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CHAPTER I

INTRODUCTION

The present study is concerned with an examination of 

the comparative e ffectiveness o f repeated auditory and cuta­

neous s tim ula tion  fo r  the persistence of ce rta in  responses in 

the human neonate. This focus derives from a broader concern 

with the problem of defin ing the nature of the e f fe c t iv e  

stimulus environment o f the newborn in fant as one of the 

primary and essentia l means of understanding behavioral o r ­

ganization and pattern ing in e a r ly  l i f e .

Recognition o f the importance o f id en tify in g  those 

aspects o f  the ob jective  surround to which the neonate is 

responsive and which therefo re  co n s titu te  his e f fe c t iv e  stim­

ulus environment is based upon the view that appreciation o f  

the psychological s ign ificance of any performance requires 

knowledge of the e f fe c t iv e  stimulus world of the performer 

(B irch , 195*1; Maier and Schneirla , 1935; Schneirla , 1965) •

The importance of d istinguishing between the geographic 

world of physical s tim uli and the behavioral world of e f fe c ­

t iv e  stim uli fo r  understanding the mechanisms underlying the



organization of behavior has been emphasized by Koffka (1928) 

and Lewin (1936). These theoris ts  have argued that since only 

those features of the physical s itu a t io n  to which the organism 

is responsive can a f fe c t  his behavior, id en tify in g  the orga­

nism's behavioral f i e ld  in terms of e f fe c t iv e  stimulus inputs 

is necessary fo r  understanding the laws of behavioral orga­

n iza t io n .

Despite the lo n g - fe l t  need fo r  systematic study of  

neonatal a f fe re n t  organization as one means of understanding 

behavior during e a r ly  infancy, work on th is  problem has been 

sorel/ neglected by both developmental and c h ild  psychologists 

(W ohlw ill, i 960) .  Instead, a tten tio n  has been directed to  the 

study of motor organization and d i f fe r e n t ia t io n  during e a r ly  

infancy. This d irec tion  of concern is exem plified by the 

c lass ica l studies of Canestrini (1913; c ited  in P ra t t ,  Nelson 

and Sun, 1930) ,  Peiper (192*1, 1925# 1928), P ra t t ,  Nelson and 

Sun (1930), Jensen (1932), Irwin and Weiss (193*0, Stubbs 

(193*0and Weiss (193*0 as well as by the la te r  work of Gesell 

and Amatruda (19*<5)» Since these investigators dea lt with  

such questions of e f fe re n t  pattern ing as generalized vs.
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lo ca lized  responsiveness, frequency and in ten s ity  of response, 

and re la tionsh ips between response systems, th e i r  findings are  

p ertinen t to the problem of output organization during infancy 

rather than to  that o f input o rgan ization .

Because the problem of the organization of a f fe re n t  

functioning in /th e  neonate is m u lt iface ted , one can with equal 

ju s t i f i c a t io n  examine any of a number of i ts  aspects, e .g .  

threshold phenomena in various sense m o dalit ies , the a b i l i t y  to  

discrim inate  among s tim uli presented to a s ing le  modality or the 

a b i l i t y  to in tegra te  multimodal information presented e i th e r  

simultaneously or successively. Although the thorough inves­

t ig a t io n  of a l l  of these questions is essentia l to  a f u l l  under­

standing of the neonate's e f fe c t iv e  stimulus environment, such 

thoroughness is beyond the scope of any s ing le  experiment and a 

choice is there fo re  required. The s p e c if ic  aspect of sensory 

organization in the neonate which was selected fo r  study in the 

present experiment was the d i f fe r e n t ia l  e ffectiveness  of stim­

u la t io n  of d i f fe r e n t  sensory m o dalit ies .

The decision to approach the problem of defin ing the 

e f fe c t iv e  stimulus world of the in fant by studying the d i f f e r ­

e n t ia l  e ffectiveness of d i f fe r e n t  sensory inputs was based upon 

the view, derived from comparative psychology, th a t phylogenetic
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,and ontogenetic d ifferences  in behavior may be understood in 

re la t io n  to d ifferences  in the organization and pattern ing of 

e f fe c t iv e  s tim ula tion  (B irch, 195*1; Maier and Schneirla , 1935» 

Schneirla , 19^5; Turkew itz , Gordon and Birch, 1965)* This gen­

era l viewpoint, which has provided a framework fo r  the systematic 

examination and analysis of the sensory mechanisms underlying  

the organization of responsiveness of d i f fe r e n t  organisms and 

of the same organism a t d i f fe r e n t  stages of development (Maier 

and Schneirla , 1935)> has led to the formulation of a general 

explanatory concept in terms o f the h ie ra rch ica l s truc tu ring  

of a f fe re n t  systems. According to th is  concept, there is an 

ordered re la t io n s h ip  among input systems such th a t input to  

one sensory modality is dominant in its  e ffectiveness fo r  be­

havior over input to  another sensory m odality. U t i l i z a t io n  of  

th is  concept, i n i t i a l l y  formulated by Sherrington (1.906), has 

led several comparative and developmental psychologists (B irch, 

1962; Hermelin and O'Connor, I 96A; Maier and Schneirla , 1935 > 

Schneirla , 19^5)> to  hypothesize tha t the way in which be­

havior is organized is la rge ly  dependent upon the h iera rch ica l  

ordering of the various sense m od a lit ie s . Thus, the degree
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to  which chemical, pressure, l ig h t  and sound s tim uli a f fe c t  re­

sponsiveness is held to  provide a basis fo r  the establishment of 

in te r -  and in tra -species  d ifferences in behavior (B irch , 19^2; 

Maier and Schneirla, 1935).

U t i l i z a t io n  of the concept of sensory-system hierarchy  

in the analysis o f comparative behavioral data has enabled an 

understanding o f  the way in which some m ultifaceted  behavioral 

functions may derive from r e la t iv e ly  simple d ifferences in sen­

sory dominance re la t io n s h ip s . Among ants , fo r  example, appar­

e n tly  complex spec ies -typ ica l patterns o f food-getting  behavior 

are, in large p a r t ,  dependent upon the r e la t iv e  potency of d i f ­

ferent types of s tim uli for the e l i c i t a t i o n  of d irected o r ie n t ­

ing responses. Those species which fo llow  a route to food by 

v ir tu e  of the chemical which saturates i t  tend to forage c o lle c ­

t iv e ly  whereas other species who depend mainly upon visual stim­

u l i  and fo r  whom the chemical fac to r  is o f n e g l ig ib le  importance 

tend to  forage in d iv id u a lly  (Maier and Schneirla , 1935). The 

d iffe ren ce  in sensory-system hierarchy therefo re  appears to be 

one of the princ ipa l factors  determining the nature of d ifferences  

in socia l organization w ith in  the ant colony although th is  fa c to r  

alone cannot account fo r  a l l  aspects of such o rgan ization .
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ln f ishes , a s im ila r  re la tio n sh ip  between a f fe re n t  

organization and c h a ra c te r is t ic  pattern  of behavior is mani­

f e s t .  Those fishes who have well developed chemical and 

tac tu a l s e n s i t iv i t ie s  are bottom feeders; those fishes who 

have a h ighly  developed visual s e n s i t iv i ty  are surface feed­

ers (Maier and Schneirla , 1935).

Even w ith in  a given species, certa in  d is p a r i t ie s  in 

sensory-system hierarchy seem to underlie  d ifferences in be­

hav ior. For example, among d i f fe r e n t  breeds of dog, the 

effectiveness of p a r t ic u la r  t ra in in g  practices is ,  in large  

p a rt ,  dependent upon whether the dog is one in whom o lfa c t io n  

or v is ion  is the h ie ra rc h ic a l ly  predominant sensory modality  

(B irch , 1962; Guthrie , i 960) .

The comparative analysis o f behavioral functions in 

terms of afferent-system  organization has suggested an evo­

lu tionary  trend in the h ie ra rch ica l ordering of sensory in ­

puts. This trend is characterized by a gradual s h i f t  in sen­

sory dominance hierarchy from proximo- and in tero -recep tion  

to  te lorecep tion  (Maier and Schneirla , 1935> Schneirla , 1965; 

Sherrington, 1906) .  At lower ph y le tic  le v e ls ,  organized 

functions are p r in c ip a l ly  based upon s e n s i t iv i ty  to proximal



and in terna l sources of s tim u la tio n , i . e .  upon responsiveness 

to  cutaneous, proprioceptive , v iscera l and chemical inputs.

The phylogenetic primacy o f proximal and in ternal input e f ­

fectiveness is evidenced by the re la t iv e  dominance of gus­

ta to r y ,  chemical and proprioceptive inputs in organizing the 

adaptive behaviors of lower organisms (invertebrates  and 

lower v e rte b ra te s ) .  As one ascends the evolutionary scale, 

in te ro -  and proximo-ceptor system prepotency comes to  be 

superseded by te loceptor system prepotency. This t ra n s it io n  

is held to be a re f le c t io n  of the s tru c tu ra l and functional  

evolution of the nervous system. As Sherrington (1906) has 

pointed out, the phylogenesis of neural function is character­

ized by the gradual ascendency of the distance receptor systems 

(e .g .  v is io n , a u d it io n ) .  I t  is these la t t e r  systems which con­

t r ib u te  most to  the "uprearing" of the cerebrum. Thus, "the  

cerebellum is the head ganglion of the proprioceptive system" 

and "the cerebrum is the head ganglion o f  the distance re­

ceptors" (Sherrington, 1906, Pp. 3A6 and 3A8 , re s p ec t iv e ly ) .  

This phylogenetic t ra n s it io n  in neural organization is re­

f le c te d  in gradual increases in responsiveness to te lo recep tive  

sources of stim ulation  (Schneirla , 1965) *



A pplication  of the concept of sensory-system h ie ra r ­

chy to  the development of the indiv idual organism suggests 

th a t ,  in general, proximoceptor-system prepotency is anteced­

ent to  teloceptor-system  prepotency in ontogenesis as i t  is 

in phylogenesis (B irch , 195**; C o g h il l ,  1929; Kuo, 1932). The 

postu lation of a sequence o f  change from proximal to  d is ta l in ­

put predominance during the course o f development receives some 

support from the results o f  developmental studies o f  the sen­

sory basis of d ire c t io n a l o r ie n tin g  responses in rats and k i t te n s .  

Turkewitz (1966) found tha t the neonatB r a t 's  i n i t i a l  o r ie n ta t io n  

to  the nest region of his cage is dependent upon the presence 

of t a c t i l e  and o lfa c to ry  cues whereas his la te r  o r ie n ta t io n  to  

the nesting area e n ta i ls  responsiveness to visual sources of 

s tim u la t io n . In a series o f investigations  of o r ie n t in g  be­

havior in k i t te n s ,  Rosenblatt, Turkew itz , and Schneirla (1962) 

showed th a t d ire c t io n a l responses which during the e a r ly  post­

natal period are based p r im a r ily  upon t a c t i l e ,  thermal and 

o lfa c to ry  s tim uli subsequently come to be e l ic i t e d  by visual 

st im u li .

The h ie ra rch ica l organization concept has also been 

applied to  the analysis  of the behavioral ontogenesis of man



although the nature of the re la t io n sh ip  between sensory-system  

hierarchy and developmental changes in human behavior has not 

as yet been assessed. Proponents of the general hypothesis 

(B irch, 1962; Schne irla , 1965) have postulated th a t in te ro -  

and proximo- receptive inputs predominate over te lo re c ep t iv e  

inputs in determining responsiveness during e a r ly  infancy.

They have fu r th e r  hypothesized th a t in the course of develop­

ment, the dominance o f proximoceptive and v iscera l s e n s i t iv i t y  

is gradually  replaced by the dominance of auditory  and visual 

s e n s i t iv i ty  u n t i l  a stage is reached in which the complex 

pattern ing  of behavior is preeminently organized around in fo r ­

mation derived from the distance receptors. The behavior 

patterns i n i t i a l l y  organized around proximal inputs are main­

tained and elaborated on the basis of the growing u t i l i z a t i o n  

of te lo recep to r  inputs. Hence, the young in fant is considered 

to be p r im a r i ly  responsive to v is c e ra l ,  t a c t i l e  and in teroceptive  

stim uli whereas the o lder c h ild  and the adult are p r im a r i ly  re­

sponsive to  auditory  and visual s t im u l i .

A pp lication  of the p r in c ip le  of sensory-system h ie r ­

archy to  the analysis  of c l in ic a l  problems has led several workers



to  a consideration o f some o f  the behavioral consequences of 

the inadequate development o f  appropriate h ierarch ica l re la ­

tionships among a f fe re n t  systems. Birch (1962) ,  fo r  example, 

has hypothesized tha t since reading requires the organization  

of a h ie ra rch ic a l set of re la t io n s  among sense systems in 

which the te lo recep tor systems (e s p e c ia lly  the v is u a l)  are 

dominant^ the f a i lu r e  t o  develop such dominance may be one of 

the mechanisms underlying reading d i s a b i l i t y .  S im ila r ly ;  

Goldfarb (1956) and Hermelin and O'Connor (196A), who found 

that in contrast to  normal c h ild ren ; schizophrenic and a u t is t ic  

children make contact w ith  th e i r  environment through the prox­

imal ra th er than the distance receptor channels; have suggested 

that the f a i lu r e  to s h i f t  from proximoreceptor to te loreceptor  

prepotency may, a t least in p a r t ,  underlie  certa in  types of 

aberrant behavior. I f  th is  is indeed the case, then the ex­

amination of sensory dominance re la t io n s  may prove to be use­

fu l fo r  the diagnosis and evaluation  o f certa in  behavioral d is­

orders in ch ild ren .

In sp ite  of the growing recognition of the importance 

of studying h ie ra rch ica l a f fe re n t  re la t io n s  in the human orga­

nism as one means o f e lu c id a tin g  the mechanisms underlying his
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behavioral organization and development, information on the 

nature o f ag e-specif ic  input h ierarch ies  Is conspicuously ab­

sent from the l i t e r a tu r e .  The present investigation  repre­

sents an attempt to  begin to  f i l l  th is  void by subjecting one 

aspect o f  the question of sensory-system prepotency in the 

human neonate to  experimental s c ru tin y .

Consideration of the spec if ics  of the question to which 

the current investigation is addressed raises several problems. 

The f i r s t  of these derives from the fa c t  that there are many 

sense m odalities the complete study of which requires a pro­

gram of research rather than a s ing le  experiment. Consequently, 

a choice had to be made. Both th e o re t ic a l relevance and ex­

perimental f e a s i b i l i t y  determined the choice o f input systems 

to  be studied in the current in v e s tig a tio n . In accordance 

with Sherrington's (1906) d e lin ea tio n  o f three main classes 

of input — in te ro - ,  proximo- and te lo -re c e p to r  — and in view 

of the d i f f i c u l t y  of measuring and control 1 ing in teroceptive  

sources of s t im u la tio n , a proximoreceptor (cutaneous) and a 

te lo recep to r (auditory) system were selected fo r  comparative 

study.

A second problem involved the choice o f a p a r t ic u la r
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s tra tegy  or model to  be used in examining the nature of h ie ra rc h i­

cal re la t io n s  between and among sense systems. Although several 

a lte rn a t iv e s  were a v a i la b le ,  i t  should be noted that the various  

p o s s ib i l i t ie s  are not necessarily  equivalent to  one another. One 

p o s s ib i l i t y  was a competition or c o n f l ic t  model in which preferen­

t i a l  responsiveness to simultaneous presentations of s tim uli to  

d i f fe r e n t  sense m odalities  would be s tudied . Another s trategy  

would involve a comparison o f absolute and of d iffe rence  th res ­

holds between and among the d i f fe r e n t  sensory systems. The mo­

d a l i ty  d ifferences in threshold could then be re lated  to stim ­

ulus values and changes normally a v a i la b le  in the newborn's en­

vironment. A th i r d  model and the one selected fo r  use in the 

present in ves tig a tio n  was a habituation  or resistance-to-change  

model wherein the comparative persistence of responsiveness to  

repeated presentations of s tim uli to  d i f fe r e n t  sense m odalities  

was s tu d ie d .*  This model was chosen because study o f the dura­

b i l i t y  o f e ffec tiveness  of a f fe re n t  input would provide in fo r ­

mation concerning the nature of the neonate's e f fe c t iv e  stimulus  

environment and d iffe rences  between the d u ra b i l i ty  of e f fe c t iv e ­

ness of various inputs would provide information concerning the  

nature of h ie ra rch ica l re la tions  among sense systems.

*The term "h a b itu a tio n " , as used throughout th is  paper, refers  
to an observed decrease in the frequency of response consequent 
upon repeated s tim u la tio n  and does not imply a s p e c if ic  mechanism 
of response decrement.



Recent findings o f  a consistent e f fe c t  o f  repeated stim ­

u la t io n  on neonatal behavior enable the systematic examination of  

the degree to which repeated presentations of stim uli to  d i f fe r e n t  

sense m odalities are d i f f e r e n t ia l l y  e f fe c t iv e  fo r  the persistence  

of responsiveness in the newborn in fa n t .  The results of numerous 

investigations indicate  th a t ,  in the neonate as in the o lder o r -  

' ganism, repeated presentation o f any stimulus tha t is i n i t i a l l y  

e f fe c t iv e  fo r  the e l i c i t a t i o n  of a given response results  in a 

diminution of response. Although such a m odification o f respon­

siveness has been described in the e a r ly  l i t e r a tu r e  on c h ild  de­

velopment (D isher, 193^; Forbes and Forbes, 1927; Peiper, 1925), 

i t  has only recently been subjected to  systematic study. In a 

series of investigations o f  the neonate's responsiveness to  o l ­

fac to ry  s t im u la t io n , L ip s i t t  and his co-workers have demonstrated 

reductions in general bodily a c t i v i t y ,  in resp irato ry  i r re g u la r ­

i t i e s  and in leg withdrawals to  repeated presentations o f a c e t ic  

ac id , phenyiethyi a lcoho l, anise o i l  and t in c tu re  asafoetida  

(Engen and L i p s i t t ,  1965; Engen, L ip s i t t  and Kaye, 1963) .

Using n o n -n u tr it iv e  sucking as an in d ica to r of the in fa n t 's  

responsiveness to various types of s t im u l i ,  Bronshtein, Antonova, 

Kamenetskaya, Luppova and Systova (1958) have reported th a t the 

adm in is tra tion  of a tone, a chemical, an a i r  stream or a l ig h t  

to an in fan t at a time when he was sucking i n i t i a l l y  reduced his



-1^ -

sucking a c t i v i t y  but successive stimulus presentations no longer 

resu-lted in a decrease in sucking a c t iv i t y .  Repeated aud itory  stim­

u la t io n  was reported to  be least e f fe c t iv e  and repeated o lfa c to ry  

s tim u la tio n  most e f fe c t iv e  in so modifying the in fa n t 's  i n i t i a l  re­

sponse. Evlauation of these fin d ing s , however, is rendered d i f ­

f i c u l t  i f  not impossible by v ir tu e  of the gross de fic ien c ies  in the 

experimental method and procedures used as w ell as in the ana lys is ,  

in te rp re ta t io n  and presentation of data (B ra c k b i l l ,  1962) .  Since 

Bronshtein e£. .al. did not specify  whether e i th e r  the stimulus dura­

tions or the in t e r t r ia l  in te rv a ls  were the same fo r  the various 

types of s t im u li used, i t  is not possible to  compare the stim uli  

m eaningfu lly . In a d d it io n , Bronshtein's data ind ica te  tha t only 

of the infants under 18 days of age showed a reduction in suck­

ing a c t iv i t y  to the i n i t i a l  presentations of the aud ito ry  stimulus. 

Since no baseline data with which to compare th is  3^% is presented 

in the report, i t  is not possible to determine whether even the 

i n i t i a l  presentations of the auditory stimulus were e f fe c t iv e  fo r  

reducing ongoing sucking a c t i v i t y .  Subsequent attempts to  r e p l i ­

cate Bronshtein's findings w ith  respect to aud ito ry  s tim ula tion  were 

successful in one case (Hickman, 196*0 but unsuccessful in another 

(Kaye and Levin, 1963) *  These apparently contrad ic tory  results  

cannot be resolved since both the s t im u li and the procedures used 

d i f fe re d  in the two stud ies .
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The e ffec ts  o f repeated stim ulation on several other types 

of response have also been studied. Prechtl (1958); fo r  example, 

found that the frequency of d irected head-turning to cutaneous 

stim u la tio n  is reduced i f  the same stimulus is applied to the same 

spot. S im i la r ly ,  Bridger ( i 9 6 0 ,  Bridger and Reiser (1959) and 

Bartoshuk ( 1962a , 1962b) found a cessation of s ta r t le  and of cardiac  

a cce lera tion  to  repeated t a c t i l e  (a irstream  to abdomen) and acoustic  

(80 or 85 db, i\00  or 500 cps) s tim u la tio n  and Leventhal and L ip s i t t  

( 196*0 reported a decrease in s ta b il im e te r  movement, resp irato ry  

a c t iv i t y  and frequency of leg withdrawals to successive presenta­

tions of a pure tone.

The results o f the abovementioned studies indicate that the 

effectiveness of various a f fe r e n t  inputs fo r  neonatal behavior may 

be modified as a consequence of repeated stimulus presentations.

The fin d ing  of a re la tio n sh ip  between m odification of response and 

frequency o f s tim ulation  in the young in fant enables u t i l i z a t io n  of 

the habituation model fo r  the comparative analysis of the d u ra b i l i ty  

of e ffec tiveness  of repeated proximoreceptor and te lo recep tor stim ­

u la t io n .

In the present experiment, the rate  of response decrement to a 

repeatedly presented cutaneous (proximo.receptor) stimulus was com­

pared with th a t to  a repeatedly presented auditory (te lo recep tor)  

stim ulus. The fo llow ing hypothesis, derived from h ierarch ica l



organization theory, was tes ted : Given an I n i t i a l  equivalence of 

arousal properties o f a cutaneous and an auditory  stim ulus, the  

number of t r i a ls  to manifest a decrement in the frequency of re­

sponse w i l l  be g reater fo r  repeated presentations of the cutaneous 

stimulus than fo r  repeated presentations of the auditory stim ulus.
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CHAPTER I I  

METHODOLOGY

The development o f  an appropriate methodology fo r  studying  

modality d ifferences in the rate o f response decrement to repeated 

presentations of the same stimulus was contingent upon care fu l  

consideration of the several fac to rs  other than type of stimulus 

( i . e .  cutaneous or auditory) which might a f fe c t  temporal changes 

in input e f fec tive n e s s . One such fa c to r  is th a t o f i n i t i a l  level 

o f stimulus e ffe c t ive n e s s . The results  o f  numerous investigations  

have shown th a t  the  rate of decrement of response to  a repeatedly  

applied stimulus is ,  in large p a r t ,  a function of the extent to 

which the i n i t i a l  a p p lic a t io n  of the stimulus is e f fe c t iv e  fo r  

the e l i c i t a t i o n  of a response (Bartoshuk, 1959; Bronshtein e t  a l .  

1958; H arr is ,  19^3; M a rt in ,  196^; P re c h t l ,  1958). Since an in ­

tense stimulus is i n i t i a l l y  more e f fe c t iv e  than a weaker stim ulus, 

i ts  loss of e ffec tiveness  upon repeated s tim ula tion  is less rapid 

than is the case fo r  a weaker stim ulus. The fin d in g  o f d ifferences  

between modalities in the rate  of response decrement in those ex­

periments in which the stimulus values have been a r b i t r a r i l y  se­

lected could therefo re  be a t t r ib u te d  to d ifferences in i n i t i a l  

effectiveness  consequent upon in te n s ity  d ifferences rather than to  

modality d ifferences in the temporal course of e ffectiveness  per 

se. To e lim inate  th is  source of contamination, i t  is necessary to
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es tab llsh  the equivalence of i n i t i a l  e ffec tiveness  of the various  

s t im u l i .  In the present experiment, the se lec tion  of in ten s ity  

values of the cutaneous and auditory  stim uli was based upon the 

e m p ir ic a lly  demonstrated equivalence of i n i t i a l  e ffectiveness of  

the two s t im u l i .  This equivalence was established in a "stimulus  

standard ization" study in which the e f fe c t  of given in ten s it ie s  

of a cutaneous and o f an aud itory  stimulus on the amount of heart  

ra te  change in the human neonate was measured. The results of 

th is  study enabled the se lec tion  of a suprathreshold cutaneous 

and a suprathreshold auditory  stimulus which y tp re equally  e f ­

fe c t iv e  fo r  the i n i t i a l  e l i c i t a t i o n  o f heart ra te  change. The 

cutaneous stimulus so selected was contact w ith  a No. 12 round 

camel's h a ir  brush which was applied to  the in fa n t 's  l e f t  cheek 

midway between the pinna of the ear and the corner of the mouth.

The Auditory stimulus was a white noise presented a t  a distance  

of two inches from the in fa n t 's  l e f t  e a r .  The in ten s ity  of the 

sound was 90 db (re  0.0002 microbar, sound pressure leve l)  

when measured a t the e a r .  S tim ulation by the No. 12 brush resulted  

in a mean change in heart ra te  from the pre- to  the post-stimulus  

periods of 6 .0  beats per min. and s tim u la tio n  by the 90 db sound 

resulted in a mean change in heart ra te  o f  7*8 beats per min. This  

d iffe ren ce  between s tim uli in mean_amount of heart ra te  change was 

not s t a t i s t i c a l l y  s ig n i f ic a n t  (p >  .0 5 ,  t  = .92 , df = 37)* Of the
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19 in fants who were administered the No. 12 .brush, 17. e x h ib ite d  a 

change in heart ra te  and o f  the 20 Ss who were administered the  

90 db sound, 19. e x h ib ited  a change in heart ra te .  This d if fe ren c e  

between s t im u li in the proportion o f infants manifesting a change 

in  heart ra te  was not s t a t i s t i c a l l y  s ig n if ic a n t  (p > .05 , x2 

Corrected fo r  c o n tin u ity  = 0, df = 1 ).

A second fa c to r  which has been found to a f fe c t  the time 

course o f changes in the effectiveness o f  input is the s ta te  o f  the 

organism. The ra te  o f  habituation o f response to repeated stim ula­

t io n  is dependent upon whether the organism is awake or asleep,  

a c t iv e .o r  in a c t iv e  and hungry or sa tia ted  (Bridger, 1961, 1962; 

Bridger and R eiser, 1959; Sharpless and Jasper, 1956). Since these 

differences in s ta te  modify the e ffec ts  o f  repeated s t im u la t io n ,  

the comparison o f  temporal changes in effectiveness between sensory 

m odalit ias  requires th a t organismic s ta te  be e i th e r  held constant
i

or made comparable under the various conditions o f  s t im u la t io n . To 

handle -this problem in the present experiment, the fo llow ing con­

t ro ls  were in s t i tu te d :

1) Feeding s ta te  and time of day during which testing  was conducted 

were held constant. A l l  in fan ts  were tested 50-75 minutes p r io r  to  

the re g u la r ly  scheduled 9:30 AM feeding.

2) Male in fants  were excluded from the sample because o f  uncontrolled  

a lte ra t io n s  o f  s ta te  consequent upon circumcision, ro u tin e ly
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performed a t  the hospital from which the present sample was selected  

when the in fant is between 24 and 48 hours o ld .

3) In fants who c r ied  a t any time during the course o f  tes ting  were 

omitted from the sample in order to maintain arousal and a c t iv i t y  

levels as constant as possible.

4 ) Although some of the infants were asleep during te s t in g ,  the pro­

portion o f asleep to awake infants was comparable under the two 

conditions of s tim ula tion . Judgments as to whether the in fant was 

awake or asleep were based upon whether the eyes were open or closed. 

Of the 20 infants who received cutaneous s t im u la t io n , 9 were awake 

and 11 were asleep; of the 20 infants who received auditory  stim ­

u la t io n ,  14 were awake and 6 were asleep (p >  .05, X2 = 1.64,

df = 1) .

5) Age at time of tes ting  was comparable under the two conditions  

of s tim u la tio n . Infants receiving cutaneous s tim ulation  ranged in 

age from 27 to 64 hours (mean = 4 0 .8  h rs .)  and infants receiving  

auditory  stim ulation ranged in age from 24 to 71 hours (mean = 39*8) .

Two additional factors known to a f fe c t  the rate of habitua­

t io n  to  repeated stim ulation are the time in terva l between stimulus 

presentations and the stimulus duration. In genera l, the shorter  

the interstim ulus in terva l and the longer the stimulus duration,  

the more rapid the rate of response decrement (Bridger, 1961;

H a rr is ,  1943; Hickman, 1963; M artin , 1964; P re c h t l ,  1958;
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Sharpless and Jasper, 1956). In the present experiment, these 

factors were co n tro lled  by u t i l i z i n g  the same in terstim ulus in te r ­

val and the same stimulus duration fo r  the two conditions of stim ­

u la t io n .

The development and app lica tion  of an appropriate methodo­

logy fo r  studying m odality d ifferences in habituation ra te  requires ,

in addition  to the aforementioned considerations, a consideration  

of the facto rs  involved in the choice of response system and speci­

f i c  response in d ica to r  to be used. Although we could choose to  

study e i th e r  autonomic or somatic responsiveness, there is no reason 

to assume that the e f fe c ts  of repeated stim ulation  are id en tica l fo r  

the two types of response system. To permit the examination of pos­

s ib le  d ifferences in the rate of response decrement between the two 

types o f system, one somatic and one autonomic response in d ica to r  

were selected fo r  study in the present experiment. Since changes

in heart rate can be r e l ia b ly  e l i c i t e d  in the human newborn by both

cutaneous and aud itory  stim ula tion  (Bartoshuk, 1962a, 1962b, 196*1; 

Bridger, 1961, 1962; Bridger and Reiser, 1959; Davis, Crowell and 

Chun, 1965; Lipton and Stinschneider, 196*1) i t  was chosen as the 

autonomic measure. The somatic response in d ica to r  selected was the  

d ire c tio n  of la te ra l  conjugate eye movement. E a r l ie r  studies have 

shown tha t the typ ica l eye movement response o f  the neonate to  

l a t e r a l ly  presented cutaneous and auditory s tim uli of the type and
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in te n s ity  u t i l i z e d  here is a turn in the d ire c tio n  of the stimulus 

(Turkew itz , B irch, Moreau, Levy, and Cornwell, 196 6 ; Turkew itz , 

Moreau, and B irch, unpublished). Therefore , only those conjugate 

eye movements which were ip s i la te r a l  to the locus of s tim ulation  

Were counted as responses.
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CHAPTER I I I  

EXPERIMENTAL DESIGN AND PROCEDURE

Experimental design. Infants were assigned to one o f  two conditions  

of s tim ula tion  (n = 20 in each co n d it io n ). The f i r s t  condition was 

used to assess the e f fe c t  o f repeated cutaneous s tim ula tion  on cardiac  

and eye movement responsiveness and the second condition was used to  

assess the e f fe c t  of repeated auditory s tim ula tion  on such responsive­

ness.

Testing cond itions . Testing took place in a neonatal laboratory  

located adjacent to the nurseries. The ambient noise level in the 

laboratory was 59 db ± 3 db (sound pressure le v e l ) .  Lighting was pro­

vided by an overhead incandescent lamp. To insure constancy o f  i l ­

lumination, the window shades were drawn p r io r  to  te s tin g .

Experimental procedure. Each in fan t was wheeled in to  the laboratory  

in her own bassinet, placed in the supine position  and swaddled. The 

in fa n t 's  head was placed in a holder which, when adjusted to conform 

to the head, e lim inated movements in the coronal plane.

To enable presentation o f the auditory stim ulus, a speaker, 

mounted on an adjustable rod, was placed in the bassinet and positioned  

so tha t the cone was two inches from the pinna o f the S's l e f t  ear.

To insure consistency o f  locus of presentation o f  the cutaneous stim ­

ulus, an adhesive s t r ip  having a .5  inch diameter cutout was placed
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on the in fa n t 's  l e f t  cheek midway between the pinna o f the ear and 

the corner o f  the mouth. The speaker and the adhesive s t r ip  were 

used fo r  a l l  Ss regardless o f the stimulus condition to which they 

had been assigned.

Both the heart ra te  and the eye movement responses were re­

corded p o lyg rap h ica lly . To obtain such recordings of card iac ra te ,  

two EKG electrodes were f ix ed  onto the in fa n t 's  chest. To obtain  

EOG recordings of la te ra l  conjugate eye movements, surface electrodes  

were f ix e d  onto the outer canthus o f  each eye.

The experimental procedure consisted o f 40 successive presen­

tations o f  e i th e r  the 90 db auditory stimulus ( to  Ss assigned to the 

auditory stimulus condition) or the No. 12. camel's h a ir  brush (to  Ss 

assigned to the cutaneous stimulus co n d it io n ). Presentation o f  the 

auditory s t im u li was automated and that o f  the cutaneous s tim u li was 

manual. The duration of each stimulus was one second and the in te r ­

stimulus in terva l was e ig h t seconds. For the auditory  s t im u l i ,  the 

timing o f  the stimulus duration and the in terstim ulus in te rv a l was 

automated. For the cutaneous s t im u l i ,  the duration and interstim ulus  

in te rv a l were timed by means o f  an autom atica lly  presented one second 

pure tone signal (v ia  earphones) to  the experimenter every eight  

seconds. This signal was not audible to the in fa n t .  The experi­

menter presented the cutaneous stimulus concurrently w ith  receip t  

of the pure tone s ig n a l.
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Aooaratus. The white noise stimulus was produced by a Grason-Stadler 

Noise Generator, fed through a Grason-Stadler E lec tro n ic  Switch 

(r ise -decay time <  0 .5  ms) and attenuated by a Hewlett-Packard  

Attenuator S et. The signal was then am plif ied  by a Hewlett-Packard  

A m p lif ie r  and fed through a Lafayette SK-21A U l t r a  High Compression 

Lens Tweeter. The stimulus duration and the in ters tim ulus  in te rv a l  

were programmed by a Grason-Stadler In terva l Timer.

One channel of an O ffner Type R Polygraph was used to record 

la te r a l  conjugate eye movements and another to  record heart ra te .

Two add it ion a l channels were used to  record the onset and duration  

o f  the cutaneous and the auditory s t im u l i .  The event marker fo r  the 

cutaneous s tim uli was ac tiv a te d  by the experimenter, who squeezed 

the bulb end of a pneumograph concurrently w ith  the presentation of 

the stim ulus. The event marker fo r  the auditory  s t im u li was e le c ­

t r o n ic a l ly  a c t iv a te d .

Scorina procedure. The e f fe c t  of stim ulation on heart rate  Mas as­

sessed by comparing the heart rate during the pre-stim ulus period 

with tha t during the post-stimulus period . The pre-stim ulus rate  was 

determined by measuring the time elapsed between the f i r s t  and the 

seventh heart beats immediately p r io r  to  the onset o f  the stimulus 

and the post-stimulus rate was determined by measuring the time 

elapsed between the f i r s t  and seventh heart beats immediately fo llow ing  

the onset of the stim ulus. These time measures were then converted
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in to rates in terms o f number o f  beats per minute. A change in 

heart rate was defined as a d if fe re n c e  o f  two or more beats/min. 

between the pre- and the post-stimulus periods. This c r i te r io n  

of two ra ther than one beat/m in. was used because the e r ro r  o f  

measurement was ± 1 beat/m in. The d ire c t io n  o f change in heart rate  

from the pre - to  the post-stimulus periods, I . e .  acce lera tion  or  

d ece lera tion , was assessed by subtracting the pre-stim ulus ra te  from 

the post-stimulus rate  and noting whether the sign o f  th is  d iffe ren ce  

was p o s it iv e , ind ica ting  a c ce le ra t io n , or negative, indicating  

deceleration .

The e f fe c t  o f  s tim ulation  on ip s i la te r a l  conjugate eye move­

ment was assessed by determining whether an eye turn in the d ire c t io n  

of the stimulus occurred w ith in  two seconds fo llow ing the onset of  

the stimulus. When such an eye movement occurred, i t  was counted as 

a response only i f  i t  was the f i r s t  movement made w ith in  the two second 

period.

Heart ra te  changes and eye movement responses were both inde­

pendently scored by two scorers, n e ith e r  o f whom knew the condition  

o f  s tim ulation  under which the record had been obtained. The in te r ­

scorer agreement was 95% fo r  heart ra te  and 77% fo r  eye movement.

In cases o f  disagreement between scorers, decisions were made by a 

th i rd  scorer and the results  of th is  "composite decision" were used 

in computing the data.
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Subjects. The sample studied consisted o f *»0 female neonates who 

were resident in the well-baby nurseries o f  the Bronx Municipal 

Hospital Center. A ll of the subjects were normal and healthy as 

determined by 1 ) .a  b ir th  weight o f over 2 .5  kg, 2) an Apgar score 

o f  7 or higher (Apgar, Holaday, James, Weisbrot, and B errien , 1958),

3) a p e d ia t r ic  evaluation resu lt ing  in the c la s s i f ic a t io n  o f  the
A

baby as a "we11-newborn" and 4) no recorded evidence o f  abnormality 

during the mother's pregnancy or labor and-no complications of  

d e li  very.

The d is t r ib u t io n  o f  subjects in each condition o f stim ulation  

according to Apgar score, type o f  d e liv e ry  and method of feeding are 

presented in Table 1.. The infants tested under the two conditions  

of s t im u la tio n  did not d i f f e r  s ig n i f ic a n t ly  w ith  respect to any of  

these c h a ra c te r is t ic s .



Table 1.. C haracteris tics  o f the sample

Stimulus Condition

Cutaneous (n = 20) Auditory (n = 20)
C h a ra c te r is t ic  frequency frequency .

Apgar Score

7 0 1

8 0 2

9 10 9

10 10 8

Type o f  d e li  very

Normal spontaneous 12 15
Forceps 8

«
5

Method o f  feeding^

B o ttle 19 19
Breast — ■1* 1*

The low incidence of b reast-fed  infants re f le c ts the prevalent
mode o f in fan t care in th is  hospita l ra th er  than any se lection
b ias .

^Since the f i r s t  post-natal feeding occurs a t  the age o f 2k  hours, 
a l l  Ss had been fed at least once p r io r  to te s t in g .
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CHAPTER IV 

RESULTS

In order to determine the re la t iv e  effectiveness o f  repeated 

cutaneous and repeated auditory inputs fo r  the persistence o f  respon­

siveness in the neonate, we compared the e f fe c t  o f repeated s tim u la -  

la t io n  of these m odalit ies  on the frequency of response. However, 

before th is  comparison could be made, i t  was necessary to determine 

whether the in fants  being studied fo r  habituation in the present 

experiment responded to in i t ia ^  presentations o f  the auditory and 

cutaneous s t im u li in the same manner as had the group of infants  

used fo r  the stimulus s tandard ization . Furthermore, since d i re c t io n ­

al eye movement was not used as a c r i te r io n  measure in the stimulus  

standardization study, i t  was necessary to  determine whether the 

auditory and cutaneous s tim uli which had been found to be i n i t i a l l y  

equivalent fo r  heart ra te  change, were a lso  equiva len t fo r  the eye 

movement response. The equivalence in i n i t i a l  e ffectiveness o f  the 

cutaneous and auditory  s tim uli fo r  the infants in the main in v e s t i ­

gation was therefo re  assessed. This was done by comparing the  

frequency of both heart ra te  changes and ip s i la te ra l  conjugate eye 

movements made to the f i r s t  f iv e  presentations of the cutaneous 

stimulus with tha t made to the f i r s t  f i v e  presentations o f  the 

auditory stimulus.
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E ffe c t o f  i n i t i a l  auditory  and cutaneous stim ulation on the frequency 

of heart ra te  change, heart ra te  acce lera tion  and heart ra te  decel-
t

e ra t fo n . The cutaneous and auditory s t im u li did not d i f f e r  In the 

effectiveness w ith  which they i n i t i a l l y  e l ic i t e d  heart ra te  changes.

As may be seen in Table 2 , there was no s ig n if ic a n t  d if fe re n c e  between 

the two types o f  s tim uli w ith  respect to the frequency w ith  which 

changes in heart ra te  occurred to the i n i t i a l  block o f  stimulus 

presentations ( t r i a l s  1- 5) .

Table 2. Frequency o f heart ra te  change, heart ra te  acceleration  

and heart ra te  deceleration to i n i t i a l  auditory and 

cutaneous stimulus presentations  

( t r i a l s  1- 5)

X no. o f _
heart rate X no. o f  X no. o f

Stimulus changes______ s .d .  accelerations s .d . decelerations s .d .

Auditory 3.66 1 .06 2 .38  1 .35 1 .28 .96
i

Cutaneous 3.83 .91 2 .15 .99 1 .68 .92

p *  NS NS NS

Tw o-ta iled  Mann-Whitney U tests

Since a change in heart ra te  can be e ith e r  an acce lera tion  or 

a dece le ra tio n , the analysis o f the frequency of change per se^ 

independent o f  i ts  d ire c t io n , could obscure differences between
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stim uli in the frequency o f  e l i c i t a t i o n  o f e i th e r  heart ra te  increase, 

heart ra te  decrease, or both. To determine whether the i n i t i a l  

cutaneous and auditory stimulus presentations were equ iva len tly  e f ­

fe c t iv e  fo r  the e l i c i t a t i o n  o f  both cardiac acce lera tion  and cardiac  

deceleration , the heart ra te  change data were analyzed with  respect 

to the character o f the change. No s ig n if ic a n t  d ifferences between 

the two stim uli were found in the frequency with  which e i th e r  ac­

celera tions  or decelerations occurred in response to the i n i t i a l  

block o f  stimulus presentations ( t r i a l s  1- 5) .

E ffec t of i n i t i a l  auditory  and cutaneous stim ulation  on the frequency 

of ip s i la te ra l  conjugate eye movement. The cutaneous and auditory  

stim uli did not d i f f e r  in the effectiveness w ith  which they i n i t i a l l y  

e l ic i t e d  ip s i la te ra l  conjugate eye movements. As may be seen in 

Table 3, the i n i t i a l  presentations o f  the cutaneous stimulus produced

Table 3- Frequency o f  ip s i la te r a l  conjugate eye movement to  

i n i t i a l  auditory  and cutaneous stimulus presentations

( t r i a l s  1- 5)

Stimulus
X no. o f  
responses s.d;

Auditory 1.85 1.39

Cutaneous 1.65 1.53

P NS

*  Two-tailed Mann-Whitney U te s t
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approximately the same number o f eye movement responses which were 

in the d ire c t io n  o f the stimulus as did the i n i t i a l  presentations  

of the auditory  stim ulus.

Since the cutaneous and auditory  s t im u li  were i n i t i a l l y  equi­

va len t in the effectiveness  w ith  which they e l i c i t e d  1). ip s i la te ra l  

conjugate eye movement, 2). heart ra te  change, 3) heart ra te  accel­

e ra t io n  and 4) heart ra te  dece le ra tio n , i t  was possible to examine 

the d ifferences in the temporal course o f  e ffectiveness  between the 

two types of s t im u li .  The e f fe c t  o f  repeated stim ulation on the 

frequency o f response was assessed by means o f  a sequential analysis .  

This was done by d iv id ing  the 40 stimulus t r i a l s  in to  e ight blocks 

of five t r i a l s  each and then contrasting the resu lts  from the f i r s t  

block o f t r i a l s  ( t r i a l s  1- 5) w ith  those from each o f  the seven sub­

sequent blocks o f t r i a l s .  The c r i te r io n  fo r  response decrement was the 

occurrence, in a subsequent t r i a l  b lock, o f  a s ig n if ic a n t  decrease 

in the frequency o f response. The sequential analyses were done 

fo r  each stimulus modality separate ly .

The data derived from the two in d ic a to r  measures were each 

subjected to  two types of ana lys is . The f i r s t  was a magnitude 

analysis  and involved a consideration o f  the amount o f decrease in 

the frequency of response from the f i r s t  to each subsequent t r i a l  

block. Since the amount o f  decrease in the frequency of response 

in any t r i a l  block could be e i th e r  the unique contribution of a
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few ind iv iduals  in the group or a c h a ra c te r is t ic  featu re  o f the 

group as a whole, a second type o f analysis was performed. This 

analysis  was based upon the ca tegoriza tion  o f  in fants in accor­

dance w ith  whether they exh ib ited  a decrease, an increase or no 

change in the frequency o f  response from the f i r s t  to  each sub­

sequent t r i a l  block.

E ffe c t  o f  repeated auditory and cutaneous s t im u la tio n  on the f r e ­

quency o f  ip s i la te r a l  conjugate eye movement. Repeated presenta­

t io n  o f the auditory stimulus resulted in a decrease in the f r e ­

quency o f  ip s i la te r a l  eye movement responses. This was manifested  

by a gradual reduction in the frequency o f  ip s i la te r a l  responding 

from the f i r s t  to  the th ird  t r i a l  block (Table 4 , Figs. 1 and 2) 

w ith  a s ig n if ic a n t  decrease in the frequency of ip s i la te r a l  eye 

movement f i r s t  occurring in the th ird  block o f  t r i a l s  (Table 4 ) .

Table 4 . Frequency of ip s i la te r a l  conjugate eye movement

(Auditory S tim u li)

_  X amount o f
T r ia l  X no. o f  decrease from ^ ^
block responses s .d . f i r s t  t r i a l  block T n p

1 1.85 1.39 -------

2 1.75 1.41 . .10 33.0 12 NS

3 .65 .67 1.20 3 .5 14 < .005

Wilcoxon matched-pairs signed-ranks tests
—

* *  . 
O ne-ta iled tests
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In contrast to the reduction in e ffectiveness o f  auditory  

s t im u la t io n , repeated presentation o f the cutaneous stimulus did not 

re s u lt  in a systematic decrease in the frequency o f  ip s i la te r a l  eye 

movement responses. As the data presented in Table 5 and in Figure 

1 show, the number o f eye movement responses remained r e la t iv e ly

Table 5. Frequency o f  ip s i la te r a l  conjugate eye movement

(Cutaneous S tim uli)

X amount of
■ial
66k

X no. o f  
responses s .d .

decrease from 
f i r s t  t r i a l  block

*
T n

. * *  
P

1 . 1.65 1.53 —

2 1.30 1.56 .35
- . . 10?

31.0 14. NS

3 1.75 1.52

4 1.25 1.41 .40 49.0 16 NS

5 1.50 1.28 .15 31.5 12 NS

6 1.80 . 1.40 -  .1 5 1

7 1.15 1.22 .50 31.0 14 NS

8 1.40 1.23 .25 31.0 12 NS

Wilcoxon matched-pairs signed-ranks tests  

O n e-ta iled  te s ts ~

^A negative value indicates an increase.

constant throughout the course o f  repeated cutaneous s tim u la tio n ,  

in none o f  the t r i a l  blocks was there a s ig n if ic a n t  decrease in the 

frequency o f response (Table 5 ) .  Moreover, in two o f  the t r i a l



blocks (blocks three and s ix ) ,  a small (n o n -s ig n if ic a n t)  increase 

was found (Table 5 and Fig . 2 ) .

When the data were analyzed in terms o f the number o f  infants  

who exhib ited  a decrease, an increase or no change in the frequency 

of ip s i la te r a l  eye movement responses from the f i r s t  block o f t r i a l s ,  

the findings p a ra l le le d  those obtained from the magnitude analyses.

By the th ird  t r i a l  b lock, auditory stim ula tion  had resulted in a 

s ig n if ic a n t ly  g rea ter number o f in fan ts  e x h ib it in g  a decrease than 

e x h ib it in g  an increase in the frequency of response (Table 6) .  On 

the other hand, the d is t r ib u t io n  o f  Ss showing decreases and increases

Table 6 . D is tr ib u t io n  o f  Ss e xh ib it in g  a decrease, an

increase and no change in frequency of ip s i la te r a l  

conjugate eye movement from the f i r s t  t r i a l  block 

(Auditory S tim u li)

Number o f  Ss showing

*
T r ia l  block Decrease Increase £ No change

• 2 . 7 7 NS 6

3 12 1 .002  . 7

A
One-ta iled binomial tests
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In the frequency o f response to  cutaneous stim ulation  was e s s e n t ia l ly  

random (Table 7 ) .  In k  o f the 7 t r i a l  blocks, more In fants  mani­

fested a decrease in the frequency o f response than manifested an

Table 7. D is tr ib u t io n  o f Ss ex h ib it in g  a decrease, an increase 

and no change in frequency of ip s i la te r a l  conjugate eye 

movement from the f i r s t  t r i a l  block 

(Cutaneous S tim u li)

Number o f  Ss showing

T r ia l  block Decrease Increase g______ No change

2 10 k  NS - 6

3 __  6 7 -  7
k  10 6 NS k
5 6 6 NS 8

6 7 8 - 5

7 9 5 NS 6

8 7 5 NS 8

One-ta iled  binomial tests

increase; in 2 t r i a l  blocks more in fants manifested an increase 

than manifested a decrease; and in 1 t r i a l  block the same number o f  

in fants manifested a decrease as manifested an increase. For none 

o f the t r i a l  blocks was a s ig n if ic a n t  d iffe ren ce  obtained between the 

number o f  Ss e x h ib it in g  a decrease and the number e x h ib it in g  an in­

crease in the frequency of ip s i la te r a l  eye movement responses (Table 7)*



-3 7 a -

oc
3
5
3
Z
Z<

2.0

1.0

0.5

TRIAL BLOCK

F ig .  3 . Frequency of Ip s i la te r a l  conjugate eye movement a f t e r  
c r i te r io n  fo r  response decrement had been reached. 
(Auditory S tim u li)

5 6
TRIAL BLOCK

F ig . A. Decrease in frequency o f ip s i la te r a l  conjugate eye

f 5 e r r£ r !,Je r ,0n / o r  re?P°"se Cerement had been reached. (Auditory S tim u li)



-3 8 -

Analysis of the d is tr ib u t io n  o f in fants who exhib ited  de­

creases and increases in the frequency of ip s i la te r a l  eye movement 

responses to the auditory  stim uli from t h e , f i r s t  to  the la s t  f iv e  

t r i a l  blocks y ie lded resu lts  which p a ra l le le d  those obtained from 

the magnitude analyses. In the f i f t h  and s ix th  blocks of t r i a l s  

the number of In fants who manifested a decrease in the frequency 

of response was s ig n i f ic a n t ly  greater than the number of infants  

who manifested in increase; in the other t r i a l  blocks, the number 

of in fants who manifested a decrease did not d i f f e r  s ig n i f ic a n t ly  

from the number who manifested an increase (Table 9 ) .

Table 9 . D is tr ib u t io n  of Ss e x h ib it in g  a decrease, an increase 

and no change in frequency of ip s i la te r a l  conjugate eye 

movement a f te r  c r i te r io n  fo r  response decrement had been

reached 

(Auditory S tim u li)

Number of Ss showing 

T r ia l  block______ Decrease__________ Increase_______ p*______ No change

5
6
7

8

12

10

9

8

7 6 NS

0A

01

7

k

9
6
5

5

7

NS

NS

* 0 n e - ta i le d  binomial tests
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E ffe c t  o f repeated auditory and cutaneous s t im u 1 a t l6 n o r t th 6  f r e ­

quency o f  heart ra te  change. Analysis of the decrease in the 

frequency o f  heart rate change during the course o f repeated stim­

u la tion  revealed a d i f fe r e n t ia l  e f f e c t  of auditory and cutaneous 

inputs which was opposite to that obtained fo r  theeye movement re­

sponse. Repeated presentation o f the cutaneous stimulus was e f fe c ­

t iv e  in reducing the frequency o f  heart ra te  change whereas repeated
/

presentation o f the auditory stimulus was not system atica lly  e f fe c ­

t iv e  in reducing the frequency o f  heart ra te  change. A s ig n if ic a n t  

reduction in the frequency o f  heart rate change to  the cutaneous 

stimulus was found e a r ly  in ,th e  stimulus se r ies , i . e .  by the second 

block of t r i a l s  (Table 10,. F ig . 5 ) .  To the auditory stimulus, on the

Table 10. Frequency o f  heart ra te  change 

(Cutaneous S t im u li)

)f no. o f X amount of
T r ia l  heart ra te  decrease from ^ M
block changes s .d . f i r s t  t r i a l  block T n p

1 3.83 .91 —

2 3 .1 7  1.21 .6 6  39 17 .0A

Wilcoxon matched-pairs signed-ranks te s t
• * *  . ,  .

O ne-ta iled  te s t
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Anaiysis o f  the d is t i rb u t lo n  o f  infants who exh ib ited  de­

creases and increases in the frequency o f  heart rate change to 

the cutaneous s t im u li from t h e . f i r s t  to the second t r i a l  block 

indicated that although a g reater number o f  Ss manifested a de­

crease than manifested an increase, th is  d iffe rence  was not s ta ­

t i s t i c a l l y  s ig n if ic a n t  (Table 12).

Table 12. D is tr ib u t io n  o f Ss e x h ib it in g  a decrease, an increase 

and no change in frequency of heart ra te  change 

from the f i r s t  t r i a l  block!

(Cutaneous S tim u li)

Number o f Ss showing

T r ia l  block Decrease________Increase______ g_______ NO change

2 11 6 NS 3

O ne-ta iled  binomial te s t

Analysis of these d is tr ib u t io n s  fo r  the auditory stimulus 

condition y ie lded resu lts  which were more s im ila r  to those obtained  

from the magnitude analyses than was the case fo r  the cutaneous 

stimulus condition. In none of the t r i a l  blocks was a s ig n if ic a n t  

diffe rence  obtained between the number o f in fants ex h ib it in g  a 

decrease and the number e x h ib it in g  an increase in the frequency
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of heart ra te  change (Table 13)•

Table 13* D is tr ib u tio n s  o f  Ss e x h ib it in g  a decrease, an 

increase and no change in frequency of heart 

ra te  change from the f i r s t  t r i a l  block 

(Auditory S tim uli)

Number of Ss showing 

T r ia l  block_______ Decrease________Increase______ p* No change

2 9 6 NS 5

3 6 7 — 7

*4 7 7 NS 6

5 9 6 NS 5

6 9 9 NS 2

7 12 5 NS 3

8 8 6 NS 6

*O n e -ta ile d  binomial tests

A fte r  the c r i te r io n  fo r  a decrement in the frequency of 

heart rate changes to - th e  cutaneous stimulus had been reached 

( i . e .  a f t e r  the second t r i a l  b lock), presentation of the stimulus 

did not have a consistent e f fe c t  on the frequency of response.

No evidence of a s ig n if ic a n t  decrease in the frequency of response 

was found in blocks th ree , four, f iv e  or s ix .
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In the la s t  two blocks o f t r i a l s ,  however, s ig n if ic a n t  decreases 

were again manifested (Table 14, F ig s . 7 and 8 ) .

Table 14. Frequency of heart rate change a f te r  c r i te r io n  

fo r  response decrement had been reached 

(Cutaneous S tim u li)

X no. o f X amount of
T r ia l  heart rate decrease from
block changes______ s .d . f i r s t  t r i a l  block T *  n o * *

3 3.44 1.22 .39 33.5 L5 NS

4 3 .48 1.25 .35 31.0 13 NS

5 3.46 1.09 .37 34.0 14 NS

6 3.40 1.31 .43 25.0 12 NS

7 3.19 1.39 .64 29.0 15 .04

8 3.20 1.10 .63 30.0 15 .04

*Wi1coxon matched-pairs signed-ranks tests

* * 0 n e - ta i le d  tests



-4 3 a -

4.0
to
sz

S ?  3.5 
2  u O -

UJ

i
3.0

<  &
i<

u_
O 2.5

TRIAL BLOCK
r     \

F ig .  7» Frequency of heart rate change a f t e r  c r i te r io n  fo r  !
response decrement had been reached. (Cutaneous S tim u li)

tu 

<  *

0.5

CO- O
oc

O—

CO

Uloc
<  U - -0.5

TRIAL BLOCK

F ig . 8 . Decrease in frequency of heart ra te  change a f t e r  c r i te r io n  
fo r  response decrement had been reached (Cutaneous S tim u li)



-M i-

Anal ys is of the d iffe rence  between the number o f Ss who 

exh ib ited  decreases and the number who exh ib ited  increases in the  

frequency of heart ra te  change to  the cutaneous s t im u li a f t e r  

the c r i te r io n  fo r  response decrement had been reached y ie lded  

results which were consistent w ith  those obtained from the magni­

tude analyses. In the th i rd ,  fo u r th , f i f t h  and s ix th  blocks of 

t r i a l s ,  no s ig n if ic a n t  d ifferences were found between the number 

of infants m anifesting a decrease and the number m anifesting an 

increase in the frequency of response (Table 15)- In each of the

Table 15* D is tr ib u t io n  of Ss e x h ib it in g  a decrease,

an increase and no change in frequency o f  heart  

rate change a f te r  the c r i te r io n  fo r  response decrement 

had been reached 

(Cutaneous S tim u li)

Number of Ss showing 

T r ia l  block_______ Decrease_________Increase g* No change

3 9 6 NS 5

k 7 6 NS 7

5 . 10 5 NS 5

6 8 • k NS 8

7 11 .06 5

8 11 k

VO0• 5

*O n e -ta ile d  binomial tests

t
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in a s ig n if ic a n t  decrease in the frequency w ith  which heart ra te  

accelerations occurred u n t i l  the seventh block o f  t r i a l s  (Table 17» 

Figs. 9 and 10 ).

Table 17- Frequency o f  heart rate acceleration

(Auditory S tim u li)

X no. o f  X amount o f
T r ia l  heart ra te  decrease from ^ ^
block accelerations s .d . f i r s t  t r i a l  block T n p

1 . 2.38 1.35 -----

2 2 .28 1.52 .10. 46.5 14 NS

3 2.00 .98 .38 52.0 17 NS

4 2.17 1.09 .21 61.0 16 NS

5 2.16 1.11 .22 32.0 12 NS

6 1.99 1.19. .39 54.5 16 NS

7 1.68 1.17. .70 48.5 19 .03

Wilcoxon matched-pairs signed-ranks tests  

O ne-ta iled  tests

Analysis o f the d is tr ibu tions  of in fants who exh ib ited  de­

creases and increases in the frequency o f cardiac accelerations  

yie lded resu lts  which were in the same d ire c tio n  as those obtained  

from the magnitude analyses. The number o f  in fants who exh ib ited
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a decrease in the frequency o f accelerations to  the cutaneous 

stim uli from the f i r s t  to  the second t r i a l  block was g rea ter than 

the number who exhib ited  an increase although th is  d iffe rence  was 

not s t a t i s t i c a l l y  s ig n if ic a n t  (Table 18). For the auditory stim­

u l i  the d iffe ren ce  between the number o f Ss who manifested a 

decrease and the number who manifested an increase in the f r e ­

quency of accelerations from the f i r s t  to the seventh t r i a l  block,

Table 18. D is tr ib u t io n  o f Ss e x h ib it in g  a decrease, an 

increase and no change in frequency o f  heart ra te  

acce lera tion  from the f i r s t  t r i a l  block 

(Cutaneous S tim u li)

Number o f Ss showing
*

T r ia l  block Decrease Increase p No change

2 11. 5 NS k

O ne-ta iled  binomial tes t

although not s t a t i s t i c a l l y  s ig n i f ic a n t ,  was also in the expected 

d ire c tio n  (Table 19).



Table 19. D is tr ib u t io n  of Ss e x h ib it in g  a decrease, an 

increase and no change in frequency o f  heart rate  

accelera tion  from the f i r s t  t r i a l  block 

(Auditory S tim u li)

Number o f  Ss showing

T r ia l  1block Decrease Increase
rc .

p No change

2 7 7 NS 6

3 10 7 NS 3

It 8 8 NS

5 7 6 NS 7

6 9 7 NS k

7 13. 6 NS 1

One-tai led binomial tests

The reduction in e f fe c t i veness of cutaneous s tim ulation

the el i ci ta t io n o f cardiac acce le ra t io n s , in i t i a l l y mani fested

the second block o f  t r i a l s ,  was not consistently  maintained in the 

s ix  subsequent t r i a ls  blocks. Inspection o f  Table 20 and o f Figures 

11 and 12 reveals that although the number o f  cardiac accelerations  

made during each of the la s t  s ix  t r i a l  blocks was less than that  

made during the f i r s t  block, there was a s ig n if ic a n t  decrease only
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Table 20. Frequency o f  heart ra te  acce lera tion  a f t e r  c r i te r io n  

fo r  .response decrement' had been 'reached 

(Cutaneous S tim u li)

• ia l
ock

X no. of 
heart rate  

accelerations s .d .

X amount o f  
decrease from 

f i r s t  t r i a l  block . T* n
.

P

3 1.62 .96 .53 34.5 16 .04

4 1.98 1.36 .17 58.5 16 NS

5 ,1.84 1.21 .31 52.0 14 NS

6 1.80 1.15 .35 49.0 16 NS

7 1.40 1.19

LA• 11.0 13 <.01

8 2.05 1.00 .10. 53.0 15 NS

Wilcoxon matched-pairs signed-ranks tests  

. . .O ne-ta iled  tests

in blocks three and seven. The d if fe ren ce  between the number o f  

Ss manifesting a decrease and that manifesting an increase in 

the frequency o f heart ra te  acce lera tion  from the f i r s t  to each 

o f the la s t  s ix  t r i a l  blocks was a lso s ig n if ic a n t  only fo r  the 

th ird  and seventh blocks (Table 21 ).



Table 21.. D is tr ib u t io n  of Ss e x h ib it in g  a decrease, an increase 

and no change in frequency o f  heart rate  acce lera tion  

a f t e r  c r i te r io n  fo r  response decrement had beenjreached 

(Cutaneous S tim u li)

Number o f  Ss showing 

T r ia l  block_______ Decrease_______Increase______ g_______ No change

3 12. if .Oif if

if 8 8 NS if

5 9 if NS 7

6 9 7 NS if

7 11 2 .01 7

8

Vc
One-ta iled

7

binomial tests

8 5

Repeated presentation of the auditory stimulus a f t e r  the 

t r i a l  block in which a reduction in the frequency o f  cardiac  

a c c e le ra t io n s f i rs t  occurred ( i . e .  a f t e r  the seventh t r i a l  block) 

resulted in an apparent recovery o f response. In the eighth  

t r i a l  block, n e ith er  the decrease in the frequency o f accelera­

tion  (Table 22) nor the proportion of in fants who exhib ited  

a decrease (Table 23) was s t a t i s t i c a l l y  s ig n i f ic a n t .
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Table 22. Frequency o f  heart rate acce lera tion  a f t e r

c r i te r io n  fo r  response decrement-had been : reached 

(Auditory S tim u li)

k  irk

X no. o f  X amount of
T r ia l  heart ra te  decrease from
blodk accelerations s .d . f i r s t  t r i a l  block T n p

8 2 .36 1 .02 .02 52 .5  ^  NS

Wilcoxon matched-pairs signed-ranks tes t

• * * O ne-ta iled  te s t

Table 23. D is tr ib u t io n  o f Ss e x h ib it in g  a decrease, an increase 

and no change in frequency of heart rate  acceleration  

a f t e r  c r i te r io n  fo r  response decrement had been reached 

(Auditory S tim u l?)

Number of Ss showing

T r ia l  block Decrease_______Increase______ p_______ No change

8 7 7 NS 6

A
O ne-ta iled  binomial te s t

E ffe c t  o f repeated auditory and cutaneous stim ulation on the f r e ­

quency o f heart ra te  dece le ra tio n . As was the case fo r  the
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frequency of both cardiac acce lera tion  and cardiac change per se, 

repeated presentation of the cutaneous stimulus was more e f fe c ­

t iv e  in reducing the frequency o f cardiac decelerations than was 

repeated presentation of the auditory stimulus. As may be seen 

in Table 24 and in Figures 13 and 14, repeated cutaneous stim­

u la tion  resulted in a reduction in the frequency'of deceleration  

from the f i r s t  to 5 o f  the 7 subsequent t r i a l  blocks w ith  a 

s ig n if ic a n t  reduction occurring by the la s t  block o f t r i a l s  (Table 24 ).

Table 24. Frequency o f  heart rate deceleration  

(Cutaneous S tim uli)

X no. o f X amount o f
T r ia l  heart rate decrease from A ^
block decelerations s .d . f i r s t  t r i a l  block T n p

1 1.68 .92 —

2 1.55 1.21 .13 76.0 18 NS

3 1.82 1.25 - . .1 4 ?

4 1.50 1.15 .18 47.5 15 NS

5 1.62 1.16 .06 70.0 17 NS

6 1.60 .88 .08 79.0 18 NS

7 1.79 1.18 -  .111

8 1.15 .81 .53 15.0 13 <.0J

Wilcoxon matched-pairs signed-ranks tests
:A

O ne-ta iled  tests

^A negative value indicates an increase.
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In contrast to the reduction in e ffectiveness of cutaneous 

stim ula tion  fo r  the e l i c i t a t i o n  o f  cardiac dece le ra tion , repeated 

auditory s tim ula tion  did not re su lt  in a systematic decrease in 

the frequency o f  cardiac d ece lera tion . In none o f the t r i a l  

blocks was there a s ig n if ic a n t  reduction in the frequency of heart 

ra te  deceleration  (Table 25, Figs. 13 and 14 ). Moreover, in 5 o f  

the 7 t r i a l  blocks, an increase (n o n -s ig n if ic a n t)  was manifested.

Table 25. Frequency o f heart ra te  deceleration  

(Auditory S t im u l i )

X no. o f X amount o f
T r ia l  heart ra te  decrease from ^
block decelerations s .d . f i r s t  t r i a l  block T n p

1 . 1.28 .96 —

2 1.04 1.16. .24 35.5 14 NS

3 1.84 .90 -  .5 61

4 1.38 .92 -  .1 0 1

5 1.34 .83 -  .0 6 1

6 1.64 1.06 -  .36 1

7 1.66 1.11 - . 381

8 1.18. .91 .10 66.0 17 NS

Wilcoxon matched-pairs signed-ranks tests  

O ne-ta iled  tests

*A negative value indicates an increase.
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Analysis of the d is tr ib u t io n s o f  In fants e x h ib it in g  decreases 

and Increases in the frequency o f  heart ra te  deceleration y ie lded  

resu lts  which p a ra l le le d  those obtained from the magnitude analyses.

Of the in fants administered the cutaneous stim ulus, the number who 

manifested a decrease in the frequency o f card iac deceleration in 

the eighth block o f t r i a l s  was s ig n i f ic a n t ly  g rea ter  than the num­

ber who manifested an increase (Table 26 ). For the auditory stim ulus,

Table 26. D is tr ib u t io n  o f  Ss e x h ib it in g  a decrease, an 

increase and no change in frequency of heart  

rate  deceleration from the f i r s t  t r i a l  block 

(Cutaneous S tim u li)

Number o f  Ss shewing

T r ia l  block Decrease Increase
*

P No change

2 9 9 NS 2

3 I* 7 — 9

9 6 NS 5

5 8 9 — 3

6 10 8 NS 2

7 7 6 NS 7

8 10 3 .05 7

A
O n e-ta iled  binomial tests



on~the other hand, there was no evidence o f  a d if fe ren ce  between 

the number o f  Ss showing a decrease and the number showing an 

increase in the frequency o f  heart ra te  deceleration from the 

f i r s t  to any of the subsequent t r i a l  blocks (Table 27 ).

Table 27. D is tr ib u t io n  o f  Ss e x h ib it in g  a decrease,an 

increase and no change in frequency o f  heart rate  

deceleration from the f i r s t  t r i a l  block

(Audi tory S t im u l i )

Number o f  Ss showing
vt

T r ia l  block_______ Decrease Increase______ g_.______ No change

2 9 k NS 7

3 5 12 -  3

l» 6 8 - 6
5 7 6 . NS 7

6 10 . — 6 

7 8 12 . —  0

8 9 8 NS 3

O ne-ta iled  binomial tests

Relationship between ipsi la te r a l  conjugate eye movement arid heart  

rate  acce lera tion  and d ece le ra tio n . Inasmuch as repeated stimula  

t ion  had opposite e ffe c ts  on eye movement and cardiac responses,



i t  was possible that these two behaviors were negative ly  c o rre la ted .  

To ascertain the re la tionsh ip  between the eye movement response 

and the cardiac response, the data from the two measures were ex­

amined simultaneously. This was done by sorting the in fants in to  

two groups according to whether they were "consistent" o r  "incon­

s is te n t"  in th e i r  responses. Those c la s s if ie d  as "consistent"  

exh ib ited  e ith e r :

1 ) .a  decrease in the frequency o f ip s i la te r a l  eye movement AND 

an decrease in the frequency of heart ra te  acce lera tion , or

2) a decrease in the frequency o f ip s i la te r a l  eye movement AND 

a decrease in the frequency of heart ra te  deceleration.

Those infants c la s s if ie d  as " inconsistent"  exhib ited  e i th e r :

1). a decrease in the frequency o f ip s i la te r a l  eye movement but NO 

decrease in the frequency of e i th e r  heart rate acce lera tion  or 

deceleration , or

2) a decrease in the frequency o f  e i th e r  heart rate  acce lera tion  

or deceleration but NO decrease in the frequency of ip s i la te r a l  

eye movement. A ll  o f the infants were c la s s if ie d  in th is  manner 

fo r  each of the seven blocks of t r i a l s .

The d is tr ib u t io n s  of "consistent" and " inconsistent"  infants  

are presented in Tables 28-31. To the auditory stimulus presen­

ta t io n s , the number of "consistent" Ss did not d i f f e r  s ig n i f ic a n t ly  

from the number o f  " inconsistent" Ss in any t r i a l  block except
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Table 28. D is tr ib u tio n  o f "consistent" and " incon sis ten t"  Ss 

in each t r i a l  block: Ip s i la te r a l  conjugate eye

movement and heart ra te  acceleration  

(Auditory S tim u li)

T r ia l  Block

Number o f
Ss who were 2 3 k 5 6 7 8

"Consistent" 6 8 15. 11 9 12 11

"Inconsisten t"  1*». 12. 5 9 11 8 9

p* NS NS .Ok NS NS NS NS

Tw o-ta iled  binomial tests •  •

Table 29. D is tr ib u tio n  o f "consistent" and "inconsistent" Ss

in each t r i a l  block: 1p s i la te r a l  conjugate eye

movement and heart ra te  deceleration

(Auditory S tim u li)

T r ia l  Block

Number o f
Ss who were 2 3 k 5 6 7 8

"Consistent" 10. 9 11 7 10 7 7

"Inconsistent"  10. 11. 9 13. 10. 13 13

p* NS NS NS NS NS NS NS

Tw o-ta iled  binomial tests
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Table 30. D is tr ib u t io n  o f "consistent"  and " Inconsisten t"  Ss 

in each t r i a l  block: Ip s i la te r a l  conjugate eye

movement and heart ra te  acce lera tion  

(Cutaneous S tim u li)

Number o f

*

T r ia l  Block

Ss who were 2 3 4 5 6 7 8

"Consistent" . 13. 8 10. 11 12. 10. Ak.

" Inconsistent" 7 12 10. 9 8 10 6
A

P NS NS NS NS NS NS NS

Tw o-ta iled  binomial tests

T a b le .31. D is tr ib u t io n  o f  "consistent" and " inconsistent"  Ss 

in each t r i a l  block: Ip s i la te r a l  conjugate eye

movement and heart ra te  deceleration  

(Cutaneous S tim u li)

Number o f  
Ss who were

T r ia l  Block 

h 5 6 8

"Consistent" 11 12. 11.. 10. 7 10. 9

" Inconsistent"  9 8 9 10. 13 10. 11.

p* NS NS NS NS NS NS NS

a
Tw o-ta iled  binomial tests
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o f heart ra te  acce lera tion  from the f i r s t  t r i a l  b!ockf and

2) amount of decrease in the frequency o f  ip s i la te r a l  eye movement 

from the f i r s t  t r i a l  block and amount o f decrease in the frequency 

o f heart ra te  deceleration from the f i r s t  t r i a l  block.

The rho values obtained ranged from -  .10. to + .33; none were 

s t a t i s t i c a l l y  s ig n i f ic a n t  ( tw o -ta i le d  te s ts ) .

Summary o f  results  

Repeated presentation o f  i n i t i a l l y  equivalent auditory  

and cutaneous s tim uli y ie lded  the following main find ings:

1) By the th ird  block o f auditory stimulus presentations ( t r i a l s  

1 1 -15 ), there was a s ig n if ic a n t  decrease in the frequency o f  

ip s i la te r a l  conjugate eye movement responses and a s ig n i f ic a n t ly  

g rea ter  number o f  in fants  who exhib ited  a decrease than exh ib ited  

an increase in the frequency of such responses. Under conditions  

o f  repeated cutaneous s t im u la t io n , on the o ther hand, there was 

no evidence o f e i th e r  a decrease in the frequency o f ip s i la te r a l  

conjugate eye movement responses or a d i f fe re n c e  between the 

number o f  in fants who exh ib ited  a decrease and the number who 

exh ib ited  an increase in the frequency o f  response from the f i r s t  

to any o f  the subsequent t r i a l  blocks.

2) Analysis o f  the data derived from the heart ra te  measure 

yie lded  resu lts  which were opposite to those obtained fo r  the
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eye movement response. Under conditions o f  repeated cutaneous 

s tim u la tio n , there was a s ig n i f ic a n t  decrease in the frequency 

of both heart ra te  change and heart rate acce lera tion  by the 

second block o f t r i a l s  ( t r i a l s  6 -1 0 ) ,  a s ig n i f ic a n t  decrease in 

the frequency of heart ra te  deceleration by the eighth block of t r i a l s  

( t r ia ls  36-40) and a s ig n if ic a n t ly  greater number o f in fants who 

exh ib ited  a decrease than exh ib ited  an increase in the frequency 

of deceleration from the f i r s t  to the eighth block o f  t r i a l s .

In contrast, the only evidence of an e f fe c t  of repeated auditory  

stim ulation  on heart rate was provided by the f in d ing  of a 

s ig n if ic a n t  decrease in the frequency of cardiac acce lera tion  in 

the seventh block o f  t r i a ls  ( t r i a l s  31“35)-

3) There was no evidence of a re la tionsh ip  between the amount o f  

decrease in the frequency of ip s i la te ra l  eye movement responses 

and the amount of decrease in the frequency of e i th e r  heart rate  

acce lera tion  or heart rate  deceleration to e i th e r  the auditory or  

the cutaneous s t im u li .
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CHAPTER V 

DISCUSSION

The results  o f the present investigation  provide some e v i ­

dence of d ifferences between sensory m odalities in the d u ra b i l i ty  

of e ffectiveness of repeated presentations o f i n i t i a l l y  equivalent  

stim uli fo r  both somatic and autonomic responsiveness in the human 

neonate. A la t e r a l ly  presented auditory stimulus which is i n i t ­

i a l l y  e f fe c t iv e  fo r  the e l i c i t a t i o n  of conjugate eye movements in 

the d irec tion  of the stimulus becomes less e f fe c t iv e  fo r  the e l i c ­

i ta t io n  of th is  response when i t  is repeatedly presented. This 

reduction in e ffectiveness  is manifested by a s ig n if ic a n t  decrease 

in the frequency of such eye movement responses. The frequency 

of conjugate eye movements in the d ire c t io n  of a la t e r a l ly  pre­

sented cutaneous stimulus which is of equivalent i n i t i a l  e f fe c ­

tiveness to the auditory stimulus, on the other hand, is not 

s ig n if ic a n t ly  reduced as a consequence of repeated stimulus pre­

sentation .

The find ing  of a more rapid reduction in the effectiveness  

of the auditory  than of the cutaneous stimulus fo r  the e l i c i t a t i o n  

of Ip s i la te r a l  eye movement responses supports the hypothesis 

th a t ,  fo r  the human newborn, cutaneous stim ulation  is more



res is ta n t to  response decrement than is auditory  s t im u la t io n . The 

obtained d ire c t io n  o f d if fe re n c e  in rate of hab ituation of ip s i -  

la te ra l  eye movement responsiveness to  the two stim uli is consis­

tent with the hypothesis tha t during the neonatal period, cutaneous 

input is more e f fe c t iv e  fo r  the pers is ten t e l i c i t a t i o n  of d ire c ­

t io na l o r ien ting  responses than is auditory  input. This h ie ra r ­

chical dominance of cutaneous over auditory input during th is  

period suggests a possible ontogenetic primacy of proximal sources 

of stim ulation  fo r  the maintenance of somatic responsiveness.

The present results  are there fo re  consistent with the hypothesized 

h ie ra rch ica l re la tio n sh ip  among a f fe re n t  systems according to which 

proximoreceptive sources o f s tim ula tion  predominate over t e lo -  

receptive sources of s tim ula tion  in determining the d irec tio n a l  

orien ting  behaviors of the young organism (B irch , 1962; Maier and 

Schneirla , 1935; Schneirla , 19^5)•

The suggested dominance of proximal over d is ta l  stimulus 

inputs fo r  the persistence of somatia responsiveness in e a r ly  

l i f e  is s ig n if ic a n t  fo r  an understanding of behavioral orga­

n ization  in the newborn in fan t as well as fo r  an understanding 

of developmental changes in behavioral o rgan ization . The 

g reater d u ra b i l i ty  of e ffectiveness  of proximal inputs during



e a r ly  postnatal l i f e  would provide fo r  a g rea ter and more contin ­

ual e f fe c t iv e  a v a i l a b i l i t y  of such inputs and would thereby enhance 

the opportunity fo r  the in fa n t 's  behavior to  become organized  

and in tegrated around somesthetic sources o f  s t im u la t io n . Such 

a h ie ra rch ica l re la t io n sh ip  could there fo re  re su lt  in the estab­

lishment and e laboration  of d i f fe r e n t  patterns of behavior than 

would be the case i f  te lo re c e p tiv e  sensory inputs predominated 

over proximoreceptive inputs during the neonatal period . Hence, 

the e a r ly  establishment of proximal input prepotency fo r  the per­

s is te n t  e l i c i t a t i o n  o f d irected  somatic responses might have f a r -  

reaching consequences fo r  behavioral development.

Analysis o f the comparative d u r a b i l i ty  of e ffec tiveness  of 

i n i t i a l l y  equivalent auditory and cutaneous stim uli fo r  autonomic 

rather than somatic responsiveness also revealed a d iffe ren ce  

between m odalities although the d irec tio n  o f the d if fe re n ce  was 

opposite to and independent of that obtained fo r  the somatic 

response measure. The rate of response decrement o f  cardiac  

responsiveness to repeated presentations of the cutaneous 

stimulus was more rapid than to repeated presentations  

of the auditory stim ulus. This d if fe re n ce  between m odalities
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was manifested by a s ig n if ic a n t  reduction in the frequency of heart  

rate  changes, heart rate  accelerations and heart rate  decelerations  

to  repeated cutaneous stim ulation but not to  repeated auditory  

s t im u la t io n . These findings are suggestive of a g rea ter  dura** 

b i l i t y  of e ffec tiveness  o f auditory than of cutaneous input 

fo r  autonomic responsiveness in the newborn in fa n t .

In view of the f in d in g  of opposite and independent 

e ffe c ts  of repeated s tim ula tion  on somatic and autonomic re­

sponsiveness, in te rp re ta t io n  of the resu lts  in terms of the  

o r ig in a l ly  hypothesized h ie ra rch ica l ordering of a f fe re n t  

systems in the neonate is c le a r ly  unwarranted. Although the 

results  derived from the somatic response measure, when con­

sidered alone, provide evidence in support of the hypothesis, 

those derived from the autonomic measure do no t. This suggests 

that the re la tionsh ips  between and among sensory systems in 

maintaining neonatal responsiveness are more complex than is 

implied in the simple postu lation of a u n ita ry  proximoreceptor 

system dominance. Perhaps the hypothesized hierarchy is only 

pertin en t to  an understanding of d irec ted  o r ie n t in g  behaviors 

which are s p e c if ic ,  d iscrete  and lo ca lize d  and does not account 

f o r  the more genera lized , less d i f fe r e n t ia te d  responses o f the
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newborn. In any case, the simple hypothesis cannot be main­

ta ined in i ts  o r ig in a l form but must be modified in accordance 

with a consideration of the type of response system being 

studied.

A possible m odification of the o r ig in a l  hypothesis 

is that there is more than one h ierarch ica l ordering o f a f ­

fe re n t  systems in the neonate and that d i f fe r e n t  types of 

sensory systems are h ie ra rc h ic a l ly  predominant fo r  d i f fe re n t  

types of behavior. Thus, proximoreceptive inputs may predominate 

over te lo recep tive  inputs in determining d irected  somatic be­

haviors whereas d is ta l  sources o f  stim ulation  may predominate 

over proximal sources of s tim ulation insofar as generalized, 

autonomic behavior is concerned. Exploration of th is  hypothesis 

requires investigation  of the re la tionships between the e ffec ts  

of various proximal and d is ta l  s tim uli on d i f fe r e n t  somatic 

and autonomic responses.

In te rp re ta t io n  of the data ty p ic a l ly  derived from 

both c lass ica l conditioning and habituation studies enables 

an a lte rn a t iv e  m odification of the o r ig in a l hypothesis. xl t  

has consis tently  been demonstrated (Dykeman, Gantt and White-



horn, 1956) th a t  during the e a r ly  stages of conditioning ,  

there is a widespread and pers is ten t autonomic e f fe c t  of UCS 

and CS pairing which gradually  diminishes and even tua lly  d is ­

appears with the emergence and establishment of a stable  

somatic CR. A s h i f t  from the preponderance of autonomic re­

actions (e .g . cardiac and resp iratory  changes) to  the pre­

ponderance of d irected somatic responses (e .g .  head turn ing ,  

eye movements) also occurs in the course of repeated pre­

sentation of a s ing le  stimulus (Sokolov, 1958). The per­

sistence of autonomic r e a c t iv i ty  during the f i r s t  stages of 

the establishment of a d iscre te  somatic response and the sub­

sequent diminution and disappearance of autonomic r e a c t iv i ty  

indicates tha t autonomic responses are an e a r l i e r ,  more gen­

e ra l iz e d  mode of reaction to s tim ula tion  and th a t these non­

d i f fe re n t ia te d  generalized reactions become fu n c t io n a lly  less 

integrated in the f in a l  d irected act to the extent that d is ­

crete  somatic responses emerge.

I f  the abovedescribed lin e  of analysis is placed w ith in  

a developmental framework, i t  can be hypothesized tha t gen­

e ra l ize d  autonomic responsiveness precedes d iscre te  somatic 

responsiveness in behavioral ontogenesis as i t  does in the
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course of the establishment of a given d irected  response. 

In te rp re ta t io n  of the findings of the present experiment in 

re la t io n  to  the hypothesized sequence o f  development would 

suggest that fo r  the neonate, the e ffectiveness  o f  cutaneous 

input has reached the stage wherein generalized responsiveness 

to  such s tim ulation  has been reduced because s tab le  somatic 

reactions have a lready become estab lished. The effectiveness  

of auditory  input during the neonatal period, on the other  

hand, might s t i l l  be a t  an e a r l i e r  stage which is charac­

te r iz e d  by more generalized r e a c t iv i ty .  Thus, the h ie r ­

arch ica l predominance of auditory over cutaneous stim ulation  

fo r  the pers is ten t e l i c i t a t i o n  o f cardiac responses and the 

h ie ra rch ica l predominance of cutaneous over auditory  stim ula­

t io n  fo r  the pers is ten t e l i c i t a t i o n  of somatic responses may 

be understood in terms of d ifferences between the levels of 

organization of the two m odalities during the neonatal period  

such th a t auditory  input s t i l l  tends to have a widespread 

generalized e f fe c t  whereas cutaneous input has come to e f fe c t  

directed somatic reactions. I f  th is  l in e  of in te rp re ta t io n  

is v a l id ,  then one would expect th a t  the e ffe c ts  of repeated 

auditory s tim ulation  obtained during the neonatal period would 

obtain fo r  repeated cutaneous stim ula tion  during an e a r l ie r
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stage of development and th a t  the e f fe c ts  of repeated cuta­

neous s tim ula tion  obtained during the neonatal period would 

obtain fo r  repeated auditory  stim ulation  during a la te r  stage 

of development. Confirmation or re je c t io n  of these predictions  

is ,  o f course, dependent upon systematic study of the dura­

b i l i t y  of e ffectiveness of d i f fe r e n t  types of a f fe re n t  inputs 

fo r  various somatic and autonomic responses a t d i f fe r e n t  stages 

of ontogenesis.

In addition  to  i ts  relevance fo r  an understanding of  

sensory-system hierarchy and i ts  behavioral consequences, 

the fin d ing  o f opposite and apparently independent e f fe c ts  o f  repeated 

stim ulation  on somatic and autonomic responsiveness in the 

neonate has im plications fo r  an understanding of the phe­

nomena of hab ituation  per se. Since repeated s tim ulation  

can and does re su lt  in a decrease in the frequency of one 

type of response and has no e f fe c t  on the frequency o f another 

type of response, i t  would appear th a t  hab itu a tio n , rather  

than being a simple u n ita ry  phenomenon which in d iscr im in a te ly  

comprises any and a l l  response systems, is s p e c if ic  to the 

type of motor outflow . The s p e c i f ic i t y  o f hab ituation  

suggests th a t d i f fe r e n t  mechanisms underlie  the decrease in
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frequency of d i f fe r e n t  types o f  response and thereby c a l ls  

into question the u t i l i t y  of the concept of generalized o r -  

ganismic habituation  and the broader concept of generalized  

organismic arousal, so frequently  referred  to in contemporary 

neurophysiology and physiological psychology (Magoun, 1963; 

Pribram, 1963 ; Sharp less, 196*4; Sokolov, i 960) .

A pplication  of the concept of generalized organismic 

arousal to  the analysis of behavioral organization in the 

human newborn has led to  the assertion  tha t somatic respon­

siveness p a ra l le ls  and is fu n c t io n a lly  equivalent to  autonomic 

responsiveness (Bridger, 1961; Bridger, Birns and Blank, 1965; 

Bridger and Reiser, 1959)* This assertion is based upon the 

f in d ing  o f  a po s it iv e  c o rre la t io n  between cardiac a c t iv i t y  

and generalized somatic a c t iv i t y  in the young in fa n t .  How­

ever, since th is  generalized somatic a c t iv i t y  derives from a 

behavioral ra ting  scale of o vera ll  responsiveness (inc lud ing  

crying , limb movements and head movements) and since the 

results  of the present experiment reveal tha t autonomic re­

a c t iv i t y  is n e ith er  p a ra l le l  nor equivalent to  discf-ete so­

matic r e a c t iv i t y , i t  would seem that autonomic responsiveness 

is re la ted  to  generalized bodily  a c t iv i t y  but not to  d iscrete
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d ire c t io n a l responses.

Evaluation of the concept of generalized behavioral 

arousal in re la t io n  to  the analysis of d irected  o r ie n tin g  

behavior also leads to a reconsideration of the v a l id i t y  of 

the neo-Pavlovian concept of o r ie n ta t io n .  Several contem­

porary Soviet workers (e .g .  Anokhin, 1958; Asafov, 1958; 

B iriukov, 1958; Sokolov, 1958, i 960) have described the i n i ­

t i a l  reaction of various organisms to the presentation of  

d i f fe r e n t  kinds of "novel" s tim uli in terms of an o r ie n t in g  

re f le x  (OR). This OR is defined as a "nonspecific , general­

ized reaction o f a c t iv a t io n  of the organism tha t includes 

motor, vascular, resp ira to ry  and b io e le c tr ic a l  components" 

(Sokolov, 1958, p. 222). The OR is there fo re  considered to  

be a un ita ry  h o l is t ic  response having somatic (e .g .  turning  

of the head and eyes in the d ire c t io n  of the source of stim­

u la t io n )  and vegetative  (e .g .  cardiac a c t i v i t y ,  re s p ira t io n ,  

GSR) components. According to  the Soviet workers, the in ­

dividual components are not separate independent re flexes  but 

are manifestations of a central in tegration  (Anokhin, 1958) .  

The strength of the OR can therefore  be measured v ia  any of 

the indiv idual components.



Sokolov and his co-workers (Sokolov, 1958; Voronin 

and Sokolov, i 960) have maintained tha t when a stimulus is 

repeatedly presented, ALL components of the OR become ex­

tinguished ( i . e .  h ab itu a ted ). However, the comparative 

analysis of the e ffe c ts  o f  repeated s tim ula tion  on the various  

e f fe re n t  components of the OR in the present experiment as well  

as in the experiments of several Soviet researchers has re=~ 

vealed a non-para lle l ra te  o f hab ituation  of the d i f fe r e n t  

types of response as well as species -  and a g e -sp ec if ic  d i f ­

ferences in hab ituation  ra te ,  in pigeons, fo r  example, so­

matic responsiveness to repeated auditory  s tim u la tio n  d is­

appears more rap id ly  than autonomic responsiveness whereas 

in rabb its , the reverse order of disappearance o f response 

characterizes the e f fe c t  of repeated auditory  stim ula tion  

(Zagorulko and S o l le r t in s k a ia ,  1958). In puppies, in fan t  

monkeys and 1-3 month old premature in fan ts , the motor and 

autonomic components of the OR are extinguished independently 

and a t d i f fe r e n t  ages (N ik i t in a  and Novikova, 1958; Poiikanina  

and Probatova, 1958). Even w ith in  the autonomic system, the 

rates o f  habituation of d i f fe r e n t  responses are not p a ra l le l  

so that in both dogs and rabbits , a reduction in cardiac  

re a c t iv i ty  precedes a reduction in resp irato ry  re a c t iv i ty
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(P e te l in a ,  1958; Zagorulko and S o l le r t in s k a ia ,  1958).

These f in d ing s , when considered in conjunction with  

the resu lts  of the present experiment, make i t  d i f f i c u l t  to 

sustain the concept o f an OR as a to ta l  organismic response.

The various autonomic and somatic components may more appro­

p r ia te ly  be viewed as representative of q u a l i t a t iv e ly  d i f ­

fe ren t classes of behavior having d i f fe r e n t  underlying me­

chanisms. I t  would appear th a t autonomic reactions are 

representative of genera lized , u n d if fe re n t ia te d  and non­

d irected  behaviors whose primary function is that of organismic 

arousal. As such, these generalized responses are probably 

re la ted  to  the a f fe c t iv e  and emotional s ta te  of the organism. 

Directed o r ie n t in g  reactions, on the other hand, represent 

discre te  somatic behaviors which occur in re la t io n  to the 

source of s tim ula tion  and which serve to o r ie n t  and guide the 

organism. As such, d ire c t io n a liz e d  behaviors would seem to be 

e s p e c ia lly  important in the development o f perceptual and other  

cognitive  functions.



CHAPTER VI

SUMMARY

To determine the comparative e ffec tiveness  of auditory and 

cutaneous s tim ula tion  fo r  the persistence of responsiveness in the 

human neonate, the e f fe c ts  of repeated presentations of i n i t i a l l y  

equivalent auditory and cutaneous s t im u li were compared. Two types 

of response were s tudied . One was a somatic and the other an auto­

nomic response. The somatic response in d ica to r  was la te ra l  conju­

gate eye movement in the d ire c t io n  of the stimulus and the autonomic 

response in d ica to r  was heart ra te  change.

Forty  healthy newborn in fan ts , ranging in age from 2^ to 71 

hours, served as subjects . Twenty o f  the Ss were administered ^0 

successive presentations of a 90 db white noise. The remaining 20 

Ss were touched on *10 successive t r i a l s  w ith  a No. 12 round camel's 

h a ir  brush. The duration of each stimulus was one second and the 

in terstim ulus in te rv a l was e igh t seconds.

Repeated presentation of the i n i t i a l l y  equiva lent auditory  

and cutaneous stim uli y ie lded  the fo llow ing  resu lts :

l )  By the th i rd  block of aud itory  stimulus presentations (T r ia ls  l i ­

the re was a s ig n i f ic a n t  decrease in the frequency of ip s i la te r a l  

conjugate eye movement responses and a s ig n i f ic a n t ly  greater number 

of in fants who exh ib ited  a decrease than exh ib ited  an increase in



the frequency of such eye movement responses. On the other hand, 

a t  no time during the course of repeated cutaneous s tim ula tion  

was there any evidence of e i th e r  a decrease in the frequency of 

ip s i la te ra l  conjugate eye movement responses or a d if fe re n c e  be­

tween the number of in fants who manifested a decrease and the 

number who manifested an increase in the frequency of response.

2) By the second block of cutaneous stimulus presentations ( t r i a l s  

6- 10) ,  there was a s ig n if ic a n t  decrease in the frequency of both 

heart ra te  changes and heart ra te  a c ce le ra t io n s . By the eighth  

block of cutaneous stimulus presentations ( t r i a l s  36-^ 0) ,  there  

was a s ig n if ic a n t  decrease in the frequency o f  heart ra te  decel­

e rations and a s ig n i f ic a n t ly  greater number of infants who ex­

h ib ite d  a decrease than exh ib ited  an increase in the frequency of 

card iac  dece lera tions . In contrast, the only evidence o f a 

reduction in the e ffec tiveness  of auditory  s tim u la tio n  was provided 

by the f in d ing  of a s ig n if ic a n t  decrease in the frequency of cardiac  

accelerations by the seventh block o f t r i a l s  ( t r i a l s  31“35) -

3) There was no evidence o f a re la tionsh ip  between the amount of 

decrease in the frequency o f ip s i la te r a l  eye movement responses 

and the amount of decrease in the frequency of e i th e r  cardiac  

accelerations or cardiac decelerations to  e i th e r  the auditory

or the cutaneous s t im u l i .



These results  suggest th a t ,  fo r  the human newborn, cu­

taneous Input is prepotent over auditory  input fo r  the persistence  

of d irected  somatic responsiveness and tha t aud itory  input is 

prepotent over cutaneous input fo r  the persistence of autonomic 

responsiveness. The findings therefo re  support the general hy­

pothesis o f a h iera rch ica l re la tionsh ip  among a f fe r e n t  systems 

in the young organism. They also support the more s p e c if ic  

hypothesis of the ontogenetic primacy of proximoreceptive sources 

of stim ulation in c o n tro l l in g  d irected o r ie n tin g  behavior. A l ­

though the fin d ing  o f  opposite and independent e f fe c ts  o f repeated  

stim ulation  on somatic and autonomic responsiveness indicates  

th a t  the simple hypothesis of proximal input prepotency does 

not adequately account fo r th e  behavior of the human newborn, the 

resu lts  are consistent w ith  a modified version of the i n i t i a l  

hypothesis.

The findings were a lso  discussed in re la t io n  to the con­

cepts of generalized organismic arousal and habituation  as w ell 

as the concept of a un ita ry  o rien tin g  r e f le x .
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