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ABSTRACT 

, Six experiments were designed to determine whether stereotyped be- {~~ 

havior produced by amphetamine-Injection (AMP-SB) Is Influenced by factors 

known to affect the stereotypies of mental Iy'retarded and mental Iy il 1 

persons. Three experlments demonstrated that the incidence of stereotyped 

behavior was a monotonie increasing functlon.of amphetamine-dose'. The 

Interpretation of these studies emphaslzed the importance ot the Ss' 

arousal levels ln determinlng stereotyped behavlor. Two studies examined 

the relatlonship between environmental novelty and AMP-SB. AMP-SB was 

lower among Ss placed into nove 1 ~hvlronments than among ~$i~l~ed into 

tamil lar envlronments. The abi 1 Ity of nove 1 stImuli to evoke exploratory 

responses incompatable wlth stereotypy was suggested as the basls for 

thls effect. This interpretatJon was supported ln a final experlment. 

whlch observed exploratory behavior and ganeral actlvtty, as wei 1 as AMP-SB, 
If 
in $s e~pased ta a nove 1 stimulus I~ an ot~~rwtse feml 1 lar envJronment. 

~p • • 

A Il 6 expert ments-,were t nterpreted as' sup~'':'tl ng a un 1 f 1 ed conception of 
. 'J 

amphetamtne-produced and pathalagtcal stereotyped behavlors. 

, 



" 

" "e' ~ • t 

" 

l 

/ , 

Résume 

.... ---.... - -----
fix ces furent\effectuées afin dejdétenniner, si le comportement 

sté~otypé produit par l' inj ~tion:d "amphétamine (CS-AMP) est infJuencé par 

des facteurs connus pour mOdi~~er les cQmpor ements stéréotypés chez les 
\ 

retardés et les malades mentaui. Trois expéfiences ont démontré que la 

présence de comportements stéréotypés étaiti'fonction monotone croissante 
'il ' 

de la dose d'amphétamine. Les expériences nt été interpretées en insistant 

sur l'importance du niveau d'activation dads la détennination'd~s comporte­

ments stéréotypés. Deux études ont examin[ les relations possibles entre F 1· 

/ 

1 

la nouveauté de l'environnement et le cs-4Mp. Les résultats ont montré 
1 

qu'il y avait moins de CS-AMP chez les raks placés dans de nouveaux , 
environnements que chez les rats 

Il fut suggéré que cet effet est 

d'évoquer des réponses 

stéréotypés. ,Cette interprétation 
1 

on furent observés le comportement 

CS-AMP chez des rats exposés 

ans des environnements familiers: 

capacite des stünllii nouveaux 
1 

ompatihies avec' les comportements 
, 

s~PQrtée par une dernière expérience, 

lorat~jre, l'activité générale, et le 
) 

ulus, nouveau dans un environnement 

familier. Les 6 expériences furent nterPretées en support d'une conception 

unifiee des comportetnents produits far Il amphétamine et des comportement 

pathologiques steréotypés. ! 
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Preface 

STereoTyped motor acts dominaTe the behavior of persons suffer-
, { 

Ing from many tv.pes of psychopathol6gicar conditions. Although 

severa 1 facTors known to affect the i ne i dence of stereotyped 

behaviors have been idenTifiéd, the underlying organlzational 

prlnciples qhd the physlological mechanisms involved remain uncrear. 

StereoTyped behayior of similar appearance is sean in normal organisms 

fol lowing amphetamine injection. Despite progress ln clarifying the 

means by which amphetamins influences brain processes, Iittie Is 
1 

presently undersTood abouf the relaTionship among amphetamine dosage, 
, 

envirofimental variables, and the resultlngjstereotyped behavior. 
Il 

The'work reported in This thesis represents an effort to determine 
/ 

The effects of amphetamine dosage and of environmenTal novelty on 
J> 

amphetamlne-produced stereotyped behaviors. Bath the incidence and 

form of stereotyped behavlors were found to be Influenced by amphe-
. 
tamine dosage in severa 1 rat stralns. In additIon, the exploraTory 

behavior evoked by nover stimuli effectively reduced the incidence 
'" > , 

of stereotyped behavfors. Because similar effects have been found 

in studies of pathological stereotyped behavlor, the present findlngs 

were interpreted as supporting a unified conception of pathological 

and amphetamine-produced stereotyped behaviors. 
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1 NTRODUCT ION 

Pathological stereotyped motor acts are a common characteristic of many 

c linical conditions in man. Stereotyped complex hand movements. repetitlve 
, 

self manipulation or muti latlon, repetltive rocklng or head roi 1 ing, and the 

assumption of bizarre 11mb or body postures have been Vrequently described by 

those working with mental Iy deficient persons (Berkson, 1967), disturbed chi Id-, 

ran (Lovaas, 1967), and psychotlc adults (Itl 1, 1969). Because these behavlors' 

are 50 striking in their extreme manifestations and because they are sean ln 

such a wlpe variety of cl inical conditions, they have elicited a certain amount 

cf interest. Early cl inlcal reports of stereotypy yiel?ed suggestions that 
1 

these behaviors were caused by such varied factors as genital masturbat,ion 

(Potter, ~927), maternai deprlvatlon (Spitz & Wolf, 1949), a need for kinesthe-
1 

tic stimulation (Kulka, Fry & Goldsteln, 1960; Casier, 1961), a need for tension 

reduction (Lourle, (949), movement restralnt (Levy, 1944), or a need for stlmu-

1 at 1 on in an unst i mu 1 at 1 ng env 1 ronment (Levy. 1944; Kaufman,' 1963), 

More recent studies of ster90typed behavlor ha~e concentrated malnly upon 

dlscoverlng condItions or experlmental procedures which infl~~nce the Incidence 

or Intenslty of stereotypies. While such studles have successfully isolated a 

number of the factors whlch Influence pathologlcal stereotyped behavlor, they 

have contrlbuted Iittie more than thelr predecessors dtd to our understandlng 

of the orlglns of stereotyped behavlor or of Its' possible slgnlflcance (Berkson, 

1967) • ------- --- ._~- ---- - ~ -

The dJscovery that stereotyped behavlor can be produced ln nonmal humans 
1 

and many animaI specles by hrgh doses of amphetaml n~s CRandrup & Munkvad, 1967~',." 
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has lead to a number of psychopharmacologlcal studies who~ aim has been "t0'~ 

discover the mechanisms by whlch amphetamine proiuces this behavi~r. Wh! le 

much work remains to be done on this problem, much progress has .. been made~'În 

learning the characteristics of drugs whi'ch produce stereotypies_'(Biel~, 1970),,<111 

and their modes and sites of action (Randrup & Munkvad, 1972). 

The common characteristlcs of pathological and amphetamine-produced 
,1 

stereotypy have gi ven ri se to specu 1 ati on that they may share some common 

mechanisms (El 1 inwood, 1970). There is hope that the investigation ~f these 

amphetamine-produced stereotypies wi 1 1 aid our understanding and treatment 

of indlviduals whose behavior is dominated by stereotyped be~avior, but ~he 

degree to whtch amphetamine-produceG! stereotyped behav'iors wi Il prove to be 

a useful mode 1 of patholbgical stereotypy has yet to be determined. 

This thesis addresses Itself to one part of this question. The work 

descrtbed attempts to assess the degree to whlch the variables known to 

influence the incidence or lntensity of pathological stereotyped behavior 
. 

are also capable of Influenclng amphetamine-produced stereotYpy. 
;' 

• .1 

Stereotyped Behavior in Pathologiesl Conditions 

Pathological ~tereotyped motor acts are observed in approxlmately two­

thirds of severely or profoundly retarded persons (Berkson & Davenport, 1962; 

Kaufman & Levitt, 1965). Most of the stereotyped behavlors emitted by these 

per50n~ take the form of eomplex hand movements, body and limb posturlng, and 

repetittve movements of) the whole body (rocklng, swaylng, twlrling) or of part 

of It (head roi Ilng o~ banglng), Digit sueking, s~lf bttfng, eye poklng and 

gouging, repetttive obJeet manipulatron, and the repetTtlve utterlng of mean-

Ing less sounds are al 50 convnon CDavenport & Berkson, 1963; Berkson, 1967). 
1 

, 
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Simllar behavlors are frequently seen in severely dlsturbed chi Idren, and 

are especial Iy prominen~ ln chi Idren whose prognosis 15 poor. Lovaas (1967) 

has descrlbed the behaviors of these chi Idren. Thelr repertolres Include 
1 

repetitive rocking and twlrl ing, gyrating of the he ad ln a jerky manner, and 

flapplng or shaklng of the hands and arms. These patients also grind their 

teet~, cross their eyes, grimace, and fondle or mutl late themselves in a fixed, 

stereotyped manner. Complex behavlor sequences such as the repetition of 
rhymes or lists of names, or the repetitlve manipulation of light switthes, 

faucets, and the flushing of foi lets have also been reported (Eisenberg & 

Kanner, 1956). 

8ehavior patterns whlch are striklngly slmi lar to those described above 

have been reported ln primates raised in conditions of social Isolation. 

Davèoport and Menzel (1963) have descrlbed the stereotyped behavlors emltted 

by chlmpànzees Isolated from two months to approxlmately two years of age. 

These subjects spent many of thelr waklng hours engaged ln rhythmic rocklng 

" and swaying of the entire body or movement of a body part, especlal Iy the he ad 

or hands. Self clasping, digit sucklng, self bltlng, eye poklng, limb posturlng, 

and stereotyped object manipulation were also seen freqùently. These behavlors 

developed as soon as the chlmpanzees appeared maturatlo~1 Iy able to emit them, 
, 

and were present even ln those Ss whlch had been reared wlth obJects to play 

wlth and wlth the opportunlty to sea, but not to touch, other chlmpanzees. 

These behavlors still perslsted wlth undlmlnlshed vigor 3 years after release 
'\ 

tram 1 sol a;tlon. Mason_and Green (J 962) repor.t .sJmI Jar .behav lors 1 n a group of .,-
,. 

Rhesus monkeys reared ln Isolation. These subjects emltted stereotyped 
1 

behavlors conti nuous Iy d~r,fng thelr waklng hours. Feral-reared rhesus rnonkeys 

.. () 
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kept ln social isolatIon ln adulthood never developed any stereotyped behavior. 

Stereotypy can sometimes be seen in apparently normal organlsms. Body 

rocklng, head b~nglng, and thumb sucklng have been descrlbed in some normal 

human Infants CLevy, 1944; Lourle, 1949; Kravitz, Rosenthal, Teplitz, Murphy 

& Lesser, 1960). Hed i ger (1950) has dl scussed the stereotyped pac 1 ng and fi xed 

stereotyped movements which sometimes develop ln zoo animais, and Levy (1944) 

has reported upon the repetitive stereotyped head movements of hens and horses 

" deprived of the normal opportunitles for movement. Even human infants or 

chi Idren who do not emit abnormal stereotypies ln normal surroundlngs may begin 

to do so if for~ed to ramaIn ln an environment containlng few lnterestlng 

stlmul i CLevy, 1944; Lovaas, Lltrownlk & Mann, 1971). 
\ 

Severa 1 Investlgators (Levy, 1944; Berkson, 1967; Lovaas, et ~., 1971) 

have discussed the siml lar appearance and'shared characterlstics of the stereo-

typed behaviors sean in these diverse contexts. In labellng the behavlor as 

"stereotyped" they are maklng reference to its lack of varlabi 1 ity CRandrup & 

Munkvad, 1967), which Is reflected both ln the restrlcted range of acts emltted 

and in the restrictions of the spatial and temporal flowof these acts to a 

few endlessly repeated sequences. Whlle the slmllarltles of these behavlors 

should not be emphaslzed to the point of excludlng from consideration thelr 

many dlff~r~nces, thelr shared characterlstlcs encourage those who would account 

for them ln terms of common mechanlsms. 
\. 

Further suggestion that qlverse forms of stereotyped behavlor share a 

common basls Is,pased upon evldence that a few factors Influence thelr Incid­

ence or rates slml larly. Systematlc study of variables whlch Influence stereo-

ty~ed behav'or has net been completed for ail types of stereotypy, but th~ 

" 
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evldence which does exlst indlcatés that most types of stereotypy are simllarly 

influenced by a number of Internai states and env i ronmenta 1 events. The mast 

important of thes~ are the arousal level of the organism'and the presence of 

environmental stimuli capable of elicitlng non-stereotyped res~onses. 

Numerous studies of refarded or dlsturbed chlldren, of isolation-reared 

chlmpanzees and monkeys, and of caged animais, have shown that many envlron-

< mental manipulations which can reasonably be interpreted as producing stress, 

dlscomfort, or increased arousal will increase the incidence of most types of 
, 

stereotypy. Specifical Iy, physical confinement, restriction of mator activlty, 

frustration, antlcipatiaft of meaitlme, loud noise, env 1 ronmenta1 novelty and 

complêxlty, and the presencepf other patients, have ail been demonstrated to 

Increase the incidence of stereotyped behavlor. 

Physical confinement or the restralnt of movement have been found to 

produce or exacerbate stereotypy in a number of settings. Confinement to a 

smal 1, novel room has been found te Increase thê Incidence of stereotyped 
i 

behavior ln retarded chi Idren (Berkson & Mason, 1963) and ln Isolation-reared 

chimpanzees (Berkso~, Mason, & Saxon, 1963). Forehand and Baumelster (1970) 

found that an 18-~inute period durlng whlch stereotyped rocklng and hahd move­

ments were prevented produced a subsequent Incre&se ln rocklng, as compared to 
\ 

a prerestrictlon basel lne perlod. 60th Levy (1944) and Hedlger (1950) have 

c~nted upon the stereotyped actlvltles of humans and animais who are pre-

f ~ented f:om perfo~l~g spe~~es-speclflc acts. 

~ "Varlous forms of frustration al~o ~ppear 
, 

to Increase ster80typy. .. , 80th 

the prevention (Forehand & Baumelster,'.l971) and extInction (Baumelster & 

Forehand, 1971) of a refnforced lever pulling response provoked a rate of 
1 

1 

; 1 
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stereotyped rocking whlch was hlgher than the pre-training rate ln the.same 

~ituation. ln the former experiment, the degree of increase in rocklng was 

found to be a function of the number of prevlously relnforced responses. 

A variety of stimulus conditions have been found to influence the incid-

efice of stereotypy. High levels of white nolsé have been found to Increase the 

"4ncidence of stereotyped behaviors in mental Iy defectlve individuals (Levitt 
,. 
& Kaufma~, 1965; Sineeti, 1972) and ln restrictiqn-reared chimpanzees (Berkson 

& Mason, 1964b). Fitz-Gerald (1964) found that a loud buz7er produced a simi lar 

effect. 

Environmental complexity and novelty have also been found to increase the 

incidence of stereotypy. Severa 1 studles with restrlction-réared monkeys and 

chtmpanzees revealed that exposing theni to unfamt Ilar complex, or "frightening" 

stlmul i produced increases ln stereotyped behavlor (Bernstein & Mason, 1962; 

Berkson & Mason, 1963; Berkson,~Mason,& Saxon, 1963). Hutt and Hutt (1965) 

exposed disturbed chi Idren to three envirqnments of increasing complexlty, and 

found that the increase of stereotyped behavior which resulted was a positive 

function of the complexity of the environment. 

A number of social variables have been reported to influence stereotypies. 

Forehand and Baumeister (1971) reported that the presence of both, rocklng and 

non-rock 1 ng pat 1 e,nts fac Il 1 tated rock 1 ng 1 n menta 1 defect ives. KI aber and 

Butterfield (1968) reported that the rate of stereotyped rocklng increased 

dramatical Iy durlng two flghts which occurred on the w~d. 

There Is also evldence that hunger Increases the Incidence Qf stereotypies. 

ln tnetr study of tnstttutionalized defectlves Kaufman and Levltt (1965) found 

that the number of patients emlttlng stereotyped behavlors reached a peak 

-

w 
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shortly before mealtimes. This flhdlng had been repllcated at another 

institution by Klaber and Butterfield (1968). 

SeVera 1 researchers have studied the effects of arousal-alterlng drugs 

on stereotypies. Chlorpromazine and other phenothiazine derlvatives have 

)been reported to decrease or elimlnate stereotypy, whl la laaving other 

behavior relatively intact (Hollls, 1968; Davis, Sprague.& Warry, 1969>' 

Barblturates appear to have no selective effect on stereotyped behavior, 
, 1 

but may suppress ail behavior at hlgh doses (Berkson, 1965; Hoi Ils, 1968). 

Amphetamines in doses less than 0.5 mg/kg have had no demonstrable effect 
. 

on stereotyped behav i or 1 n ch II d ren -CBérkson, 1965; Anton & Greer, 1969; 

Davis, et ~., 1969). A somewhat hlgher dose (1.0 mg/kg) have increased It· 

1 n lsolatlon-reared chimpanzees (Fitz-Gerald, 1964>. 
~ 

It has occurred to severa 1 theorists (e.g. Hutt & Hutt, 1965; Berkson, , 

1967) that the concept of arousal level may be of considerable use in unify-

ing the rather diverse factors whlch have been found to increase stereotyped 

behavlors. As Sèt forth principal Iy by Hebb (1955), Duffy (1957) and Maime 

(1959), the term "arousal" or "activation" has been used to refer to the 

general energizing component or Intenslty dimension underlylng behavlor and 

serving as a common basls for motivation and emotlon. Such factors as 

1 ntenslty of audltory stimulation, approach of mealtime, frustration, confine­

ment, and env 1 ronmenta 1 nove 1 ty and comp 1 ex 1 ty can ail be (éeJY fo--~ossess 
L.-

arousal-produclng propertles in most clrcumstances. Supportlng evldence 
1 

_A exfsts ln that chlldren who exhlblt stereotyped behavior have been found 'to 

have "aroused" EEGs (Hutt & Hutt, 1965) and that drugs whlch are effective 

in reducing stereotypies (Hot Ifs, 1968; Davis, et !l., 1969) are known to 

" , 

1 

1 

~. 
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influence the level of retlcular formation actlvlty (Randrup & Munkva~ 

1972 ). 

8 

The close temporal association of Increases in the incidence of stereo-

typed behavlors and the presence of arousing stimul i has led to a number of 

suggestions that these repetitlve acts may serve the purpose of discharglng 

tension or reducing arousal (Lourie, 194t; Kravltz, et ~') 1960; DeLissavoy, 

1963; Fitz-Gerald, 1964~ Hutt & Hutt, 1965). Independent confirmation that 

arousal or tension Is ln fact reduced by repetltlve movements does exlst. 

Stone (1964) has found that rocklng or eye-presslng in bl ind retardates 

often preceeds a sleep-like EEG and Oswald (1960) found that very intense 
.. 

rhythmlc visual, audl~ory. and tactual stImulation was capable of Inducing 

behavloral and EEG Indications of sleep ln normal human subjeets. 

There (s also evldence that Impoverlshed environments Increase the 

Incidence of stereotypy. The Instltutlonal envlronment ltself ln many cases 

is a rather unstlmulating envlronment, (Provence & Llpton, 1962) and Kaufman 
~ -- ~} 

(1967) found that Instltutlonal Ized mental defectlves emitted more stereo-

typed behavior than did a matched group of defecttves chosen from-the Insttt-. 

utton'5 waiting Iist. The Incidence of stereotyped behavlors has al50 been 

found to be negatlvely related to the quallty and quantlty of staff-pattent 

Interaction on dlfferent wards or ln dlfferent Institutions (Klaber & 

Butterfreld, 1968). Periods durlng whlch orga~lzed ward actlvltles are 

minimal have been found to oolnclde wlth perfods when a hlgh percentage of 

patients engage ln stereotyped behavlor (Kaufman & Levltt, 1965). 80th Levy 

(1944) and Lovaes (196J) report that stereotyped behavlor can be Induced ln 

normal chlldren by placfng them ln unstJmulatlng envtronments. Restr1 cted 

• 
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sensory input- has also been implicated In_ the cage stereotypies of zoo 

animaIs (Levy, 1944; Hedlger~ 1950; Nissen, 1956). 

. , 

There have been severa 1 suggestions (Levy, 1944; Kulka, et ~., 1960; 

Kaufman, 1963; Lovaas, 1967) that the Increased incidence of stereotypies 

ln unstimulating environments represents an attempt to Increase arousal 

9 

level via self-stimulation. This suggestion is consistent wlth the prevalent 

view that behavioral organtzation 15 most efficient at intermediate /evels 

of arousal (Hebb. 1955; Duffy, 1957; Malmo, 1959), Berlyne (1960) has 

offered the alternative suggestion that behavlor typlcal of sUbJects who 
, 

1 .. 
are awake a~d active in borlng clrcumstances indlcates a state of high~ 

fi ;' 
rather t~an low, arousal. Another alternative explanation of these findings 

/ 
appea~ below. , 

/ 

/ Conditions inf1t1èncing the arousal level of the organlsm ar~ not the 
r 

only factors affectlng the incidence of stereotyped behavior. The presence 

ln the envlronment of certain types of stimul i appears to be able to reduce 

the intansity of stereotypies by virtJe of the abi /ity of these stimuli to 

ellcit non-stereotyped responses. A number of studles have attampted to 

d iscover soma of these stimuli. 

The presentation of objects or other stimuli to Ss enga91ng in stereo­

type~behavlor can often r e these behavlors. Davenport and Mason -(/963), 
1 ~,., 

Berkson and Mason (1964a), and Hutt and Hutt (/965) have' 'a'l / repqrted t~8t 

ta/king to or handlng toys to a mental Iy defectlve or dlsturbed person will, 

cause htm to decrease the Intensrty of his stereotyped behavlors. Guess 

and Rutherford (/967) found that the presence of attractive toys decreased 
--. 

stereotypy. Worklng wtth r$st~tctfon-rear9d chfmpanzges, Berkson, Mason, 

! 
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'-e,nd Saxon (1963) found that the presence of objects decreased both repetitive 

and~~epetitive stereotypies. Distracting these Ss by tickl ing theffi also 

dimlnish~~tereotyped behavlor (Berkson & Mason, 1964b). 
"-

Correlatlonal analyses have demonstrated that those Ss who emit the 

most stereotypies on the ward are the 5s who tend to be the least responsive 

to objects presented in an experlmenta1 situation (Davenport & Berkson, 1963; 

Berkson & Mason, 1964a). These Ss also appear to be the least capable of 

performlng simple experimental tasks, such as retrieving and eattng candy 

(Ber kson, 1 964 ) • 
'\ 

Lovaas and his co-workers (1971) attempted to produce changes in respon-

siveness to stimul i by manlpulatlng the Incidence of stereotyped behavlor. 

They discovered that a hand held six inches in front dt the eyes of a 
, 

psychotic child and moved ~apidly back and forth with the fingers spread 

el fclted stereotypy in two of their subjects. ~hen They used This technique 

as an i ndependent var i ab 1 e 1 n a study of the respons 1 veness ~;(\ t~kse two 
\' 

chi Idren to an audltory discrlminatlve stlmulus# They found tha~ the Ss 

took longer to raspond on triais preceeded by This stereotypy-inducing 

technique than They dld on trIais where the expérimenter merely held his 

hand motlonlessAin front of the subject's face. 

These studles Indlcate that there exlsts a general reciprocal relation­

ship between stereo+yped behavror and other behavlor. Manlpulatlons.wnich 

Increase stereotypies decrease responslven~ss·to stlmult and the presence 

of stlmuli to whlch the sUbJect responds decreases stereotypy. 
~ . 

A number of workers have attempted to dl scover' techn rques wh i ch w Il 1 

reduce,or elfmfnate ster~typy ln those 5s whose rapertolre tt domlnates. 

( 
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Severa 1 attempts Inyolvlng various behavlor modification techniques have met 

with sorne success. 'Baumelster and Forehand (1972) found bath el\-ctrlc shock 

and verbal corrrnand ("Stop rocktng!" shouted from behlnd a one-way mlrror) to 

be effective ln reduclng,the stereotyped rocklng 'of retarded Ss to zero ln 

the experimental situation. Unfortunately, no change was observed outslde 

th 1 s si tuat 1 on. ' FI ave 1 1 (1973) re 1 nforced retarded S5 for toy play and 

/-"""" observed a concomitant decrease of stereotyçe4 beryevior. Hoilis (196&) 
--...-' --~; 

found that stereotyped rocklng behavlor' was not emltted wh! le a retarded S 

was pull Ing a ballon a FRIOO schedule for a candy reward. Overcorrection, 

a technique whlch involves slmultaneous punlshment of undesired behavlors 

and training of desired ones using dlfferentlal relnforcement and fadIng 

techniques, has been clalmed to result ln a long-Yastlng generallzed 

decrease of stereotyped behavlors ln dlsturbed chi Idre~ (Foxx & Azrln, 1973). 

Risley (1968) was able to replace roc,klng wlth Imlt,latlve clapplng and 

pounding in an autlstlc chi Id by shoutln~ at and 5haking hlm and by relnforc-

1 ng generallzed Imitation. This t~e8tment appeared to have a long-lasting 

effect. Lovaas (1967) has reported that, among hls severely dlsturbed 

patients, stereotypy often decreases as deslrable behavlor repertolres are 

establ Ished uslng a comblnatlon of behavlor modification technIques. 

It snould be noted that the techniques whlch eppeared te have the 

longest lasting and most gener~J success ~Ieced stereotypy wlth sorne type 

of desired response. In the absence of such alternatIve responses, stereo-

typy do es not seem to respond to treatment wei 1. The chI Id appears un8ble 

to emlt alternatTve responses sponteneously. 

Whether these technIques wt Il prove te be gene~"y effectrve rematns 

1 
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to be determined. They do not brlng us toc much closer to an understandlng 

of the origln of stereotypy, however. The rather compllcated interactions 
-

·between therapist and patient which characterlze the most successful of 

these therapies do not permit an easy analy~s of the Importance of such 

factors as reinforcement contlngencies, motor training, learnlng to attend 

to the proper stlmul i, Identification with the therapist, arousal changes, 

and so forth. Even if this analysls wer~ possible, the elucldation of 

mechanisms underlylng a change of behavl<::l\ ln an/older organism does not 

necessarlly reveal the mechanlsm by which that behavlor developed earl 1er. 
" / 

Berkson (1967> polnted out that this abundance of data about factors 
, 

whlch influence stereotypy has nof.taken us as far as we would 1 ike towards 

an understanding of its causes. Arousal and the el icftation of alternatIve 

responses, while effective in manlpulatlng stereotypy over a short t}me or 

to a 5 Il ght degree, tend to be "ep hemera 1" 1 n t~e sense that they effect no 

lasting cnanges ln the Incidence or form of the behavlor. He speculates 

about the possible effects of maternai deprlvatlon and instltutlonallzatlon, 
1 

but Is forced to conclude that we really have no knowledge of the origln of 

stereotyped behavlors or of their relationshlp to the problems of psychopath-

ology ln general. 

AmpheTamlne-produced Stereotyped Behavlor 

The production ln an experfmental _an,tmal of an ebnormal state whtch 

resembles a pathologtcal condition in man h8S often proved valuable. For 

eX8mple, much attentton has recently been pald to psychopharmacologlcal 

(Sch f 1 cfkraut & Kety, 1967) and behav loral (SuQtn 1 &/ H8r 1 OW, '971) mode 15 of 

'psychtatrle conditions. The fact that mad.rate to htgh doses of amphetamlne 

1 • 

", 
1 .',.'" 
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have been found to produce stereotypies in many animai' specles and man may 

offer a new approach to the theoretlcal and practical problems presented 

by pathological stereotyped behavlor. 

Amphetam 1 ne r n moderate to hi gh doses (usua 1 1 yi. 5 mg/kg and greater> 

, produce~ stereotyped behavior in many animais and ,In man (Randrup & Munkvad, 

1967>. Much of this behavior has the rhythmlc, repetitrve character which 

eharacterlzes abnormal stereotyped behavlor ln humans. In addition, many 

examples of nonrepetltive stereotypies, such as complex hand movements, 

self-plcklng and bltlng., aFld the assumlng of bizarre postures have been 

reported followlng amphetamlne Injection (Elllnwood, Sudllovsky, & Nelson, 

1972 >. 

Perhaps the only beneflt of the eurrent epldemle of amphetamlne abuse 

(Kramer, 1972) has been the opportunlty to study the effects of hlgh doses 

of AMP ln humans. In the abuser, chronlc amphetamlne abuse produces a 

psychotlc state whose psychologlcal symptoms falrly closely resemble those 
r , 

of paranoid schlzophrenla (Elllnwood, 1972; Griffith, Fann, & Oates, 197Z). 

Many wrlters have commented upon the bizarre, stereotyped behavlor which 

some of the se persons manifast. $cher (1966) has described the proeass of 

being "hung up", where the amphetamlne abuser wi Il "gat stuck" ln a repltl-

tious thought or act for hours at a tlme. He mlght'bathe ail daY,long, 

e lean up the house or po Il sh a partleu lar obJect, hold. a note or phrase of 

music, or e~gage ln nonaJaculatory In+ercourse for long perlods. Other 

reported examples of-such behaviors Inelude meanlngless, perseveratl~e work 

/ 
on cars, radIos, and 50 forth (Kramer, Fischman, & Llttlefleld, 1967>, and 

po Il sh 1 ng na ris o~. dl smant' 1 n9 and reis~emb Il n9 cl ocks or rotors, CRy 1 ander, , 
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1966 ). 

A furthér interes+ing symptom of amphetamlne abuse Is the stereotyped 

picklng or rubbing of the skin, seen in about 50% of abusers. These persons 

report a creeping, itching, or tingl ing of the skin, and develop a stereo-

typed sequence of'grooming responses accompanied by det~usions of parasitosis 

whlch may include visual and auditory hallucinations of insects (EII inwood, , 
197 1), 

El Ilnwood and Duarte-Esca lante (1972) have described"'the responses of 

eight Rhesus monkeys to chronic methamphetamine intoxication. In these Ss 

they observed aD variety' of patterns of bizarre, stereotyped behavior which 

began severa 1 -hours after an i rIJ,ection and conti nued for 24-36 hours . . , 

Certain components of, behavior, such as biting, visual examination of the 

hands, picking or prbbing manual examination of the body or cage, and side­
~ 

l 

to-sida head and eye movements becama incorporated into many different 

sequences of stereotyped behavlor. For example, one S combined a stereotyped 

foreward. thrust of the head-.. wrth a btttng examlnation of various parts of 
• 

its body or of the cage. Another S developed severa 1 patterns of eye-hand 

• IDIaminatron Involving prcking.~~a p\ing at its body, at obJects, or at 

the cage, under close visual regard. It often attempted to poke or plck up 

a minute obJect, and then to examine its hand ~Iosely whl le opening and 

clos[ng the f[ngers or rolling the thumb agalnst the flrst three fingers. 
o 
Thrs S used these patterns ln a repetttious groomlng sequence ln whrch ft 

1 
would clasp rts no se and then .examIne its hari'd for the resu It. 

Durtng the sarly part of the expertment these movements were carrled 

out slowly wr'th the appearance of b~tng dei iberate or purposeful. As the 

• l' ',_ 
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experiment continued, however, they became Increasingly automatic and 

unrelated to thelr original purpose. 

E III nwood, Sud f lovsky, and Ne 1 son (1972) stud 1 ed the effects of chron i c 

methamphetamine intoxication ln cats. They observed stereotyped side-to-slde 

looking movements, and "obstlnate progression," wh~reln a cat placed facing 

a wall would tread agalnst it rather than turn aside .. Many 5s emitted com-

pulsive sniffing sequences, ln which they repeatedly snlffed at a smal 1 area 

of their cages for'three or four hours. ' The animais' hind paws often held 

unusual postures or performed repetitive movements unrelated to the rest of 
" '-

the catIs behavior. As with the monkeys described 'above, these behaviors 

underwent a change in character, at flrst appearing dei lberate or. 8urposeful 

but becomlng appeartng compulsive and automatic, as the experiment progressed. 

IBlzarre postures also occujVed frequently. In both cat and monkey, the perlod 

/'" of stereotyped behav ~ was preceeded by a par lad of hypermot i 1 i ty. 

• ln the rat, reactlon to amphetamlne (AMP) usual Iy takes the form of 

stereotyped snlffing patterns, Ilckrng, or cage biting (Randrup & Munkvad, 
\ , 

1965). E 11\1 nwood and Duarte-Esca 1 ante (1972) descrf bed two patterns of 

( compulsive snlfflng or scanning ln the rat. The flrst c;:>nslsted of rhythmlc 
J "' 

,sfde-to-sfde swings of tne neck. The second conslsted of a contlnuously 

repeated sequence of smai 1 nose movements conffned to a small area of the 

çage. These authors,al~ not~Î the pre~encé of abnormal postures and tntra­

,spec fHc aggressfve behav for. 1 r nd Ividua 1 $s deveJoped patterns of stereo­

typed behavJor whJch were unl~ue in both'the acts performed and the location 
1 

in the cage favored for tbetr, performance. 
/ 

The Ss fn EII fnwood's and Duarte-E~calante's (1972) experfment were 

\ 
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i nJected wrth between four and 16mg/kg methamphetamlne, flve days per week, 

for three weeks. Single Injections of amphetamlnes have been found to 
~ 

produce simllar effects. For example, Randrup and Munkvad (1965, 1967, 1970), 

Ernst (1967>, Herman (1967>, Fog (1969), and Kirkby, Bell, and Preston (1972) 

ail have reported stereotyped snlfflng, bltlng, or 1 icklng followlng ~.slngle 

injection of between 1.5mg/kg and IOmg/kg AMP. The stereotyped behavlGr 
~ 

typically began 20-30 mi nutes followi,ng the injection and perslsted for two 

to four hours, durlng which perlod most other behavlors occurred lnfrequently 

or were absent al t,ogether. The period of stereotypy was preceeded and fo 1-

lowed by a perlod of helghtened motor actlvlty (Schlorrlng, 1971). 

Fog (1969) has shown that a 1 arge number of drugs w 1 th CNS st i mu 1 at 1 ng 

properties are capable of producing stereotyped behavior closely resembJ Ing 
i : 

that produced by AMP. Phenylethylamines (e.g. amphetamlne, methamphetamlne, 

phenmetrazlne, plpradrol, methylphenldate, L-DOPA, dopamine, apomorphine, 

and morphi,ne), indole-ethylamines (e.g. tryptamlne, 5-hydroxytryptophan, 

LSD-25), and other drugs (e.g. cocalne, nlalamlde) are capable of Induclng 

stereotyped behavior under approprlate clrcumstances. However, not ail 

central stimulants are capable of.produclng stereotypies (e.g. caffelne, 

morph 1 ne 1 n a si ng le dose, and ni ketham i de). The b locherili cal maans by wh 1 ch 

these drugs produce thelr effects ts not yat completaly undarstood (Mandel 1 

& Spooner, 1968): However, much of the avldence whlch doés exlst fndlcates 

t ost the prlmary b lochemtca 1 effect of AMP 1 s to hc! 1 t tate synaptf c trans-

mlssTon ln narve tracts contafning a htgh proportion of cetecholaml~e-rlch 

naurons. on~'~aJôr tract ôrlglnatas ln the mldbraln retlcular actlv8tlng 

system, courses through the 'media 1 for.braln bundla, and tJrmlnates ln 
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vartous Ilmblc forebrain structures (especTal Iy the amygdala, septum, and 

clngulate gyrus), the preoptlc area, the hypothalamus, and the neocortex 

" (Fuxe# Hokfeld, & Ungerstedt,1970; Stein & Wise, 1970), The second major 

tract orTginates ln the substantia nigra and Innervates the neostrlatum, 
/ 

the accumbens nucleus, and the olfactory tuberculum (Fuxe, et ~., 1970). 
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Between them, these two tracts contaln the vast maJority of catecholamine-

rich neurons in the CNS. Mlnor tracts have also been studled, whlch orTglnate 

in the arcuate and anterlor perTventricular nuclel and ln the Interpeduncular 

nucleus, and whTch Tnnervate, respectlvely, the medlan emTnance and varlous 

te~encephallc and dTencephal Tc areas (Fuxe, et. ~., 1970), 

Four modes have been suggested by whTch AMP facllitates the actlvlty of 

these pathways. Three of these .. acdrncrease the abundanœe of the pUTative 

catecholaminerglc transmrtTer substances noreplnephrlne (NE) and dopamine 

(PA) at the postsynaptlc, receptor s Ttes.. 1 n order of the T r suspected Impor­

tance, they are:' 1. The release of presynaptlc NE and DA (MdOre, 1963; 

Glowinsky & Axel.f-od, 1965; 8oaks.& Bradley, 1972); 2. The prevention of the 

rnactivatron of NE and DA by blockTng thelr reuptake into presynaptlc naurons 

(Glowinsky, Iversen, & Axelrod, 1966; Stein & WTse, 1970); and 3. The inhibi-

tTon of monoamlneoxydase (Glowlnsky, Axelrod, & Iversen, ~966). The fourth 

mode of amphetamTne actIon conslsts of a direct stimulatlng effect of AMP 

et the postsynapt'9 receptor sites (Van Ro~som, Van Der Schoot, & Hurkmans, 

1962; Smltn, 1963). 
1 

Recent efforts to sepatate the çontrlbutlons of the NE- and DA- naurons 

to the pharmacology of N4P are of special InteresT to the work to be reported 

here. NE-rtch naurons are found prlmerlly ln the traCTS a~lslng ln the mld-
:,. 
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braln reticular actlvatlng system and ~ermlnatlng ln Ilmblc forebraln and 

neocortlcal areas CFuxe, et. ~., 1970; Stein & Wise, 1970; Snyder, Taylor, 

Coy le, & Meyerhoff, 1972). Stein and Wise CI970) have argued that thls 
" 

system Is prlmarlly respons 1 b 1 e for thé wei I-known behavior activatlng (e. g. 

Cole, 1967, 1970) and performance stlmulatlng (e.g. Weiss & Latles, 1962; 

Core, 1967) effects of AMP. The involvement of these systems ln pathological 
,-

fluctuations of mood has also recelved considerable attention CSchlldkraut 

& Kety, 1967), 

By contrast, the DA-rlch neurons are found primari Iy ln the tracts 

orlglnatlng ln the substantia nlgra and terminatlng ln the neostrlatum CFuxe, 

2!.. ~., 1970; Snyder, et ~., 1972). Amphetam 1 ne-produced stereotyped 

bahav lor has been close 1 y 1 1 nked w 11 these ni grostr 1 ata 1 tracts (Mande 1 1 & 

Segal 1 , 1973). Mlcrolnjectlons of DA or its pracursor, DOPA, Into the 

striatum produce stereotyped behavior, and lesions of this area aboi lsh 

stereotyped behavior ln rats glven AMP systematlcal Iy (Randrup & Munkvad, 

1970, 1972). Studles of dlsorders of motor functlonlng, such as P~rkinson's 

dlsease and-Gi 1 les de la Tourette's dlseasa, have also Impl Icatad the striatal 

DA system CSnyder, et &., 1972; Meyerhoff & Snyder, 1973>' 

The blochemlcal an9 psychopharmacologlcal data clted aboya offer severa 1 

addlttonal reasons for bellevlng that pathologlcal and AMP-produced stereo­

typed behav lor may be' re lated: Phanoth laz 1 ne der 1 vat Ives (e.g. ch 1 orpromaz Ina), 
• .. L 

the drugs whlch have been found most useful in contrelling pathologlcal stereo­

typed behavrors (Berkson, 1965; Hol 1 ts, 1968; Devis, et el.\ 1969), are amohg -- \ 

those whteh have specifie antagonlstlc actfon agalnst amphetamlne, and reduce 

or pt"event the stereotyped behavlor Tt Inducèt (Rmndrup & Munkvmd, 1972>' 
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Aise, as dls~ussed above, some of the CNS systems upon whlch amphetamlné ects 

are known to be assoclated wlth pathological motor conditions Involvlng 

repetltlve acts, tIcs, or tremors. And final Iy, the action ,of AMP dn the 

bralnstem retrcular formatron parallels the functlon of arousa'l ln produclngr 

pathologfcal stereotypy. 1 
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THE PRESENT INVESTIGATION 

The work cited above has shown that pathologlcal and amphetamine- ~ 

produced stereotyped behavlors (AMP-SB) appear to have much in cOrMlon:, Bath 

are characterlzed by a repetltlve, often rhythmic emisslon of an unU,s.ua.LL\f( 

restrlcted range of ~~haviors in an automatic, purposeless-appearing way. 

Unusual complex hand and 1 imb movements, self-manipulation, and sometimes 

self-mutilation are common to both. Bath classes of stereotyped behavior 
-' , 

appear to be related'to arousal and tb respond in simi lar ways to tranquil-

izlng drugs. 

Whl le the dlfferences in the behavlors should not be mlnimlzed, the 

?Imi larftles encourage the vlew that slmi lar p'rocesses are lnvolved in the . 
, 

production of both pathological and amphetamlne-produced stereotypies and 

that the study of one may benefit our understanding of the other. To the 

extent that these phenomena do share similar causes, the factors whlch have 

been tound to l'nHuence one wou 1 d be expected to i nt 1 uel'lce the other 1 n a 

slmilar way. It was thought that evidence on this point would prove to be 

of value in determining whether or to what extent AMP-SB wl Il prove to be a 

useful animal mode 1 of pathological steréotyped behavior. 

Although the physiologlcat and bfochemlcal mechanlsms underlylng AMP-SB 

have receTved extensive study, researchers have.been relatively unconcerned 

wlth the study of the stereotyped behav(ors themselves. They have not under­
• 

taken to determTne the various constltutlonal or experlentralfactors whlCh 
/ 

Influence the Incidence or form of AMP-SB. The second purpose of the pr~sent 

Investigation was to determine the Influence of sorne of these variables on 
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AMP-SB. 

The ftrst series of three experlments (Dose-Respo~se Studies) was con-
\ 

cerned wlth determinlng the effect of AMP dosage upon the Incidence and form 

of stereotvped behavior, and upon locomotor activity. Increa~ing the dosage 

was conceived of as increasing the arousal level of the Ss, and it was 

expected that stereotvpy would increase with increaslng arousal while loco-

mot9r actlvltv would bear a curvillnear relationship to arousal. Notice was 

also taken of the form of the stereotyped behavlors. The three experiments 

.used male and female Ss of dlfferent strains of rats ln an attempt to deter-

mine the generallty of the findings and to make an assessment of the impor-

tance of constitutional effects. 

The second set of two studies (Novelty-Famlliaritv Studies) was intended 

to examine thé effect of sltuatlonal factors upon AMP-SB. Experiment IV 

compared the incidence of stereotvpy in rats receiving a single AMP injection 

on their first or flfth open field trial, and was conceived of as a manipula-

tion of envi ranmenta 1 IV produced arousal. Experiment V cpmpared the levels 

of stereotyPV of rats replaced in thelr own home cages or placed into an 

unfami Ilar home cage following an AMP injection. In these axperiments it 

was anttclpated that the higher arousal levels of Ss in the relativelv 

unfamil iar sItuatIons would result ln a greater Incidence of stereotvped 

behavlor for these groups. 

The final experrment (Stimulus Exploration Study) also exposed AMP-

treate'd S5 to env Ironmental nove Ity, but 1 n a situation wh 1 ch permi tted the 
- f \ 

ob5~rvatlon of ~xploratory behavlor and general 

typed behav lor. The Ss ln thls experlment were 

, 
(1 

, 

actl,vlty as wei 1 as)of stereo­

exposed to a nove 1 \timulus 
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whlle ln a testlng box Wlth~whlCh they were alread~aml 11er. Based upon 

unexpected results obtalned ln the second set of experlments, It was predlcted 
\ 

that the presence of the nove 1 stimulus would decrease stereotypy and evoke 

" exploratory bebavlor. 
'1 \ 
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DOSE-RESPONSE STUDIES 

" \ 

The effects of amphetamine (AMP) ~ion complex behavlor have received 

widespread attention (e.g. Cole, /967, 197'0). However, wlth the exception 

of Schiorrlng's (1971 ):study of AMP dose and stereotyped behavlor and activlty , 

in the open field, there appears ta be 1 Ittle reported work studying the 

effects of AMP dose on natural Iy occurring behavlor of rats in simple situa-

tians. One purpos~ of the first three experlments was to col lect basic 

information about the influence of a wide range of doses of AMP on severa 1 

classes of behavlor ln thé absence of other experlmental manipulations. 

~he comblned results of the experlments from severa 1 laboratories glve 

the ",eneral impression that AMP-SB Increases wlth Increasing dose (Randrup 

& Munkvad, 1967>, and that general actlvity bears a curvillnear relationship 

to dose ·(Searle & Brown, 1938; Yagl, 1963; Plhl & Greenberg, 1969>' However, 

since the studies which focus on actlvlty are usual Iy uninterested ln stereo-

typed behavlor, and vice ~, a unlfled plcture of tht Influence of AMP on 

these be~viors is still lacking. The present study observed both stereo-• 

typed behavior and locomotor activity over a dosage range wide enough to 

full Y assess the ef'fects of AMP. 

ln additron, Elllnwood and his col leagues (1970, 1972) have noted that 

dlfferent forms of stereotypy appear tb be assoclated wlth dlffer~MP 

doses i~ the chronlcally~treated cat and monkey. Comparable data are lacklng 
" 

for the 'rat given a sIngle dose of AMP. Thus, the present experlment observed 

the varytng fonms of stereotyped behavfor. " 

ln vfew of the well-known effects of constItution upon drug respons~ 
\ 
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(e.g. Meter, Hatfield, & Foshee, 1965, Gupta & I-blland, 1969; Satlnder l 

197~1, male and female $s of four dlfferent stralns of rats were used in 

an effort to assess the magnitude of cons~itutlonal effects. , 

Genera 1 Method " 

, 
This method "section described aspects of Experlments 1, Il and III 

cOlmloh to ail: Detai Is bf the method unique to a slng)e experiment are 

dealt wlth in the report of tha) experlment. 

Subjects 

24 

Male and female subjects were used. AIl subjects were 100-115 days 

of age at the beginntng of testtng. 

Apparatus and Procedures 

5s were maintained and tested in the MçGl1 1 University Psychology 

Oepartment animal colony. Each S was assfgned a home cage when dei Ivered 

to the laboratory. One week prlor to the beglnnlng of testlng, each S, ln 
1 

its home cage; was placed ln Its assigned position in the colony. 5s sub-

sequently remalned undlsturbed, except that food and water were replenlshed, 

and 1 itter changed twice weekly. Care was taken to ensure that the litter ' 

was never changed fewer than 2 days prior to testtng. 

The home cage of each S was oonstructed of moulded plastic and maasured 

9" X 14" X 611 htgh. A wlre top oontatned the food hopper and water bottl'e 

retatner. These cages were located adjacent te one another ln one section 

ot the anrmal colony. Th~ colony ttself was matntatned on a 6 a.m. - 9 p.rn. 

/ + . 
Iight - dfm Ifght schedule. The temperature stood at 72-3° F, and the humtdlty 
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at 40-70% throughout the experiment. 

The solutions for injections 'were prepared from crystal Ine d-amphetamlne 

sulfate, which was dTsolved in 0.9% sai Ine solution. These solutions were 

injected intraperitoneal Iy using a 25 guage 1/2-inch needle. Ail Ss received 

thelr injections between " a.m. and J p.!IJo Ta avoid injecting an excessively 
~ 

large or small volume of fluld, two concentrations of AMP solution were used. 

Injections of 1.0 mg/kg or less always ernployed a solution of 0.5 mg/ml. 
, 

Injections of 3.0 mg/kg or more always used a 4 mg/ml solution. 

Each S was given a control injection (0.9% sai Ine) and one injection 

of each of five doses of AMP. A dlfferent dose order was assigned randornly 

to each S. Ss were InJected every thlrd day. 

Beglnning 15 minutes after each injection, a S was observed for a one 

rnfnute period every 15 minutes for two hours, maklng a total of 8 observations. 

Durlng each ~bservation, the expertrnenter noted th& presence and type of 

stereotyped behavlor and recorded the locomotor actlvTty of the subject. The 

former was recorded ~y writlng down the predominant type of stereotyped 

behavior. if any. Four exclusive categories of stereotyped behavlor were 

used: Scannlng was recorded when a statlonary S emltted répetitlve, rhythmic 

horizontal and/or vertical head or head and body movements, accompanled by 
• 

snlfftng. The category of Llcklns referred to contlnuous Ilcklng of the 

wal Is or floor Of~ ~~ge. Perambuleting was recorded when a 5 walked 

elther ln a repetftive stereotyped manner or following a repetitlve path. 

Perambulatlng Included foreward and baekward walklng, and usual'y tmptfed 

~ Scanntng S. A Groomtng score tndtcated conttnuous repettttv~ groomTng of 

one area of the body. 
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Locomotor Actlvlty was assessed by countlng the number of quarters of 

the cage rnto whlch the S entered wlth ail four paws during each one minute 

observation period. 

Analysis of Results 

The basic scores used in the data analysls were the sums of the elght 

scores for each S at each dose level. In addition to the lndlvldual cate-

gories of stereotyped behavlor, thelr sum was also analyzed (Total SB). The 

category of stereotyped behavior labeled Groomlng was not analyzed separately 

due to Its extremely low frequency of occurance at ail drug levels. However, 
. 

Groomlng scores were retéfned ln the Total SB score. 

These scores were analyzed uslng an analysls of variance. In the case 

of the analyses of stereotyped behavlors, ~ny zero scores resulted from the 

Injection of the control solution or low doses of amphetamine. It was there-

fore decided to require a slgnlflcance level of 1% or" less for these inltlaf 

analyses. 

Fol rowing a signlficant dose effect ln the ,basic analyses, trend analyses 

were performed in order to determlne the shape of the dose-response curves. 
~ . 

The methods employed are descrlbed by Myers (1966). The statlstlcal signlflc-

ance of each resultlng F test was evalueted uslngl~he crlterlon proposed by 
\" !. 

Scheff~ (1959>. Scheffd has suggested (J 959, p. 71.) that the power of th i s 

crfterton be Increased by setttng the acceptable slgntflcance level at 0.10,' 

and thls suggestion has baen followed. 

) 

\ ' ~ . ' 
•... ,. 
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EXPERIMENT 

Method 

Subjects. 16 male and 16 female Wistar rats obtalned from the Canadian 

BreedTng Farm and Laboratories served a}ss. At the beglnning of the experi­

ment, the males ranged ln weight from 335-400g, the females from 23'à~609. 
Procedure. Ss were injected every third day with one of the fol lowlng 

dose levels of the AMP solution: 0.0 (control), 0.25, 0.5, 1.0, 3.0, or 6.0 • 

mg/kg. 

Resu 1 ts}' 
1 

Stereotyped behavlor and activlty scores were analyzed uslng an analysis 

of variance ln whlch sex of subJect (G) and drug dose (D) were the main 

varla.nce sources. The ana Iysis of variance tabl-es resulting from the analyses 
1 

'of Total SB, Scanning, Llcklng, and Perambulatlng appear ln Tables 1-4, 

respectively. In each analysis, Dose was a signiflcant detenmlnant of incld-, 
\. 

ence of stereotyped behavior (p < .00~Ln the case of Perambulating, Sex 
. 

and the InteractJon of Dose and Sex also contrlbuted slgniflcantly Cp < .01), 

None of the remainlng effects reached an acceptable level of sTgnTfl~ance 

(p > .01), FIgure 1 deplcts the Tnfluence of Dose upon each category of 

stereotyped behavior. Trend analyses of these dose-respon5e eurves revealed 

stgnlflqant 1 Inear and quadratIc trends for Total ~ and for Scannlng, a 

slgnfftcant linear trend for Llektng, and a signlflcant quadratte trend for 

Perambu 1 aN ng. -----.. --------

Table 5 presents the results of the anelysls-of varIance of locomotor 

>, , 

,} 'r .. ;.. 
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Table 1 

_ Summary of the Analysls of Variance of Total SB 

ln Experlment 

Source 1 df MS F 

Between 55 

Se1 (G) 21.43 6.04* 

Error (1) 26 3.55 , 
'\ . 

Wlthln Ss 
... 

005& (0) 5 272.72 105.00*** 

G x 0 5 8.14 3.13** 

o x 1 130 2.60 

*p < 0.05 
\ **p < 0.01 

***p < 0.001 

1 
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Table 2 

5ummary of the Analysis of Variance of 

5canning ln Experlment 1 

Source df MS F 

Between 5s ,1 

Sax (G) 

~.~~ 
5.72 0.89 

Error (1) 6.45 

Wlthln 55 

Dose (0) 5 163.71 50.26***. 

GXD 5 3.71 1 ~ 14 

DXI ~O 3.26 
, 

l***p < 0.001 

-- ' \ ' ........... ( 
) 

•. ·f , 
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Table 3 

Summary of the Analysls ot Variance 

of Llcklng ln Experfment 1 

Source 

Between 55 " 

Sex (G) 

Error (1) 

Wtthln S5 

Dose (0) 

G xO 

o x 1 

***p < 0.001 

J 

..... ,\-J •. • .. >f' .. :1 

df 

26 

5 

5 

130 

MS 

4.'67 

1. 76 

17.77 

1.77 

1.17 

F 

2.65 

15'. /6*** 

'.50 

", 
\ . ~ ,{ 

~." .~"\< .. ,. J.""_t' 

" . 
t '. f. j, ...r "'.J..~" / \."-,' • ~ t!1it .. ~ .. + q ~ ... r ....:. ... ~ 

.... ~ .. , <~~o>.h !"l~1:.i: ~'; ~"'i!t1): •• ', ~ 

~~ '" ' .. 

\. 

" , 

, ." 
, , 
, 1,# 

( ~ 'l •• ~.1 

t">t 
., 1_ 1> ~ or .-J 

".'1 .... ".:." lEt . .'!'!.l . -,'j",.~~ 



Table 4 

Summary of the Analysls of Variance of 

Peram9ulatlng ln Experlment 

1 

\ 

Source df MS F" 

BetweeR Ss 

Sax (G) 17.36 8.42** 

Error ( 1 ) 26 2.06 

f< 

r 

Withln Ss 

Dose (0) 5 Il.43 8.20*** 

G x D 5 6.26 4.49*** 

D ?< 1 130 1.39 

**p < 0.01 
***p < 0.001 

- / 
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Tab la 5 

Summary of the Analysls of Variance 
, . 
~of Locomotor Actlvlty ln Exparimant 

" 

Source 

Betwaen 5s 

Sex (G) 

Error ( J ) 

Wfthin Ss 

Dosa (0) 

G x 0 

D x 1 

~ 

** p < 0.01 
*** P < 0.001 

, 1 

, , 

'1: ._ 

r,j> 

df 

26 

;' 

5 

13O. 

\ 
\ 

\ 

MS F 

3295.44, 10.46** 

314.96 

3527.84 24.75*** 

1206.78 8.47*** 

142.54 

" 

~ 
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Figure 2. Locomotor ectlvlty of mele end terne'. Wlstar rets 

followlng InJ,ectlons of emphetamfne et 6 dose·levels. Cn. 16) 
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Activtty. Sex (p < .005), D0~~ (p < .001) and thelr interaction (p < .001) 

ail contrlbuted slgnlflcantly to the varTabl 1 Ity of the activlty scores. 

Figure 2 depicts' the Sex X Dose Interaçtion. A trend analysis of the dose 

effect revealed a slgnlflcant concave downward quadratlc trend. 

EXP ER 1 MENT 1 1 

Method 

Subjects. The 5s were 9 male ~nd 10 female Hooded rat~ of the Royal 
i \. 

Victoria Hospital Strain, purchased trQm Canadlan Bre~{ng Farm and labora-
~ , 

tor 1 es. The ma 1 es we i ghed 275-300 g, the ferna 1 es 150- j 75 g,' et the beg i nn 1 ng' 

of the ~perlment. 

Procedure. Ss were lnjec~ed with 0.0, 0.5, 1.0, 3.0, 6.0 or 10.0 mg/kg 
o • of d-amphetamine sulfate ln physlologlcal sai Ine . 

Results 

The results were analyzed ln a manner slmllar to that of Experlment 1. 

Tables 6-fo present the results of the analyses of variance. Dos~ was a 
'-, 

slgntficant determlnant of the variance of ail of the Indices of stereotyped 

behavior (p < .01). Sex and the Interaction of Sex with Dose dld not reach 
\ 

slgnificance (p > .Oi). Figure 3 depicts the Influence of amphetamlne dose 

on the varJous Indices of stereotyped be~~ror. Trend analyses revealed 

~ .' slgntflcqnt 1 Ineer and quadratlc components ln t~e effect of Dose on Total 

SB, a sfgnlflcant linsar component ln its effect on llcklng, and signlflcant 
- ~ 

quadratlc trends ln lts effects ory,Scanning and Perambulating. 

Î 
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Tab le 6 
1 

Summary of the Analysls o~ VarIance of Total SB 

1 n Experlment Il 

Source df .-- ~S . F ''. 1 

Between Ss 

Sex (G) 6.69 2.72 

Error (1) 17 2.46 

'.", 

Withln $5 

Dose (O) 5 187.22 69.61*** 
Il 

G x 0 5 2.99 1.11 ... 
o x 85 2.69 

***p < 
'-' 

0.001 

1 

\ 

te 
/ 
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Table 7 

Summary of the Analysls of Variance of 

Scannlng ln Experlment Il 

) 

'. ~."1 

Source df MS F 

Between 5s 

" - Sax CG) 0.82 .. 0.28 

'Error (1) 17 2.92 
• 

, Wlthln Ss 
• 

Dose (0) 5 37.63 12.13*** 
'" JO 

G x 0 5 3.41 1 .10 
• 1 

0 x 1 85 \: 10 J • 

***p < ().. 00 1 

t ( 

j 

. 
~;\ . o • ". 
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Table 8 

SummaTy of the Analysls of Variance of Llcklng 

in Experlment Il 

Source df MS F 

, Between Ss 

Sex (G) 7.00 3.66 

Error (1) 17 1.91 

Wlthin 55 

Dose (0) 5 110.66 58.39*** 

G x D 5 3.29 1. 73 

D x 85 1.90 

*** P < 0.001 

j 
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Table 9 

$ummary of the Analysls of Variance of 

Perambulatlng ln Experlment " 

Source df MS F 

Between 5s 
, ) 

Sex (G) 0.74 0.58 

Error -(, ) 17 , .28 

WI th! n 5s ,~..- ---

Dose CD) 5 3.37 3.91** 

G x 0 5 1.19 1. 39 
1 

D x 1 85 0.86 

**p < 0.01 

1 
1 
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FIguré 3. Meen number of observations 01 fourc categorlas of 

stereotyped" behavlor ln Hooded rets followfng InjectIons of 

emphetomlna et 6 dose lavats. (T. Total Stereo1Jè~ Bahevfor, 
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Table 10 

Summary of the Analysls of Variance 

of Locomotor Act 1 v 1 ty 1 n Exper 1 ment 1 1 

Source 

Between Ss 

Sex (G) 

Error (1) 

Wlthln 5s 

Dose CD) 

G x 0 

D x 

***p < 0.001 

dt 

17 

5 

5 

85 

MS F 

67.79 0.32 

210.02 

672.75 

85.16 

76.77 

, 
t~ _ ••.. ( ' .. , :: .~," 

8.76*j* 

1 • 1 1 
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Locomotor. 

/ The Actfvlty scores ~Iso were Inf luenced' ~mJy by dose (p < .001). The 

trend analysfs of thls effect dfsclosed a concave downward quadratic componsnt. 

EXPER IMENT III 

Method 

Subjects. Four male and 4 female rats descended from the Tryon Maze 

Bright (S,) and Maze DlJ'I 1 ($3) strains served as 5s for thls ex'perlment. 

These 5s were bred and rafsed ln the McGill Psychology Department animai 
( 

colony~ The nucleus of animais used to start thls colony was obtained from 

the colony located at the"Stanford Research Instltute, Palo Alto, Cal Ifornia. 

Ss were weaned at 22 days, segregated by sex at 40 days, and ralsed in groups 

of 4 unt r 1 the beg 1 nnl ng of the expertment at 100 days of age. At th i s tl me 

the males wefghed 285-315g, and the females w~lghed 170-210g. 
1 

Procedure. These Ss received injections of 0.0, 0.5, 1.0,3.0, 6.0 
/ 

and 10.0 mg/kg of d-amphetamine sulphate. 

Results 

The analyses of varTance of the stereotyped behav[or and activity scores 

used Stra t n of S" as we lias Sax of S and Dose, as a ma 1 n var 1 ance sOurce. 

The results of the analyses of variance of the Indices of stereotyped behavlor 

appear ln Tables 11-14. Dose and Se~, bath as main eiDfects and ln Interaction, 
\ 

appeared as the dom (nant var (ab t es t n tnese ana 1 yses • Dose s (gn 1 f t ca nt 1 y 

(p < .01) affected ail Jndlces of stereoty~ed behavlor, wlth the exception 
/ 

/ Il 
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Table Il 

5ummaryof the Analysls of Variance of 

Total ~ln Experlment III 

) 

Source df MS F 

" , 
8etween 5s 

Straln (5 ) 4.59 3.75 

Sex (G) 12.76 1'0.41** 
---- -- --------~ ~___s_x G 3.76 3.07 

"-

Il Error (1) 12 1.23 \ 

WI th t n Ss 

Dose (0) 5 196.62 253.47*** 

S x 0 5 1.52 1.96* 
.. 

G X 0 5 0.89 1.14 

5 x G X D 5 1.24 1.59 

D x 60 0.78 

*p < 0.05 
**p < 0.01 

.~ 
***p '< 0.001 

\ 

\ 

, 

'" 

/ 
;' 

. .~ \ .... 
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Table 12 

Summary of the Analysls of Variance of Scannlng 

ln Experlment III 

/ 

Source df MS F 
<l 

Between Ss 

Stra 1 n (S) 0.67 0.18 

Sex (G) 6.00 1.66 

S x G 16.67 4.62 

Error (1) 12 3.61 

" , 

, 1 

" 

1 

,< .. -



Table 13 

S~mmary of the Analysts of Variance of 

llckl n9 1 n Experlment III 
é) 

J ...... - • 

f '\ 

,,' 



'\ ' Table 14 

Summary of the Analy~ls of Variance of 

Perambu 1 at 1 n~( 1 n Exper 1 ment 1 1 l ,--

Source df MS F 
fi 

"r 8etween S5 :> 
,('~ , 

Straln (S) 0.04 0.06 ,~ 

) Sex (G) 0.04 0.06 

S x G 2.67 4.04 

Error ( 1 ) 12 0.66 
.. 

Wlth 1 n 5s 

Dose (0) 5 0.30 0.51 

S x 0 5 1. 19 2.04 

G x D 5 1. 19 2.04 . 
1 . 

S x G x 0 5 0.57 0.97 

o x 60 0.58 

" 

! 

.-, .> 
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of Perambulat~ng, ~hich was unaffected by any of the variables. Total SB 

- was_ influenced'by the main effects of both Dose and Sex (p < .0/). Figure, 

4 depfcts the effects of Dose upon the components of stereotyp~d bq~avio~. 

Trend analyses of these curves dlsclosed Ilnear and quadratic trènb~ for 

both Scannlng and Total SB, and a 1 inear trend for Licking. In addition, 

\ 

Scanning (Figure 5) was influenced by the three-way Interaction of Strain, 

Sex, and Dose (p < .01), and Licking (Figure 6) was influenced by the inter­

actIon of Sex and Dose jp < .001). 

As indicated in Table 15, Dose (p < .025) and the Sex X Dose 'interaction 

(p < .005) made significant contributions ta the variance of the locomotor 

actlvity scores. Figure 7 deplcts the Sex X Dose Interaction. The trend 

analysis of the Dose main effect revealed no Ilnear, quadratlc, 'cubic, or 

quartlc trends. 

Discussion 

Under the conditions of these experlments, stereotyped behavior Is véry 
1 

largely a functlon of arousal. Drug dosage, coneelved of as a manipulation 

of arousal level, emerged as the ove~rldlng determinant of stereotyped behav-
\ 

Tor ln these experlments. Stereotyped behavlor, taken as a whole, appears 

to be a monotonie increasing funetlon of AMP dose. An examination of the 

dose-response curves of stereotyped behavlor for the three experiments 

(FI9U,S.!,~ 3, and 4) reveals thelr marked slmllarlty. Furthermore, the 
, 'J 

Ineldenèe of each of the components of stereotypeô-bahavlor ~ppears to have 
\ 
\ 

a fafrly consIstent r~latlonshrp to doselfn alh three exp~rrmènts, although 

the nature of the relatlonshrp dfffers for each component. Thus, Llckln~ • 

/ 



• 

'- ! 

• 
e 

J 7 

-1 .; 
r 

~ 

6 

f/J 
,z 

0 -... 
~ 
Œ 

'" 4 (/J 

ID 
0 

'''-
0 

"I<~ 

~ Œ • '" 3 m • ::) 
Z 

1 

/ 

• 

.. 

Il '. l'· ....... • 
1 
i • 

1 • 
1 
1 • 

1.0 

C, 
vI 

·t,1 

:D051 ",-,kt) 

.. 

" 

"" 
' ' 

) 

- l' 

t ... 



\". 

1 

, -

\ 

, . 

," . 

~ 
0 
t-

~~ ~ 
~ 

m 
0 

0 
D:: 
LU 
ID 

! 
z 

o o.s 1.0 3.0 
-? ~; 

I.e 
, -

DOSE (mg/ kg) 

Fllgure 6. Mean number of observatfons of stereotyped 1 Jcklng 

'n ma 1 e and f~'.- Tryon'/ rats et 6 doses of a~Phetam 1 ne. (n = 8) 

/ '" (- t , .\ . 

Ut.' 

" 



: .• 

, ' 

[ab 1 e 15 \ , 
S~mary of the Analysls of Variance <i;lf" 

Locomotor Actlvlty ln Experlment III 

" 

Source df MS F 

Between Ss 

Straln (S) 33.85 0.06 

Sex (G) 326.34 0.59 

S x G 1989.26 3.60 

Error (1) 12 553.02 

Wrthln Ss 

Dose (0) 5 891.94 3.14* 

S x D 5 492'.27 1.74 

G x 0 5 1333.77 4.70** 

S x G x 0 5 126.19 0.44 

D x 1 60 283.68 

• I~J 
*p < 0.05 l, 

*~p < 0.01 
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appears to Increase Ilnearly Ith Increaslng dose, whl le the dose-response 

curves of Scannlng and Perambul ttn exhlblted a strong quadratic component 

as wei 1. The slgniflcance of the Ifferent r~la~onshlps of the components 

of stereotyped behavior to dose is nbt clear. 

AMP dose also exerted a powerful Influence on locomotor actlvlty. The 

Inv,erted-U ~latlons~lp found ln E.xperlme ts 1 and Il ts slmllar ln shape 

to curves typical Iy found ln experJments re tlng AMP dose to varlous Indices 

of locomotor actlvlty (Searle & Brown, 

1969). It Is of Interest to note that 

gl, 1963; Plhl & Greenberg, 
j 

sponse curves for Locomotor 
\ 

Actlvlty consistently dlffer from those for most tY~,es of stereotyped behavlor. ~~ 

This dlfferénce con~trtutes evldence that the locomotor actlvating and 

stereotypy-produclng propertles of AMP may work via different mechanisms 
-jl. 

(Mande Il & Sega l, 1973), . ' ,. • 
Ail of the experlments provlde evidenpe for the existence of constltu-

.'" tlo~al effects, although these affects .are generally of smaller magnitude 

then are those of dose. AMP conslstently produced a hlgher rate of locomotor 

activlty ln female 5s than It dld ln males. The Indices of stareotyped ~ 

behavlor dld net appear to be as sensttl~e to sax dlfferences as was loco-

motor act 1 v 1 ty • I-bwever, Exper 1 mént 1 1 1 revesl ed that stra 1 n and sex are 
~"r-~ - i\ , 

capable of Influencfng the~ncidance of two components of stereotyped . , 

behavlor. The signfftcance of these findlngs Is not clear at thls time. 
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NOVELTY-FAMILIARITY STUDIES 

Experlments 1. Il, and 1 Il lend themselves to the Interpretation that 
/ 

the Incidence of stereotyped behavior ln the hOme cage Is largely a functlon 

of arousal level, where arousal Is produced'by AMP InJection. The two'experi-

ments ln this group were deslgned to study the Incidence of AMr-SB as a ~ 
function of envrronmental Iy-Induced arous~l. ThIs arousal wasprovlded in 

\ 

Experiment IV by an open fjeld and ln Experlment V by an unfamlliar home cage. 

Each expertment used a ~Ingle dose of AMP of moderate strength. PI lot 

studles revealed that the stereotyped behavlor emltted under the conditions 

" of these experiments was predomlnantly Scannlng. Therefore, no at-tempt was 

made to dt scr 1 m f nate betwoon the var t et 1 es of stereotyped behav 1 or'. An 

observer used an event recorder to record the~duratlon of stereotyped behavlor 

sequences. 

EXPER lMENT IV 

.~ ~ 

An unfamfl Jar, open area ts commonly thq.ught to he a frlghtanlng, 

em9lronal Iy arouslng situation for the rat (a.g. Hall, 1934; Oennenberg, 

1964), and It 1s commonly agreed that unfamillar situations lose thelr ' 

arouslng properties as they become IOOra faml "'ar (a.g. Berlyn., 1960). If-

the stereotyped bepavtor produced by AMP Is prlmarlly a functton of arousaf, 

It -should be possIble ta mantpu1at!l the lavel of AMP-produced stereoi"ypy by L 

manlpulatlng the novefty of the open field. Gtven equ{velent doses ~f AMP, 

5s exposed to th. open fie f d for the f J rst""tl me shou 1 d am tt mor~ stereotyped 

~. ". 
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behavtor than should Ss prevlously gtv6~ severa 1 exposures. 

Method 

SUbJects. The Ss for thls exper[ment were 18 male and 18 female Wistar 

rats obtatned from Canadian Breeding Farm and Laboratorles. At the beginning 

of the exper 1 ment, the ma 1 es ranged '1 n we 1 ght f rom 335-400g, the fema 1 es f rom 

230-260g. 

Appatatus. The open field was a circular enclosure 36" in dlameter with 
" 

wa Il 5 25" hl gh. The wa Ils we~ pa 1 nted fIat wh 1 te. The fi oor was brown 

plastic, and was dlvlded by white radiaI 1 Ines and concentrlc circles Into \ 

24 subdivisions of approximately 40'square inches each. The field was il lu-
-' 

min~ted by the fluorescent room lighting. The observer sat adjacent to the 

field. 

For aIl Ss, the dosage of amphetamine was 3.Qng/kg in a solu,tïon 

prepared w i th 3.0 mg/m 1 d-amphetam r ne su 1 fate 1 nO. 9% s'a 1 i ne. 
\ 

Procedure. Ail Ss were malntained ln the McGI 1 1 Psychology Department 

animai colony under the conditions descrlbed ln the preV10us experiments for 

one week prlor to testing. One half of the Ss of each ~ were randomly 

assigned to each of two groups. The S5 ln Group 1 were Injected with AMP 
v 

and observed i~ the open field on the first day of the experlment only. The 

55 in group Il were exposed to the open field on flve consecutive days. 

These 5s were admtnist~red AMP, and were observed, on the ftfth day only. 

An injectIons were glven 30-40 minutes before the begfnnfng of the trial, 

whtch W8S of 5 minutes duratton. The op~n field was cleaned wtth alcohol 

~fter every trial. 
"\ 

, 1 
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An observer recorded a'il occas Ions of stereotyped behav lor by press 1 ng 

a button whlch actlvated the pen of an event recorder. The button was 

pressed when the S had emltted a ~ehavior three times in a rhythmlc, sub-

stantlal Iy unchanged form, and was hald down continuously until the S 

lnltiated sorne other form of behavior. The observer also recorded the number 

of squares into which each S entered wlth ~I 1 four feet 0; t~e day it 

recelved Its AMP injection. 

Results 

The data obtained durlng the observations were used to compl le two 

Indices of stereotyped behavlor: The total time which a S spent emittlng 

stereotyped behavior (SB Time), and the total number of occasions upon which 

the S emitted stereotyped behavior (Bouts). Scores on these two indices and 

the locomotor acttvity data were subJected to analyses of variance ln which 
_ .. - r -

Group and Sex were the main variance sources. The relevant summarles ~ppear 

in Tables 16, 17, and 18. ~Contrary to expectatlon, the 5s glven AMP on 
~ 

their flrst exposure to the open field dld not emtt more stereotyped behavlor 

than did those given It on thelr fifth exposure. 80th indices of stereotyped 
• 

behavtor demonstrate that theY,emitted less. Ss in Group 1 emttted an average 

of 20.3 seconds and 8.1 bouts, whT, le thoSQ ln Group Il emitted an average of 

73.3 seconds ~ind 16.5 bouts. The slgnlfrcance level of these results Is 

less than .05%. Male 5s emltted less stereotyped behaviOr (30.2 seconds to 

63.9) and fewer bouts (8.8 to 15.7) than dtd female Ss. The stgnlffcant 

~p < .0'> Group ,x Sax rn"t$ractron Inftuenctng §.!!!l!!!!. appears"" Figure 8. /, 

This Interactton dtd not( ~ppro.~h stgnlftcance for Bouts (p > .20L 

, . " 
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Table 16 

Summaryof the Analysls of Variance of 

~ Tl1me in Experlment IV 

Source df MS F 

Sax (G) 10234.7 13.90*** 

Group (T) 24806.2 33.68*** . 
G x T 3990.03 5.42* 

E?ror 32 736.44 

... 
*p -< 0.05 

***p < 0.001 

~-
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Table 17 

Summary of the Analysls of Variance of 

Bouts ln Experrment IV 

" Source df MS F 

Sex (G) 427.11 9.98** 
~, 

Group (T) 641.78 15.00*** 

G x T 18.78 0.44 

Error 32 42.80 

**p < 0.01 
***p < 0.001 
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Table 18 

Summary of the Analysls of Variance 

of Locomotor Actlvlty ln Experlment IV 

\ 
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An qnalysls of the locomotor actfvity measure (total sèctions entered) 

also revealed differences between the groups. Ss glven AMP on triaI 1 were 

~ignificantlY less active than were th~se given It on'trial 5 (63.3 'sections 

entered to 95.6, P < .01). Neither the main effect of sex (p > .05) nor 

the Group x Sex Interaction Cp > .20) was signlflcant. 

EXPERIMENT V 

Because the main result of Experiment IV ran contrary to expectation, 

it was decided to attempt to replicate it ln a different context: The home 

cage. In the present experiment an attempt was agaln made to manipulate 

the arousal value of the testing environment by manipulating Its fami 1 iarlty, 

thls time by testtng AMP-treated Ss either in their own home cage or in an 

unfam il i ar cage of 1 dent i ca l, des 1 gn. 
,. 

Method 

SUbJectr: Ss used in this experiment were 12 male Wistar ,rats obtalned 
// ----

fram ~h~n Breeding Farm and Laboratorles. They ranged ln welght from 

250-300g at the beglnning of the exper.lment. 

Apparatus. AIl Ss were housed and tested ln plastic cages wlth wire 

tops, identtcal to those described in Exper!ments 1, Il, and III. The AMP 

. solutton used for injection was prepared ln a concentration of 2mg/ml 

d-amphetamlne sulfate ln 0.9% salIne. 
<. 

Procedure. Ail S5 were housed Indtvlduaily ln the anlmal colony for 
\ ' 

one week prior to 4-estrng. Durlng thls pertod, thelr cages were ~ot touched, 

1 

l' 

& 

.. 
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other than to replenish food and water. 

On the day of testing, each S was taken to the testlng room in its home 

cage, weighed, inJected with 2.Omg/kg AMP, and returned to Its home cage, 

which remained in the testing room. One half hour later, the S was remdVed 

from its home cage,held by hand for five seconds, and placed into one of 

two types of cages. One half of the S5 were returned to thelr original home 

cages. The other half were placed into an unfamiliar cage of identical con-

struction and dimensions, but which had been freshlY,washed and whlch con-

tained fresh sawdust. The original cage top was returned in both cases. 

The assignment of Ss to the fami liar cage group or to the unfami liar cage 

group was random. 

Each S was observed continuously for the next one half hour. This 

period of observation was divided into 6 five-minute time blocks. The first 

four minutes of each blo~k were spent recording stereotyped behavior, u,sing 

the method and criteria described in Experlment IV. During the fifth minute 

of each bl~ck, th~ observer recorded locomotor activity, deflned as the 

number of quarters of the cage which the S entered wlth ail four feet. 
1 

Results 

The two Indices of stereotyped beh~vior defin~d in Experiment IV, SB 

Ttme and Bouts, and the locomotor activity measure were analyzed by analysis 

of variance in which type of cage (Famil iar or Unfami 1 iar) and observation 

perlod (1-6) were the main variance sourèes. 80th cage type and period 

signiftcantly affeèted SB Tlme (Table 19): S5 returned to famtl lar home cages 

emlttèd sTgntflcantly more stereotypIes than dld Ss placed ln unfamll lar 

. , 
\ 

, ' 

i 

.. 



Tabre 19 

Summa~iof the Analysls of Variance , 
of 9'B Tlme 1 n Experlment Y 

fi 

Source df MS F 

Between 5s 1 

'Group (G) 140450. 27.90*** 

Error (1) , 10 5033.26 

Wlthln S5 
r 

Perlod (P) 5 19638.7 1'$'148*:** 
\ 

G x P 5 1981.37 1.56" 

P x 50 1268.55 ,'-~' 
***p < 0.001 
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cages (p < .01); aIl Ss emltted more stereotyped behaviors during the last 
1 

observatIon periods than they dld durlng the flrst (p < .001). The two 

varIables did not interact (p > .10). Neither of t~ main effects made a 

significant contribution to the variance of Bouts (Table 20). However, 

their interaction was significant (p <'.01). This interaction is diagrammed 

in Figure 9. During ail observations except the flrst, Ss placed Into 

fami 1 iar cages emltted fewer, ,bouts than did Ss plaGed into unfami 1 iar cages. 

This relationshlp is reversed ln the first period. These two indices taken 

together indicate a difference ln mean bout length. Ss returned to their 

origInal cages emitted a few very long bouts. Nelther the two variables 

Individual Iy nor their interaction influenced the actlvity scores (Table 21). 

Discussion 

ln both Experiments IV and V, AMP-treated Ss placed Into a relatively 

no~el environment emltted less stereotyped bahavior than did those placed 

Into a famil iar anvlronment. This affect holds when both envlronments are .. 
relatively fami Ilar (ExperIment V) and unfamll iar (Experiment IV), 

Experrments 1, Il, and 1 Il have shown that the role of AMP-produced 

arousal ln generating stereotypies Is considerable. However, to conceive 

of the amount, of stereotyped _behavlor as dlrectly reflecting the;degree of 

arousal does not appear to be warranted, stnce the ~itlonal'arousal 
• 1 

produced by unfamll far surroundings' did not produce an fncrease ln stere~ 

typed behavior. It may be that the' by the.drug and the 

"arousa 1" produced by and are not "additive." ln ... 

tact, they would have to be "subtractive" to tit the pattern o.f resuf\ts ln 

.. 

\ 
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/ Summary of the Analysls of Variance 
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" 
of Bouts ln Experlment V 
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Source df MS F 

Between Ss 

Group (G) 105.13 2.82 

Error ( 1 ) 10 37.29 
.( 

/ 

1 

"4' 
(P) 5 2.33 0.20 

p 5 39.73 3.38** 

x 1 50 Il .75 

**p < 0.01 
n 
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FIgure 9. Meen number of bouts of steraotyped bahavfor 
emttted by rats ln Famiflar CF) and Unfamlltar (U) cages followlng 

< \ amphetamlne tnJ~tJon. (n = 6) 
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Table 21 

5ummary of the ~nalysls of Variance 

of Locomotor Actlvlty in Experlment V 

Source df MS F 

Between $s '" 

Group (G) t • 0.22 O'02f 
Error ( 1 ) 10 13.19 

Wlthln 5s 
# 

Perlod CP) 5 1.26 0.47 

G x P 5 2.19 0.83 

P x 1 50 2.65 
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from Internai and external sources should be additive, seve~1 experlmenfs 

have obtarnè~ results which do support an additive conceptIon of Internai 

and ext~rnaj arouslng factors (Berlyne, 1967, 1969>, and whlch consequentty 

cast doubt on a "subtractlve" Interpretation of the results of the experlments 

reported here. 

Another possible explanatton of these results makes use of thé Inverted-
-

U function which has been hypothesized to relate arousal to behavloral efflc-

iency (Hebb, 1955; Duffy, 1957; Malmo, 1959>' It could be argued that, for 

the br~ly aroused Ss of expèriments IV and V, the addittonal Increase ln 

i 
arousal produced by a nove 1 envlronment decreased stereotyped behavlor 

because the subjects became overaroused to the point of being hardly able to 

emit any behavlor at ail. The tact that the Ss ln Experlment IV who were 

tested durlng ~thelr first exposure te fhe open fl~ld emltted less locomot~ 

actlvlty than dld those who were tested on thelr fifth day of exposure sup-

ports this lnterpretatl?n. However, the results of Experiments 1-111 argue 

against such an' InterpretatIon. 
_ ........ t~ 

'" AMP f n doses two to three t 1 mes hl gher than 

those used ln the present experlment funther Increîsed st,reotypy, rather. 

tban decreasfng ft. Furthermore, the doses ~sed in Experlments 1-111 , 
1 

approached the maximum usable dose ln Wfstar Ss. Pi lot' studles uslng IO~O 

mg/kg produced appreclable subJect mortallty. 

It appears that an fnterpretatfon of the effects of novelty on stereo-
• 

~yped behavlor solely ln terms of the arousal-produclng aspects of novelty 

faces dtfflcultles. Netther of the two InterpretatIons offered above are 
~ 

enttrely convincfng • 

J f 
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Under natural conditions, situattons which produee arousal also provlde 

eues to the approprlate response to the situation (e.g. Blndra, 1968): A 

hungry animai should search for and eat food, an angry animai should fight, 

a frlghtened animai should freeze or flee from danger. Novel~y, too, has 

~ehavlor-guJdlng or response-seleetlng propertles in addition to its arous-

ing properties: A curlous animal explores (Berlyne, 1960>' 

Tb~ results of Experlments IV and V can perhaps be elarifled by focusing 

attent {on on th J 5 behav lor-gu id r ng aspect of nove 1 ty. The greate r degree of 

.. novait y encountered by drug-injected 55 placed Into an open field for the 

fi rst t irne or r nto an unfami 1 lar cage wou 1 d be expected to el iclt or se 1 ect 

a higher frequencyof exploratory responses in these 55, compared to Ss 

placed into farni Ilar situations. 
( 

" 

ln sever~1 of the studies of pathologlcal stereotypies described above, 
1 

l'nvest r gator5 l found that 5tereotyp 1 es were redueed in a var i et y of ci rcum-

stapces whlch promoted th~ appearance of alternative, non-stereotyped re5ponses 

<Davenport & Ber kson, 1 963; Ber k50n & Ma son , 1 964b ; Ho Iii s, 1968; F 1 ave 1 1 , 

1973>' It 15 likely that noveity-tnduced,exp'ioratory behavior functioned in 

the same manner in Experlments IV and V. Rats placed Into the relatively 

famillar envrronments were aroused by the AMP, but the fami 1 iar environments .. 
II 

provlded few behavior-guidlng eues. In broad terms, then, stereotyped 
" 

beh~vlor may be characterj~tre of sltuatrons in which the arousal component • 
of a strong motivatlonal state ts present but the respon~e-~utdlng component 

1 s not. 

ln the rat, locomotfon has typlcally bean assocleted wtth exploration 

(Berlyne, 1960), and thus the ffndlng thet AMP-inJected rets were less active 
/" .. , -
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on thelr flrst than on thelr flfth exposure to the open field (Experiment 

IV) appears Incompat~ble wlth the hypothests tnat They amttted less stereo-

typed behavlor because they ~ere explorlng more. However_ there are several 

reasons for questlonlng wnether locomotIon accurately reflects exploration 

in Experlment IV. The abll [ty of AMP to sttrnulate hlgh_ levels of locomotor 

activ~ty ln the $5' home cages in Experlment 1-111 should serve as a warning 

th1t I,ocomotton may be an unrellable Index of exploration ln AMP-treated 

animais. A sirnllar conclusion wês reached by Kumar (1969) as a result of 

an experlment whlch Independently assessed novelty-dlrected and locomotor 

acttv tty ln AMP-treated 5s. He found that AMP Increased Y-maze arm entry 

bu! decreased food "f'Irough investigation. tn addition, Whimbey and Dennenberg 

(196J>, worklng wlth undrugged rats, have polnted out tnat trylng to infer 

the strength of exploratory motlvatton'from open field actlvlty 15 very dlf-

flcult. Their factor-anal y tIc study revealed that open fIeld actlvity is 

related to both exploration and emotional lty, and that The nature of This 

relatlonshlp changes between the ftrst and subsequent open field triaIs • 

, / 

o 
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STIMULUS EXPLORATION STUDY: EXPERIMENT VI 
., 

\ 

Experiments IV and V found that AMP-lnjected Ss emltted le~s stereotyped 

behavior in a nove 1 envlronment than they did ln a familiar one. This 

result was explained by assumlng that the stimuli ln thls novel env'ironment 

had evoked exploratory responses whlch were incompatible wlth stereotyped 

behavlor. However, slnce the nove 1 features of the envlronment could not 

be speclfred it was ImpossIble to determfne wh~ther any exploratory behav10r 

ln fact occurred. 

ln the experiment ta be reported below, an attempt was made to discover 
\ 

whether a decrease ln AMP-SB ln the presence of a nove 1 stimulus was actually . 

accompaniad by exploratIon of that stImulus. Basellna rates 'of stereotyped 
"-behavior and activity were establ t'shed in a situation wrth which the 5s were 

already fami liar. A novel stimulus was than placed Into the situation, and 

the Ss' orientation toward, approach to, and contact wtth It were measured, 

as were stereotypies and general actrvity. Saline-Injected Ss were also 

tested ln order to establ ish norm!tl values of stimulus exploration ln this 

situation. 

.' 

Method 

5ubJects. The 5s for thls experiment were 33 male Wlstar rats obtalned 

trom Canadfan Breedlng Farm and Laboratori~s. These Ss ranged in welght 

from 17o-230g at the begfnntng of the experlmenf. 

Apparatus·. Each S was tested [fi one of ttlree 1 dent r ca 1 observat ion 

boxes. These boxes were constructed of 1/2" unpa t nted p fywood, measured 

, 
~- , 
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10 X 12 X 10" high Inslde, and had a plexiglass top and a wood shaving floor. 

Each box was )oc'ated 18" beneath a mirror angled so that an observer could 

record the S's behavior from a sitting position beside the box. The boxes 

were located in the experimental room described ln the prevlou~ experiment. 

The novel stimulus was a car-d whlch measured 10" X 12" and which con-

sisted of alternatlng black and white vertical strlpes 3/4" wide. It was 

constructed b,y applylng black electrlcal tape to white poster board. The 

stimulus could be placed flush against,one end wall of the observation box. 

Vertical rad 1 Ines painted on the side walls 1 1/2" from the stimulus dem-

arcated the area of proxlmity.to the stimulus card, when it was in place. 

The concentration of the amphetamine solution used for injections was 
, 

2.0 mg/ml d-amphetamlne sulfate ln O.~% saline solution. 

Procedure. The Ss were brought into the animal colony approximately 
/ 

two weeks prior ta testlng. They were housed ln groups of three ln the home 

cages described ln the previous experiments. Beginning five days prior to 

testfng, each rat was given a 15-minute habituation session on four consecu-

tive days. The S was always placed in the same box. During these sessions 

the stimulus card was not in place. 

~ach S was tested on the day fol lowing Its fourth habituation session. 

It was brought to the laboratory and gtven an I.p. Injection of either 2.25 

mg/kg AMP (n=23) or saline (n=IO). AssIgnment of Ss to the amphetamlne (AMP) 

and sai ine (SAL) groups was random. 

Fort y minutes fol lowlng the injection a 25~inute test was inttlated. 

The test was d[vrded fnto flve frve-mtnute t[me per[ods. The f[rst period 
~ 

served as a baseltné perfod, durfng whlch the stimulus cer,d was not present. , 
L~";-N""";"~ 
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The observer inserted the stimulus card Into the box at the beglnning of 

the second perlod, and removed It at the end of the thlrd period. Durlng 

the fourth and fltth perlods the stimulus was agaln absent. Thus, behavlor 

ln the presence of the stimulus (Periods 2 and 3) could be compared to 

behavlor when the stImulus was absent (Perlods 1, 4,and 5). 

Using a six-channel event rec?rder, the observer continuously recorded 

the occurrence of 5 categories of the Ss' behavior. Perambulation was 
-

recorded when the S changed its location in the apparatus uslng ail four 
\ 

legs. Scan Other was recorded when the S snlffed et or emitted head move­
\ 

ments directed et anythl\ng other than the s~rmulus. The Scan -Stimulus 

category included behavlor identlcal ln form to Scan Other, but which was 

emitted whfle the S's nose was pointed toward the stimulus càrd, when 

present. Stimulus Proxlmlty was recorded when the S's head was within 1 1/2" 

of the strmulus. Stimulus Contact was recorded when the S's nase was touch-

ing the stimulus cardo Stimulus Proximlty and Stimulus Contact were never 

seored simuitaneously. The last three categorIes eould only be seored during 

Perlods 2 and 3 whlle the stimulus card was present. 

The sixth channel on the event recorder was used ta record the occurrance 

and duration of eny stereotyped behavlor whlch occurred. The specifie form 

of the stereotypIes was not considered. The crlterion of stereotypy described 

ln Experlment IV was usad in thfs expertment. 

Results 

The average duratron of each of the tlva behavlors obsarved was summed 

ln each perfod to determlne how much of the behavlor was accounted for by 
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the observatIon categories. Together, the flve categories accounted for an 

average of 88% of the total duration of the test for the AMP Ss (range across 

the ftve perlods: 85% - 90%). Durlng most of the remalnlng tlme the Ss were 

alert but motlonless. The flve categories accounted for only 30% of the 

tot~1 duration of the test for the 5AL 5s (range: 11% - 60%>. These Ss too 
1 

were motionless dur1ng most of the remaining time. Immediately after presenta-.. 
tion or removal of the stimulus they appeared alert. At other t!mes the y 

appeared asleep. Groomlng was also seen occasionally ln both groups. 

Because no SAL S was ever observed to emit stereotyped behavlor, an 

analysls of variance was performed on the Stereotyp&d Behavlor scores of the 

AMP Ss only. The results of this analysis, s~marized ln table 22, revealed 
, l 

a stgnificant Period affect. Tha affects of ~erlod on stereotyped behavior 

are plctured in Figure 10. Multiple comparlsons of the period means, by the 

method of Scheff~ (1959>, Indlcated that the means in period 2 and 3 were 
'\. 

slghiflcantly lower than those ln perl'ods 1,4 and 5. It was also found 

that the level of stereotyped behav10r in period 2 was not dlfferent tram 

that ln per[~d 3, and that there wera no slgnlflcant d!fferences in stereo-

typed behavlor ln the three perlods ln whTch tha stimulus was absent. That 

is, the AMP Ss emltted slg'ntficantly les~ stereotyped behavlor in the presence , 

of the novel stimulus. 

The stimulus-dlrected behaviors displayed by ail 5s durlng Perlods 2 

and 3 were analyzed by analysls of-varIance. Tables 23,24, and 25~contaln 

summarles of each analysls, and the results are presented graphically in 

Figure' Il. The AMP and SAL 5s were not found to dfffer on any of these 

measures. f-bwever, the Ss in both groups habituateq to the stimulus to ,$,;Orne' 
{ 
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Summary of the ~nalysts of Variance of 

Stereotyped 8ehavlor ln Experlment VI 

, ,-

J « 

Source df MS F 

PerJod 4 52563.8 34.37*** 
1 

Error .88 1529.41 

***p < 0.001 
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Table 23 ,. 
Summary of the Analysts of VarIance 

/ 

of Scan SHmu 1 us 1 n Experlment V.J --

Seurce 

Between 5s 

Group (G) 
.:~. 

Èrror (1) 

Wlthln 5s 

Per 1 od (P) 

'G x P 

p x 

***p < 0.001 

! -

df 

31 

31 

MS F 

36.56 0.18 
f 

1~9.14 

2388.02 24.42*** 

45.93 O. 7 

97.79 
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Table 24 

Summary of the A'nalysls of Variance 

of Stimulus Proxlmlty ln Experlment VI 

-
Source df MS F 

• 
Between Ss 

Group (G) 386.12 0.93 

Error ( 1 ) 31 415.54 , 
~ 

Wlthln Ss '--. 
r,. 

Perlod (P ). 541 .23 3.26 . 
G x P 6.79 Oor 1 -

p x 31 165.95 l 
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Table 25 

Summary of the Analysls of Variance 

/ ,of Stimulus Contact ln Experlment VI 

~I 

\' 

S6urce df MS F 
.-

Between 5s .... 

Group (G) 54.91 0.04 
!' 

Error ( , ) 31, l' 38.67, 

" 

Wlthln Ss 

Perlod (P) 2596.91 8.22. 

" 1 
G x P . ()... 17 0.00 

p x 31 316.00 ~ --. 

**p < 0.01 
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extent. The Scan Stimulus (p < .001) and Stimulus Contact (p < .01) scores 

were signlficantly hig1'!er in Perlod 2 than ln Period\ 3. The analysis of 

, ) 

Stimulus Proximlty scores did not reveal this difference, however (p > .05). 

'Drug cordition and Period did not Interact fpr;.-any of the three categories 

-of behavior (p > .20). 

Summaries of the results of the an~lysis of varia~ce pe~ormed on the 

Perambutation and the Scan Other scores appear ln Tables 26 and 27. Group, 

Period, and t,h,eit interaction contributed to the varTanG:e of both of these 

behavlor5. Compa~isons of individual means werê made u~ing the method of 
, ' 

Scheffé. The AMP Ss emitted more Perambulation than dld the SAL S5, as , 

shown graphically ln Flg,ure 12. The hlgh level of activ',ity of the AMP 5s 

dropped only after removal of the stimulus fn Period 4. Among the SAL Ss, 

the ~resentation of the stimulus slgnlflcantly increased1perambulation. 

The decrease in. Perambulatlon fol lowing the removal of the stimulus was not 
: J 

significant. 

" ' SCkh Orther for the AMP 'group ls shown graphlcally Ir) Figure 10. This 
1 , 
1 

behavlor defreased slgnificantly in the presence of the n~el stimulus. The 
, 

1 evel of th lis behav lor in Per iod 1 dl d not di ffer from that t n Per lods 4 

and 5. 
, 

The metpod of o~servatlon used in thls experlment permltted stereotyped 
~ 1 

behavlor to ~e recorded Independently of any specifie compdnent of behavlor. 
i , 

.. 
The S5 em(tt$d bursts of rhythmic head movements, of several' seconds duration, 

1 .fi'> (1 1 

I! ' 

oHen end j n~: w i th a 51 1 deways head turn. As a 'conseQ~ence J, thé" Sfereot}1?ed 
• 1 

l' • 
Be!J!V-taL~!:!~!~ Ott!er ~easures wêrê confound~d. l-n order to separate non-

) ---~- -
stereotypèd from stereotyped s~annlng; a second mea)ure' of scannfng (non-SB 

, 
1 

. -1. 1 ; 
1 

1. 
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Table 26 '. 

Summary of the Analysls of Variance 

of Perambuletlon ln Experlment VI -

Source df MS F 

"" Between Ss 

Group (G) 57290.4 13.52*** 

Error ( 1 ) 31 4236.01 , .. } 

• 

Withln Ss 
'\.. 

Perlod (P) 4 3262.57 10.11*** 

G x P 4 1113.14 3.45** 

P x 1'24 322.56 • 
**p <,0.01 

***p < 0.001 " 
~ , ' "', ,J 
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_l -.-. '\., 

Summaty of the Analy~~~ariance 
, ' 

of ~ Othe~ ln Experiment VI 

, 
<' 

• 
Source MS F 

Between 5s 

Group (G) 622114. 96.76*** 

Error (1) ,31 f 6429.42 

o 

Perlod (P) 4 /50/5.8 / / .60*** "b 

G x P 4 23286.1 

p x 124 1294.69 

***p < 0.00/ 

/7.99*** 
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~.2.) was derived. in which aIl occasions of steraotyped Scan Other were 
/ 

el iminated from the total Scan Other score. 

An analysis of variance was performed on the Scan Other scores of the 
r 

SAL Ss and the non-SB Scan Other scores of the AMP 55. The summary of thts 
----- ~I ..:.-..:.-

analysis appears in Table 28. Both Group (p < .01) and Period (p < .001) 

5igntficantly affected the scores. However. the two variables did not 
} 

Interact. These data are shown graphical Iy in Figure 12. The ovaral 1 level 

of thI~ behavior was hlgher for the AMP Ss. and in both the AMP and SAL 

groups, the presentation of the novel stimulus ln Perlod 2 cause~ an increase . .. 
ln neither group is the drop between Periods 3 and 4 signiflcant, but, the 

drop between Periods 2 and 5 Is significant in the- SAL group, and Period 5 

is significantly lower than the average of Periods 2, 3,and 4 in the AMP 

group. ',> 

To further analyse the relatlonshlps among the behavlors, several cor-

r~atlon coefficients were calculated. Among the AMP 55, stereot~ed behavior 
~ \ 

in periods 2 and 3 combined correlated negatively with Total Object Exploration 
". r:-

(obtained by summing Scan Stimulus, Proximity and Contact)(r = -.61, P < .01), 

and with Perambulation (r = -.52, P ~ .01), Total Object ExploratIon and 

Perambulatlon were unrelated Cr = -.03, P > .20). Durlng periods 1,4, and 

5, stereotyped behavlor and Perambulatlon were n~t stgntftcantly çorrelated , . 
>. 

Cr = -.23, P > .(0). ln the saltne-treateç subjects, however, Total ObJect 

(r1 .70" P < .02). 
,~, 

Exploration and Peram~ulatton were poslttvely related 

Discussion 

SubJects InJected wlth amphetam1ne emltted lest stereotyped behavlor ln 
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Table 28 

Summary of the Analysls of Variance 

of Non-STereotyoed Scan Other ln Experiment VI 

Source 

Between 5s 

Group (G) 

Error (1) 

'" 

Wlthl n Ss 

Perrod (P) 

G x P 

P x 

**p < 0.01 
***p < 0.001 

" " 

,/ 

df MS F 

39998.9 8.92** 

31 4484.23 

4 8008.22 7, Il *** 

4 1452.55 1.29 

124 1126.98 
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the pres~ce of a nove 1 stimulus than in its absence. 
- '1 

This decrease was 

accompanied by stimulus-directed behavl6r which did not dlffer in duration 

from that of the saline-injected control 55. Together~ these flndings may 

be interpreted as meaning that the abi 1 ity of a nove 1 stImulus to reduce 

stereotyped behavior is related to its tendency to el icit exploratory 

behavior. The signiflcant negative correlations found between srereotyped 

behavior and explo~ation, and between stereotyped behavior and perambulation 

are consistent with this interpretation. In general, then, this experiment 

supports t~e hypothesls suggested earl 1er that, in the AMP-aroused subject, 

stereotypy occurs in the absence of stimuli capable of el iciting any.alter-

native motivated responses. 
--- - ------.. ~ -

Exploratory behavior and stereotypy appear to be compe-titive responses 

ln this situation. 
/ 

No S was ever observed to explore and emlt stereotyped 

behavior at the same time, even though these responses are not physical Iy 
". 

incompatible. The inference that the decrease ln stereotypy was caused by 
~ 

the el icltation of alternative exploratory responses is not completely 
l· 

Justtfted, however. An alternative interpretation assumes that steréotyped 

behavior is itself capable inhlbltin~ exploratory behavlor, ~nd that presenta­

tron of the nove 1 stimulus caused a decrease ih stereotypy, whlch in turn 
(' . 

enabled exploratory behavior to emerge. On the basls df thè p'resent experl-
';li. 

mant, there i5 no way of determlnlng whether eltner ot these posslbl 1 itles 

ls correct . 
. \ \ 

.I,n}the present study, the exper[menter lacks, control over the form and 

trme emlsston of bath thè stereotyped and the alternattvé (exploratory) 

,behav fors. Ais a result, It rïpoSSIbl9 ta determJ ne the exact nature of 
. -
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~i the reclprocal reLatlonshlp between stereotypy and exploratory behavlor. 

A preferable expertmental proc~ure ~ould Inv91ve using as an alternative 
1 
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, ~ \ 1 

behavior a response: such as: a dlscrlmlnated approach or avoldance, the form 

\ 

and emission of whlch would be more directly under expe~lmental control. 
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GENERAL DISCUSSION 

" The present investigation 'reports six experiments which explored the 

effects of amphetamine dose, envi ronmenta 1 novelty, and the prese~ce of a 

novel stimulus on ~ereotypeo behavior and locomotor activlty in rats. Their 
~ 

general purpose was to discover the extent to wAich the major variables known 

to affek:t the i nc i dence of patho 1 og i ca 1 stereotyped behav i or i n men~ 1 l,y , 
r-

deficient or psyehotlc persons would similarl-x; intluenee the incidence of 

stereotypies d d ' t b h t' "t' ,,, pro ~ce ln ra s y amp e amine InJee Ion. 

The a tm of the three Dose-Respon,se Stud i,es was to exp 1 ore the effect 

of AMr dose upon four components'of stereotyped behavior and upon locomotor 
\ 

actlvity. Male and female S5 of four strains of rats were tested: The 

" ~'ffiajor finding of these experiments was that the incidence ofl stereotyped 

behavior tended to be an increaslng funetion of AMr dose, whi le locomotion 

was related to AMP jose ln.an inverted-U fashion. Individual components of 

stereotyped behavior (scanning, ~erambulation, and cage 1 icking) bore dif-
'/ 

ferent relationships to dose, but the forms of these relationships varléd 

little among S5 of varying constitution. The basic findings were inter.preted 
, 

as meaning that the Ss' arousal levels~mediated the incidence of stereotypy. .. 
o 

The two Novelty-Faml l latity Studies examined 
_ .. • l 

th~ relationship betwe~~ 
. ) " 

e~vlronmental novelty and stsreotyped behavlor ln Ss treated with AMP. One 
1 l, 

study compared ~he incidence of stereotyped behavior in an open field among 

Ss who elther had no prevlous experie~ce or had hâd four previous trials ln 

It. The other stuôy examlned the résult of placing an AMP-treated S lnto 

an unfam il far home cage rather than j nto the cage It' h:d OCCUP 1 ed ~ the 

! .. 1 
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previous week. Contrary to -a prediction based upon th~ arousing properties 

of environmental novelty, both experiments found that the incidenèe of stereo­

typed behavior was lowe'r among Ss placed into a novel environment than among 

Ss placed into a relatively famil iar one. An explanation of this result was 

attempted, based upon the abi 1 ity of a nove 1 environment to evoke exploratory 

behaviqrs incompatable with stereotypies . 

A final exper~ment, designed to test this hypothesis, exposed rats to 

a novel stimulus in an otherwise fami 1 iar environment. An observer recorded 

ail occurrences of ste.reotyped behavior, of .stimulus-directed Cèxploratory) 

behavior, and of locomotor âctivity. The prediction that any decrease in 

stereotyped blilhavior caused by the nove'l stimulus would be accompanied by an 

increase in stim~lus-directed behavior was confirmed. 

Taken together, t~esé experiments appear to indicate that arousal level 

and the el icitation of alternative responses are both important factors in 

determining the incidence of stereotyped behaviors. Amphetamine'dose was 

an extremely J~tent determinant of both the 
l -' 

The abil iti of novelty to reduce AMP-SB was 

incidence and form of stereotypy. . 
" 

also demonstrated to be an 

important effect, and the established abi 1 ity of novelty' to evoke exploratory 
\ 

behavior makes it reasonable to conclude that it is the el icitation of this 

11 alternat i va act i vi ty wh i ch resu 1 ts in the decrease of stereotyped behav i ~rs. 
#f' 

The ,conclusions drawn from these experiments should be accepted with 

caution for severa 1 reasons. One of these reasons concerns the generality 

,of the interpretatlon that stereotypies are reduced by stimul i whlch evoke 

a~ternative responses. Novel stimul i were employed to evoke exploratory 

responses in ail of the experiments reported here. It is posstble that 

.. 
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stimul i which evoke alternati~ responses other than exploration would not 

be effective' in reducing stereotyped behaviors. SincJtfami 1 iar stimul i are 
( 

known to evoke alternative responses and reduce pathological stereotypies 

(Berkson & Mason, 1964a,b; Hoii is, 1968), the flndings of the present investi-

gation have only part1v demonstrated a similaritv with pathological sfereo-

typed behaviors. 
-, 

A second basis for questioning jhe Interpretations is the possible 

existence of experimenter bias effects (Rosenthal, 1966). The experiments 

reported here are vulnerable to two sources of bias. First, they were not 

run "bl ind." The observer was potentially aware of the drug condition of 

the 5s he was observing. Second, because each studV ~sed onlV one observer, 

no formai assessment of rel iabi litV was conducted. 

Aitempting to conceal the drug treatment given a S is a common source 

of diffic~lties in man y drug experiments. The basic problem 1 ies in the 

fact that anv acute experienced observer can usual IV tell easi IV whether a 

S has been injected with a drug and can also guess the approximate dose. 

Under these conditions, the use of technical Iy correct bl ind procedures is 

no guarantee against biased observj~g. 

Instead, safety from bias is usual IV sought in the observation procedure 

itself, and the general IV accepted procedure is for two or more observers 

to empirical IV establ ish their abi litV ta observe reliabi lit Y either before 

or preferably during the experiment. 

Various difficulties made the gathering of rel iabi 1 ity data impossible 

during·these experiments. However, there are severa 1 reasons for bel ieving 

that the data reported fairly accurately reflect the behavior emitted by the 

• 
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Ss. First, it has been wei 1 establ ished that stereotyped behavior can be 

~ observed rel iably. A number of experiments have reported rel iabi 1 ity 

coefficients, and these are abov~ .90 for most behaviors under most conditions 

(Berkson & Davenport, 1962; -Guess, 1966; Kaufman, 1967; Klaber & Butterfield, 

1968; Baumeister & Forehand, 1972). Second, the observer who made the obser-

vations in these studies had had approximately six years of experien9è in 
,1 

the 6 observation of rat behavior ih a wide variety of experimentàl settings 

prior to participating in these experiments. Third, the obse~ver was wei 1 

aware of the danger;; of bias in a situation lacking 'the usual reliability 
l .. 

assessment, and took appropriate precautions. Evidence that these precautions 

were successful is seen i,n the f<!lct that the results of Experiment IV"contra-

dicted the observe~'s expectatlons. Also, the effects of major Lntêrest 

turned out to be very powerful, making the results less sensitive to distor-, 

tion by experimenter bias than they would otherwise be. 

Assuming that the results of these experiments may reasonably be inter-, , 

preted as confirming the important roles of arousa1 and the el icitation of 

alternative responses in determining the incidence of amphetamine-produced 

stereotypy, this work stands in clear support of a unified concept of patho-

logical and amphetamine-produced stereotyped ~havior. These behaviors appear 

to have more in common than more simi larity of fôrm, and may,share unaerlying 

physiological and blochemical causes. 

The simi lari-ries in pathological, and' amphetamlne-p'roduced ste,typed 

behavior are seen most clearly ln the case of thair modification by changes 

~f arousal level. A wide variety of conditions which may reasonably be 

interpreted as manipulating arousal increase pathological stereotyped behavlor, 

J ' 
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and these conditions have their parai lei in the effects of AMP dose in the 

present experiment. The total amount of stereotyped behavior emitted by Ss 
. 

in Experiments 1-111 varied dlrectly with AMP dose, and the large amount of 

evidence 1 inking AMP action, reticular formation act~vatlon, and behavioral 
',1 

arousal (e.g. Schildkraut & Kety, 1967; Stein & Wis~, 1970) suggests very 

strongly that this effect is mediated by increased arousal level. 

The fact that stereotypies are associated with high arousal levels in 

the present experiments lends support to suggestions (Hurt & Hutt, 1965; 

Berkson, ~967; Davis, et ~'1 1969) that individuals whose behavior is dom-

inated by pathological stereotyp~d behavior are chronical Iy in a highly , 
~ 

aroused state. This finding also suggests that individuals who engage in 

stereotyped behavior in unst~mulating environments are not engaging in self-

stimulation in order to raise their arousal to an intermediate level (Levy, 

1944; Lov., 1967). Rather, these subjects may be in a highly aroused state 

in spite of their unstimulating surroundings. Normal subjects who have been 

observed to emit stereotyped behavior in unstimulating environments (Levy, 

1944; Lovaas, 1967) mày 1 ike'wise bê in a state of high arousal. <, Berlyne"s 

(1960) suggestion that the state of boredom involves a high, rather t~an a 

low, arousal level is consistent with this speculation. The question of 
\ 

wh~ther the subjec+ emitting stereotyped behavior is attempting to reduce 

tension or arousal, as has been suggested by severa 1 authors (Lourie, 1949; 

Hutt & Hutt, 1965), cannot be determined from the results of the present 

experiments. 

'11f a chronical Iy hrgh state of arousal does underl ie pathological stereo-
, 

typed behavior, the results of the present experiments suggest a disorder of 
, 
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catecholamine function or metabol ism as a possible cause. There seems 1 ittle 

dollbt that AMP's affects on catecholamine rretabolism are the prima'ry deter-

minant of amphetamine-produce~ stereotypy (Randrup & Munkvad, 1972; Mandel 1 

& Segal, 1973) and a disordûr of catecholamine metabol ism may underl ie patho-

109icai stereotypy in mental deficlency and psychosis as wei 1. 

One result of such a conceptualization might be the development of more 

effective chemotherapeutic agents for use in the reduction of pathological 
, ~ 

stereotyped behaviors. Lovaas, et ~. (1971) have claimed that the active 

suppression of stereotypy is a necessary first step in the treatment process. 
, , 

The currently effective behavior modification techniques (Risley, 1968; Foxx 

& Azrin, 1973) typical Iy require individually-supervi?ed daily training 

sessions of several hours duration. Drug therapy is clearly an attractive 

alternative. As information about the metabolism and function of catechola-

mines increase, an inevitable by-product wi 1 1 be the development of chemical 

agents with very selective effects on various aspects of catecholomine 

function. Some of these agents may be.effective suppressants of stereotyped 

behavior. 

The present investigation has also found that stimul i which tend to 

el icit 'exploratory responses are effective in reducing stereotypy: Again, 

th~s finding parai lels a common result of studies of pathological stereo-

typed behavior. In experiments where subjects were handed or exposed to 

easily available novel objects, stereotypy typlcal Iy decreased (e.g. Berkson 

& Mason, 1964b; Hutt & Hutt, 1965). The Incidence of stereotypy was also 

decreased in other situations in which sorne response other than stereotyped 

behavior was el icited (f-bll is, 1968; Flavell, 1973-), 
.... 
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The findings of the presenf investigation are of slgnificance to those 

att~mptihg to reduce pathological ,sterBotypy uSÎng behavior-modification 

technIques. They suggest ~ha.t a!approach which involves identifying stimul i 

. which have a strong tendency to(el icit alternative responses and presenting 

these stimul i, along with appropriate reinforcers, to begin to bui Id desirable 

behaviors will be effective. Under the conditions of the present investiga-

tion, novel stimul i appear to be a particularly effective means of el iciting 

alternative responses. 

This approach is the opposite of that recommended by Lovaas and his 

colleagues (1971), who feel that stereotypy must be el ifriinated by punishrnênt 
! ~ 

before any social Iy desrrable behavior can be established. This difference 

of approach appears to be based upon the fact that Lovaas's subjects were 

unresponsive ta environmental stimulation whi le they were,em.itting stereo-

typies (Lovaas, et ~., 1971), Other studies,too, have shown that Ss with 

high basel ine rates of ster~ptyped behavior are less responslve to objects 

placed near them than are Ss with low basel ine rates (Davenport & Berkson, 

1963; Berkson & Mason, 1964a). The AMP- i nj ected Ss of ,the p rasent exper i ment 

appeared by contrast, to be quite responsive to the environment: The durations 

of stimulus-oriented behaviors in Experiment VI (see Figurè Il) were very 

simi lar to those of the sai lna-injected Ss. 

studies emphasizlng chronic AMP treatment may clarlfy this difference. 

Working with cats and Rhesus monkeys, El 1 inwood and Duarte-Escalante (1972) 

have obtained evidence that during chronic, but not àcute, treatment with 

AMP stereotyped behavior becomes very automatic and compulsive in appearance, 

and is accompanied by a marked reduction in responsiveness to stimuli. They 
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have al~-observed peculiar aberations of attention. For ~xample, some of 
- l' 

their cats 19nored"stimul i placed close by but were extremely sensitive to 

stimul {fat a distance. Lovaas's (1967) study of autistic childrén reports 

simi lar observations. These considerations suggest that chronic, rather 

than'~te, AMP treatment may be the more appropriàte mode 1 for the experi- , 

mental study of stereotyped behaviors. 
r 

The results of this inves~igation suggest that an optimistic attitude 

be taken towards the future of therapeutic reduction or eliminatton of patho-

logical stereotypies. Recent advances in our understanding of mechanis~s 

underlying the stereotyped behaviors produced by amphetamine suggest that 

more ef fective therapeut i c techn i ques and ,a more accurate apprec i at i on of 

the causes of stereotyped behavior 1 ie in the not-too-distant future. 
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