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ACTTRAST
AT St 0 O I AN

The long end ghort term effects cof brief handling
of labecratory rats between birth and weaning have so
far been shown to be mainly physiolsegical in nature.
Fecent evidence indicates, however, that investigatory

behavicur in adult snimals nmay also be affected.

The area of exploratory behaviour is receiving
increasing attention, but there have been comparatively
few studies relating this to early experience.
F2llowing a brief review of each teopicy, a series of
gtudies is therefcre reported in which the behaviour
of handled snd non=handled rats is compared in a
variety of experimental situations. fThese range from
gituatisng giving considerable opportunity for
locemotor investismation to others in which responses
to epecific agpects of the environment can be observed.
In addition, the behaviour of males and females is
compared and responses to each situation recorded over

a number of trialse.

esulte from these experiments indicate that a
variety of tests can distinsuish behavisurally between
kandled and non-handled animals, but that the locomotsr
meagures were least satisfactory in thig respect end
alsg revealed fewer interactions between the variables
of landlinz, Sex snd Trials, although females rad

higher locomotor scores tren males. Iowever, handled



animals tended to gpprsach novel objects more rapidly
and to ppend more time investigating them than did
non-handled; they also scored higher on tests of

home cage emergence. Statigtical lntersctions in
these sitaatiahs were frequently found, indicating
the complexity of the e¢ffects of early handling.

In gddition, differences between the groups tended

to persist over repcated triale.

It ig concluded that early kandling is capable
of producing effects upon subsequent investigatory
behavioury either in addition to or in place of the
lcwer—levei precesses of emotionality and locomotor

aotivitye.
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I. INTRODUCTICH

In common with other rapidly-expanding fields of
research, the study of the effects of early experience
on later behaviour has led to the emergence of varicus
contrdversies. Some of these - such as the old issue
of 'learned' versas ‘'innate' - are now unlikely to be
revived, at least in their original form; but questions
guch as the necessity for various forms of early
experience, the possible existence of 'critical periods’,
the physiological effects on the orpanism, and,
occasionally, the irreversibility or otheruwise of

various pegsible chanses continue to be of interest.

In spite'of the fact that there now exists a
considerable bocdy of experimental evidence (particularly
in relation to animal behavidur) on these issues =~
evidence which will be discussed briefly under the
sppropriate headings = it sppears that very few workers
have studied the later behaviour of the animals in nuch
detail. In particular, it is unusval to find more than
one experimental situation in use at the time when the
animais are iested. so that little is known rerarding
differences in performance to be expected under a veariety
of conditions. Come of this information can, of course,
be inferred by collating the results from different
e¥xperiments run by different experimenters with different

batches, strains or even species of animals; but the



limitations of this approach are self-gvident, however

interesting such comparisons may bDe.

Ansther aspect of the testing situation which
deserves greater euphasis than it has hitherto received
igs that of repeated testing in the szae situvation. It
is rash to zgsume either that the behaviour of an
individual animal on the second occasion of testing will
necessarily correlate with its behaviour on the first
trial (sce, for example, VWhinbey & Lenenberg, 15C7) or,
perhaps evern more importantly, that the differences
between two experimental grouvps will renain comparable
over a series of trisls. If, as ws kypothesize, there
are situations in which the performances of tws such
~roups show differential changes with repeated testing,
then it may be actually nisleadins to draw conclusions
on the basis of a single trial, quite epart from the

loss of possivly informative findincs which is entailed.

It nay also be ofrinterest to obgerve these
differential changes in more detail; for exarple, we may
be led to gquite cifferent cbnclusicﬁs recarding the nature
of exrly experience, depending on whether the performance
cUrves for.an experinmental group converpe with, diverge
from or renain parsllel with those for the gppropriate

control group over several trials.

In particular, the research reported in this thesis
has been designed to throw light on the following

questions:
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1)  the extent to which different measures of behaviour
are ghle to distinguigh between handled and none
handled egnimals;

ii) the circumstonces under which behavioural sex
differcnces in nonegexual activ1biea can be clicited;

iii) the changes, if anyy which are likely to occur in
the behevicur of the expeorimentsl groups &8s & result
of repeated testing in a glven situation;

iv) whetker the differences between handled and none

handled animals can be regardedy on bLalance, as

chiefly atiridbutable to general factors such as changes

in levels of emotionality and locemotor activity, cor
to more gpecific eacpects of performence such ag

investigstory behaviocur

This thegis is aceordingly concerned witih the inter-
section of two major research areas: that cf locomotor
end exploratory behaviour, and that of early expericnce.

Since review articles relating to each of thege topics
have recently beceme avallable, the relevant literature
in each arca will be triefly discuszed before proceeding
to the experiments, which deal with various asgpects of
exploratory behaviour in relation to early handling.
Although the eyperiments are to some extent treated
separatel", each having its sppropriate intrsduction and
conclusions, it will be observed that they fall in sonme
regpects within certain groupings. TFor exanple, the first

two experiments are obviously closcly related, dealing as
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they do with two £lightly different aspects of "home caze
cnerrence”. The third takes vp the theme of locomotor
sctivity (already present in Expt. 2) through the study
ef Y-mazo performance, while the last three experiments
are concerned with the question of invesgticatory
btehaviour and ere not only related 1o each other bt
also refer back to Expt. 1, in which this aspect of

behaviour is alsn important.

Finally, elthcugh each experiment concludes with
a brief discupsion of the findings and of gprecific
points of interest relating to these, ;he section
entitled 'General Conclusions' attexnpts to draw
together the thle series of experinments, pointing
out the possible relationships belween them end

discussing thelr wider implications.
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Iynloratory PBohavionr

he nature of the relationship between activity
(in particular locomotor azctivity) and exploratory
behaviour has yet to be clarified. Zerlyne (180)
hags discussed this problem to some extent, emphasizing
the difficulties encounterced in attespting to decide
whether an animal pascing from point A to point B can
be repgarded ags epproaching B or avoiding A; and whother
an enimal which spends much time in one part of a given
envirvonnent is encazing in rore or in less exploratory
tehavicur than enother animal which moves repidly from

cne part of the envircnment to the naxt.

-

The approachfavoidance problen can te seen a3 closely

[}
£

related to that of knowing whether activity is occasioned
by exploraztion or by fear (often eguated in practice with
temotiorality! and defired in terms of open=fiecld defecation,
gs in Iall, 1834 and Broadhursit, 19%3). The relationships
betucen these have been congidered by scversl workers

(e.g. Stoney 1932; Billingslea, 19423 lless, 1953; Zindra

& Thompoon, 1953; Hallidsy, 196G, 19033 Lester, 1SC7a;
illisns & Wells, 19703 Russell, 1973d). Althourh there
are differences in the terminology uged, several of these
authors have employed some variation of a technique which
mey be described as 'free' exploraticn, in which the animal
is &llowed to enter or othervice investigate a new environe

ment in itg own time. £ince tre animal may tzke some time

to enmerge into the unfamiliar environment, it follows that



locomotor scores within a piven pericd tend to be lower
than in the 'forced' exploration situation (Mall, 12343
Precadhurst, 1957; slliday, 1967 - and nany othker
workers) in which the animal is placed directly in the

experimental enviroznment.

Evidence that locomotor activity is negatively
asaociated with emotiorality kas been provided by
Droadnurst & Eysenck (19G4), tsing the Maudsley reactive
erd non-reactive ctrains in an open~-field test. lione
reactive animals (low defecators) were found to have
significantly higher ambulation scores than reactive
animals. Femzles slso scored higher than males; this
was particularly noticeable in the initizl phase of the
test gessions. These authors are of the opinicn that
"There is little doubt that the anhulatioa of the rat
in this situation is exploratory in character.® It
sbould, however, be pointed out that reactivity and
exploraticn camnot be correlated in ga entirely siraighte-
forward mamner, cince females scored higher than nales
on the ambulaticn measure, and yet no sex differences in

reactivity were found.

Another metbnd of producing differences in
'emoticnality' is by the use of handling procedures
siniler to those Cescribted in the present series of
experiments. It is generally found that handled snimals
ave less emotional than nonehsndled controls (Tenenberg,

1964). Delelsky & Tenenberp (1907a) report differences

14



vetween handled and non=hinndled rats on a test of
tyigual exploratory behaviour®, and sleo state that
"Tha £indines ... that handled gublects were more
active then non-handled controls probably reflects
(sic) the fact that the handled animals were less
emotional. VWhen activity in an cpen field is vsed
cg an index of emotionality, handled animals bave
been found to be significantly more active than ron-
handled controls (Tenenberg, 19C2)". The latter
pentence is comething of a non seguitur, but the
conclugica parallels that of Droadhivrst & ¥rsenck.
o protlems regarding sox differences were cncountered,

however, ag only male axnimals were used.

A direct comparison of the effects of heredity
(throuzh the uvse of reasztive and nonereactive strains)

and envircmment (early hazdlins) vpon emdtionelily was

.
+3
3
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carried out by Levine & Iroadhurst (19063)
found not only that btoth heredity and envirsnment produced
sisnificant effects but that there was s intoraction

between the two factors.

Other studies using handled and non-handled animals
have ghown that, slthough neasures of behavicur which
eppears to be exploratory in character (such ags Y-naze
gection entries, rearinz, and alternations) are positively
ond gicnificantly correlated (Wells, Lowe, Cheldon &
Williams, 19G9) in both groups of animals, these measures

ere negatively correlated with defecation scores;



vnpubliched data from the came experiment show that,
in this instance, the correlations reach significence
only for the hendled group. It is interesting, however,

.

that no girnificoat differences belween grovps with

recpect to defecation scores were found, since this

rolaes some doubts as to tho nature of the effects

g

produced by early hanilinz.

The situation is further complicated by Halliday's
(19565 sugrestion that "rats tend to explore novel
stimull because they arouse low levels of fear".

A similar position is adopted by Lester (19438, 19C9),
and contrasts with that ofy for example, lontgomery
(1955), according to waom fear and exploration would be
nutually exclusive. These theoretical positions are
reviewed in detsil by Russell (19733). Ialliday reports
ga eyperiment in whicah rats were tested for 3 mins. on

eachh of 4 guccessive days in eilher an enclosed or an

16

elevated maze (the latter being considered more ‘stressful'),

and finds that activity declined sirnificantly over trials
in the enclosed maze but remainad constant in the elevated
naze. £imilerly, the number of animals defecating in the
enclosed maze decreased over trials, while the number
defecating in the elevated maze remained constant. Ie
ergues from this that although both mazes had become
femiliar to the enimals, the elevated maze had retained
its capacity to evoke fear whereas the encloged maze had

note Iowever, this spproach has been criticised by



M.ie £heldon (1953, 1949), who finds that rats in an
elevated maze spend a large proportion of their time
epparently investipating tle exira-maze eavirooment
(behaviour which would not necessarily be reflected

in the measures employed by Hallidsy), and conclules
that " ees behaviour in the two kinds of maze ig &0
Gifferent that these compariscng do not Justify thre
conclusions drawa from then” An inpericus experiment
by Williaze (1371) goes some way towards cverconing
this difficulty: veiny an enclosed T-rzze constructed
entirely of clear Terspex, he compares section entry
scores end defecaticn in aninals exposed to tuwo
¢ifferent levels of illuwmination, and cbigins results
waich he describes as " ... complebely opposite to the
expectation from Halliday's position.” The defecation
scores were bhigher for the group which experienced the
higher level of illuminaticn, irndicating that this was
the more ‘'stressful' conditisn (Broadhurst, 1957;
Lixon & Lefries, 1963); but a considerable reduction in
the muber of sgecticns entered was observed for this
rovp, wherecas scection entry scores for the graﬁﬁ
experiencirg the low level of illumiration (the less
stressful condition) remained constant over triale.

.

It is interesting to note in this context that, acesrding

el

¢
to Candland, Tack & Mabtthews (1957), defecatiscn in a

rovel environzent zhowsd sdepte

[

ion over a scries of
trials but heart rate éid not, &nd that Leart rate and
defecation fregrencies were not sipnificanily correlated

either for individuals or for groups. N0 sex Cifferences

17
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in defecation were found, bLut heort rate was higher in
females than in pales. Unforitunatelyy this latter
neasure is lecs frequently exployed in the study of
emotionality than ere defecation gcores, and it is not

clear which of the twn measuresg ig to be preferred.

We have seen, therefore, that there is conflicting
evidence as to whether a decrease in sctivity can be
taken to indicate a less atfeasful environrient or not.
It is also possible that 'ectivity' may be indicative
of different states of the orpanism on different occasions.
Whinbey & Ienenberg (19G7) have found, for exasmple, that
the activity of rats tested in an open f{ield is positively
corrclabed with a wmeasure of emsalenallty on tae first
cay of tesiing but negatively correlated ca suvbgeguent
dayee Denenberg (in Audbroso, 1902, p.37) has sugpested
that activity on the first day can thercfore be regarded
es a hyperactivity phenomenoﬁ rather thaa as exploration
&s suche. However, Williaus (1971) has found that
althoush the 'séctioas entered' measure in the Perspex
naze showed the customary withinetrials declire
(Msgﬁgomery. 1952), an additional score of 'movenent'
recorded simultanmeously showed no such decline. This is
taken Vo indicate that the sections entered score is to
some extent independent of general activity (even on the
first day of testing) snd that it does provide a
reasonably s>und measure of explcratcry behaviour.

Alternatively, ussell & Williams (1973) have suzcested



that the differences beiweecn I'rial 1. end subsequent
perfornance can be accounted for in terms of the
differentiel kabituation of gpprocch and avoidance

tendencies.

There is also thoe problea that a given hypotheitical
construct such as 'exnotionglity' cen be assunmed from
radically different, if not incompatible, behavicurs.
Tor example, Candland (1953; cited by lalliday, 196G)-
has found that a population of emoticonal rats may be
bivariate, consisting of some animals who " ... cover
on a sirgle square and deposit a large number of boli,
while oiher animsls race around the [open] field and
also depogit a lsrge number of boli¥. 1In cther words,
it scenms That high sctivity scores mzy Le both
positively and nepatively correlated with emotionality
(defired in terns of delfecation scores) within the same
experimental group. ©his adds weight to Archer's (1973)
criticisn of the use of group means rather than
individual scores in the study of emotionality (as in

Whinbey & Denenberg, 1967).

vathar difficulticg are ralged by the findings of
Sussell (1973a), wiw reports that rats selecteﬁ 23 high
defecators entered fewer maze arms than did low defecaters,
but that they sls> tended to choose the novel arm of the
raze on their first opportunity to do so. In other words,
¥ secms that emotionality may be a poor predictof of

novelty-seecking behaviour. lHowever, Williaus & Lussell

19



(1972), studying the behaviour of handled and non~bandled
rals over several trials in ea open field containing a
central stimulus object, suggest that exploration tends
to increase &8 the suppressive effect of fear beconmes
lessz with hadituatica. ccordinz to this, the more
euotional group would be expected to explore more on

sibgequent trials thaan on the first.

The review by Archer (1973) gives a comprehensive

sccount of the evidence concernine relationships between

emotionality and ewploration. Citing mary of the findings

discussed gbove, he notes that ‘emotionality’ and
‘exploration' have been congidered by some worxers to
be inversely reiated, while some find a facilitatory
effect of fear on exploraticn, others regard the
relationship as U-shaped (exploration beipg high at
intermediate fear states), and still others hold that
fear may energize either embulation or responrses
incompatidble with zmbulation; on the other hand, the
two have alego been regarded as indspendent concepte.

It is therefore not surpriging that the validity of
emotionality as a concept is difficult to assess.
Indeed, Archer prefers not to repard either emationality
or exploration as mgjor motivational constructs, and we
would sdd that although fear (or emntionslity) may be
cne of the factors affecting an snimal's activity, it
is evidently neither the sale determinant nor entirely

straightforward in its effects.

20
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We have already cited evidence thst measures walch
eppear - intuitively = to represcat aspects of
exploratory beraviour tend to be positively correlated
(Wells ¢t aley 1259), buf until an acceptable defimition
¢f exploratica has beean formulated, such sa gpproach

ust be regarded ss somewhat ad koce Zerlyne (12€3),
sr exanple, takcs the view that explorstory behaviours
are those which do rot gcem to be associated with any

eoecific biological function. Apart froa the inherently

divices all behaviocurs into the tws classes 'x' and

‘aoct %'y the ghsence of gome biologzical function cannot
recesesrily be assumed (see also Fowler (1965) for a
discussion of this point). Unfortunztely, however,

the description of expioratary behaviour whkich Towler
sugreste « nanely, irnsirunental reemoases bringing about
a charge in stimulation, together with crienting and
investigatory respornses elicited by this condition =
does not really constitute a definiticon. In particular,

the first part of the description c¢ould equally well

i

epply to other gctivities such as grocning and

thermoraegulatory behavisour, and the gecond cones
perilously close to a statement of the zominal fallacy
that exploration is exploratory behaviour. Nevertheless,
the idem of investigatory responses elicited by stimulus
chenge is en izportant oney, and will form one of tue
underlying theaes of the experiments %o be dezcribed
subsequently; it is difficult to disagree with Fowler's

assumption that responses of this kind have a part to

21



pley in a wide range of other sctivities.

Cne of the problenxs in employing activity as a
measure of exploratory behaviour is that of distinguishing
botween emitted (or inbtrumental) and elicited responses;
indeed, it is difficult to conceive of experinental

sitvations in which conmpoznents of both will ndt be
.present. Ihwever, lhere édocs secm to be some differeance
- if only of degree - betwsen gn ewperimental situation
which allows the organisn to aoct upon the enviromment

in gome way (&g in sensazy reizforéemsnt studies) and

cne in which the eanvironnment apparently acts upsn the

crganien (as in studies employing, for example, &

brightly illumivated cpen field).

Even if locomotor measures can be shown to contain
a etrong component of exploratory behaviocur, houcver,
this is nst to say that thoy are entirely independent
of the organien's general activity. There is some
evidence, for example, that certain forms of early
experience may affect subsequent activity levels:
Hallidey (19C6) reports that handled animals are more
active in the home cszre than are non-handled gnimals.
Ca the other hand, Lawlor (pers. coma.) has found that
rats pgentled for S mins. per day on days 13-28 differed
from contrels on measures of regponge to novel objects,
cpen-field activity and éefeéation, but that there were
ro significant @ifferences with regpect to gctivity in

the home cage. This is in some ways a more informative

22



23
finding, end suggests that psychological rather then
physiological processes may be affected by this techniqgue;
it would algo sccord with the surpestion that early
randling produces fairly gross changes in, for example,
enotionality, whereas post-weaning handling affects
behaviours which can be thought of as cogoitive in nature
(Denenbergs in Ambrose, 1989). At the same time, it must
be noted that this interpretastion is rol egatisfectory in
cases where eariy handling praéuces'differences in
fesponse to mituations wilh a cognitive element (eas may
be the case in some of the experiments to be reported
subsequently). Althgugh.this is not an area where
clear-cut distinctions can be made, it is hypothesized
that early handling nay affect cognitive behaviour as
well as producing effects on emotionrality end/or activity,
and that the extent to which these are revealed will be
cependent on the exact nature of the testing situation

employed.

We now turn to the problem of 'optimua levels', which
has ite historical roots in attempts to reconcile the
observed behaviour of organisms (under conditions where
the so-called biological érives are at low levels) with
the predictions of theories of learning based upon drive
reduction. Some workers responded to this challenge by
postulating the concept of an exploratory drive (e.z.
Eerlyne, 1950); but following the publication in the early

1950's of a large number of papers showins that several



gnecies were capable of learning new recponcses in order
to bring sbout an incresse rather than a decrease in
stim:lation (esee Leudba, 1955, for a sslection of these),

a chance of emphasis was Ciscernible.

The term 'optimun levels' is a rather uvnsatisfactory
one, uveed here for the sake of economy to describe at
least two wajor aspects of this chonpe. Eri iefly, there

is the concept of optinal stimulation as exenplified by

Leuba (1955), who states that "ithe crgsuism tends to
acquire those reactlons which, wien over-all stimilation
is low, are accompanied by increasing stimulation; and
when over-all stimulation is kigh, those which are
accompanied by decreasing stimulgtion™. ILeubla is zlso
at pains to point out that there is nothirnz intrizsic
éit’er in the stimvlus or ian the current state of the
organisn by which intensity of stimulation c¢nuld be

efin

t-J.

&8 an absgolute, dut thal the eatire conbext of
the stimulus situation must be taken into account.
There are some gimilarities between this formulation
and that of Terber (Leuber & Larl, 1957; lember, 1360),
who etates thal "each individual can be thought of as
having a preferred coxmplexity level, or sn ideal
cowplexity level. The idesal ccuplexity level is
characveristic of the individual at a glven moment in

time and with respect to specific stimulus attributes”.

24



It 43 appareat ever fron thege short extracts that
hoth Leuba and Denber place considersbdle erphasis on the

uation, and that althoush the

]
fode
[y

stimlus 2spects of the
condition of the ersenism 1g by no means neslected, thelr
major aim eppears io be the predictior of ressonses in
terma of the immediate context of events. In other words,
the orgenisa's response could perihaps ve regarded as

veinz elicited by a given stimulus configuration.

Qf even greater interest in the precent context are
those theories waich place the emphasis squarely upon

the state of the orgenism itself; these are best described

as theories of ontimal aroneal. The higtory of the

cenecent of srousal can be traced vack to tha turn of the
century %ia attempts t0 clasgsify emoticnzl states, but

cne of the most influentisl formulatiocns Las been that

of Hebb (1955), who relates the level of 'arousal function'
(nonspedfic cortical bombardment) to the level of 'cue
function' (the more epecific guiding role of semsation,
walchh can be loosely interpreted as 'behavioural
efficiency'). ccording to Hebb, this relationship can

be expressed in the form of an inverted and approximately
U~-shaped curve, where maximal tbehavioural efficiency
occurs at an iatermedliate level of arousal. At very low
or very high levels of arousal, however, " <. the capacity
of seansory stimulation to guide behaviour is very poor"
(Hebb, 1256). In addition, the inverted U-shaped curve
may teke slightly different forms according to the agpect

of behaviour in question.
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Derlyne (4260), while accepting the inpertence of
eroueal se & thecretical conecpts Ciffers from Iichbb in
rosiulating that the orgardicn bebaves, withkin limite,
in guch o wey as to reduce grousal end thus altain esome

-

cptimm level. Thug, for Derline, boredem is regorded
es & state of high arousal. Exploratory behaviour is
interpreted as & way of reducing erousal (this hias some
gimilarities with those theories which postulate

exploration ss a method of reducing fear)

-e

alternatively, the corpanien mey secek a tonporary

increase in arousal for the sake of the decrease which
follows. Subsequently, however, Zferlyne (1269) has

cast some doubbt on this latter guggestion; he compares
ceversl possible models relating reward~value to arousal
inzrement, snd gurgests that, under certain circumstances,
moderate increases in aroussl may be rewardirg.
Correspondingly, and in common with some of the earlier

theorieg, larger incresses may be avergive.

Jerlyne furtler pestulates not only a reoword systen
but algo a porallel aversicn gystem, both of which are
affected by ‘'srousal potential' (roughly equivalent to
‘emount of stimulation'y, in its broalest sense). For
present purposces, the nosh relevent hypothesis arising
from this is that " ... the most rewarding degree of
arousal potential is higher at interediate levels of
arousal than at svpranormal sead subnormal levels. In

ocher worde, an animal will be most inclined to welcone
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arousing stimull whken ites cepacitvies for dealing with
them ere &t their pesk but will prefer less challenging

W aaSded

muleticn when cyeveosal level is too

N-

end troublesome st
Lich or too low for full efficierncy” (Perlyne, 1CC8,

p. £08). There is sime experimental suppeort for tlkis
view, including in particuler a sgtudy by Hoyweod &

vachs (1967), who founé trat stimuli cuch as white

noise and shock « interpreted as beirg streorgly arcusing
- caused a decrement in novelty preference. Similerly,

Williass, Wells & Lowe (1971), found that ber-pressing

for recsponse-contingent light was depresced by the
sedministration of white noige, while coutrol groups

stoved no differences in responding.

Pogt of these thecries are, Gn'the face of it, able
to explain the differcrnces in respending to a given level
of slimulug ipput which are found when the performsnce of

handled and pon-nandled cnimale is compared. However,
any theory of optimunm arcurgal as such suffers from the
Ceficiency that 1t carnot explain how loth groups are
cepable of edjusting thelr level of performance to deal
with a new and possibly increase& level of stimulus input
even though the ebsolute differences bstween the groups
ray £till te maintained. This hes led VWells et al. (1971)
to propoge a dusl aroveal systen incorperating btoth
regponse to ebsolute stimulus irnput and slco a meckheoniem
which can monitor gtimulus change and adivet arcusal

levels accordingly.



28

We therefore continue to gtress the necessgity of
comparing the performance of handled and non-handled
aninals in a variety of stimnlus situstions and during
nore than one occasicn of testing, since this is likely
to provide grealter irgight into ithe ways in which the
two groups, whose erousal levels have perhaps been
‘eett ot &ifferent velusg by tke forn of early
experience which they hLave underpgons, arc capable of
maotching their performance in aceoriance with both

intrinsic and extrineic varishles.



FTarly Experience

There sre varisus poesible approaches to the
study of the effects of early experience in animals.
For example, some workers have concentraled on the
kinds of early environment or stimulation required
to bring sbout a change in the organien's subseguent
behaviour or physgiology; the effects likely to be
produced nmay or may not be gpecified. Ielated to
this area of study are experiments attempting to
establish the developmental stage at which such
chanzes sre most effective. Alternatively, greater
erphasis may be placed on the nature of the effects
cbtained by a glven experimental manipulation.
lany workers have, of course, employed a combination

of these approaches.

, The gection which follows does not attempt fc
¢ive a comprehensive review of what is by now an
extremely widely researched field, and one which has
been covered in greater detail elsewhere (e.pg. lewton
& Levine, 1908 Ambrose,»1969; Tenenberg, 1972;

Paly, 1973), but rather attempts merely to draw

attenticon to some of the relevant arezs.
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Trriched envirovment sivdies

Lvidence from laboratory stuldies indicates thst a
wide range of modifications to ihe early enviromment
will produce some effect on the organism, and that both
deprivation and additional stimulation (as compared with
bageline laboratory conditions, thch are likely to vary
between researchers) are capable of bringing gbout
various changes. For example, rats reared in an
environment containihg additicnal visusl and tactile
gtimnzli have been found to score more highly on a test
of three-dimensional discriminaticn than do snimals
with a lesservamount of perceptual experience (lleler &
cGee, 1959). These and similar results obtained in
‘free environment' studies by warkers such as Forgays &
Forgays (1952), Forsus (1954, 1355) end others owe much
to earlier ideas put forward by Ilebd (1929). Gibson &
Walk (19956) bhave likewise shown that experience of
geoneirical shapes in the home cage during infancy
improves subsequent discriminations involving such
shapes.‘ tiowever, the derree of gpecificity of these
effects is not altogether clear, as few workers have
considered the poesibility that pricr experience with
stinuli used in a discrimination test may have the
effect of, say, reducing emotionality; thus in the
Givegon & Walk experiment a control situvation involvingz
discrimination between other stimuli (zeometric or

otherwice) might have been desirsble. A subsoquent



experiment by Gibson, Walk, Pick and Tighe (1953) is
more catisfactory in this respect, and indicates that
this kind of esrly experience may produce a general

fecilitatory effect on learning.

Althaugh it is often asmmed that the effects of
an enriched environment operate et least in part through
the visual modality, one of a series of experiments by
Hymovitch»(1952) indicates that performance on a 'closed-
fiecld' test can be affected by free-environment experience
even in snimals which have béen blinded. It ig sloo
interegting that, in a subsequent experiment, no
differences were found between free-envircrment and other
experimental,and control groups on a 10-unit T-maze, as
it might have been expected that such experience would
improve performance on a discrimination or other cognitive

task.

The effects of an enriched environment may als> depend
to & large extent cn the age, or perhaps developmental
statey, of the organism concerned. For example, an
experiment often quoted in support of the effects of
carly experience on learning is that carried out by
Dingham & Criffiths (1952). In fact, although performance
on the Warner-Warden maze was improved for the 'enriched
environment' grovps, discrimination learning was not
affected; and it is probebly ceritical that the relevant
early experience was not made available until thke animals

vere 21 days old. Although a useful comparison of pre-
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end post-weaning effects has been carried out by
Denenbery, Woodcock & Rosenberg (19G8), showing that

both kinds of enriched eanvironment experience improved
subsequent problem-solving, it is likely that the

organisn will meke best use of such experiences fron

the time when its sensory faculties are in full cperation,
and that the imposition of a cut-off point gt the time

of erbitrarily imposed weaning is in itself somewhatl
arbitrary. Uevertheless, many studies conceatrate almost
exclusively on the poste-weaning period, as do those by
Cooper end Zubek (1958) on the learaing gbility of maze=-
brisht snd maze-dull rats, and by Forgus (1955), strecsing
the relationship between the quality of early experience

and the nature of thue task to be solved.

There is evidence, however, that animals reared in
a visually complex envircnment show reduced locomotor
activity but increased preference fof complex visual
gtimuli as compared with controls (Xielsen, 1970).
As supcested elsewhere, this indilcates that locomoter
gcores do not provide en ideal measure of investigatory
behaviour. The gpparently snomalous finding by Zimbardo
& lMontgomery . (1957) that 'free-environment' animals explore
lees than 'normal® controls could also be accommodated if
it is borne in mind that exploration is here cefined as

the number of maze units traversed.
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Tew direct comparisons of pre- and post-weaning
enriched environments have been carried out to date.
lowever, an experiment of some complexity by Lenenberg,
Karas, Losenberg & Schell (1948) shows - among several
other effects -~ that a pre-weaning free eavironment
nay increase open field activity, whereas a posteweaning

free environment improves avoidance learning.

Althouch this egppears to be corsigltent with the
findings discussed above, it is interesting that Tenenberg
end his co-workers have generally taken the view that
svoidance leerning (as used in the experiment cited in
the previous paragreph) is more readily acquired by ncone-
handled rather than by handled animals - cry in other
words, by those arnimalg which are usualiy regarded as

being in some way deprived of stimulation.

There is als» evidence from studies concerned with
changes in brain weight (Riege, 1971) that eariched
environments can affect fully mature rats as well as
Jounz ones; but effects are likely to be more pronounced
in very young animals (llalkasian; cited in Rasenzwéig,
Bernett & Tiamond, 1972). Cince in this study the
experimental procedure was initiated when the rats were
only six ¢ays old, and measures of brain differences
(such as increased thickmess of cerebral cortex) were
firet taken at 14 days of ace, it is unlikely that all

gensory systems had reached an cptimum level of



functioning, or consequently that enriched environments
nust necesearily have their greatest effect after the
enimals have been weaned. Indeed, there is some
evidence that early perceptual experience leads to a
greaster improvement in form discrimination than does

later experience (Forgus, 195G).

The most clear-cut resulis in this areca are
probably those obtained by Denenberg, Woodcock &
hogsenberg (19G8) and by Forgays & Kead (1982).

Both studies found that either pre-weaning or post-
vweaninz enriched environments could improve adult
problen=solving performance, but Forgays & Read also
state that such experience during the period immediately
£21lowing weaninz results in better performance than

when it is made svailable either esrlier or later.

It is therefore safe to asmsert that experience in
en enriched enviromment will produce subgequent chances
in behaviour. The factors mediating these changes,
however, are by no neans clear, particularly since in a
‘free environment' situation it is virtually impossible
to gpecify the nature of the experiences whiich the animals
bave undergone. Matters are rot improved by studies such
s that by Rosenzweig et al., cited previously, in which
the enriched enviroroment variable is spparently interacting
with that of increased socisl experience; for the authors

state that the brain measures which they customarily employ
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are nct affected either by placing twelve rats in en
erpty cage for sppropriate periods, or by putting a
gingle rat in a large cage with pla& objects. This
'zocigl facilitation' effect may alzo have inflienced
the res#lts of other workers, such as Hymovitch.

Ve are also led to wonder what effects, ii any, would
result from gimilar procedures applied to species
which are by nature solitary, rather than living in

.

loose sgglomerations as do rats under natur

conditionse

39



36

Teprivation studies

The use of the term 'deprivation' immediately
presuppoces (es in the 'enriched environment' studies)
that some baseline of ewyperience can be identified
wiich is normally commeon to sll menbers of the species
vnder investigation. In practice, however, this is

often poorly specified.

Cimilerly, the 'deprivation' maoy scsume a variety
of forms, ranging through perceptual (or sensory),
socisl, environmental, end perheps in some cases
cnotional. As is the case in many areas of early
experience, the congequences of such deprivastions may
affect development or Lehaviour in sometimes unforeseen
ways; and furthermore, the effects may not be spparent
until a later stage of development has been reached.

An adéitional difficulty bere ig that of éistinguishing
between the variables of, say, social and sensory
deprivation - a matter of some procedural difficulty =
end indeed nany investigators (see, for example,

Nelzack & Gcotty 1957) have not attempted to do so.

In & sense, the perceptual deprivation reasring
experiments ere sometimes of lecs interect to the
psycholopgist, since it is all too easy io produce some
mslfunction or degeneration in physical terms (Diesen,

1986)y end although this will undoubtedly sffect behaviour,



the res:lting information will only bs of the most
peneral kind. It would seem preferable to leave
sensory systems intact wherever possible and to
manipulate aspects of the environnent instead, even
where the possible effects on, for example, neural

paturation are beinz considered (Rosenzweig, 196G).

In the studies on the rat, the emphssis has
generally been on the effects of deprivation procedures
on subsequent learning, an area surveyed by Gluck &
larlow (in Jarrard, 1971). The procedurcs described,
wnlike that of 'handlins'y are gencrally of long

uration, beginning either at birth or after weaning
end continuing until well beycnd the onset of sexual
maturity in the animalsg; kowever, the effect of
restriction or enriclment tends to be greater when
the treatment 1s carried cut abt some timoe between eyow
cpening mnd €0 days of aze (Uymovitch, 19523 Gill, Ieid
& TPorter, 1946; lNyman, 1967).

Social aund maternal deprivation studies have been
carried out on a gomewhat wider variety of species, with
particular emphasis on primatés (Mason, 49503 U ‘ariow,
10625 Green & Gordon, 19¢4), and incluvding humans
(Rheingold & Bayley, 1959; Denuis, 1960). Althouch there
may be long-term effects on, for exorple, sexual behaviour
which are atiributable to early social deprivation,

varlables such as social responsiveness may be affected
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only in the ghort term, perhaps being modified by the
nature of the experiences undergone during the sube
sequent intervening period before testing takes place

(Bheinzold, 1956; Lheirngold & Bayley, 1959).

In some species, however, changes may be more
persistent. MNelzack & Scott (1957), using éégs 8s
subjects, found that not only early learnins but also
recponsiveness to painful stimull were affected; and
some maladaptive resgponses were still present two years

after release from the restricted enviroument.

There sre methodological difficulties in carrying
out maternal deprivation studies in rats, but an
experiment by Rusesell (49?0) in which mothers were
removed from littere for either one or ten hours per
day.on days 3 to 9 following birth fovnd sn increase
in body weight end a decrease in defecation scores in
the treated grouvp on testing at 70 days. Open-fieid
embulaticﬁ, however, wés not affected. These findings
contreet in eome regpects with those of Echaefer
(in Fewton & Levine, 1938), who reports that reioval‘

of the mother had no effects on offepring emotionality.

The ¢ifficulty hére, as Russell points out, is that
even positive results caanot necessarily'he attributed to
maternal absénce per se. (Sbme of the additional factors
which may be involved are discussed in the section onv

Handling). This objection srplies, mitatis rmtendis,




to nost of the deprivation studies which have been carried
out to date, and indeed the mechanigms which are operating

are likely to be difficult to clarify.
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Hondline
A n—————————a
a) Terninoclogye.

Many of the problems encountered in relation to
enriched envircnment studies also arise in the hendling
experiments; in addition, the terminology can be
confusing and is suceptible to changes in fashion.

Some early experiments such as those by VWelninger (1956)
or McClellsnd (1955) employ variaticns of a procedure
now often referred to as 'gentling' or strokingz, and
efninister this treatment after weaning the experimental
animals. DBy way of contrast, the 'handling' referred to
by Levine, Denenberg or their co-workers consicsis in
rembving the young snimal from the nest for a brief
peried each day between birth and weaning, traasferring
it to a separate coatainer and then replacing it. In
fact, the 'bendling' asgpect of this procedure tends to

e minimal.

Since Levine's (1956, snd cubsequent) findings that
‘bandling' produces comparable results, in behavioural
end physiological terms, to those which follow the
administiration of electric sghock - a form of early
experience previously considered 'traumatic' - some
workers have referred to handling in terms of 'stresg!'
(Levine, 1955; Denenbery, 1959). SCome of the prodlems
asgociated with this usage are discussed under the

eppropriate heading. A more moderate approach would be



to refer to the procedure as 'early stimulation'y or,

better still, simmly as 'early haandling'.
b) Time of administration.

e tern ‘ezrly handling', however, slthough
generally accepted to refer to the time between birth
and weening, €oes not really specify when the procedure
should be applied in order to produce given imnediate
or later effects. In nmany studies, the dependent
varishble is sonme rmeasure of 'emotionglity'; and it can
be shown, for example, that handling a pregnant female
rat reduces the gubsequent emotlonslity of the offeprirg
(Ader & Conklin, 1963). Here, the stimulus is beirg
adrinictered prenatally, although it carnet be stated
with any certainty that the developing feetuses are
being directly stinmulated, since even when en effect
on sﬁbsequent enotionality of the offenring can be
demonstrated, this noy well be mediated through effects
on the mother herself. A sgimilar arsurient can be cpplied
to firndings by Thompssn (1957), who trained female rats
on a shockeavoidance tasi, with the sound of a buzzor
initially paired with the shock; the enimals were then
mated and ewxposed to the buzzer alosne cn several ccoasions
each day of pregnancy. Apain, effects on subscquent’
offspring emotionality were found, s&lilouch in this case

the experimental group were more emotional than controls.
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Turthermore, there gppear to be circumstances
under which direct treatment of the experimentel sublects,
whether pre-natally or otherwise, becomes unneceszary:
Tenenbers & Rosenberg (M19G7) have found, for example,
hat the effects of early haandling of ‘grandmother’
rats are still tracaable in the offepring two generations
" later. Offepring emotienality con of course be affected
by either environmental'or genetic factors; and, as
Ottinger, leneubers & Ctephens (19G3) have ghown, it
nay be independently related to both prenatal and pogt-

natal eactionality of the mother.

At the other end of the scale, there are also
difficulties in deciding at what point handlin~ (or any
other experimental treatment) sghould cease to be resarded
as 'early'. Although this term might be reqarded es
referriny to eny time before the organisn reaches
maturity, it is in practice used chiefly ¢o refer to

the pre-wegning period in mammals. * Indeed, zlthough
in the previcusly~-cited ewperiments by Weinirger and by
cClelland post-wesning stinmulation was found to produce
what nay be descrited as the 'clazsical' effects of
handling, there is evidence that post-wosning handling
or shock can produce someowhat @¢ifferent effects from those
c¢bteined prior to weaning (Prockshire, ILittman & Ctewart,
19513 =ee slso Denenderg, 1974)« This point is discussed

* In the case of rats, it is common laboraiory practice to
wean the animals at the age of 21 days. This procedure
should be distinguished from the more gradual sponteneous
weaning which would take place in a wild population.
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more fully in the next section.

There have been geveral attempts to consider
bandling in terms of the ‘eritical period' hypothesis.
Dy analogy with the eumbryoclogical usage, this states
that there may be certain periods during post-natsl
development when stinulation produces maxinal effects,
but that such intervention at other times will produce

1ittle or no effect (Scott, 10C2).

As in many other contexts, the evidence concerning
this theory is confusingz, egpecially since one worker
who reported that there is no evidence for a 'critical
aze' for handling did not administer this treatment
vntil the snimals were at least 25 days old (Gertz, 1957).
There sre some falrly straichtforward findings relating
aire at handling to rapidity of adrenal ascorbic acid
(AAR) cdepletion following exposure to cold (Levine &
Lewis, 1959a), and showing that handlinz on days 2-5
can be as effective as handling on days 2-13; but in
general, the more independent and dependent varizbles
enployed, the more confusing the situvation becones.
This has led Tenenberg (19G2) to conclude that, since
there may be ag maﬁy 'criticsl periods' as there are
possible combinations of variavles, the tern is somo=-
what lacking in explanatory value; and he.suggcsts that
it may ve more useful to concentrate on the study of

funetional relationsghips emong variables. IY has also
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teen shown (Tenenbers, 19002; Ader, 19G6) that the smount
of handling per d2y, as well as the total nmumber of days
on whaich handlin~ is administered, may produce izportant
differences; thlg contrasts with the ell-or-none effects

often produced by intervention at the enbryological stage.

Many workers prefer to avoid the term altogether
vhenever possible and employ an alternative such as
‘censitive periods' which has fewer unfortunale connotatisns

(Sluckin, 1970).
¢) Effects of handline.

A wicde variety of effects,y, both immeldiate and

s beequent,y, is reported to have besn prodiced by the
randling procedure. licny of thege are listed in a
comprehencive review by Daly (1973); they include
increased body weight, more repid developuent (e.s.

eye opening, motor coordination znd ecquisition of
body hair), creater resistance to physiological stress,
improved performance on a learning task, increased
activity aad decreased defecation rate in a strangs

nvironment, earlier seox:al development, and incrensed
activity corresponding to greater stimulus variation.
Ilowever, Laly also pceints out that there are several
studies which find that handlins has no effect on body
weicht (e.g. Denenberg & ¥aras, 19613 these and other
authors have even reported reductions in weaning weight

attributable to handling). Similar conflicts of evidence



are cited with recpect to Jefecation, performance on

lesraing tazsgks and reactisa to adult siress.

Daly algo emphasizes the dancers of acsuning that
the handling procedurse neceassarily produces 'beneficial’
recults. This point will be further discussged in

relation to the experiments reported subeequently.

I% is perheps worth noting that even when cffects
such as reduced emotionality caa be atiributed to
'hanﬂling'. the relatiosnship nay be a curvilinear cne.
In other words, emotionality is not mnecegsarily further
reduced by increasing the nunber of periods of
gtimulation per day, but may return to the level shown
by control enimals (Ader 10C6). fThere are, however,
contradictory findincs here too, and some workers take
the view that the relationship is a monotoxic one

(Tenenberg, 1964).

As we have previnusly indicated, pre-weaning handling
is theought to prnduce effects which are qualitaotively
different from those produced by prst-uwcaning handling
(Levine, 19%5; Seitz, 1954; fpence & laker, 1952).

There may also be differences between ths effects
produced by pre- and post-weaning sbock (Lindholm, 1362).
Tenenberg (in Ambroge, 13€3, p. €4 et seq.) sucreets
that posteweaning gtinulation is likely to affect
perceptual and cognitive processes, whereas pre-weaning
stimulation produces somewhat gross effects in terms of

pubseguent emotionality, physiolosy and biochemistry.
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e algo proposes thot pocteweaning stinmulaticn eould be
regarded as 'patterned physical stimulation' (as cpposed
to the 'unpatterned' characterictics of handlirz, shock,
temperature change and &2 on), and that it is likely to
he nost effective if provided in the forn of an enviched

environment.

hese digtinctions are not 1o be recerded as ghsolute,
gince sone effect cen be obtained by administering a pree

s

seaning enriched envircrment, or, conversely, post-weaning

2

chocke Indeed, Druner commentg in the some context that
the crcenici's responses to novelty woula probebly nced
to be staebllized quite early on in order for exploratory
behavinur gnd hypothesis testing to oceuwr. This point
ras considershble relevonce to the experiments which are

to be reported here.

4) liodz of action of hendling.

The main problen in attemptling to discover how the
kandling procedure affects the young orpanisn is that
of ascertaining whether th treat&ent is affecting the
eninal éirectly or whether it is producing some change
in the pattern of mother-infant interaction and is thus

mediated through the behaviour of the mother.
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fome possitle nmechenlonms. ave discusged by Cchaefer
(in Tewion & Levine, 1903), Duesell (1971) and TI'aly (1973).

u@e: the qirect action of tactile stimumlation;

+

-
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®
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hypotuernia; naternsl behaviour; end stress. Althoush
neny authors tend to assume that the first of these is
chiefly responeible for the handling effect, it is not
difficult to see that handling rey alco invaolve cooling,
may occacion 'strcss', Or may thrcugh any conbinaticn of
these factors affect malernal behavisur &0 that treasted
pups nay elicit 6iffefing degxees aad types of interaction

fron *“oﬂe elicited by untreated controls {(llutchings,

1907). '

e same difficulties sre interent in investipations
of other pogsidble factors which may he invelved. Russcll
(1970) haz sghown that removal of the mother, as oppoesed
to removal of the offspring, 2lso regsults in a reduction
of the offsprincs' subsgsequent emotionality; it has heen
Zouvnd that removal of the young of varions rodent gpzcies
regults in gn increags in the production of vltrasonie
calls, which in turn affects the mother's retrieval
behaviour (Moirot, 419453 Sewell, 19703 DBell, MNitgchke,
Gorry & Zachman, 1971); and the proximity (without direct
contact) of a strange nale rat durin = the pre-~weaning
reriod cen affect subsequent offsprinz emotionality,
poselbly throush pheromonal influences on the mother

(Villiams & Wells, unpublisied MS).



Tussell (1971) peiats out thal wost existing
cxperinents do not sllow a dlstinction to te made
between the effects ol tho vericus factlors, and
indeed there is likely to be considereble interaction
between theuw. As Lely (4373) is led to conclude,
nost experinental treatments probgbly act tlhrough
zore than one mechanisna in any case. o Coubt vutil

-

further clarification has been achicoved the handling
technigie will continue to be exmployed, as it isg in
the experinents to be reported here, pimply because
it 1s a relatively straightforward and rcliable
method of demonstrating tho leng-teru effects of

early experierce.
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It is perhaps necessary to mention the use of the
tern 'strecs' in relaticn to handling, particularly
cince there geems to be considerable confusiocn over

torninologye

Come of the difficultics can ve traced s early
atterpte to lirk arimal experiments to the pgycho-
gnalytical literature throuch the gtudy of early
travnmetic expericnces. Thus ILevire (1900) recounts
that electric shock wag initislly choeen 25 -
potentially streesful sgtimrlus for the young rat,
and only subsequently was it discovered not conly that
carly bardling produced similar effects bub that the

supposedly non-stressed grovp veed &s controls was the

cne in which 'edverese' effects were found.

L5 lorg sz the term 'stress' is operationally
defined, the rather sll-~embracing use which it scmetimes
receives is probadbly unimportant; but owing to th
existing connotaticrns of the word it becomes extromely
difficult to meke relisble preodictions zbout events
which the young organism may vndersd. Tor example,
under lgboratory conditions at least, rab pups are
trarpled on, picked up, bitten, chaken about and bhriefly
Ceprived of food snd warzmth by the mother terself gs a
natter of rcutine (see also Tenenberg's renerks in
Ambrose, 1269, p. 42): and vet none of thece mrocedureg

-«

is evidently to be rerarded as etrecsful in cxperimental



terme. What is more, although shock and handling by
the experimenter are generally regarded as having a
veriety of desirable gulscquent effects, none of the
activities engaged in by the mother secns to achieve
thiz unaided. If we attenpt to reconcile these

difficultieé vy ascuming that ghock, handling end so

on produce thelr effects solely throuvgh the medigticn

of maternal dbehaviour, poscgidbly by ra the nother's
gctivities above mome critical threchnld (th"s enabling

then to be fdezmeribed ‘etrescful'), the description

9

cf shock end handling thenpelves ag 'stressful'’ to the

noonate then becomes essentizlly meanirgless

Turning for the moment to the uge of 'stress' in

&)

the investization of the gibsccvent effects of early

experience, we find that the situatiocn is even less
well defineds Procedures subsumed under this heading
include food deprivation, often terminal (Povard, 1953;
Levine & Otis, 1958); injecticn of noxious zgents such
es leukaenia cells or glucose in sufficient quantity
(cited in Levine, 1000); expocure to ¢old for varying
periods (Wools, 1957; lLevine, Alpert & Leowis, 1053;
Levine & Lewis, 1955b); adminicstration of electric shock
(e.ge Levine, 1962); intcnse guditory stimulation (Woods,
19574 Bloonm, Taniel, Johnston, Ccawa & Iratt, 1973);
rectal distencion (Bloom et =sl.y 1973); or various kinds
of surgicel Intervention (VWozéde, 1957; Zloonm et al., 1973).

The 1iet could, of courco, be eoxtended.



o far, the issue would sprear to present few
problems from the intuitive or anthropomorphic point
of vieuw, even though the technigues are not always
effective (Criffiths & Strincer, 1052); no doubt few
eyporimeaters would care to submit themselves to such
procedures without some compelling reason. However,
consideration of sore other procedures wiich have been
cegirnated as 'stressful' may give rise to sone confusion.
A najor exarple is the hsndling procedure itself (albeit
moetly used es sn initial experinental treatment), whick
has come o be rerarded as streseful only with the
advantare of hindsisht. Among the original assumptions
that were proved wrong were, firstly, that handling would
vo ineffectual and would therefore provide a suitable
control for the procedures involved in the sadninigtration
of shock (c.f. Levine, 13C0); and secondly, that handling
per s¢ would be reinforcins (Candland, Horowitz &

Culbertson, 1942).

Similarlys and especially in view of the evidence
indicating that organisms will seck out and even learn
new regponses in order to encounter novel stimuli, it
is perhaps surprising to discover that novslty iz also
to be reparded as stressful end that rats whieh have not
been givea the benefit of handling find it particularly
aversive (Lenenberg & CGrota, 19543 Levine, 1947).

Yew workers secm to have observed, however, that rats
in the wild state exhibit a consideradble cerrec of

'necphobia'’ (Barnett, 1953); this makes it difficult to
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arruo that handled animals are belns exposed to a level
of stimulation commensurate with that experieunced by
wild strains sod that the non-handled group are

correspondingly deprived.

Clearly, what is needed here is sone indeperndent
definition of ‘stress'; and indeed, such a definition
can perhang be provided by a physiolesical rather than
8 paychological approach. Thus we nay wish to gay that
'stress' can be defined as any procedure which results
in an increasge in 1ev§ls of circulating corticosteroids;
this would certainly include treaitnents guch as heat or
electric shock epplied to the neonate rat (llaltneyer,
Lenenberss Thatcher & Zarrow, 1956) and early handling
(Cenerberz, Ifrumachin, lHaltmeyer & Zarrow, 1907); and,
as Levine (in Ambrose, 1969) points out, it is
particularly interesting that the effects of stinmulation
can be observed during the pericd when central nervous
system organisation is presimed to be occurrins.

(Eee also Levine & Mullins, 4806; Levine, 43828).

Tho particular relcvance of this finding is that
cuch stimulation in infancy may well produce permanent
changes in CHS organilsation, thus affecting neurcendocrine
mechanisns wiich in turn resull in differential palterns
of adrenocorticotrophic hormons (ACTH) sezcreticon.
'Stinnlated® enimale are therefore predisposed to respond
in a @ifferent menuner to siress later in life; and levine

(19¢2) bac found that ACTH secretion end steroid responses



to stress are indeed affectied in gdult aulmals which

hove undergone handling In infancy. In handled snimals,
for example, the sterold resgponse to an electiric shock

is more rzpld bat less perslstent than in nop-handled
eninals.e Thisg could well be a process of pogitive
feedbhank lsading to eventual tisosre denaze.  IDbhwever,

it ig not immedliately obvinus whotlher early physicel

gtim:lation produces long-term changses in the corticnid
rernnnse per g2, since the ug:ial experimental procsdare
ig either to measure the response within ninntes (by

gasrificing the azimal) or t5 messire recoonses which

The technique described in the previously-cited
paper by Bloon et al. (1973) has some advaatascs, since
it involves measuring changes in glucagon levels in
response to stress by neang of blood sewpling procedures;
but even here, there gre difficulties in relating this
to the gtuldy of onroing behaviour since the animals
(primates, in this case) have %o be "lightly restrained®,
and, for technical reasors, tho melhosd is not entirely

euitable for uss with znall mamals sush a3 rodents.

Tven though technigues such as thece nay provide
some inaight into what constitutes a siressful stinmulus,
we must gtill bear in nind Yhat the pereeption of 'stress',
or painful stimuli, will depend on the past hictory of
the individual orranisn, as lelzack & Scott (4357) have

clearly shown. Considerations such as these have led

23
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Levine (ir lewton & Lov 15354 Levine & lMNullins,
4956) to formulate a theoretical mechanich to account,

at lezsb in pariy for tho differsntial respeanding of

&

rondlsd and non~nandlsd saimals. This will t

Althoush it must bo eccepted that a surprising
variety of stimuli con affect the organisa in a surprising
variety of ways, 1t is £till not altogether clear what
role (if any) the concept of stress has to play,
especially gince thare rmust come g point at which stress

-

- for example, the administration of electric shock -
ceases to e beneficial either in its immediate or in
its subeoegquent effectes: namely, when the organisn is
either seriovsly incapacitated or killed. lany
digeugegions on the gubject therefore contain the implicit
assumption of the uvbigquitous U-glhaped curve relating

tress to & variety of indices and generally concluding

4]

that ‘moderate' emouats ¢f slresgs are likely to be
tenzficiels but it is doudbtful whether the concept has

tay great explanatory valug here, particulearly in view

s

of thae difficultlies in relatinr it to other nezsures

e
(=)

0

uchh as defecation and changss in keart rate, which in
turn are found not ¢o corrclute with each other
(Candland, Tack & latihews, 1267), but which misht have
eprpeared on the face of it to e egually velld responscs

to gversive gtinnlation.



There bhave been comparatively few attempis to
assimilate the research on early experience into a
theoretical framework. ‘This may perhaps be attributed
to a general digenchaniment with all-embracing theories,
or possibly to the realisation that there is a congideradble
body of sometimes conflicting evidence to be accemmodated.
forne attempts, however, have been made. Cne of the
ecarliest is a formulation by Glanzer (1953), who states
that " ... the increase or decrease of activity with
recnect to paris of the envircmment is a function of the
difference belween the aversze amount of information the
individual is sccustomed to and the current rate of flow
of information from the envircrmeni®. This can be stated

g3 follows:

da I a1

Sastassn =" f — wws v
dt t a4t
where A = guoouni of activity
I = apount of information processed during
the orpanism's life history

t = time measured from birth of organiea

Clznzer arpues that this formulation can account for
the differentisl effects of early end late experience
(the preater effect being produced early in life), end

also for the observed effects of ageing: namely, that
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the orpaniecm tends to stay in a limited earea, thereby
receiving less information end conseguently requiring

less.

The argument may well be valid as far as it pgoes,
end it is welcome to find some consideration given to
the other end of the life-gpan; but given the inkerent
difficulties of substituting values for I in the
equation, thé perheps rash assunmption that amount of
activity is related to smount of information, and the
even more dubious one that t should be measured from
the birth of the orgaiism. it is doubtful whetker this
epproach is likely to find much practical application.
Its chief value is likely to be a&s a compact descriptive
statement of some of the majeor variadles which must be
considered, and es a surgestion regarding the ways in

which these variables may interact.

Like Clanzer's theory, that of Sckolov (12¢0;
described briefly in lewton & Levine, 19(8, p. 176)
relies on a process of matching current and prior events;
but in this case, a greater variety of early experience
is thought to result in the getting up of a greater number
of ‘neuronsl neté’ with which subsequently.occurring
gtimuli can be found to correspornd. KXelating this theory
to the early handling experiments, lLevine (op. cit.)
points out that Sokolov would predict a greater derree
end gpeed of habitustion in the handled snimals, snd that

this sppears to be suppsrted by behavioural evidence.



The theoreticsl position most favoured by levine, .
nowever, is the 'hormonostat'’ model, which is based, at
least in part, on sugzesticns by Yates & Urquhart (1962).
According to Levine (in Azbrose, 19C9, p. 47), a critical
concept ¢f this model is the notion of the controlling
'setpoint'y values of which may vary between irdividuals
end which may be modified by various aspects of early
experience. The 'hormoncstat'y which is taken to be a
central nervous system mechanism, operates by assessing
the quantity of circulating corticosteroids snd comparing
them with the setpoint; if the concentration is too high,
adrenocorticotrophic hormone (ACTI) and consequently
adrenal output diminishes, whereas if the concentration

is too low, ACTH is releasged snd more steroids are produced.

ke most relevant features of the model for present
purposes gre, firstly, that the setpoint is not fixed at
sny given level, and can vary bvoth according to the demands
of the enviromment and according to the inner states of
the organism; and aeconély, that the setpoint may be
nodified by early handling and similar procedures so that
it is enabled tuvvary in a gradual manner between maximum
end minimum valuves. In non-handled animals, by contrast,
the regponse to the enviromment tends to be of an all-or-

none form with few gradations.
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Tnis is perhaps one of the more interesting theories
to have emerged so far, &lthough cnce eggain the belavioural
correlates of the stersid response are not always easily.
sgcertainable (pace Levine, who does cite a little
evidence of such correlations). The fact that there may
be considergble variability between individuals may also
cause problens in view of the necessity of sacrificing
the animesls in orcer to obtain the relevant measures,
thus rendering them uvnsuitable for either behavioural

or long-term physiological comparisons.

A nmore serious objection is raised, however, by
the findings of Hodges & Jones (1903, 1964) that the
release of ACTi eppears to be independent of charges
in blood corticoid concentraticns; though perhaps
procedural differences may be sufficient to account

for this.

In common with mosgt theories, those we have réferred
to are perheps valuable as source of sugzestions for
further research rather than as ccnpletely satisfactory
explanations in their own right; but as we have already
implied, it is no doubt a little premzature to expect

such explenaticns at this stame in our knowledge.



II EXPURINENTAL INVESTIGATICH
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Ganaral Methrdnlary

Since all the studies reported below follow the same
ceneral procedures with respect to early handlirg and
animal husbandry, a brief section describing these is

included here in order to avoid subsequent repetition.

a) fuhiects

Ss were hooded rats bred in the Department of
Pesychology, Dedford College, fronm randomebred stock
initiglly cbtaired from the IMiC. In gll experiments,

eq:al numbers of males and females were used.:

b) Iynsings

The snimals were maintained under laboratory
conditions with a temperature range of 72° - 75°F and
in normal cdaylight svpplemented in winter by artificial
lipht between the hours of 03.30 = 17.20. They were
housed in white plastic ceges measuring 220 x 175 x Z7Comm,
with metal grid floor and similar top which contained a
food hopper and water bottle. Each ceze rested c¢n a
plastic trey containing wood shavings, which could be
replaced for cleaning purposses without undue disturbance
to the animals. Pregnant females were also provided with
hay as nestirg material. TLiet consisted of 413 pellets

and water, gvailable at gll times, supplemented by fresgh

greens and chopped carrot several times a week.
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¢) llandline procedure

At birth, complete litters were gllocated at randon
either to the 'handled' or to the 'non-handled' group,
but litters containing fewer than 6 animals were not used.
Each day between birth and weaning (which occurred for
all Ss at 24 days), the followins procedure was employed:
each cape containing 'hendled' animals was femoved
ginzly from the shelf and placed on a table, and the
mother transferred to a spare cage. £s were then taken
individually and at random from the nest and were each
placed in a emall plywood compariment measuring
20 x 130 x 140 mm. VWhen each menber of the litter had
been thus treated, Ss were replaced singly in the nest
in the same order and the mother returned. The total
‘operation time' for each animal was spproximately
20 seconds per day. ‘lNon-handled' animals were undisturbed
during this pericd spart from routine laboratory procedures

of cleaning and feeding.

At 21 days of are &s were separated from the mother
and re-cgped with like-sex liiterumates (i.e. with
enimals of the same experimental group)e. At epproximately
40 to 50 days they were dye-marked for indivigdual
identification and caged in groups of 2 to 4 animals under
the same conditions. Testing was begun in all cases when

animals were spproximately €0 cays old.



EXTERIMENT 1 ¢ Rearins vn within the Tome Cave

Lwlh L

Introduction

Although the exiétence of behavioursl differences
between handled and non-handled animalskis well |
established (co.f. Levine, Chevalier & Xorchin, 1056;
Tenenberg., 1623 Denenberg & Crota, 1904), the exact
nature of these differences remeins unclezr. In
particular, two major agpects reguire clarification:
the characterictics of the experimental situations
which elicit these differences, &nd the extent to
which the differexnces persist over time., In sone
situations it seems likely that differences between
the two groups will pot be observed; in the open
field sgituation, for example, sone workers have
found the non-hendled (or, where relevant, the
reactive) group to consist of a biepolar population
in which esome animals 'fresze' in regponse to the
experimental situation while others exhibit a forn
of hyper-activity which agppears random rathrer than
systematic (Candland, 1959 see aleo Anbrose, 15C9,
Pe 25). In these circumstances, the aversce escore
for such a group would tend to resemble that of the
handled or non-reactive group, althoush differences

in varisnce might well be found. '
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&imilarly, even if differences between groups ére
found, thesge differences wmay vary fron day to day in a
complex mapner (Whimbey & Lenenberg, 1907), ond can be
caused to 'eppear' and 'disappear' according to the
presence or avsence of given stimuli (Levine, pers.
comm.; Wells et ale, 1953; Wells, Williams & Lowe, 1971).
Lven in caces where the stimulus situation is not
changed between trials, the pattern of responding to
chenging degrecs 6f famniliarity, or the choice of
greater or lesser stimulus variation, may well differ
between the hanéled end non-handled groups.

(Telelsky & Lenenberg, 19G7a, 1957b).

Few investigators, however, have attempted to
accertain whether the behaviour thus affected is
exploratory in nature or whether the experimental
treatment has produced chances of a more gezeral
kind (such as differences in activity levels or in
emotionality); although Levine (in Anmbross, 19¢9),
congidering the effects of infantile stimulation cn
various dependent variables, comes to the conclusion
that " ... infantile stimulation does not affect
cognitive function per se, but ... has & major role
in altering some characteristic of the organism which

is related to emotional reactivity.”



"he present experiment therefore employs a modified
vergion of a technigue described by Williams & Wells
(1970) in which an aspect of tho animal's behaviour
with respect to the already familiar home cege is
gtudied. It is argued that this type of measure is
likely to prove less stressful than tests employing
8 strance environment such as the runwey or copen field,
ond will therefore not only be a more sensitive method
of eliciting behavioural differences (Livnt & Otis,
1963)y but will lead to the inference that any such
differences will be less dependent on general factors

guch ag emotionslity.

Methnd

Cubjects were male'and female black hooded rats,
bred from MRC stock, of whom 505 had been subjected to
the handlirg procedure previougly described. For the
purpsce of this experiment, only cages containing 3,
or at most 4, animals were used, snd the nunbers were
equalised for sex end experimental condition te give

a total of 24 cages with & cares in each sub=group.

On each of 4 succesgive trials, each care was pulled
out a distance of gpproximately 30Cmm from the sghelf.
A Goor measuring 110 x 10Cum in the metal grid top of
the cage was opened, and a recerd taken of the amount of

time, in seconds, required for all three animals in the

64



63

cace (or the first threo, if four were caged together)
to rear up at lesst once. The definition of 'rearing'
wés that both front paws should have left the floor of
the cage simultaneously. Testinz was carried out in
alternating sequences of three cages of handled and
three cages ¢f pon-handled animals, and the inter-
trisl interveal for any givean cege was approximately

15 minutes.

Roaxlts and Digevesion

An enalysis of variance was carried out on the
combined latency scores for each provp of rats per ‘
caey end the results are sel out in Table 1. Of
the three main effects of Handling, Sex snd Trials,
the first two are Significant beyond the .01 level,
while the third fails to reach significance. The
Handling x Sex, Handling x Triaels and Handling x Sex
%X Trials interactions are oleo gignificant. The nature
of these interactions, as well as the direction of the
nain effectgy is illustrated in Fige. 1. This ghows
that in general the latency for the nonehandled males
is markedly longer than that for any other groud.
although the non-handled females als? have higher
latencies overall than either of the hsndled groups.

It secms likely that a ceilinz effect has been obtained
in the later trials for the handled group; this is borme

out by observation at the time of testinz, which indicated
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that most handled animals had reached the rearing

‘criterion as soon as the caze was epened.

e direction of the sex differences (females
rearing before males) is in ggreement with the findings
T

of several workers (lleyers, 1955; Hughes, 10G3;
1

o064y Cregnry & Lietelt, 1907;

b

Irogéhurst & IDysenck,
Williams & Wells, 197C) employing various measures of
exploratory behaviour, but contradicts those of Lester
(19570b). It should be borne in mind, however, that

this difference is largely contributed by the scores

of the non-handled animals, and that the sex differences
in scores ag far aes the handléd enimals are concerned

are almost neglicible (hence the Handling x Jex inter-
action). It is interesting.to speculate why the handling
procedure should have eliminated sex differences ia this

instance, Wut no obvious explenation presents itself.

The higher-order (Iandling x Sex x Trials) interaction
is also of some interest, since the non-handled nmales
erpear to be demonstratinz a totally different kind of
adaptation to the experinental situation from that shown
by the other groups. In other words, while the latencies
of the other groups tend to become shorter with successive
trials, thoge of the non~handled nales tend to become
longer. It would therefore seem that there ig little hope
of their overcoming the supposedly detrimental effects of
'not having been handled' by successive familiarisation

with the experimental situation. It is interesting to



compare this result with other findings (e.g. Wells et.
2ley 19C9; c.fe aleo other experiments in the present
cerieg) where gome adgptation hes epparently occurred.
A reconciliation of thege éiffering findings may lie
in the nature of the test sitvation: in a highly
fomilisr sitvetion such es the home comey the none
hendled gnimal is under little pressure to explore

the environment, end its best stratesy may indeed be

to refrain from investication, whereas in a relatively
vnferiliar test epparatug the cheice between exploring
a test stimulus and refraining may be much leass distinct.
Felevant to this argument is a report by A.B. Sheldon
(19G9) that rats in an unfamiliar envirocrment tend to
prefer a faniliar to an uwnfaniliasr stinulus, but that
preference ghifts to sn unfamiliar stinulus after
habituation to the enviromnment. It is possible, for
example, that one of the effects of the handling
procedure is to change not only the level of preference
for a given stimulus situation but also tho rate of

adaptation to that situation.
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£OURCE as &3 Ve T D
Sox 1 62781451 G2781.51 11.09 < .01
Ix 8 1 43733,06 43732.06 .72 < .025

Subjects within groups 20 1132C5.0G6 5053.25

Total 23 2950686.25
Trials 3 1149.12 783,04 081 K.S.
Tx 5 5 ‘!30‘74062 1557021 146 e Se
Tx IO 3 31773228 10591.09 11.29 < 001
TS x U 3 2024678 1074493 D.54* < ,CO1
T x O within groups GO 5570%.44 629,89

Total 95  415208.49
*

The lipncar and quadratic trend componcnts of this inter-
action eare significant (¥ = 20.37,y Gf = 3,060, p < 0013

and F = 6.59y &f = 3;C0, p € 4025 respectively)e.

TAVLE 1

Analyeis of latency scores for rearing vp within the home cace.

Jote:

i) The calculations for this and sll subsequent
tables have been corrected to two places of
decimals.

ii) Analysés ﬁay be affected by the fallure of some
€5 to reach criterion within the time allocated.
The meximum number of such scores (2470) ocecurs
invthe éata analysed in Table 2.

iii) 7The latency measures ana%yscd in Tables 1 and 2

represent Joint scores for 3 £g per case.



EXPERIITIT 2 ¢ Total Imerrence from the Home Care

Introduction

In this experiment the znimals were glven an
opportunity to leave the heme cage, and the latency
for this was recorded. Since in order to do this
they had first to rear up in the cagey the resulis
from this émd the previous experiment sre logically
related and must to some extent be considered
together. It is hypotresized, however, that the
measarevused here is likely to be a less sensitive
indicstor of behavioursl changes between the groups
as it places‘more emphasis on the locomotor agpects

of exploration.

[Method

The same animals were used as in the previous
experiment, and, as before, cnly cazes containing
three or four animals were used. In this case,
hcwever,'cagés were taken from the shelves and
transferred to the experimental room. During
testing, each cage was placed in an open field
spparatus 4 ft. in diameter and illuminasted from
above by two GOw lamps. A door in the metal grid
.top of the cage was opened, and the time taken for

3 animalg to emerge from the care was recorded.



The criterion for emergence was that the animal ghould
have climbed with all four feect on to the top of the
cace. Animals which had emerped were not replaced in
the cage untilva latency neasure for 3 Cg had been
obtained, but were not prevented from returning of
their own accorde Trials were terminated either when
this criterion had been reached or at the end of 4
minvtese The intertrial interval was approximately

45 mins.

Fegults end Niecveeion

latency scores per cage were snslysed as in the
previous experiment; the results sre shown in Table 2.
The main factors of Handling end f£ex were significant
beyond the 001 level, but no other factors or inter=
actions reached gipgnificance. Fipg. 2 illustrates that
handled onimals emerged more quickly than non-handled
snimals, and that females emerced more quickly than
nalese. o significent changes over guccessive trials
were observed; this, together with the lack of
sirnificant interactions, provides an interesting
centrast to the previous experiment. In both caces,
lowevery, the nop-handled males were clearly the slowest
to emerre, and as before some Os failed to reach the
energence criterion at all. A sequence of emergence

behaviour is illustrated in Plates 1 to €.

2



73

The relatively stralghtforward differences between

the handled and non-handled groups, and between males
and fenales, lead to the conclusicn that this experimental
neasure is more likely to ceantain a strong ccouponent of
gone general fsctor (such as locomotor activity ox
enotionality); Benenberg (in Ambroses 1959, Ds 35),
for exumple, reumarks: "Waen working with neasures of
endtionality we get big main effects. Intleractions axve
not simificante«e VWhen looking at meazures of
exploratory bnxavlko, however, the situation is much
more complicated.® Defecation scores (the usual maafxre
af emotionality) are, of courge, hardly a practical ‘
propogition when the home cage bebaviour of group-carsed
animals is under congidevation; but it is interesting

tha%t interactions are in fact found in the previous

o]

study, since rearing vp within tke home cape might b

thought of as a prelude to sensory rather than motor

exploration.

Additional support for this argument is provided

by the fact that some workers (e.z. Droadhurst & Eysenck,
19643 Hughes, 19¢8) have reported that females score

hicher than males on largely locomotor measures such es
ambulation in the open field (although the measure
erployed by Hughes ig difficult to assess since several
aspects of exploratory activity are combined under one
Lesding). This sex difference, however, is not observed
in sn operant situation such s bar pressing for light

reinforcenent (Wells et al., 1909), and is apparently



elininated by handling in the case of the rcaring

ncasiree

The handling procelure is evidently an even more
importent determinant of behavicur than the sex of the
animal in both the home cage messures reported here,
althovgh it secens to act in somewhat simpler fashion
on home caze eunergence than was the case in the rearing
neasure, where a narked Handling x Sex interacticn was
founde It ghould be noted, lhowever, that the findings
of this laiter siudy sre not entirely compatible with
thoge of an earlier report (Willians & VWells, 1970),
and the distinctions that nmisght be made on tho basis
of a comparison between the two sets of data pregented
here mgy prove to be of less consistency than the

rather massive effects of handling in agll czses.
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GOURCE df fate Ve F ¥
Handling 1 125715 23 2571523 11.15 «01
Cex 1 102573.23 102573.283 9.10 « 01
Txs 1 2123.17  2128.17 0.19 N.S.
Cubjects within groups 20 225544.40  11277.22

Total 23  455901.33
Trials 3 5706.00  1902.C3 1.12 N.S.
T™x S 3 C70Ce 23 2252.46 1433 .0
Tx H : , 3 014 . 04 208,68 Ca12 e e
TxSxH 2 2335.75 77853 Qo465 el
Trials x SubJ. within ; ~a -

£Toups GO 101C12. 25 100%. 54
Total 95  B72009.83

Analysis of latency scores for total

from the home cagje.

mergence
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EXPIRIMENT 3 : Y=lMaze Performance Before and After

" Mabitratinn

Introdnetion

There is some evidence available that handled and
non-handled rats differ behaviourally when first
cshfranted with a novel stimulus situation, but that
these éifferén¢es tend to disappea: with time provided
that there are no further stimulus chanses (Wells et al.,
19693 Levine, pers. comm.)s Delleleky & Denenberg (19672,
19C7b) have also reported that handled animals increaszed
their activity as stimulus variation increased, while
non~-handled controls showed & corresponding decreace.
According to these authors, this effect may te
eemonstrated:independenﬁly of possible effects of
hanéling on emotionality (see als§ Whimbey & Ienenberg,
19G6).  On the basis of this finding, they hypothesize
thatz" ee» providing a stinulus gituation which offers
a ninimum of potentiai variétion, or which is extremely
faniliar to the animal, would result in a greater amount
of exploratory activity by non-handled than by handled

animals.™

It this.kind of interaction between early experience
and stimulus environment can be ghown to occur, it would
indicate that the groups are influenced by varying kinds
or degrees of stimulation rather than that one group has

wnéergone a generalised suppression or eanhancement of
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performance as conpared with the other (c.f. Wells et
aley 1971)s It is therefore proposed that the handled
end non-handled groups should be tested both on initisl
exposure to a simple experimental4apparatus (a Y-naze)

end after a considerable period of habituation.

Method

Subjects were 20 male and 20 female hooded rats
bred from Fﬁc etnc». Ialr of each group had been
subjected to the hanﬁlinﬁ procedure previously
cescribed; all were otherwise reared under mormal
laboratcry cenditions. Testing'was carried out when

£8 were between S0-100 Cays cld.

The apparatus used was a symmetrical Y-maze with
plywocd floor and walle of harcboard, measuring 0.20n
in height, O.45m slong each arm and O.”11m across the
width of each arm. A similar naze, but with the walls
constructed of Perspex, is illustrated in Flates 7 and
8. The maze was divided into sections by a line drawn
at right angles halfway along each arm and by a triangle
¢rawn a% the ipntersection of the three arms. A gection
entry was defined as follows: a) when the animal's
head snd three of its feet had crossed cne of the lines
halfway along an arm; and b) when at the junction of
the arms the animal's head and three of its feet had

crosged the line at the entrance to a second &rm..



£Six identical mazes were used in an overlappins sequence.
s were placed singly in an arm of the maze facing the
choice poini, and on the first day of testing were left
in the maze for 1 hour. During the first and last 7
ninutes of this hour, the following measures were
recordad: 1) number of sections entered, and 1i)

unber of times & regred up on its hind paws, having
touched the ground with a fore-paw since lest rearing
upe. In eddition, a record was made of whether
defecation or urination had ocevrred either dvring

the fiist minute or after the full hour had elapsed.
(The second observation would, of caurse,'be inclusivé).
©5 were then removed from the mazes snd replaced in
thelr bome cases, and the apparatus was clegned with

en odour-removing disinfectant.

After an interval of gpproximately 24 hours, each
5 was re-tested for 4 min. in the same epparatus, with

neagsares recorded as described agbove.

Pesgnlts and Diegcussion

It was initislly establighed that there were no
cigrificant differences between either the handled and
non-handled groups or between males and females at the
end of the first hour of testinz on either the sections
entered or the rearing measure; in fact, in all cases
the scores had virtually reached zero, and are therefore

not considered further.
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The data for the first minute of Day 1 end for the
lay 2 test were then subjected to a three-~factor snalysis
of variance, the sections entered anderearinz scores
teing analysed eeparately. The results of thece gnalyses
ere given in Tabies 3 end 4. On the sections entered
neasure, significant differences were found between
sexesy with females scoring consieérably higher than
nales, and between trials, as all groups showed a
significant increase from the first trial to the re-test
24 bhours later (sece Fig. 3). Iowever, there were no
eignificant differences attributable to the experimental
treatment, althouch the Handlinz x Sex x Trials inter-
action is significant at the .025 level and indicates
that the scores for the handled females and the non-
handled males increased over the trials compared with

those for the nonghandled females and handled males.

The rearing measure, however, produced significant
differences on all three main factors (Iandling, Sex
and Trials), with the only significant interaction being
that between these three factorse Fire 4 1llustrates
that in this case handled animals scored higher than
non=handled, and females higher than méles, end that
there was a tendency for scores to increase from the
first to the second trial. Ilowever, the presence of a
gignificant three-way interaction indicates that most of

this tendency 1s in fact contributed by one group, that



of the handled females, and the praph shows that the

handled males have, if anything, the opposite tendency.

Tefecation scores during the time of testing were
extrenely low for both groups; in the first minute of
Trial 1, scores were recorded for 5 of the non-handled
grovp only, and no sninal defecated during the re-test.
Scores at the end of the habituation pericd were
spufficient for analysis, but no significant differences

between the grouvps were found (X! = 0.17, f = 1, Nee)e

 The“prediction recarding the behaviour of handled
and non~bandled prouvps in»a highly familier situation
is not entirely fulfilled with resgpect to either measure,
since, as we have seen, the tendency is for all greups
to show increased scores cn the second trial rather than
for the handled group to show a decreass. An explanation
in terms of learning theory would probatly require a
craten gimilar to that proposed by Broacdhurst & Lysenck
(1964) and involving the interaction of fear responses
end inhibitory factors. This would possibly account for
the recovery of locomotor activity after 24 hours, and
perheps even the increase reported herey but the lack of
sensitivity of the defecation measure produces
dirficulties.for an explanation in terms of fear or
enotionality. Ilowever, the hypothesis put forward by
Lellelsky & Denenberg cannot be rejected outright, since

a nepative result can always be diemissed on the grounds
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that the reduction of gtimulus variastion, or (as in
thig case) familiarisation with the experimental

gituvation, was not sufficient.

An interesting feature of these results is that
the rearing measure is apparently sble to discrininate
between the handled and non-handled groups where the
locomotor nmeasure fails. This gives support to the
contention that handling may affect areas of
investipgatory behaviour rather than activity per se,
end is algo in agreement with the findings of
Experiment 4 (Derlyne box, taken in this case to be
a neasure of locomotor activity for reasons which
ere given subsequently), and also Experiments 41 and
2 (rearing within and emergence from home cage).

It is perhaps to be expected that eex differences
ghould be more pronounced in the case of the
locomotor measure; this point will be discussed

in greater detail elsswhere.



FIGC,

T-maze performance before and after

habituation:

'sections entered' nmeasuvre.
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SOURCE éf o3 VE F P
HZandling 1 720 720 0.33 .G
Sex 1  451.25 451,25 23.65 < .CO1
i X S 1 68012-5 3045 50 59 Ile So
Subje within groups 726 GRG.90 19.C8

Total 29 1213.80
Trials 1 125.00 '125000 "9-33 < CO1
cx T 1 4,05 4,05 0.63 1. Ce
Hx T 1 0.80 0.0  C.12 IN.G.
SxHxT | 1 42.05 42,05 6.52 < .C25
- Cubd. ™ .
Trials x Sub] gigz;g 25 232,30 Gelt5

Total 79 16138.00

Analysils of "gections entered' nmeasire of Ye-maze

perfornances.



FIG. &

Ye-naze periormance before and after

habituation: 'rearings' measure.
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COUACE ar 3 VE T P
TNendling 1 182,20 Q2,20 22,37 < .CO1
Sex 1 €3.45 345 7.97 < .01
Ox 5 1 12,80 12.8 1,40 .G
fubje within grovps 26 20920 8.59

Total 29 E2.75
Triale 1 393,20 29.20 8.25 < 01
T xS 1 12.80 12.20 2.6 N.G.
nx Il 1 2.45 2.45 Ce52 TeSe
PxSxH 1 25 lt5 3545 7.67 < .01
Trials x SubJ. within 4

prorps 36 17110 4.75
Total 79 8!'}4 . 75

Analyesis of ‘rearing' measure of Y-maze performence.

TAPLE 4



PLATE 7

L

Lxtericr view of Ye-maze with indication

of scal

[+3]
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PIATL 8

Interior of Y-pmaze showing division

into sections.

36
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PXPINIVMENIT 4 @ Resnonee to Iovel Stimalusg (Perd-ne Pox)

Introdaction

| The problems involved in the study of_locomotor
exploraticn have been well gummarised by Berlyne
(19G0, che 5)e Driefly, the main difficulties are
as fol;ows: firstly, although locomotor sctivity
almost certainly involved a component of exploration,
particularly in an unfamiliar envircnment, it is
elmost impogsible to state av any given noment thaﬁl
exploration is tsking place. Cecondly, it is by no
meang clear whether an animal which moves rapidly
through the experimental spparatus is engaging in
nore or less exploration than one which gpends nost
of the available time in the same place; aad thirdly,
it is logically difficult to distinguish between
gpproach and avoldance tendencies in guch a situation,
sofar as the animal must be moving sway from one set

of stimuli in order to opproach the next.

These difficulties can be overcome to some extent
by closer study of the locomotor activity itself. It
can be showa, for example, that rats tend to traverse
that part of = mazé occupied least recently (Montgomery,
4951, 1952), which indicates that their locomotor
regponses are ordered rather than random; and there is
gleco some evidence that those animals which move rapidly

through a maze alsgo score higher on other measures,



soch as alternations and rearing up, which eppear to
indicate exploratory behaviour (Wells et al., 19¢9).
These authoras have alsd ghown that the use of an
spérant situation may prove a more censitive indicator
of‘exploratory‘behaviour than would a locomotor measure;s
in this cass, the performsnce of a proup of enimals in
a baseline condition may be conpared with performance
when a given stimulus situstion is made contingent upon

an operant response.

‘This epproach is in accord with Derlyne's (1960)

conclusion that " ... it scems preferable ... to resort

to a method in which the animal's exploration of one
particular étimulus cbject can be measured scparstely”.
Ixperivents vsing this kind of techtnique, in which the
nﬁmber‘of approaches and/or the anount of time spent in
contaet with a stimulusg object bave been recorded,
includs those by Rerlyne (1950, 1955) and Larchen
(1952, 1954). It scems likely, therecfore, that a
rneasure involving approach to an invesﬁigation’of an
nfoniliar gtimulus object would prove to be both
cepable of distinguishing between the behaviour of
tandled and non~handled animals, and of permitting the
conclusion that sny such differences could be attributed
to something more gpecific then changes in the level

of gereral locomotor activitye.



IMathod
R )

Subjects were 36 hooded rats, 18 male and 18
fernaley bred in the Department of Psychology fronm
IMRC stocke Half the animals (equal numbers of each
sex) had been sublected to a ﬁandling procedure
between birth and weaninr, &s described in the

General lethedology section.

Testing was carried out when s reached the age
of epproximately 90 days in a modified version of the
'Derlyne box' (Terlyne, 1955). Thig was a rectanpular
boxy of similar @imensions to the home cege, constructed
entirely of white Perspex with a removesble 1id of the
sone substance.* A stimulug card measuring 55 x SSmn
end consisting of two black and two white vertical bars
of equal size was visible abt the narrsw end of a funnel-
shaped alcove within the boxe. A bean of lizht across
the mouth of the alcove trigpered a photocell on the |
opposite side; any breaking of this contact registered
on a Dugtrsk recefcer housed pome distance from the
gpparatuss Illumination was provided by a GOw buld
guspended centrally approximately 1G0mnm above the

trenslucent lid'of tha box.

Ss were given 5 trials, each of 3 mins. duration,
with an inter-trial interval of approximately 8% hours.

On each trial the number of occasicns on which the aninmal

.I an indebted to the Department of Pgycholopy, University

of Lull, and in particular to Ir. D.TI. Williamsg, for the
loan of this apparatus.
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entered the aslcove contalning the stiimulus was recorded
as described above, end Cefecation scores were also
noteds Tetlween trisls, the epparatus wes cleaned with

gn odour-destroying disinfectant,

Feerlte ond Tiscresion

An gnalysis of variance was carried out on the scores,
end the results ere ghown in Table 5. o gignificent
effects due to the main variables of llondling or Jex were
found, but the effect of Trisls was sgignificany Leyond
the 001 level and there was a gignificant Sex x Trials
interaction. Firme 5 illustirabes a general Cecrease in
recpornding over trials for all groups. fThere were no
other significant interactions, and no significant
differences between croups were fowmd with respect Lo

the defecation scores (X! = 6.5; Cf = 4; Tela)

It is therefore apparent that either the kandling
procedure was ineffective in preducing dif ferences
between the experimental grovps, or that the measures

1ced here were not sufficlently sensitive in revesling
any such differences. An attempt was made to clarify
the 1tuaticn by testin: each sninsl for 3 nmins. in an
open field spparatus, but pno significant differences
were found between the groups on either activity or
defecation measures. This is in contrast to rosults

reported by other workers, who have found this situation

cepable of discrimincting both between reective end
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mon-reactive strains (Uroadhurst & Tyscncl, 1964) and
between handled snd non~bandled animols (Teneabers,
Karss, Losenberg & Ochell, 4SG3). Ilowever, there are
two possible objections here; firstly, differences
between grovps may be nminimal con the firet day of
testing, at least in the open field (Whimbey & Icnenbers,
1967)y in which case further testing would have been
necessary here; or, alternatively, since the cpen field
test was carried out after testing in the Derlyne box,
it could elwsys be argued that any potential differences
night bave been eliminated by the handling end other

e¥perinental procedures undergone by-all subjects.

Lefore concluding, howevers that the hendling
procedure was incffective in this instence, it is
worth coneidering the experimental situation itself
in more cetail. There are geveral problems here.

In the first place, the measure used may not have
been sompling behavicur which would characterise
¢ifferences between handled and non-handled animals,
espcecially if the time cpent enterins the alcove
represented only a szall component of the animals'
total btechaviocur. This argument, however, nmust be
treated with caution, as it could always be used where
no sgignificant differences between groups were found.
Secondly, the lack of differonces scems unlikely in
view of the larpe body of literature wiilch has reported
guch differences (although the present author has been

consistently unable to differentiate Letween groups
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in terms of defecation scores alones as is borze out
by other cxperiments in tkis series). Thirdly, since
enimals were reavred in translucent white cages,
éifferences between the home environment gnd the
testing situaticn may have been slight. This arpument,
rowevery loces sonme force in view of the results
obtained using other hone-caze procedures (c.f. Lxpts.

1 and 2).

stimilus of the kind erpleyed here is inadequate in
encazing the attention of this particular gpecies,
whereas stimulus objects of a different nature mey

te capsble of &aing oo (Txpt. 5).
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F1G. 5

Liegponses to a visual stimulus in the

derlyne box over successive trials.
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SOULCE ar 855 Vi 7 P
Handlings 1 5. 0H G. 05 0.68 Te 5o
fex 1 10.%4 10+ 34 215 HeEe
Hx O 1 C.01 0.01 0.C0 Tele
SubJe within groups 22 20G.T0 8.9G

Total 35 312.06
Trials 4 1091.52 272.83 6174 < 001
Sx T 4 43.63 10,91  2.47° < .05
IxT 4 3a 7 7713 1.€2 Te Ce
SxHx T 4 5.97 1,49 C.34 Fele
Trials x Subj. within . Y -
_ N ops 128 565.78 Ho42

Total 179 2047.€6

s s - 2 .
The quadratic trend component of this intevaction i

SiCﬂifiC&ﬂt (F 2 8413y 4f = 1,128, P < 001)0

Aneslysis of regponses to a vigual slinulus ia the

Derlyne box.




TXPUAIVINT 6 ¢ Resnorse tn Tovel Ohlents

Intraductinn

Although it has bLeen deuonsirated (Expt. 4) that
a nodified Ierlyne box containing a visual gtimulus is
mot a situation which will digtinzuigh
behaviour of hondled and of non-handled gnimals, it is
possible that an earlier technigue developed by
Terlyne and others (Derlyne, 1950s 1955; L
1954) nicht prove more suitable, bearing in nind the
sengory cspacities of the rat. Trevious experiments
in this laboratery had sugsested thet not only could
the Investigatory behaviovr of handled and non-thandled
animals be distinguished in thig way, but that such
éifferences night still be cbtaoined when a drastically
sirplified procedure was exployed (Lawlor & liasoliver,

[ers. COLlle)e

The technigue is to soume extent similar to thald used
in the previous experiment, in that it reguires that a
stimulus object should be presented and the anount of
contact nade by S vecorded; bub the najor differences
between this and the Derlyne box are that in this case
a frec-gtanding threc=dimensional object, rather than a
twa-éimensional one, is uged, and that the gituation
allowg for manipulation and othor coatacts with the

object rather than visual ingpectioan alone.

107



108

It is therefore hypothesized that this situvetion
will elicit behavicural differonces between the
experizentel grouvpes which can bte cdescribed as
investigatory in nature, and aleo tkat some information
will be obtsined with respect to the behaviour of the

two proups over successive trizls.

Pothnad

Sg were 40 booded rets, 20 male and 20 fenale, of
waich half had been handled Surirgz infancy aad half
left wndisturbed ag previously described. All animals

were tested when they reached the zoe of approximately

The testing spparatus corsgisted of a metglegided
box measuring Ce4m in lencth, 02352 in width &nd C.2%n
in height, with a floor csvered by black plastic malerial
end a lid of clear Pergpox (FPlate 9). A total of ©
ninutes' testing time for each animizl was subdivided as

fellows:

a) Acontation. Each O was removed from the home cage

and placed in the empty box for a period cof 2 minutes.
The behavicur of the animsls wes observed during this

tine, but po formal meagures were teken.

b) Chieect 4. ITmmediately folleocwing the previous phase,

the box wag opened and two gnmall wooden cubes measuring

0.021 alony each side were placed in the end of the box
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nearest to Ey approximately 0.(Sn from each wall
and with a simllar space between them; tho 1id of
the box was then clesed. The following measures
were taken during the succeeding two minutes:

i) latency of approach to either cudbe, in seconds;
ii) amount of time during the 2-min. test period
gpent by S oriented towsrds and in contact with
either cube. 'Contact' was dofined as either
immediate proximity of S's nose, together with
rhythmiec novements of the vibrissae, or ags
touching or manipulation of the cbjects with

forepaws or teeth.

c) Object 2. For the final 2 minutes, procedure wag
as described in section (b) asbove, except that a
cardboard ring 0.C4n in diameter and C.022 high
was placed between the two cubes, and the latency
and 'time in contact' measures were taken with

regpect to the ring only.

Fach animal was given 4 triels under these
conditions, with an inter-trial interval of
epproxinately 24 hourse The azppsratus end stimulus
objects were waéhed between trials with an odour-
destroying disinfectant, or (in the case of the

cardboard rings) replaced when necessary.
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Fesults end Digcussion

in analysie of varisnce wss carried out on each
neagure (Tables € 4o 9) and the najor effects are
illustrated in TFipge. © to 9. It is eppareant that in
all cases there is a bighly sicnificant difference
between the handled and non-handled groups, with the
handéled eninals approaching the novel objects nmore
quickly and alss gpending more time in contact with
them. Contrary to the findings of sone worksrs
(e.p. Inghes, 1968), however, there is no significant
difference between the scores for males and ferales
in either group, and it is teouptirg to speculate that
gex differences are likely to be most sppparent where
the measure of exploratory behaviour employed has a
strong 'activity' componenty &g opposed to the
‘investigatory! aspect which is stressed here.

(Cce also Wells et ol., 19C9).

The four measures taken mre also fairly consistent
in that &ll except one (namely ‘time investigating

bject 1'y on whieh the Handling factor alone was

(o]

cirnificant) show both a significant effect of Trials

end aleo a sipnificant Handling x Trials intersction,

with no other significant main e¢ffects or intersctions.

The significant effect of Trials must, however, be

regarded in the light of the ﬁandling X frials interaction,
wihaich reveals that the non-handled grovp showed both a
reduced latency and an increase in time epent investimating

the objects as the trials progresseds The handled group,
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on the other hand, spent epproximately the same amount
of time 1n investigsticn on each trigl; but the latency
scores for this group are probavly sufferins from a
celling effect attribuiable to the fact that many Ss
ltended to Ve ilonvestipgsting the objects even before they
had been correcctly positionzd in the box.  Lateancy
seores vwere therefore extremely low, and showed little

charge over trialse.

There ig 1ittle c¢oubt that this test can effectively

distinguich between handled snd non-handled sninals
end that glthoush 2 locomotor component cannat be
entirely ewcluded, it i at least reduced to a minimum
gs corpared with open field ond meze situations.
Although differences between handled and non-handled
animals may be found in these circumstances, they are
often along the dimencicn of 'emotlonslity' (Tcnenkers,
1262, 19C4), as defined in terma of defecation or
urination in the test sitvaticn. These ceores wvers
recorded in the present study, but althovgh there was
a general tendency for scores to decreace over guccessive
triasls, no sigrificant differcrces between the grouvps
were found (X? = 3.33, p = 0.%329). I! iz poosible that
strain diffexeuces nay account for this discrepancy;
if not, any theory attezpting to explain the diffcrences
tetween handled and non-handled sninals in terns of

exotionality must construet a definition of this term

which takes no account of the usual criteriae.
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The results of tuls experiment scem to imply that,
tnder certain conditions, nocrn-bhzndled animals can
‘eloptt to an vnfanilinr etinulus situation over time
o that their performance finally epproaches that of
the randled groune.e (It suouvld be noted, however, that
the performance curves for tra twd crovps do not in
fact intergeet, end it ig by no neans clear whether
the non=handled group would ever have nanifested th
range of behaviours referred to below). This finding

raises some importent poiats of discussion.
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»e in gome scnse 'deprived' in compariss
harndled aninals, and that handling or other forms of
stimulaticn during infancy have some compensatory effect
vhereby the reciplents are restored to a necar-normal
condition. Ilbwever, althonsh there is litile evidence
in the literatuvre by way of direct comparison, the none-
handled rat eceems behaviourslly cloger to the supposedly
non-derrived wild rat (c.f. Darnett, 1253). fThis leaves
open the question of whether the handled rat, in its
confidence and willimgness to explore new gituations,
is in any resl senpe ‘bettsr alspted'y, or whether it has
heen thus considered merel;r becauge of ites guitadbility

for lshoratory procedurcs.
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A second point of interest 1s that the hondled rats
in this situation showed a much wicer ranse of responces
to the test objecte than did the non-handled animals.
Althoush this is not denonetrated directly by the data
presented (which ghows only quaatitative rotler than
gralitative information), the accompanyins photosrzphs
(Flates 10 to 11) illiustrate the point to soms extent.
It is also confirmed by a szeond obszrver (32O) who
was present during mogt of the testins in thds experinment.
While the nmon-hendled animal typically 'freczes' in a
corner or grainst a wall of the epparatus (at least in
the initial trisls), at the saue time slowing a marked
orientation response to the objects (Plates 10a, 1Ch),
the handled animal employg a variety of procedures
ransing through sniffing, biting, carrying in the teeth,
chewing, manipulation with the front paws (and, in cne
casa, kickinz with a hind paw)y scendt marking, pusiing
with the nose, rolling the cardboerd ring, and moving

ghout the ggparatus with the ring encireling the noso.
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are depicted in Flates 11a to
410. The contrast between the behavionr of the two
grovps ia strongly reminigecont of the distimeticn draun
by ilutt (in Jewell & Loizos, 1005) botween exploratory
behavicur aund play in childlren, the former characterised
by the phrase, "Wiatl does this object do?" and the
latier by, "What can I ¢o with this object?"™ This
parallel cannot be drawa too closely, of course,

particularly since the conditions of the present



experiment make no provision for exploratory behaviour
aich may depend on distance recepters gloney nor for
any distinction between play and exploration; but it is
rerheps worth bearing in mind that play Eehaviour in
the higher mammals can rarely be elicited unless the
organien has made itself faniliar with its iwmediate
surroundings, presumdbly in order to reduce their
féar~evoking properties (c.f. Harlow & Zimmermann,

1953) «

Finglly, it should be stressed that slthough the
beligviour of handled and nou-handled saninals was in
geacral readily distinguislhabtle as scon s the test
objects wereo placed in the‘apparatus, there was no
percepitible differences between the groups in th
adgptaticn period. Unforitungtely, no provision had
Leen nmade for recording behaviour at thié stoge, since
it had not been intencded to form part of the testing
procedure; but once sgain both observers were agreed
in Vbeing unsable to detect any major differences between
experimental and control animals when these wers first
placed in the apparatus. This is in contrsst to other
studies, for example those enploying various forns of
Y-naze, wiere the.grcups ere usually distinguishable
even when the experiment is nominally run 'blind‘.

It is possible that the similarity of dimensions between
tho home cage and the test apparatus acted in this case

to reduce initlal fear recponses, waich were shiown only
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by the non~handled group when the novel objects were

introduced.

These observationeg, however, are subsidiary to
the main result of the experiment, which has shown
conclusively that early handling can produce an
- effect uvpen investigatory behaviour rather than
locomotor activity or emotisrality alone; and that,
cver the period stu&ied. handled animals show little
change in their comparatively high level of
investigatory behaviour, whereas non-handled
gninals tend to show an increase from an initial
comparatively low level. The sex differences
characteristic of most locomotor measures were not,

however, obiained.
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I'IG. 6

Latency scores to presentation of firet
novel object (wooden cubes) over successive

trials.
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SOURCE ar o5 VE F P
Handling 1 954141.26 95111.2C  82.41 < 001
Sex 1 2920.81  2020.81  2.45 N.S.
Ex G 1 23%1,01 3331481 2.32  TeGe
Subj; within groups 25 41549.956  1154.17

Total Z9  1842327.84
Trials 3 237C3e 32 792111 8.12 < 001
T xS 3 Z331.82 1277.27 41431 H.Ce
T x H 3 46232.77 5440.92  5.54 < 4001
Tx S x i 2 510242  1703.04 4474  NoEe

Trials x Subje within

froups 108 105406.72  975.99

Total 150 208C87.59

The linear and cubic trend components of this interaction
gre sicnificant (F = 11.8GCy Af = 3,408, p < +C01; end
F = 4.73y 4f = 3,108y p € 05 respectively).

TATTT 6

Analysis of latency scores to

Chject I.
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Amount of time gpeat investizating first
nsvel object (wooden cubes) over successive

”triéls.
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1 €039.31  COZ2.31 1132.65 < 001
Cex 1 5176 51.76 0.97 N.Ce
q

Subjects within groups 35  1913.11 5Ze 4

fotal 39 £041.24
'I’I‘ials 5 139&87 63~29 20 24 .‘Io Do
SxT 3 9%, 22 24,81 0.86  TaSe
mxT 3 202,07 €7.36  2.33  I.Se
SxHxT 3 27,82 9.27  0.33 T.C.
e Srbge withi -
“rials x Subj g§§§§§ 108 2053.77 28,23

Total 159  141587.99

Analysie of time epent investigating

Object I.
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rIC. 3

Latency scores to presentation of secend
novel object (cardboard ring) over

succesecive trialcse.
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SOULCE af £3 VE F P
ITandlins 1 150499,23 180499.23 116.83 <.001
Sex 1 ?' 23 7 7t23 ‘ C.00 HeCe
Hx S 1 755.90 75690 ‘0.49 ‘N.S.
Subje within groups 26 B5G21.24% 1545.03

Total 39 23C084.60
Trials 3 32250415  41116.72 13.432 <. 001
Tx 5 3 1710.43 57014 .69 I.Cw
Tox I 3 24083.43 8027.71 9,70 <.001
Tx SxH .3 2959%.45 OC5. 48 119 H.S.
Trisls x Subje within e 2y e

ETOUDS 108  £9275.34 82755
Total 159 2383063.10

»
The lincer trend

significant (T = 26.82,

TAIT 8

Analysis

cenponent of thieg intersetion is

af = 3,108, p € .001)

of latency scores to Cdbject II
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I'TG. O

Inount of time epent investigeting sscoxnd
novel oblect (cardboard ring) over successive

trigls.
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EOUHCE ar o5 VI F P
Handling 1 3822.03 3022.03 €4.30 < 001
Sex 1 21,03 21.03  0.35 N.S.
I x 8 1 0.40 0.40  0.01 NuSe
SubJe within groups 26 21239.94 E9. 4%

Total 33  ©5983.40
Trials 3 60665 202,22 4.1 < .04
T x S 3 155.53 51,04  1.06  T.E.
Ty N 3 Z04.73  131.53  2.69 < .05
T X S X II 5 790‘[{-5 260218 0054 HQSO
frisle x GubJ. within o8 sorc.cs  4S.6C

Total 159  12496.40

‘ » .
llone of the trend components of this interacticn

reaches significence.

TAPTE

Analysis of time spent investigating Cbject II.
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FLATTS 102, 40D

Craracteristic responses of non-nsndled

rats to movel cbiects.
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Plate 10a.

Orientation to wooden cubes

Plate 10b.
Orientation to cardboard ring
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Plate lia.
Adaptation period (no apparent behavioural
differences between handled and non-handied

animals) .
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Plate 1l1lb*

Investigation of wooden cube

Plate 1llc.

Wooden cube carried in mouth
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Plate 1lid.

Investigation of cardboard ring

Y1 plate lie.

Cardboard ring turned on edge and rolled



EYXPRRTIMENT 6 ¢+ Regpense to Verticsl Strines

Introdnetion

This experiment provides a link between Expt. 4
(Berlyﬁe box) and Expt. 5 (recponse to novel objecﬁs).
it will bo recalled that in the former case no
significant differences between handled and none
handled animals were found, whercas in the latter
significant differences between handled and non-

handled groups were found om all four measures.

- The major difference between the two experimental
sitvations lies in the nature of the stimuli presented
(in cne case a two~dimensicnal visusl stimulue , and
in the other a three-dimeasional free-standing object).

Since no differences belween handled end non-handled

animals were observed in response to the two-dimensional

stimulus,rbut‘marked end highly eipnificant differences
were found in response tb the three-dimensional object,
the effect of the handling procedure cannot adequately
be ﬂeséribed in terns of a generalised increase in

activity or decrease in emotlonal factors, but leads to

a nuch more rigorously defined behavioural gyndrome.

This point is a critical one, and the main purpose
of the present experiment is therefore to eliminate the
pessibility that the difference between the results of

Expta. 4 and 5 was due to some experimental artefact
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erising from slight differences in the nature of the
apparatus used or in the handling procedures with
éifferinz batches of animals. Unless the possibility
of such artefacts can be confidently excluded, the
more important conclusions concerning the nature of

the differenceg in response cannot be fully Juetified.

Mathad

Cix handled end six non-handled hooded rats (3
rale and 3 female in each group) were chosen ab randon
fron among those animals which had already been found
to giffer with respect to the handling variable on the
test for response to novel objects (Expt. 5)e These
12 £s were now each tested for 3 mins. in the sane
grparatus as was used in Expt. 5, except that the
vertical striped stimulus used in IExpt. 4 was fixed
to cne end wall with black masking tape spproximately
S50mme from the floor of the box. The amount of time
gpent by each S in inves%i@atiﬁg this stimulus (as

defired in Expt. 5) was recorded.

Pens=lte and Digeregion

The mean times, in gecs.y spent by each of the

four groups in investigating the etimulvs were es follows:

liandled Non-handled
I"Iale 402 4.0
F’eﬁale 4,C 440

137



There are no significant differences between the
grovps on this measure. The range of means, or rather
the lack of range, indicates that they may be regarded
as a kind of baseline meagure of the performance of
both handled and non-handled groups in a 'neutral!
enviromnment, comparable to the scores reported by
Wells et al. (1971) for Os in én operant situation
keforae response-contingent stimvlation was introduced.
Similarly, both the author end the second observer
(ML) were unable to discern any behavicural differences
between handled end non-handled animals in terms of
pre-test octivity in Expte. 5,’whereas the groups were
immediately’distinguishable on the introduction of the

test objects.

typical response to the vertical striped stimulus
is illustrated in Flate 12, which may be compared with

Flates 11a to 11e.

This experiment alsy indicates that the Berlyne box
experiment (No. 4) was probably not sanpling the
investigatory behavicur of the snimals with respect to
a gpecific gtimulus, but was sawpling a rather limited
form of generalized locomotor activity instead. This
interpretation allows ug to reconcile the results of
the two experiments by reference to the nature of the

stinulus eituation, es sugsested sbove.
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Plate 12.
A typical response to the vertical

striped stimulus



ITI. GEEERAT, CONCIUIIONS

Taken together, these experiments give a strong
indication that early hanéling may indced affect
cognitive processes such as investipatory behaviour.
Although we cannot conclude with certainty that this
cceuvrs independently of locomotor sctivity, there is
gona evidence in support of this conjecture, and even
nore tovinéicate that emotionality (as defined in terms

of defecation scores) is not a major underlying factor.

It is strikirg, however, to note the extent to
vhich differences between handled and non-handled
snimals eppear to be situationegpecific (and in fact,
the same could be said of diffevences between the gexes).
Thvs in a comparatively ghort sceries of experiments we
have been sble to demonstrate highly significant
differcnces between the grovps (Expts. 2 and ), no
spparent differences (Expts. 4 and 6), differences
vhich are demonstrable on one measure of behaviour dbut
not on another (Expt. 3) and differences which are
manifested.only in association with some other fector
(Expt. 1). Althouch we have been able to reconcile
these findinge through consideration of the specific
sitvations in question, it is perhaps unfortunate that
g2 few negative reports are available in the literatuvre,
gince these would almost certainly throw further light

on the processes involved. lowever, one of the few
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studies to compare performance in a variety of testing
situations (fmith, 1967), using mice as subjects, has
found that tkere do exist situations where the non-
bandled group excel « guch & an ezsy rather than a

difficult learning task.

It is also vonfortunate that, possibly for historical
reasons, 80 much emphasis has been placed on loccmotor
scores as a neasure of behévicur. Whether or not these
scores are to be reparded as having any bearing on
exploratory behaviour, we have now demonstrated that,
in general, the greater the locomotor element in a test
situation, the less sensitive the test as a differential
measure of behaviour as far as early handling is concerned.
This can be concluded both from a comparison of the results
from the two home cage emergence studies, and, nore
importantly, from Expt. 3, in which the handled and
non-handled grovps can be differentiated clesrly on the
reaving measure but not cn the basis of their locomotor
gcores. VWe have alreaﬂy'inaicate& that this sccords well
with>earlier finﬁings by the presecnt author, notwithe-
standing the fact that the two measures may to sonme

extent be correlated.

» Acsuning that the handled animals have been subjected
to a process which is in some way beneficial (although
this is a dubious asgumption, as is indicated in the

discussion following Ixpt. %)y we are immediately tempted
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to ask what kind of 'therapy'y, if any, would be effective
in enabling the non-handled animals to attain the same
levels of performance &s the handled group. One obvious,
if not very helpful, answer is that they should perhaps
attexpt to be born female rather than male, since the
males seem to be much more affected by the presence or

gbsence of the experimental treatments.

The subject of sex differences in‘éxploratory
behaviour 18 a complex one, particularly since few
investigators have employed direct comparisons. In
some cases only females have been tested (for exarple,
in studies by lMontgomery, Halliday or M.H. Sheldon),
while other workers -~ such as Levine end Lenernberg -
tend to use only males. Among those who have used
both gexes are Proacdhurst, Hughes and Lester; of these,
Eroadhurst has been principally concerned with open
field activity, a situvation in which large sex
differences are found but which is not necessarily
en ideal measure of exploratory bebaviour. Hughes
(19¢8), on the other hand, appears to have demonstrated
that sex differences in exploratory behaviour depend
to some extent on the measure employed, since he found
that females engaged in more 'exploratory activity'

(a neasure which included sniffing, rearing and walking),
but that there was no difference between the sexes in
their preference for a novel rather than a familiar
environﬁent. It is interesting to note that once again

the measure which includes a locomotor component is the
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coe which @ifferentiates the sexess in view of the
findings we have reported in the present series of
experiments. Russell (1977Zb), however, makes the
suggestion that +++ there may be a basal difference
in the level of such activities ratker than, or as
wall as, a sex difference in the response to naovelty."
In other words, although the two forms of response
ray be related, there 1s no g priori reason for

supposing that they must necessarily be.

&imilarlﬁ,rLester (1567a4b) has shown thét sex
differences in explbfationrare liable to interact with
other variables sich as degree of deprivation, since
females were found to explore more when satiateé and
rales to explore more when deprived. Thiss like the
Cex x Tandling interacticn reported in Ixpt. 1 of this
series,y, 1llugtrates that even wien sex differences are
found they cannot be essumed to operate in a straight-
forward mamner. This isy of course, likely to be true
of situations cther than exploratory behaviour alone;
for example, Lussell (1973c) reports that "open field
defecation .+« gppears to be a valid emotionality index

only in females."

Some of the differences may be accounted for by
the fact that msle and female rats differ in
adrenocorticotrophic hormone (ACTH) eecretion, even

in the absence of ovaries or gonads (Kitay, 1961;
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Levine & Mullins, 1267), and that handled and non-handled
rats differ in ACTH gecretion when confronted with novel
gtimuli as adults (lLevine, Hallmeyer, Karas & Lenenberg,
1967). Levine also states (in Azbrose, 1962, p. 46)
that "one ofrthe differences in central nefvous gystem
organization between male and female is the differential
censltivity of the target orgasn, the traln, to similar
levels of circulating hormones.® Hutchinss (1967) has
also found that the response to early cold exposure is
sex dependent, which may in part account for possible
differences beiween males and femgles in the reéponse

to early hanﬁlihg.

The difficulty here - always sssuming that the ACTH
response ¢an be shoun to have behavioural correlates -
is that although we would be led to expect froam this
information & Handling x Cex interacticn in response to
novel stimuli, as we have found oan at least one occasiecn,
we ere not able to explain why such an interaction does
rot occur in other experimental situations. Another
difficulty is that, since we have found the males to be
the group most affected by handling or its absence, the
use of females as subjects would create some problems
for Levine's argument that the non-handled animals in
general recpond in an alleor-none manner as a result of

early modification of the 'setpoint' (see Ambrose, 19C9,
pe 49)e



If it were methodologically poesible, avstart night
Ve medle by attempting a controlled study which involved
bandling only one sex within each litter. A great deal
of work remains to bte done on this topic, and we are
compelled to conclude that those workers who confine
their studies to ore gex only are likely to foreg a
substantial smount of iﬁteresting information in the

process.

Returning to our previous topic, however, the
prospects for the ron~handled animal do not seen to
be altogether favourable. We bave seen that exposure
to en extremely femilisr enviromment (a situstion
which should supposedly favour the non<handled group)
either produces complete cesgsation of activity im both
grouvps or, on re~test, finds the handled group still in
the lead (Expt. 3). In Expt. 1, the situation (for the
non-handled males, at sny rate) is even less promising,
gince the performance curve for this group appears to
te diverging, rendering it unlikely that their scores
will ever te comparable with those of the other groups.
The 'novel objects' measures, on the other hand, appear
to show an ’improveméht' in the scores of both none
handled groups; but as we have already pointed out,
the curvésrfor these and the handled animals do not
meet at any point. Obviously, it would be interesting

10 extend the number of trials in future experiments.

145



146

There 1s little evidence on this point, but Sackett
(1987)y comparing dark and light-reared animals,

found that effects of rearing conditions on moter
ctivity were persistent, but that effects on more

complex explorstory behaviours were reversidle.

From the results of the present experiments, we
are tempted to infer that although handled and none
bandled animals both have stratesies - perhaps equally
valid from different points of view - for copinsg with
a new exd uanfamiliar envircnmwent, thegse strategies may
rave very little in common. Furtherwnore, since each
new exberience to which the two groups ere cubmitted
ig likely to be assimilated in a different way in
interacticn with the whole corplex of past experiences,
there is a cumulative preocess in cpersticn which ensures
that the seome situvation (from the experimenter's point
of view) will in fect be perceived and recponded to
quite differently by the two groups. If this is =0,
then in a sense it will never be possitle to compencate

for the eflectg of early experience.

Thig is not to say that there do not exist'ways
of equaiising the performance of the two groups: it
is posggible that-training the non-handled gnimals in
specific eituatidns, ‘social therapy' (leneuberg &
Morton, 419G2), or pérhaps sesgions of 'remedisl handling!
might pioduce the desired effect. Against this, however,

muist be set the findinze that there are differences



between the groups even after long familiarisation with
the stimulus situation, and that handling later in life
ig less effective. ¥evertheless, it must continually
be borrne in mind that there are situations (e.g.
avoidance learning tasks) in which the noo-handled
enimals excel, and also that we must slways be careful
to specify in what ways the changes produced in an
animal's behaviour are to be regarded as an 'improvement'®
(Paly, 1973). Finally, before atteapting to generalise
any conclusions to other especies, we may mention that
preliminary studies in this lsboratory (lLawlor, Weinberg
& Wells; urpublighed data) using hamsiers rather than
rats ha%e inéicated that various combinations of early
handling and enriched environment produce effects which
can only be described as adverse in the extreme in this
speciegy not merely on behavioural measures but aleo in

terms of viability.

It is therefore with the greatest caution that we
must proceed to consider briefly the possible relevance
of these studies to the human species, particularly
since it is difficult to conceive of a direct anslogue
of the handling process which we have been describing
in relation to the animal experiments. Nevertheless,
ceveral workers have investipated the effects of
‘hondling! or stroking on the subsequent behaviour of
hvman infants, often using prema#wre or instituticonalised

babies as subjects, presumably on the grounds that these
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infaats are likely to be a® risk fron the effects of
deprivation of stimulation., Cne of the earliest of
these studics found, however, that the lons-tern
effects of what the authors describs as "attentive
care” during months 6-8, over and above the current
institutlional procedures, could be regarded as
negligible, since abv 19 months more of the
experimental group were observed to vocallse during
soclal tests, but otherwise both groups appeared
"friendly and of normal intelligence® (Rheiugold’&

Bayleyy 1959).

4 study of the effects of early haudling (in
this case equated with stroking) on premsture infants
vas csrried out by Colkoff, Yaffe, Weintraudb & Blase
(12€9). ~ These asuthors report that the ‘handled’
infents, which kad been siroked for 5 minutes every
hour for 10 days, were more active, regained initial
birth weight faster, and could bz described as phyeically
healthier than controls. There wsre, however, cnly 5
subjects in each group. A follow-up st gpproxizately
7 months of eze aleo indicated that a greater amount
end variety of stimulation was available to the hanéled
éfoup. If this latter'finding can be substantialed,
it is particulerly interesting in that it seems to imply
that stimulstion received from fhe environment is
partially regulated by the characteristics of the orzenism
itself, and that these characteristics cean be modified

ét an ecarly stage of development.
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Vhite & Castle (1254) and Casler (1265) have also
found that varying smovnts of early handling cen affect
guch behaviours as 'vigual interest' (in the former
case) and performance on a variety of items on the
Gesell scale (in the latter). Motor functioning,
however, was apperently not affected, accarding to

Casler's report.

An interesting poper by Nubenstein (1987) sugcests
that maternal attentiveness may be an important correlate
of the infant's exploratory behsviour; althourh, as the
avthor pointe outy it may be that pre-exieting
characteristics of the infant (perhops zssociated with
expleration) themseclves elicit greater mabternal
gttentivevesc. Whatever the mechenigm, however, those
infante who had expeorienced a greaster amcunt of variety

of etimulstion were found Yo be more responsive to

rovelty.

One possible mechanism is suggested in a report by
Forner & Grobestein (1986), who found that soothing crying
babies by the‘proceduré of picki#g up and putting to
the shoulder also tended to induce a state of visual
alertness, even within two or three days after birth
when this state is not very frequently cbserved. It is
possible that this procedure therefore présents the
neonate with more opportunities for learning about the
environment, particularly through visual channels; and,

by analogy with the previous experiment, the 'attentive'
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mothers are thus likely to provide their offspring

with more opportunities of this kind.

'It will be spparent even from these rew‘experiments
that, even if exact perallels cannot be drawn, the
experimental egpproach in sone of the humen studies has
been corgiderably influehéed by earlier snimsl experiments.
ihe eo-called 'harndling' procedure is perhaps the most
striking exarple of this. It is unfortunate, however,
that there is far less4constancy of method with regpect
to type and amount of.stimulaticn, age a% which
administered, age at tine of tesiing, and so on;
and also that there is little evidence régarding
ionguterm effects (altheuzh sny atitempt to match
humsn end rat development in order to find the human
equivalent of, say, 90 days of age in the rat would

scei to be a rather neaningless exercise in any case).

Nevertheless there does secem to be a little coumon
ground between the two mreas of rescarch. For example,
the provigion of ‘extra stimulation' does appesr to
rave some effect in both cases (within limits); there
is at least a possibility that the effects are mediated
through the behaviour .of the mother or principal
caretaker; and - again with some reservations - it
gppears that explcratcry behaviour and the response to
novelty may be affected by certain forms of early experience.

Although Ittt (in Hutt & Hutt, 1973) rightly points out



that " ..+ there is a tezcit assumption that concepts
like reward, novelty, complexity, have en equivalent
valency for all species", and stresses that this
sssumption is almost certainly unjustified, ghe goes
oun to remarzx that botu rats and humans are suong

those specles spparently capable of surviving in a
variety of havitats, and that " ... it scems reascrsable
to suppose that thelr respective explorstory tendencles
have conferred a distinct advantaze". If these

characteristics are pobtentially so important in

£

terms of evolution, perhaos we would be Justifie
in concluding that the study of exploratory behaviour
in relation to early ewperience is not such egn egoteric

ectivity as it might have eppeared at first glance.
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EITECTS OF INFANTILE
STIMULATION AND ENVIRONMENTAL FAMILIARITY ON
EXPLORATORY BEHAVIOUR IN THE RAT

By P. A. WELLS,* G. LOWE, M. H. SHELDONY
’ AND D. I. WILLIAMS

Department of Psychology, University of Hull

Adult rats, which had either been handled daily between birth and weaning or left undisturbed
during this period, were tested (i) in an enclosed Y-maze for 3 min. on five successive days, and
(ii) in a dark soundproof box for } hr. on six successive days; the box had a single lever, a
rosponse to which produced dim light of 1 sec. duration on the final three sessions only. An
intoraction between the effects of handling and of environmental familiarity was predicted.
This was found in the response-contingent light condition, but not in the maze study.

Handling rats between birth and weaning has been shown to have far-reaching
effects on the organisin’s development and on its adult behaviour (e.g. Levine, 1962).
Adult exploratory behaviour in particular seems to be influenced by early experience;
for example, De Nelsky & Denenberg, using tactile (1967a) and visual (19670)
stimulation, claimed that as the degree of stimulus variation increased, the explora-
tory behaviour of handled rats increased, whilst that of non-handled rats was
depressed. DeNelsky & Denenberg manipulated stimulus variation by varying the
visual and tactile difference between sections of the testing apparatus for separate
groups of rats. The two experiments reported here are based on the assumption that
another way of producing changes in the amount of stimulus variation is to manipu-
" late the animal’s familiarity with its environment. If stimulus variation declines with
successive exposures to the environment, then it would be expected to follow from
DeNelsky & Denenberg’s findings that the exploratory activity of handled and non-
handled rats would vary in a different fashion over successive exposures. There
should be an interaction between the effects of familiarity and handling.

This is tested in Expt. I by testing handled and non-handled rats on successive
days in an enclosed Y-maze. :

)
ExPERIMENT I
Method

Subjects. The subjects were 57 hooded rats (31 male, 26 female) from a colony maintained
within the Hull department.

Apparatus. A symmetrical enclosed Y-maze was used, with arms 18 in. long and 4 in. wide,
and walls 9 in. high, painted in a flat medium grey. Each arm of the maze had two lines marked
across it: one halfway along, and one where it joined the other two arms. These lines divided the
maze up into six sections, each 9 in. long, and one triangular section at the junction of the three
arms. The maze was placed in a curtained enclosure 4 ft. 6 in. x 4 ft. 6 in. x 4 ft. high, illuminated
by a single 100 watt bulb suspended centrally 6 in. from the top. Observation was made through
an aporture in one side with the help of an angled mirror which reflected the two most distant
arms of the maze.

* Present address: Dopartment of Psychology, Bedford College, University of London.
1 Present address: Department of Psychology, University of Reading.
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Procedure

(?) Handling. At birth complete litters were randomly allocated to one of two conditions:
‘handled’ or ‘non-handled’; but litters which contained fewer than eight animals, either at birth
or by the time they were weaned, were not used. Handled animals were taken singly and at
random from the nest, on each of the 20 days between birth and weaning, and placed in order
on a plastic tray until all the remaining pups in the litter had been removed. They were then
replaced in a similar manner; the operation time for cach rat was approximately 30 sec. Non-
handled animals romained in normal colony conditions, but were undisturbed during this period.
When they reached 21 days, subjects were removed from the breeding cages, weaned, weighed
and placed with litter mates in group cages. At approximately 40 days of age, they were ear-
punched, re-weighed and caged with like-sexed litter mates of the sarme group. Throughout the
experiment animals were housed in wire-mesh cages, the breeding cages having solid floors:

40+
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Mean number of sections entered
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Fig. 1. Expt. 1. Mean number of sections entered as a function of sex and infant treatment.
+ +, handled male (n = 17); O O, handled female (n = 11); +~———+, non-handled
male (n = 14); O——-- O, non-handled female (n = 15). -

(ii) Testing. At 90 + 2 days each rat was placed in the maze for 3 min. on each of five successive
days, being placed initially in one arm of the maze facing the choice point. Measures were taken
of the number of sections entered and the order in which they were entered. An entry was scored
(@) when the head and three of the animal’s feet had crossed one of the lines mm‘ke.d halfway
along & maze arm, or (b) when at the junction of the arms the head and three of the animal’s feet
had crossed the line at the entrance to a second arm. A measure was also taken of the number of
times a subject reared up on its hind legs, having touched the ground with a fore-foot since last

rearing up.
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Results

A partial analysis of variance of the section entry scores showed significant effects

for days (F' = 21-8; d.f. = 4, 1700; P < 0-001), }-min. periods within sessions

(F' = 147-0; d.f. =5, 1690; P < 0-001), litters (F = 11-8; d.f. =5, 1690;
P < 0-001), and sex (F' = 37-2; d.f. = 1, 1700; P < 0-001), but not for treatment;
i.e. handled ». non-handled (F' < 1; d.f. = 1, 1700). The only significant interaction
was that between litters and sex (F = 3-7; d.f..= 5, 1690; P < 0-01).

A measure of alternation was taken and expressed as a percentage’of opportunities
to alternate. Both groups showed similar behaviour, alternating on about 70 per cent
of opportunities on each of the five experimental sessions. Separate sets of rank order
correlations for handled and non-handled animals were calculuted for the three
measures taken of exploratory behaviour: sections entered, alternations, and
rearing. All correlations were positive and significant (P < 0-05).

Discussion

The handled and non-handled groups cannot be differentiated by any of the
measures used. The experimental hypothesis predicts an interaction between the
effects of handling and stimulus familiarity. When exploratory activity, in this case
measured by sections entered, is plotted against trials, it can be seen from Tig. 1 that
the curves do in fact intersect, but this interaction fails to reach significance.

The significant effect found for }-min. periods can be attributed largely to the
sharp decline between the initial period of each trial and subsequent periods. It is
usual to find such a rapid intra-session decline (e.g. Montgomery, 1951). The inter--
session decline which is sometimes reported (e.g. Halliday, 1967) was not found in
this study. The small effect of days was significant, and Fig. 1 suggests increased
responding over sessions.

Measurement of sections entered gives but one indication of exploratory behaviour,
and one which is likely to reflect the non-exploratory activity of the organism. One
of the reasons often given for regarding locomotor activity in mazes as exploratory in
nature is that animals alternate their choice of arms at a level significantly above
chance (e.g. Montgomery, 1951). It is interesting to note that in the present experi-
ment both section entries and rearing scores correlate highly with alternation and
with one another. | ' .

The obvious conclusion from this experiment is that the handling procedures were
ineffective in producing differences in the animal’s adult behaviour. Another possi-
bility is that the maze constituted a more complex environment than was supposcd,
such that five trials were not sufficient for the animals to become familiar with it;
the predictions made would not then apply. The failure to find a drop off in explora-
tion over trials could be interpreted as supporting this contention, for with a complex
stimulus situation no decrement over trials may be expected (e.g. Glanzer, 1961).

ExerrmveNT 11
A second way of testing the hypothesis that there is an interaction between the

" effects of infantile handling and stimulus variation manipulated through changes in

familiarity is to use a situation where stimulus change is made contingent upon some
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response. In the present experiment dim light is made contingent upon a bar press.
The phenomenon of light reinforcement is well-established (cf. Lockard, 1963), and
may provide a useful technique for further defining the effects of early experience.

Method

Subjects. The subjects were those used in Expt. I, with the addition of one male in the handled
group which had had only one day’s experience in the maze used in Expt. L.

Apparatus. The experimental box, which was contained within a sound-insulated cabinet,
measured 10 x 10 x 10 in. It had a metal mesh floor with walls dnd lid of Perspex; these were
black, except for the end wall which was white. In this end wall was a single Perspex bar, 2 in.
wide, being 3 in. above the floor and extending 1 in. into the box. Above the bar an area of the
wall 8 x 5 in. could be evenly illuminated from behind ; the light intensity 3 in. from the end wall
and 8 in. above the lever was approximately 15 ft. c. Frequency of bar-pressing was recorded
on print-out counters set at a 30 sec. rate; a measure of total response duration for each rat in
each session was also obtained. Six identical sets of apparatus were used simultaneously.

Procedure. At 100 + 2 days each rat was placed in the dark"experimental box for half an hour
on each of six successive days. On the first thres (base-line) sessions no light was contingent upon
a response, whilst on the final three sessions dim light of one second duration was made con-
tingent upon a bar press.

50 —

40 -

Mean number of responses per 30 min.
w
(=]
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10 | 1 | | 1 1
1 2 3 4 5 6
No light _ Light

Fig. 2. Expt. II. Mean number of responses per 30 min. as a function of light contingency
and infant treatment. O O, non-handled; x—---—x, handled.

Results ;T

Fig. 2 shows the pattern of responding of the two groups. Separate analyses of
variance were carried out on the response scores for the base-line period and for the
period with response-contingent light. For the base-line condition none of the main
effects (groups or days), or interactions, was significant, and there were no significant
differences between the groups on individual days. In the response-contingent light
condition the main effects of groups and days were not significant, but the
groups x days interaction was (¥ = 4-35; d.f. = 2, 112; P < 0-025). The handled
and non-handled groups differed significantly only on the first session with response-
contingent light (F = 7-5; d.f. = 1, 168; P < 0-01).
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A significant increase in responding from day 3 (no response-contingent light) to
day 4 (response-contingent light) was shown both by the handled group (/ = 6-596;
d.f. = 28; P < 0-001) and by the non-handled group (¢t = 2-7;d.f. 28; P < 0-02). No
significant differences in average response duration were found betwcen the two
groups, either over-all or on any experimental session.

There were 11 females in the handled group and 15 in the non-handled group;
however, there were no significant differences in the number of responses made by
the males and females of each group on any day, both sexes showing the pattern of
responding over time that the group data show in Fig. 2.

Discussion’

Expt. IT can be considered in two parts: the base-line period and the period with
response-contingent light. In the base-line period the animal is placed in what is
initially an unfamiliar environment and its rate of bar pressing measured. Fig. 2
shows that there was a difference in responding between the groups on the first
session, but this was not significant, nor were the differences on the other two days.
When light was made contingent upon a response, the behaviour of the two groups
can be distinguished. The handled group responded significantly more than the non-
handled group on the first session with light; that is to say, the predicted interaction
between the effects of familiarity (as represented by successive days of testing) and
handling was shown. This interaction parallels the one DeNelsky & Denenberg found
between handling and the degree of stimulus variation. .

We are grateful to X. V. Mardia and A. L. J. Wells for statistical and computational advice
in relation to Expt. I.
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EFFECTS

OF INFANTILE HANDLING ON

LIGHT-REINFORCED

BEHAVIOUR IN THE RAT

By P. A. WELLS, D. I. WILLIAMS & G. LOWE
Department of Psychology, Bedford College, University of London; and
Department of Psychology, University of Hull

Abstract. Differences in exploratory behaviour between handled and non-handled animals, although
generally accepted, may depend both on the familiarity of the environment and on the nature of the
stimulation available. Handled and non-handled rats were therefore tested under three conditions:
no light contingent upon a bar-press, steady response-contingent light, and response-contingent flicker.
A strong light reinforcement effect was observed; and after adaptation to the apparatus, comparable
differences between handled and non-handled animals were found in all conditions, with the handled
group responding significantly more. A dual arousal system encompassing both general stimulus input
and stimulus change is suggested as a possible explanation of these findings.

It is now generally accepted that handling one
group of animals between birth and weaning
while leaving a second group undisturbed during
this period will tend to produce substantial differ-
ences between the two groups on a variety of
subsequent measures. According to Levine
(1962), for example, the handled group may show
earlier maturation, more vigorous growth,
higher resistance to stress, and greater tendency
to explore a strange environment.

Recent studies have indicated, however, that
the responses of the two groups to a given
stimulus situation may not be differentiated in an
entirely straightforward way. DeNelsky &
Denenberg (1967a, b) have claimed that, as the
degree of tactual or visual stimulus variation
increased, handled rats showed a corresponding
increase in exploratory behaviour, whereas
non-handled rats tended to explore less. Similar-
ly, Wells et al. (1969) have shown that the
behaviour of handled and non-handled rats can
be differentiated over time, if a dim light is made
contingent upon a response, even when a more
conventional test of locomotor activity has
failed to distinguish between them.

The present experiment is an extension of this
finding, and is based on the assumption that one
way of producing changes in the amount of
stimulus variation is to manipulate the animal’s
familiarity with its environment. In particular,
it was intended to investigate further the in-
dication that differences between handled and
non-handled animals may depend on changes in
the nature of the environmental stimulation
which is available.

115

Methods
Subjects

Subjects were eighty-eight black hooded rats,
forty-five male and forty-three female, from a
colony maintained within the University of Hull
department.

Housing

All animals were raised and maintained with
free access to food and water under normal
laboratory conditions, with a light cycle of 17
br light and 7 hr darkness. The breeding cages
were plastic, and nesting material was provided;
at 8 days of age, animals were transferred to
wire mesh cages. For the ‘handled’ group, this
was incorporated into the handling procedure;
for the ‘non-handled’ group, the transfer was
effected by gently tipping the animals from one

‘cage to another.

Handling Procedure

At birth, complete litters were randomly
allocated to one of two conditions: ‘handled’
or ‘non-handled’, but litters which contained
fewer than eight animals either at birth or by the
time they were weaned were not used.

On each of the 20 days between birth and
weaning, the cages of the handled animals were
removed singly from the rack and placed on a
bench. When the mother had been removed
from the cage, the pups were taken individually:
and at random from the nest, and each was
placed in a separate compartment of the ‘hand-
ling apparatus’. This was an open wooden box
which contained twelve compartments each
measuring 10 cm3. When all the remaining pups
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in the litter had been removed, they were then
replaced in the same manner; the operation
time for each animal was approximately thirty
seconds. Non-handled animals remained in
normal colony conditions, but were undis-
turbed during this period.

When they reached 21 days of age, subjects
were removed from their cages, weaned, weighed
and replaced with litter mates in group cages.
At approximately 40 days they were ear-
punched, re-weighed and caged with like-sexed
litter mates of the same group. During the
testing period, all animals were housed in-
dividually.

Experimental Apparatus and Procedure

The experimental box, which measured 25 cm3
had a metal mesh floor with walls and top of
black Perspex, with the exception of one end
wall which was white. In this wall, 7-5 cm above
the floor, was a single Perspex lever which was
5 cm wide and extended 2-5 cm into the box.
Above the lever, an area of the wall 20 x 12-5
cm could be evenly illuminated from behind.
The light intensity 7-5 cm from the end wall
and 7-5 cm above the lever was approximately
1-5 ft-candles.

Frequency of bar-pressing was recorded on
print-out counters set at a 30-s rate, and a
measure of total response duration for each rat
in each session was also obtained. Six identical
sets of apparatus were used simultaneously,
and each animal given successive trials in the
same box. Testing began when subjects were
aged 904-4 days.

Each rat was placed in the dark experimental
box for half an hour on each of twelve successive
days. On the first 3 days, which constituted a
measure of baseline performance, no light was
contingent upon a response. On the following
6 days, for half the animals in each of the
handled and non-handled groups, dim light of
1-s duration was made contingent upon a bar-
press, while for the remaining animals there
was no change in the condition. On the final 3
days, those animals which had previously ex-
perienced steady light contingent upon a bar-
press now experienced 1 s of response-contingent
light which flickered at the rate of 200 flashes
per minute. At the same time, animals which
had been under the condition of ‘no light’ for
the previous 9 days were assigned to the con-
dition of response-contingent steady light of 1-s
duration for the three remaining days.

Results

As it had been previously established (Wells et al,
1969) that there tends to be no difference in
performance between sexes in this particular
reinforcement situation, scores for male and
female subjects were combined in this analysis.

No significant differences were found between
handled and non-handled groups during the
first 3 days (the baseline condition), although,
as shown in Fig. 1, there is a slight tendency for
the handled animals to respond more by the
3rd day. The introduction of response-contingent
light on day 4 produced a significant increase in
responding when the first 3 days of light are
compared with the baseline condition (F=774-1,
df=1/42, P<0-001). A significant difference
between handled and non-handled groups was
also found over this period (treatments X
blocks: F=37-2, df=1/42, P<<0-001); there was,
however, no significant interaction between
treatments and conditions. From this it may be
concluded that handled animals tend to respond
more than non-handled whether light is con-
tingent upon a response or not, although this
only becomes apparent after some time spent
in the baseline condition. However, after several
trials (sessions 4 to 9), this effect tends to dis-
appear both for ‘no light’ and for ‘response-
contingent light’ groups. In other words, al-
though handled animals can be differentiated
from non-handled, this difference may be mani-
fested in both experimental (light) and control
(no light) conditions, and its magnitude will
depend to a large extent on the nature of pre-
vious experience in the experimental situation.

The additional stimulation introduced on day
10 was an attempt to manipulate the environ-
ment still further by introducing for the controls
a change from the ‘no light’ condition to that of
1 s light onset, and for the experimental group a
change from steady light to flickering light.
Inspection of Fig. 1 indicates that the effect of
introducing response-contingent light on day
10 for the two control groups was to elevate
their responding to a level which even sur-
passed that shown by the two experimental
groups which had previously experienced this
condition (F=431-9, df=1/42, P<0-001); this
increased light reinforcement effect is typically
found following longer familiarization with the
no-light condition (Lowe & Williams 1968).
In addition, the handled group produced more
responses than the non-handled group over this
3-day period with response-contingent light



WELLS ET AL.: INFANTILE HANDLING AND LIGHT-REINFORCED BEHAVIOUR 17

r No light
-——- R.C. Ilc:;hf 4{/,4-\\F
—-— R.C. flicker
o——-% X e
50+ \ e
AY
\\ .
.g .\\ ’/,‘
0 ——
H - //’o\\ K %8
" N
5 K hy A o=
3 s ~o” ~o \
0 ° “o
Q —
14
c
(=]
a
w
L
e
c |
+.
g 4/ \+~.+\+
. % —
B
1 1 ) ! 1 1 1 ! L 1 1 J
1 2 3 4 5 [ 7 8 9 10 N 12
Sessions -

Fig. 1. Mean number of responses per daily 30-min
session. @, Handled experimental; O, non-handled
experirlnental; +4-, handled control; X, non-handled
control.

(F=42-4, df=1/42, P<0-001), although in the
preceding 3 days of the no-light condition
there had been in fact no significant differences
between these groups. We therefore have a
situation which is comparable to that of the
first 6 days of the experiment. In contrast, the
two experimental groups which were changed at
the same time from the condition of steady
light to that of flickering light showed no sig-
nificant differences in response rate which could
be attributed to this change. This is possibly
due to the fact that the difference between re-
sponse-contingent light and response-contingent
flicker is relatively minor compared with that
between the no-light and response-contingent
light conditions.

Response duration scores on initial exposure
to response-contingent light tended to follow
the same course as the data concerning response
rate, in that both handled and non-handled
groups showed a significant increase in re-
sponse duration on day 4 as compared with day
3 (Mann-Whitney U test: U=82, n;=n,=22,
P<0-001 and U=I121, n;=n,=22, P<0-01,
respectively), while for the control groups which
were not exposed to response-contingent light
no such differences were found. However, the

data in this case showed such great variability
that they cannot be regarded as reliable, and
a fuller analysis was therefore not attempted.

Discussion

The results show clearly that handled and non-
handled animals respond differentially to re-
sponse-contingent light, but provide no con-
clusive evidence that such differences are dis-
tinguishable from those produced in the ‘no
light’ condition. A suggestion that this might be
so, however, is the difference in responding be-
tween the groups, which is produced by the
availability of light on day 10, when on the
previous 3 days in the no light condition there
had been no difference between the groups.
The relevant controls are not available here.
It could be that handled and non-handled
animals differ in their response to environ-
mental change, as seen on day 10, but that the
introduction of response contingent light on
day 4, did not produce any significant change,
as it occurred at a time when the total environ-
ment was still novel and exerting an effect in
differentiating between the groups.

The main interest in the results lies in the
fact that although the differences produced by
response contingent light on day 4 was no
greater than the difference between the control
groups, the total response score for both
handled and non-handled groups was elevated
in the light onset condition. This would appear
to present difficulties for theories which seek to
explain the differences in exploratory behaviour
that are produced by differential stimulation
in infancy.

The pattern of responding of the two control
groups is very similar to the pattern of respond-
ing shown by similar groups of animals in the
open-field. There tends to be very little difference
between handled and non-handled animals on
initial exposure to this situation, although their
pattern of responding can be distinguished on
subsequent trials; then, as testing proceeds,
the scores of the two groups again become
comparable (cf. Denenberg & Whimbey 1967).
The kinds of explanation that have been offered
of this behaviour (e.g. Denenberg & Whimbey
1967) suppose that it represents an emotional
response to a stressful situation. Thus non-
handled animals would tend to ‘freeze’ and
move around less in the environment. Altern-
atively, in terms of some theory of optimum
arousal such as that proposed by Leuba (1955)
or Fiske & Maddi (1961), non-handled animals
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could be said to maintain their lower level of
arousal with less stimulus input from the
environment.

The present finding renders both such formu-
lations implausible, in that, faced with a greater
degree of stimulus input when light onset occurs,
the non-handled animals respond more than
they had done under conditions of no light;
whereas, if their initial responding was a measure
of emotional response to stress in the situation,
they would be expected to continue to ‘freeze’,
or respond less, in the face of increased stim-
lation. Similarly, if their optimum arousal level
was being met in the first situation (that of
no light), they would be expected to respond less
when lever pressing resulted in greater stimulus
input.

Since, therefore, we have found comparable
differences between handled and non-handled
groups at both levels of stimulus input, the
conclusion must be that differences in behaviour
do not seem to be a function of the absolute
amount of stimulation available.

One way of accounting for this result would
be to postulate two arousal systems: one ‘gen-
eral’ system governed by absolute stimulus
input, and another which monitors specific
stimulus change. Optimum arousal levels would
therefore not be rigid, but would be set in re-
lation. to the absolute level of stimulus input.
This would explain why the relative positions of
the handled and non-handled groups are main-
tained under different levels of stimulation.
Berlyne (1969) is developing models which could
possibly encompass this result. As far as practical

strategies are concerned, these findings would
suggest that an understanding of differences in
exploratory behaviour in relation to emotionality
might best be achieved by observing an animal’s
behaviour in response to gross stimulus change
over time, rather than by correlating different
aspects of behaviour in a standard environment.
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Differences in home-cage-emergence in the
rat in relation to infantile handling'

D. I WILLIAMS, University of Hull,
England, and P. A. WELLS, Bedford
College, University of London, England

Adult rats, which had either been
handled daily between birth and weaning
or left undisturbed during this period, were
tested on speed of emergence from the
home cage. On opening the cage, handled
animals reared sooner than did nonhandled
ones, and females sooner than males; the
additional time taken to raise the nose
above the cage top showed sex differences
only.

The time taken for an animal to leave a
familiar environment is one .index of
exploration that has been termed, at
various times, a measure of
wildness/savageness (e.g., Stone, 1932),
emotionality (e.g., Billingslea, 1942),
shyness (e.g., Hess, 1953), and timidity
(e.g., Bindra & Thompson, 1953). The
most familiar environment to the animal is

probably the home cage, and measures
have been taken simply of the time taken
to emerge from it (e.g., Lester, 1967), or of
the time taken to come onto a runway
(e.g., Bindra & Thompson, 1953) or into
an enclosed alley attached to the cage (e.g.,
Billingslea, 1942). This relatively simple
technique has not produced entirely
consistent results.

In an early study, Billingslea (1942)
showed that emotional animals, as defined
in terms of their behavior in Hall's
open-field test, took a greater time to enter
a tunnel attached to the cage than did less
emotional ones. Later studies, however,
with rats (Bindra & Thompson, 1953; Hunt
& Otis, 1953) and mice (Willingham, 1956)
failed to find any relationship between
time taken to emerge onto-a runway and
behavior in the open field. Hunt & Otis
(1963), however, went on to report that
emergence from home cage was more
sensitive in identifying differences between
rats differentially stimulated in infancy

Psychon. Sci., 1970, Vol. 18'(3)



than was the open-field test. They showed,
with male rats, that those ‘‘handled™ in
infancy emerged onto a runway sooner
than did “nonhdndled” ones, and, in a
second experiment, with female rats, that
“handled” ones emerged sooner than did
“nonhandled” when the cage door was
opened. Similarly, Meyers (1965) found
that rats “gentled” or receiving “low”
electric shock in the immediate
postweaning period made more entries into
an alley attached to the cage than did
“nonhandled” controls; he also reports
more entries by females than males. This
sex difference is contrary to that found by
Lester (1967), who claims that males
emerged faster than females. King (1968)
also finds sex differences in this situation
but gives no indication of their direction.
The present study uses the technique of
home-cage emergence to examine sex
differences and differences produced by
infantile stimulation.
SUBJECTS

Seventy-six black hooded rats, 38 male

and 38 female, were used.
HANDLING PROCEDURE

At birth, complete litters were allocated
randomly to one of the two conditions:
“handled” (H) or “nonhandled’ (NH), but
litters that contained fewer than seven
animals at weaning were not used.

On each of the 20 days between birth
and weaning, the cages of the handled
animals were removed singly from the rack
and placed on a bench. When the mother
had been removed from the cage, the pups
were taken individually and at random
from the nest and each placed in a separate
compartment of the “handling box.” This
was an open wooden box that contained
12 compartments, each measuring
8.16 x8.16 x8.16 cm. When all the
remaining pups in the litter had been
removed, they were then replaced in the
same manner. The operation time for each

animal was approximately 30 sec.
Nonhandled animals remained in the
normal colony conditions and were
undisturbed during this period.
MAINTENANCE

Maternity cages were of plastic with
bedding provided. At 21 days of age, Ss
were weaned and placed with litter mates
in group cages. At approximately 40 days,
they were ear-punched, weighed, and caged
with like-sexed litter mates of the same
group. Five days prior to the experiment
reported here, they were housed
individually. The cages were wire mesh
drawers, 32cm long, 19c¢m wide, and
15cm deep, divided in the center by a
solid metal divider so as to house two rats
individually. All animals were raised and
maintained with frec access to food and
water.

Psychon. Sci.. 1970, Vol. 18 (3)

PROCEDURE

Rats were tested at 1024 days.
Previous to this study. they had cach been
used in a study on muze exploration. The
cages were not opened during the 5 days
prior to the test, food and water being
replenished from outside. Each cage was
pulled out a distance of 14 cm, and the
time noted, by a separate O for each ratin
the pair, for the rat to (1) lift both front
paws from the cage floor, and (2) rise up so
that the nose was above the level of the top
of the cage.

RESULTS

The mean time to reach Criterion | was:
for H females, 3.95sec: for H males,
15.58 sec; for NH females, 12.66 sec; and
for NH males, 25.32 sec. An analysis of the
times to reach this criterion showed a
significant effect attributable to handling
(F=5947, df=1/72, p<0.001) and sex
(F=103.1, df=1/72, p<0.001), and
with no significant interaction (F < 1). The
same differences are significant if the total
times taken to reach the second criterion
are measured. If, however, the differences
between times to reach Criterion1 and
Criterion 2 are analyzed. only the
differences attributable to sex are
significant (F =4.87, df =1/72, p <0.05),
the mean differences being: for H females,
54 sec; for H males, 10.0sec; for NH
females, S5.1sec; and for NH males,
16.5 sec.

DISCUSSION

The direction of the sex difference,
females rearing before iales, is in
agreement with that found by Meyers
(1965) but opposite to Lester's (1967)
finding. There may be strain differences
here, but the results of this study do show
the expected relationship to sex differences
in other exploratory situations, such as
mazes (e.g., Hughes, 1968) or the open
field (e.g., Broadhurst & Eysenck, 1964).
Similarly, the differences in emergence
patterns to the first criterion for H and NH
animals parallel those found in open-field
behavior (e.g.. Levine, 1960) and maze
studies (e.g., DeNelsky & Denenberg,
1967).

The fact that the first measure is
maximaily sensitive to the differences due
to infantile stimulation may serve to
reconcile some of the previous tindings, for
those studies (Bindra & Thompson, 1953:
Hunt & Otis, 1953) that failed to find a
correlation  between  emotionality  and
emergence time required the animal to
emerge onto an open clevated runway,
while those that found a correlation
{Biliingslea, 19420 Mevers. 1965) used a
covered alley. which may have been less
stressful. An exception is the study by
Hunt & Otis (1963, who found a

relutionship between infantile treatment
and emergence onto an open clevated
runway: but here they express the result
not in terms of time to emerge but the
degree to which an animal emerged in a
given time, and, in fact, only 1 out of [9
“restricted” rats did leave the cage. In such
a situation, where the animal is required to
enter an unfamiliar and exposed
environment, there may be a degree of
stress that tends to eliminate some possible
behavioral differences. If this is so, then a
measure that minimizes stress by recording
some aspect of behavior within the familiar
home cage will provide an even more
sensitive estimate of differences
attributable to both sex and early handling.
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(Repnmed from Nature New Biology, Vol. 232, No.. 29, pp. 95-96,
July 21, 1971)

Light Reinforcement, Noise
and Arousal Level

RATS placed in a dark box will press a bar more often if dim
light onsct is contingent on this behaviour. Most of the
explanations suggested for the reinforcing effect of light onset
have been in terms of the absolute characteristics of the
stimulation—stimulus change! and illumination®. But alter-
natively, the reward value of a stimulus may be a function of
its arousal value, which will depend on the initial state of
arousal of the organism3. The arousal hypothesis is supported
by the finding* that the reinforcing effect of the light can be
modified by the level of auditory stimulation maintained
before testing, if the auditory stimulation is assumed to change
the basic arousal level of the organism. Administration of
drugs affecting arousal level during the test period also influences
the rate of bar pressing*'®; but in this case dircct effects of
the drugs on perception cannot be ruled out.

We used continuous auditory stimulation in the light rein-
forcement situation. The rationale from arousal theory is

that there should be a degree of auditory input which would
increase arousal level to a point at which behaviour producing
minor changes in arousal (for example. a nonreinforced bar
press) would remain unaffected, whereas behaviour producing
a greater increment in arousal (for example, responding for
light onset) would be depressed.

Eighty male hooded rats (strain PVG/C), approximately
100 days old, were used. They were raised and maintained
in normal laboratory illumination (light cycle: 17 h on, 7 h
off), with free access to food and water. The experimental
box was contained within a sound insulated, light proof chest
measuring 26 x 26x 26 cm and was lined in black ‘Perspex’
except for the cnd wall which was white. In the white wall
was a single bar 5 cm wide, 7.5 cm above the floor, extending
2.5 cm into the box; above this an area of the wall 20 cm x
12 cm could be evenly illuminated from bechind. The illum-
ination at a point 7.5 cm above the bar and 7.5 cm from the
wall was 16 Ix. A 10 cm speaker was fitted in the roof of the
box. White noise (20 ke/sec band width) could be relayed
through this; the noise level at a point "6 cm {rom the speaker.
was 80 dB. re 0.0002 pbar.
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Fig. 1 Mecan number of responses pet rat per 10 min for groups

having either light (RCL) or no light (NL) contingent on a

response, under conditions of either continuous noise (N)

or no noise (NN). @ ——®, NN/RCL; OG—0O, NN/NL;
©---9, N/RCL; O....C, N/NL.

Each rat was placed in the dark box, with no white noise,
for 30 min, during which a bar press produced no change in
illumination. Twenty-four hours later they were returned to the
dark boxes for a further 30 min. For half the animals, a bar
press produced no change in illumination (NL controls); for
the remainder, it produced light onset and the light remained
on for as long as the bar was depressed (RCL). Half the rats
in each group had white noise (N) relayed through the speakers;
for the other half there was no noise (NN). The four groups
were matched on the basis of responses made in the first test
period.

An analysis of variance on response frequencies in the second
experimental session showed a significant effect of noise
(F=17.67, d.f. 1/84, P<0.01) in depressing overall response
rate, and significantly greater responding with RCL than with
NL (F=77.48, d.f..1/84, P<0.001). There was also a signi-
ficant interaction between NL : RCL conditions and NN : N
conditions (F=6.02, d.f. 1/84, P<0.05). This could be
attributed to the greater difterences between N/RCL and
NN/RCI. groups (mean response rates of 29.3 and 44.3



respectively). than between N/NL and NN/NL groups (11.1
and 12.0 respectively) . An analysis of variance on mean
response durations showed no significant effect due to noise
(F<1) and no significant interaction between noise conditions
and light onset (£ < 1); mean response durations were longer
with RCL (1.53 s) than NL controls (1.22 s), but this difference
failed to reach an acceptable level of significance (F=3.84,
d.f. 1/84, P>0.05). .
The result is in accord with the prediction from arousal
theory, in that responding for light was depressed in the noise
condition whereas there was no difference in responding in the
control groups. The depression in responding was main-
tained throughout the 30 min experimental period; the
NN/RCL group responded 279, 23 % and 299 more than the

N/RCL group respectively in each 10 min period (Fig. 1).

The particular noise level used was chosen after a series of
pilot studies, where it was found that noise levels louder
(85 dB) than those used here produced a marked depression
of responding in both NL and RCL groups, while lower noise
levels (70 dB) produced no eflect on responding in either
condition. One possibility is that loud noise may reduce the
sensory eflect of light as a result of an attentional mechanisin,
thus making light onset a less effective reinforcer. Our data,
however, are certainly consistent with an interpretation of
light reinforcement in terms of arousal, and create considerable
difficulties for preference theory and the simple stimulus change
position.
: D. 1. WiLLiams
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