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INTRODUCTION

A significant relationshlip has been :ound by several
investigators to exlst between photle evoked potentislis and
paychometric intelligence measures, and in consequence the
photlic evoked potentials may soon assume greatl praciicesl
importance a3 & physiologioel measure of human intelligence.

In tids contexi, it would be ol greal interest Lo
kxnow wasther photic evoked potentlals aye shaped in a
mwopsurabtle way by the enviromment in whicsn the individual
has developed, for to that extenl they cannot be seld to
ve a culture-iTee measure of iantelligence, However, a
study of the effects of environment on photic evoked
potentiasls must be longitudinel, and it is not at the momeni
feasible to carry out such & study oo napan subjacts.

It 43 iuerefore the purpose of the preseni thesis
1o be & preliminery Investigetion of the eifects of early
environment on ithe photic evoked potentials of the albino
rat. Its findings, 1t 1s hoped, will provide clues for
further studies, with ithe eventual expectation thati out of
a series of studlises will emerge resulis {rom which it will be
possible to extrapolsie wilh some conlldence to the human
roals,

The Lirst chapter of this thesls presents a review
of the litersture, It reviews studles relating intelligence

and mesgures of evoked corticel potentimls in the lirst
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section, and in the following iwo sections 1t reviews other
relevant studlies ol Lhe evoked cortical potentisis, The
latier part o! the chapier reviews literature on the aflecls
of early diflereptial enviromsent both uwpon animal behsviour
and upon the structure and chemistry of the brain. The
chapier encs with a statemeni of the experimental hypotheses.
The second chapiey describes the actual procedure
by means of which the hypolheses staled In the first
chapter are¢ Lested experimentally. It sets forth the
detalls of the experiment, iuncluding the statistical analysis
of data,
The tadird end last chapler pregonts the mumerical
results of the experiment, snd discusses taeir significanve.



CHAPTER 1
KREVIEW OF THE LITBRATURE

Several studles conducted at the Universilty of
Ottaws have demonstrated a significant relationship between
intellligence test scores and photic evozed potentiamlz in
the human, thus raising the possibility ol using the laiter
as a physiological measure of intelligemces, In tuls con-
text it i3 both of theoretical and of practical Interest to
explore the possible infivence of ewrly enviroaweni on ihe
functioning of the brain as measured by gﬁﬁ.l

Such an exploration must be & longitudinal study,
and should be preceded by » serles of preliminary studies
on lovwer znimals designed to nssess whether the expeciation
that differentlal early enviromments have measurable eflects
on the PEP 13 reasonsble and warrants Investigzation in the
husan, This 13 the first of & series of preliminary studies
on the elbine rat.

Thisz chapter reviews e litersiure on the relation~
ship betwesn intelligence and evoked potentlals, on evoked
potentiels in the rat, en facters that amsy conteminats the
svoked potentisls obtalined, on the erfects of dlifereniisl

enviromsent on animal behaviouwr, and on the elfects of

1 The abbreviation FEP wlll be used to dencte puotic
evoked potentials,.
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differentisal snviromment on the nervous system, It ends
vith a atatement of the hypothoses tested in the present

study,
1. Evoked Potentlals and Human Intellipgence.

In this section, the writer wishes to review thrae
studiea carried out at the University of Gttews,

In 1961, Ertl® for the first time explored the
possible relationship between PEP and psychometrically mea-
sured intelligence, and obtained a highly significant correla-
tion of «0.868 between PEP, expressed as intra~-corticel delay,
and intellizence scores on a sample of eleven graduate
students. However, as was pointed out by anarﬂssia & sub~
sequent study on ithe relationship of aleeﬁroenwephalagyayhieg
varinbles and intelligence, Erti's technique for the measure-
ment of intrs-cortical delay wes difficult vo cross-~validate,
and the results of his Tirst study sre therefore accepied
with caution,

2 J.pP, Britl, "Intra-Cortical Deleay and Intelligence”,
unpublished Master's thesis presented to the School of
Psychology and Education of the University ol Ctlawe, Ontario,
1961, viii-41 p.

3 h.P, Edwards ﬁ£¥ﬂ~and Intelligence in &
Bample of &ultural~Fumllia Devicients", unpublished wmster's
thesis pressenied to the Faculty of Psychology and Education
of the University of Otitmwa, Ontario, 1568, vii-k7 p,

ly Hereafter referred to as ERG.
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In 1965, Ertls described a zero crossing tecinigque
for the measurement of evoked potentials. Using this tech-
nique, Chalke and Ertl® studied forty-eignt subjects, divided
into groupa of high, average and lovw intelligence, The
authors found significant differences in the PEP of the
groups. Specifically, they found significent differences
in toe aean lstencies of the third, fourth and rifth wave
components of the evoked responses, snd therefore hypothesized
that the delay of these components 1s s measure of the efiicli~
ency with which the organise processes infeorasiion.

Based on Chalke end Ertl's study, Taylur? has re-
cently found a significant correlation betwsen Otis intelli-
gence scores snd PEP. RBather than using zeroe crosgings,
Taylior aversged the evoled responses of each sublect dlrsctly
on an enhancetron computer, dspleyed the averaged weve cone
figuration on an oscillioscope, pholographed 1u, and measured
the latencies of each amubject's PEP from the photoegraphs. On
& sample of elghty-four gdulis, he found a nighly signiricant

5 J.p, Brtl, “Datection of Evckmé ?atent&a‘a By
Zere Crossing analiaia" BEG and Lo giolom
Vﬂl. 1‘3 1(\65, 37. 3&”031«

6 F.i, Chalke and J.P, Brtl, *Bvoked Potentials
and Intelligence®, Life Sclences, Vol, %, 196%, p. 1319-1322,

7 H.A., Taylor, "Bvoked Potentiel Latencies and
Peyohometric InteliligenceY, unpublished Hmster's theslis
presented to the Faculty af Paychalogy and Education,
Undversity of Otiava, Onteric, 1966, 1x-76 p.
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correlation of -0,68 between Otis I.Q, and the third event.
He alsc studied other components of the evoked response,
and attempted to smeparate speed and power variakles in the
intelligence test scores,

It must be pointed out that, historically, there
bave been many attempts to relate EEC variables snd inteill-
gence, With the exception of & study by wyspianahi,é they
have been unsuccessiul and contradictory., fThey are men-
tioned here only becasuse they constitute the background ror
the studies reviewed in this seciion, The interested reader
i3 raferred to the comprehensive review by Voguel and
Broverman,g and to the studies in thisz area by wyspianskilc

and Edwnr&s.ll
2. Evoked Potentisls and Cretinism in tne Rat,

Two studies by Bradley and co-authors on cretinised

rats are reviewed here hecause they show that one condition

8 J.0. Wysplanski, "Brain Wave aAmplitude and Creative
Thinking®, unpuitlished dogtoral ihesls presented to the
8chool of Psychology and Bducation of the University of
Cttawa, Ontario, 1203, viili-10s p.

9 W. Yoguel and D,M, Broverman, "Relationsnip Be-
Bag and Test Intelligence: A Critical Review",

o B 3 . Put ‘-""',,_ V@l’ 6@) 1961’}‘, Ps 132"'1%0

10 Wysplenskd, Op, Cit., viil-108 p,

11 Bdwerds, Op, Cit., vii-h7 p.
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which is known to be relsated to benavioural inefficiency
gives rise to lengthaning o evoked porential latency, in
agreement with the resulia obtained on humsn Leings as dis-
sussed in the preceding sectlon. §econdly, these ziludies
show that it is possible teo oblain a reproducible evoied
responae irom the laboratlory ral, although the stimulus
used was nol photlc,

1961, Bradley gk al. ? studied the recruiting
response of thyroidectonised and control rats at twenty-
four to twenty~-six days of age. They found tiwt rats which
bad been thyroldectomized at hirgh sbowed an increase in
the latency end duration of the surigue negatlive component
of the recruliting resaponse, which wag recorded {rom the ex-
posed coriex, during snesthesia, and in response Lo slectiri-
¢al stimulation of the thalasua. The svithors ‘ound theti e
latency changes following thyreidectomy were reversible upon
aduinistration of thyroid horsone, and ihersfore probably
reflect melabollie changes which produce an alteration in tre
transmitting properties of 4w synapses, ratber than struc~

tursl sberrailons in the development of Lue nervous system.

12 P.B. Bradley, J.7. Esyrs, A, Olassz and R, 4.

E@atn vThe Maturati and Hetabolic Consequencer of
éal rayraidmcw«»s Bpmn the Femruiting Eesponse in the
mtﬂ § dodi hdch Sltd & 33 SRIY R phtd S g V@ * 13 ¥ 3-{}@1 s
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In a more racent study published in 196k, Bradley
et 81.*3 replicated and extended their first study. As be-
fore, they found that the coriical recruiting response to
electrical stimulation of the micleus mediodorsalis of the
thalamus was of longer latency in the cretinous rats (aan in
the contrel rats., A second flipding was that (ke amplitude
of the recrulting response was smeller in the cretinmous
rats than in the control rats.

3. Bvored Potentisls and Fossible Contmminanis.

It 18 the purpcse of this section to review studies
which deal with variables that could, if fzmored, blas tre
results of the present investigstion, The variasbles con-
sidered wlll be arousal, the puplllary reflex, and the
syogenic origlin of svoked potentlsls.

The yossibdle aflects of dlifsrent states of arousal
on the evoked potentials were studied in 1962 by Bchwarts
srud shagasa.lk The authers studied differemt levels of

arousal in cats. V¥hen studying somstosensory polentials, they

-y

i3 »,B, Brediey, J.7. Bayrs, and H.4, Rlcusrds,
”?autara Iafluanalng *otwnaiala ia Bormal and uwetiamh@
Po 300~

1 M, Bchwerts and (. Shagssgs, "Eifects of Different
Btates of Alartnasa an.Samataamnﬂary anﬁ Auﬁitor? Recovery
CY@%;& Esftst e a Al o8 Reurophy s 4.0 1 0 0 ¥ vol. 1 5 l?égy
Po 30 .
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found a decrease in amplitude with incressing aroussl., No
cloar conciuslions were drawn ia the case of sudlitory ewnied
potentials, a3 amplitudes now seomed Lo incresse in some
aninals and decrease in others with incressing srousael, 7The
authora did not repori latency chenges.

Frommer and Livimgmﬁmn%ﬁ in 1903 studied the evoked
potentials to cerebelisr stimulation recorded from ihe
motor cortex of cats in diiferent states of arousal., Their
study verified the previcus Iinding that evoked responses
tend to decrease in aaplitude and duration with increasing
arousal measured in terms of behavioural and ERG criteria.
in addition, the authors found that in responsge 10 cere-
bellar stimulation a slwri-latency somponent appesred in
states of high srousal which was ctherwise sttenuated or
absent, This component has pnol been reported in response
e sensory stimuliation. .

Turning Lo whe possihle eifects ¢ puplllary reflleges
on JEP, the wriler wishes te review three relevant atudies,

the iniiial study on tnils tople, published hy
?ornsnﬁe&-ﬂuatﬂiala,g&mgauﬁﬁ in 1961, concluded tuat

. i?kﬁig;iignfmar ?ﬁt R.B. %1yigxa§0n, “Arousal Egriaf@
on Evoked Ag n & n gﬂmurf yatea”, Solence, Vol.
13%, Bo. 355, 1963, p. 50 g

16 4, Peroandez-(uerdiola, E. Roldan H., '1,L. F&mﬁal
and C. Castells, "Hole of the Pupil
?rcaﬁas,er.aabi%

lary Hechanism in the
uation of the Visual Pathways®, EREQ ane
LS LTI o Yol. 137 1%lg Pe %
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habituation of the PEP Suring repetitive stizmulation may be
Jargely inhiblted through etrepinization of the pupillary
mnscles, although reticular sorivetion scting oo the latersl
geniculate hodles and visual cortex may be another factor in
habitustion to photic stimulatlion.

A more recent study uy 3&&&@@% winieh contyrolled
stimuls intensity was unable to demonstrate mabituation
effects in cais whose pupillary musoies had been imsobilized
with hyoscine hydrobroulde, In this study, the author alsc
studled the effects of diflerent aroussl states on the PEP,
and found that, although arousal states signilicantly
affected amplitude, latency wies only s fected by exireme
varistions in arouaal. In such cmses, incremssd arousal
was accoupanied by a shortening of lstencles ip the ear.y
components of tue FEP. The asuthor oifers this as evidence
for 2 facilitatory effect of the reticulisr aciivating sysiex
on tranamission through the primary visusl pathway.

A third study on the role of pupillary mechanisss on
the habltuatlion of the PEP wes published in 1965 by Bergamini
M’lt‘% who studlied hwuman sublects with congenital aniridis,

17 B,H, Bleinberyg, "Alterations ol adveraged Photlic
Evcked Potentisls :m (:at Vimul curmx thm Repetitive
Brimulation, EBEG and Clinlcel Heurophyslology, Vol. 18,
1965, p. 378+39

16 L. Bergamini, B. Berzsmssco, A.M, Mombelll and
G, Gandiglio, "Visusl ¥ MM m:s mmm m &mjwts mm

Congens tal Anix'miu
Yol. 1@; 1%5* ZM
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& pathologlical condition one of whose characteristics is
absence of pupillo-motor wuscles, It was found that these
subjects exhibited ne diminution in smpilitude nor change
in morphology of thelr PEP during repetitive stimulation at
the rate of two por second for as long as thirty minutes.

A number of studles reviewed to this point use
amplitude as thelr dependent varisble. For this resson, 1us
writer has declded to inciude here mention ol & recent
publication by Em‘ﬂ.,l‘iz which indicetes thet changes in the
amplitude ol the evoked potentisls under different experi-
mental conditions are determined largely by the synchrony
of the evoked responses to repetitive stimulation. The author
goes on to state that this observetion may have important
iamlic&&iona for ithe interpretation of ihe many studies which
use saplitude as dependent variable., It 1s suggested in this
article toat observed sampllitude changes in such studies nay
simply rellect chenges in the synonrony of tue responsss io
repetitive stimulatlion, so that decresses in asplitude mean
less synchrony. This publicstion does not suggest, however,
et smplitude chenges used bLe asaociated with systesatioc
increases or decresses in laitsncy.

There remain o e considered in ibis secilion two
studies which claim that evoked regponses from exirs-cranisl

19 J.P. Exrtly; vEvoked Polentisl Eaaavnry frww Tﬁ@ﬁ
ﬁeeardaﬁ ﬁarﬂ arenuinau ui zﬁwAgﬁg EBG and indlce
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sites are myogenic, and twn srticies wilch conclusively
refute this possibility.

Bickrard‘gg_gg,gc in a 1964 publication, reported
a large, constant response to suditory stinulation, which
could be recorded at the inlon and was increased by lension
in the neck muscles or abolished by relaxstion of ilese
sascles, Thiz response was almost completely suporessed
by partial curarization, and the suithors therefore con-
ciuded that 1t was of muscular eprigin, It is the authors!
conclusion that such ¢l ihe evoked activity recorded fronm
the surface of the scalp arises, not Iin the brain, ot in

the nearby musculature.

B3

L
In sgreewment with he above, Prichard ¢t gl.

reporied large muscle artifacts when attempling te record
auditory evcled rTesponses in cats wiih electrodes implanted
in the susculaiure of the head and neck. Although the
muscle artifacts found were not clearly tlme-locked to tre
stimuiug and were not reliasbly reproducible 1n terms eliler
of smplitude or of latency, thw aul.ors caution ggainzt ihe
use of extra-cranial elsctrodes for the purpose of recording

evoked responses in anlmals.

26 R,L. Bickford, J.L. Jaccbson and D,T.R., Cody.
tHature of Avaraged Ewwkmd Wutmntiala za amunﬂ and mthmr
Stimall 1n Map®, Anngl D X v Acadeny of OGS
Vﬁl. 112' Artc Ij Pn 2

21 J,¥, Prichsed, J. Codmlenti and R, Galambos,
"Evoaed ﬁaa?mnﬁaa from Eatracrendel Bites in the Cat“, EBG
Byt (o lOLCh feurophy sl ol ng ¥ . Vol . 3«5, 1969, Pe i"'rﬁ,ﬁ“}‘*ﬁ*&
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In eopposition Lo the findings ¢l . ed above Lave Legn
the resuits of siudies by ﬁmmmaiam.ﬁgmﬂ;.ZH and <y Loming
&N Carssen.a3 The {flrst of these studies ls really an
investigation on the pature of the primayy evoned response,
The relevant conclugien drawn in toiz article simles tuat
avozed poteniials recorded sl the scalp, thouz. more 41101~
cult to interpret than Liose recorded from tne cortex dir-
ectly, are neural inm oripgin and protably ref ect synmapiic
poteptisls end after-potentials in many corilocal elaasnts,

“
The second study iz a direct answer 1o ﬁi&kfﬁré's*h

pudlication. Domine and Q@rsmﬁnﬁg here invesilgate itlLe

effects of complefe skeleial muscle paralysis, induced on
human pailentis by infusion ol succinylehollng, on their
visually evoked responses. Their concluslon, based on re-
cordings of evohed responses with and wiinout muscle paraliy-
gls mede at various polnts on the sgcalp Inciuvding iue inleon,

1z timt skeletal muscle componenis of visusl: y evoked responses

in normel humen subjects are neglizible.

22 V.BE, Ammssian, i,J, Wal.er, and J. Hocy, Jr.,
v Heural ﬂmahaniam wi thw ?rimarj ﬁmm&tnsanaur¢ va}a& Potlen~
phd ks dd k pin A SEIEMRY

23 B.F, Domine and 4. Corssen, "Visually Evoked
Response in Anesthetized Hen with and wi%nmut Imduaaﬁ
ﬁuﬁels Faralyﬁiw“ !g¢¢g1@ LA Ag ﬁ Vo Asagemy of Bc-ienced,

#e Bleklord g Bl.s QRa L%y, p. 30%-223,
2% temino and Corssen, {p, Cii., p. 226-237,
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REVIEW OF THE LIYERATUKE i
b, Difterential EBnvirommeni and Bessviour,

In @his section the writer wishas Lo review &
series of studies dealing with restriciion or enrichment
of the early envirvorment in whichi snimsls ave “rougst o4y,
and the eliects of such enviromusenis on later Lehaviour,

The original wors oo Jif{lferential environment and
it effects on behaviocur was done by ﬁ&bu,26 whose research
hes given rise 1o 8 mumber of reisied siudies on rats and
dogs. Hebd's originsl stuidy slmply compared ire twhaviour

oy
ol rals

reared as pets and rets reared in toe ladborstory. e [found
thet the pet rats were conslderatly heiler prollom-solvers.

Signiiicaent reseurch projecis whio arose {rom the
sbove will now be reviewed., The finding ithat resiricied
snime. s are dul'er taen control or enriched animals in tests
of srimal “intelligence” iz common %o all o tiewm, and in
reviewing each study the wrlter wilil stete only the addiitlonsl
findings of the study.

26 0,0, Hebl, "The Bf{ ueta of E&xiy Exyeyianee on
Probles~Bolving at Haturlty®, I Agmrl cap xholoslgl .,
Vol. 2, 1947, p. 3C6~307.

27 0,0, Hebb snd K, &ill*ama, "4 “@tiﬁﬂ @f Rating
Anlimal Iu&nlliganma” g Jdourngl Jueners yehQleuy
Vﬁ:&. 32‘1" %3 ?a W“"&
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In 1951, Clarke gmhgiﬁﬁa studied the el.sclis of
diferential environment on Brottish Lerrciers relsed eitler
in small, windowless cmges, or &3 pets {rom the tiune of
wesning to the age of seven snd & hall moaths, No 4iffer~
ences in health were reported,but the restricted animals
showed [Ireexing behaviour In uwalamilier surroundings snd
were inlericr groblem-solvars,

27 were replloested by

Hebl's original experimenls
Hymoviteh, -~ who published his results im 152. Im this
publication, the Irse-environment box 1s descoribed as a
cage measuring 6 ftv. by & £4. by $ im. and containing
blind alleys, inciined rumveys., and other ariicles designed
to give rats exilensive opportunity for varied experisnce.

The autheor fcund thal rets ralsed in the {res-environment

boX were superlior problem~solvers W0 rats ralsed in swall
enclosed cages or enciosed scilviiy wheels, Purthermors,

he found that expariences teiween thiriy and seventy~five days
of age were most ilmportani, resultilng behaviour paiterns being
seemingly irreversiblie. His results are interpreted in terms

of devalopmen: {n percepiusl organization,

2 Re8. Clarke, W. Heron, #.L, Fwthawstanaugh, Dol
Yorgays und D,0, Heob, "Knﬂiviﬁuul ﬁiliﬁrenmam in Dogss
Pre Ananuxj'ﬁmpmrt mm %aw Effecta of Bur' y Expmrianvwﬁl
o fiid 4 B 1) Al ) “ Y 1 5 1&01# ,,:y l‘, :,.,“‘ ¥ 3} a‘fa"i Por g

2‘7‘ mh% Mmg B 3@6*3‘;&”0

30 B, i@me&it@ "The Eiffects of Exgﬁr&mantai V&?i*
ﬁtzens‘mn,Prmblamwﬁw&viu& im @a@ ﬂ&%” L na] Welialihy
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An extension ol the preceding study wes publisced
by Porgays and ?‘waﬂn in 1952, ‘The sutiors coniirmed pre-
vious results, and found that rats brought wp in & .ree-
enviromment box contalnimy pleythings were siighily superior
in problem~solving abllity to & group brougit up toget, er
ik & large cege without any playthings.

In & releted study, Bingnam and Oriffithe’® ;ound
that groups of enriched and deprived rats difiered as wapoec.-
ed in maze-solving abiliiiy, but showed nw algndiicant 4i:ler-
ences in dlscrigination, emoticnality, or susceptibility to
sound~induced salzures. The discerimination task euployed was
& black-white Lrighiness discriminstion using the Lashley
Jumping stand.

In 1954, Thompson and ierondd verifled and extended
the findings of Clarie M,% The authors in their intro-
duction state that thay consider e study of éearly environ-
ment in relation to behaviour ss very important im that 1%

31 D.G. Forga,;s and J.W, Forgays, 'The Nature of
m Effect of frwoznvirammwl Exm ance m msa fﬁm",

32 W.B, Bingham am! W,J, Griffiths, "The Bliect of
PAfrTerent Emd mrmwnw Z}wim mi,mc,; tm A&

mt Hahmﬁc»m in

33 ¥ R, Tvompson amd W, Heron, “Thw Bfieclis ol Bo-
atﬁemns le Exmrimw zm tm }’rmimwﬁww ng Capscity o
gAiEREELs L LA b hodd 10 Vﬂl’ 3; 14}2 %a} Pa 1‘”“31‘

34 Clarke gt 8l., m Cit., po LEO~156,
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xRy shed light on tue role of enviromment in the leveiopment
of husan intel igence, Thelr subjects were twenly-elx
Scottish terriers divided into & comwrol groupy itrestied as
pets, and experimental groaps reaisaed under condl ions of
isolation, moderate resiriction, snd slight restriciion,

The conclusion was drawn Irom thls study, aiter administer~
ing & mumber of behavieour tesis, Lhat restriection of sarly
perceptusal saxperience hws n definite and fairly permanent
retarding effect on dog intel.igence., Among the tests
employed, it is significant that & delayed-resction test
Flelded very large differences hetween control and restricted
animals, thersiy supporting ihe hypoithesls tuat early environ-
mental reatriction &ifeocts the deve.opment of perceptusl
organlzation.

The mogt recent in thisz group of studles on the
effecis of sarly envirorment wns published Ly Wﬁﬁﬂ&3§ in
1959, 7The abject of this study was Lo investigaie ihe
aftects of subsegquent res-anvirompental experience on
anipxis which, due %0 an early restricted environment, were
inferior problsm-scivers. The asutior found that rats ralsed
in a restricted environmenl o tie Bge o. ®ixby deys and then

enriched during the next pinety days showed improvement in

35 P, 3. Woods, *The Bifecis of Pree and Restricted
Environmental Experlence en Problem~Solving Beheviour in the
g gdourngl of Comoprative ant rFhaysiologliepl Paroholos:
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thelr performance, but not encugh to matel Lhat of control
animgls reised in an enriched enviromment throughout the
study,

The writer wishes at tuls peint te add that & thor-
cugh review of literature on the ¢fiecis of early experience
upon the behaviour of snimsls was published by Besch and
Jhynss3§ in 1954, In addiiion to the studies quoted here,
the suthors review studiss dealing with the ellpcis of
extrage zsnsory deprivatiom on behaviour. These studles are
not consldered reievant to the pregent investigation.

Y. Buvironment snd the Brain.

This section wil! review & group of studissz designed
to assess the poassible eifgcts of enrly differential anviron-
ment on the clemistry of the vrain, and an sdditional study
which will gerve 48 8 partiel tesis for t.e assgumpition that
esrly differential environment has s messurable effect on
the PEP,

In 1956, Krech ot 8i.7 published a study in which
they reported that rets able to maintain a probabilistice

35 F.A. Besach and J. Jaynes flects ol marAy
Experience Upon the Behaviour of Amimnlsﬂ Pgreholosion]
Bulletin, Vel, 51, 195, p, 239~263.

37 D. EKrech, #,R. ﬁamanmwmiﬁ, and B,lL. Denmett,
sDimengions of Discrimination and Lewve! of Chalimwst@raam
Aaﬁivity_in the Cermbwul Cmr%am af the Rat”, Ihe nac ol




REVIEW OF THE LITERATURE 17

repponse pattarn wnen conironted with light and dark alleys
in s maze, only one of which al.owed passage, showed on
autopsy a higher cholinesterase leve: in the Lrain then rats
wiieh sdopied a thorough commitment to one of the stimuii,

The above study led te authors to invesiigate lie
effects ol esrly environmentsl enrichment on the chemlstiry
of tie orain, specifically chollnestersse sctlviiy as an
indirect measure of acetylcholine, a substance Lnown to be
involved in syunspilic transmission,

Tuus, & second pullication by krech M.BU appeared

1500, In this study, cholinesterass activity was treated

as dependent variable, on the hypothesis Lhat exposing rais
to complex experience and tralnilng would allect Lhelr cere-
pral cholinesierasze levels. Control rats were xept in isola-
tion, the complex environment of the experimental sublecis was
it deserived Ly zamvimiz,ﬁ and telr tralning consisted
oi exploration in tne Hebb-wiliiams mgesﬁm Upon comparison
of anriched and isclated groups of rats, the former exhibited
a sigmificantly lower cortical/subcortical ratio of shoilnes-
terase sctivity than the latter. The auvuors state tuat

34 2. Krech, M.B. Rosenzwelg snd B, .. Bennett, PEIfecis
m Envimmul leaxiw md n' ?

nins an Eram Gieemmw"

3% HWymoviteh, Op. Ci%., p. 3ih,
4O Hebb emd Willlems, 0p. Cdb., p. =G,
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thelr resulis could not be explained on the basis of mutri-
tiomml dirferences among ihe groups.

The above was ol >owed Ly t.ree related pullizaticns
in 1562. In the first of these, Rnsanzwaig,g&mg;.hi carried
out & more careful anslysis of cholinesterase activity and
brain weight, and foumd ihat tie anrlched rats differesd
from thelr litiermate conirols in bhaving greater craein
veight, greater amounts of subcortical cholinestersse, and
a lowar cortical/subcoriical cholinesterase ratio.

A relsied study uy Erﬁah‘gi_gl.gg in 1962 verified
the previous [inding that the emricbed rats wvore suparior
probliem-solvers, ualng the Krech hypothesis apyaratuagk3
This apparstus consists of four successive uniis of two-point
discrimingtion bozes. «hen the Lehavioursl soovres ihus
obtained vere related to brain welght and corticel/subcortical
cholinestersse ratio, & significant correlation was oblainsd
for tie enriched rats., However, iihe suthors were unebls o
ohiain signiiicant differences between enriched and isolated

Ll 4.R. Rosenzwelyg, D. wrech, E,L, Derwwit and C.
Dismond, *Effecis of Environmenial Complexity and Training
on Eraln cnamiatry amﬁ ﬁmatwmu. A ﬂaplin&tian anﬁ Emt&na‘mnv

42 D. Krech, M.B. Rossnzwelig and E.l., Beanetti,
“Helations Betwean ﬁra%n Chemistry and Frﬁbiﬂmrﬂﬁl?iﬁ
Bebaviour Amag aaw m Mmm ama and Impe wri mm xm' ronR-
mt‘” ..:f FX N kA BT k) ks:hAd NAGLOIVOEI OB L J __gl‘..:‘_ fo b 1;-.:. 4
Vole 5%
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groups in brain meesures taken at sutopsy presumably lecause
e ddscerimination testing permitied improvement in tie bLralns
of the deprived rats,

The last study puLlisted in 1902 by Rosenzweig g% al. e
compares a group of rats raiged in an enriched enviromment
from the time of weaning with an lsclated control group and
with a third group ralsed in isclation Doy thirty-three days,
then in an enriched envirorment for ithe rest of the experi-
ment, which lasted to the age of 109 daya. It was found tuat
the grouvp which hisd bheen isclated and then enriched yielded
intermediate values for tissue weight and cholinseleress,
thus supporting the view tiat later ezposure to enviromrental
complexity cen maie up for the negative rasults of early
isolation,

Since the publication of the preceding studles, two
&dditisonal articles on the toplc of environmental complexity
and brain measures have Leen published by the sams group of
authors, Rnaenxwuig,gg_gg.hs tave carried out an investige-
tion begimning with adull rsats, and have obtained tis zame

Wy ¥R, Rosenswelg, D. irechi, E,.. Bennatt anﬁ
J.?. Zolnnn, "Variatﬁon in anircmmantal Cmmplaxitg
Era n Measures®, Sourgal ol Comparallve AR 10aic

a

o ,Vﬁi. /,,}, ,?u

49 4 R, Bosenzwelg, B.lL, Bennett and D, Kregh,
“Carebral RBffects of aniranmanmal camplexity anﬁ Train&ng
Among Adult Rets"™, Jfourns parativ 8 ]
Dsycheloxy, Vol. J
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resulis in terms of tissue weighit mnd cholinesterase activiiy
that lad previously teen ol talned starling &t (he iime o
weaning, Their fisdings in thiz study ap,.ear 1o oy ose Lhe
ides ol & criticsl peried varly in the sndmal's 1lile vwhen
differentia. environment ls woszt infiusntiasl., Thls siudy,
which lasted eighty deys, started when the rats were 0%
days ol age.

Finally, an lnvestigatien o the reliablllty of the
findings diaeussad in thip section nas veen copducted by
Bennstit 1&;;&,: Tne authors report that the chemiecal and
anatomical effeots o1 differential environment ave highly
repeatable, and that or il coptical regions the vigpual ares
shows the largest diifferences wnen comparing enriched and
iaolated groups of rais.

Heving reviewved litevature on the sfiecis o! differ-
entiel enviromment on byaln welght and chemisiyy, the writer
now wishes to consider a 1964 pullication Ly le.zak and
Burnzu7 which diseusses posglbis neursl gsechanisms underiying

4% E.L, Benneii, D. hreeh and MK, Rosenzwelg,
*Rellabiliity and ﬂagiana¢ Bpocificity of Cerelras Bilects

cf Enniraamontal uam@laxiuy &ﬁd ;rainin@‘ g§53§§;n§$)
LA £ ’ X oy 310 gal S8y ) v, Eﬁ%

LWy R, HMelzai and 8.1, Burna “ﬁ@x;myxjc ologlosl
Bffects of Barly 3snxnry Heatrin en’ irst Jajf%“ﬁiﬁﬁ R
%"—',: Q'Qv. g I‘ #"" , _# ﬁ 44 "I, _r‘
fociedsd 1exlcans 46 #ﬂanu &8 ¥ uaﬂ&ﬂﬁaﬁaﬁg Hexico, 1UGh,
P 257*3ﬁ71
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the delmvioursl atnormsiities cof snime:s ralsed in ver,
restricted enviroiments,

The authors begin by staling ithat Scottisl terriers
raised in isolation become highly excitable, leil to atlend
gslectively to eavirommenial stimulil, often falli to re-
spond te noxious stlmalstion, and heve difficudty in per-
forzing cognitive tasks. Then, they loeck for a nsursl modsl
which might explain such bLehaviour, They rule out neuronsl
degenerntion as extremely unlihely, and nypothesize s process
in vwhich, a8 & result of prolonged restriction, there is
inadequate fiitering of sensory imput bassed om previous
memories of relevant siimull, and conssquantly the tolal
input bombarding the centrsl nervous system produces sxceusive
cortical arousal and prevents discriminstion and adaptive
response., 1t is proposed in thle study twt, {8 toe normal
anizal; fast-conducting aflerenis, upon resc.ing ihe coriex,
activate memory traces wich in turn ezert a dynamic conirol
over slower aiferent lmpulses. ln thls way, {rrelevant
information may be {iltered out and selective aiteniion per-
mittea. The article concludes by suggesting iimi loe EREG
of restricted aniusls snows groatsr s ifvs Lo high regquency
in the presence of e novel stimulus than tuwut o, controel
anivals,


http://nypothesi.se

REVIEW OF THE LITERATURE 22
©. Cholinergic 8ynapses and Evoiad Polentials,

The writer wishes at this peint tc lin. the studies
reviewved concerning evoked potentials with trose szsessing
the eiffects of differentisl enviromment on cholinestersse
activity of the brain by summerizing here the results of an
articie by Szerp™ which aliempls to relate gvoked poten-
tiels and chelinergic ssnapses.

In this project, the suthior hypothesizes ihet the
later componenis of tne evoked potential should refiect the
activity of cholinergic symapses, and to t{est this studies
the average evoked regponses of cats to stimulation by shock
on the forepav wiile under tle influence of various drugs
known to have an sffect on acetylcholine,

The results of this study reveasl, first of all, thst
atropine decreasses the amplitude of the later part of the
evoked potentisls, and secondl, ihat clelinesterase in~
hibitors in small guantities incresse the amplitude of the
later part of the evoked potentlals., This suggests to the
euthor tiat chelinerglc synmaptic sctivity participsates in
the producticn of the later components of the evoked responses,

but he does nolt provide a statistical analysis of data.

ki J,C, Bzerb, “Averaged Evoked Potentisls and
Cholinerglic aynap§m$ in

the Somatosensory Cortex ol the Cat",
AW EBAGLOHY o Vol, lu, 14‘{55, P l%"“}}ﬁ“&
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The author propeses that the Iirst component of ihe
evoited response is due to ihe srrival o lumpulses from the
subcortical structures 1o tlie desper leyers of the cortex,
while later components are due (o the spread of exciteilon (o
the more superficial layers, througlh cholinergic symapses,

7. Supmary and Hypollwaes,

This chaipter has reviewed all mujor studles desizned
to investigate the relmtionship hetlween evoked cortilosl
potentislis and hehavieur, tue variables wihich mey bias the
interpretation of the evoked potentiamias, differentisml on-
vircoment snd behaviour, differential eaviromment and whe
brain, and toe relationsnlp between evolked potentislis end
choiinergic synaptic sotivity. The wrlter's purposes in
govering these topics have beeén o show the ressons for L.e
present siudy, Lo review {scts relevant t¢ the depandent
and imdevpendent variablies of the study, and to develop
experimental hypotheses in terms of the literature reviewed.

The posslible gpifects of differential envircoment
on the evoked responses to phwile stimuiation are considered
8 topiec worthy of investigatlion in vievw of the successiul
gtudies which nave recently re.sted human intel.igence
and JEP. Furthersore, iLhe fioding thet cretinlam in ihe rst
is ssgveipted wiln lengshening of evo.ed potential latencies
encoureazes e writer in hypoipesizing ihel rats zade
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inferior through envirommental lmpoverishment will show a
sinllar lenglhening of PRI latenc,.

The lliterature reviewed under the hesding of evoked
potentials and possible contaminants will be used in sub-
sequent chapters when discussing the design of the
experiment.

A series of studles deslling with the e¢lfecis o
early differentisl enviromeent on behaviour has been reé~-
viewed a%t length ip order to show thelr widespread agree-
ment thet animals brough! up in enriched and izclated
environments show definite mnd lagting diflerences in
problam—-solving abllity, tue enriched andmals belng superior
problen~solvers,

The 1lgst two secilons then review siudies which
link differential anvirommenis to brain functioning, and
one study which atiewmptes “o iin: braln functiosing in terss
of cholinergic synsptic activity o evoled potentials. In
view of these studies, the mejor hypotheslis of the present
thesis 18 that 17 snimals ralsed 1o an impoverished snviron—
went are compared to animels brought up in en enric.ed
enviromuent, ithe two groups should snow messuraile diller-
encas in their PEP,

In its mull fowvss, the major hypoihesis reads;

Whan & groug of rats ralsed ip an impoverisbed snviron~
manf is compared Lo a4§§@uw rmi@a& %ﬂ &n @nréﬁhwﬁkwgférmmﬂ
ment, no significant dif(erences deve.op in the photic

gvoked potentiale of ibhe groups during the first Loree
months of 1ife,
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Although difrterences in problem~solving ability of
enriched and impoverlshned anigals are vel esiallished, zo
that it is not considered esasential to verlily ihese in the
presant study, wonstbeless the secondery hypoinesls is
advenced that emriched and impoverished groups of ve.s
should differ in thelr perforusnce on & hyightness dis-
criminetion task, I tue writer should te acie to rejest
this hypothesias ip 1ts mull form, this would lend support io
the iaterpretation of differences beiveen impoverished and
enriched anlua.s as atiriiviaile (o diflevent lgvels of
perceplual organization. The writer feslsr tha+ & daerizing-
tion test should be given because the siudies raviewwd have
reporied confliicting fiodings when dlscriminmtion tesks were
sdministered.

In fits mall fore the secumdary bypotnesls remds

When & group of rats relsed in an impoverished
anviromment iz compared ¢ & group ralsed in an
enriched enviromment, there are mo signiricent
dlfferences in the avility of the groups to solve
& brightness discrimingtion problem at the age of
three monins,

The chapuers that ol ow present s discussion of

the (ools, methods, and resulis of the present study.



CHAPTRR 1T
EXPERIMENTAL DBEIGH

This chapter describes in detall the research
design whereby the experimentsl hypoineses stated In the
preceding chapter are tested. The lirst iwo secitlons de~
serite the sasplae end instruments used, The ihird and
fourth sections set forth the experimental procedure angd
the statistics used In the anglysis of Jats,

i, Tha Bample.

As stated In ihe Firat chapter, il was declded 0
carry out this prelliminary investlgation on lower snimsls,
because & longltudinal study of this type 1s mot feasible
on human sgubjects at present. Consequently, 3 sample of
Sprague-Davwley albine rats wus chosen, both becsu2e they
have teen ths speclies used in many previous siudies and be~
cause they are less nervous and easier to handle than other
varieties of rals.

Vore specifically, ilhe sauwple chosen consisied of
sixteen male rats belonging to four litiers born within e
pariod of twenty-Teur hours. The subjects were obtslined

immediately wlfter weenling, ab tha age of twenly-one deys.
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2. The Tools.

In tids section, the tools ewmployed in obtalsdng
the evoked responges tp photlic stimulation will Le described
first. Following this, the apparetug used [or a brighiness
dizordminntion test, g required by tiw secrndsry Lypovhesis,
will be desoribed,

Por the purposes of IEP recordibg, &ll subjects wers
restrained in an E L " transperent ral holder, and iLaeir
head was lumobilized with adhesive tupe. Grags needls elec~
trodes vwere then placed ln the soalp, and the wlectirode leads
were connsoted %o & Tehktronix Ul!ferential Aumpyl)lifler Type
2461, vwhich conteined & Iilier with an attenustion slope
of 6 4b per ootave rull-ofl, set to filter responses 3 &b
down &t 5 ops and &0 ops. This smplifier led to & second
fillter aade in o2 laboratory as an sctive filter with an
sttemation glops of 24 4b per octave roll-off, set 3 &b
down at 100 eps.

This filter was in Wen conmeoted to tLe chamnel 1
ioput of & lour-chamnel ¥ tepoe revorder, and Ly way of ihe
tape recorder's outpul was connented to an oscillicacope and
to a ccaputer of sverage Lransients. The tape recorder,
ogellloscops and aversging computer are deseribod wore
speciiionlly in the paregraphs that £ollow.

1 B¢ ¥ depotes Lhw maulzotusrer.,
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A Thermionic Producis lour-channel F¥ tape recorder
Model T 3000 was used, EBlectricel activity of the uraln was
recorded on one wiannel, and the ti@e o ench phoiie stimulus
w8 recorded on another, The recordsr was sel ol & 3peed of
1-7/4, and Awmpex magnetic tape was empioyed ‘or ihe storuge
£ data,

The dats was averaged on & Nuslesr Jata 10Z4% Entsnce-
tron computer of sverage trensien g, and displayed on a
Te<tronix Dual-lewss Oscllloscope Type RMSGYH, equipped wiliin
wo differentisl amplliiers type 2AL3., The oscll oscope
vas also employed ior monlicrlue & braln waves as liey wore

recorded.
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In order to fuialn e PBY. shol
given by nesns of & Nihen Lholwen phoill. stimalawor Triggered
manusLiy wilh & Rutnerrosd fodel Blh-R pulse generntor,
which was slsc connected Lo the tape recorder and o ihe
averszing compuiar.

A dlezramatic represenisilon of the eguipment de-
scrived in the preceding section is gliven in Floure i
Having now deserived tie eguipment employed in oblaining and
recerding each subject's PEP, the next section is devoies o
the brightness discrimination spparatus used in the present

investigation.
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Figure 1.- Equipment Layout for the Recording
of Photic Evoked Potentials on the Albino Rat.
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Abllity to solve & brightness discrimination problem
was tested using an adsptation of the discrimination box
rirst described by Thompson and Brysnt® in 1955, conslsting
of & starting box, & cholce chamber and a gosl box, the last
twe inter-connecting only by two openings which may be covered
with two windows of different brightness and left locked or
unlocked, The sublect's task in wvach trial is to reach the
goal box in order to eavoid electric ghock,

The discerimination box usged conpisted o) a sterting
box 9 in, long, 7 in. wide and 13 in, high. A siiding gate
separated 1t from the Ve-shaped cholce chamber which was
16 in. long, 11 in, wide &t its widest end, and 13 in. hign.
The cholce chesmber was separated from the goal box by @
wall 13 in. high containing itwo symmetrical b inm. square
windows, either of walch could be locked, Betwsen thLe
windows, & division protruded &4 inches inte the cholice
chamber. The gosl box wasr 15 in. long, 11l in, wide snd 13 ia,
highi.

The spparatus was consivucted of heavy cardhoard
sounted on & wooden base, and its entire inside, except flor

grids and windows, was painted with medium gray onamel.

2 R. Thompson and H. ﬂr;anx, YhGROryY 83 Aﬁtivitj ol
the ﬁalavwnt Receptory, Paschioiocdconl Revorts, Vol, 1, 1vbh,
Pe 3?3’1*0{‘
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The floor of both the starting box and the choice
chamber was covered with & grid maede Irom alpha wire sirips
1/5% in, spart, The gzrid could be electrified at the will of
thé investigetor by wmenns of s Variase suto-transforner zo
88 to deliver a 50D wolty ¥ gup. shock, The grid ssciion
next to the windows gould be sctivated independently of the
grid covering the rest of the choice chamber, The goal box
had a wooden floor,

3., The Experiment.

Stxted in ocutiine form, this experiment consisted
in dividing a sample of albino rats inte twe groups, one of
which was raised Iin an enriched environment snd the other in
an impoverished enviromment. The PEP of each subject was nmes-
sured three times, the occasions being spproximetely a month
apart. After the groups had been thus separated for eighty
days, & discrimination task was sdministerad to all sublects,
Both the PEP and diserimination scores of the groups were
cuzpared by means of t teats., The puragraphs that follow
will cover eac:. of these steps in detall.

To begin, it must be made c¢lear what the writer
means by enriched and isclated or lmpoverished (in the
present study the two terme are treated as synonyms) envirans
ments. An enriched enviromment iz defined here as & lerge
wooden cage, messuring 60 Lla. by 30 in. by 12 in., lined
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completely on the inside with wire gcreen, covered on top
only by & wire screem 11d, filled with wood shavings,
inhablted by & group of eight rata, and contalning a varlety
of playthings., In 1ts essentials, this corresponds to the
free-environment box desaribad by Hymavitch.3

An impoverished environment 1z defined by the writier
as 8 small metal cage, measuring 12 in, by 74 in. by 6% in.,
s slitueted a5 to mllow sdequate light and sir while provid-
ing for its single inhabitant no opportunity to view its
surroundings except briefly vhenever the cage i3 cleaned,
The cage floor 4is lined with wood shavings, This fulfills
the requirezents for envirormental lmpoverisiment eof most
suthors revieved in the irst chapter, including Ereah\gghg;.h

The first step in the present investlgatlion con-
sisted in splitiing four iiiters of tweniy-one-day old male
&lbino rats of the Jprague-Dawley straim into enriched and
impoverighed groups sccording to the split-litter technique
whereby equal mmbersz from each litter were ssaipgned to each

of the twe envirconmentsl conditions. In this way, two groups

3 B. Hymovitch, *The Effects of Exparimental Veri-
atians on Prablam~$al i The pal of Cows

ng 1n tha ﬁ&t"

b D, Krech, M,R. Eosenswelg and E,L, Bennett,
sEffects of aniranmantal Cemplaxity and Tr&iming on Erain
chmmistry” the Wi of Compars an: laioiice
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of elght rats each were obtained, and the experiment was
carried out on enriched and impoverished littermates.

An adequate supply of Master Laboratory Cubes and
waler was provided for all sublectis throughout ithe experi-
mant, based on & seli-feeding schedule. All csges were
theroughly cleaned once a week. 7The exriched group was
provided with the following playthings: an actlvity woeal,
& topless meitalllic labvoralory csage, seversli tuzneis, an
inverted plastic (.ower pot, =zeveral wooden obslaciea, a
brigntly~coiored plastic clown, & mirror and a toy turtls.
In addition, desplite inconclusive {indings on the eifscts of
fondling as reported by innzngar3 and by Denenberyg and

6 gn efiort was mede to heandle all the enriched reis

Horton,
everyday. Helf of the playihings described sbove was placsd
in the snriched enviromment every second weok and lelt tuere
for & week,

The writer wishes o note, in closing his discussion
af the experimentsl envirormments, t(hat at the time of writing
all sixtesn rats sre still living in the conditions desoribed

above, They are all in excellent health, and as s matter o

% G, wainin&ar* "The Bilecls of Barly E&p@wi&m&& on
Eeﬁaviour nnd Grewth Gharaaﬁariﬂuias“ The Journsl o
977 & JiE L BB F L addad b L
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{act sach impoverished rat 13 a little heavier and bigger
than 1ts enriched iittermate, This is in sgresaent with the
results ol previous studles which: report that animals rulised
in {solation are as healthy as aenricled anima.s.

Having discussed difierential environment at some
length, tie writer now wishes to note that each subject's
FRE was racorded three times at monthly intervals. The
{irst record was oltalned two weeks after the experimental
groups had heen formed in the fashion described in the pre-
ceding psragraphs. No PEP was recorded Lefore ihe rformation
of groups, and it is assumed that since asplit-litter tech-
nique was used, the PEP of the two groups did nol differ
significantly at the start or the experiment. The foliowing
paragraphs descrive in detall the procedure wherevy each
subject's PEP was obtained,

The first stepr consisied in plucing tie rat in e
transparent restraining appsratus whicli prevented escape
while allowing it toc breat: comfortally and see t:.e& photlc
stimuletor, After an initial period of violant swruggling
lasting about {lve minutes, the ral was usually quiet
enough tc permit placement ol two needle electrodes in its

scalp and & referance eiectrode in its tail.
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According to publications by ximura7 and by
Piokenhain and Xlingberg,.” electrodes placed twa Lo

four mm, from the midline and five to 3l4 rm. ;osterlior to
the coronal suture yield the Lest eyohen potential recorcs
from ihe rat's striate coriex, Bloce e piresent study did
not lmplant elecirodes surgloally, such gccurscey was not
atiainable, The placsment supgested above was approxi-
mated, hovever, by placing the Iiwo hesd electruvdes btwo mm.
apart, on a sagittal plane half-way Leiween ithe midline

end the bass of the right esr lobe, the posterior elec-
trode Laing wwo to {lve mu. anterior to the inlon depending
on the size of the rat at the iiuwe,

Cnee the elgctrodes were securely in pleace, thoe rat
wrs placed inside s sma i copper-shielded roovm facing lne
photlc stimmlator, which W43 placed 3ix incnss away. The
room was then dsriened, and the PEP to 120 light flaszhes
triggered mamislly al the approximete rals of one gvery wo
seconds wes recorded using toe eguipeoni Jdesceribed in ilhe

precading seciion,

7 D. Kimurs, "Multlple Respoase af the viuunl ortex
of the Rat o Phnti@ BLimuletion®, REC & L43 Reur
phgaiolozy, Vol. 1k, 1962, p. 1152122,

& Le Plokenhslin and 7. Kllagterg, “Behavioural and
cnuﬂgﬁs ﬂmrin@ Avuiﬁanma cmnmi anina to Light Flashes

Y o Wﬁ.» 18’
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While recording, the subject's ERG was constantly
monitored in order to avold stimuleting while the subject
was struggling. If s subject tended to move excessively,
the procedure was discontinmued until it guieted and then
repeated., In this way, myogenlc contaminants were kept
to & minimum. The system of {llters previously described
was thought necessary to eliminate minor movements which
could not be avelded with snesthetizing all subjects
and thereby introducing new srtifacts. The writer's deci-
sion to obtained PEP Irom unanesthetlzed rats is bhased
partly on his desire to avoid the unpredictable effects of
anesthetics and partly on the srticles by Amessisn et al.’

and By Dominc and cgrsaenle

showing that evoked responges
recorded extra-cranlally are not myogeaic in origin.

In order to ensure tnat no record obtained was an
artifact, whenever a subject's PEP seemed unclear a second
get of stimull was aduinistered and ihe second PEP tnus
obtained was compared to the first, Only evenis found in

both and of equael latencles in both were accepted. From suchu

9 V.E. Amasaian, ii,J., Waller and J. Macy, Jr.,
"“Heuronal %enhanism af th@ Primary SQmatoaﬁnsnry Evnpad
Potential®, Anne Lhe New Y \ god &
Vol, 112,

18 B.F, Domino and (. Corgsen, "Visuelly Bvoked
Esapanaz in Anasthntixad M&n with anﬁ witnaut Inﬁucad Muscle
'ﬁ #4540 Fd L3 b & 1 b %41 Al
Yoli., 112,
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cases, the writer concludes thay the records obteined in
the present study sre highly repeatable, and that any
myogenic artifacts are identifiable because Lhey &re not
time-locked to the photic stimuli. It may be added here
that eye-blinks a3 myogenic contaminantis vere ruled out by
observation of a number of subjeets, pone of whom tended
to blink ia time to stimulation,

The first chapter discussed the possibility that
not only muscle artifscts, but also aroussl and pupilleary
refiexes could contaminate the PEP., As regards the latter,
it vas not conaidered necessary to atropinize the eyas prior
to stimdation because the aibino rat lacks pigmentstion of
the iris and thus resembles the condition studied by
Berganini,g;_g;.ll whe found no babituwetion elfects in thelir
study.

The possibility that enriched and impoverished sub-~
Jacts way have become differentially aroused during the
recording session 1s not s easily dismissed. Therefore, an
vlectrocardiogram ¢! emch sublect was obtained immediately
after the photic stimmulation period to serve &8 a measura of

autonomic arousal. Then, group differences in heart rate were

11l L+ Bergemini, B, Bergemssco, A,M, Mombelli and

ﬁ¢ Gandiglio, "Visual Evoked ?etumtiala in 3nbjects with
ngenital Aniridiu", PG and Neu1 iology., Vel.
l?? 1965: Pe 39k,
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assessed by means of a t muatlg

of significance, The velues
obtained for the three recording sessions were t = 1,49,

t = 1,00 and ¢ = 1,12, None of these values i3 significant
ever at the Q.05 level, and therefore no differential
arousal of the two groups is demonatrable through the snaly-
sis of heert rate, BSince Beawartz and 3hagasa13 report
evoked potential changes ouly in relation to maried devi-
ations in arousal, the writer considers that group arousasl
differences in the present siudy are not large enough o
have acted as conteminants,

It was stated in the preceding section that the
evoked responses were averaged in & compuier of aversge
transienta. It may novw be added that the computer was set
to sweep for 250 milliseconds following each stimmiws, end to
add algebraicsily the 120 sweeps given Lo each subject.
Input into the computer waz sel at & maximwm of one volt,
Its output was displayed on an oscilloscope, and wag photo~
graphed with a Polarcid camera for subsequent analysis of
each subject's PEP. Om the photograph, the total width of
the record represented 250 milliseconds. The latenciss of

12 L TC n"ﬂ,}{mw, b
d'0Ottawa, Qttava, 1963, o

13 #, Schwartxs and Q, Bhegass, "Bifects of Different
States of Alertness mu ammahamanaury snd Auditory Recovery
Cycles®, ERG and Clin Reurophysiolopy, Vol. 1%, 1962,
Do 120,

ug, uUniversalts
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all events couid therefore be estimated as tractions of
this, ageinst a grid representing 5 milliiseconds per division,

Impediately after each photograph was obtained. 1t
wes labelled on the back for identification with the guli-
Ject's group and number, and the exact date. Ho markings
were placed on the Iront at the time. When the PEF of all
subjects had been thus recorded on each occasion, the photo-
graphs were shuffied and stacked, snd were then numbered on
the front acoording to tneir position in the stack, During
subsequent analysis they were ldentified by this oumber only,
and the infermation at the back was used only when the PEP
data was ready for statistical analiysis,

At firat, it was the writer's intention to mimber
the various eventis sceerding te latency, and compare the
two groups according to tie latencies of corresponding
events, This, however, proved noi to be feasible, &s the
writer could errive at no truly objective criteria In terms
of which to identify all events in 3ll photographs.

He declded, therefore, based on the hypothesis of
Melzak snd Burns 34 that it 1s the slower afferents which
convey perceptually meanlngful information to the nervous

ih R, Helzak end $.¥, Burns, "N@urmpsychuL@giaal
Bffects of Barly mmwy mawac mw’ Firat Contferance
Relurobiolos Paed s oK BLENS LN 3L LT N g Rotl
yily, »p&fwﬁzﬂ oy waan Te Clenc) a8 "s 0Ll caa, spxico,
| Chfad , pa 37'
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aystem, and on the {indings of 8merb15 that only the later

components of the evoked potential rellect the activity
of cholinergic synapses, coupled with the {indings of
studies on environment and brain chemistry tunat groups
raised In dilTerent environments differ in cholingsterase
levels, to investizate only evenis occurring later than
twenty milliseconds after stimulation, It wes the writer's
further assumption that & meaningiul event should be of
high amplitude and well-defined relative to other evenis
in the same record, and therefore he decided to messure the
ilatency of the svent of greatest ampliitude and of latency
greaier thean twenty milliseconds. An upper limit of seveniy~
five milliseconds was plsced, hecause beyond this latency
it was not found possible to reproduce events reliably,
This conclusion was reached as the resull of a pllot study
on five rats who were not apong the experimental subjlects.
Flgure 2 shows the PEP records of two subjects, and the
latencies obtained asg described in this paragraph.

A8 desurived nere, & FEP latency was obtained for
each subject on esch of three ocvcasions. Based on this
data, the stutistical ana.ysis for group diflerences was

carried out., In tids section, there remains now to discuss

1% J.C. Bserdb, YAvaereged Evoked Potentisls and
chnlinﬁ fia aynaysea in thw aﬁmatmaenanry CQrtax,mf the Caty,
il rophysielogy, Voi. 13, 17685, p. 1hs,
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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.
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the discriminstion task which was given to #ll subjects
after ell PEP data had been obtained.

The [irst step was 1o construct a dlscrimination
183t according to the specifications glven in the preceding
section., Followlng 1ta constructlion, two days of pre-
training were given, For the purposes boih of pretraining
and of testing on 8 black-wihlite brightneas discriminatien,
eaah group of subjects was divided in two, and for con-
venience half of all the subjects wes tested to criterion
before the pretraining on the other halfl was begum. As will
be seen later, the writsr decided to do a separate statis-
tical ammliysis on each of the sub-groups thus formed, because
tho wire used for the grids was ahanged in favour of a
stronger wire foliowing completicn of testing on the first
sub-group.

The first day of pretraining consisted in teaching
each subject to go from starting box te goal box in order
to avoid shock, The subject was placed in the starting bex
and the barrler separating 1t from the cholice chamber wss
11fted, If the sublect falled to leave the starting box
within five seconds 1t was given a brief shock., Tweniy
seconds later, L{f the subjlect hed not crossed from cholce
chanber to gosl box turough the openings separating the two,
which on ithis day were not covered in any way, 1{ was again
saocked. Eack trial esded when the subject reached the gosl
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3

tox., All subjecta were trained on the first day to a
ariterien of three consecutive arrivals st ilhe goal tox
without the aid of shock,

The secend day of pretreining was similar to the
first except that now the openings between cholce chamber
and goal box were covered with two cardboard windaws painted
with vertlesl black and white stripes. Both windows were
unlocked, and the subject's task was now Lo push elther
one opan in order to gain access 1o the goal box. Ho
atteapt was made to eliminate position hablts. As before,
all subjects were ireined to & criterion of three conse-
eutlve arrivals at the goal box without the ald of shock,

On the third day, testing on & black-vwhite discrimine-
tion began. How, the openings between cholce chember and
Boal box were covered ome wiih & whlte cardboard window and
the other with & black cardboerd window. The positions of
the two cards were aliermated agcoprding to & prearranged

10 The white card constituted the positive

random sequenca,.
stimalus. It was mever locked, and the grid imwmedimte:y in
front ©f 1% was never used in shock the subject. The black
csrd wes slweys locked, and whenever & sublect either
touched 1t or stood next to it for more than two seconds, Lt

wks shocked.
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During the testing perlod, the exact procedure lor
administering each trisl was as [ollows: The subliect was
placed in the starting box, and the gate separating 1t Irom
the sholce chamber was lifted. Fallure to leave the start-
ing box within five seconds was followed by a briel suock.
Failare to choose one of the two windows within twenty
seconds wag fellowed by & wrief series of shocksy which was
repeated twenly seconds later if{ necessary. I{ the subjisct
ehose the black window, 1 was suocked and toe triel wasg
sarked ingorrect. If it chiose the whilte window 1t wasg of
course allowed access to Lhe goal bex without shock, and the
trial wes marked correct. %he intertrial interval was Lept
constant at forty~-five seconds,

Bach subject was given elght trisls dally, until 1t
reached & criterion of six consecuiive correct trials in a
single day. Wwhen criterion performance was altalned, the
score was marked as the totsl ausber of itrials required Ly
the subject, 7Tne scores thus obtained wers anslyzed accord-
ing to the statistics desoribed in the last section of this
chapter.

k., Anslysis of Data.

The procedures wherevuy the raw data of this study was
pualyzed have slready been described., It suliices in ibis
section to state tue independent and dependent varisbles,
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and then to recapltulate the eloromentilioned procedures
brief

The independent variable in the present study
consists of ihe enriched and impoverished environmentis
into which the suclects were divided al Lie start of the
experizent, and in which they were ralsed. No control
environzent wes considered necsssary, becsuse the wriler
is interested in differences netween the iwo groups only,
ané not in thelr relationsbip to rats Lroughl up in &
*normalt environment,

The principle dependent verisble studled ln tie
present investigation is the FEP, and more specificslly
the latency of trat component belween twenty and seventy-
five milliseconds after stimulation which exhibits the
grestest smplitude Iin each PEF photograph of emch subject,
This data 18 expressed in miliiseconds,

4 second dependent varlable 19 each sublect's score
on 4 brigatness discrimination, expressed as ihe Lolal
numbar of trisls required i reach s criterion periormance

of 8ix consecutive correct trials in e single day,
e Bimtistiocel Analysis.

In keeping with the purpose of the present investi-
gation, which was winply 1o look for significant diflerences

batween two groups of rats in thelr DPEP on thves oocasions
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and in their Adlscriminatory sbility on one ocrasion, it
was declded that all these dJdiitferences couwld be velidly
assessed by means ol a simple t test.

The twe groups were formed at the start oV the
experiment using the split-litter technigque, and therefore
cannot be assumed to be indapendent of esci other on the
veriables messured. Ths followlng t test formula, ss
suggested bty Daynsw,l? is therefore employed:

N T

X(D—‘:%)“

It has been the aim of thls chapler to describe the
ssxple and tools used in the present study, and to discuss
in detail the experimental proczedures and analysis of dats,
The resulis of the eiperiment will be presented and discussed
in tke following chapler,

17 Dsyhaw, Op. Git., p. 36h,
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CHAPTRR IXI
PRESENTATION AND DISCUSSION OF RESULTS

This 18 tue final chapier, devoted to Lue presen~
tation and discussion of the resulis of tnis experiment.
During the discugsion, an effart will be mede to point
out the implicaticns of the present study in terms of
furtier research in this lmportant srea.

1. Besults of the Tests of Significance,

In tils geciiony the null hypotheses stated in
chapter one will be repested, and the statistical resulis
will be presented rollowing sach null aypothesla,

The major hypothesls ateles ibai when a group of
rats reised in an impoverished environment is compared to
e group reised in an enriched enviromment, no signilicant
differences develop in tie photic evoked potentials of the
groups during the first three months ¢f 1lie.

In secordenve with the procedures discussed in
chepter two, all FBF data wvas measured in millliseconds and
in reference to the lasiency of thal componeat In each photo-
graph which wes of greatest amplitude and betveen twenly and
seventy~five willlsgconds in latency. Qoe JEP measure was
tius obtalned for every subject on esch of three coussions,
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In order to test the whjor hypothasis, & wmean
latency measure was ouviained for sach of tue two experimen~
tal groups on each of the three occaslons during which PEP
was recorded, and eacr time Lhe group means were compared
using a t test, On the firsi occesion, which wes iwo weeks
arter the start of the aexperiment, the wean PEP latency o
the enriched group was 37.2 millisecondsz, that of the
impoverished group wes bé. b milliseconds, the difference Le-
tween the means wes %.2 milllaeconds, and the t test ylelded
& value of 3,9%, which is significent beyond the C.Cl level,

Cn the second occesion, which occurred lour weeks
later, tnhe mean PEF latency of the enriched group was 37.5
mtlliseconds, that of ihe lmpoverished group was 57,8
milliseconds, and the difference tetween the two wes now
2C.3 milliseconds. The L lest for this difference gave &
highly signiticant value of J.ld. This is significant be-
yond the C,0C) level of probabllity.

The third and last PEP records were obtalned four
weeks after the second ocession, Thls time the mean latency
velues obtalned were 42.7 milliseconds and “2.2 milliseconds
for the enricred and lmpoverished groups respectively. The
disferance celween these values was found to he 10.0 willi-
seconds, and the t test ylelded a value of 5.20, which was
also significant beyond the G.0CL level oy probatility.

These regulis are presented in Teble 1.
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mhlﬂ I~
Comparigon of Mesn Photis Bveked Potentis) Latencies® in
Rnriched and shed Groups of Rets, Using a ¢ Test

for the Bi cance of s Diflerence Betlwsan Xeans
of Hon-Independent Small Groups.

3 R 7 AL A i O A Tl B 3O it B o e W P A A 1452 AT M S A AL P SN TS T4

Occasion® Rariched Tmpoverished Differemce & Signd-
GEOUR of Heans ficance

Pirst & 3.2 & W.b ded 34590 30,01

Second & 3.8 & 57.8 2C.3 H.1% 0,001

Third 8 ha,2 8 2.2 10.0 .26 0,001

s e T M o O B A . 3 e Sl A et S O Sl 7 P AW S AT R0 Y Y A S AT s A S -

8 lwan Photic Bvoked Potentisl lLatencies ave
measured in milliseconds foliowing the onset of photie
stimdiation.

b Bwvoked potentisals were recorded on three
occasions, the first, two weoks after the start of the
axperinent, and the nuxt two at four-week latervals.
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Although the discussion of resulis helongs properly
in the next section, the writer wishes at t.is poinz to
suggest that these significant dilferences in [EF, whlle
they are encouwrsging, wust be treated as preliminary Iind-
ings to ve verified In a further study, especislly vecause
the even!t which the writer has chosen to study does not
correspond to the events which have veen correlated with
humen inteiligence. In & positive tone, the writer wiszhes
to note that, tased on the resulis stated in the preceding
paregrapha, the major hypothesis of this investigation
mist be rejected,

The secondary hypothesis, in null form, states that
when a group of rats ralsed in an lmpoverlshed environment
is compared 1o & group raised in an enriched environment,
there are no significent differences in the sbility of e
groupa to solve & brightnesss digscrimination problem st the
age of ihree months,

Aocording to the procedurss described in chapter iwo,
a black-~white brightness discrimination problem was adminls-
tered to all subjects after sll PEP dete had heen gathered,
and in this way each subjlect obtained a digcrimination svore
rapresenting the totsl number of trisls it reguired to reacnu
& criterion of six consecutive trials in s sipgle day.
Since, as the writer has staled in the second chapter, the

subjects ware tested as two sub-groups escn comprised of
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enriched and deprived rais, and since vertain unaveldable
repairs were performed on the discriplostion apparsius
celore testing of the second sub-group could proceed, it was
declded to compare the enriched snd deprived subjlecis of
each sub=-group sepsrately. The stadsilcasl comparison con~
gists of & 1t lest Jor the significonce ol & difierence

ef means,

In comparing the first sub-group, it is Tound that
the enriched subjiects obtained » mesun score of 6h.5, while
the deprived subjects oLtained a mean scors o W5,2. The
difference between these velues is 18,3, and the ¢ test
yields a velue of YL.U&, This is signiflicant, bheyond the
C.CLL level of contldence,

A slailer evaluation of ilhe second sub-group dis-
c.pges that the enriched sublecty agaln ranked below tue
deprived, slthough there was & shilt in the absolute peoores
of both groups of subjects,. The mean nov ohtalned Ly the
enriched rats was 4.2, that obtsined Ly the deprived was
32.6, the difference teiween the two means was 1l.h, and
comparison through a 1 test yleldod s walue of J0ié, This,
in genera. agreewent with ke resulls cllained om the irst
aub-group, s sigaifican! at the C.U5 level ol probabllity.
Tevie 11 presents all discriminatioen test resulis.

The parsdeoxical resullis of the dlgcriminatlon test

will be discussed in the next section, It is noted here,
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Table II.~

Compariscon ¢i —ean Brighiness Discrimination Scores™ in
Bariched and Impoverished Oroups of Rats, Using a 1 Test
for the 8ignl ieence of s Dirfsrence Between 'wans

of Non~-Independent Smull Groups.

B e e s e it d

Sub=-Group® Burichesd od Difference t Signi-

ol Hesns i cance
First o ol.k b hg,2 1ael LLLLE D000
Second PO P T O ¥ N 11.% 3.06 >0 ,0v

a %The subjacts' were oblalimwd o 8 Ligci-wid @
brightness discrimination, as the toial number of triels
to resch & criterion performance of #ix congecutdve iriels
in onue day.

L Tue experimental subjacts were itested as two
sub-groups whiech were noi subsequenitly pooled bLecause
the spparatus used to test Lhe two 3ub-groups was not
identiceal,
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that the over-all resuits of tue second sub-group were
lower than those of the first. The writer atirilutes thiz
difference to the ilmproved wire grids employed when testing
the second sub-group. These grids were of heavier alphe
wire, and probably delivered a more powerful sbock even
though the current delivered was always 0! 5C volis and

5 amps. Before the nev grids were instulled, 1+ scwetimes
happened tuat the subject's urine caused s temporary grid
failure, and thls efiect swy have been more detrimentsl

to performsnce of the enrichesd group than to that of tne
impoverished., However, the direction of greup 4ilferences
was thie ssme for both sets of trisls, and tnis {inding is

therefore accepied at the U.0% level ol confidence,
2o Discussion oo Hesul Ls,

The three t tests applied to the PEP data showed
significant diiterences. O(n the assumption, therelore,
that tne groups were inltially equivaleni because they had
been formed by the split-litter technique, 1t is concluded
that differential snvirormaert hes & measurable effect on ihe
PEP. This i3 a reasonable conclusion, in view of the {inding
by Szerb> that drugs which affect the activity of

1J.C, szerbhaﬂgvarzged Evokead Pateatiatf agﬁ Cholli-
n@rgic 8yna saa int omR tozensory Cortex of ithe Cat®,
gk B Aata ,V‘ s - Ak S 17 B8 4o, l‘,- 2R V’ﬁlt 18, i "6_;! s Po» l}ﬁ“j.
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reetylcholine in the braim have messgursble effects on the
later components of the evoled responses in cats, coupled
with the resulis of u series of studies by Krech,
Bosenswelg and co-authwra, which s.ow that differential
environment allects the chololnesterase leve.s in the brain,
8ince cholinesterase is a physiologlceal avetylcholine inhibi~
tor the level of which rlses whenever l.ere are increases io
acetylcholine activity, it was the wriier's eéxpectatlion tnat
differentlial anvirommanti would hsve measurable effects on i @
later components of the IEPF in Lhe albinoe rat. Statisticsl
rejection of the major hypothesis confimms tlis expectation.
The expectation of JPEP diflerences belwsen senriched
and impoverished slbino ravs did not stew from the above
source slone, however., Ii has tgen conuluded ﬁymmvitahg
and & mumber of subsequent lavestigators of ditierential
environment that the besic effgct of such enviropmentasl
difrerences is upon the development of perceptusl organiza-
tion. selzsk and Eurn$,3 in apparent sgreenant with ihis

poslition, propose & neursl wode! which suggests that as a

& B, Hymovitch, "The Bifecis of Eh@&f”&ﬁﬂi&x V&riw
atinns on ﬁrabiﬁm~ﬁul i s rpal of Com

ng 1n Lig ?at”

3 Re Melsawi and B.2, Burns, ?@urwpayctale@iami

Effaaas of E&rlj Eanﬂary aatrietimn.* ;mra; ¢ r"T{\y 28
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ool edad Zﬁ?ﬁcana d& CLencias Fi9i0108 ﬁas, T may Lﬁ-
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result of prolonged restriciion tiere ig ipadequate [ilier~
ing of sensory luoput based on memories of stimull whlon were
previously relevant, and consequently the tolal 1lmput
reaches the cortex anmd Ly its very sagnitude prevents dis-
erimination of stimuli. The authiors suggest thal there are
differences 1n EEQ varlables Letween normsl and resirvicted,
and extrapelating from thelr suggestion the wriler expecis
differsnces in the later components ol the PRY,

However, bslore an explanation of JPEI in teras of
development of perceptusl orgenlzation can bs accepted, it
must be demonstrated that enriched aud impoverisned sube
Jects differ in abllity to solve & discriminetion problem,
such a difference being in favour of the eariched group,
Previous fiadings on this tople are by no neans unanlmous.
For example, relzak and Eurn@h found that restricied dogs
hed greater 4ifficulty than enpiched dogs In disorimineting
between & black card and & wihilie one. O the otner hend,
Bingham and Grifrithag found no differences in the sbilities
of rats raized in differential enviromments to solvae g
brightness discrimination problem using tiw Lasbley jumplng
stand.

if Mig P QU?‘“,}O?t

5 %, B, Bloghan and W.J. Grifiiths, Jr., "The Elfliect
of Diffevent Emwiranmanim ﬁurimg»xnfmumj an &ﬁaitrﬁﬁh&%imur
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In view of such conmflicting resultis, therefore, it
vwas decided to administer a black-white brightness discrimins-
tion problem to all subjectis used in the present study, It
was found, contrary to sxpectation, that the impoverished
subtjects obtalned significantly betiter scores than thelir
enricihed littermates, 8Bince, as nas been polnted out, pre~
vious studies of enviromsentizl differences have ylelded con-
flicting resultis on discrimination tests but have almost
universselly found enriched animasls to be superior problem-
solvers and lmpoverished animels to be inferior probles-
solvers on a large variety of behavioural tests, the writer
feels that the discrimisation swres cotalined heres reflect
something other than genuine abllity disferences between
the experimental groups,

The mozt probable explanetion Tor the paraedoxical
results of tne discriminmtion test usmed in thisz study 1z as
follows: Por three months prior to the administration of
the diseriminrtion test, the enriched rets wore storing in
thelr brains traces of the stimull with which they had
daily contact, while the impoverished rats had very little
opportunity for sudh memory storage. Bimilarly, when the
test was being edministered, the enricned rats enjoyed a
greater weslth of sxperiences Lelween sessions tran thelr
impoverished littermates., The weriter suggests that, while
the more complex snvirvament epjoyed by the enriched group
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T

contributed te their grester cerebral deveiopment, it slsen
provided a scurce of interference with the retention of ihe
brightness discrimination tesk, an interlerence which did not
exist in the impoverished subjects, thereby permitiing thes
to obtain higher scores, and obscuring true ability differ-
ences between the iwo groups.

The interference of which the writer speaks in tne
preceding paragraph is called prosctive inhibition when
referring to interference of prior experlences wiih ihe
retention of & subsequent (ask, and reiroscilve inhibltion
when referring to interference with retention of & lesk
by subseguent experisnces. According to D&na»,ﬁ both
proaction and retroaction are important factors in explain-~
ing forgetting. In the present astudy, it is moat probsble
that they vere responsible for s higher rate of forgetting
o5 the part ef the enriched subjects, and thus explein the
lower scores cbtained by this group. This probabilidy is
increased by the finding o: Thompson and Bryant! that
retroactive intiblition has & messurable elfecl on the dls-
erialastion learning of rats.

6 J. Qﬂﬁﬂﬁ, A8 BN GLOL OR)
ﬁeﬂ Yﬂrkg 1&/‘5‘}’ P ?2*

7 R« Thompson and J.H, Bryanl, "emory &3 Affected
by Activity of the Helevant Recepior™, Psyshiologicsl Repor
Vol. 1s 1955, p. 398-3%9,
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It remains the tesk of future research to devise
measures of perceptual developument in lower animals wialch
are free from the aforementioned iphibition eflectz, In the
meantime, it is not possible to conclude with cerisinty ihat
differentlial senvironment has its basic effect on the develop-
ment of percepiusl eorganizetion. Thereflore, the writer
interprets ths PEP differences beiween enriched and impover-
ished subjects in terms of differences in the sctivity of
cholinergic synepses, besed on the group of studies inm this
sres wilch heve ceen reviewed and digscussed previocusliy.

To compliete the discussion of resultis, it must be
added tuat the latencgy of the PEP event studied was aigni-
ficantly shorier in the enyiousd group than in the impover-
ished group. This confirms the writerts axpectations,
based on previcus ptudles whlch bave demonstrated the be-
havioural supsrioriiy of emriched animals, on tne {imdings
ol studies relating intellligence 10 evoked potentials that
the latencies of more mw:!,ligmt subjects are shorier, and
on the finding of Bradley M thet cretinlzed rats,
wihileh are belmviourally inferier, exhibdited longer latencles
in thelr evoked responses than contrel rats, Any atlempt
te explain why diminished sctivity of cholinergic aynapses

8 p.p, Bradiey, J.T, Bayrs and H,M, Richerds,
"Factors Inrwmmg antmla .’m Niormal and Cretinous
m;g; REC and cl ysiglogy, Vol. 17, 196k,
Pe
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ig associsted with lengthening of FEP istencies la, however,
beyond the scope of this project, slthough 1: 1s certainly
& valid toplc for future research,

The finel peragruphs of this chapter will have as
their aim to suggest areas in which related luture resesrch
projects vould be particularly desirsble,

This is & prelimimary study on a small nusbeyr of
subjects and, particularly because the event mmalyzed is
not the same as those anelyzed by previous investigators,

a replication on & second group of slbine rats would be
highly desirable, It would be desirable for such & study

to enaiyZe the PEF through & sero-~crosalng analysis, as
described by Ertl,9 gince tols technique would nmake poszible
the objective measuresent and oomparison of all significan’
events in the evoked responses, sand thls dete could be more
thoroughly anslyzed for group differences.

Becondly, ths writer hes obgerved thal, al though
all the sutjects remained heslihy througliout ilhe experiment,
the impoverishwd rats (ended to grov faster itlan the enriched.
This suggesis to him that there mey be physiologlceal differ-
ences tetwean the groups, for example dif‘erences in endocrine

functions, which may be worth future study. It is only

P Ju P, Brtl, "Bvoked ?at@nﬁial E@Q&V@mj frma Tapa
Recorded Zers twaﬁuinga 0 the s BEEC and 14 X1
phrsiologys Vol. 22, 1667, p. 630e53is
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through & series of related studies that & Lhorough degcerip-
tion of subjects relsed in difterent environmenis mey uve
achieved. Such a description seems valuable in attempting
to explain evoked potential differences, since it is known
that various syetems in the organism, especislly the nervous
and endocrine systlems, exeri s sutual influgnce on enc.
other.

Finally, for reasons wilch have bean presented in
an esriler section, tne behaviour of snriched and impover-
ished animsls when solving discrinmingtion problams warrants
further investigation.

The wrlter wishes to end this chapler with the
statenent t(nat, wvheasver an attempt is made to link two
variables of grest complexitly, such as enviromment and FEV,
conclusive findings are to be expecied [rom & series of
related ztudles rather than from & singls investigation.

The present study 1s the {irst of such a series.



SUWHARY AND CONCLUSBIONS

The present study was designed to assess the eiflects
of differentisal snviromments on the photic evoked potentisis
of albino rata during the first three months of 1ife, and
secondarily to check whether ithe two expsrimenisl groups
differed, atl the end of ihree months in differential enviroo-
ments, in thelr abllity o solve s Jdiscriminetion problem.

The major hypothesis that was tested stated that, when
a group of rats raised in an fwpoverished enviromment is com~
pared to & group raised in an enriched enviromment, no sigai-
{ficant differences develop in the photic evoked potentlals of
the groups during the firgi three montks of liie. & secondary
bypothesis was a.so tested, which stated thet, when & group of
rats raised in an impoverlshsd environment iz compared to &
group ralesd in an enriebed enviromment, there are no signifi-
cant differences in tiue abllity of the groups Lo solve a
brighiness discrimination problea at the age of ithree months.

The t test was used ap statistical test of signlfi-
cance for both hypotleses. The resulis of both were statis-
ticelly significant, and both hypotheses were relected. The
direction of tre difference Iound was a9 expected in the case
of the mpjor hypothesia, but in the case of the minor hypothe-
sis the impoverishiod subjects obtained better resulis, pro-

bably due to praacilve emd relroactive innduitlen,
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experisnce, the suthors review relevant literature and dis-
cuss previous rindings. %The view is sdvanced that the
basic elfects of differentisl enviromuent are upon the
develeping verception of the animal.

Beanett, B.L., D. rech and MR, Aosenswelyg, “Reli-~
ability and Regional Specificity of carebrnl ﬁrreuts af
Bavironmaatalv,~.n1axity anﬂ Traanins" Jouine el

Amassian, V.B., H.J. waller, and J. Hacy, Jr.,
mnim of  the Prigary é

amatnsananry Evaxaﬁ

This is s recent publication by the suthors of a
series of swdlies on the sifects of environment on Lrain
structure end chemistry, whlch concludes that the chemical
and anatomical effgols of esriy expeérience are highly
repeatable,

Bergsamini, L., B. Bergamasco, AM, Mombelld and

G. candiglio, “Viaunl Evmkaﬂ ?atﬁntiais ia Subjents uitn a
ngend tal &niriaia“ ERG angd Haur 3

V’ﬁlt 19, l%}g 3?

The aut rn prnpuua thet the observed habituastion of
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s stu bnaed on the nrixinnl findings of Hebb,
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X based on earlier work {n tols sres by
Rymoviteh and ?uraayu. It coneludes, on the basiz of four
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in the absence of akeletal muscle paralysis, they conclude
that myogenic components sare negligible,

G

Edwards, H.P., ‘%%? h%;ﬁ Inxﬂlliganca ina
Sample of Cultural—?auil Dafi nts®, unpublished Master's
thesis presented to toe Faculty of Paycnelegy anﬁ Education
of the University of Ottawa, Ontario, 1965, vii-h7 p.

A revievw of the sttempis to find a relstionship
between standard ggg variables and intelligence constitutes
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BIBLIOGRAPRY &7

neurological model which hypothesises that in the restricted
snimal sensory input cannot be adequately filtered since it
bes no memories of relevent stimuli, and in consequence its
ability to discriminate iz inferior.

Pickenhmin, L. and F. Rlingberg, "Behavioural and
Changes Durlng Avoidance Conditioning to Light Plashes
ﬁ]‘ R‘&gx,t :: b BOG L1 2 L] -f,-’v AN A N § R R s, ﬁ,. , vgly 18,

1965 P - ”

" “'whis articie is relevant only in that it shows thet
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In this study oan the effects of envirormeni upon
vrein chamistry, the sutbors report that emvriched and lamclatled
rats differ in chwlinesterase activity, cortical/subcortical
cholinegterase ratic, amnd brain weight.
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experimental period are the same &3 would have been obtained
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eriticsl pericd during which the el fecis of differential
gnviromments are most pronounced.
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enviroomental restriclion resulis in inferior perforpance,
snd attribute this to lack of esr.y percveptusl experience,
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addition rinds +hat the eligcls . esr:y environment qra

fer wore important ror later provlew-solving sollity then
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it, the interested reeder wma&y rind 2 review of the ilitera~
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PHOTIC EVOXED POTENTIAL LATENCIES®

2

Subject Five WﬂﬁhﬁB Hine Weeks Thirieen weoks
1-E & 37 by
2-E 3 3 o2

-E 3 3 3
-3 3G . 3%
5B 3% 3 37
6-% 3¢ @ “
7 "E 3 5 }‘5 '3 3 2
=B 3e L 55
1-1 42 53 51
2-1 7 62 53
-1 2 b7 5L
-1 k7 &6 5C
5-1 32 50 60
6-1 ¥ e 57
7e1 fi7 WS 3
o~1 52 50 &

1 A1l lstency readings ere ghown In milli-
seconds.

2 Tnroughout the expariment, each subject bore
an 18entifying oumber. The lelier E signililes 8 sub-
lget from the snrighed group, while I denotes an
impoverishad subjeot,

3 The number of weeks represents the sciual
nge of ibe subjects when each photlc eveoked potential
record wes obtained,
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BRIGHTHESS DISCRIMINATION SCORES

it

- — T 1 e

l #
Subject Bocore
A)~E 20
AZ-F o2
AS~-E 5
Ad~E 7¢
AG-1 L
Ab=-1 b
A7~1 Ly

I Lé

1 Bacl subject bore an identifying number
rougnout the experiment, The letiers B ana I
denote enriched and lmpoverished respactively,
while tie letiers 4 snd B danole subgroup A and
sSubgroup B% wiiieh were tested on somewhat diflerent

varsions of the disc¢riwmination spparatus.

2 The zcore puown represents the total
nusher of triazls reguired by emch subject to reacn
& oriterion performance of alx conzecutlve correct
twrinls on 8 Liack-white brightnesszs discrimination.
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ABSTRACT CF

Tels is & iongltudinal study wilch has &g itz pri-
Bary purpose to gssess whether the early envirommenti in
whici. an organisw is ralsed has measursile elfecis on ihe
photic evoked potentials recorded from its brain., Its
findings are to ve considered as preliminary answers,
providing clues for further regesrc., The importance ol
the tople stems from the faci thet, in the lizht of recent
findings, the photic evoked potentialsg recorded from L .e
luman brain appear Lo Le & wvalld physiologica’l measure of
inteillzence.

The subjects for iLhe present investigalion wers a
sample ol Sprague-Dawiey &ibino rats., They were separated
at weaning inte two groups, end one was ralised Iln an
enriched environment while the other was ralsed in an lm-
poverisned environment, to Lhe gge o liree wonths. Turing
this tlme, tlhree records of thelr puotic evoced potentials

were obtained, at moniuly lotervels. 4L the and of LLrae

i 1,2, Bdvwards, doctoral tneslis presented Lo tue
Faculty of Psychology of the iniversiiy of Otisws, Cnlario,
1967, viii-73 p.
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montng, aill subjects were required 1o solve s Lrighiness
diserimination problem.

The major hypoihesls tesled stutes Lhat ween &
group of rats ralsed In an lmpover lshed enviromuesnt 45 come
parted to a group rsised in an enrlched environment, ao
significant differences develop in the phollc gvosed poten~
tials of t..e groups during tie first . ree montbs of 1i:c,
A significant latency diiierence was found, and on this
basls the writer rejlecls the major Lypothesis.

A minor wypothesls walch was slso tested states
that waen & group of ravs raised in an iumpoverished enviren~
ment is comparaed to a grouy ralsed in an enrichwed environ-
ment, taere are no significant dil.erences in Lthe abllity
of Loé groups Lo solve a wrighiness discrinminetion probles
at the age ov three montihs. Blgniiicant diftierences wers
found, out contrary o expectation the Lmpoverished sullec.s
proved beiier proilem-solvers, Tiis is inverpreied in lerms
of proaciive and relromctlive inhibitlon heving a deirimentsl

effect on the performance ol the enriched group.



