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ABSTRACT

The present study was designed to investiga te  the e sse n t ia l ly  
-s im ila r behaviour sometimes exh ib ited by subjects receiv ing d i f f e r ­
e n t ia l experimental s t im u la tion  during infancy. Rather than a t t r i ­
buting th is  to be a re s u l t  o f some s tim u la tion  ( ir re sp e c t ive  o f the 
kind o f s t im u la tion ) as opposed to non-s tim u la tion , i t  was proposed 
tha t the more id e n t ica l is  the in fa n t i le  treatment received by d i f ­
fe re n t sub jects, the more s im ila r  is  th e i r  performance during la te r  
l i f e .  The study also studied the temperature change hypothesis and 
the monotonicity hypothesis in re la t io n  to the present experimental 
design.

Five groups o f subjects (C57BL/6J mice) were given d i f fe re n t ia l  
in fa n t i le  s t im u la tion  from 5 - 10 days o f age, one o f the groups re ­
ce iv ing no treatment at a l l  and serving as the contro l group. Each 
o f  the other groups shared some in fa n t i le  treatment in  common with 
one or more experimentally treated groups. A l l  the subjects were 
then treated id e n t ic a l ly  the res t o f th e i r  l iv e s .  They were repeat­
edly observed a t various ages in the o p e n -f ie ld , and th e i r  learning 
performance tested on the conditioned avoidance and the pos it ion  
d isc r im ina tion  tasks.

The study led to no conclusive re su lts  on the basis o f which 
the s im i la r i t y  o f experience, the temperature change, or the mono­
to n ic i t y  hypotheses could be accepted or re jected . The e f fe c t  of 
any s p e c if ic  in fa n t i le  treatment seems to be a complicated function  
o f the subjects used in the in v e s t ig a t io n ,  the nature o f in tervening 
experience between s tim u la tion  and te s t in g ,  the p a r t ic u la r  tes t ing  
s i tu a t io n  used, the type o f response measured, and the sequence o f 
stresses involved in la te r  te s t in g .  As such, the in ves tiga t ion  
c a l ls  in to  question genera liza tions based on re su lts  obtained from 
studies which use subjects o f one sex to inves tiga te  the e ffec ts  
o f  a s p e c if ic  in fa n t i le  treatment on a l im ite d  number o f behavioural 
measures on ly.



INFANTILE STIMULATION AND LATER BEHAVIOUR 

IN THE C57BL/6J MOUSE



INTRODUCTION

Recent research (e.g. Henderson, 1966; Levine, 1962; Stanley & Monkman,

1956) on the e f fe c t  o f  in fa n t i le  s t im u la tion  on la te r  behaviour in organisms 

has not resulted in b e tte r  understanding o f  the phenomenon. Contribu ting  to 

the confusion are d iffe rences in  stimulus va r iab les , dependent va r iab les , and 

s tra ins  o f  Ss which are used. The present study, using the C57BL/6J s tra in  

o f house mice is  d irected a t is o la t in g  ce rta in  s p e c if ic  in fa n t i le  s t im u la tion  

variab les and studying th e i r  e f fe c ts  on la te r .b e h a v io u r .

Various procedures have been used to stim ulate in fa n t  Ss; handling - -  

manipulation in Levine's (1962) terms — and e le c t r ic  shock being the most 

common modes o f in fa n t i le  treatment. Some in ve s t ig a to rs ,  while f in d ing  tha t 

stimulated Ss behaved d i f f e r e n t ly  from non-stimulated Ss, have not found 

s ig n i f ic a n t  behavioural d iffe rences between animals stimulated by handling 

and those receiv ing e le c t r ic  shock (Levine, 1956,1959). This has led to 

the hypothesis th a t d i f fe re n t  kinds o f s t im u la t io n , as opposed to non-stim ula tion, 

have much the same e f fe c t  (Lev ine ,1962). However, d iffe rences in  the behaviour 

o f handled and shocked groups found in  other studies (e.g. Denenberg, 1964; 

Denenberg & Smith, 1963) support a monotonicity hypothesis th a t "emotional 

r e a c t iv i t y  is  reduced as a function  o f the amount o f stimulus input in 

in fancy" (Denenberg, 1964; Denenberg & Haltmeyer, 1967). The shocked Ss 

in  the above studies by Levine and Denenberg received e le c t r ic  shock in 

add it ion  to the s t im u la tion  received by the handled group, and were thus 

subjected to a greater in te n s i ty  o f s t im u la tion .
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A previous study done by the present author found tha t mice (C57BL/6J) 

exposed to a combination o f e le c t r ic  shock and buzzer during infancy per­

formed no d i f f e r e n t ly  on la te r  behavioural tests  from other mice which had 

been exposed to  the buzzer alone fo r  the same duration in the same environment. 

A l l  stimulated Ss were however s ig n i f ic a n t ly  d i f fe re n t  from the contro ls  

which had received no in fa n t i le  treatment. The stimulated Ss were more 

ac tive  in  the open f i e ld  and were be tte r  at learning the avoidance task, 

but took more t r i a l s  to extingu ish than did the contro l group.

Experimental procedures previously used (e .g . Denenberg, 1964; Levine, 

1962), exposed both shocked and handled Ss to e ss e n t ia l ly  s im i la r  treatment 

— v iz .  being picked up ( i . e .  handled) and placed in a novel s i tu a t io n  

( in  most s tud ies, the shock box is  a novel environment fo r  both groups).

The experience common to both stimulated groups may be the c r i t i c a l  fa c to r  

co n tr ibu t ing  to th e i r  s im i la r  performance in la te r  l i f e .  Iden tica l treatment 

o f a group o f Ss should re s u l t  in  the Ss e xh ib it in g  e s s e n t ia l ly  s im i la r  behav­

ioura l pa tte rns. Thus two or more groups o f Ŝs (each gr.oup containing a 

number o f  Ss treated id e n t ic a l ly )  sharing some experience in  common, should 

be more s im i la r  to one another in th e i r  la te r  behaviour than groups which 

do not receive any common treatment. Likewise, s im i la r  treatment exper­

ienced by young animals should re s u l t  in th e i r  e xh ib it in g  e s s e n t ia l ly  s im i la r  

behaviour in la te r  l i f e ,  and the greater the shared experiences, the more 

s im ila r  the la te r  behaviour. This s im i la r i t y  o f treatment hypothesis 

assumes tha t the s im i la r i t ie s  and/or d iffe rences in la te r  behaviour w i l l  

be evident in s p ite  o f id e n t ica l treatment tha t fo llows the i n i t i a l  s im i la r  

or d i f fe re n t  in fa n t i le  s t im u la tion .

Some inves tiga to rs  (e.g. Schaefer, 1965; Schaefer, Weingarten, & Towne, 

1962) have a t t r ib u te d  the e f fe c t  o f in fa n t i le  s t im u la tion  to a drop in body
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temperature tha t accompanies the experimental treatment. The temperature 

e f fe c t  has so fa r  been demonstrated only in very young (b i r th  to four days 

o f  age) animals w ith the use o f large temperature changes o f long duration.

In con tras t,  removal from the maternal nest and exposure to room temperature 

(24°C) fo r  2 - 3  minutes should permit only a minor temperature change in 

pups, f iv e  days and o ld e r,  on which some ha ir  growth has appeared. However, 

the attempts to manipulate temperature change necessarily involve environmen­

ta l  change. Even though the only e f fe c t iv e  environmental change fo r  a new, 

born animal may be change in ambient temperature, the c r i t i c a l  importance of 

temperature change over and above other forms o f s t im u la t io n ,  fo r  the f iv e  

days and o lder in fa n t  is  an open question. The present study was designed 

mainly to inves tiga te  the s im i la r i t y  o f  experience hypothesis w ith  the C57BL/6J 

mice, taking precautions to minimize temperature change.

Five groups o f Ss were given d i f fe r e n t ia l  treatment during infancy.

Group H-Ne-S (handling - -  novel env ironm ent— e le c t r ic  shock) was treated 

s im i la r ly  to the shocked group in previous stud ies. Group H-Ne (handling - -  

novel environment) was id e n t ica l to the handled group in the previous stud ies, 

and received s im i la r  handling and exposure to the same novel environment 

as did the H-Ne-S group. The H group (handling) was stimulated by handling 

the pups, but the pups were not removed from the maternal cage. Group S 

(shock) was ne ithe r handled nor exposed to novel environment, but received 

shock equivalent to  th a t given to the H-Ne-S group. The C group (co n tro l)  

received no experimental s t im u la tion  during infancy.

Among the stimulated groups, the H-Ne-S, H-Ne, and H Ss have s im ila r  

handling s t im u la t io n , while the H-Ne-S and S groups receive id e n t ica l shock 

s t im u la t ion . The H-Ne-S and H-Ne Ss have a combination o f handling and
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novel environment in  common. The S group does not have any stimulus variables 

in common w ith  e ith e r  the H or the H-Ne groups. By comparing the behaviour 

o f the various groups, the importance o f s im i la r i t y  of in fa n t i le  s t im u la tion , 

in  producing s im i la r  e f fe c ts  in la te r  behaviour can be evaluated. Behavioural 

d iffe rences brought about by handling, e le c t r ic  shock, or a combination o f 

handling and novel environment can also be determined. The c r i t i c a l  nature 

o f the temperature change va r iab le  in the present experimental design can 

be evaluated, fo r  i f  the va r iab le  is  important, the H-Ne and H-Ne-S Ss should 

not s ig n i f ic a n t ly  d i f f e r  in la te r  behaviour, but both groups would have to 

d i f f e r  from the con tro ls  and from the H and S groups.

A monotonic re la t io n s h ip  between stimulus input in  infancy and la te r  

emotional r e a c t iv i t y  (mostly measured by performance in open f i e ld )  has 

been proposed (Denenberg, 1964). Since groups C, H, H-Ne, and H-Ne-S f a l l  

along a continuum o f progressive ly increasing stimulus in p u t,  and groups 

C, S, and H-Ne-S f a l l  along another s im i la r  continuum, the present study 

allows evaluation o f the monotonicity hypothesis; increasing stimulus input 

could e ith e r  re s u l t  in  increased (Hall & Whitman, 1951) or decreased (Denenberg 

& Haltmeyer, 1967) em otiona lity .

Although there are some d iffe rences among inves tiga to rs  in the sp e c if ic  

responses studied, the behavioural measures o f e ffec ts  o f in fa n t i le  s t im u la ­

t io n  fo r  the most part f a l l  in to  fou r categories (King, 1958): emotional,

lea rn ing , consummatory, and s o c ia l.  The number o f tes ts  given to any s ing le 

group o f Ss va r ies , though most in ves tiga to rs  p re fe r to use a small number 

o f tes ts  in  order to l im i t  the confounding e f fe c t  o f  previous te s t ing  on 

subsequent performance. However, the e f fe c ts  o f in fa n t i le  s t im u la tion  may 

be s p e c if ic  to the p a r t ic u la r  behavioural measure used and may or may not 

generalize to other aspects o f behaviour; they also may or may not be long­

term. Thus using a number o f responses to measure more than one sp e c if ic
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behaviour process is  sometimes desirab le . On the other hand, repeated measures 

f a c i l i t a t e  the study o f long-term e ffec ts  o f in fa n t i le  treatment as well as 

evaluation o f the m o d i f ia b i l i t y  o f these e ffe c ts  by subsequent experiences.

The behavioural measures used in the present inves tiga t ion  are open 

f ie ld  a c t i v i t y  and learning performance. Defecation in the open f i e l d ,  a 

common measure o f em o tiona lity ,  is  not used since previous experience w ith  

the C57BL/6J mice has shown them to have a very low rate o f defecation in 

the open f i e ld .  Movement ra te  and wall-seeking a c t i v i t y  level are the 

measures used fo r  evaluating open-fie ld  behaviour; avoidance and pos it ion  

d isc r im ina tion  are the two learning tasks. Long-term e ffe c ts  o f in fa n t i le  

s t im u la tion  are investigated by observing each S_ in the open f ie ld  a t three 

d i f fe re n t  ages. The change in open-f ie ld  performance as a function  o f in ­

creasing age and in tervening experience, as well as the e f fe c t  o f  in fa n t i le  

treatment on th is  change, can thus be studied.

There are two opposing view points as to the nature o f the e ffe c ts  

o f  in fa n t i le  s t im u la tion  on la te r  behaviour. Investiga to rs  whose data 

favor the bene fic ia l e f fe c ts  o f in fa n t i le  s t im u la tion  have a t t r ib u te d  the 

re su lts  to  enriched sensory and perceptual environment experienced by s tim u la ­

ted Ss, in  con trast to the impoverished environmental conditions in which 

most labora tory  animals l iv e  (Levine, 1962). These inves tiga to rs  also 

propose th a t noxious s tim u la tion  during infancy places stress upon the 

organism, and th a t th is  stress acts to reduce the animals emotional res­

ponses to la te r  stress agents (Denenberg, 1964), while r e s t r ic t io n  of 

experience increases the animals' s u s c e p t ib i l i t y  to emotional d isturbances. 

Thus, when the non-stimulated animal is  presented w ith  a novel and/or 

traumatic stim ulus, the re su lt in g  high degree o f emotional disturbance 

is  s u f f i c ie n t ly  intense to in te r fe re  w ith subsequent adaptive behaviour.

The f i r s t  viewpoint is  a t variance w ith  the trauma theory o f anxiety which

is  supported by studies demonstrating tha t stimulated animals are more
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emotional than non-stimulated (Hall & Whitman, 1951; Henderson, 1964;

Lindzey, Lykken & Winston, 1960; May, 1967). This theory states th a t :

. . encounters w ith pa in fu l s t im u la tion  or strong homeostatic 
need in e v ita b ly  leave a young c h ild  or a young animal prone to 
be sens it ive  and anxious in most s i tu a t io n s .  . . . Thus, i t  
is  presumed tha t the various sources of inputs present immedi­
a te ly  before and during encounters w ith  pa in fu l s t im u la tion  
w i l l  acquire the capacity to evoke the autonomic and centra l 
emotional features incorporated w ith in  the to ta l response to 
pa in fu l s t im u la t io n ."  (Hunt, 1965, p. 91).

Thus, the trauma theory assumes the cond ition ing conception o f  fe a r ,  while 

the previous hypothesis suggests tha t encounters w ith pa in fu l s t im u la tion  

may serve to ra ise  the adaption level fo r  pa in fu l s t im u la t io n , and thereby 

to reduce i t s  aversive q u a l i ty .

The present experiment tes ts  a hypothesis which a t t r ib u te s  the s im ila r  

behaviour patterns exh ib ited by experimental Ss to the s im i la r i t y  o f in ­

f a n t i le  s t im u la tion  experienced by them. The d ire c t io n  o f the e ffec ts  

and th e i r  r e l i a b i l i t y  over a long period o f time, as well as th e ir  m o d if i­

cation by subsequent experiences is  also studied. The v a l id i t y  o f  the tem­

perature change and monotonicity hypothesis, as re levant to  th is  experimental 

design, can also be evaluated.



METHOD

Subjects

The Ss were 20 l i t t e r s  from a colony o f C57BL/6J mice a t the Psy­

chology department, College of W illiam and Mary. The mouse colony was

established in  the Fall o f 1964 w ith  20 pairs o f C57BL/6J mice obtained 

from the Roscoe B. Jackson Memorial Laboratory.

Apparatus For In fa n t i le  S tim ulation

Novel-environment. L igh t grey cardboard containers 3.5 in .  square, 

and 2 in .  high were the novel-environments fo r  the two Ne groups.

Shock Apparatus. Two blunt-edged wire e lectrodes, through which 

a shock o f 0.5 ma. was passed, were used to shock Ss in the two shock 

groups. Previous p i lo t  work w ith  th is  s tra in  o f mice has shown a 0.5 

ma. in te n s i ty  to be s u f f ic ie n t  to e l i c i t  squeaking.

Apparatus fo r  Later Testing

O pen-f ie ld . The open-f ie ld  was a 35 in .  x 22 in .  metal t ra y  w ith  

9.5 in .  high white p laster-board w a lls .  The f lo o r  o f the f i e ld  was 

divided in to  3 in .  squares. I l lu m in a t io n  was provided by a 60 watt, 

lamp hung over the center o f the f i e ld  in add it ion  to the normal room 

l ig h ts .  To prevent Ŝ from leaving the s ta r t  area before the t r i a l  

s ta r te d , a four-walled wooden enclosure, 3 in .  square and 6 in .  high, 

was placed in the center square o f the f i e ld .  Each S was restra ined 

in the enclosure fo r  5 to 10 seconds before the beginning o f each open- 

f ie ld  observation.

8
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Avoidance learning apparatus. Conditioned avoidance learning was 

conducted in a 6 in .  deep wooden shu tt le -box. The black-walled shock 

compartment had inner dimensions o f 8 in .  x 5 in .  Shock of 0.5 ma. 

in te n s i ty  could be passed through the g r id  f lo o r ;  an overhead 60 watt, 

lamp, when l ig h te d  was the CS. A g u i l lo t in e  door separated the shock 

compartment from the safe compartment which was 8 in .  long and 3 in .  

wide. The unlighted and unpainted wooden safe compartment had a movable 

back-wall w ith  which _S could be pushed back in to  the shock compartment.

D iscrim ination  learning apparatus. A Y-maze w ith  6 in .  high 

walls  was used in  the pos it ion  d isc r im ina tion  learning task. Each 

arm was 4 in .  x 3.5 in . ,  and was separated from a 2 in .  long goal box

by a g u i l lo t in e  door. Water was ava ilab le  in a l l  three goal boxes.

Reward was placed behind a 1.0 in .  x 0.5 in x 0.25 in .  ledge on one 

side o f the goal box to prevent _S from seeing the reward before making 

his choice.

Procedure: In fa n t i le  S tim ulation

At b i r t h ,  whole l i t t e r s  ranging in  size from four to s ix  pups,

were randomly assigned to one o f the f iv e  groups, each group having

four l i t t e r s .  A l l  l i t t e r s  contain ing more than s ix  young were reduced 

to s ix  by random e lim in a t io n . Each l i t t e r  and mother were raised in 

a trans lucen t 29 x 19 x 13 cms. labora tory  cage, equipped w ith  a water 

b o t t le  and food basket suspended from the c e i l in g .  Food and water 

were ava ilab le  ad l i b . Commercial bedding materia l (Sani-Cel) was 

placed in  a l l  the cages, and was not changed p r io r  to weaning. A l l  

l i t t e r s  were examined once every day, p r io r  to eye-opening, by gently  

l i f t i n g  the cage and removing the cover.
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From f iv e  to ten days o f age, experimental Ss were exposed fo r  

two minutes d a i ly ,  to the re levant treatment condition o f th e i r  group.

The d i f fe re n t  treatment procedures were:

Group H. These Ss were handled in  the home cage. Each S^was picked

up by the s c ru f f  o f  his neck between E_'s fo re f in g e r  and thumb and

placed in the home cage away from the maternal nest.

Group H-Ne. These Ss were handled and placed in the novel-environment; 

i . e . ,  each _S in th is  group was picked up, removed from the home cage, 

and placed in an ind iv idua l cardboard conta iner.

Group H-Ne-S. Each ^ re c e iv e d  treatment s im ila r  to tha t given to Ss 

o f Group H-Ne, but in a d d it io n ,  was given two shocks d a i ly ,  one minute 

apart, while in the novel-environment. The shock electrodes were ap­

p lied  to each _S and a 0.5 ma. shock was delivered u n t i l  he squeaked.

Group S. Each _S received shock in the home cage in the same fashion

tha t group H-Ne-S was shocked in  the novel-environment. Group S was 

not handled at a l l  during in fa n t i le  treatment.

Group C. Each S^was given no experimental treatment and was not handled 

at a l l  during infancy.

Procedure: Testing

At 23 days o f age the animals were weaned. Each S_ was removed from 

his preweaning home cage and tested in the open -f ie ld . A f te r  t h is ,  the 

_S was weighed and housed in an ind iv idua l cage. Each subsequent open- 

f ie ld  te s t  was always followed by weighing o f the Ss. During th e ir  post- 

weaning l i f e  the Ss were removed from th e i r  home cages and/or received 

handling o f any kind only during te s t in g .
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Open-field te s t I . Each S_ was removed from his pre-weaning home 

cage and placed, fo r  5 - 1 0  seconds, in the four-wa lled  enclosure in 

the center of the f i e ld .  Timing o f the four-minute t r i a l  s ta rted  when 

the enclosure was removed. Latency to leave the center square was 

noted, and subsequent a c t i v i t y  recorded by trac ing  S_'s path on a scaled 

diagram of the f i e ld .  When S_moved a l l  fou r paws across the boundary 

l in e  he was considered to have moved to the adjacent square. Any defe­

cation and u r in a t io n  was recorded.

Open-field te s t  I I . At 40 days o f age, each was given another 

open-f ie ld  te s t  according to the procedure described above fo r  open- 

f i e ld  te s t  I .

Avoidance learning and e x t in c t io n . When they were 46 days o ld ,

Ss were tra ined on a conditioned avoidance task. Each S_ was placed 

in the black shock compartment o f the shuttlebox and the CS ( l ig h t )  

was turned on. Before the f i r s t  t ra in in g  t r i a l ,  while the g u i l lo t in e  

door to the safe compartment was s t i l l  c losed, a 1.0 second unavoidable 

and unescapable shock was given. On each tra in in g  t r i a l  the g u i l lo t in e  

door was raised and the CS given 5.0 seconds before the shock was turned 

on. The l i g h t  and shock were turned o f f  and the door lowered when 

entered the safe compartment. A f te r  an in te rva l o f 15 - 20 seconds, 

the g u i l lo t in e  door was raised and S_ was gently  pushed in to  the shock 

compartment w ith  the movable back-wall o f the safe compartment. To 

prevent from re tu rn ing  to the safe compartment before the s ta r t  o f 

another t r i a l ,  the g u i l lo t in e  door was closed as soon as ^ e n te re d  

the shock compartment, and was opened when the CS was presented fo r  the 

next t r i a l . Latency to enter the safe compartment was recorded on
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every t r i a l .  When :S reached a c r i te r io n  o f f iv e  avoidances in s ix  

consecutive t r i a l s ,  he was returned to his home cage. Approximately 

10 minutes la te r ,  20 e x t in c t io n  t r i a l s  were given using the same pro­

cedure as in avoidance t ra in in g  except tha t shock was not de live red .

I f  S fa i le d  to leave the shock box w ith in  15 seconds o f the begining 

o f an e x t in c t io n  t r i a l ,  the t r i a l  was terminated and a 15 second l a t ­

ency was recorded fo r  tha t t r i a l .

D iscr im ination  and reversal le a rn in g . At 53 days o f age'! Ss 

were placed on a 2 1 h  hour food depriva tion  schedule and tra ined to 

eat .045 gm. food p e l le t  (Noyes), f i r s t  in the home cage and next in 

the goal box of the Y maze. The eating c r i te r io n  in each s itu a t io n  

was fou r or more food p e lle ts  eaten on each of two consecutive days. 

Twelve p e l le ts  were presented together in  the home cage fo r  35 - 45 

minutes. The day a f te r  S_ reached eating c r i te r io n  in the home cage, 

he was placed fo r  10 minutes each day in the Y maze with four p e l le ts  

in each goal box. On the day _S reached eating c r i te r io n  in the Y maze, 

he was run fo r  three t r i a l s  to  determine his pos it ion  preference. 

Position d isc r im ina tion  t ra in in g ,  toward the non-prefered s ide, was 

started  the next day.

Each _S was placed in the s ta r t  a l le y  and the g u i l lo t in e  door ra ised, 

allowing him to run to the r ig h t  or l e f t  goal box. When _S l e f t  the 

s ta r t  box and when he entered a goal box, the respective doors were 

lowered to prevent re tra c in g . One food p e l le t  placed behind the ledge

Because o f £ ' s i l ln e s s ,  two l i t t e r s ,  one from group S and one from 
group H-Ne-S, did not s ta r t  on the food depriva tion  schedule t i l l  
56 days o f  age.
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in  the co rrec t goal box was the reinforcement. The a l le y  entered by 

on any one t r i a l  served as the s ta r t  a l le y  fo r  the fo llow ing  t r i a l .  

Twenty-five t r i a l s  were run each day u n t i l  S made 10 co rrec t choices 

in 12 consecutive t r i a l s .  I f  S had seven co rrec t responses in  the 

la s t  nine consecutive t r i a l s  on any one day, up to f iv e  more t r i a l s  

were given on tha t day, to enable to reach c r i te r io n .  Reversal 

lea rn ing , in which S/s i n i t i a l l y  prefered side became the co rrect 

pos it ion  choice, was s tarted  the day fo llow ing  the completion o f d is ­

c r im ina tion  learning and followed the same procedure as the d isc r im ina ­

t io n  task.

Open-field te s t  I I I . When 70 days o ld ,  each was observed in 

the open-fie ld  fo r  the th i r d  tim e, fo llow ing  the procedure described 

above fo r  the open-fie ld  te s t  I .
2

Since th is  s t ra in  o f mice is  extremely ag ita ted by handling, Ss 

were not handled between te s t in g ,  and during te s t in g ,  handling was 

kept, to a minimum. Throughout the experiment Ss were kept in the., 

same room, under 18 hours l i g h t  and 6 hours dark cond it ions , a t about

75°F. The in fa n t i le  treatment, open-fie ld  te s t in g ,  and the weighing

were a l l  done in the afternoons; the avoidance and d isc r im ina tion  

tasks were given in the la te  evening. The o ve r-a l l  procedure is  sum­

marized in Table I .

2Friedman, H., personal communication.
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TABLE I 

Outline o f Procedure

In fa n t i le  s t im u la tion  fo r  groups H, H-Ne, 5 - 1 0
H-Ne-S, and S.

Weaning 23

Open-fie ld Test I 23

Open-fie ld Test I I  40

Avoidance learning and e x t in c t io n  46

Placement on Food Deprivation Schedule 53*

Learning to eat food p e l le ts  in home cage 54+
and in Y maze, followed by Position 
d isc r im ina tion  and reversal learning

Open-fie ld Test I I I  70

*  56 days o f age fo r  two l i t t e r s .



RESULTS

Because o f large d ifferences between males and females in  p e r fo r ­

mance in the open f ie ld  and learning s i tu a t io n ,  the dimension o f sex 

was included in a l l  analyses. Using harmonic means to co rrec t fo r  

unequal group sizes (Winer, 1962), two sources of variance and th e i r  

in te rac t ions  were examined: in fa n t i le  treatment, and sex. When change

in open-f ie ld  performance from te s t  I to  te s t  I I ,  and from te s t  I I ' 

to  te s t  I I I  was stud ied, repeated te s t in g  - -  or re p l ic a t io n  - -  was 

examined as a th i r d  source o f variance.

The fo llow ing  comparisons were made to  te s t  the s im i la r i t y  of 

treatment hypothesis:

a) between groups C, H, H-Ne, H-Ne-S;

b) between groups C, S, H-Ne-S;

c) between groups C, S, H;

d) between groups C, S, H-Ne.

Thus, groups compared in a and b, but not in  c and d, had some in fa n t i le  

treatment in  common; when the main e f fe c t  fo r  treatment was s i g n i f i ­

cant fo r  comparison a, comparisons were also made between:

e) groups C, H, H-Ne;

f )  groups C, H-Ne, H-Ne-S.

In comparisons b, c, d, e, and f ,  the e f fe c ts  o f handling, combination 

o f handling and novel environment, and combination o f handling, novel 

environment, and shock, could be iso la ted  to some extent and the re la ­

t iv e  importance o f  each in e f fe c t in g  behavioural change thus studied. 

These comparisons also enable study o f the importance o f the temperature

15
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change va r ia b le . Comparisons a and b te s t  the monotonicity hypothesis. 

The s ig n i f ic a n t  re su lts  o f the analyses are presented in Tables 2 - 5. 

Summary tables fo r  each fo r  the analyses o f variance are given in the 

Appendix.

Open-fie ld Behaviour

Rate o f ambulation (number o f l ines  crossed per second) and w a l l-  

seeking a c t i v i t y  level (% o f a c t i v i t y  concentrated along the walls —

WS % a c t iv i t y )  were the two measures used to study behaviour in the 

open f i e ld .  Comparisons between the various groups were made on both 

measures at the time o f weaning. Also, the change in open-f ie ld  per­

formance which occurs as a re s u l t  o f nature o f in tervening a c t iv i t y  

between one te s t  and the next was studied by comparing the groups on 

tes ts  I and I I ,  and tes ts  I I  and I I I .

Rate o f ambulation. The s ig n i f ic a n t  resu lts  are summarized in 

Table 2. At weaning the only s ig n i f ic a n t  e f fe c t  due to in fa n t i le  

treatment was found on comparing groups C, S, H-Ne-S, the la t t e r  being 

more ac t ive  than e i th e r  o f  the other groups. Group H-Ne-S was also 

more ac t ive  than e ith e r  group C or S when te s t  I and te s t  I I  ambulatory 

ra te  were taken together, but did not d i f f e r  s ig n i f ic a n t ly  from other 

groups when the ra te  o f movement o f tes ts  I I  and I I I  was examined.

The s ig n i f ic a n t  main e ffe c ts  o f sex on some comparisons suggest tha t 

females were genera lly  more active  than males. Figure 1 presents the 

ra te  o f ambulation o f each group on each o f  the three open-fie ld  te s ts .

Figure 2 shows the change in a c t i v i t y  ra te  from one te s t  to the 

next fo r  each o f the groups. A l l  Ss were more ac tive  on te s t  I I  than 

te s t  I (Table 2 ). The sex x re p l ic a t io n  in te ra c t io n  was suggestive fo r



17

TABLE 2

ANALYSIS OF VARIANCE SUMMARY ON RATE OF MOVEMENT IN OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS

SOURCE Cs H, H-Ne-S C, S, H-Ne-S
OF

VARIATION
TEST I TESTS I - I I  TESTS I I - I I I  TEST I TESTS I - I I  TESTS I I - I I I

F=3.473 F=3.190
A d f=2 ,43 d f=2 ,43

(Treatment) p < .0 5  .06
eta^.35 eta>.35

F=4.096 F=4.597 F=3.165
B d f = l ,56 d f = l ,56 d f = l ,43

(Sex) p <  .05 p <  .05 p = .07
eta>.25 eta^>.25 eta>.25

AB

C
(R ep lica tion)

F=6.151 
d f = l ,56
p <  .02
eta>.3

F=14.549 
d f = l ,56
p <  .001
e ta >  .45

F=5.048 
d f = l ,43 
p <  .05 
e ta> .3

F=27.551 
d f = l ,43
p <  .001
eta>  .6

AC
F=3.466 
d f=2 ,43 
p < .05 
eta > .3 5

BC
F=2.885 
d f = l ,56
p <  .10
eta > .2

F=2.741 
d f = l ,56
p = .10
eta > .2

F=3.892 
d f = l ,43 
p = .07 
e ta >  .25

ABC
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TABLE 2 (CONTINUED)

ANALYSIS OF VARIANCE SUMMARY ON RATE OF MOVEMENT IN THE OPEN-FIELD

SOURCE
OF

VARIATION

COMPARISON

c ,  s ,

BETWEEN GROUPS 

H

COMPARISON BETWEEN GROUPS 

C, S, H-Ne

TEST I TESTS I - I I  TESTS I T - I I I TEST I TESTS I - I I  TESTS I I - I I I

A
(TREATMENT)

B
(SEX)

AB

C

(REPLICATION)

F=8.654 
d f = l ,41
p <  .01
eta> .4

F=18.293 
d f = l ,41
p <  .001
eta> .55

F=5.663 
d f= l,39  
p <  .05 
eta > .35

F = l l .889 
d f = l ,39 
p <  .005 
e ta>  .45

AC
F=2.827 
d f=2,41
p <. .10
e ta -  .35

F=4.315 
d f-2 ,39
p <  . 02
eta >  .4

BC
F=4.930 
d f = l ,41 
p < .05 
eta > .3

F=3.772 
d f = l ,41 
P 'S .07 
eta>.25

F=2.990 
d f = l ,39
p < . io
eta >  .2

ABC
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Figure 1. Rate o f Movement o f  the groups a t d i f fe re n t  ages, 
as measured by number o f l ines  crossed per second, in the 
o p e n - f ie ld .
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Figure 2. Change in the ra te  o f movement (number o f l in e s  
crossed per second) o f the groups on repeated te s t in g  in 
the open f i e ld  a t various ages.
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some comparisons, the females genera lly  increasing th e i r  a c t i v i t y  

more than male Ss, e sp e c ia l ly  the ones in groups C and H (Figure 2). 

There was a fu r th e r  increase in a c t i v i t y  on te s t  I I I  f o r  a l l  groups.

The suggestive sex x re p l ic a t io n  in te ra c t io n  fo r  a l l  groups ind ica tes  

th a t  male Ss showed a g rea te r r is e  in  ra te  o f ambulation from te s t

I I  to te s t  I I I .  The treatment x re p l ic a t io n  in te ra c t io n  was s i g n i f i ­

cant fo r  two o f  the fo u r  comparisons, and suggestive fo r  one, the S 

group showing the g rea tes t increase in  movement ra te  from te s t  I I  to 

te s t  I I I ,  and H-Ne-S Ss showing the le a s t change.

Wall-seeking a c t i v i t y  leve l (WS% a c t i v i t y ) . Figure 3 i l l u s t r a t e s  

the WS% a c t i v i t y  o f  a l l  groups on the three o p e n -f ie ld  te s ts .  The 

s ig n i f ic a n t  re s u lts  o f  the analyses o f  variance are summarized in 

Table 3. Since the main treatment e f fe c t  a t weaning was s ig n i f ic a n t  

when comparing groups C, H, H-Ne, and H-Ne-S, w ith  group H-Ne-S having 

the lowest leve l o f WS% a c t i v i t y ,  groups C, H, H-Ne, and groups C,

H-Ne, H-Ne-S, were compared, w ith  no s ig n i f ic a n t  re s u l ts .  The t r e a t ­

ment x sex in te ra c t io n  was s ig n i f ic a n t  fo r  one comparison, and approa­

ched s ig n if ica n ce  fo r  another. As can be seen in  Figure 3, females 

in  groups H-Ne and H-Ne-S concentrated a lesser amount o f  to ta l  a c t i v i t y  

along the w a lls ,  than the males in  these groups; the reverse was true  

fo r  Ss in  C, H, and S groups. On comparing these three la s t  mentioned 

groups, the main sex e f fe c t  was s ig n i f ic a n t .

The main treatment e f fe c t ,  when groups C, H, H-Ne, and H-Ne-S 

were compared on WS% a c t i v i t y  o f  te s ts  I and I I  suggests th a t Ss in 

group H-Ne-S were s t i l l  somewhat lower r e la t iv e  to  the o ther groups. 

However, examination o f  the main e f fe c t  o f  treatment on te s ts  I I  and

I I I  revealed groups H-Ne-S and S to have the lowest WS% a c t i v i t y  le v e l .
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ANALYSIS OF VARIANCE SUMMARY ON WALL-SEEKING ACTIVITY IN OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE c, H, H-Ne, H--Ne-S C, S, H-Ne-S

OF
VARIATION TEST I TESTS I - I I TESTS I I - I I I TEST I TESTS I - I I TESTS I I - I I

A
(TREATMENT)

F=2.804 
df=3,56 
p < .05 
eta>.35

F=2.385 
d f=3,56 
p 5.07 
eta>.35

F=4.890 
d f=3,56 
p <.005 
eta=.45

F=7.319 
d f=2,43 
p <.005 
eta ~ .5

B
(SEX)

F=3.333 
d f = l ,43
p <.10
eta >.25

AB

F=2.717 
d f=3,56
p = .06
eta >.35

F=4.741 
df=2 ,43
p < . 02
eta > .4

F=2.481 
d f=2 ,43
p < .10 
eta > .3

C
(REPLICATION)

F=22.094 
d f = l ,56
p <.001
eta > .5

F=3.424 
d f = l ,56 
p ^ .07  
eta^.25

F=30.177 
d f = l ,43
p <.001
eta=. 65

F = l l .375 
d f = l ,43 
p < . 005 
eta~\45

F=5.070 
d f=2 ,43 
p c.02 
e ta >  .4

F=3.278
BC d f = l ,43

P C .10
eta>.25

ABC



25

TABLE 3 (CONTINUED)

ANALYSIS OF VARIANCE SUMMARY ON WALL-SEEKING ACTIVITY IN OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, S, H C, S, H-Ne

OF
VARIATION TEST I TESTS I - I I  TESTS I I - I I I TEST I TESTS I - I I  TESTS I I - I I I

A
(TREATMENT)

F=4.023 
d f=2 ,41 
p <.05 
eta r: .4

F=4.237 
d f-2 ,39  
p < .05 
eta > .4

F=6.520 
B d f = l ,41

<SEX>

AB

C
(REPLICATIONS)

F=13.605 
d f= l ,41 
p < .005 
eta ~ .5

F=6.298 
d f= l,41
p < .02
eta >.35

F=19.233 
d f = l ,39
p <.001
eta>.55

F=3.180 
d f = l ,39
p < .10
eta>.25

AC

F=4.485 
d f=2 ,41 
P <  -02 
eta > .4

F=3.825 
d f=2 ,39 
p <  .05 
eta > .4

BC

F=5.930 
d f = l ,41 
p <  .05 
eta^.35

F=2.455 
df=2,39

ABC p ^  .10
eta > .3
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Figure 3. Wall-Seeking a c t i v i t y  leve l o f  the groups a t d i f fe re n t  
ages, measured in terms o f percent o f a c t i v i t y  along the walls in 
the open -f ie ld .
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Figure 4. Change in level o f wall-seeking a c t i v i t y  (percent 
o f a c t i v i t y  along the w a lls )  o f the groups on repeated te s t ­
ing in  the open-fie ld  a t various ages.
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Also, while these Ss did not d i f f e r  from each o ther, they were s ig n i­

f i c a n t ly  d i f fe re n t  from the other experimental and contro l Ss in  the i 

wall-seeking behaviour.

The change in WS% a c t iv i t y  leve l from one te s t  to the next is  

i l lu s t r a te d  in  Figure 4. Results ind ica te  a l l '  Ss show a change from 

te s t  I to te s t  I I  and from te s t  I I  to te s t  I I I ,  although the degree 

o f change was d i f fe re n t  fo r  the various groups. The suggestive sex 

x re p l ic a t io n  in te ra c t io n s ,  and treatment x sex x re p l ic a t io n  in t e r ­

action ind ica te  th a t while genera lly  males changed th e i r  WS% a c t iv i t y  

from te s t  I to  te s t  I I  more than the females, th is  being espec ia lly  

true  in groups C and H>the reverse was true  in group H-Ne. This can 

also be seen in f ig u re  4. While a l l  groups increased WS% a c t iv i t y  

from te s t  I to  te s t  I I ,  the d ire c t io n  o f change from te s t  I I  to te s t  

I I I  was not consistent among groups. The treatment x re p l ic a t io n  

in te ra c t io n  fo r  the la t t e r  set o f  analyses was s ig n i f ic a n t  fo r  3 o f 

the 4 comparisons, mainly due to lowering o f WS% a c t i v i t y  level by 

H-Ne-S and s Ss, the change from te s t  I I  to I I I  being greatest in 

group S.

Learning Behaviour

Avoidance learning and e x t in c t io n . Figure 5 presents the mean 

number o f errors made by Ss in  each group on the avoidance and extinc 

t io n  tasks; the s ig n i f ic a n t  re su lts  are summarized in Table 4. On 

the avoidance task, main e f fe c t  o f treatment was s ig n i f ic a n t  only 

fo r  those analyses in which group H-Ne was one o f the groups being 

compared. Ss in th is  group made a s ig n i f ic a n t ly  greater number o f
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Figure 5. Errors made by the groups to reach learning c r i te r io n  
on the conditioned avoidance and e x t in c t io n  tasks.



17
16*
15'
14
13
12
11
10
9
8
7
6
5
4
3

D OA v o id a n c e    Female
E x t in c t io n  M a lea T/X

s V  r

7 ■rT TI

Infantile T rea tm ent G roups



errors than those in any o f the other groups, which in turn  did not 

d i f f e r  among themselves. The treatment x sex in te ra c t io n  was s ig n i ­

f ic a n t  fo r  a l l  comparisons. Females in  the contro l group were be tte r  

learners than the males; in a l l  o ther groups, males made fewer errors 

the sex d iffe rence  being greatest in group H-Ne.

The main treatment e f fe c t  was s ig n i f ic a n t  fo r  a l l  comparisons 

on e x t in c t io n  performance. As Figure 5 shows, the H-Ne-S Ss made 

the most errors while learning to ex t ingu ish , followed by H and H-Ne 

Ss, and the con tro ls  made the leas t number o f mistakes. Ss in group

5 performed on the same level as those in  H. The main sex e f fe c t  

was suggestive when groups C, H, H-Ne, H-Ne-S were compared, as 

was the treatment x sex in te ra c t io n  on comparing C, S, H-Ne-S; 

females in  a l l  but the C group committed more errors on e x t in c t io n ,  

the d if fe rence  in performance between sexes being greatest in group 

H-Ne-S.

D iscrim ina tion  and reversal le a rn in g . Measurement on each 

o f these tasks was made in number o f t r i a l s  taken to reach c r i te r io n  

Mean performance o f the groups on each o f  the tasks can be seen in 

Figure 6; s ig n i f ic a n t  re su lts  are in Table 5. The main treatment 

e f fe c t  approached s ign if icance  on d isc r im ina tion  performance fo r  a l l  

comparisons tha t included group S. Ss in  th is  group reached d i s c r i ­

m ination c r i te r io n  fa s te r  than any other group. On reversa l,  main 

e f fe c t  o f treatment was s ig n i f ic a n t  fo r  a l l  comparisons. As Figure

6 ind ica te s , H and H-Ne Ss were slower, and H-Ne-S and S Ss fa s te r ,  

than contro l Ss to reach reversal c r i t e r io n .  The treatment x sex 

in te ra c t io n ,  when groups C, H-Ne, H-Ne-S were compared, suggests 

th a t H-Ne females took more t r i a l s  to reach c r i te r io n  o f  reversal



learning than the males in tha t group.
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Figure 6. T r ia ls  taken by the groups to reach learning 
c r i te r io n  on the pos it ion  d isc r im ina tion  and reversal 
tasks.
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DISCUSSION

Although the Ss, which had the experience o f in fa n t i le  handling 

in common, did not d i f f e r  in  t h e i r  ambulatory ra te  a t weaning, the 

H-Ne-S group did move s ig n i f ic a n t ly  more than the S group; the S 

group had also received e le c t r ic  shock during infancy but w ithout 

any other accompanying treatment. On the other hand, opposite resu lts  

were found fo r  the other open-f ie ld  measure, the handled groups 

vary ing , but the two groups shocked during infancy not d i f fe r in g  

from each other in wall-seeking behaviour. Thus, there is  no basis 

fo r  accepting or re je c t in g  the s im i la r i t y  o f experience hypothesis 

on data obtained a t weaning. The kind o f  s t im u la tion  shared, and the 

behavioural measure studied are apparently variab les o f some impor­

tance.

Progressive increase in in fa n t i le  s t im u la tion  did not appear 

to  have a corresponding d i f f e r e n t ia l  e f fe c t  on a c t i v i t y  ra te  at wean­

ing , as would be expected from the monotonicity hypothesis (Denenberg 

& Haltmeyer, 1967). However, the s ig n i f ic a n t ly  higher ra te  o f move­

ment and lower wall-seeking a c t i v i t y  leve l o f the H-Ne-S group suggests 

th a t a combination o f handling and novel environment and shock was 

the minimum amount o f s t im u la tion  necessary to bring about a behaviour 

e f fe c t ,  d i f fe re n t  from the co n tro ls ,  a t weaning time. As Figures 1 

and 3 i l l u s t r a t e ,  the e f fe c t  was s t i l l  present, though not as pronounced, 

a t the two la te r  open -f ie ld  observations, thus demonstrating the 

s t a b i l i t y ,  over tim e, o f the in fa n t i le  treatment e f fe c t .  There is  

no evidence in support o f  the temperature change v a r ia b le ,  since

41
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no s ig n i f ic a n t  d iffe rence  was found on performance among the C, S9 

and H-Ne Ss on e i th e r  open-f ie ld  measure. These three groups while 

being exposed to d i f fe re n t  temperature changes also did not share 

any in fa n t i le  s t im u la t ion .

There was a general change in open-f ie ld  performance from one 

te s t  to  the next. A previous study, using a c t iv i t y  and defecation 

measures, has found behaviour in  the open f ie ld  to be constant over 

age before in troduc tion  o f  avoidance lea rn ing , but to increase w ith 

age subsequently (Denenberg & Smith, 1963). In the present study, 

the ambulatory ra te  showed increase on each subsequent te s t in g  in 

the open f i e l d ;  the WS% a c t iv i t y  showed increase on te s t  I I  fo r  a l l  

Ss, but the d ire c t io n  o f change on te s t  I I I  was re la ted  to the in fa n ­

t i l e  treatment group membership. Figures 2 and 4 show the change 

on both open-f ie ld  measures as being toward greater homogeneity o f 

performance among the various groups during te s t  I I ,  fo llowed by 

increase in v a r ia b i l i t y  on te s t  I I I .  The nature o f in terven ing exper­

ience between i n i t i a l  s t im u la tion  and la te r  tes t ing  must be considered 

in add it ion  to the age a t time o f te s t in g .  Iso la t io n  o f the Ss 

during the period between f i r s t  two open-f ie ld  observations had a 

reducing e f fe c t  on performance variance between groups trea ted d i f f e r ­

e n t ly  during in fancy. On the other hand, e s se n t ia l ly  id e n t ica l 

experimental manipulation during the learning s itu a t io n s  a ffected 

each group d i f f e r e n t ly ,  as evidenced by greater v a r ia b i l i t y  in  per­

formance on te s t  I I I .  The change from te s t  I I  to t e s t ' I I I  was most 

pronounced in  the S group.

Although ambulation in the open f i e ld  has.been conventiona lly
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viewed as a measure o f em otiona lity  (Denenberg, 1964; H a l l ,  1934), 

recent research (Whimbey & Denenberg, 1967) ind icates th a t the r e la ­

t io n sh ip  between open-f ie ld  a c t i v i t y  and emotional r e a c t iv i ty  is  a 

func tion  o f the day o f  te s t in g ,  and th a t defecation is  the only con­

s is te n t  and more re l ia b le  measure o f em otiona lity . Since there was 

very l i t t l e  defecation in a l l  three observations, the e ffe c ts  o f 

in f a n t i le  s t im u la tion  on la te r  emotional behaviour cannot be evaluated 

in  these terms. Taking ambulatory ra te  as a measure o f exp lora tory . 

a c t i v i t y  (Hays, 1960; Whimbey and Denenberg, 1967), and wall-seeking 

behaviour as a measure o f fearfu lness (Ross, Nagy, & Scott, 1966), the. 

data ind icates b ene fic ia l e f fec ts  re s u lt in g  from in fa n t i le  s t im u la ­

t io n  during in fancy, the h igh ly  stimulated Ss showing more exp lora tion  

and less fearfu lness in the open f i e ld  on a l l  three observations.

Learning Behaviour

Avoidance and e x t in c t io n . There is  no support fo r  the s im i la r i t y  

o f  experience hypothesis or fo r  the temperature change hypothesis 

from the avoidance or e x t in c t io n  data. The monotonicity hypothesis 

is  also unsubstantiated by re s u l ts .  The large number o f errors  made 

by H-Ne Ss as well as the s im i la r  performance o f other groups on 

avoidance is  d i f f i c u l t  to exp la in . In fa n t i le  treatment does re s u l t  

in d iffe rences among groups on e x t in c t io n ,  w ith  the exception o f H 

and S groups. The s im i la r  performance o f these la t t e r  groups on 

both avoidance and e x t in c t io n ,  is  consis tent w ith  th e i r  behaviour 

in the f i r s t  two open f i e ld  s itu a t io n s .

A te n ta t iv e  explanation may be o ffe red fo r  the performance of 

H-Ne-S group as re la t iv e  to tha t o f the other groups in the avoidance 

and e x t in c t io n  s itu a t io n s .  This experimental s i tu a t io n  - - a  combination
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o f handling and novel environment and shock - -  was very s im i la r  to 

the in fa n t i le  s t im u la tion  received by these Ss. While f a c i l i t a t i n g  

th e i r  avoidance lea rn ing , in fa n t i le  as well as recent exposure to 

shock impeded the e x t in c t io n  behaviour o f  these Ss since i t  necess it­

ated a longer stay in the shock box. The explanation requires tha t 

the s im i la r i t y  o f  te s t in g  s i tu a t io n  to in fa n t i le  experience a f fe c t  

•behaviour o f  Ss in tha t s i tu a t io n ,  and th is  may well be the case.

For instance, Denenberg and Morton (1962) have demonstrated tha t Ss 

reared in an open f i e ld  are less emotional when tested in an open 

f i e ld  than Ss reared in  cages. The present open-f ie ld  data a t weaning 

also suggests th is ;  the fa m i l ia r  combination o f handling and novel 

environment to  which H-Ne and H-Ne-S groups were exposed in  the open 

f i e ld  led them to be more active  and less fe a r fu l  than the other 

groups, though the e f fe c t  was not s t a t i s t i c a l l y  s ig n i f ic a n t  in  a l l  

cases.

D iscrim ination  and re v e rs a l. The d i f fe r e n t ia l  in fa n t i le  treatment 

received by the mice in the contro l and the three handled groups is  

not re f le c te d  in th e i r  learning o f a simple pos it ion  d isc r im ina tion  

task; however, there is  a re la t iv e  change in behaviour fo r  the shocked 

group. In a l l  previous te s ts ,  S group performed at a level s im i la r  

to H group, suggesting tha t e le c t r ic  shock w ithout exposure to handling 

and novel environment, is  a m ild  form o f s t im u la tion  and equiva lent to 

handling alone. That may s t i l l  hold i f  in f a n t i le  s t im u la tion  is 

considered alone. However, increasing age, novel environment, e le c t r ic  

shock ( th is  being s im i la r  to the in fa n t i le  s t im u la tion  o f S group) and 

food depriva tion  a f fe c t  the S group more than the H group. This change 

becomes very c lea r on reversal lea rn ing , the S group performing s im i la r ly
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to the in te n s ly  stimulated group ( i . e .  H-Ne-S group) and s ig n i f ic a n t ly  

b e tte r  than the H-Ne, H, and C groups. The change in re la t iv e  pos it ion  

o f S Ss is  not s p e c if ic  to th is  learning s i tu a t io n ,  but is  also present 

in  th e i r  performance on open-fie ld  te s t  I I I .  The d ire c t io n  o f change 

toward greater s im i la r i t y  in behaviour o f H-Ne-S and S groups suggests 

tha t experiencing e le c t r ic  shock - -  an in fa n t i le  s t im u la tion  common to 

both groups - -  may be an important fa c to r  here thus lending some support 

fo r  the s im i la r i t y  o f experience hypothesis. While the common exper­

ience o f handling and novel environment was more importnat i n i t i a l l y ,

shock experience seems more e f fe c t iv e  la te r .  This sequence o f re su lts  
#

may be due to the fa c t  tha t i n i t i a l  te s t in g  s itu a t io n s  exposed Ss to 

handling and novel environment, and exposure to e le c t r ic  shock was 

given only la te r .

The data on reversal task fo r  C, H, H-Ne, and H-Ne-S 

groups fo llow s the general pattern o f  the U-shaped re la t io n s h ip .  

D ifferences in  d ire c t io n  o f  change in performance from the d isc r im ina ­

t io n  to reversal learn ing s i tu a t io n  fo r  these groups may be explained 

by Smith's "hab itua tion " hypothesis (Smith, 1967). E sse n t ia lly  an 

adaptation p r in c ip le ,  i t  proposes tha t h igh ly  stimulated animals 

are more aroused a t i n i t i a l  contact w ith  a problem, but habituate 

to the s i tu a t io n  more qu ick ly  than less stimulated animals. This 

p r in c ip le  by i t s e l f  does not account fo r  the b e tte r  performance of 

the contro l group. However, i f  the U-shaped re la t io n s h ip  between 

stimulus input and emotional arousal holds, then non-stimulated and 

h igh ly  stimulated Ss are a t a s im i la r  emotional le v e l ,  th e i r  fa s te r  

hab itua tion  to the task thus fo l lo w in g . The assumption being made 

here is  th a t emotional r e a c t iv i t y ,  to some exten t, f a c i l i t a t e s  adaptation.
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Though genera lly  supporting the theory o f the bene fic ia l e f fe c ts  

o f in fa n t i le  s t im u la t io n , the present in ve s t ig a t io n  leads to  no c le a r-  

cut re su lts  regarding behavioural changes e ffected  by experimental 

s t im u la tion  in in fancy. On the con tra ry , i t  appears to add to the 

confusion th a t  already ex is ts  in th is  f i e ld .  In fa n t i le  treatment, 

though a f fe c t in g  la te r  behaviour, can ne ithe r be explained by the 

s im i la r i t y  o f experience hypothesis, nor by the temperature change 

hypothesis. The monotonic function  does not apply also to the re su lts  

o f  th is  experiment, since they fo l lo w  no consistent pa tte rn . In 

fa c t ,  the re a l ly  s a l ie n t  re s u l t  in  the present experiment is  th a t the 

e f fe c t  o f  a s p e c if ic  in fa n t i le  treatment is  a complicated func tion  of 

the nature o f  in terven ing experience between s tim u la tion  and te s t in g ,  

the p a r t ic u la r  te s t in g  s i tu a t io n  used, the type o f response measured, 

and the sequence o f stresses involved in la te r  te s t in g .  Sex is  an 

important v a r ia b le , fo r  the re su lts  cons is te n t ly  showed large sex 

d iffe rences w ith in  groups. These f ind ings  c a l l  in to  question general­

iza t ions  based on re su lts  o f studies using only one behavioural par­

ameter w ith  Ss o f one sex. I t  also appears th a t repeated measures 

need not necessarily  lead to va l id  evaluation o f long-term e ffec ts  

o f  in f a n t i le  s t im u la t io n ,  since the type o f in tervening experience 

may have d i f fe re n t  e f fe c t  on the d i f f e r e n t ly  treated Ss and may re s u l t  

in  varying performance among groups which did not i n i t i a l l y  e x h ib i t  

behavioural d if fe rences . Simple experimental designs may lead to 

c le a r-cu t  re s u l ts ,  but r e a l i t y  appears to  favor complexity, and the 

parsimonious explanation need not always be v a l id .
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O pe n -fie ld  te s t  I

Latency to  leave center square (L a t . ) ;  to ta l  number o f l ines  crossed 

(TA); number o f  l ines  crossed per second (Rate); percent o f a c t i v i t y  

along walls  (WS%).

GROUP C

Male

Ss Lat. TA Rate WS%
SI 4.0 406 1.72 39.,90
S2 2.1 332 1.40 54. 2 2

S3 4.3 456 1.93 40.,13
S4 4.6 256 1.09 57.,03
S5 3.1 186 1.21 42. 13
S6 3.9 336 1.42 48.,81
S7 9.4 189 0.82 53.,97

Group
Mean 4.5 323 1.37

CO COo

GROUP H

Male

Ss Lat. TA Rate ws%
SI 8.4 169 0.73 70.41
S2 4.1 426 1.81 45.19
S3 3.5 288 1.22 49.13
S4 5.2 247 1.05 59.72
S5 2 .6 419 1.76 56.09
S6 3.6 333 1.41 59.76
S7 7.4 317 1.37 53.00
S8 3.4 236 1.00 61.65
S9 5.9 308 1.32 71.92

Female

Ss Lat. TA Rate ' WS%
S8 2.1 356 1.50 51.40
S9 3.0 387 1.48 60.50
S10 10.3 155 0.67 68.71
S l l 13.8 123 0.54 80.50
S12 6.3 176 0.75 75.28
S13 2.4 437 1.84 46.45
S14 2 .8 320 1.35 67.97
S15 3.1 169 1.14 55.95
S16 25.2 185 0 .86 55.68

Group
Mean 7.7 268 1.13 62.49

Female

Ss L a t . TA Rate ws%
S10 5.2 59 0.25 85.60
S l l 6 .2 355 1.52 64.65
S12 4.8 320 1.36 50.31
S13 6.4 95 0.41 81.58
S14 2 .8 422 1.78 50.24
S15 5.3 319 1.36 51.41
S16 3.5 237 1.00 59.49

Group
Mean 4.9 259 1 .10 63.33

Group 
Mean 4.9 305 1.30 58.54
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GROUP H-Ne

Male Female

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 7.0 147 0.63 72.45 S l l 6 .2 176 1.18 58.33
S2 6.7 476 2.04 38.97 S12 5.1 400 1.70 58:50
S3 2 .2 299 1.26 64.21 S13 3.2 429 1.81 49.18
S4 5.8 279 1.19 58.06 S14 2.5 413 1.74 45.52
S5 3.0 423 1.78 58.53
S6 2.4 351 1.48 56.13
S7 2.4 348 1.46 45.40
S8 8 .1 87 0.38 84.48
S9 3.8 350 1.48 52.14
S10 13.0 316 1.39 52.22
Group Group
Mean 5.4 308 1.31 56.26 ^Mean '4.3 380 1.61 52.88

GROUP H-Ne-S

Male

Ss Lat. TA Rate
SI 2.5 269 1.13
S2 5.5 387 1.65
S3 2.9 245 1.03
S4 1.3 542 2.27
S5 6 .0 380 1.62
S6 4.3 289 1.23
S7 3.0 211 0.89
S8 10.2 192 0.84

Group
Mean 4.7 314 1.33

WS% Ss
49.07 S9
50.26 S10
60.20 S l l
37.18 S12
50.79 S13
53.42 S14
57.11 S15
61.46 S16

S17
S18

Group
52.31 Mean

Female

Lat. TA Rate WS%
3.5 314 1.33 50.64
9.0 436 1.89 45.30
3.0 420 1.77 45.12
2.5 508 2.14 42.32
10.1 285 1.24 44.86
1.3 322 1.35 56.99
3.2 457 1.93 59.19
7.6 425 1.83 40.24
8.4 368 1.59 45.65
3.0 424 1.79 42.57

5.2 396 1.69 47.29



50

GROUP S

Male Femal e

Ss Lat. TA Rate ws% Ss Lat. TA Rate WS%
SI 1.6 406 1.70 51.97 S7 5.4 255 1.09 49.22
S2 2.5 233 0.98 32.62 S8 16.5 229 1.02 48.25
S3 7.8 148 0.64 59.12 S9 3.0 284 1.20 54.75
S4 2.9 246 1.04 64.43 S10 6 .0 304 1.30 59.05
S5 3.9 271 1.15 59.23 S l l 1.9 417 1.75 58.51
S6 6 .2 155 0.66 52.26 S12 5.7 255 1.09 64.31

S13 3.0 469 1.98 46.59
S14 6 .2 155 0.66 . 52.26
S15 9.7 116 0.50 71.12

Group Group
Mean 4.2 243 1.03 53.27 Mean 6 .0 294 1.25 58.02
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O p e n -fie ld  te s t  I I

Latency to  leave center square ( L a t . ) ;  to ta l  number o f l ines  crossed (TA); 

number o f l in e s  crossed per second (Rate); percent o f a c t i v i t y  along walls 

(WS%).

GROUP C

Male Femal e

Ss Lat. TA Rate WS% Ss Lat. ■ TA Rate WS%
SI 2.3 410 1.73 62.93 S8 2 .0 457 1.92 47.26
S2 2 .0 256 1.08 76.76 S9 4.0 443 1.88 ”68.51
S3 2 .0 409 1.72 49.27 S10 2 .8 453 1.91 53.31
S4 4.5 361 1.53 59.14 S l l  „ 2.9 397 1.67 71.54
S5 1.9 368 1.55 55.98 SI 2 5.0 381, 1.62 57.22
S6 1 .0 362 1.51 72.10 S13 1 .0 583 2.44 70.07
S7 3.6 85 0.36 88.24 S14 ' 1.5 329 1.38 69.00

S15 1.7 266 1.12 46.80
S16 4.3 32 0.14 92.19

Group Group
Mean 2.5 322 1.35 66.35 Mean 3.0 371 1.56 63.99

GROUP H
Male Femal e

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 3.4 282 1.19 52.66 S10 3.5 224 1.47 64.55
S2 3.0 409 1.73 64.67 S l l 3.7 326 1.38 76.84
S3 7.0 234 1 .00 66.03 S12 3.5 313 1.32 61.18
S4 2 .2 310 1.30 66.77 S13 1.9 454 1.91 56.06
S5 31.4 112 0.54 58.48 S14 2.5 421 1.77 54.16
S6 3.4 458 1.94 66.27 S15 1.9 516 2.17 56.40
S7 5.5 222 0.95 72.97 S16 2 .0 394 1.66 63.45
S8 1.7 332 1.39 81.62
S9 1 .6 334 1.40 68.71
Group Group
Mean 6 .6 299 1.27 66.47 Mean 2.7 378 1.67 61.81

LIBRARY 
William & M ^ry
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GROUP H-Ne
Mai e Femal e

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 4.0 273 1.16 69.05 S l l 3.5 422 1.78 66.94
S2 2.5 425 1.79 63.06 S12 1.9 336 1.41 83.59
S3 2.3 331 1.39 49.70 S13 1.9 472 1.98 54.87
S4 2 .0 384 1.61 52.86 S14 3.9 376 1.59 61.04
S5 4.0 268 1.14 62.87
S6 2 .0 368 1.55 62.50
S7 2.9 425 1.79 62.94
S8 4.5 369 1.57 61.52
S9 1 .8 379 1.59 64.78
S10 3.0 282 1.19 80.67
Group Group
Mean 2.9 350 1.48 63.00 Mean 2 .8 402 1.69 66.81

GROUP H-Ne-S

Male Female
Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 1.9 276 1.16 64.67 S9 3.0 453 1.91 58.61
S2 2 .2 267 1.12 72.85 S10 5.0 349 1.49 75.50
S3 2.5 333 1.40 60.06 S l l 3.6 348 1.47 54.17
S4 4.0 419 1.78 67.18 S12 5.5 348 1.48 52.01
S5 4.2 302 1.28 67.38 S13 3.0 348 1.46 69.54
S6 1 .8 401 1.68 59.73 S14 2.4 522 2 .20 59.00
S7 5.2 334 1.42 49.70 S15 5.1 430 1.83 60.81
S8 5.6 350 1.49 64.71 S16 1.9 409 1.72 50.49

S17 2 .2 496 2.09 45.97
S18 2.3 378 1.59 56.48

Group Group
Mean 3.4 335 1.42 63.26 Mean 3.4 408 1.72 58.26

GROUP S
Male Femal e

Ss Lat. TA Rate ws% Ss Lat. TA Rate WS%
SI 1.2 373 1.56 69.44 S7 1.3 383 1.60 70.37
S2 2.4 409 1.72 55.99 S8 2.7 447 1.88 54.03
S3 2.7 284 1 .20 58.80 S9 1 .6 318 1.33 74.21
S4 4.0 221 0.94 66.29 S10 4.4 267 1.13 70.79
S5 2.7 345 1.45 62.90 S l l 11.5 286 1.25 62.28
S6 4.7 129 0.55 68.22 S12 3.0 402 1.70 53.98

S13 1,3 459 1.92 60.68
S14 3.0 251 1.06 64.96
S15 5.9 248 1.06 78.02

Group Group
Mean 2.9 294 1,24 63.61 Mean 3.9 340 1.44 65.48



53

Open-fie ld te s t  I I I  

Latency to leave center square ( L a t . ) ;  to ta l  number o f l in e s  crossed (TA); 

number o f l in e s  crossed per second (Rate); percent o f a c t i v i t y  along walls 

(WS%).

GROUP C
Male * Female

Ss Lat. TA Rate WS% Ss Lat. TA Rate VJS%
SI 2.1 427 1.79 72.01 S8 2.4 365 1.54 67.26
S2 2 .0 450 1.89 71.78 S9 1.1 375 1.57 ' 89.07
S3 2 .0 322 1.35 78.88 S10 1.1 272 1.14 80.70
S4 1 .0 231 0.97 80.09 S l l 1 .0 469 1.96 54.26
S5 1 . 2 . 285 1.19 63.68 S12 1 .0 407 1.70 57.49
S6 1 .0 526 2 .20 55.42 S13 1.5 602 2.52 50.66
S7 3.2 189 0.80 74.87 S14 1.1 481 2.02 44.52

S15 1.3 484 2.03 44.52
S16 10.7 148 0.65 48.65

Group Group
Mean 1 .8 347 1.46 70.96 Mean 2.1 400 1.68 62.53

GROUP H

Male Female

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 1.3 328 1.37 62.80 S10 1.5 352 1.48 61.36
S2 3.1 322 1.36 61.80 S l l 4.2 321 1.36 69.94
S3 2.5 281 1.18 53.38 S12 1 .0 281 1.18 57.65
S4 2.1 488 2.06 57.89 S13 1.3 483 2 .02 54.87
S5 3.7 402 1.70 48.76 S14 3.2 428 1.81 65.54
S6 1.4 487 2.04 55.44 S15 2.5 485 2 .00 45.26
S7 0.9 418 1.75 63.76 S16 0.7 626 2.62 53.04
S8 3.6 352 1.49 75.99
S9 3,8 546 2,31 74.91

Group Group
Mean 2.5 403 1.70 61.64 Mean 2.06 425 1.79 58.24
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GROUP H-Ne

Male Female
Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 3.5 291 1.23 66.49 S l l 3.4 442 1.87 52.60
S2 1 .6 407 1.71 54.18 S12 2 .0 361 1.52 72.16
S3 1.5 426 1.79 70.07 S13 4.0 382 1.62 60.47
S4 1.4 460 1.93 65.33 ST4 2 .2 398 1.67 68.34
S5 1.9 325 1.36 58.31
S6 2 .0 405 1.70 56.79
S7 2.2 439 1.85 60.02
S8 2.9 270 1.14 77.59
S9 2 .0 449 1.89 65.37
SIO 3.0 452 1.91 63.72
Group
Mean 2.2 392

Male

1.64 63.79

GROUP H-Ne-

Group
Mean

■S

2.9 396

Female

1.67 63.39

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 1.5 428 1.79 46.14 S9 2.3 418 1.76 46.05
S2 1.0 378 1.58 69.71 SIO 1.5 463 1.94 61.23
S3 1.0 572 2.39 44.49 S l l 2 .0 393 1.65 40.59
S4 3.0 623 2 .6 3 - 55.62 S12 1.5 456 1.91 54.17
S5 2 .0 499 2.10 57.92 S13 2 .0 547 2.30 51.65
S6 3.2 414 1.75 50.97 S14 1.3 627 ‘ 2.63 50.48
S7 1.2 361 1.51 47.09 SI 5 2.9 370 1.56 52.57
S8 1.7 397 1.67 48.36 516

517
518

2.7
1.3
1.3

509
448
496

2.14 
1.88 
2 . 08 '

53.24
50.89
54.94

Group
Mean 1 .8 459 

Mai e

1.93 52.54

GROUP S

Group
Mean 1.9 473

Female

1.99 51.58

Ss Lat. TA Rate WS% Ss Lat. TA Rate WS%
SI 1.5 711 2.98 47.19 S7 2.7 365 1.54 35.21
S2 1 .0 407 1.70 35.50 S8 1 .0 525 2.19 38.10
S3 1.1 504 2.11 52.08 S9 1.7 523 2.20 52.68
S4 0.9 517 2.16 47.20 SIO 1.1 305 1.28 75.57
S5 1 .0 519 2.17 42.68 S l l 2 .C 378 1.59 56.48
S6 3.0 222 0.94 57.21 512

513
514
515

2.9
1 .0
3.0
2 .0

423
520
272
226

1.78
2.18
1.48
0.95

49.76
61.54
65.44
63.72

Group
Mean 1.4 480 2.01 46.98

Group
Mean 1.9 393 1.69 55.39
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Learning Performance

Errors in conditioned avoidance (AE); e rro rs  in  e x t in c t io n  (EE); t r i a l s  

to c r i te r io n  in pos it ion  d isc r im ina tion  (DT); t r i a l s  to reversal c r i te r io n

(RT).

Ss AE
Mai e 

EE DT

GROUP C

. RT Ss AE
Female

EE DT RT
SI 7 10 45 47 S8 10 6 22 42
S2 10 10 47 20 S9 6 9 53 26 '
S3 4 9 23 16 SIO 3 8 48 29
S4 6 7 40 34 S l l 4. 11 36 26
S5 8 10 38 27 S12 5 9 40 38
S6 4 10 43 17 S13 4 12 25 19
S 7 9 10 41 59 S14 2 7 30 30

Group
Mean 6.9 9.4 39.6 31.4

515
516

Group
Mean

2
3

4.3

10
7

8 .8

83
33

41.1

25
51

31.8

Ss AE
Mai e 
EE DT

GROUP H

RT Ss AE
Female

EE DT RT
SI 6 15 45 58 SIO 8 17 35 50
S2 2 10 24 26 S l l 3 12 25 59
S3 4 10 25 52 S12 5 14 52 34
S4 5 15 48 44 S13 3 12 49 56
S5 4 13 27 44 S14 3 13 38 51
S6 3 12 14 28 S15 6 9 29 34
S7 1 11 25 30 S16 10 15 34 46
58
59

Group

4
6

10
12

43
25

51
28

Group
Mean 3.9 12.0 30.7 40.1 Mean 5 .4 13.1 37.4 47.1
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GROUP H-Ne

Male Female
Ss AE EE DT RT Ss . AE EE DT RT
SI 2 10 30 37 S l l 11 15 60 50
S2 4 9 47 47 S12 8 15 40 44
S3 11 8 38 36 S13 11 8 20 51
S4 5 9 49 52 S14 6 8 54 52
S5 7 16 15 36
S6 8 8 26 23
S7 7 9 40 40
S8 4 9 36 39
S9 6 13 47 44
SIO 6 12 40 43

Group Group
Mean 6 .0 10.3 36.8 39.7 Mean 9. 0 11.5 43.5 49

GROUP H-Ne-S

- Male Female
Ss AE EE DT RT Ss AE EE DT RT

SI 6 12 27 33 S9 7 17 69 28
S2 4 11 38 20 SIO 4 18 62 27
S3 6 11 46 29 S l l 6 18 15 20
S4 4 15 41 21 S12 7 10 47 13
S5 3 17 38 17 S13 8 14 31 20
S6 5 17 28 29 S14 5 16 29 17
S7 c 11 28 22 S15 3 17 40 22
S8 ' 3 13 38 34 SI 6 4 17 36 19

S17 4 18 42 20
\ S18 7 17 31 15

Group Group
Mean 4.5 13.4 35.5 25.6 Mean 5. 5 16.2 40.2 20

GROUP S

Ss AE
Male

EE DT RT
SI 2 9 25 20
S2 5 9 29 26
S3 3 13 32 23
S4 4 14 37 27
S5 7 14 23 14
56 6 10 26 20

Ss AE
Female

EE DT RT
S7 c, 14 35 25
S8 2 13 38 23
S9 8 16 36 26
SIO 11 11 27 17
S l l 5 14 31 26
SI 2 8 12 28 34
S13 r. 12 29 18
S14 ij. 10 33 24
515 6 9 30 20

Group
Mean 4.5 11.5 28.7 21.7

Group
Mean 5.7 12.3 31.9 23.7
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RATE OF MOVEMENT IN THE OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, S, H C, S, H-Ne

OF •

VARIATION TEST I TESTS I - I I TESTS I I - I I  I TEST I TESTS I - I I TESTS I I - I I I

A F=0.241 F-0.445 F-0.214 F=1.966 F=2.135 F=0.276
(TREATMENT) df=2 ,41 df=2 ,41 df=2,41 df=2 ,39 df=2,39 d f=2 ,39

B F=0.335 F=0.839 F=1.160 F=0.478 F=1.776 F=0.526
(SEX) d f = l ,41 d f=2 ,41 • d f = l ,41 d f = l ,39 d f = l ,39 d f = l ,39

AB F=1.368 F=0.382 F=0.619 F=1.620
/

F=0.564 F=0.424
df=2,41 d f=2 ,41 df=2,41 df=2 ,39 df=2,39 d f=2 ,39

C F=8.654 F=18.293 F=5.663 F = l l .889
(REPLICATION) d f = l ,41 d f = l ,41 d f = l ,39 d f = l ,39

AC F=0.091 F=2.827 F=0.125 F=4.315
df=2 ,41 df=2 ,41 df=2,39 df=2,39

BC F=4.930 F-3.772 F=0.590 F=2.990
d f = l ,41 d f = l ,41 d f = l ,39 d f = l ,39

ABC F=1.474 F=1.257 F=1.302 F=1.346
df=2 ,41 df=2,41 df=2,39 d f=2 ,39
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RATE OF MOVEMENT IN THE OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, H, H-Ne, H-Ne-S C, S, H-Ne-S

VARIATION1 TEST I TESTS I - I I TESTS I I - I I I TEST I TESTS I - I I TESTS I I - I I I

A
(TREATMENT)

F=1.906 
df=3,56

F=1.731 
d f=3,56

F=1.346 
d f=3 ,56

F=3.473 
df=2,43

F=3.190 
d f=2,43

F=1.647 
d f=2,43

B F=0.218 F=4.096 F=4.597 F=0.838 F=3.165 F=0.974
(SEX) d f = l ,56 d f= l ,56 d f = l ,56 d f = l ,43 d f = l ,43 d f = l ,43

AB F=2.034 F=0.895 F=0.100 F=2.377 F=1.076 F=0.585
df=3,56 df=3 ,56 d f=3 ,56 df=2,43 d f=2 ,43 df=2,43

C F=6.151 F=14.549 F=5.048 F=27.551
(REPLICATION) d f = l ,56 d f = l ,56 d f = l ,43 d f = l ,43

AC F=4.76 F=1.714 F=0.475 F=3.466
df=3 ,56 df=3,56 df=2,43 d'f=2,43

BC F=2.885 F=2.741 F=0.853 F=3.892
d f = l ,56 d f= l ,56 d f = l ,43 d f=1,43

ABC F=1.654 F=0.400 F=1.371 F=1.472
d f=3 ,56 d f=3 ,56 d f=2 ,43 df-2 ,43
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WALL-SEEKING ACTIVITY LEVEL IN THE OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, H, H-Ne, H-Ne-S C, S, H-Ne-S -

OF ----------------------------------------- ---------------------------------------------------------------------- -------------

VARIATION TEST I TESTS I - I I  TESTS I I - I I I  TEST I TESTS I - I I  TESTS I I - I I I

A F=2.804 F=2.385 F=4.890 F=2.120 F=2.346 F=7.319
(TREATMENT) df=3,56 df=3,56 df=3,56 df=2,43 df=2,43 df=2,43

B F=0.955 F=0.022 F=1.938 F=3.333 F=0.472 F=0.205
(SEX) d f = l ,56 d f = l ,56 d f = l ,56 d f = l ,43 d f = l ,43 d f = l ,43

AB F=2.717 F=1.344 F=0.612 F=4.741 F=2.481 F=1.959
df=3 ,56 d f=3 ,56 d f=3 ,56 df=2 ,43 df=2,43 df=2 ,43

C F=22.094 F=3.424 F=30.177 F = l l .375
(REPLICATION) d f = l ,56 d f = l ,56 d f = l ,43 d f = l ,43 ■

AC F=0.969 
d f=3,56

F=1.843 
d f=3,56

F=0.106 
df=2,43

F=5.070 
d f=2 ,43

BC F=1.731 
d f = l ,56

F=0.102 
d f = l ,56

F=3.278 
d f = l ,43

F=0.171 
d f = l ,43

ABC F=2.056 F=0.456
df=3 ,56 d f=3,56

F=2.078 F=0.847
df=2 ,43 df=2 ,-43
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WALL-SEEKING ACTIVITY LEVEL IN THE OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, S, H C, S, H-Ne

OF -

VARIATION TEST I TESTS I - I I TESTS I I - I I I TEST I TESTS I - I I TESTS i i - i i :

A F=1.353 F=0.450 ' F=4.023 F-0.036 F=0.017 F=4.237
(TREATMENT) df=2,41 d f=2 ,41 df=2 ,41 df=2,39 df=2 ,39 df=2 ,39

B F=6.520 F=1.782 F=0.331 F=2.355 F=1.484 F=0.049
(SEX) d f = l ,41 d f = l ,41 d f = l ,41 d f = l ,39 d f = l ,39 d f = l ,39

AB F=1.065 F=0.537 F=1.882 F=2.288 F=0.446 F=1.550
df=2,41 df=2,41 df=2,41 df=2,39 df=2 ,39 df=2 ,39

C F=13.605 F=6.298 F=19.233 F=3.180
(REPLICATION) d f = l ,41 d f = l ,41 d f = l ,39 d f= l ,39

AC F=1.087 
d f=2,41

F=4.485 
d f=2 ,41

F=0.033 
d f=2,39

F=3.825 
d f=2 ,39

BC F=5.930 F=0.025 F=0.903 F=0.046
d f = l ,41 d f = l ,41 d f = l ,39 d f = l ,39

ABC F=1.030 F=0.698 F=2.455 F=0.632

df=2 ,41 df=2,41 d f=2 ,39 d f=2 ,39
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WALL-SEEKING ACTIVITY LEVEL IN THE OPEN-FIELD

COMPARISON BETWEEN GROUPS COMPARISON BETWEEN GROUPS
SOURCE C, H, H-Ne C, H-Ne, H-Ne-S

OF  :--------- — ----------------------------------------------------------------- ------
VARIATION TEST I TESTS I - I I  TESTS I I - I I I  TEST I TESTS I - I I  -TESTS I I - I I I

A F=1.280 F=1.003 F=*l .284 F-7.280
(TREATMENT) df=2,40 df=2,40 df=2,42 df=2,42

B F=2.189 F=1.165 F=0.439 F=0.981
(SEX) d f= l,4 0 d f= l,40 d f = l ,42 d f = l ,42

AB F=2.110 F=0.800 F=4.308 F=0.818
df=2,40 df=2,40 df=2,42 df=2,42

C F=0.285 F=1.598
(REPLICATION) d f = l ,40 d f = l ,42

AC F=0.622 
df=2 ,40

F=2.176 
d f=2 ,42

BC F=0.386 
d f = l ,40

F=0.181 
d f = l ,42

ABC F=0.215 
df=2 ,40

F=0.492 
d f=2 ,42
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