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I . - REVÎ sf OF THE LIIBRATGRB. . • , . . . 1 
1 . Evoked P o t e a t i a l s and Htaaan In t e l l i gence 2 
2« Evoked P o t e n t i a l s and Cretinism i n the Eat h 

Evoked Po ten t i a l a a»$ Poaaible Coataaiimnts 6 
DifferentiaX lav l ro iwea t and Berjtviour 12 

5, Enviroswent and th« Brain lt> 
6, Cholinergic Synapses and Evoked P o t e n t i a l s 22 
7 , Sumoary an<3 H[ypoth*fcs 23 

* 

I I . • EAPEHI^STAI , DESIGN . 2o 
1 . T h e &umpl® 7-> 
2, The Tools li 

Tiae Experiment 31 
H, Analysis oi Data M* 
% S t a t i s t i c a l Analysis **5 

XI I . - PBBSBMTATIOH ASD ItfSCUSSICtf C>< RESULTS. . . • • , . V, 
1 . Kesul ts of tit* Te«t» of Significance- hy 

2. Dlsouaaion oX Besul ts 53 

Bu^HMcs Am oonci,miom oi 

B2BS.IOO&APH?. . . • • . . . . . • • • . . . . . . + 62 

Appendix 

1. PHOTIC EVOKBP POTENTIAL LCTHCJES 70 

2. BRIGHTNESS MSCRIMIJttTIOtf SCORES. . ?X 

3 . ABSTMCT 0? Rf1ftc\y qft JtUffiy flwAM, to 

• * • • . 



LIST OF TABLES 

Table 

I.- Comparison of .̂ ean Pliotic Evoked Potential 
Latencies in Enriched and impoverished Croups 
of Hats, Using a t feat for the Significance 
of a Difference Between Means of Non-
Independent Small Groups. . . . . . . . . . . . 

II*- Comparison of e*m Brightness Discrimination 
Scores la Enricned and laspcverlahett Groups 
of Bate, Ualag a t Teat £©r the Significance 
of a Difference Between Heana of Ifon-
Independent Small Croupe. . . . . . . . . . . . 



LIST OF PI (HIRES 

Figure p&&® 

l.» Equipment Layout for the Recording of Photic 
Evoked Potentials on the Albino Hat * 2'-> 

2.- Photic Evoked Potentials Obtained from Two 
Albino Bats, One Beared in an Enriched 
Environment and the Other In a-n I^poveri ah*d 
Environment, on T&ree Oecaaloaa at Monthly 
Intervals, Beginning Two Weeks After the 
Establishment of differential Environment* . , *tl 



iiitmopticTios 

A significant relationship has toeen ;oun$ by several. 

inveatigators to exist between photic evoked potentials and 

paychosietrie intelligence measures, and in coasequonce the-

photic evoked potentials » y soon assum® great practical 

isport&ace as a physiological Measure of human intelligence. 

In this content;| it would foe of great interest to 

know vnether photic evoked potentials ar@ *h*pad in a 

saeasurable way &y Use enviroment in trnlen the individual 

has developed, £ot to that extent they cannot foe said to 

be a culture-frs* measure of intelligence. However, a 

study of the effects of enviroas&ent on photic evoked 

potentials mist be longitudinal, ana' It is not at the moment 

feasible to carry out such, a study on human subjects* 

It is therefore the pmfpose of the present thesis 

to be a preliulnary investigation of the effects of early 

environment on the photic evoked potentials of the albino 

rat. Its findings, it is hoped, will provide clue® for 

further studies, with the eventual expectation that out of 

a series of studies will emerge results from which it will he 

possible to extrapolate with so»« confidence to the huauui 

realffi. 

The first chapter o£ this thesis present® a review 

of the literature, It reviews studies relating lAtalligeno* 

ana mammam of evoked oortloal potentials in the first 
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section, and in the following two sections it reviews oth#r 

relevant studies or the evoked cortical potentials. The 

latter part oi the chapter reviews liters&ure on the affects 

of early differential environment both upon animal behaviour 

and upon the structure and chemistry of the brain, the 

chapter ends with a statement of the experisaeaatal hypotheses* 

the second chapter describes the actual procedure 

by ateans of whioh the hypotheses stated in the first 

chapter are tested experimentally. It sets forth the 

details of the experiment, inducing the statistical analysis 

of data* 

The tnlrd and last chapter presents the numerical 

results of the experiment* and discusses their significance. 



CHAPTER 1 

BEVIEW OF THE LITERATURE 

Several studies conducted at the Untvarsity of 

Ottawa have demonstrated a significant relationship between 

intelligence test scores and photic evoked potentials in 

the husjan, thus raising the possibility of using the latter 

as a physiological treasure of intelligent* In this con­

text It is both of theoretical and of practical interest to 

explore tne possible influence of early environment on the 

functioning of tne brain as measured by £M*'X 

Such an exploration f&ust be a longitudinal study, 

and should be preceded by a series of preliminary studies 

on lower animals designed to assess whether the expectation 

that differential earl/ environments have aeasurable effects 

on the PEP Is reasonable and warrants Investigation in the 

htuemn. This Is the first of a series of preliminary studies 

on the albino rat. 

This chapter reviews the literature on the relation­

ship between intelligence and evoked potentials, on evoked 

potentials in the rat, on factors that may contaminate the 

evoked potentials obtained? on the effects of differential 

emvlroaasent on animal behaviour, and oa the effects of 

1 Th# abbreviation F$ff will fee used to denote photic 
evoked potentials. 
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differential environment on the nervous system. It ends 

with a statement of the hypotheses tested in the present 

study. 

1. Evoked Potentials and Hassan Intelligence* 

l a this Motion, the writer wishes to review three 

studies carried out a t the University of Ottawa. 

In 1961, Ertl*5 for the f i rs t time explored the 

possible relationship between jE*EP and psyehostetrlcally mea­

sured intelligence, and obtained a highly significant correla­

tion of -O.bb between Pj&P, $>xpvms&& as intra-corUc&l delay, 

and intelligence scores on a sample of eleven graduate 

students. However, as was pointed out by Edwards*in a sub-
h sequent study on the relationship of eleetroeii^ephalofraphle 

variables and intelligence, Brtl*« technique for the Measure* 

aseat of lntr&-cortlcal delay was difficult to eross-valldate, 

and the results of his f i r s t study are therefore accepted 

with caution* 

^mmrmmmmmmtmmmmmmmmmm mi • i n n iWi 

a £,f*. Brt l , «Xfttra~CoxUa*l $>elay wa& Intelligence", 
unpublished Master*s thesis presented to the School of 
Psychology end Education of the University of Ottawa, Ontario, 
1961, vili-4a p« 

% h'.P. Idwardft} '»MS and WAI3 Intelligence In a 
Sample of d^tural~Fsmll«l^nefieients*s unpublished ;mster»s 
thesis presented to the Faculty of Psychology and Setae* t ion 
of the University of Ottawa, entarl®, 19o5, vll-^7 p« 

k Bsreaftor referred to aa ££C. 
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5 tu 1965» Er t l described a aero crossing technique 

for the measurement of evoked potent ia l s , Osing th is tech-

aiaue, Chalke and E r t l 6 studied forty-eight subjects, divided 

in to groups of high, average and low in te l l igence . The 

authors found signifleant differences l a the pfp of the 

groups. Specif ical ly, they found slgalf leant differences 

in tne sean latencies of the th i rd , fourth and f i f th wave 

components of the evoked responses, and therefore hypothesised 

that the delay of these components i s a measure of the e n i e l -

ency with vnich the organism processes information. 

Based on Chalke and £ r t l ' s study, Taylor' has r e ­

cently found a significant correlation between Otis i n t e l l i ­

gence scores and PIP. K&ther than using mm e rod ings , 

Taylor averaged the evoked response© of each subject dir#ctly 

on an enhaneetron cosgniter, displayed the averages wave eon-

figuration on an oscilloscope, photographed i t , and measured 

the la tencies of each subject* s ffift from the photographs. On 

a sample of eighty-four adul t s , he found a highly significant 

5 J«P, E r t l , "Detection of Evoked Potentials by 
£ero Grossing Analysis*, jjyg m»j ffiM^, ImvtW^lm* 
Vol. 18, 1 0 5 , p . 630-631. 

6 F.$. Chalke and J.P* E r t l , ''Bvoi'.ed Potentials 
and I n t e l l i g e n c e s ,Llfe Sciences. Vol, V, 1965, p . 13X9*1332. 

7 H,A# Taylor, *»Kvoked Potential Latencies and 
PsyenejMrtric Intelligence1*, unpublished t e s t e r ' s thes is 
presented to the Faculty ®i Psychology and Education, 
$alversity of Ottawa, Ontario, 1*?66» lx~?o p. 
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correlation of -0.66 between Otis I.Q* and the third event. 

Be also studied other components of the evoked response, 

and attempted to separate speed and power variables in the 

intelligence teat scores. 

It oust be pointed out that, historically, there 

have been many attempts to relate BEG variables and Intelli­

gence* With the exception of a study by wyspianski,** they 

have been unsuccessful and contradictory, they are men­

tioned here only because they constitute the background for 

the studies reviewed in this section. The interested reader 

is referred to the comprehensive review hy Voguel and 
O 2.C 

Broveraan, and to the studies in this area by wyspianski 
li 

and Edwards. 

2. Evoked Potentials and Creti&lsai in ta® Sat. 

Two studies by Bradley and ©©-authors oa cretiai&ed 

rats are reviewed here because they show that one condition 

3 J.O. Wyspianski, "Brain Wave Amplitude and Creative 
Thinking**, unpublished doctoral thesis presented to the 
aehool of Psychology and Education of the University of 
Ottawa, Ontario, 19°3» vlii-lOo p. 

9 W. Voguel and D.H* Broveraan, "Relationsnlp Be­
tween E£§ and Test Intelligence? A Critical Review", 

f i y f ^ W ^ , W M a » Vol. 62, V)6k, p. 132-lMf. 

10 Wyspianski, Op. Clt«. v l i i - loS p . 

11 Edwards, Qo«, C i t . , vll«V; p . 
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which is known to be related to behavioural inefficiency 

gives rise to lengthening of evoked potential latency, in 

agreement with the results obtained on human beings as dis­

cussed in the preceding section* Secondly, these studies 

show that it is possible to obtain a reproducible evoked 

response from the laboratory rat, although the sUsmlus 

used was not photic. 
12 

In 1^61y Bradley efc ml. studied the recrui t ing 

response of thyroidsctoaised and control r a t s a t twenty-

four to twenty-si^; days of age. They found that rats* which 

had been thrroldectomlftftd a t bir th showed an increase i n 

the latency gnd duration of the surXfcce negative component 

of the reorui t lag response, which was recorded from the ex­

posed cortex, during anesthesia, and in response to e l e e t r i -

eml attmaletlen of the UnUeaus* Tne authors found that the 

l a t e n t ehanges following thyr©id@etos§y were reversible upon 

administration of thyroid hormone, and therefore probably 

ref loat metabolle changes union produce an a l te ra t ion in tr.e 

transmitting properties of U*e synapses, rather than s t ruc­

tura l aberrations i n the development of t»te nervous system, 

11 :M 1 mmmmtmrnmUM—mmmii m m m i 

12 P#B* Brndley, J .T. Eayrs, A. Gl&sis and B«W. 
atetb* *rtbe sa tura t ions! and Metabolic consequences of 
Seen&i&l Thyroidectomy Upon the Heerultlng Response l a the 
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In a more recent study published in 19e*tv Bradley 

ot el* replloated and extended their first study. As be­

fore, they found that the cortical recruiting response to 

electrical stimulation of th© nucleus medlodorsalls of the 

thalamus was of longer latency in the cr#U.nDus rats i-:an la 

the control rats. A second finding was that the amplitude 

of the recruiting response was snelle-r in the cretinous 

rats than in th® control rat»# 

3. Evoked tVotentiels and Possible Contaminants, 

It la the purpose of this section to review studies 

which deal with variables that could, if ignored, bias tr.e 

results of the present investigation* The variables con­

sidered will be arousal, the pupillary reflex, and the 

myogenic origin of evoked potentials. 

The possible effects ©f different states of arousal 

on the evoked potentials were studied in 19&2 hy Behwarts 

and ihega.»«# Th® authors studied different levels of 

arousal in eats* When studying somatosensory potentials, they 

M M M M M H M M M H I I M a n W 

13 ?*%* Bradley, J.T. E&yrst and H..M. KiciiardSj 
"Factors Influencing Potentials in ferae! and cretinous 
***£* PS ̂  QMmk^mwMMfipt&t vol, i?t i ? ^ 
p . 3&3-313* 

Ik M. iehwaru ana C. Snagm**, T'Rfi'eets of Different 
States of Alertness on Somatosensory and Auditory Bee©very 

p« 11 *w. 
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found a decrease in amplitude with increasing arousal, ffe 

d e a r conclusions were drawn In the case of auditory evoked 

potent ia l s , as amplitudes now seemed to increase in sosse 

animal* and decrease in others with increasing arousal . The 

authors did not report latency changes, 

Frommer and Livingston^ l a 19bJ studied turn evoked 

potent ia ls to cerebellar stimulation recorded from the 

motor cortex of cats i n different s t a tes of arousal . Th@lr 

study verified the previous finding tha t evoked responses 

tend to decrease in amplitude and duration with increasing 

arousal measured i n terms of behavioural and EfiG c r i t e r i a . 

in addition, the authors found that i n rmspom® to cere­

bel lar stimulation a sliort-iatenoy component appeared i n 

s t a tes of high arousal which was otherwise attenuated or 

absent* This oomponent has not been reported in response 

to sensorv at inflation* 

Turning to the possible effects of pupillary reflexes 

on PEp» the writer vlmnes to review three relevant; s tudies . 

The i n i t i a l study on th i s topie, published by 
16 

Fernendejs-Guardiola. jpL&k* i n 1961, concluded that 

15 0»P. Frowmer and B»B» Livingston, "Arousal Sffects 
on Evoked Activity in a ^ a t e n s o r y * System", Science. Vol. 
139* So. 3 5 * f i m , P* SOa-S$». 

16 A* Femand«-ftiardi©la f £» BoldaaH., M#L. F«yul 
and c . Cas te l l s , witole of the Pupillary Mechanism in the 
frooee* of Habituation of the Visual Pathways*, m o .and 
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habituation of the Pg£ during repetitive stimulation may be 

largely inhibited through a tropin! nation of the pupillary 

muscles, although reticular activation acting oa the lateral 

geniculate bodies and visual sorter may be another factor in 

habituation to photic stimulation. 

A more resent study oy Steinberg * which controlled 

atiauls intensity was unable to demonstrate habituation 

effects in eats whose pupillary ssu«cles had been immobilised 

with hyosclne hydrohromlde* In this study, the author also 

studied the effects of different arousal states on the PKP. 

and found that, although arousal states significantly 

affected amplitude, latency was only affected nj extreme 

variations in arousal. In *uch cases, increased arousal 

was accompanied by a shortening of latencies in the early 

components of the f&P* The author offers this as evidence 

for a facilitatory effect of the reticular activating system 

on transmission through the primary visual pathway* 

A third study on the role of pupillary mechanisms on 

the habituation of the H E was published In 1965 by Bergamlni 
IS 

et a^u who studied human subjects with congenital aniridia, 

17 B.H. Steinberg, ^Alterations of Averaged Photic 
Evek*4 Potentials in Cat Visual Cortex During Repetitive 
Stimulation", g g §m,$Atihm&. JfWffWftMflHAWBT• Vol. U , 
1965, p. 3?e*3W7^ 

Id L« Bergamini, B« Bermeaftsco, A.M. Homnelll and 
0« Oandigll©, »Visual Evoked M a n u a l s la Subjects wit:. 
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a pathological condition one of whose character is t ics i s 

absence of puplllo-motor muscles. I t was found that these 

subjects exhibited no diminution in amplitude nor change 

i n morphology of thei r jgjfc during repet i t ive stimulation a t 

the r a t e of two per &®mM for as l&ng m th i r ty minutes. 

A number of studies reviewed to th i s point use 

amplitude as the i r dependent variable. For th i s reason, %h® 

writer has decided to include h#re mention of « r#cent 

publication by E r t l , J which indicates that changes in the 

amplitude of th* evoked potentials under different eseperi-

mental conditions are determined largely by the synchrony 

of the evoked responses to repet i t ive stimulaUon* The author 

goes on to s t a te thai t h i s observation may have important 

impilcaUons for the in terpre ta t ion of the many studies which 

use amplitude as dependent variable* I t i s suggested i n th i s 

a r t i c l e to s t ®hm¥w&& amplitude changes in such s t u d i o may 

simply re f l ec t changes i n the synchrony of turn responses to 

repe t i t ive stimulaUon, so that decreases In amplitude amn 

l e s s synchrony. This publication does not suggest, however, 

that amplitude changes need be a r e o l a tad with systematic 

Increases or decreases i n letency. 

Shore remain to be considered in th i s section two 

studies which claim that evoked responses from extra-cranial 

I f jr#F* E r t l , "Evoked Potential Eecovery from Tap® 
Eeeorded asro Crossings of th® JHET* M .and Clinical 
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s i t e s are ssyogenia, and two sr t ic ' ies which conclusively 

refute th i s poss ib i l i ty . 
20 

Biokford et al... in a 196** publication, reported 

a la rge , constant response to auditory stimulation, which 

could oe recorded a t th® Inlon and was increased by tension 

in i&e neck muscles or abolished by relaxation of these 

suscles* This response wms almost completely suppressed 

»y pa r t i a l curarlsaiionj and the authors therefore con­

cluded that i t was of macular or igin. I t i s th© authors* 

conclusion that snueh of the evoked ac t iv i ty recorded from 

tne surface of the scalp a r i ses , not in the brain? but in 

the nearby musculature* 
21 

l a agreement with the above, Prichard e t a!« 

reported large muscle a r t i f a c t s when attempting to record 

auditory evoked re^pontes in cats with electrodes implanted 

in the musculature of tlm head and j»ek. Although the 

muscle a r t i f a c t s found were not clearly time-locked to t»;e 

stimulus »^ were not re l iably reproducible in tmrmu s i t t e r 

of amplitude ©r of latency, tne authors caution against the 

use of extra-cranial electrodes for tne purpose of recording 

evoked responses In animals. 

20 H*L* Bickford, J .L. J'acebson and D,T»R» Cody, 
*^atwe of Averaged Evoked Potentials to Sound and Other 
Stimuli in ma% .MBfls,, qf, the, jew .Xo-rk. Academy, .of, Iclenco, f < 
Vol. 112, Art. I , 196M-, p. 20%-223. 

21 J,M« Pri«har4, J . Cninianti and R. Qeiamhos, 
"Evoked Hespomssen from Extracranial Bites in the Cat ,s, EBft 
.ass* Cluneal ^uroakysioloay.. Vol. IB, 1965% *. V)3-V}v. 
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In opposition to the findings ci.®u above have been 

the resu l t s of studies by Amssian at.a^***' and cy domino 

and Corssen. ^ The f i r s t of these studies I s real ly an 

invest igation on tne nature of the primary evoked response. 

The relevant conclusion drawn in ti.i* a r t i c l e s ta tes t^at 

evoked potent ia ls recorded a t th© scalp, though sore d i f f i ­

cult to in terpre t tisan Uose r@cord©d fr©® tne cortex d i r ­

ec t ly , are neural in origin and probably ref lect synaptic 

potenUals and &fter-pot«nii&l& in many cor I leal elements. 
*5tt 

The second study i s a direct answer to Bickfcrd's*' 
25 publication. Domino and corssen here investigate the 

effects of complete skeletal muscle paralys is , induced on 

human pat ients by infusion oi succinylcholine, of* their 

visually evoked responses* Their conclusion, based on r e ­

cordings of evoked response* with aM without muscle paraly­

s i s isfede at various points oa the scalp including tne laion, 

in that skeletal siusscl® components of visual;y evoked r#sp©sm«$ 

In normal human subjects &re negligible. 
i. H I ii «—mmmmmmmmmmm .i.i.iiniii i 

22 V 3 . Asasslan, luJ, Waiter, and J« i-jacy, J r . , 
"Neural 14ada&»l« of Um Primary Somatosensory Evoked Poten­
t i a l " , M f of the J*™ fork Academy of feloness» Vol. 152, 
Art* I , 4.7b3*, p» p-32» 

23 1«F# Domino and G* Oerseeii, "Visually Evoked 
Response In Anesthetized Her. with and without Induced 
Muscle Paralysis" , I p l f i J?fl .ffiOffiK XPfih te*tfm?,$t 3 f ^ » ? 
Vol. 112, Art. I , IWUPV ;f26-l37. 

A Blcafera «&jyU, ilauJsla** *• «* -*23 . 

25 Bomlno and Corssen, fi.% .eft. > p* 226*237* 
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k, Bif ierent ia l Environment &a& Behaviour. 

l a thia section the writer wishes to review a 

ser ies of studies dealing with r e s t r i c t ion or enrichment 

of the early environment i n whicu anlsala ar« ^roug-it up, 

and the ef iec ts of such environments on l a t e r behaviour* 

The original work on differential ©nvirensiaat and 
26 i t s effects on behaviour WM done by Hebu, whose research 

has given r i s e to a mmbwv of xfc#Iai<ed studies on r a t s and 

dogs. Hobs's original &tuiy simply compared tr.e t-ehevlaur 

^ the mppr$,U^$$m,. SftM m , M » l M f ^ k ^ f ' os rats 
reared as pets axsd ra t s reared in t̂ ® laboratory. lis found 

that th© pet r a t s vere considerably better problem- sol vera. 

Significant research pro4»cts wider aros^ fro© the 

above will now be reviewed* 21;© finding that r©©trict®d 

ani£j£.~& are duller than control or enriched animals in tes t s 

of animal •'intelligence* i s common to a l l a- t^em, and In 

reviewing each study Um wri ter will s ta te only the additional 

findings or the study, 

26 D»0. Heb^, "The Effects of Early Experience on 
Pr©blem~Bolving a t Maturity'*, XM, Mff l^M.^ / J t e^aEl l^^ 
Vol* a , 19**7, P* 3€b-307. 

27 0*0. Hftbb and iu Williams, "A "4©i iod of Bating 
Animal I n t e l i l i e n c g , |^ l . jo )iri |a^ l 8 l | ; , l l | M i l , f : « M g l » 
Vol. 3%, l p » p . 59*65* 
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In 1951) Clarke e t a l . 2 j studied the effects of 

d i f ferent ia l environment on Scottish t e r r i e r s raised e i ther 

in small, wlndowless cages, or as pets frosa the tiuie of 

weaning to the age of seven and a half months. Bo differ­

ences i n health were reported,but the res t r ic ted animals 

showed freezing behaviour l a unfamiliar surrounding© gnd 

were infer ior problem-sol v » a. 

Eebb*s original experiments*' were repl ic i ted by 

Hymovltch,^0 who published his resu l t s in 1>52. Ixk th i s 

publication, the free-environment box i s described as a 

cage measuring 6 ft* by h f t . by 6 i n . m& containing 

blind a l l eys , inclined runways, and other a r t i c l e s designed 

to give r a t s extensive opportunity for varied experience,. 

The author found that r a t s raised in the fre#-©nvironment 

box were superior problem- so Ivors to r a t s raised in small 

enclosed cages or enclosed ac t iv i ty wheels, furthermore, 

he found that experiences between th i r ty and seventy-five days 

of age were most Important, resultin«* behaviour patterns being 

seemingly i r r eve rs ib le . His r e su l t s «tr* Interpreted In tenas 

of development in perceptual organisation* 
ii11.inii11 um mm ii • 

2z R.S. Clarke, ¥ . .Heron, «.L» Potherstonaugh, c.O* 
Forgays and 0.0, Ewht "Individual Differences In Po^si 
preliminary Report on the Effects of Bar ' / EKperlenw1't 
mm4%mMmmkM,JM^XAU* vol. 5> iv-^, p. 150-1 s,* 

^9 !Sebb? JSUbJsasM a« 306-30?. 
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An extension of th® preceding study was puclisned 

by Porgaya and Forgays31 i n r>52* The authors confirmed pre­

vious r e s u l t s , and found that r a t s brought up in a ..roe-

envlronment box containing playthings were s l ight ly superior 

i n problem-solving ab i l i t y to a group brought up together 

i n a large cag© without any playthings. 

In a related study, Bloghaa and G r i f f i t h s ^ i©und 

that groups of enriched and deprived rat® differed as #jcp©ê ~ 

ed In maae-solving a b i l i t y , but showed no significant di : for­

esees i n discrimination, emotionality, or suscept ibi l i ty to 

soundVinduced seizures. The discrimination task employed was 

a black-white brightness discrimination using the imshley 

Jtsaping stand. 

In 1̂ 5*** Th&mpma and neron33 verified and extended 

the findings of Clarke JdL§&* *»• authors i& their i n t ro ­

duction s t a te that they consider tne study of early environ­

ment i n r e l a t ion to behaviour &s very important i n that I t 

31 D#a. For gays and J*W. Forgays, 'The- fflature of 
the Effect of Free-Environmental Experience in the Bat", 
Vol* **?, 1952, p . 322-3BCJ. 

32 if J , , Bingham and w,j* Griff i ths . bTh« Bfteot of 
Different Environment® During Infancy on Adult Bshaviour in 
^-* R&t% TM J o u r p l , | f ^ 
PsycJaoiomr. Vol* ¥5, 1952* 0. 1C7-3I2. 

33 W*R* Thompson and w* £jmron, "The E n a c t s oi Ho-
s t r l c t i ng Early Experience on th® Problem-Solving capacity 01 
**•»% JJMHIlffliflft JTAWWUmuffiKr, ^ f f t f t toWt Vol* 3 , i;«fr, P. 17-31-

3^ eiarko s&j^*, arc*, .fi&t*» p. 150*156* 
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may sned l igh t on turn role of environment in the deve+opweni 

of human intel l igence* Their subjects were twenty-slat 

Scott ish t e r r i e r s divided into a control group treated as 

pe t s , and experimental groups raised under condition* of 

i so la t ion , moderate r e s t r i c t i on , and s l ight r e s t r i c t i on . 

The conclusion was dmmx from th i s study, after admlniatar­

ing a number of behaviour t e s t a , that r e s t r i c t i on of early 

perceptual es^erlence has a def ini te and fa i r ly permanent 

retarding effect on dog intelligence* Among the tes t s 

employed, i t I s significant that a delayed-rea«stion t e s t 

yielded vary large differences between control and res t r ic ted 

animals, thereby supporting the hypothesis tnat early environ­

mental r e s t r i c t i on affects the development of perceptual 

organisation. 

The most recent i n th i s group of studies on the 

effects of early environment was published by is&ods^ i n 

19^9* The object of t h i s study was to invest igate the 

effects of subsetpient fr«#-@nvirons»nt®l experience on 

animals which, due to an mrr/ res t r ic ted environment, wsre 

infer ior problem-solvers. The author found that r a t s raised 

i n a res t r i c ted environment to the age o* sixty days, and then 

enriched during the next ninety days showed improvement in 

y$ P»J. Hoodsj *fhe Effects of Free and Restart ctad 
Environmental Experience on Freblem-Bolvlng Behaviour in the 
fol# $2* X?59t P* 399-**02« 
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their performance, but not moii&-L to match that of control 

animals raised in an enriched environment Uiroughout the 

Study* 

The writer wishes at tnis point to add that a thor­

ough review of literature on the effects of early experience 

t^on th® behaviour of animals was published by Beach and 

Jaynes3& in 19§i*. in addition to the studies quoted here, 

the authors review studies dealing with the effects of 

extreme &mm&ry deprivation on behaviour. These studies art 

not considered relevant to the present investigation. 

5» Environment and the Brain. 

This section wlli review a group of studies designed 

to assess the possible effects of early differential environ­

ment on the chemistry of the -..rain, and an adds tlonml study 

which will serve as a partial basis for t&e assumption that 

early differential environment has a measurable effect on 

m e sgf>» 

la 195m, irech j&Je**^ published a study in which 

they reported that rats able to maintain a probabilistic 

3$ F*A* Beach and J* Jayae*. "'Effects o; Early 
Experience Upon the Behaviour of Animals*1, Pay analogical 
Bulletin* VnlT 51, 195*# p. aw-at*. - « ^ w « « ^ 

37 8* Krech, H,E« Eo»©i»w«ig, m& E*i. Bennett, 
dimensions of ̂ Incrimination and Level of Cholin»»ter^## 
Activity in the Cerebral Cortan of the Eat", Tha journal of 

jHtf. Fto&tiiMA*i& ^ fy f #$w» VQivWiTjwl 
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response pattern wnen confronted with light and dark alleys 

in a mase, only one of which allowed paamago, showed on 

autopsy a higher cholinesterase level in the brain than rats 

wM.eh adopted a thorough commitment to one of the stimuli. 

The above study led to authors to investigate Um 

effects of early environmental enrichment ©a the chemistry 

of the brain, specifically ehoilneatar&se activity as an 

indirect measure of acetylcholine, a su&st&nc© known to be 

Involved in synaptic transmission* 
3y 

Thus, a socond publication by Kreofe e t aX. appeared 

in I960* In this study, cholinesterase activity was treated 

as dependent variable, on the hypothesis that exposing rats 

to complex experience and training would afxect their care­

ers! cholinesberate levels. Control rats were &epi in Isola­

tion, the complex environment of the experimental subjects was 

u n t described by Hymoviteh,^v and tweir training consisted 

of exploration in tne llebb-Wiliiaas ma&es* Upon comparison 

of enriched and Isolated groups of r a t s , the former exhibited 

a slgnlficatttly lower cortical/subcortical ratio of eholines-

terase activity than the l a t t e r . The «ui««ors state that 

3d 0* Krsch, M»B* Rosensvelg and &.L. Benmstt, '•Effects 
of Environmental Complexity and Training on Brali* Chemistry", 
£ff̂ *F*i ° f Cfl1fflPftfJ:w *"* Pltfsloloaieal Psychology. Vol. 
53» 19o0, p. 5G>519. 

31? Urmc-vitah, ff>.,*..ffiLt.» p* 31*** 

k® Bash and Wlllimms* OP... Clfc.. p . i M ^ . 
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the i r r e su l t s could not tee explained on the basis of n u t r i ­

t ional differences among the groups. 

The above was fo2>owed by t*ree related pu-1 icatIon* 
kl 

i n 1962. In the f i r s t of tneae5 Bosensweig e,t ,al* carried 

out a more careful analysis of cholinesterase ac t iv i ty and 

brain weight, and found that the enriched r a t s differed 

from their l i t termate controls l a having greater t r a in 

weight, greater amounts of subcortical cholinesterase, and 

a lower cort ical /subcort ical ehollnasts-rase ratio* 

A related study by Sreeh e t a l . i n 1962 verified 
the previous finding that toe enriched r a t s wore superior 

problem-solvers, using the Xreeh hypotheais apparatus* * 

This apparatus consists of four successive uni ts of two-point 

discrimination bo^es» when the i-ei-i&viour&l scores thus 

obtained were related to brain weight and oortieaX/subcortical 

cholines teres® r a t i o , a significant correlat ion was obtained 

for the enriched rats* llowever, the authors were unable to 

obtain significant differences between enriched and isolated 

hi HJL Bosensvaig, D* Jurech, E*l» Bennett and C. 
Diamond, **Effacts of Bnvironsronial complexity and Training 
on Brain Chemistry and Anatomy 1 A Replication and Extension*', 

hS. 0* £rech, M«A« Rosaoaweig and B«I.* E@nn®tt, 
^Eolations Between Brain Chemistry and problem-Helving 
Behaviour Among Bats i n Enriched and Impoverished Envlron-
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groups in brain measures taken a t autopsy presumably because 

the discrimination testing permitted improvement in the brains 

of the deprived rata* 

The l a s t study published in 1962 hy Hosenswel% eft .al» 

compares a group of ra ta raised in an enriched environment 

iron tne time of weaning with an isolated control group and 

with a third group raised l a i so la t ion for thi r ty- three days, 

then in an enriched environment for the r e s t of the experi­

ment, which lasted to the age of 105 days. I t was found tnat 

the group which had been isolated and then enriched yielded 

intermediate values for t issue weight and eholinastarase, 

thus supporting the view t i n t l a t e r exposure to environmental 

complexity can malt* up for the negative r e su l t s of early 

isolation* 

Since the publication of Use preceding studies, two 

additional a r t i c l e s on the topic of environmental complexity 

and brain measures have been published hy the same group of 

authors. Heaemsweig e t &1. * have carried out an investiga­

tion beginning with adult rats* scad have obtained the s&a® 

kk M*B* Hosensvelg, S. <areeh, E . l . Bennett and 
J",F, Zolman, "Variation In Environmental Complexity mad 
Brain Measures", journal o^ ffftgRlff^y*, ttftf M'^Ql%Hlm\ 
rwimimt ?oi- 55rw2. p. io9£-iov5* 

k$ M*B* Eosensveig, B*l* Bennett and B* SCrech, 
"Cerebral Effects of Environmental Complexity and Training 
Among Adult Rats",, A ^ P M ftl g.Wm^T.f, m* , / ^ f o W e ^ t 
fgycfteloigy. Vol. y7» I9o*», p . *f3*~*0^. 
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results In terms of tissue weight and cholinesterase activity 

that had previously bmm obtained s tar Lin,; ai i;«-u time o: 

weaning. Their findings in this study appear to op rose the 

idea of a critical period early in th© animal*a life vhea 

differentia* environment is most influential* This study, 

which lasted mighty ti^y®* started when the rats w r ® icj 

days of age* 

Finally, an investigation o; th© reliability of tne 

findings discussed in this section has ue®n conducted t>y 

Bennett et ai. Th# authors report that the chemical and 

anatomical effects ©; differential environment are highly 

ropeatable, and that of all cortical regions the visual &r&& 

shows the largest differences vnen. comparing enriched and 

Isolated groups oi rats* 

iiavlng reviewed literature on the effect® of differ­

ential environment on brain weight and chemistry, the writer 

now wishes to consider a 196**- publication by !*e.usafc and 
**7 

Burns which discusses possible neural mechanisms underlying 

*+© E.l* Bennett, D* Lrech and M,R. Rosenxweig, 
"Reliability and Kegionsl Specificity of Cereirai Effects 
of Environmental Complexity and Training*', Journal of 

omm^m «$ mi^imimi ffysWw» vol. -57* 1^*, 

hy H. Mela&k and S»i'f Burns, "HeLroi'Sychologioal 

p* 267-307* 
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the behavioural abnormalities of animal® raised in very 

res tr1c ted environnents. 

The authors begin li^ abating that Scottish t e r r i e r s 

raised i n i so la t ion become highly exc i tab ly fa i l to attend 

select ively to environmental s t imuli , often fa i l to r e ­

spond to noxious stimulation, $m& have difficulty in per­

forming cognitive tasks. Then, they look for a neural nodi! 

which might explain such behaviour* They rule out neuronal 

degeneration as extremely unlikely, and nypothesi.se a process 

i n which, as a resu l t of prolonged r e s t r i c t ion , there i s 

inadequate f i l t e r ing of sensor* input &&m$ on previous 

memories of relevant st imuli , and consequently the to ta l 

input bombarding the central nervous system produces #xe@ss&iv© 

cort ical arousal and prevents discrimination and adaptive 

response. I t i s proposed in th is $iudy tha t , i n t*;e norimi 

animal, fast-conducting afformats* upon remcainf Um cortex, 

ac t ivate memory traces wtlch i n turn exert a dynamic control 

over slower afferent impulses. In th i s way, i rrelevant 

information may be f i l tered out and selective a t tent ion per­

mitted. The a r t i c l e concludes hy suggesting t in t the ££G 

of res t r i c ted animals snows greater s - l f t s to high irequency 

i n the presence of a novel stimulus than that o. control 

animals* 

http://nypothesi.se
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6. Cholinergic &yn&&»tnt> and Eyol-ed Potent ia ls . 

The writer wishes at th is point to HnL the studies 

reviewed concerning evoked potentials with ttose assessing 

tne effects of dif ferent ia l environment on chollnestersse 

ac t iv i ty of the brain by summarising here the resul t s of an 

a r t i c l e by Saero*0 which attempts to re la te evoked poten­

t i a l s and cholinergic synapses. 

In th i s project , the author hypothesises that th© 

la te r components of tn® evoked potential should ref lect the 

ac t iv i ty of cholinergic synapses, and to t es t this studies 

the average evoked responses of cats to stimulation by shock 

on the forepaw while under the influence of various drugs 

known to have an effect on acetylcholine. 

The resu l t s of th is study reveal , f i r s t of a i l , that 

atropine decreases the amplitude of the l a t e r part of the 

evoked potent ia ls , and secondly that cholinesterase in­

h ib i tors in small quanti t ies increase the amplitude of the 

l a t e r part of the evoked potent ia ls . This suggests to th® 

author that cholinergic synaptic ac t iv i ty part ic ipates in 

the production of the l a t e r components of th© evoked responses, 

but he does not provide a s t a t i s t i c a l analysis of data. 

k& J#C, 8&erb. **Averaged Evoked Potentials and 
Cholinergic Synapses in the Somatosensory Cortex of the CJst% 
m% m& CU>4f»4 Bs^p^a^px j r , Vol. Ifc, 1965, P* 1^0-1^6. 
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The author proposes that the f i r s t component of the 

evoked response i s due to the arrival o; Impulses from the 

subcortical structures to the. deep** layers of the cortex, 

while later components are due to the spread of excitation to 

the more superficial layers, through cholinergic synapses* 

?. Suwary and Hypotheses* 

This chapter has reviewed a l l ma^or studies designed 

to investigate th* relationship between evoked cortical 

potentials and behaviour, the variables which may bias the 

interpretation of the evoked potentials, differential en­

vironment mid behaviour, differential environment and the 

brain, and t**e relationship between evoked potentials and 

cholinergic synaptic activity. The writer 's purposes in 

covering these topics have been to show the vmmm for t»,e 

present study, to review facts relevant to the depoadml 

and independent variables of the study, and to develop 

experimental hypotheses in terms of the l i terature reviewed. 

The possible effects of differential environment 

on the evoked responses to photic stimulation are considered 

a topic worthy of investigation in view of the successful 

stndlea which have recently related human intelligence 

and Pip* Furthermore, i t s finding that cretinism in th© rat 

i s assoeiated with lengthening of #voi*ed potential latencies 

encourages th* writer in nypeuwixlns that r a t i mmd* 
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infer ior through environmental Impoverishment will show a 

similar lengthening of J3K latency. 

Th© l i t e r a t u r e reviewed im&w the heading of evoked 

potent ia ls and possible cGniamiaanta will be used l a sub­

sequent chapters when discussing the design of the 

experiment* 

A ser ies of studies dealing with the effects 01 

early di f ferent ia l environment on behaviour has been r e ­

viewed a t length i n order to show their widespread agree­

ment that animals brought up in ear l died and Isolated 

environments show defini te and las t ing differences in 

problem-solving abil i ty» tne enriched animals being superior 

problem-solvers. 

The l a s t two sections then review studies which 

link different ia l *aviron»ntsi to brain functioning, and 

one study which attempts to l ink brain functioning in terms 

of cholinergic symptic ac t iv i ty to evoked potentials* In 

view of these s tudies , the as&Jor hypothesis of the present 

thes is i s that i f animal® raided in an impoverished environ­

ment are compared to animals brought up in an em-iced 

environment, the two groups should snov measurable d i f fer ­

ences i n their fflp. 

In its null fovn, the major hypothesis readsi 

tyimn a group of ra ta r&laed i n an impoverished environ* 
mant i s compared to a croup raited i n an enriched environr 
rnmnt* m s igniflcnat differences develop i s the pbotit-
evctat potential* of the groups daring the f i r s t t'jree 
months of life. 
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Although differences i n problem*solving ab i l i ty of 

enriched and Impoverished aniiwl© are vol" established, m 

that I t Is not consider#d «ss*ntlal to verify these in the 

present study, nonetheless the secondary nypotneala i s 

advanced that enriched and inpovmrisned groups of r a t i 

should differ i n tnelr perfore&nc® on a brightness d i s ­

crimination task* If tit* writer should t* a t l e to reject 

tills hypothesis in i t s null form, 'this would lend support u» 

the in terpre ta t ion of difference* feet wen Sj&poverished and 

enriched anissa;s a$ a t t r ibutable to different iev«ls of 

perceptual o r g a n i c tlon* The writer feels timr, a di aer imia**-

t lon tes t should be given because the *tu<ll*s reviewed hav@ 

reported conflicting findings when discrimination tsafes wero 

administered* 

In i t s null form the secondary hypothesis readst 

When a group of r a t s raised i n an impoverished 
environment i s compared to a group raised i n an 
enriched environment, there arc no significant 
differences in the ab i l i ty of th* groups to solve 
a brightness discrimination problem a t the age of 
tur** months, 

The chapters that fol-ow present a discussion of 

the tools , methods, and resu l t s of th© present study* 



CHAPTER I I 

ft^nSRImEEXAL SWOT 

This chapter daacrlb** In d«tail the research 

deal pi whereby th* «cp*ria*ntal hypotheses stat*d in th® 

preceding chapter ar® tested* Th* f i rs t mo sections de­

scribe the sample and lnstrBments used. The third and 

fourth sections set forth the experimental procedure and 

the s ta t i s t ics used in th* analysis of data, 

1* Tha Scmpl*. 

As stated in th© f i rs t chapter, i t was dacldsd to 

carry out this preliminary' Investigation on lower anisjais, 

because a longitudinal study of this type i s not feasible 

on human subjects at present. Conso^umtlyi a sampl* of 

Bprague-Bawley albino r a t i m.% ehos@n, both because th*y 

have been the species used in n&ny previous studies and be­

cause they are less mrymns and @&si©r to handl* than, other 

varieties of r a t s . 

More specifically, the smmpl* chosen consisted of 

sixteen male ra ts belonging to four l i t t e r s born within a 

period of twenty-four Jtours. The subjects war© obtained 

immediately after wsjaning, at th* &$® of twenty-one days* 
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2* Th* Tool®. 

In tiii* section, to* tools employed In obtaining 

the evoked responses t© photic stimulation wiiJ be d#scribsd 

first* Following ta t s , the apparatus u*#a for a brightness 

discrimination tast , a* required by xm secondary hypothesl*, 

will he described* 

For th* purposes of p y recording9 mil subjects war* 

restrained in an 1 ** ?r transparent rat holder, and i&elr 

head was IsmoMliied with adhesive tap*. ®tm$ needle elec­

trodes were then placed in th* scalp, and th* €i$clr©d® leads 

were connected to a Tektronix t&iferentlal Amplifier Type 

2161, which coni&lntd a f i l ter with an attenuation slop* 

of o 4b per octave roll-off, sat to f i l t e r r*>*p4M*** 3 db 

$®m a t 6 cps and 60 cp»* This amplifier l td to a second 

f i l t e r mad© in u.* laboratory as sn active f i l t e r with aa 

attenuation slope of 2k dfe p®r octave roll-off, set 3 db 

down at ice ©ps. 

Tills f i l t e r was in turn. eonaeot*d to the cimnnel 1 

input of a four-chajanml FM tap* rmcoroar, and by «&y of th* 

tape recorder1* output was eonimKtad to an oscdlloseop* and 

to a computer of av®rag« trajislmnts* Th® tap® recorder, 

oscilloscope and averaging computer art described s»r© 

specifically in th* paragr»ph« that follow. 

<.am.ww.ni 1.1 iimn »i »IIIW i.i ii in nun n 

1 I M as***** « * mmmnfnoturvr* 

http://am.ww.ni
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A Thermionic Product* four - channel Ki tape recorder 

Model T 3000 was used. Electrical ac t iv i ty of the uraln was 

recorded oh one tiiannel, and th* tlm* o: *acu photic stimulus 

was recorded on another. Th* recorder was set a t a Jpeed of 

1-7/d, and Ampo* magnetic tape #&« ©aploy@d for the storag* 

of data. 

The data was averaged on & Euclear ra ta 1C2** Enhance-

tron computer of average translen §, and displayed as a 

Tektronix oua!-£«&» Oscilloscope Typ® BMS"6o? ©Quipped wltr* 

two di f ferent ia l amplifiers typ* 2A63* The oscil o&cop@ 

was also eigploysd for monitcrlu& r».e brain vavaa &$ *hcy wore 

recorded. 

In order to outaln Um $$£» photic stimuli v^re 

given by is&&n& of a Sfthen ^olsoen photic stimulator t r l^®r«d 

maaualxy with a Ruuierford ,4©del Bl^-R puis* generator, 

which was also connected to the tape recorder and to the 

averaging computer. 

A dia&r&iratie representation of the equipment de­

scribed i n the preceding section i s given in Figure 1-

laving xm* described tne equipment employed i n obtaining and 

recording each subject ' s Jgj£, the next section i s d«vo^«'i to 

th® brightness discrimination apparatus used in the present 

invest! gabion. 
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Figure 1.- Equipment Layout for the Recording 
of Photic Evoked Potentials on the Albino Rat. 
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Ability to solve a brightness discrimination problem 

was tested using an adaptation of the discrimination box 

f i r s t described by Thompson and Bryant2 i n 195'5, consisting 

of a s ta r t ing box, a choice chamber »xnd a goal box, the l a s t 

two intar-connectiag only by two opening* which may be sov@r#d 

with two windows of different brightness and l e f t locked or 

unlocked, The subject ' s task i n each t r i a l i s to reach the 

goal box i n order to avoid e l ec t r i c shock* 

The discrimination box m®& consisted of a s tar t ing 

box 9 in* long, 7 i n . wide and 13 in . high. A sliding gate 

separated i t from the V-shaped choice chamber which was 

16 i n . long, 11 in* wide a t i t s widest end, and 13 i n . high. 

The choice chamber was separated from the goal ho% by a 

wall 13 in* high containing two symmetrical ** i n . square 

windows, e i ther of valch could be locked* Between the 

windows, a division protruded h inches into the choice 

chamber* Th* goal box was 15 in . long, 11 in* wide m& 13 in* 

high. 

Th* apparatus was constructed of heavy cardboard 

mounted on a wooden base, and i t s ent i re inside., except for 

grids and windows, was painted with medium gruy enamel. 

2 R. Thompson and a* Bryant, "hanory as Activity of 
th* Relevant Receptor*, fMSMMX$A*Mm$M* Vol. 1, 1 9 ^ , 
p* 393~t*00* 
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The floor of both th® starting box and the choice 

chamber was covered with a grid made from alpha wire strips 

1/5 in* apart. The grid couia be el@ctrifled at the will of 

the investigator hy means of a Variac auto*transformer s© 

as to deliver a 50 vol t» 5 » P * shock. The grid section 

next to the windows could be activated Independently of the 

grid covering th© rest of the choice chamber. The goal box 

had a wooden floor* 

3. The Experiment, 

Stated la outline form, this experiment consisted 

In dividing a sample of albino rats into two groups, one of 

which was raised in an mwlch®& environment and the other in 

an Impoverished environment* The ¥$P of each subject was s@s-

sured three times, the occasions being approximately a month 

apart, After the groups im& been thus separated for eighty 

days* a discrimination task was administered to all subjects. 

Roth the y|8P and discrimination scores of the groups were 

compared by means of t tests, Th* paragraphs that follow 

will cover eaci* of these steps in detail. 

To begin, it must be made clear what th® writer 

means by enriched and isolated or Impoverished (in the 

present study the two terms are treated as synonyms;) environ­

ments* An enriched environment 1$ defined here as a large 

wooden sage, measuring 60 in* by 30 In* by 12 in., lined 
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completely on the inside with wire screen, covered on top 

only by a wire screen l i d , f i l led with wood shavings, 

inhabited by a group of eight r a t a , and containing a variety 

of playthings. In i t s essent ia ls , th is corresponds t© the 

free-environment box described by Hymoviteh*^ 

An impoverished environment i s defined by the writer 

as a small metal cage, measuring 12 i n . by ?£ i**« by 6f In** 

so situated as to allow adequate l i gh t and a i r while provid­

ing for i t s single inhabitant no opportunity to view i t s 

surroundings except briefly whenever the cage i s cleaned. 

The cage floor i s lined with wood shavings. This f u l f i l l s 

the requirements for environmental impoverishment of most 
k 

authors reviewed in the f i r s t chapter, including Ereeh e t a l . 

The f i r s t step in the present Investigation con­

sisted in sp l i t t i ng four l i t t e r s of twenty-one-day old sale 

albino r a t s of th® gprague-B&wley s t ra in into enriched and 

impoverished group® according to tu© s p l i t - l i t t e r technique 

whereby equal numbers from each l i t t e r were assigned to each 

of the two environmental conditions. In this way, two groups 

3 8* iSymevltch* ••The Effects of Experimental Vari­
at ions on problem-Solving In the Hat", ffl* ^PffifflfAM ftji" 
oaratlve and PhyslolOflloaX Psychology. Vol. *5» 1952, 
p . 31^« 

k D. Krecii, M,H* Eosenswelg and E.L, Bennett, 
"Effect* of Environmental Complexity mid Training on Bruin 

paydpftosy. fol . 53* 19*0* *. 510. 
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of eight ra ts each were obtained, and the experiment was 

carried out on enriched and impoverished littermates* 

An adequate supply of Master Laboratory Cubes and 

water was provided for a l l subjects throughout the experi­

ment, based on a self-feeding schedule* All cages were 

thoroughly cleaned once a mm**-. The enriched group was 

provided with the following playtaiafS* an activity wne®!* 

a topless metallic laboratory e&ge, several tunnels, an 

inverted plastic i^ower pot, several wooden obstacles, a 

brightly-colored plastic clown, a mirror and a toy turtle* 

In addition, despite inconclusive findings on the effects of 

fondling as reported by yeint&g#r;,> and by Denenberg and 
6 

]4©rton* an effort was made to handle a l l the enriched rats 

everyday* Half of the playthings described above was placed 

in the enriched environment every second we©>, and lei* tn*r* 

for a week. 

The writer wishes to note, In closing his discussion 

of the experimental environments, that at the time of writing 

a l l sixteen ra ts are s t i l l living in the condition® described 

above* They are a l l in excellent health, and as a matter of 

5 0. Welninger, "The If foots of E&r*y Experience on 
Behaviour and drouth Character i* t ics" , The .Journal or Com­
parative and ghyil.Qlftgigal..?Ey-ShP.lQgy* Vol* *#v, 1V5&, >Y l~v, 

6 ?.H* Otmenberg and <r*&*C, fforton, "Eff*«t* oZ 
Preweaning and Fostweaning Manipulations b>on Problem-
Solving Behaviour«. jh | , Mmml ,q&; fiwgjffrtftyt antf J ^ M M | -
,qp> ypanftwp̂ ftmtf* v o l . 55, i9na, p. I C S M J W . 
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fact each impoverished rat is a little heavier and bigger 

than its enriched littermate. This is In agreement with th* 

results of previous studies which report that animals raised 

in isolation are as healthy as enriched anima.s. 

Having discussed differential environment at son* 

length, tli* writer now wishes to note that each subject*s 

Py? was recorded three times at monthly intervals* The 

first record was obtained two weeks after the experimental 

groups had been formed in the fashion described in the pre­

ceding paragraphs. So PEP was recorded before tic formation 

of groups, and it Is assumed that since a split-litter tech­

nique was used, the PEP of the two groups did not differ 

significantly at tne start of the experiment* The following 

paragraphs describe in detail the procedure whereDy each 

subject's fffif was obtained. 

The first step consisted in placing the rat in a 

transparent restraining apparatus which prevented escape 

while allowing it to breath comfortably and see ujt photic 

stimulator. After an initial period of violent struggling 

lasting about five minutes, t:.e rat was usually quiet 

enough to permit placement of two needle electrodes in its 

scalp and a reference electrode in its tail. 
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According to publication* by Klmura' m3 by 

Plcfcenhain and Klingbergja electrodes placed two to 

four mm, from the midline and fiv* to s i / wo. io$ter ior to 

the coronal suture yi*ld th* imui *voK*a potential reeorcs 

from tli* r a t ' s MtriaUn cortex. Sine© th* present study did 

not implant electrodes surgical ly, such accuracy was not 

a t ta inable . The placement sug^aatt^d above was approxi­

mated, however, hy placing th* two he&d electrodes two mm* 

apart , on a sag i t t a l plane half-way between th* midline 

and the base of th* r ight ear lobe, the posterior e lec­

trode being two to l ive Ma. anterior to the is lon depending 

on the s lse of the ra t a t the time. 

Once the electrodes ver^ securely in place* the r a t 

was placed inside a sma~l copper-shielded room facing Um 

photic stimulator, whlct *&s placed six Incites away* Tne 

room was then esxteMomd, and th* jg|ff> to 120 l i gh t flash** 

triggered manually a t th* approximate TMI# of one ®v«ry two 

seconds was recorded using Um equipment described in th® 

preceding section. 

7 D* JClmurs, "Multiple Bespoas® of th* Visual cortex 
of th* Bat to Photic Stimulation", Mtfl and Clii" 

if Vol* IV, 1962, p* 115-122. 

6 L# Pic&eahslA and F* Kliagoarg, "Behavioural and 
Changes during Avnidanc* Conditioning to l igh t Flashes 

;th* Bat*, m,,«i,qttffli,wmmmM®im» vol* is, 
1965, p* **©V**7*Y 
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While recording, the subject 's KEG was constantly 

monitored i n order to avoid stimulating while the subject 

was struggling* If a subject tended to move excessively, 

the procedure was discontinued unt i l i t quieted and then 

repeated* In this way, myogenic contaminants were kept 

to a minimum. The system of f i l t e r s previously described 

was thought necessary to eliminate minor s;ovevents whicn 

could not be avoided with anesthetizing a l l subjects 

and thereby introducing new a r t i f a c t s . The writer** deci­

sion to obtained PEP from unanestftetl^ed r a t s i s based 

part ly on h is desire to avoid the unpredictable effects of 

anesthetics and part ly on the a r t i c l e s by A&assi&n et a l . 
10 

and by Domino and Corasen showing that evoked responses 

recorded extra-craalal ly are not myogenic in origin. 

In order to ensure tnat n® record obtained was an 

a r t i f a c t , whenever a subject ' s F&P seemed unclear a second 

set of stimuli was administered and tine second PEP tnu* 

obtained was compared to the f i r s t . Only events found in 

both and of equal latencies in both were accepted. From such 

9 V*E. Amasslan, H.J. waller and J . M*cy, J r . , 
o'leuronal Hechanisia of the Primary Somatosensory Evoked 
Potential" , ^naa>f of ,̂ *„, Jew,, Jor!^ AfifrAfffiy M, &9&W9M< 
Vol. 112, Art. I , 196**, p . 29-31. 

10 B«F. Domino and G. Corssen, "Visually Evo&ed 
Maap&me In Anesthetized Han With and Without Induced 'fusele 
Paralysis^, pm$AM. ttf, B^X^KJM^mf^K.IfilfSSfP» 
Vol* 112, Art . I , 3,96ifrf p> 23©# 
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cases, the writer concludes that the records obtained in 

the present study are highly repeatable, and that any 

myogenic artifacts are identifiable because they are not 

time-locked to th* photic stimuli. It may be added b«?re 

that eye-blinks as myogenic contaminants were ruled out by 

observation of a number of subjects, none of whom tended 

to blink in time to stimulation* 

The first chapter discussed the possibility that 

not only muscle artifacts, but also arousal and pupillary 

reflexes could contaminate the gyp* As regards the latter, 

it was not considered necessary to atropinlae the ey&a prior 

to stimulation because the albino rat lacks pigmentation of 

th* iris and thus resembles the condition studied by 
11 

Bergaminl at ml* who found no habituation effects in their 

study* 

Th* possibility that enriched and impoverished sub­

jects may have become differentially aroused during th* 

recording session is not as easily dismissed* Therefore, an 

electrocardiogram of each subject was obtained immediately 

after the photic stimulation period to serve as a measure or 

autonomic arousal* Then, group differences In heart rate were 

mmmmmmmmmimmmmmmmtmmmmmmmm^mmmmtmmm 

11 L* Bergaminl, B* Bergamasco, A.M. Hembelll and 
a. Oendlglio, "Visual Evoked Potentials in Subjects with 
Congenital Aniridia's MkMAMM-.mL J^OT.toMfrffl» Vol. 
19, 196?* p. 39**. 
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12 assessed by mmans of a t t e s t of significance. The values 

obtained for the three recording sessions were t - 1***9, 

t * 1*08 and t « l . i a . Hon* of these values i s significant 

oven a t the 0*0? leve l , and therefore no different ia l 

arousal of the two groups i s demonstrable through the analy­

s i s of heart rat©* Since Sehwarta and Ehagass -* report 

evoked potential change® only in re la t ion to marked devi­

at ions In arousal, the writer considers that group arousal 

differences i n the present study are not large enough to 

have acted as contaminants. 

I t was stated i n the preosdlng section that th* 

evoked responses were averaged in a computer of average 

transients* I t may now be added that the computer was set 

to sweep for 250 milliseconds following each stimulus*, ami to 

add algebraically tne 120 sweeps given to each subject. 

Input into the computer was set a t a maximum of one vol t . 

I t s output was displayed on an oscilloscope, end was photo­

graphed with a Polaroid camera for subsequent analysis of 

each subject ' s J^P. On the photograph, the to ta l width of 

the record represented 25© milliseconds. The latencies of 

13JUT. Bayhaw, ftffluel ,fl*,A^,tf ftAW* U n i w s i t * 
d*Ottawa, Ottawa, 1963, P* 36*. 

13 $* Echwarts $M C« Shagaas, "Effects of different 
States of Alertness on Somatosensory and Auditory Heeovery c*c3f 3!» «*, mfcMMmltMmmwM^l®^* vol. i*» 1902, 
p* i*H-ao* 
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a l l events could th*r*for« b* estimat«d as fractions of 

th is , against a grid representing 5 milliseconds p^t division* 

Immedlatttly after each photograph was obtained. I t 

was labelled on the back for identification with th* sub* 

j ec t ' s group and number, m§. the exact date* la markings 

w*r* placed en th* front at th* time. When th* j^P of a l l 

subjects had been thus recorded on each occasion, th* photo­

graphs were shuffled and stacked, and were then numbered on 

the front according to tamlr position in the stack. During 

subsequent analysis they were Identified by this number only, 

and th* information at th* back was used only when the PEP 

data was ready for s ta t i s t ica l analysis. 

At f irst* i t was th* writer 's intention to number 

the various events according to latency, aai compare the 

two groups according to the latencies of corresponding 

events* This, however, proved not to be feasible, as the 

writer could arrive at no truly objective cri teria In terms 

of which to identify a i l events In a l l photographs. 

He decided, th«r«Core, based on th* hypothesis of 
ih Melx&k and Burns *T that i t i s th* slower afferent® which 

convey perceptually meaningful Information to th* nervous 

1* K. MalsaM m& E.K* Burns, "neuropsychological 
Effects of Early Sensory Restriction"• First.fionf*rence m 

£, Eoeiedad !4*xicana ft* Clonal** Flsioioglcas, Se'ateo*. 
p* &~ 
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15 
system, and on the findings of &&®rb that only the later 

components of th* evoked potential reflect the activity 

of cholinergic synapses, coupled with the findings of 

studies on environment and brain chemistry that groups 

raised in different environments differ in cholln»st*raa* 

levels, to Investigate only events occurring later than 

twenty milliseconds after stimulation. It was the writer's 

further assumption that a meaningful event should be of 

high amplitude m& well-defined relative to other events 

in the same record, and therefor© he decided to measure th* 

latency of the event of greatest amplitude and of latency 

greater than twenty milliseconds. An upper limit of seventy-

five milliseconds was placed, because beyos^ this latency 

it was not found possible to reproduce events reliably, 

This conclusion was reached as th* result of a pilot study 

on five rats who v^r% not among the experimental subjects. 

Figure 2 shows the PW& records of two subjects, and the 

latencies obtained a® described In this paragraph. 

As described here, a F;1P latency was obtained for 

each subject on each of three occasions. Based on this 

data, the statistical analysis for group differences was 

carried out* In this section, there remains now to discuss 

15 J*C. S&erfe, "Averaged Evoked Potential* and 
Cholinergic Synapses in the Somatosensory Cortex of the cat"* 
M>$,jfM mti&m fftwftttfymt^ftwr» voi* ia , 1.05. p. i*?* 
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Figure 2.- Photic Evoked Potentials Obtained from Two 
Albino Rats, One Reared in an Enriched Environment and 
the Other in an Impoverished Environment, on Three 
Occasions at Monthly Intervals, Beginning Two Weeks 
After the Establishment of Differential Environments. 

-r 



EJPERIHEHTAL DESIuI k2 

th* discrimination task which ¥&a given to all subjects 

after all j*££ data had been obtained. 

The first step was to construct a discrimination 

test according to th* specifications given in the preceding 

section. Following its construction, two days of pro-

training were given* for th* purposes both of pretralnlng 

and of testing on a blact-whit* brightness discrimination, 

each group of subjects was divided in two, &®& for con­

venience half of all the subjects was tested to criterion 

before th* pretralnlng on th* other half was begun. As will 

be seen lat*r, the writer decided to do a separate statis­

tical analysis on eaeb of the sub-groups tftua formed, because 

th* wir* used for th* grids was changed in favour of a 

stronger wire following completion of testing on th* first 

sub-group* 

Th* first day of prstraining consisted in teaching 

eaeh subject to go from starting box to goal box in order 

to avoid shock. The subject was placed In the starting box 

and the barrier separating it from th* choice chamber was 

lifted* If the subject failed to leave the starting box 

within five seconds it was given a brief shoe** Twenty 

seoonds later, if th* subject had not crossed from choice 

chamber to goal box through the openings separating the two, 

whicia on this day were not covered In any way, It was agmln 

shocked* Each trial ended when the subject reached th* goal 
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box* All subjects were trained on the first day to a 

criterion of three consecutive arrivals at the goal mx 

without the aid of shock. 

The second day of pretralnlng was similar to the 

first except Uiat now th* openings between choice chamber 

and goal box were covered with two cardboard windows painted 

with vertical black and white stripes* Both windows were 

unlocked, and th* subject's task was now to push either 

one open in order to gain access to the goal box* Wo 

attempt was made to eliminate position habits* As before, 

all subject* were trained to a criterion of three conse­

cutive arrivals at u » goal box without th* aid of suock. 

On tne third day, testing ©a a black-white discrimina­

tion began* low, the openings between choice chamber and 

goal box were covered one with a white cardboard window and 

th* ether with a black cardboard window. The positions of 

the two cards were alternated according to a prmFP&M®& 

random sequence* The white card constituted th* positive 

stimulus. It was never locked, and tne grid immediate:y in 

front of it was m^mr used to shock tne subject. The black 

card was always locked, and whenever & subject either 

touched it or stood next to it for more than two seconds, it 

was shoexec. 

WWM**M»MM|Mlt 

16 mmfm^MU JM .frfflto, fmlpe r s , International 
Telephone and Telegraph Corporation, 1956, p* 1111?* 
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During th* testing period, the exact procedure for 

administering each trial was as follows* The subject was 

placed in th* starting box, and the gate separating it from 

th* eholc* chamber was lifted. Failure to leave the start­

ing box within five seconds was followed by a brief shock* 

Failure to CADGES one of the two windows within twenty 

seconds was followed by a brief series of shocks, which was 

r*p*at*d twenty seconds later if necessary. If the subject 

chose th* blacfc window, it was *&ook*d and Uie trial was 

marked incorrect. If It chose the whit* window it was of 

course allowed access to the goal box without shock, and th* 

trial was marked correct. The intertrlal Interval was kept 

constant at forty-five seconds. 

Each subject was given eight trials daily, until it 

reached a criterion of six consecutive correct trials in a 

single day* When criterion performance was attained, the 

score was marked as th* total number of trials required by 

th* subject* Tne scores thus obtained were analysed accord­

ing to the statistics described in the last section of this 

chapter* 

*+. Analysis of Data. 

The procedures whereby the raw data of this study was 

analysed have already 'm%ik described. It suffices in this 

section to stat* t ,e Independent and dependent variabilis, 
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and thon to recapitulate the aforementioned procedures 

briefly. 

The independent variable in th® present study 

consists of the enriched and impoverished environments 

into which th* subjects were divided at the start of the 

experiment, and in which they were raised* Ho control 

environment was considered necessary, because the writer 

is interested in differences between the two groups only, 

and not in their relationship to rats brought up in a 

"normal'' environment* 

The principle dependent variable studied in the 

present investigation is the R^P* and more specifically 

the latency of tt4kt component between twenty ind seventy-

five milliseconds after stimulation which exhibits the 

greatest amplitude in each ppj? photograph of eacr subject* 

This data is expressed in s&lllsaconds* 

A second dependent variable is *%cf. subject1 s scor@ 

on a brlgntness discrimination, *xpr*ss*d &a the total 

number of trials required to reach a criterion performance 

of six consecutive correct trials In a single &&y* 

% Statistical Analysis. 

In keeping with the purpose of tee present Investi­

gation, which was simply to look for significant differences 

between two groups of rats ia their BffP on tnrw occasions 
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and in their discriminatory ability on one occasion, it 

was decided that all these Ulifer*no*s could b* validly 

assessed hy means of a simple t test* 

Th* two groups were formed at th* start of the 

experiment using th* split-litter technics®, and therefor* 

cannot b* assumed to be Independent of each other on u*e 

variables measured. The following t test formula, as 

suggested by Caynav,^ is therefore employeds 

*- - **D 
* • » '•• • irfWn.ni inimini 

/ I (D-%) 2 

y HOPS' 
I t has hma the aim of th is chapter to describe the 

sample and tools used i n the present study, and to discuss 

in de ta i l tn* experimental procedures and analysis of data* 

The r e su l t s of the experiment will be presented and discussed 

i n the following chapter* 

1? iwhaw, flfc*j»Uf», p* 3«*. 

http://irfWn.ni
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PREBBEtaTIOH AHD BIEOJmoTOE OF BESblTE 

This i s tue final chapter, devoted to tne presen­

tation and discussion of th® results of tola experliteat* 

During the discussion, an effort will he made to point 

out the Implications of th* present study in terms of 

further research in this important area* 

1. Eesults of the Tests of Significance, 

la this section, to* null hypotheses stated in 

chapter one will be repeated, and the s ta t i s t ica l results 

will b* presented following each null hypothesis* 

Th* major hypothesis states that when a group of 

ra t s raised in an impoverished e&vironw&t i s compared to 

a group raised in an emwlched *m\riromm*nt« no slgniXlcant 

differences develop in the photic evoked potentials of th* 

groups during th* f i r s t three months of life* 

la accordance with th* procedures discussed in 

chapter two, a l l fffi data was seasur«d in milliseconds and 

in r*f*r*»e@ to th* latency of that component in *ach photo­

graph which was of greatest amplitude and between twenty and 

seventy-five milliseconds in latency. One jggg me&nure was 

thus obtained for @v***y subject on *&ch of %&?m occasions. 
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In order to t es t the major hypothesis, a ©ean 

latency measure was obtained for each of tne two experimen­

t a l groups on each of the three occasions during wfticn PfjtP 

was recorded, and ©&CJL time the group means were compared 

using a t t e s t . On th* f i r s t occasion, which was two weeks 

af ter the s t a r t of the experiment, the w a a f i latency oi 

the enriched group was 37*2 milliseconds, that of the 

Impoverished group was kb0h milliseconds, the difference -e -

tween the means was 9.2 milliseconds, and the t tes t yielded 

a value of 3.99, wnlch i s significant beyond the 0.01 leve l . 

On the second occasion, which occurred four weeks 

l a t e r , tne mean PEP latency of the enriched group was 37.5 

milliseconds, that of the impoverished group was 57*d 

milliseconds, and the difference between the two was now 

ao*3 milliseconds. Th* t tes t for th is difference gave & 

highly significant value of *t.l*t* This Is significant be­

yond the 0.001 level of probabil i ty. 

The third and l a s t J*|g records were obtained four 

weeks after the second occasion. This time the ssean latency 

values obtained were k2*2 milliseconds and 52.2 milliseconds 

for the enriched and impoverished groups respectively* The 

difference cetween these values was found to be 10.0 b i l l i ­

seconds, and the t t e s t yielded a value of 5.26, which wa@ 

also significant beyond the C.0C1 level or probabil i ty. 

These resu l t s are presented in Table l . 



mmmmxmn .km inmmim or amm 

fable I*-
of mm Photic Evoked Potential Latencies^ i n 

chad and Impoverished CSrouf* of Bats* Using a t Tast 
• • " " " • Uiimmm Between for tfie Significance of 

of Bon-Independent Small Groups, 
mmnmmmmmMWittwm'm, 

Occasion15 Enriched Impoverished Difference t aigni-
of Means flcsnc* 

Pirat $ 3?*2 8 h6*h 9*a 3*99 ^o.©l 

Second & 37*5 o 5?.E 20*3 *M* XMK& 

Third $ **t*2 a $2*3 1®#& S*2& >C*0O1 

as 
a Moan Photic Ive&ea Potential Latencies *x* 

I in milliseonnds following tli® onset of photic 
stimulation* 

b BvoK©£ potentials war* recorded on three 
occasions, the f i r s t , two weals after th* s tar t of th* 
experiment, and the next two a t four-week intervals* 
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Although th* discussion ©I resu l t s belongs properly 

in th* next section, the writer wishes a t tt-is point to 

suggest that these significant differences l n J 2 £ , will© 

tney are encouraging, must be treated as preliminary find­

ings to b* verified in a further study, especially oee&us® 

th* *v*nt which the writer has chosen to study does not 

correspond to th* ©vents which havo b«*n correlated with 

human Intelligence* In a posit ive ton®, the writer wishes 

to note that , based on th* resul t s stated In the preceding 

paragraphs, th* major hypothesis of th i s investigation 

must b* rejected. 

Th* secondary hypothesis, in null form, s ta tes that 

whan a group of r a t s raised in an impoverished environment 

i s compared to a group raised In an enriched environment, 

triere are no significant differences in th* ab i l i ty of the 

$pe\zpa to solve a brightness discrimination problem a t the 

age of three months* 

According to the procedure* described In chapter two, 

a olacx-white brightness discrimination problem was adminis­

tered to a l l subjects after a l l ppp data had hmn gathered, 

and in th i s way each subject obtained a discrimination score 

wmptmm%lxig the to ta l number of t r i a l s I t required to reaen 

a c r i t e r ion of six consecutive t r i a l s in a singl* day. 

Since, as the writer has stated in th* second chapter, the 

subjects war* tested as two sub-groups each comprised of 
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enriched and deprived r a t s t and since certain unavoidable 

repairs were performed oa the discrimination apparatus 

before test ing of the second sub-group could proceed, I t was 

decided to compare the enriched and deprived subjects of 

each sub-group separately, th® s t a l l s Ileal comparison con­

s i s t s of a t t e s t for th* significance of a difference 

of means* 

In comparing the f i r s t sub-group, i t %.& found that 

the enriched subjects obtained a mean score of 6*f.5* vhil* 

the deprived subjects obtained a mean score of ta>*2* SI® 

difference between these values i s 18,3, and the t tes t 

yields a value of 10.06. This i s significant, beyond the 

0.CC1 level of confidence* 

A similar evaluation of the second sub-group d i s ­

closes that the enriched subjects again ranlted below turn 

deprived, although there was a shif t in th* absolute &cor« 

of both groups of subject*. Th* m&zi now obtained by the 

enriched r a t s was M*«2, that obtained by the deprived was 

32*d, the difference b®tm®n th® two seans was II.1*-, and 

comparison through a t t es t yielded & value of 3*C'&, This, 

i n general agreement with the resul ts attained on the : lxs t 

sub-group, i s significant at the C*t?5 i*v*.l oi probabil i ty. 

Table I I presents a l l discrimination teat resul ts* 

The paradoxical resul t s of the discrimination tes t 

wil l be discussed in th* next section. I t i s noted ten, 
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Comparison of -i*an Brightness Discrimination Scor@sa In 
Enriched and Impoverished Groups of Rats, Using a t Test 

for the Significance of & Dii'f»r*nc* getwe#» 'mmxu 
of Sten-Indep#nd*nt Email Oroups. 

Sub~Sroupb Mm^i^f ^ m ^ m $ Difference t Sigai-
» M I H of Means flcanc* 

«wemm«majeM«ien)wewseMeeam*Mi«aMw«w^^ 

F i r s t ** o**.$ U M&.2 l-.,2 IC.tc -^0,0'. 1 

Second h kk.Z k 32.w I I . h 3.O6 X.0« 

a The subjects1 w®re obtained on a biacL-w2*i t* 
brightness dlscrlsAnation, as th® tota l nunber of t r i a l s 
to reach a c r i te r ion performance of s ix consecutive t r i a l i 
In one day. 

b The experimental subjects were tested as two 
sub-groups which were not subsequently pooled because 
the apparatus ua«d to tes t th® two sub-groups was not 
iden t i ca l . 



PBBSBHTATIOH A3© DXSC088XOE 07 RESULTS J3 

that the over-all resul t s of t*±e second sub-group were 

lower than those of toe f i r s t . Th* writer a t t r ibu tes this 

differ*nc* to th* improved wire grids employed when testing 

the second sub-group. These grids were of heavier alpha 

wire, and probably delivered a ©ore powerful shook ©van 

though the current delivered was always oi $0 volts and 

5 asps. Before the new grids were ins ta l led , i t aosaetimes 

happened that th* subject*® urin® caused a temporary grid 

fa i lure , and tills effect may have been more detrimental 

to perforiaance of the enriched group than to that of the 

impoverished, however, the direction ol group differences 

was Um mm® for both sets of t r i a l s , and th is finding i s 

therefore accepted a t the 0,05 level of confidence, 

2. .Discusssior; oz ResiO Is* 

The three t t e s t s applied to the ?BP data showed 

significant differences. On th* assumption, therefore, 

that tr*e groups were i n i t i a l l y equivalent because they had 

fe**n formed by the s p l i t - l i t t e r technique, i t i s concluded 

that d i f ferent ia l environment has a steasurable effect on th* 

?EP» This i s a reasonable conclusion, in view of the finding 

by Sserb1 that drugs which affect the ac t iv i ty of 

1 J .C. S**rb, ^Averaged Evoked Potentials and Choli­
nergic %ympa^a in the Soma to sensory Cortex of the Cat*1, 
ffiff W4 $&Mml Wrnvwulolm* vci. i3, i:.>65, p* i ^ . 
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acetylcholine In the brain have measurable effects on the 

l a t e r component* of th* evoked responses in ca ts , coupled 

with the resu l t s of a series of studies by Krech, 

Rosensweig and co-authors, which s..ow that different ia l 

environment affects toe aholoinesterase levels in th© brain. 

Since cholinesterase i s a physiological acetylcholin* inhibi­

tor the level of w&ich r i ses whenever there are incr^asca in 

acetylcholine ac t iv i ty , I t was th* wr i te r ' s expectation tnat 

d i f ferent ia l anvironmant vrould have measurable effects on t. % 

l a t* r components of th* ffi* In tne albino r a t . S ta t i s t i ca l 

re ject ion of th* Major hypothesis confirms th is expectation. 

The expectation of JPBP differences between enriched 

®a& impoverished albino r a t s did not stem from the above 
p source alone, however* I t has iscn concluded lj nymovltch 

and a mmber of subsequent investigators of dl t>erential 

environment that the basic effect of such environmental 

differences i s upon th® development of perceptual orga&i&a-

tlon* iielsak and Burns, In &.&p&r%ox agre©st<snt with th is 

posi t ion, propose a neural model which suggests that as a 

£ B. Eymovltch. "The Effects of Experimental Vari­
ations on ProblesHsolvittg in th* Rat% The Journal of Gom,-
para Live and Ph i lo log ica l .Psychology* Vol* M5» 1952» p. 31v. 

3 E* Wals&L and B*£, Burns* "Ifauropsycf.ological 
Effects of Early Sensory Restr ict ion", ffrat^9Mmmm,,M 
S o c i e o ^ d l ^ 
p* 2#7-307. 
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result of prolonged restriction there i s inadequate f i l ter ­

ing of sensory input based on memories of stimuli which were 

previously relevant, and consequently the 'total input 

reaches the cortex and fcy i t s very nagnltude prnvmba dis­

crimination of stimuli. The authors suggest that there are 

differences In &BG variables between normal and restricted, 

and extrapolating from their suggestion th* writer expects 

differences In th* later components of the ftp?. 

However, before an explanation of j j g in terms of 

development of perceptual organisation can be accepted, i t 

must b* demonstrated that enriched and impoverished sub­

jects differ in abil i ty to solve a discrimination problem, 

such a difference being l a tmmj& of th* enrlehtd group* 

Previous findings ©n this topic are by no mean* unanimous* 

For example, feels** and Burns found that restricted dogs 

had greater difficulty than enriched dogs in discriminating 

between a hiacx card and a whit* one* On the ©trier hand, 

Bingham and Griffiths^ found no differences in th* abi l i t ies 

of ra t s raised in differential environments to solve a 

brightness discrimination problem using the Lashley jumping 

stand* 

um in mi UWWWHIIIII I I » I I * » M I » w i n . 

h XEfild*. p* 207-307. 

% «•«• Blast** and W.J. Griffiths, J r . , nh» Iff set 
of different Bavlwissents tmlm infancy on Adult Behaviour 
in th* BMP'-, ^JamAMtSfflapallye, ^ mM^lMAml 
Ps^omea.Ojpy. ¥©17 **57*2?* * $** J*0* 
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Xn view of such conflicting results, therefore, it 

was decided to administer a biack-vhite brightness dlscrlmiua 

tlon problem to all subjects ua®& In the present study. It 

was found, contrary to expectation, that tfc* impoverished 

subjects obtained significantly better scores then their 

enriched littermates* Since, as nas been pointed out, pre­

vious studies of environmental differences hav* yielded con­

flicting results on discrimination tests but hav* almost 

universally found enriched animals to 'be superior problem-

solvers and impoverished animala to be inferior problem-

solvers on a large variety of behavioural tasts, th* writer 

feels that the discrimination scores octalmed her* reflect 

something other than genuine ability differences between 

the experimental groups* 

Th* most probable explanation for the paradoxical 

results of tarn discrimination test used In this study is as 

follow*! For three months prior to th* administration of 

the diserimination test, the enriched rats were storing in 

their brains traces of the stimuli with which th*y had 

daily contact, while the impoverished rats bad v&ry little 

opportunity for such memory storage. Similarly, when th* 

test was being administered, th* »»lcn*d rats enjoyed a 

greater wealth of esp*rlenc*s between aesslons tr.an their 

Impoverished littermat*** The writer suggests that* while 

the more complex environment enjoyed by the enriched group 
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contributed to their greatar cerebral development, i t also 

provided a source of interferenc* with th* retention of the 

brightness discrimination task, an interference which did not 

exist in the impoverished subjects, thereby permitting the® 

to obtain higher scores, and obscuring true abil i ty differ­

ences between th* two groups* 

The interference of which th* writer speaks in tne 

preceding paragraph Is called proactive inhibition when 

referring to interference of prior experiences with th* 

retention of a subsequent task, and retroactive inhibition 

when referring to interference with retention of a task 

by subsequent experiences* According to Dees*,** both 

promotion and retroaction are Important factors In explain­

ing forgetting* In th* present study, I t i s most probable 

that they were responsible for a higher rate of forgetting 

on the part of th* enriched subjects, and thus explain the 

lower scores obtained by this group. This probability i s 

increased by th* finding of Thompson and Bryant? that 

retroactive inhibition has a measurable effect on the dis­

crimination learning of r a t s . 

© J* Deeae, a§JZKfMtf&rm 9$ ktm&Mf .JeOraw-ffiLU, 
Mew York, ly$bf p. 256-260* 

7 H. Thompson and J.K* Bryant, wv$enory as Affected 
by Activity of the Ealevant Acceptor", ?m)M*\Qlfrnl flwr,*,** 
?©1. 1, 1955* P* 398--W* 
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I t remains th* taax of future research to devise 

measures of perceptual development in lower animals which 

are trm» from the aforementioned inhibition effects. In the 

meantime, i t i s not possible to conclude with certainty that 

diff*r*ntial environment has i t s basic affect on the d*v*iop-

ment of p*ro*ptual organisation* Therefore, the writer 

interprets the fffp differences between enriched and impover­

ished subjsets in terms of differences in the activity of 

cholinergic synapses, based on the group of studies in this 

area which have been reviewed and discussed previously. 

To complete th* discussion of results , i t must b* 

added tnat th* latency of th* PEP event studied was signi­

ficantly shorter In th* enrlciiad group than in th* impover­

ished group* This confirms the *rit«r*s expectations, 

based on previous studies which hav* demonstrated th* be­

havioural superiority of enriched animals, on tne findings 

of studies relating intelligence to evoked potentials that 

the latencies of more intelligent subjects aro shorter, and 
8 

on th* finding of Bradley ©jy^. that cretinlsed ra t s , 

which are bahavlourally inferior, exhibited longer latencies 

in their evoked responses than control r a t s . Any attempt 

to explain why diminished activity of cholinergic synapses 

I .1 U »l II HHII I I . I 

I P.B. Bradley* J.T* Eayrs and E*K. BIchards, 
"Paatnra Influencing Potentials in normal and Cretinous 
Rata**. EE.S and Clinical •wis^tomlnlmsy. vol. 17, X9&**, 
p . 31^* 
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I s associated with lengthening of PKP Latencies I s , however, 

beyond the scope of th i s project, although i t i s certainly 

a valid topic for future research* 

The final paragraphs of th is chapter wil l hav* as 

the i r aim to suggest areas i n which relat«d future research 

projects would be part icular ly desirable. 

This i s a preliminary study on a small mmbmv of 

subjects and, par t icular ly because the event analysed i s 

net the same as those analysed by previous Invest igators, 

a repl icat ion on a second group of albino ra t s would be 

highly dasirable . I t would be desirable for such a study 

to analyse the FfEP through a *ero~crosslng analysis , as 

described by E r t l , ' since t i l s technique would make possible 

th* objective measurement and comparison of a l l significant 

events i n th* evoked responses, and th is data could be more 

thoroughly analysed for group differences. 

Secondly, the writer ha® observed tha t , although 

a l l th* subjects remained healthy throughout tim wperimcnt, 

the impoverished r a t s tended to grow faster than the enriched. 

This suggests to him that there may be physiological di f fer­

ences between the groups, for example differences in endocrine 

functions, which may be worth future study. I t i s only 

< J.P* E r t l , "Evoked Potential Becovery from Tape 
Hecorded Zero f t w i W o f the » , ffiRff a # , g ^ c p l MW®r 
nhyslnloay. fo l . 22, If67, p . 635-631* 
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through a series of related studies that a thorough descrip­

tion of subjects raised in different environments may be 

achieved. Such a description seems valuable in attempting 

to explain evoked potential differences, since it is known 

that various systems in th* org&nis®, especially the nervous 

and endocrine systems, exert a mutual influence on eacu 

other. 

Finally, for reasons which hav* been presented in 

an earlier section, tne behaviour of enriched and impover­

ished animals when solving discrimination problems warrants 

further investigation* 

The writer wishes to end this chapter with the 

statement tnat, whenever an attempt la mad® to link two 

variables of great complexity, such as environment m& JJ1£, 

conclusive findings are to b* expected from a series of 

related studies rather than from a single investigation. 

The pvmmnt study is the first of such a series. 
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The present study was designed to assess th* el facts 

of differential environments on th* photic evoked potent!ale 

of albino rats during the first three months of life, and 

secondarily to check whether the two experimental, groups 

differed, at th* end of three months in differential environ­

ments, in their ability to solve a discrimination problem. 

Th* major hypothesis that was tested stated that, when 

a group of rats raised in an impoverished environment is com­

pared to a group raised in an enriched environment, no signi­

ficant differences develop in th* photic evoked potentials of 

th* groups during th* first thro* months of life* A secondary 

hypothesis was also tested, which stated that, when a group of 

rats raised in an impoverished environment is compared to a 

group raised in en enriched environment, there are no signifi­

cant differences in to* ability of the groups to soiv® a 

brightness discrimination problem at the age of thro* months* 

Th* t test was used as statistical test of signifi­

cance for both hypotheses* The results of both were statis­

tically significant, and both hypotheses were rejected* The 

direction of Um difference found was as expected in th® case 

of th* major hypothesis, but in th* oas* of th* minor hypothe­

sis the impoverished subjects obtained better results, pro­

bably due to pr̂ a-atlvi* and retroactlv* inhibition. 
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Amasalan. ?*E.f E*J. Waller, and J, Hnoy, ^t^ 
"neuronal Mechanism of the Primary iomatosensory Evoked 

This study investigates th* nature of th* primary 
evoked response, and concludes that evoked responses recorded 
at th* scalp are neural In origin and reflect widespread 
synaptic activity* 

Beach. F.A. and J* Jaynes, "Effects of Early Sxperl-
! • ? • 9P011, B ? B ^ a H ° 5 L ? f Animals'8, m t f ^ n W l . . I t f M ^ t vol. 51, 1?!^, p* 239~wj* 

In this general diacnsslon on the effects of early 
experience, the authors review relevant literature and dis­
cuss previous finding** The view is advanced that 'the 
basic effects of differential environment are upon th* 
developing perception of the animal* 

Bennett, B.L., B* rech and M*B* Bosenswelg, "H®I1-
ability and Regional Specificity of Cerebral Effects of 
Environmental Complexity and Training", Journal of Com-

JJ *) *f*fV*" T*fJs, # 

This i s a recant publication lay th* authors of a 
series of studios on the effects of environment on brain 
structure and chemistry, which concludes that th© chemical 
and anatomical effects of early *&peri«ne@ are highly 
repeatable. 

Bergaminl, &», B. Barfamasco, A.M. Homhelll and 
6. Oandlglio, «?i*ual ivo&ed Potentials in Subjects with a 
Congenital Aniridia", ffigmiMk^imk,jmmMWMJQkm.» 

The authors propose that th* observed, habituation of 
visual evoked responses la the result of pupillary .adaptation, 
and support their hypothesis with a study of humans who lack 
the iteohanism for .pupillary adaptation* 

Bickford, H.L,, J.L. Jacob00aT and D.T.H. Cody* 
"Mature of Average Evoked Potentials to Sound and Other 
Stimuli i n Man", ipjfjf,, p,f u$m iff, XfffM AffriMMT. vt IffiMlftffft* 
Tea. 112, Art* 1, If**, p. W-223* 

The authors conclude that scalp evoked potentials 
recorded near th* intern are myogenic and not neural in 
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Bingham, fef.E, and 1*#J, Griffiths, Jr., *Th* Effect 
of Different Environments During Infancy on Adult Behaviour 

^ ^ ^ ^ T B a a study, based*on th* original findings of mbh? 
investigates the behaviour of enriched and isolated albino 
rats, and concludes that th* enriched are superior in ma&e 
performance but do not differ from th* deprived in ability to 
solve diserisination tasks, nor do they differ In emotionalityi 

Bradley, P.B.* J»T, Bayrs, A* Glass and B.w. Heath, 
*Th* Hatur&tional and Metabolic C©ns*qu*nc*s of Neonatal 
Thyroidectomy Upon the Recruiting Response in the Bat*'* 
and Clinical lfeuroa^raloio»* Vol. 13, 1961, p. 577~S8&< 

Th* authors, in this study on cretinised rats, find 
that neonatal thyroidectomy la associated in later life with 
an increase in the latency and duration of the surface negative 
component of evoked responses, called recruiting responses, In 
the rat* A reduction in amplitude is a second finding. 

Bradley, P.E., J.I. Bayrs and 14.M. Bichards, "Factors 
Influencing Potentials in normal and Cretinous Eats", ESG and 
ffl*^^JJWy^^y^fA W >W« l*?* l^h9 p. 30S-313* ^ 

The relevant findings of this paper are that, wbm 
an evoked response Is obtained to stimulation of a thalamic 
nucleus, its latency, duration and amplitude are different 
in normal and thyroid*eternised rats* Latency and duration 
are lengthened, and amplitude diminiahsdt in tne cretinised 
rats* 

Chalk*, f.K, and J.P. Ertl, ̂ Evoked Potentials and 
Intelligence", ftlfa- ftci*nc*s*¥el* h$ 1965, p. 1319-13B2. 

In this" important study, th* authors find that groups 
of human subjects classified as low, av«rag* or high in 
intelligence shew significant differences In the latencies of 
their visual evoked responses* A sero crossing technique 
is used for the analysis of evoked responses* 

Clarke. a.S., W* Heron, M.L. Potherstonhaugh, C*0. 
Fergays and D.O. Bebb, "Individual Differences in Dogs; 
Preliminary Beport on th* Effect* of Early Bxparienc*** 
Qm^tmjfwmMLrmmm» • • } * ?«• wsi . p. 150-15©. 

this study is based on *arll»r work in this area hy 
Hymovitch and forgays* It concludes, on th* basis of four 
tests of animal behaviour, that dogs reared under restricted 
conditions are inferior in problem-solving ability* 
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Eeaaaberg, T.B* and J*R*C. Morton, "Effects of 
Preweaning and Postwamning Manipulations Upon Problem-

£*XSmiamB itiay'USM. Mrtlir flSilag. that wrleb* 
animals perform bet ter on th* Hebb-Willlams ma«es than 
environmentally impoverished animals. The authors found that 
variat ions i n th* amount of handling during th* prewssning 
period did not affect l a t e r problem-solving a b i l i t y . 

Domino, E.G* and 0. Corssea, "Visually Evoked Re­
sponse In Anesthetized vtan tfita and without Induced Muscl* 
Paralysis", jnna^s of tfif f f eXf f l ' ^ m y ' ** *£***<*» i 

The authors answer Bickt'ord's objections concerning 
the myogenic or ig in of evoked responses* Having recorded 
visually evoked responses i n man both In the $m&<am® and 
i n the absence of skeletal muscle paralysis , they conclude 
that myogenic components are negligible. 

Edwards, H.P., "MG and v.AIS Intell igence i n a 
Sample of Cultural-Familial B«fidents*, unpublished Master*a 
tnesis presented to tne Faculty of Psychology and Education 
of tn* tJnl varsi ty of Ottawa, Ontario, 1965, vii~**7 P* 

A review of th* attempts to find a relationship 
between standard BEG variables and Intel l igence consti tutes 
th* bibliography of th is thes is , which concludes that th* 
SEG i s too gross a measure of brain functioning for such a 
relat ionship to be found* 

E r t l , «T*P., "Xntrm~Ourtieai Delay and Intelligence* * 
unpublished t a s t e r ' s tues is presented to th* School of 
Psychology and Education of th* university of Ottawa, 
Ontario, a ^ o l , vill-%1 p . 

Ert l*s thesis const!tut®* the f i r s t successful 
exploration of the relat ionship between visually evoked 
potent ia ls and psychometric intelligence* However, i t s 
technique for analysis of evoked responses was d i f f icu l t to 
cross-validat * * 

», ^Evoked Potential Beoovery from Tape R@~ 
corded Zero crossings of the ffifS « 9 *M fflkiflittfl ftmfflR-
ahyslolojB!* Vol* 22, I9&7# P * ~ 7 - 3 ^ . 

This publication, In addition to describing a method 
for recording BffG data using an AM tape recorder, suggests 
that syiichreny may play an important par t in determining 
the amplitude of evoked potentials* This has implication* 
for the in terpre ta t ion of studies which us* amplitude as 
<9«p*ndent variable* 
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Fernandas-Quardioia, A*, K* EoldanB. , H.L. Fanjul 
and C* Cs a t e l l is, "Hole of th* Pupillary M* onanism In th* 
Process of Habituation of th* Visual Pathways", 

chang«s are observed in the evoked responses. Th* authors 
study th* effects of a t ropin!m t lon of the pupillary muscles 
on such habituation, and conclude that i n the absence of 
pupillary adaptation no habituation occurs in th* measurable 
character is t ics of th* evoked responses to repet i t ive 
stimulation. 

Forgays, D.G, and J,w. Porgaya, "The future of the 
Effect of Free-Environmental Experience i n th* Bat", ftm 
fptmlM CjefMffaUyt iftff ffayfM^tml Psycftqlaur, Vol, 
*¥j, X-yySz* p . I**—320* 

In th is «xtension of an ea r l i e r study by Byaovlteh, 
the authors find that r a t s raised In a free-environment box 
are superior problem-solvers to r a t s raised i n an impover­
ished environment* 

Froamer* 0 , ? . , and E*B. Livingston, ''Arousal Effects 
of Evoked Activity i n a 'ioasonsory* I r s t e c " . Science, 
Vol. Uy» So. 3 5 ^ i 19*31 P. 502~5<&* 

This cat $hi&y ver if ies ea r l i e r findings that evoked 
responses become greater i n amplitude and longer i n latency 
when ther* i s reduction of arousal measured through behavioural 
and SE.G signs* la addit ion, I t finds using cerebellar stimu­
l a t ion that a amort* latency component of the evoked response 
a t th* motor cortex i s present with high arousal but attenu­
ated or abolished completely with dls&nishing arousal* 

lebb, E.G., 'The Effects of Early Experience on 
Fr©bl*»-Selv£ng a t Maturity*, Xflf AlW^P^lfyq|WffE^t« 
Vol* 2, 19W» p* 306-307* 

In t h i s brief report , Hebh outl ines the original 
study on di f ferent ia l environment of ra ts* Ha compares 
laboratory r a t s to p«t r a t s , and also studias th* «ff*ets 
of blinding r a t s a t various ages on their behaviour, m 
finds that pet r a t s and r a t s blinded 1st* i n their growth 
period perform bet ter on th* Ilebh-Milllams mas** than 
laboratory r a t s or r a t s blinded very young* 

Stymovitch, B . , **Th* Effects of Experimental Vari-
t ions < 
graUy^ 

"Based on Hebfe1* original work i n th is area, th* 
author s tudies r a t s reared In environments differing in 
complexity* Me concludes that enrichment of early experi 
enoe undoubtedly has a bamaficial effect on probl***-*olvi 

ation* on r ^ U s m ^ s l T i a g i n the Bat", ^jmmAM, 
f l f f t i j f ifrnd Phvslolo.id.cal, ..Psychology. i n T P T 

http://Sim.10ffiA.FH3f
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He in te rpre t s h is findings i n terms of th* greater opportun­
i t y of the enriched ra tes for perceptual learning. 

fcimura, &*» "Mttltlple aeapens* of t:.« Visual Cortex 
of the Bat to Photic Stimulation", BjjQ &n4 qfofloa,y,ff*uro-
shyslo^ogy. Vol* lkf 19&2* p* 11}-122* 

The r*l*vance of th i s a r t i c l e i s simply that I t 
discusses th* general character is t ics of th* wave t ra in 
e l l c i t ed to photic stimulation when recorded from th* 
surface of th* cerebral cortex, and suggests if* pia&eiwnt 
of electrodes which give maximal response from the s t r i a t e 
cortex. 

green* £*, H*E* Boneiawelg, and 1*1. Bennett, 
"Dimensions of Discrimination and Level of chollnesteraae 
Activity i n th* Cerebral Cortex of the Rat's The Journal 

This I s th* f i r s t of a aeries of Investigations 
on th* relat ionships among behaviour, environment and th* 
chemistry of th* brain* 

«•—,»«.., "Effects of Environmental Complexity 
and Training on Brain Chemistry*, Journal Of, gcffljaptlv* 
M mmM$hmlM$$m}m, vol* 53* wo, p. 509-519* 

In th i s study, albino rat® were raised in three 
degrees of environmental complexity, and the authors find 
systematic differences i n the chellnesteras© act iv i ty of 
the three groups* 

—.,„...*«. "Relation* Between Brain Chemistry and 
Problem-Solving among Eats Raised im Enriched and Impover­
ished Environments^, gmmXMirM|M§tiy*,and yfrys^QfSl* 
cal PayctoAoay, Vol. W% 1?»2. p . iJOl-bW* 

The" anchors f i r s t kept th* animals in different ial 
environments for a month, then tested their learning 
abi l i ty* and thirdly measured th* chollnesteras* ac t iv i ty 
i n the brain* Enriched and. impoverished r a t s differed In 
learning a b i l i t y . But* a t the m& of th* learning period, 
no differences in cholinastmras* ac t iv i ty were found 
between th* groups* 

£4*l4*k, B* and SJ£* Burns, "Neuropsychological 
Effects of Early S*n»ory Bestrictlon**, F i r s t cm£apapp* on 

Snoiadad *m\*le*mm osf Cleneia* f i s io logicas , Mexico, 19PK 
p . 2O7-307* 

This a r t i c l e a t t e s t s to explain th* odd behaviour 
of dogs reared i n a res t r ic ted environment through & 



neurological mod«i which bypoth**la«a that in the restricted 
animal sensory input cannot be adequately filtered since it 
has no memories of relevant stimuli, and in consequence its 
ability to discriminate is Inferior* 

Pickenhain, 1* and P. Ulngbsrg, "Behavioural and 
E£g Changes During Avoidance Conditioning to Light plashes 
19o5 ^ o & J f f *** ^ ^ ' ^ *^9»fritaft«fir» Vol. 16, 

This ar t ic le la relevant only In that i t shows that 
i t i s feasibl* to obtain an evoked potential to photic 
stimulation in the ra t , and suggests electrode placements. 

Prichard, J*w>, J . Chimienti sm£ B* Saiambos* 
"Evoked Responses from Extracranial Sites in the Cat", 
mz §m amwd m^mMkm&* vol* :u, igos,». ^3-^?. 

This paper agrees with an earlier publication ay 
Bioxford that evoked r*spo»s*s, when recorded extra cranlally, 
may b© myogenic in origin* I t Is adequate* y refuted in tit* 
publications by Amasslan at a l . and by Domino and Corasen. 

Boaenswelg, h*R«* D* Krech, I*L. Bennett and C. 
Diamond, "Effects of Environmental Complexity and Training 
on Brain Chemistry and Anatomys A Bepllcation and Exten­
sion" * J-ournal. of C^ogratlv* and ?hy*lolojd,c*l PaycholQjty, 

In this study on the effects of environment upon 
brain chamistryi th* anthers report that enriched and isolated 
rats differ in cholinesterase activity, cortical/subcortical 
cholines terase ra t io , and brain weight. 

Besansweig, ;;,a,« I)* Kraeh*. B*h* Bennett and J.F, 
Solman, pVariation in Environmental Complexity and Brain 
<ieasure*", $®u?mlMK^W^m^jMfhm%PlmUU 
Psychology. Vol. 55. 1AR2. P. 1093-1095* 

Th* data her* presented replicate previous findings 
by th* same group of authors, and In addition evldenc* i s 
presented favouring th* view that later exposure to complex 
environment can make up for early isolation* 

Eosenxwelg, H*E,, B*L* Bennett and D. irech, 
''C*r*bral Effects of toviromental Complexity and Training 
Among Adult 

into enriched and deprived environments for a time starting 
when they are already adults, th* result© at the end of the 
experimental period are th* same as would have been obtai 
had the experiment started at the tie® of weaning* This 
appears to contradict th* p^vCx& id©a that thero is a 
cr i t ical period during' which th* effects of differential 
environment® are most pronounced* 
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Schwarta, M. and C, Shagass, "Effects ol lifferemt 
States of Alertness on Somatosensory and Auditory Recovery 
Cy<&«3% « and, Cjintaa,! Iffuroji^fri^QiQr, Vol* l*t, 1962, 
p . 11-20* 

The authors of th is study investigate on the cat the 
effects of different arousal s ta tes assessed through standard 
EBG c r i t e r i a . With a le r t ing , a diminution in amplitude ©f 
somatosensory evoked potentials i s reported. So clear 
trends are apparent using auditory evoked potentials* 

Steinberg, B.B., "Alterations of Averaged Photic 
Rvokad Potentials in Cat Visual Cortex During R«p*titlv* 
Stimulation", MM,,and, M i l ff»WffifrfW<My» Vol. IS, 
1965, p* 37&-391. 

The relevant part of th i s publication s ta tes that , 
when stimulus Intensity I s carefully controlled, no habitu­
at ion effect of the evoked responses e&n be snown in 
animals whose pupillary ssuscles have hmn immobilized. 

Szerh, J ,C . , "Averaged Evoked Potentials and 
Cholinergic Synapses i n the Somatosensory Cortex of the 
Cat' '. E||fi an^ €J4nJc*l J e u r e p ^ a M p g * vol* lo , 1965, 

This publication investigates th* relationship 
between th* ac t iv i ty of cholinergic synapses i n th* cortex 
and e lec t r i ca l events recorded from th* suri&ce. of the 
cortex, and concludes that amplitude of the la te r com­
ponents of the «vok*d responses i s related t© the function­
ing of cholinergic synapses* 

Taylor, H.A,, "Evoked Potential latencies and 
Psychometric Intel11gene®M, unpublished Master's thesis 
presented to the Faculty ®^ Psychology and Education of th® 
University of Ottawa, Ontario, 1966, ix-76 p . 

This i s th* most recent publication on the relat ion­
ship between psychometric intel l igence and pliotic evoked 
potentials* I t s resu l t s show highly significant correla­
tions to exis t between Intell igence scores and the evoked 
responses of the brain. 

Thompson, W.R. and W. Heron, ''The Effects of Re­
s t r i c t i ng Early Experience on the Problem-Solving Capacity of 
Dogs% C f j ^ a f i Jpurnaj of rsyob^pgy, Vol. 3, Vjfr% p* 17-31. 

This a r t i c l e compares tne behaviour ot clogs r«»re«i 
as pets with that of dogs r«fcr«td under several degrees of 
environmental r e s t r i c t i on . Based on the resul t s of six 
t e s t s of animal behaviour, the authors conclude thai 
environmental r e s t r i c t ion result® in inferior p^form&no®, 
and a t t r ibu te th is to lack of early perceptual @xperi@acfe. 
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Thompson, R* and J .H. Bryant, <• Memory as Affected 
by Act iv i ty of the Beiev&ni Receptor'1, Paycftoloifiloal 
Reports* Vol. l , 1955, p . 3'*3-lrt>c. 

Tne relevance of t h i s pub l ica t ion l i e s i n tn* fact 
t h a t i t descr ibes the apparatus which was adapted Dy the 
wr i t e r for t e s t i ng hia subjects on © br ightness discr imina­
t i o n problem. 

Woods, P . J . , "The Effects oi Pre* &n<& Res t r ic ted 
Environmental Experience on Problem-Solving Behaviour i a 

Psychology. Vol. 52. 195?. o. . # - -4o? . 
This stud,/ v e r i f i e s previous findings oa tee e f fec t s 

of d i f f e r e n t i a l environment* on problom-solving, and in 
add i t ion finds tha t the e f i e c t s of eariy environment arc 
far more important x'or l a t e r protista-solving a b i l i t y than 
the e f i e c t s of l a t e r environment. 

Wyspianski, J .O*, **Brain Wave Amplitude and 
Creat ive Thinking", unpublished doctoral t t .es ls presented 
to the School of Psychology and Education of the Universi ty 
of Ottawa, Ontar io , 1963, vii l~10# p . 

This publ ica t ion i s re levant i n t h a t I t represents 
tne one successful attempt to find a r e l a t i onsh ip between 
a psyciiologieal va r iab le and a standard EEC- va r i ab l e . In 
i t , the i n t e r e s t ed reader may find a review of th* l i t e r a ­
t u r e on ear ly at tempts to r e l a t e i n t e l l i g e n c e with standard 
EEG v a r i a b l e s . 
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PHOTIC EVOKED POTENTIAL LATENCIES 
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PHOTIC EVOKED POTENTIAL LATEHCIES1 

2 \ 
Subject five weeks** Sine Weeks Thirteen 5#e#ki 

1-E \h 3? h2 
2-g H-3 **3 02 
3-E yj 3? 33 
**-E 5C Cc 35 

•si* 5-E 35 
6-2 30 a-v <*£ 
7-E 3? -V 32 
*HB 32 M) 55 
1-1 **2 'S3 51 
2-1 37 62 $o 
3-1 62 b? % 
h-l ky &e 5C 
J-1 32 50 $0 
6-1 52 60 5? 
7-1 **7 kO T 
a-I 52 &0 60 1 All latency readings are shown in milli­

seconds* 

2 Throughout the experiment, *ach aybjeet bore 
an Identifying aunber. The letter S signifies a mzb-
lect from the enriched group, while I denotes an 

3 The number of weeks represents th* actual 
age of the subjects when each photic evoked potential 
record was obtained. 
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BRIOHTHBSS BISCRllttMATIOK SCORES 

Ti:rj;T;s.,i:.'iWi,.''ii'i'i'S''iffi'r',m: 

Subject* 

Al-E 
A2-1 
A5-E 
Ad-B 

A5-I 
A6-X 
A7-I 
Ao-I 

B3-E 

Bo-E 
B7-B 

m-i 
B2-X 
B3-X 
B**-X 

Score 

?o 
i2 
56 
70 

^6 
hi 
ky 
Ho 

U6 

7? 
k& 

5s 
22 
30 

WTrffiw^Tiiffl.q/.,:aiajjfl*aiiU!.»,
l',m»M'i,̂ »i l̂ „i,»Trfg.?Lrl

,gVi'lffiffi-ii
iJ"i;,Wiv ',r ' f t t T w n r ^ m m m i i s z m m ^ r m w i 

1 Each subject bor# an identifying number 
throughout th* experiment. The letters S and I 
denote enriched end impoverished respectively, 
while th* letters A and B denote subgroup A and 
subgroup B, vnich were tested on somewhat different 
versions of the diacrimination apparatus* 

2 The score snown represents the total 
number of trials required by each subject to reaon 
a criterion performance of six consecutive correct 
trials on a black-white brlgntness discrialnation. 
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ABSTRACT OF 

Effects.of. Early Rearing in ainarentlal Environments 
on th* Albino Rat*.s Photic .Evoked Potentials* 

Tils is & iongittidia&l study wLlch has as Its pri­

mary purpose to assess whether th© early environment in 

wnlch an organise is raised has measurable effects on the 

photic evoked potentials recorded from Its brain. Its 

findings are to be considered &s preliminary answers, 

providing clues for further research* The importance of 

the topic stems fro® th© fact that, in the light of recent 

findings, th© photic evoked potentials recorded fross t .« 

human brain appear to be a valid physiological measure of 

intelligence. 

The subjects for th® present Investigation were a 

sample of Spr&gue-Dawley albino rats. They were separated 

at weaning into two groups, and oa© wag raised in an 

enriched environment while the other was raised in an lm-

poverisned environment, to the ©&e of three months* Turing 

this time, three records of their photic evoked potentials 

were obtained, at monthly intervals* st th© <®n& of three 

m i l II i—i » ' " ' imiiu'DMi 

1 H,?. Edwards, doctoral t r e s i s presented to the 
Faculty of Psychology of th© University of Ottawa, Cntarlo, 
1967, v i i l -73 P. 



APPaWDIS 3 73 

months, all subjects were required to ssolvc a brightness 

discrimination problem. 

The isajor hypothesis tested Btux,m that wnen a 

group of rats raided in an impoverished environment i& com­

parted to © group raised in an enriched environment, no 

significant differences develop in the photic evoaed poten­

tials of t«e groups di*rlnu the first t. re* months oi 11;o. 

A significant latency diiterance was found, and on this 

basis the writer rejects the la&jor hypothesis. 

A minor i*ypoth*sis wfilch was also tested states 

that wnen & group of rats raised in an impoverished environ­

ment is compared to a group raised In an enriched environ­

ment, tnere are no significant diiterances in the ability 

of ta* groups to aolv® a brightness discrimination problem 

at the age of three months. Sign!ileant diClarences were 

found, ma contrary to expectation the impoverished subjects 

proved better proHem-sol vers. This is interpreted in tsras 

of proactive and r*troactiv* inhibition having a detrimental 

effect on th® performance of the enriched group. 


