and stated that "if the infant
has breathed and sucked regularly at all, a definite rule can

always be deduced: One or two complete sucking movements



correspond to each respiration.... As long as the respirat0f§l
and sucking cente;s function regularly, their activityhis
closely coupled.” (p. 421-422). It was also ﬁqted ;haf the
transition from the original respiratory rate to the ééspiratory
raté during sucking was established suddenly (Peiper, 1963).

However, the data referred to were not presented.

More recently, Weber, Woolridge, & Baum (1986), ysing
ultrasonicﬁbquipment, found that the breathing pattern, as
measufed by a breath sensor fixed to the baby's abdomén, seemed
to be uncoordinated with the nutritive sucking rhythm in 2- and
é-day—old infants; howéver, breathing:was fully entrained to the
sucking rhythm in 4- and 5-day-old infants. The procedure for
analyzing entraihment of respiration by sucking was not clearly
stated in this study. It appears that a visual examination was
made of the respiration trace, with markers indicating nipple.

indentation super-imposed, to assess entrainment.

>

It is possible that the entrainment of sucking and
respiration in nutritive sucking is a function of the effects of
a third variable, swallowing. Alternatively, as Peiper (1963)
suggested, sucking might organize respiratioh. This hypothesis
posits_that since ontogenetically and phylogehetically
respiration and sucking are closely linked, intense sucking
might overpower the regpiratory center and force its own rhythm
on it. NNS provides an opportunity to dissociate the three
variables, to examine the temporal relationship betyeen sucking

"and respiration independent of the effects of swallowing, and to



assess whether the alteration of breathing during sucking is
\ +

predominantly due to the-sucking act.

Unfortunately, the picture'of the relationship between
respiration and sucking may not easily be uncoverea; Suéking is
not the only variable that influences respiration. Age
influences respiration parameters. Béih Adamson et al. (1981)
and Hoppenbrouwers, Harper, Hodgman, Sternman, & McGinty (1978)
have claimed that respiration showé a definite maturational
patﬁern with rate greatest in ghe first postnatal week,
deciining thereafter, and leveling off between the third and
sixth months. 1In the Adamson et al. (1981) study, however, the
tendency for rafé to decrease with increasing age was not
statistically significaht. 1Indeed, of the 4 infarfts examined,
one showed no change and antherJ;howed a significant increase
in fatgéwith increasing‘age. Hopﬁenbrouwers et al. (197&)
recorded the respiration of infants during the first postnatal
week and at 1, 2, 3, 4, and 6 months of age. Although these
researchers claimed that "respirationrrate and variability
decreased across the agespan studied" (p. 122), the data
presented are not &nequivocal. Respiration rates were highest
durihg the first week of life. At months 1 and 2 the
respiration rates were ;Emilar, and lower than the rate for the
first'week. The lowest group of similar rates were for 3, 4,
and 6 months. A similar initial decline in respiration with a
levelling off at 3 months was reported for’réspiration

\ .
variability; however, the summary of variability data shows a
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less obvious pattern of decline than for respiration rate. The
cross-éectiongl findings of Curzi-Dascaléva, Lebrun, & Korn
(1983) also failed to support a simple lirear decline in
réspiratory rate with increasing age. These. researchers
reported no significant differences among mean respiratory 7
frequencies of three groups of infants--31-34 weeks gestational ﬁ
age (GA); 35-36 week GA énd 37-38 weeks GA--while respiratory
freqhency was siénificantly faster for the 39-41 week -GA
full-term newborns than for the younger infants. Interestingly,
respiratory frequency was also ;Afunction of GA at birth with
those prematurely born infants reaching 37-38 weeks GA having
significantly greater respiratory frequency across sleep states
than that of full-term newborns of the same GA (Curz;—Dascalova
et al., 1983). As noted, the infants in this study were not
past the normal GA at-birth; therefore, the findings do not .
necessarily conflict with the earlier findings of Adamson et al.
(1981) and Hoppenbrouwers et al. (1978). Nonetheless, it is
unclear whether or not infants' respiration rate and/or

respiration variability decreases in a linear fashion during the

first 3 months of life._

Respiration parameters are not independent of behavioural
state.. In fact, rate and variability of respirat{on are ‘often
used to define behavioural state. Wolff (1959), the first
infaﬁt researcher to provide a. descriptive categorizatioﬁ of
states in infants, distinguished these states by differences in

respiration and in type and amount of movements engaged in by

2

/
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- the infants as well as by vocalizations and opening and closing
of the eyes. Curzi-Dascalova et al. (1983) found respiratory
freq;enéy to be significantly greater in Active Sleep (AS) than
in Quiet Sleep (QS) iddependent of GA or conceptional age (CA)
in 35-41 week old infants. The difference in respiratory
f;quency between AS and QS for 30-34 week GA and 31-34 week CA
was in the same direction but failed to reach statistical
significance. In a study of eight iﬁfants examined repgatedly
at 1 week and 1, 2, 3, 4, and 6 months of age, Hoppenbrouwers et
al. (1978) reported that respiratory rate and variability were
greatest when the infant was awake (except at one week of age
when variability was the highest for the awake state, as for the
other_ageé, but when the difference between respiration rate for
the awake state and active sleep was virtually naught), lowest
during quiet sleep, and interﬁediate during active sleep. It
should be'noted, however, th%t respiration variability was one
of the variables used to define state in this study; the
conclusion that respiration véries as a function of state is
therefore not suprising, nor particularly X?luablef Moreover,
it is important to note that when respiration variability was
examined with respiration rate held constant at 25-30 breaths -
per minute, Qariability decreased independent of respiratory
rate between birth and 3 months of age in active sleep, while in
quiet sleep variability remained the same once rate was
controlled. This finding may be the result of changing activity

levels during the active sleep state across the ages.
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Authors of the studies above have made broad generalizations
about the effect of age and be ioural tate on resp1ration } :
rate and varlablllty, stating khag/%nfants respiration rate
decreases and regularity increases in postnatal weeks and that
respiration is slower and more regular during QS than during AS.
However, a thorough analysis of their results reveals numerous
limitations on these generalizations that should not be
overlooked. It is apparént that maﬁy variables may modulate
respiration parameters. These findings nonetheless point out
the necessity of considering }nfant behaviourél‘stateAand age
when attempting to accurately assess respiratofy changes

resulting from stimulation such as NNS.

Why does NNS soothe?

Wolff and Simmons (1967) put forward four hypotheses to
account for the effectiveness of non-nutritive sucking as a
soothing techniqug:

1. NNS reduces psychological energy.; This is a formulation of -
the tension-reduction hypothesis; sucking seryes as an

outlet for stored 'negative'/psychologicai energy.

2."NNS is associated with the satisfaction of feeding. This
hypothesis has been refuted by the findings reported by
Koepke and Barnes (1982) which pointed out that newborn
infants offered a pacifier spent an average of 28 minutgs

per hour sucking. The mean rate of spontaneous finger

12



sucking in the control group, not offered pacifiers, fénged
from 1.9 to 21.0 minutes per hour. All the infants in the
experimental (pacifier) group in this study sucked on
pagifiers during the first observaéion wvhen they were only a
few hours old and had never received nourishment via |
sucking, suggesting that sucking need not have been
associated with prev}ous food intake. An earlier Etudy by
Kessen et al. (1967) differentiated the pacifying effects of -
sucking from the association with food by studying infants |
prior to the1r first feedlng. Sucking on a nipple reduced
bodily movement in infants who had never been fed.‘ Kessen

et al. (1967) concluded from this woé% that the tendency of

° 5

infants to quiét when sucking is congenitally organized and

independent of the need for nutrients.

.

NNS is organized at birth in a hierarchy-of domlnant and
subordinate motor functlons, and pac;fler (or nlpple)
sucklng 1nh1b1ts subordinate diffuse motility. Any
intervention which blocks the self-stimulation of random
diffuse motility, whether it be pacifier éugking, swaddling,

or other monotonous nonpainful stimulation, reduces the

infant's excitement and eventually promotes sleep.

Lip stimulation is a specific inhibitor of diffuse motility.
This hypothesis can be viewed as a sub-hypothesis of the
previous hypothesis. 1In this case, lip stimulation is seen
as a dominant activity which blocks random motility of the

fussing infant. -



Another possible explanation of the soothing effect of NNS
is drawn from Lester's (1985) hypothesis that external rhythms
organize the 1nfant s internal rhythms, which in turn lowers
arousal and leads to more organized behaviour. More
specifically, Lester (1985) hypothesized that the infant's
internal rhythms, ;uch as respiration, could be entrained, i.e.,
show‘one—to—one temporal correspondence, to external rhythms.
In addition, he suggested that the infant should exhibit the
greatest degree of entrainmenglto frequencies of oscillation,
that match or are multiples of his or her endogenous rhythmic
timing. One way in which this hypothesis differs. from
hypotheses 3 and 4 above is that NNS serves.to organize rather
than to block or innibit infants' activity. This hypothesis is
compatible with Peiper's (1963) notion of intense sucking
overpowering the reepiratory center and forcing its own rhythm

on it.
»

The present study is designed to investigate the
relationship between NNS and the respiration parameters of rate

and variability, as well as to examine the entrainment

hypothesis. The dependent variables are behavioural state, .

respiratory rate, respiratory variability, and entrainment of

respiration by NNS. Entrainment of respiration is defined as

breathing at a rate of 1:1, 2:1, 3:1, or 4:1 compared to
sucking. Respiration and behavioural state before, during, and

after NNS are examined.

~o
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The research previously reviewed regarding the relationship
between respiration and NNS established that respiratory rate
increases during NNS bursts of 6 seconds or less (Paludetto et

. . - .

al., 1986) and that respiration is faster during sucking than

\~a//§;?ing non-sucking‘(Dféiet\et al., 1979). Little is known about

the effect - of NNS on respiratory var}ability, although the
effects that another soothgr, rocking, has on this respiration
variable have been examinea. Ambrose (1969) reportéd that
‘rggkingféecreased irreqular respiration, but he presented ns

\k\\‘supporfing data. More recently, other researchers have foﬁnd‘
that respiration is both fastgr and more regulér dufing fast
rocking than either before or after the rocking session
(MacKinnon‘et al., 1986; Fisher, 1986; Elliott,:Fisher,«& Ames;
1988) . ”Substantialzentrainment of respiration to the speed of
rocking has also been noted for most infanps, suggesting, in
line with Lester's- (1985) hypdfhesis, that entrainment or

organization of internal rhythms may in part account for the

-soothing effect of rocking (Fisher, 1986; Elliott et al., 1988).

The present study extends the work on the relationship
between rockiﬁg and respiration, hypothesizing that the same
relationships found between rocking and respiration will be

* found between NNS and reséiration, namely, that respiration will
be faster and less variable during NNS than either before or
afteri;he NNS period and ihat respiration will show evidence of

entrainmknt to the rate of sucking.

15
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Hzéotheégé -
1. Iﬁfants will cry less and spend less time in active states

during the period that includes NNS than during -the péxiods

that do not include NNS.

2. Respiratiom rate will be faster during the NNS period than

during the periods that do not include NNS.

=3

3. Respiration/ variability will be less during-the‘period~that
includes NNS than during the periods that do not include

NNS.

4. Infants will exhibit entrainment of respiration to the rate
of . sucking ﬁur;ng the NNS session, both during sucking

bursts and between sucking bursts.

16



CHAPTER 11

METHOD

Subjects 1 -
=

T

WS

i

\°
Ry

-

;%é subjectslwére 25 6- to 8-week-old infants. All were
full-term and healthy. Three male subjécts were excluded from
all analyses; two due to recording problems and one as a result
of mother inﬁerxention.) In addition, two female subjects were
excluded from all analyses because a computer anélysis program
repeatedly failgd and was unable to retrieve sufficient data
from their résbiration records. The median age at testing of
" the remaining 20 subjects, 10 males and 10 females, was 49.5

days with a range of 42 to 56 days. The mean weight at birth

for the 20 subjects was- 3630 g with a range of 2500 g to 4400 g.

Mothers' ages ranged from 23 to 37 (M = 29,8p and fathers'
age ranged from 24 to 42‘(§ = 31.6). Mothers' education.ranged
from 10 to 17 years (M = 14.0 years) and fathers' education .
ranged from 8 to 23 years (M = 13.9 years). These couples were
fecruitéd from volunteer families who had returned subject
request forms distrithed to four greaﬁer Vancouver hospiti}s.

p

Mothers were contacted by telephone'when thei; infants were the
appropriate age and were given a brief outline of the :
experimental procedure. Sixty-four percent of the 47 parents
contacted agreed to have their infants participate. Three data

collection sessions were cancelled, two by the experimenter and

17



one by a parent. Two subjects failed to arrive for scheduled

data collection sessions,

>

Apparatus

Subjects were placed iﬁ an electfically shielded,
acoustically insulated 3m x 3m room, from which the continuously
collected data were transmitted'to the control room. Two
channels of data were coliected: one channel of trespiration, and
a channel that recorded the infant's sucking., A digital button

press was also cabled to the control room recording console,

The respiration signal was obtained from a strain gauge
respiratory transducer designed at Simon Fraser by Howard F.

Gabert, P.Eng., Engineering Supervisor, Psychology Department./

Equipment to measure sucking consisted of a commércially
available rubber nipple (Tommee Tippee Model TT186) attached to
a 3.1 m length of plastic tubing with‘a diameter of .5 ¢cm and
connected to a Grass Model PTS5 Volumetric Pressure transducer.
The air pressure changes associated with sucking were

transformed into electrical signals by the pressure transducer.

Data collection and information storage were handled by a
NOVA computer 3/D 96kw with a RDOS operation system and a 10
megabyte disc. To observe the data off line it could be
displayed on an oscilloscope, or the digits could be printed on

--a line printer or plotted on an X,Y plotter. Data were

18
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collected at a sampling rate of .05 seconds, with a resulting

Nyquist frequency of 10 Hz..

An Apple IIE computer was employed for the collection and

analysis of the observers' state ratings.
Procedure

Subjects participated after béing fed and changeé. The
parent, or parents, were briefed in the subject room. Parents
then read a research information sheet (Appendix A), signed a
consent form (Appendix B), and were made fully aware that they
could wi}hdraw their child at any point. Parents'remained in
the subject room with their infant but were requested not to
make visual, auditory, or physical contact with their infant

during the session. o

During the data collection session each mother was asked to
complete a questionnaire (Appendix C) which included gquestions
on her infant's crying and sleeping behaviour and demographic

variables.

The strain gauge belt was fastened around the infant's
abdomen before the infant was placed on his or her back in the
carriage. During the entire experimental sessioh, the infant's
behavioural state was rated by two independent observers who
were positioned on either side of the carriage. The infant's

)

scale modified from

o

states were continuously rated on an 8-point

19



1

the work of Prechtl (1974):
State 1 (Quiet Sleep):
' eyes closed, no body movement.
State 2 (Active Sleep):
éyes closed, body moveﬁent.
State 3 (Drowsy):
eyelids slowly opening and closing.
State 4 (Quiet Awake):
eyes open, no movemént.
State 5 (Active awake):
eyes open, movement.
State 6 (Fussing):
intermittent cries and/or whimpers.
State 7 (Moderate crying):
steady moderate crying.
State B8 (Vigorous crying):
continuous .uninterrupted crying, with colour change and

body tension.

The infant was required to remain in each new state for a
period of five seconds before the observers rated a change into
that state. The rating was carried out via hand-held switch
boxes containing toggle switches and connected to the Apple IIE

computer. - :
\

Infant states and respiration were recorded during a (
Baseline period, the length of which was dependent on infant

§
behaviour., The first 60 s-of Baseline was recorded independent

20



of infant state, but after that time, the first time the infézg
completed 30 consecutive seconds in one of state 6 or 7, he or
she was judged to have met criterion and the sucking pacifier
was introduced. If the infant alternated between states 6 and 7
during the baseline, the 30 seconds were counted from the
beginning of the final state change, e.g., if the infant changed
from state 6 to state 7, the 30 consecutive seconds were countéd
from the beginning of state 7. This réquirememnt was tgéénsure
that the criterion states were comparable across subjeans and to

allow grouping by criterion state (6 or 7).

Once the two obsefvers.agreed that the infant had completed
30 consecutive seconds in state 6 or 7, a computer tone sounded
and the pacifier was introduced by the experimenter, who sat
beside the carriage wi;hin sight of the ihfant. The Suck period
lasted 4 minutes. 1If the'pacifierufell out of the infant's
mouth at any time‘durihg the sucking period, it was replaced by
the experimenter who also indicated, via a button press linked
to the main computer, when the pacifier ﬁad fallen out. The
Suck period was followed immediately by a 2 minute Post-suck
period during which respiration was recorded and behaviouFal

state was coded.
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CHAPTER 111

RESULTS

Baseline data

Subjects spent an average of 11 minutes 41 seconds-before
the start of the 30 s criterion period, with a range of 60

seconds (n = 4) to 40 minutes 2 seconds.

Baseline agta used for analysis included the 5 minutes prior
to the start of the 30 s criterion period, or whatever portion
of that 5 minutes an individual infant had completed. Because
of the 60 s initial period all infants had at least one ﬁinute
ofrbaseline data. The criterion 30 s was not included in any
analyses. Initially, it had been planned that subjects would be
grouped by state (6 or 7) maintained during the 30 s; however,
only 4 of the 20 subjects spent the 30 s cfiterion in state 7

and all four had less than 2 minutes of Baseline.

~ X
J
Lf

State

Inter-observer agreement

An ABC computer software program locally designed by H.
Gabert (1982) represented data’és time spent in each of the 8
states_for observer 1 and observer Zfsepérately. For the.'
pﬁrposes of analysis, the eight states recorded by observers

were grouped into three groups:



Sleep (quiet sleep, active sleep, drowsy) ‘ 5
Avake non-crying (quiet awake, activ:z awake)
Fussing/crying (fussing, moderate crying, vigorous

crying).

-y

Inter-observer agreement was calculated with two measures: Kappa
(Cohen, 1960) and proportibn of inter-rater agreement.' For each
subject the three periods were combined to create an overall
Kappa and Perceng Agreement. Kappas ranged from .21 to .98.
Péicent agreement ranged from 71.8 to 99.5. Table 1 shows

Kappas and proportion of agreement for all subjects across all

conditions of the study.
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Table 1

Ove;all Kappa and Percent Agreement for each subject

Males
Subject number Kappa Percent Agreeineht
1 .97 ) 98.8
2 .50 97.2
3 .29 E 81.9
4 .84 . 92.8
5 .99 99.5
6 . .95 3 98.3
7 .82 - -98.0
8 .95 - 96.9 ®
9 .87 99,1
10 .98 99.5
Females
11 .57 78.,.1
12 .95 . 99.0
13 .85 92.7
14 .83 ' 93.9
15 .69 90.6
16 .76 93.6
17 .21 71.8
18 .79 96.2
19 .87 99,2

20 .79 - 93.1

D | Y
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Basell ne

For the purpose of describing behavioural state during the
Baseline period, Baseline was divided into one-minute segments

for the 5 minutes immediately preceding the 30 s criterion.

For the first minute of Baseline (n- = 12), over 90%-of the
time was spent in the awake non-crying state-group (92.9% of
which was state 5). For the second, third, and fourth Baseline
minutes (n = 14 for each minute), the great majority of time was
spent in the awake non-érying state-group (all of which was

state 5, active awake). )

23

During the last minute of Baseline (N = 20), the minute
immediately preceding the 30 s criterion, the following state
breakdowns were observed: approximately 2/3 awake non%cryf%g
* (4.4% state 4 and 60.9% state 5) and 1/3 fuss/cry .(25.1% state 6
and 9.6% state 7). Figure 1 shows the percentage qf time in

each of the three state-groups across the three periods.
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Figure |

Percent of time in Sleep, Awake non-crying, and Fussing/crying

during each of the Baseline minutes
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Analyses of stfte-graups in Suck versus Post-suck periods

JTotal time (in seconds) spent in each of the three
state-groups during the Suck and Post-éuck‘pgriods vas
calculated for each subject. State was analyzed using a 3
factor repeated measures design. Period‘(Suck and Post-suck)
and States (Awake non-cry,-and Fuss/Cry) were within-subject
factors and Sex was thé between-subject factor .(Table D-1 of
Appendix D). The Baseline period could not be included in
overall state analyses as too many subjects had}zeros for
particular state groups. For the same reason, sleep was not
included in the Suck versus ?ost-suck analysis of state. There

_"was a significant main effecf of State, p <.02901 and a
significant Period x State interaction, p <.00001. There was no
effect of sex. The state data for bofh observers showed an
identical pattern of statistically significant results;
theregore,-only the results for observer 1 are repérted here.

For observer 2's results see table D-2.

Figure 2 shows the petcént of time awake non-crying and
crying/fussing dﬁring thé Suck and Post-suck perigds. Matched
‘t-tests were performed on the awake non—cryiqg and cry Qfates.
The percent of time spent'fussing or crying was significantly ©
lower duringLSuck than during Post-suck, t(19)= 4.42, p <.0003.

The percent of time spent awake non-crying was significantly

higher during Suck than during Post-suck, t(19) = 4.42 p <.0003.
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Figute 2 RN

Percent of time in Awake non-crying and Fusbing/crying States
during Suck and Post-suck
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Respiration
Respiration data were analyzed using a computer peak
detection algorithm designed by H.F. Gabert, P.dEng.:

Engineering Supervisor, Psychology Department, Simon Fraser

University. The program computed mean inter-peak intervals

(MIPI) and standard deviations of distributions of IPIs (SDIPI)
from a sample initially consisting of the first 25 positive and

first 25 negative peaks within a one-minute windor of data.

" These peaks were then filtered to remove double peaks. The

remaining portion of the peaks were used to calculate MIPIs and
SDIPIs. For Suck and Post-suck periods, the first window was

positioned at the start of the period and later windows started

_every 60 seconds thereafter for a total of four windows for the

. 'Sucking period and two windows for the Post-suck period. 1If

there was an algorithm failure due to triple peaks being
detected, the sample window Qas moved ahead by 5 seconds, up to
a maximum of 30 secon&s (6 moves), into the sample window in
order to obtain a MIPI and SDIPI for that sample.' Two female
subjec£s were excluded from analyses due to repeated algorighm
failure, No MIPIsf;nd SDIPIé could be obtained for one subject,

while for the second subject only one MIPI and SDIPI could be

retrieved for each of the Suck and Post-suck periods. For the

» remaining 20-subjeéts, the algorithm failed on a total of 20

windows. MIPIs and SDIPIs were able to be retrieved by
advancing the sample window in all but 5 cases. There was never

more than one missing MIPI-SDIPI pair for any one subject.
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Baseline data summary statistics were calculated ‘in the same
manner but were obtained by beginning the window backwards from

the onset of the 30 second fuss/cry behavioural criterion and

including only complete one- minute segments of data to a maximum -

o

~of 5 Basellne minutes.

: - Within each of the three periods (Baseline, Suck, aad
\\Eost-suck) MIPIs and SDIPIs were visually examined for trends
over time. No consistent trends over time were found for any of
the three periods. Therefore, mean SDIPI and mean MIPI were
calculated for eacﬁnsﬁbject within each period. For those
| subjects w1th missing values, the mean SDIPI and MIPI for that

period were based on one less sample value.
Respiration rate

The\mean’inter—peak intervals prg¥ided by the computer
algorithm for each minute of the experiment were converted to
breaths per minute (BPM = 60/MIPI). BPMs were analyzed by a 2
factor repeated measures analysis of variance. The
between-subject factor was Sex and the within-subject factot was
Period. The three periods were Baseline (mean based on a
maximum of five 1-minute séhples), Suck (four 1-minute samples),
and Post-suck (two 1-minute samples). A summéry £§ble of the
analysis appears in Table D-3. The analysis of variance yielded
no significant main effects or interactions. Infants' rates of
breathing did not differ significantly across periods. The mean

respiratory rate across all periods.was 61.7 BPM and 57.5 BPM
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for males and females respectively. Although there was a
tendency for males to breathe faster over all conditions, this

difference failed to reach a conventional level of significance

(p = .16). \ .

The same analysigjwas‘performed on only those subjects with
at least one minute of non-crying time S%ior to the 30 s
criterion (n=15; 7 males and 8 females) and a similar pattern of
results was found (Table D-4). There was no significant main
effect of Periods and no Period x Sex interaction. The trend
for male subjects to breathe faster across all periods was not

apparent in this analysis.

Respiration rate for the Suck period was analyzed separately.

for bursts and interbursts, and compared using a matched t-test.

For the purpose of analyses, a sucking burst was defined as two
or more consecutive sucks separated by less than .3125 s at
their adjacent bases. The .3125 criterion was employed as it
was the shortest period of time that could be accurately
measured on the subject records and it Qas apparert from the
records that .3125 seconds of no pressure change was not 4
characteristic of sucks within a burst. The beginning and end
time of each sucking burst was indicated on the plot record of
each subject. ?All the burst pe&iods and all the interburst
periods were then concatenated for the respiration data using a
concatentation program written by Malcolm P, Toms,
Programmer/Analyst at Simon Fraser University. A computer

program designed locally by Malcolm P. Toms was used to give a

¥
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SDIé?ﬂaﬁd MIPI for all reépiratiohs dﬁring the burst times and
all the respirations during the interburst times. The program
calculated interpeak intervals on burst files entered and

combined them over all the bursts to give an overall SDIPI and

MIPI for bursts and for interbursts for each subject.

Total time spent in sucking bursts for the 20 subjécts
ranged from 45.6 seconds to 216.3 seconds of the possible 240
seconds. The i:;n total burst time for females was 115.5
seconds, while the mean for males was 130.0 seconds; this
difference was not statistically significant (t(18) = 0.81, p =
0.43). The mean number of bursts for the Suck period was 18
with a mean length of 6.6 s for individual bursts. The mean
rates of respiration‘were 57.1 and 58.1 breaths per minute for

the burst and interburst times respectively (t(19) = .04, p

=.97).
Respiration variability

The stanaard de;iation of the disfributicn of inter-peak
intervals (SDIPI) was computed as a measure of respiratory
variability for each one minute window of data. Each SDIPI was’
divided by its own mean interpeak interval (SDIPI/MIPI) in order
to account for the fact that the mégnitude of the standard

istribution from

deviation is dependent upon the mean of the
which it is derived, and to allow for comparison oSS

subjects.
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A Sex x Period (Baseline, Suck, Post-suck) analysis of
,\\ )
variance of SDIPI/MIPI (Table D-5) yielded.a significant main

effect of Period, p =.0036.

Figure 3 shows mean SDIPI/MIPI during Baseliné, Suck, and

/

Post-suck.
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Figure 3

Mean respiration variability (Mean (SDIPI/MIPI)) during

Baseline, Suck, and Postrsuck
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The significant main effect of Periods reflects the fact that
infants' breathing variability was different across periods..
Separate analyses for pairs of conditions (Tables D-6, D-7, and
D-8) were carried out. Three tests were performed yielding a
required probability level per test éf .05/3 or p =.016.

Results indicated that infants had less variable respiration

during Suck than during Post-suck (t(19) = 3.59, p = .002),
while the Baseline vs Suck comparison and the Baseline versus
Post-suck comparison failed to reach significance (t(19) = 1.52,

p=.14and t = 2,17, p = .04 respectively).

Once again, the overall analysis was performed on only those
infants with at least one minute of non-crying time prior %o the .
30 s criterion (n = 15) (Table D-9) and the same general pattern
of results was found, with the main effect of Period having a P
=,0006. Variability comparision was significantly different
during Suck and Post-suck (E(14)Li 4,71, p = .003), while the
Baseline vs Suck comparison failed to reach significance (t(14)
= 1.52, p = 0.15). The Baseline vs Post-suck comparison did

reach statistical significance for this analysis (t(14) = 2.97,

p = 0.01).

In order to assess wheéther the lower variability in
respiration during the Sucking period was due largely or
exclusively to changes in respiratibn during the burst times, a
matched t-teét was performed on the respiration SDIPIs/MIPIs for
the burst versus the interburst times. The t-test indicated no-

significant difference between the variability of respiration
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during the burst and interburst times. .The mean SDIPI/MIPls

were .39 and .42 for the burst and interburst tidZS
respectively, t(19) = .94, p = .36. L,
A within state analysis was conducted to examine respiration
variability for the‘3 periods (Baseline, Suck, and Post-suck).
- Active awake (state 5) was chosen for within state analysis as
13 og:%if 20 subjects had some portion of state 5 in each
period. “Al1 other states would have yielded fewer subjects with
state samples in each period. SDIPIs and MIPIs were calculated
on combined times in state 5 for each period. Only those times
that both observers agreed the subject was in state 5 were
included in the analysis. A one-way repeated measures ANOVA
(Table D—10; indicated no significant main effect of Periods for
SDIPI/MIPI (p =.4) However, for 10 of the 13 subjects, the
vagiability was less during Suck than during Post-suck. If both
periods are-assum§d to be equally likely to contain the lowest
rariability value, the binominal'probability of ten or more of
13 Ebjects having lower variability for the suck period would

be p = .046. For 8 of the 13 subjects, the variabjlity was less

&
during Suck than durina both Baseline and Post-suc
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Entrainment of respiration by sucking

Entrainment of respiration by sucking is indicated by the
infantvbreathing at the same rate as sucking or at some mu}tiple
of that rate. The concatenated sucking burst times and
corresponding respiration files were analyzed for entrainment by
a computer progr;m written by Malcolm P. Toms,
Programmer/Analyst at Simon Fraser University. The program
counted both the number of breaths (0 - 20) that fell within _
each inter-peak interval of sucking, and the number of sucks (0
- 20) that fell within each inter-peak interval of respiration.
For each infant the number of inter-peak intervals of sucking
containing one respiration was divided by the total number of
inter-peak interQals during the four minute sucking period.
Similar peréentage measures for intervals of n respirations per

suck and n sucks per respiration were computed for each infant.

- Only two of these measures yielded high percentages: % one
breath per suck; and % two breaths per suck. The higher of
these two percentages for each infant was taken as the infant's
pefcent entrainment.‘ All but one infant had the greatest
percentage. of entrainment for one breath per suck. (For that
subject, the 1:1 entrainment percentage was 39.5 and the 2:1
entrainment was 44.2 percent). Table 2 presents entrainment
measures for the 20 infants. Percent entrainment ranged from

38.2 to 78.7 with a mean of 53.4%.
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Table 2

Entrainment of Breathing to Suckiné

% sucks entrained

MALES o FEMALES
S# % ENTRAINED  S# % ENTRAINED °
1 58.9 R 56.8
2 67.9 12 38.2
3 78.7 13 59.8
4 54.4 14 59.6
5 48.8 15 50.3
6 52.7 16 60.7
7 49.3 17 63.5
8 39.8 18 44.2*
9 49.4 19 45.2
10 41.4 20 47.8

=

-

* entrained with 2 breaths/rock
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Visual examination of a scatter plot of mean sucking rate
during bursts against mean percent of entrainment for the‘20
subjects-revealed an inverted-U relationship. Of the 9 data
points with less than 50 pefcent mean entrainment, 5 were the
lowest eitreme scores of tﬁe mean sucking gates and 3 were the

uppermost extreme values of mean sucking rate.
Persistence of entrainment during interburst intervals

In order to determine ghéther or not the entrained
respiration rhythm persisted during the interburst periods,
respiration during each interburst perioé was compared to
sucking during the immediately preéeding bﬁrst. The shorter of
the two periods, sucking burst or interburst, was used for
analysis. Therefore, if the interburst period was shorter tihan
the sucking burst, only theé last pop%ion of the sucking burst,
equal in length to the interbursg i&me, was used for analysis.
Conversely, if the interburst time was longer than the burst
time, only the first portion of the interburst, equal in length
-to the immediately preceding sucking burst, was used. Combined.
interburst periods ranged from 25.9 to 79.7 sec with a mean of

57.8 seconds. The mean number of interbursts per subject was 17

and of these, 6 on average equalled the entire preceding burst.

Respiration during interburst times were concatenated in the
same manner as the burst times, and 'pseudo-entrainment' was
calculated by running the computer entrainment program on

concatenated interburst respiration and concatenated sucking
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during ihmediafely‘pfeviéus bursts. . The term
'pseudo-entrainm;né' was used to indicate percentage of time for
which respiration during the interburst times was occurring in
rhythm with the sucking of the'previous burst. The amounf of
pseudo-entrainment for the interburst times was significantly
less thah entraihment during the bursts, t(19) = 10.79, p <
.00001. Only one subject showed an amount of pseudo-entrainment
that was high enough to be within the range of entrainments
found. The highest percentage of pseudo-entraiment for 1, 2, 3,

or 4 breaths per suck for each subject is listed in Table 3.
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- - Table 3
Pseudo-entrainment fof\Total Interburst Time

% entrained

MALES . FEMALES

S# % sS4 %

1 12,8% 11 - 7.8%
2 9,0% 12 10.7*

3 9.4*<’ 13 15.2%

4 13.8% 14  5.4%

5 52.9% 15 6. 0***

6 10.0%% 16 7, 2%%*

7 7.0% 17 7.0%

8 21.4% 18 12,5k

9 | 9.4%% and *** 19 11.9%

10 25.0%% and **xx | 20 8.8%

»*

1 breath/suck %\\M,’

** 2 breaths/suck
*** 3 preaths/suck

**** 4 hreaths/suck



.,\

4

The small percentage of interburst pseudo-entrainment that

was found seemed incongruent with the failure to find
statistically significant differences in respiration rate ‘and
respiration variability for the burst versus the interburst
times. In an effort_to understand this discrepancy, sucking
rate and sucking variability were calculated by the peak <§
detection program and for each of these'sucking measures a
comparison was made between the entire burst times and those
portions of the burst times to which interburst respiration had
been compared. The mean sucking rate during entire bursts was
66.5 sucks per minute; for the partial burst ‘times to which |
interburst respiration had been compared, it was 61.9 sucks per
minute. A paired t-test indicated no significant difference,
t(19) = .43, p = .67. For the variability measure, SDIPI/MIPI,
there was a non-significant trend for greé;er variability for

the sucking times to which interburst respiration was compared

than for entire burst times, t(19) = 1,52, p = .15.

Since no significant differences were fnund for sucking
bursts and those portions of sucking bursts that were compared
to interburst respiration, a within burst analysis was conducted
to see if fhere was any consistent pattern of changes for
sucking rate and variability. The longest burst for eadd
subject, greater than or equal in duration to the cutoff for the
uppermost one-third of the group distribution of burst durations
(7.5 s), was analyzed. Each burst was divided into 3 segments

equal in duration (early tail of the burst, middle, and late
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tail of. the burst)fr The burst of 3 subjectS'werg excluded from
analyses; one becauseuthe subject had no sucking burst greater
thah or equal to 7.5 s iﬁ“duration, and the other two because
one segment‘thérburst coﬁtained fewer than 3 peaks. ‘MIPIs ang
SDIPI/MIPls were examined for trequ over the three time
segmeﬁts within the bursfs. No;qonsistent pattern was noted for:
SDIPI/MIPI over time}" When sucking rate was examiﬁéd, it was
z;:ii;12d~that sucking rate for the early tail (first one-third
of “the burst) was faster than both of the other segments for 12
6f the 17 subjects. However, a one-way'rebeaged measures ANOVA
(Table D;11), with Segment (early, middle, and late) as the *
factor, revealed no significant effect of Segments (F(2,32) =
1.15, p = 0.33). A similar analysis of short bursts (the Surst
closest in duration to the cut-off for tﬁe lowest one-third of.
( the group distribution of kurstis) was at%empted; however, there
were too few peaks with}n the short bursts to obtain reasonable
éummary statiétics when the bursts were di&;deé/;nto threé

segments. The majority of short.bursts contained six or less

peaks of sucking.
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CHAPTER 1V

DISCUSSION

The present study was designed to explore, the relationship
between non-nutritive gucking and respiration and between
non-nutritive sucking and behavioural state. Although the study
was conducted 6n a limited Zéﬁber of subjecfs the results are
generally encouraging, as all but the hypothesis concerning

changes in respiration rate during NNS (hypothesis 2) received

some support.

Respiration ratef@és hypothesized to be faster during the
Suck period than during either the Baseline or Post-suck period,
but this hypothesis received no support. This finding is in_ |
keeping with the reports of no significant difference in
respiration rates for a period containing NNS and a control
vperiod réported‘by Paludetto et al. (1984) and Mathew et
al. (1985) but their results were shown to be due to failure to
consider burst and interburst times separately. In the presént
study, when respiration rate for combined burst times was.
compared-to combined interburst times, no sighificant difference
was found. 1t is possible that differences between the ages of
the subjects used in the present study (6-8 weeks) and the ages
of subjects used in the previous studies (newborns) of NNS may
account for the discrepant results. Perhaps older ‘subjects’
respiration rate is less easily influenced by the NNS stimulus.

The finding is also incongruent, however, with the res iration
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rate difference for bursts of less than or equal to 6 s duration

as compared to respiration during non-sucking time reported by
Paludetto et al. (1986). Perhaps in the present study many
bursts were too long to find éignificant differences in
r;spirafion between sucking and noﬂ-sucking time. The mean
burst length for the present study was 6.6 s. Paludetto et

al. (1986) found no signficant differences between respiration
rate during a control period ana rate during bursts of greater
than 6 s duration., This possibility could be examined by
looking sepérately at respiration during long bursts of sucking

and short bursts of sucking. N

Analysis of results on respiration variability revealed a
significant main effect of period, thus lending support to
hypothesis 3, that respiration would be less variable during
sucking than during non-sucking. 1Individual comparisons beéween
the periods revealed 'a significant difference for only the Suck |
versus Post-suck comparison. One possible explanation for the
lack of Baseline vs Suck difference for variability is the small
amount of baseline data for some subjects. Even with few data,
there was a trend for greater variability for the Baseline
period than for the Suck period (Q =,14). With a larger sample
of subjects, or alternately, longer Baseline for subjects
(possibly obtained by commencing the study during a sleep
period), a conventional level of statistical significance might

well be reached. The difference between respiration variability

for the combined bursts and the combined interbursts was not
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statistically significant, suggesting that what influence NNS
has on respiration is present to some degree throughout the

entire NNS period.

As yet, there is no literature on the effect of NNS on
respiratory variability with which to compare the present
findings. However, the rocking literature reports similar
changes in respiration variability with intervention. MacKinnon
et al..(1986), Fisher (1986), and Elliott et al. (1988), all
working in the same laboratory in. which the present study wés
done, have found statistically significant differences in
variability between a period of rocking and a post-rocking

period.

Changes in behavioural state cannot be ruled out as a
possible explanation for the difference between respiration
variability during Suck and Post-suck, as significant state
differences were noted between these two periods. A within
state analysis also did not conclusively rule out state
dependent changes in respiration. Although within state 5
(active awake) there was a trend for less variability during
Suck than during Post-suck, with 10 out of the 13 subjects
exhibiting this péttern; however, the difference was not
statistically significant. Again, more subjects may be reguired
to determine whether significantvrespiration variability changes
can be obtained within a state. It should be noted that
Hoppenbrouwers et al. (1978) found respiration to be most

. /
variable during the awake state. Thus, actiT¥e awake may have
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been a poor choice for within-state analysis. However, none of
the other states would have yizlded encugh subjects witﬁ state
samples in .each period to find any statistically Significant

within-state differences in respiration variability.

Subjécts in the present study showed a mean of 53.4%
respiration entrainment to the rate of sucking during bursts,
and all 20 subjects were entrained during more than one-third of
their sucks. Thus, it is apparent that entrainment is not
dependent on swallowing, as one might conclude from the
literature on nutritive sucking. The findings of entrainment in
the present studyiand in the focking studies (MacKinnon et al.,
1986; Fisher, 1986; Elliott et al., 1988) are congruent with
Lester's (1985).hypo£hesis concerning the effects of exogenous
rhythms on endogenous rhythms. The main tenet of Lester's
proposition is that if endogenous timing mechanisms maintain the
infant's homeostasis, then exogenous rhythms that entrain these
endogenous mechanisms would help to organize infant behaviour

and calm the infant.

The degree of entrainment of respiration during bursts of
sucking may be compared to the 66.5% entrainment reported by
Elliott et al. (1988) in their study of the relationship between
rocking and respiration. The lower limit of entrainment was
similar in"the rocking study aﬁd the present study; however, the
mean percentage entrainment was higher in the rocking study.
This discrepancy may be partially accounted for by the different

rates of sucking of different infants. 1In the rocking study all
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infanﬁs were rocked atreither 40 or 57 rocks per minute, while
in the present study individual infants' mean sucking rates.
during bursts ranged from 37.4 to 101.4 sucks per minute.
Visual examination og-; scatter plot of mean.reSpiratiqn rate
against mean percent entrainment for concatentated bursts
suggested that therebmay be a curvilinear relationship between

respiration rate and entrainment, such that it is difficult to

entrain respiration to the extremes of these rates.

T ——

The amplitude of ;ucking may also have geen a factor in the
mean percentage of entrainment being somewhat lower for NNS than
for rocking. The amplitude and rate of sucking was under the
infant's control, while in Elliott's study, the amplitude and
rate of rocking remained constant within a rocking period and

&e rocked over

were controlled by the experimenter; subjects we
an amplitude of 12.7 cm at eitﬁer 40 or 57 rocks per minute. In
Elliott et al.'s (1988) study more entrainment was found for the
group of infants rocked at 57 rocks per‘minute than for the
grbup rocked at 40 rocks per\minute. Pederson and Ter Vrugt
(1973) proposed that linear acceleration, a function of both
amplitude.and frequency, was the parameter determininé the
effectiveness of rocking. 1In Elliott et al.'s study, the
effects of linear acceleration and rate were completely
confounded as the amplitude of the rocker was held constant. A
parameter analogous to linear acceleration, pressure change over

time, may be the parameter accounting for entrainment for NNS,

Peiper (1963) suggested that 'intensity' would be needed to
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’entrain reséi;ation. Howéver, what was meant by the term
intensity was left unclear. It is possible thaE‘Peiper was
referring only sto rate; however, a function ;ncluding both
amplitude and rate may be compatible with the term 'intensity'
(Peiper, 1963). The importanée of total pressure chqnge'(both
amplitude'and rate) over time in calming infants and entraining
respiration has not been investigated. The relative importance
of amplitude and rate has as yet not been outlined, nor have the
limits to the relationship between amplitude and ra%e been
delineated. One could examine amplitude of sucking independent
of rate in order to see if this parameter of the stimulus is an
important factbr in»entrainment.‘ However, it is possible that
there aée rates of sucking, probably the extremes, to which

respiration will not entrain in a 1:1 fashion even with great

amplitude of each suck.

Lester (1985) suggested that individuals' endogenous rhythms
would be most likely to entrain to rhythms that are closest to,
or multiplés of, their endogenous rhythms. However, in the
present study, there was only one subject who exhibited
substantial entrainment of respiration during sucking bursts to
a multiple of the sucking rate. Why subjects failed to en;rain
to any great degree to multiples of their sucking rates is

unclear,

A second finding with respect to entrainment of respiration
was the low percentages of pseudo-entrainment during the

interburst times. As there was no significant difference in
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_either respiration rate or variability fortthe burst v§ the
interburst times, the possibility that the portion of the fg;\
sucking bursts to which interburst respiration was cpmpared was
not- representative of the overall suck and was therefore a poor
template to which to compare the respiration was explored.
Although the t-tests for sucking variability for the burst vs
the interbhrst times was not significant, it was thought
possible that the trend for greater variability of sucking for
times used for interburst respiration comparison would réach
significance if shorter portions of the sucks were used. The
mean number of interbursts per subjecg was 17 and of these, 6 on
average equalled the entire preceding burst (range of 0 to 15).
If the tails of the bursts are.more variable with respect to
rate, as suggested by Wolff (1968"), it could be that thé middle
bortion'of'bursts'have entrained respiration while the tails
show little entrainment of respiration to rate of sucking.
However, a preliminary analysis of the longest respiration burst
for each subject}did not reyeal any consistent pattern of
variability for the early, middle, and late thirds of a burst.
It is possible that the one-third portions used for analysis
were not the best choice to reveal differences that might exist

at the extreme tails.

As hypothesized, infants fussed/cried less and were awake
non-crying more during the Suck period than during the
Post-suck. These state findings are not surprising as it is

difficult to fuss/cry with an object in the mouth. The state
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results are instructive-in the light of the findings on changes
in respiration variability. It is possible that the significant
difference in respiration variability between’the Suck and the
Post-suck period- was due to a concurrent change in behavioural
state; however, this finding appears inadequate as a complete
explanation in light of the amount of entrainment found. While
a change in behavioural/étate might automatically imply a change
in respiration variability, it is difficult to see why it would
necessarily lead to a change in the amount of entrainment of

respiration by sucking.

Future research might include other types of soothing
techniques, such as auditory stimulation and swaddling, to
determine whether they have similar effects on respiration. 1If
so, it may be that respiration regularity is one of the
mechanisms underlying infant soothing. Perhaps soothing
interventions help the infant orgaaize his or her respiration by
decreasing the variability, resulting in a more contented
infant. Entrainment may be involved in organization of

behaviour and soothing (Lester, 1985).

Finally, future research may be extended to include infants
with respiratory problems, such as pre-term infants and those
with central nervous system disorders. It is possible that some
groups of infants may need more intense stimulation in order to
entrain repiration. It would also be interesting to examine.
whether entrainment is beneficial to the infant in other ways,

e.g., by promoting sleep (perhaps dependent on the rate of the
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stimulus to which respiration is entrained), aiding metabolism,
or reducing apnea in premature infants.

b,
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Appendix A

_INFORMATION SHEET FOR SUBJECTS

] PSYCHOPHYSIOLOGICAL RESEARCH ON INFANTS SOOTHING STUDY

Pacifiers are frequently used by parents to soothe their
babies. In this research we are interested in what happens to
infants' breathing when they are sucking and when they are not

sucking.’

, During the study the baby lies in a baby buggy. A belt is
placed around the baby's abdomen to allow us to record his or
her breathing.

The baby's breathing and the sucking ‘are recorded on
computer by the equipment in Dr. Davis®' psychophysiology lab
next door. In addition, the baby's state (i.e., whether the baby
is alert, asleep, crying, etc.)-is observed and recorded on the
Apple microcomputer in the same room as the baby.

The parent is free at any time to terminate any part of this’
procedure, and will make all decisions regarding the baby's
wellbeing and care (feeding, changing, dressing, comforting,

etc.) throughout the entire session.

YOUR INITIALS ON THE BACK OF THIS SHEET INDICATE THAT YOU HAVE -
READ IT.

g
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Appendix B

CONSENT FORM

As parent/guardian of ---------------------—mme—oeooo 1
consent to my baby engaging in the procedures specified in the
~ document entitled PSYCHOPHYSIOLOGICAL RESEARCH ON INFANTS:
SOOTHING STUDY, to be carried out in the human
psychophysiological research laboratory, CC4205, Simon Fraser
University, at the following time:
--------------------------------- in a research project

supervised by Dr. Elinor W. Ames of Sfmon Fraser University.

1 certify that I understand the procedures to be used and
the risks involved in taking part. I know that I have the right
to withdraw ----=--------------c-cmmmmm e from the
project at any time. I furthér understand that‘E will be the one
to make all the decisions regarding my baby's wellbeing and care
(feeding, changfﬁé, dressing, cogforting, etc.) throughout the

.

entire procedure. I realize that' any complaint about the
research may be brought to the chief researchers named above, or
te Dr. Vito Modigliani, Chairman of the Psychology Department,

~
Simon Fraser University. “w

I understand that I will receive from Dr. Elinor Ames a copy

of the result of this study, upon its completion.
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Name (please print)i-==--==cecmcccccaaaa_.
Signature:---~------- i Ty

I
Addresg:i——————~mmeem e e

Signature of witnesg:i--—-=-~-=-oc—cuo--

N,
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Appendix C

Questionnaire

Date:
1. Baby's sex: Boy Girl
2. Baby's birthdate: _
3. Baby's birthweight: gm or 1b oz
4, Was the pregnancy normal? Yes No

If there were problems during the pregnancy, what were they?

During the mother's pregnancy, how many cigarettes did she
smoke? , -

None

Less than 1 per @ay

1-2 per day y
3-5 per day

6-12 per day

13-20 per day

More than 20 per day
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6. During the mofher'é'pregnancy, how much cola, coffee and tea
> did she drink? (Do not include herbal teas or decaffeinated

coffee,) -
None
1-3 cups per month
1-6 cups per week
1-2 cups per day
3-5 cups per day

More than 5 cups per day

7. Was your baby's activity level béfore birth:
Less than average __ Averaée ____ More than average
8.Delivery was: (Check as many as apply)
vaginal

caesarean section

with problems. What problems?

9. Has the baby had any illnesses? Yes No

1f yes, please specify what illness(es):
10. Has your baby been:
breastfed?
bottlefed?
11, does the baby feed well? Yes No
12. Has the baby been introduced to solid food yet? Yes No
13. Does the baby burp

spontaneously? Often Sometimes Seldom or never

14. Does the baby
regurgitate? Often Sometimes Seldom or never
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15.

16.

17.

‘8.

19,

Does the baby vomit? Often Sometimes Seldom or never\
Following a feeding, is your baby:

easy to burp?

difficult to burp?
During a 2;Whoﬁr period, approximately how many hours is
your baby awake?

hours.

At what time of day is the baby most content (i.e., awake
and alert but not fussing or crying)?

Morning
Afternoon
Evening

‘Night

Is this a fairly regular pattern? Yes No

How long is the longest stretch of time that the baby is
continuously awake?

hours.
When does this longest awake t{ﬁe usually occur?
Morning
Afternoon
Evening

Night
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20, While awake, how much of the time does your baby move
his/her arms and legs?

21.

22.

Almost all of the time
Most of the time
Some of the time

Very little of the time

Approximately how many hours per day does the baby spend in
the following situations? (Note: the times given in A, B,
and C. should total 24 hours).

A,

Being touched by someone (include feeding, hours
changing, and bath times as well as times
carried, rocked, or held)

In a stationary apparatus (include time hours
spendt 1n a crib, cuddle seat, stationary
buggy or stroller, or on a bed, floor,

_or table)

In a moving apparatus (such as rocking hours
cradle, stroller or buggy or car seat in
motion, or an infant swing)

During the day, what do you most often do after the baby has
finished feeding?

Soothe and try to settle him/her
Play and talk with him/her

Have the baby sit and watch household activity

Other (please specify)



23, During the day, after a feeding the baby is usually:
Drowsy or asleep

Alert and content

Ready for play

Crying and(orrfussing

Other (please specify)

24, How would you describe your baby?
Easy-going
Average temperament
High strung

25. Does your baby enjoy cuddling?
Always
Sometimes
Hardly ever

26. How does your baby sleep?
Restlessly

_____ Quietly

27. Do you believe that babies should be picked 'up when they
cry?

Always

Sometimes (When?

Seldom
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28, During the day, if you think that the baby is going to start
crying, what do you usually do?

Do something to trj to prevent the crying before it
starts.

Wait for the crying to begin, and then attempt to
soothe the baby immediately.

Let the baby cry for a while before trying to soothe
him/her.

29, Overall, when your baby cries, what proportion of the time
are you able to stop his/her crying with your soothing
techniques?

% of the time

30. Approximately how many times per day does your baby cry?

Less than 5 times per day A

Between 5 and 9 times pegzday

Between 10 and 15 times per day

More than 15 times per day

31, Is there a particular time of day that your baby is most
likely to fuss and cry?

Morning
Afternoon
Evening

Night

{

Is this a fairly regular battern? Yes No

If you can name specific hours when your baby usually fusses
or cries please do.

a.m, a.m.

My baby regularly cries gng fusses from p.m. to p.m.
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N\
N

34, How long does the single longest crying episode last each
day? (Do not count periods when baby 1s fussing but never

actually cries)
S et N

Less than 2 minutes
- 2 to 5 minutes
5 to 10 minutes
10 to 30 minutes

Longer than 30 minutes

Durin§ this single longest crying period, do you try to
stop the baby's crying?

Always
Sometimes
Seldom or never
35. How long does an average crying episode last?
____ Less than 2 mi#ﬁqss
2 to 5 minutes
5 to 10 minutes
10 to 30 minutes

Longer than 30 minutes \

S

36. Has the amount of time the baby spends_crying:v
increased?
. not changed?

decreased?
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37. Have there been any periods of dramatic change in the amgunt
f crying?

Yes No -

I1f yes, please give details about the change. Was it an
increase or a decrease? How old was the baby when this

ER LX)

happened?

38. When the baby stares to cry, does the cfying usually:
| start suddenly?
start with fussing, and build to crying?
39, Was the baby's mother a difficult or COlleY baby?
Yes No Don t know
40, Was the baby's father a difficult or colicky baby?
Yes No Don't know '

40a.What is the total amount of time your baby spends crying .
each day?

1 hour or less? e

T

more than 1 hour, but not more than 3 hours?

D ——

more than 3 hours, but not more than 5 hours?
more than 5 hours?

40b.How many days a week does your infant cry for a total of 3
hours or more?

41. Before pregnancy, did the baby's mother drink milk?
: ﬁegularly
Occasionally -

Never
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42,

43,

44,

45,

46.

Does the baby's-mother likelihe taste of milk?
Yes No |

Does the baby's mother have any allergies?
Yes No

+

I1f yes, allergic to what?

Does the baby's father have any allergies?

Yes  No

1f yes, allergic to what?

Duringqthe mother's pregnancy, on the average how much beer,
wine, or other alcoholic beverage did she drink?
* .

None

,'v

____ Less thgnll drink per week

1 drink pquheek :

2 drinks per week : 4
3 drinks per week -

4 drinks per week

5 or more drinks per week .

Has any ever said‘that your baby has colic?
Yes No

If yes, who? (Check as many as apply.)

The babyrs mother '

The baby's father

A doctor or nurse -
- \
A relative - . w
A friend j
/

S

//

/



47,

48.

49.

50.

How many years of education has the baby's mother completed?
(Starting at Grade One, count the number of years of formal
education completed, including elementary, secondary, and
post secondaty education --e.g., college, university,
technical school, apprentice training.

years

How many years of education has the baby's father completed?
(Count as in previous qQuestion)

______years
How o0ld is the baby's mother?

How o0ld is the baby's father?
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THANK YOU for your help in our research on cryxng. If you
would like to find out what we learn from these questionnaires,
please fill in the information below, and we will send you a
copy of our results when they are ready

Baby's name

Parent's name

Address . -

Are you interested in participting in any future research on
children? If so, please indicate below. Your signature indicates
that you are willing to be contacted by us about research in the
future; it does not indicate your willingness to take part. At
the time we contact you, we would explain the particular
research project, and then you could decide whether or not you
or your children wish to participate in it.

I would be interested in being invited to participate in
future research projects on children or parenting.

signature phone #

Again, THANK YOU VERY MUCH for helping us to learn more
about children.
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Appendix D

Analyses of Variance Summaries
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Appendix D-1

Sex x Period x State ANOVA for Observer 1

source daf MS F P
Mean 1 13333.295 557.08 .
Sex 1 0.000 0.20 0.66
Error : 18 0.000

Periods 1 0.000 0.00 1.00
S x P 1 0.000 0.00 1.00
Error 18 0.000 0.00

State . 2 37632.518 24,32 0.000
St x S 2 37.230 0.02 0.98
Error 36 1547.446

P x St 2 12248.946 18.54 0.000
Px St xS 2 19.670 0.03 .971
Error 36 660.593
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Appendix D-2

Sex x Period x State ANOVA for Observer 2

-

source daf MS F P

Mean 1 133369.967 55094848.00

Sex BN 0.003 1.04 0.32

Error 18 0.002

Periods 1 ’ 0.002 0.96 0.34

S x P 1 0.002 0.96 0.34

Error 18 0.002

State 2 27684.718 18.28 0.000
St x § 2 26.961 0.02 0.98

Error 36 1514.,126

P x St 2 7876.675 7.01 0.003
Px St xS 2 24.526 0.02 0.98

Error 4 36 1123.574
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Sex x Period (Baseline, Suck, and Post-suck) ANQVA for BPM

Appendix D-3

source daf MS F P
Mean 1 147734.571 1194.54

Sex 1 264.852 2.14 0.1606
Error 18 123.675

Periods 2 9,584 0.44 0.6481
P xS 2 24.270 1.11 0.3400
Error 36 21,831

78



Appendix D-4

Sex x Period (Baseline, Suck, and Post-suck) ANOVA of BPM for

Subjects with Non-cry Baseline

source af MS F P
* Mean _ 1 106889.500 1121,65
Sex 1 26.974 0.28 0.6037
~ Error 13 95,297
Periods 2 13.160 0.80 0.4616
P’x § 2 18.400 1.1 0.3435

Error 26 16.521 \




/
A

Appendix D-5

u

Sex x Period (Baseline, Suck, and Post-suck) ANOVA for Mean

SDIPI /MIPI
source df MS F P
Mean ' 1 12.367 3586.68
Sex 1 0.003 0.94 - 0.3449
Error 18 0.003
Periods 2 0.015 6.59 - 0.0036
P xS 2 0.003 1.50 0.2369
Error 36 0.002
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_Appendix D-6

Sex x Period ANOVA of Mean SDIPI/MIPI for Suck vs Post-suck

Periods
source df MS F P
Mean 1 - 8.254 2188.92
Sex 1 0.000 0.10 0.7570
Error 18 0.004
Periods 1 0.030 13.62 0.0017
P xS 1 0.005 2.10 0.1644
Error 18 0.002
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Sex x Period ANOVA for Mean SDIPI/MIPI Baseline vs Post-suck

Appendix D-7

source daf MS F P
P N
J

Mean 1 7.739 2938.34

Sex 1 0.000 0.26 0.6195

Error 18 0.003

7

Periods 1 0.007 2.24 0.1354

Px S 1 0.006 2.00 0.1744
. Error 18 0.003
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Appendix D-8

Sex x Period ANOVA of mean SDiPI/MIPI Baseline vs Suck

source af MS F P

Mean 1 8.737 3140.12 :
Sex 1 0.009 3.19 0.0909
Error 18 0.003

Periods 1 0.008 4,46 0.0489

P xS 1 0.000 0.02 0.8793

Error 18 0.002
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Appendix D-9
/

Sex x Period ANOVA of mean SDIPI/ML?fffbg,subject‘with non-cry

Bgseline‘,
~ I
source af MS F P
Mean 1 9,428 2069.07
Sex 1 0.002 0.41 0.5329
Error 13 0.005
Periods 2 . 0.019 10.12 0.0006
B N
PxS 2 . 0.002 1.05 . 0.3631.
Error 26 O‘ODZ\-» :
B




iy

Appendix D-10

i

Period ANOVA for within State 5

source af MS F

-
Mean 1 ' 6.923 1281.73 0.000
Error 12 0.005 -
Periods 1 0.007 0.003 0.401
Error 24 0.064
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Apbendix D-11

&

Segment ANOVA for mean SDIPI/MIPI within Longest Sucking Burst

source - daf | MS F P
-
" Mean 1 73.796 ~ 49.26 0.000
Error 16 , 1.498
Segments 2 1.250 1.15 0.328
Error 32 1.083
¢
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